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Cam Toolbox

Yaskawa's IEC61131-3 Toolboxes: 2013-09-13

Toolbox Introduction

Yaskawa has created several IEC-61131 projects for MotionWorks IEC which can be imported for use by another

project as a User Library, or "Toolbox." These toolboxes were designed to save time by providing application

code for a wide variety of situations.
e Cam toolbox contains functions that increase the power of the PLCopen cam function in the firmware
library by providing extras such as functions for calculating motion profiles, making adjustments based

on latch inputs, and estop recovery.

e Communications toolbox provides advanced communication protocol function blocks (DNS, SMTP,
FTP).

e File Read / Write toolbox builds upon the basic file manipulation functions available in the ProConOS
firmware library to more quickly read and write application data files.

e Gantry toolbox provides functions useful for operating an XY table with or without a Z (vertical) axis.

e Kinematics toolbox contains forward and inverse kinematics for selected mechanisms.

e Math Toolbox provides compatibility with the built in function that include EN and ENO outputs, and
also provides other tools such as ATAN2, and Floating Point Remainder (REM).

e PackML is both a Template and Toolbox for designing applications to take advantage of the PackML
specification. It emphasizes machine state and transition logic and provides predefined PackML data

structures.

e PLCopen toolbox contains functions that build upon the PLCopen standard functions. It can serve as a
starting point for every project.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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e Yaskawa toolbox contains functions that add basic functionality, such as PID Control, or a Moving
Average Filter.

Others coming soon!

A toolbox or user library is just another project. What makes it a user library is the import method. When a
project is imported as a user library, only the functions, function blocks and datatypes are available to the main
project. None of the hardware specific information of the user library applies.

Please refer to the document TN.MCD.08.130 on www.yaskawa.com for a comprehensive look at how user
libraries can increase programming efficiency by reducing development time.

See our Youtube channel for video tutorials and examples for MotionWorksIEC and many of our toolboxes.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Cam Toolbox
Cam Toolbox

Cam Toolbox
Cam Toolbox contains functions which provide enhanced support of the PLCopen function blocks:
Y_CamStructSelect
Y_Camln
Y_CamOut
Y_CamShift
Y_SlaveOffset
Y_CamScale
Y_ReleaseCamTable

See the Cam_Toolbox eLearning Modules on Yaskawa's YouTube Channel for video tutorials and examples.

Requirements:

PLCopen Toolbox, Math Toolbox. Some functions such as CamSlaveFeedTolLength require the YMotion firmware
library.

The Cam Toolbox consists of the following:

Data Types:

Data Type Description
AXIS REF Identifies an axis

For use with the CamSlave_FeedTolLength and CamSlave_WindowCheck

AxisParameterStruct .
function blocks.

BlendStruct For use with the CamBlend function block
CamPairs Used by the CamGenerator function block

Supporting structure for CamSegmentStruct. For use with the CamGenerator
CamParameters

function block

Supporting structure for CamSegmentStruct. For use with the CamGenerator

CamSegmentArray .
function block

CamSegmentStruct For use with the CamGenerator function block

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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CamStruct
CamSyncStruct
Matrix
SubMatrix
TablesIDStruct

UINTArray

% YASKAWA

For use with Y_CamIn and Y_CamOut function blocks

For use with the CamControl and CamShift_Control function blocks
For use by the CamGenerator for Cubic Spline calculations

For use by the CamGenerator for Cubic Spline calculations

For use with the CamTableUpdate function block

For use with the CamTableManager Function Block

For use with the CamGenerator, CamTableUpdate, CamMaster_Lookup, and

Y MS CAM STRUCT

Enumerated Types:

Enumerated
Type

SlavelIndex_Lookup function blocks.

Description

For use with the CamSegmentStruct when using the CamGenerator function

TB CurveType

block

TB Mode

Function Blocks:

Function Block

CamAnalyzer

CamBlend

CamcControl

CamGenerator

CamMaster Lookup

CamShift Control

CamSlave FeedTolength

CamSlave FeedTolength2

CamSlave Lookup

CamSlave PullTolLength

CamSlave Recover

ENUM Type for CamShift_Control to select rotary or linear slave motion

Description

Designed to calculate peak velocity, accel/decel and jerk for a given cam
profile and master velocity

Designed for applications that require a one way cam profile, and the
slave must be able to engage or disengage smoothly from a moving
master

Used to make a decision on when to engage and disengage a cam for
applications where product length or frequency can be variable

Designed to replicate the functionality of Yaskawa’s CamTool software

Provides the master position given a slave position by searching the
referenced CamTable

Calculates shift parameters and performs shifting on the master position

For use with camming applications that index a slave axis forward in one
direction, and require on the fly adjustments of the actual index length
based on a sensor input

CamSlave_FeedTolLength2 is an enhancement of CamSlave_FeedtoLength
and uses Y_ProbeContinuous making use of the continuous latch feature
of the Sigma-5

Returns the array index value corresponding to the given slave position

Designed for applications where the slave mechanism pulls material
forward but the mechanism has a reciprocating stroke

Used to bring the slave axis back in sync with the master axis after

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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CamSlave WindowCheck

CamTableManager
CamTableUpdate

Slavelndex Lookup

SlaveRegistrationCheck

% YASKAWA

camming was interrupted unexpectedly

Used inside CamSlave_FeedTolLength to determine when the
MC_TouchProbe output is valid and should be used for correction

Serves as a FIFO buffer for CamTableID's

Aids with cam file management when on the fly changes to the table data
are required

Returns the array index value corresponding to the given slave position
Uses variables related to a cam slave index and fires the output
“MakeCorrection? which can be connected to Y_SlaveOffset along with the

AbsoluteCorrection output. The function also provides the interpolated
value of the cam table output when the latch was detected

MotionWorks IEC61131-3 Toolboxes: 2013-09-13



f, .F;‘ <
Font Cam Toolbox: Getting Started

Getting Started: Cam

Requirements for v204

To use the Cam Toolbox, your project must also contain the following:

Firmware libraries:

= YMotion (only if using CamSlave FeedTolength2)

User libraries:
=  Math_Toolbox (v202 or higher)
= DataTypes_Toolbox (v200 or higher)

"  PLCopen_Toolbox (v205 or higher)

Using the Cam Toolbox

% YASKAWA

See Yaskawa's Youtube video - Camming Demonstration with Yaskawa MP2300Siec for more info.
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Cam Toolbox: Revision History
Cam Revision History

Current Version:

New for Cam v204 - All firmware library DataType definitions were moved to a new toolbox called the DataTypes

Toolbox. Formerly, the PLCopen Toolbox contained the MotionInfoTypes and the PLCTaskInfoTypes datatype files.

These were removed and are now included in the DataTypes Toolbox. If upgrading from an older version of Cam

Toolbox, you must do the following:

1) Include the DataTypes Toolbox in your project.

2) Remove any other Yaskawa supplied datatype files with firmware library definitions such as
a. ControllInfoTypes

b. YDeviceCommTypes

(Glalalaialuiaialutololuotulotolale 2013-09-01 v204 released. Developed using 2.4.0 firmware

*********************)

1) CamBlend - Added ErrorID 10084. One of the Cam Tables has an invalid TableID. *)
2) CamBlend - Fixed ExecuteStandStill contact in RETURN rung to be normally closed. *)

3) CamGenerator - Corrected mistake with Tangent Match & Tangent Blend formulas introduced in v202 when
CamGenerator was improved to allow blending segments.

4) CamBlend - Added check: If BlendData.Window = 0, then the code defaults the value to 1% of the
CamMasterCycle.

5) CamGenerator - Added curve type 32 for Arc profile. Also added radius and direction to CamSegmentStruct

6) Removed references to Math Toolbox functions where possible. Now only the CamShiftControl function block
requires the Math Toolbox.

7) Because of the reintroduction of functions with EN/ENO, the MP2600 requires firmware 2.1.

8) SlaveRegistrationCheck - Added ErrorID 10086 to report if the MaxPosCorrection or MaxNegCorrection are
not set correctly.

9) CamSlaveFeedTolLength - Added RecordedPosition as output. Also included interlock to prevent adjustments
from occurring if the slave is not engaged.

10) CamGenerator - Added Parabolic with blended velocity as formula code 33. (for multi segment)

11) CamShift_Control - Consolidated Rotary Knife and Linear Flying shear math.

Previous Versions:
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(Glalalaialaiotalatolalotlo 2013-01-16 v203 released. Created using 2.4.0 firmware
*****************************)

1) CamGenerator - Improved to support wrap around cubic spline segments at the beginning and the end of the
cam. (YEU) 7 spline categories tested.

2) CamGenerator - Added TableShift support into the CamSegmentStruct. Initial shifts can be applied to the
cam data without using the Y_CamShift function block.

(Glalalaialuiaialutoloiutotulotolale 2012-11-19 v203 created using 2.3.0 firmware
********************************)

1) Improved CamGenerator to support wrap around cubic spline segments at the beginning and the end of the
cam.

(YEU) 7 spline categories tested.

2) Added TableShift support into the CamSegmentStruct for CamGenerator. Initial shifts can be applied to the
data

without using the Y_CamShift function block.

(r AR AR R R KRk X 2012-10-18 v202 released. Created using 2.2.0 firmware
****************************)

1) CamGenerator - Improved to allow blending segments such as straight line, parabolic, modified sine without
forcing a zero speed transition.

2) CamGenerator - Improved for blending of Cubic Spline segments to other segment types.

3) SlaveRegistrationCheck - Changed 'Missed Latch Error' to occur when the missed latch counter is >= the
MissedLatchLimit. Previously it was not causing error until the MissedLatchLimit was exceeded.

4) CamBlend - Added DisengageData to CamBlend's Y_CamOut for compatibility on MP2600iec and MP3200iec

(AR AR AR KK 2011-03-09 v201 released. Created using 2.1.0 firmware

*************************)

1) CamGenerator - Added Cubic Spline CurveType as Type #31

2) CamAnalyzer - Added new function block
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3) CamFileMgmt - CamTableMgmt renamed CamTableManager
4) CamSlave_Lookup - Fixed false 10113 ErrorID from occurring
5) CamSlave_Recover - Fixed unconnected line in the first rung

6) DataTypes - Increased CamPair and CamSegmentArray from 200 to 400

(FAFAFAER AR A KK 2011-07-29 v200 released. Created using 2.0.0 firmware

**************************)

1) Built from v009beta for MotionWorks IEC 2.0

(R AR R R xRk 2011-04-02 v009 released. Created using 1.2.4 firmware
***************************)

1) Added CamSlave_Lookup and CamSlave_Recover function blocks for e-stop recovery capability.

2) Added input 'ExecuteStandstill' to CamBlend. This input causes the running cam to engage immediately,
which enhances the E-Stop recovery capability of CamBlend.

3) Removed SETCOIL from CamBlend CommandAborted.

(FAFAR AR KKK 2011-04-01 v008 released. Created using 1.2.4 firmware
***************************)

1) Fixed Y_CamStructSelect in PathGenerator to comply with PLCopen rule to read TableID only on the scan.
when done is high. (Also to comply with firmware change made for 1.2.3.)

2) Reworked PathGenerator to support any variety of arcs beyond just simple 0,90,180,270 quadrants.

3) Removed spaces from project file name for improved usage with MotionWorks IEC 2.0.

4) Removed PathGenerator and MovePath, ported over to Gantry Toolbox

5) Included YMotion firmware library in ZWT, required for CamSlaveFeedToLength2 function block.

NOTE: This toolbox will work with 1.2.3 firmware unless CamSlaveFeedTolLength2 is used, which requires
firmware 1.2.4.

6) Improved CamBlend's CommandAborted output behavior to ignore Commandaborted caused by itself.
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(********************************* 2011-02-02 V007rebased

*********************************)

1) Fixed incorrect parameter in CamBlend for checking the half way point of the cam cycle.

Step 5 had 1520, it is changed to 1512. Also streamlined the code to only include one check for Halfway
instead of two.

2) Added CamSlaveFeedToLength2, which incorporates Y_ProbeContinuous from the Y_Motion firmware library
and

requires firmware 1.2.4 or higher. NOTE: After the 2.0 product release, Y_ProbeContinuous will be available

PLCopenPlus firmware library v2_3.

(********************************** 2010-11-15 VOOGFeEased

*************************************)

Moved on to v006, beta005 never released.

1) Increased flexibility of CamSlave_FeedTolLength / SlaveRegistrationCheck by making Max Positive and
Negative Correction

inputs and outputs.
2) Added CamShift_Control FB for 'Rotary' and 'Out and Back' cam motions.
3) Added TB_CurveType#Polynomial345 to CamGenerator, Polynomial345.

4) Added Cam_Control FB which works with the Product Buffer for slaves that must stop when no product is
coming.

(******************************** 2010-08-01 vOOSbeta created

***********************************)

Moved on to v005, beta004 never released.

1) Merged code changes with Doug Meyer, for CamSlavePullToLength and CamSlaveFeedToLength for
MaxCorrection

and Time based correction. NOTE: Function block interface changed for these functions.

2) Removed LatchError from occurring in CamSlavePullToLength and CamSlaveFeedTolLength.
MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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3) Moved window logic into the main Enable section of SlaveRegistrationCheck to allow on the fly updates.

(******************************* 2010-07-02 V004betacreated

************************************)

Moved on to v004, beta003 never released.

1) Added logic to SlaveRegistrationCheck to add one CamCycle if the LatchTableReference is negative.

(******************************* 2010-03-15 v0O03beta created
************************************)

1) Fixed mistake in case statement to allow Simple Harmonic as one of the Valid Curve Types. Was 4, should be
3.

2) Changed Max CamSegmentArray size to 200 from 20.

3) Changed CamSlave_FeedTolLength to use Stair Step method of latch lookup in cam table. Original method
used an

interpolated latch algorithm.
4) Removed Y_EngageMethod#Linked as a StartMode inside CamBlend.

5) Changed the second and third Y_CamlIn functions inside CamBlend to use StartMode = Absolute to eliminate
drifting

caused by switching tables while master in motion.

6) Added NOT(Error) contact to prevent the CamSlave_FeedTolLength function from running if there was an

error.
7) Added PathGenerator and MovePath for creating XY paths with straight line and circular interpolation.

8) Added CamSlavePullToLength and supporting function CS_PTL_ScaleCalc.

(******************************** 2010-03-12 v002 released

**************************************)

1) Changed CamGenerator straight line segment to include option for calculating points at spec'ed resolution.
2) Initial version would ignore resolution and just use beginning and end points for straight line.

3) Improved CamGenerator. It was recalculating the entire profile over and over each scan while execute was
held high.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Changed to F_TRIG to let initialize section run on the first scan, and the cam calcs on the second.

4) Improved CamBlend Output behavior. (Some bits remained on when both execute inputs were off.

(******************************** 2010-02-01 vOO1lbeta created
**************************************)

Created Cam Toolbox by moving the following Function blocks from PLCopen Toolbox vO19beta:
1) CamBlend

2) CamMaster_Lookup

3) CamSlave_FeedTolLength

4) CamSlave_WindowCheck

5) CamGenerator

6) CamTableUpdate

7) SlaveRegistrationCheck

8) Slavelndex_Lookup

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Cam Toolbox: Cam Tables and Curves
Creating Cam Tables

Cam Curve Characteristics

Cam Curve does not mean a shape curve which expresses a cam profile, but rather a “motion curve” of the
follower moved by the cam. A motion curve is generally shown with time on the horizontal axis and
displacement on the vertical axis. The purpose of a cam is to move an object smoothly in a minimum time,
without vibration and with minimum power. For this purpose, various motion curves have been developed.
These curves are not only used for cam mechanisms but can also be applied to various other motions. The
maximum non dimensional values such as Vm, Am, and Jm are called the characteristic values of the cam
curve. From these characteristic values and from the shapes of the acceleration curves, the general properties
of the cam curves can be known.

Curve Selection

The procedure for selecting a curve is as follows:
1. Velocity V and Acceleration A are to be continuous
2. Low values of Vm and Qm are needed in low speed and heavy load applications.
3. Low values of Am and Jm are needed in high speed and light load applications.

4. Asymmetrical curve having the longer period of deceleration than acceleration should be used for
situations when positioning accuracy is critical and residual vibration must be avoided.

5. A one-dwell curve should be used when the motion has no stop at the endpoint and must return
immediately.

6. Select a curve from the modified constant velocity group when constant velocity is required in the middle
part of the stroke.

7. Select a curve from the modified trapezoid group when acceleration is to be minimized.

8. The modified sine curve is recommended if there are no limitations.
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Curve

|No Dwell Modified Constant Velocity
|Maodified Constant Velocity

|Simple Harmonic

|One Dwell Modified Sine

|One Dwell Cycloidal (m=2/3)

|No Dwell Modified Trapezoid

|One Dwell Trapecloid

|Modified Sine

|One Dwell Cycloidal (m=1)

[NC2 Curve

|One Dwell Madified Trapezoid (m=1)
|Cne Dwell Madified Trapezoid (Ferguson)
|One Dwell Madified Trapezoid (m=2/3)
|Parabolic

|Cycloidal

|Maodified Trapezoid

|Asymmetrical Cycloidal

|Asymmetrical Modified Trapezoid

| Trapecloid

Cam Curve Characteristics

Curve

|No Dwell Medified Trapezoid

|One Dwell Cycloidal (m=1)

|Cycloidal

No Dwell Modified Constant Velacity
One Dwell Cycloidal (m=2/3)

| One Dwell Modified Trapezoid (m=1)
'One Dwell Medified Trapezoid (Ferguson)
'Modified Trapezoid

One Dwell Trapecloid

| Asymmetrical Cycloidal

|One Dwell Modified Sine

|One Dwell Modified Trapezoid (m=2/3)
'Modified Sine

| Trapecloid

| Asymmetrical Modified Trapezoid
|Modified Constant Velocity

| Parabalic

Simple Harmonic

NC2 Curve

Velocity
Max

1.22
1.28
1.57
1.66
1.72
1.72
1.74
1.76
1.76
1.79
1.92
1.92
1.94
2.00
2.00
2,00
2.00
2.00
2.18

Accel
Max

7.68
8.01
4.93
5.21
6.75
4.20
4.91
5.53
5.53
5.89
4.44
4.68
5.53
4.00
6.28
4.89
7.85
6.1
6.17

Accel
Min
7.68
8.01
4,93
521

-4.50
4.20
4.91

-5.53
5.53

-4.21

-4 44

-4.22

-3.68

-4.00
6.28
4.89

-5.24

-4,07
6.17

Cam Toolbox: Cam Tables and Curves

Jerk
Max

48.20
201.40
65.50
53.00
26.40
61.70
69.50
34.70
95.80
58.90
69.40
38.50
61.40
61.70
96.00
77.50

Jerk
Min
-48.20
-67.10
-15.50
-21.80
-53.00
-26.40
-61.70
-23.20
-34.70
-111.10
-55.80
-58.90
-69.40
-39.50
-61.40
-61.70
-86.00
-77.50

¥ YASKAWA

Cam Curve Characteristics
Sorted by velocity

Inertia
Torque
Max
4.69
573
388
4.86
7.53
5.07
6.86
5.46
6.32
8.87
7.1
743
863
8.00
8.16
8.09
10.20
10.11
10.84

Sorted by Positive Acceleration

Velocity
Max

1.72
1.76
2.00
1.22
1.72
1.92
1.92
2.00
1.74
2.00
1.66
1.94
1.76
218
2.00
1.28
2.00
1.57
1.78

Accel
Max

4.20
5.53
6.28
7.68
6.75
4.44
4.68
4.89
4.91
7.85
5.21
553
5.53
6.17
6.1
8.01
4.00
4.93
5.89

Accel
Min
4.20
553
6.28
7.68
-4.50
-4.44
-4.22
4.89
4.91
-5.24
5.21
-3.68
-5.53
617
-4.07
8.01
-4.00
4.93
-4.21

Jerk
Max

26.40
34.70
39.50
48.20
53.00
55.80
58.90
61.40
61.70
61.70
65.50
69.40
69.50
77.50
96.00
201.40

&=
=

Jerk
Min
-26.40
-34.70
-38.50
-48.20
-53.00
-55.80
-58.90
-61.40
-61.70
-61.70
-21.80
-69.40
-23.20
-77.50
-86.00
-67.10
-15.50
-111.10

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

Inertia
Torque
Max
5.07
6.32
B.16
4.59
7.53
7.1
7.43
8.09
6.86
10.20
4.86
8.63
546
10.84
10.11
573
8.00
3.88
B.BY

Comment

Lowest Velocity
Highest Accel
Lowest Inertial Torque

Lowest Jerk

Lowest Accel, Highest Jerk

Highest Velocity, Highest Inertial Torque

Comment

Lowest Jerk

Lowest Velocity

Highest Velocity, Highest Inertial Torque
Highest Accel

Lowest Accel, Highest Jerk
Lowest Inertial Torque
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Cam Curve Characteristics

Sorted by Positive Jerk

_— Velocity Accel Accel Jerk  Jerk ;‘;’i:t't‘: s

Max Max Min Max Min Max
No Dwell Modified Trapezoid 1.72 4.20 4.20 2640 -26.40 5.07 Lowest Jerk
| One Dwell Cycloidal (m=1) 1.76 5.53 5.53 3470 -3470 6.32
| Cyeloidal 200 6.28 6.28 3950 -39.50 B.16
No Dwell Modified Constant Velocity 1.22 7.68 7.68 48.20 -48.20 4.69 Lowest Velocity
|One Dwell Cycloidal (m=2/3) 1.72 B.75 -4.50 5300 -5300 753
|One Dwell Modified Trapezoid (m=1) 192 4.44 444 5580 -5580 7.1
One Dwell Modified Trapezoid (Ferguson) 1.82 4.68 -4.22 58.90 -58.90 7.43
Meodified Trapezoid 2.00 4.89 4.89 6140 -6140 809
|One Dwell Trapecloid 1.74 4.91 4.91 6170 -61.70 686
| Asymmetrical Cycloidal 2.00 7.85 -5.24 6170 -61.70 10.20
|One Dwell Modified Sine 1.66 5.21 521 6550 -2180 486
| One Dwell Modified Trapezoid (m=2/3) 1.54 5.53 -3.68 69.40 -69.40 B.63
'Modified Sine 1.76 5.53 -5.53 6950 -23.20 5.46
| Trapecloid 2.18 6.17 6.17 7750 -7750 10.84 Highest Velocity, Highest Inertial Torque
Asymmetrical Modified Trapezoid 2.00 6.11 -4.07 96.00 -96.00 10.11
'Modified Constant Velocity 1.28 8.01 8.01 20140 -6710 573 Highest Accel
| Parabalic 2.00 4,00 -4.00 bl o B.00 Lowest Accel, Highest Jerk
Simple Harmonic 1.57 4,93 4.93 - -15.50 3.88 Lowest Inertial Torgue
NC2 Curve 1.79 5.89 -4.21 =  -111.10 B.87

Cam Curve Characteristics
Sorted by Combined Score Rank
. Inertia
Velocity Accel Accel Jerk  Jerk
el Max Max Min Max Min T::g;m D

|No Dwell Medified Trapezoid 172 4.20 4.20 2640 -2640 507 Lowest Jerk
|One Dwell Modified Trapezoid (m=1) 1.92 4.44 -4 .44 55.80 -55.80 711
One Dwell Cycloidal (m=1) 1.76 5.53 5.53 3470 -34.70 6.32
No Dwell Modified Constant Velocity 1.22 7.68 7.68 48.20 -48.20 4.69 Lowest Velocity
One Dwell Trapecloid 1.74 4.91 4.91 61.70 -61.70 6.86
One Dwell Modified Trapezoid (Ferguson) 1.92 4.68 -4.22 58.90 -58.90 743
|One Dwell Modified Sine 1.66 521 5.21 6550 -2180 486
One Dwell Cycloidal (m=2/3) 172 6.75 -4.50 5300 -5300 7.53
Meodified Trapezoid 200 4.89 4.89 6140 -6140 809
| Simple Harmonic 1.57 4.93 4.93 = -15.50 3.88  Lowest Inertial Torque
|Modified Sine 1.76 553 -553 6950 -2320 546
|Parabolic 2.00 4.00 -4.00 = o B.00 Lowest Accel, Highest Jerk
|Cycloidal 2.00 6.28 6.28 3950 -39.50 B.16
| One Dwell Modified Trapezoid (m=2/3) 1.94 5.53 -3.68 69.40 -69.40 B.63
'Modified Constant Velocity 1.28 B.01 8.01 201.40 -6710 5.73  Highest Accel
NCZ2 Curve 1.79 5.89 -4.21 = -111.10 8.87
| Asymmetrical Modified Trapezoid 2.00 6.11 -4.07 96.00 -96.00 10.11
Asymmetrical Cycloidal 2.00 7.85 -5.24 6170 -61.70 10.20
Trapecloid 2.18 617 6.17 77.50 -7750 10.84 Highest Velocity, Highest Inertial Torque
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Cam Toolbox: Cam Tables and Curves

Cam Curve Types

Cam Curve Types

e  Parabolic

e Simple Harmonic
e  Cycloidal

e  Modified Trapezoid

e  Modified Sine

e  Modified Constant Velocity

e  Asymmetrical Cycloidal

e Asymmetrical Modified Trapezoid
e  Trapecloid

e One Dwell Cycloidal 1

e One Dwell Cycloidal 2 3

e One Dwell Trapezoid 1

e One Dwell Trapezoid

e One Dwell Trapezoid 2 3

e  One Dwell Modified Sine

e  One Dwell Trapecloid

e No Dwell Simple Harmonic

e No Dwell Modified Trapezoid

e No Dwell Modified Constant Velocity

. NC2 Curve

e Tangent Matching

e Reverse Trapecloid

e  Double Harmonic

e Reverse Double Harmonic

e Tangent Blending

e Arc
e  Cubic Spline

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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e  ParabolicVelocityBlend

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Parabolic

% YASKAWA

Designed for use as the only segment in the motion profile when a axis must be indexed. This curve has the

feature that the non dimensional maximum acceleration Am is the minimum (Am=4) among all curves.

Downside - Can cause vibration. Modified Trapezoid is better.

Logic Analyzer
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ParabolicVelocityBlend

% YASKAWA
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Simple Harmonic

% YASKAWA

This curve is also one of the discontinuous curves that easily causes vibration, but since it has smooth and good

(low) properties, it can be used for low speed applications. When this curve is used for no-dwell applications,

(out & back) the discontinuity of acceleration at the starting and end points is not a factor and then this curve is

regarded as the best curve for no-dwell use. The modified sine curve is considered an improvement over the

simple harmonic.

[T 1\ Configuratien:Resowrcs
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Cycloidal

Logic Analyzer

Cam Toolbox: Cam Tables and Curves

% YASKAWA
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Modified Trapezoid

Cam Toolbox: Cam Tables and Curves

Logic Analyzer

% YASKAWA
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Modified Sine

% YASKAWA
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Cam Toolbox: Cam Tables and Curves

Modified Constant Velocity
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Arc

The CamSegmentStruct elements ArcRadius and ArcDirection must be declared for proper usage of this curve
type.

RS - © WA T8 i - ]

Logic Analyzer

TN mmm

[+ ]\ configuration:Resource.
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Asymmetrical Cycloidal

Logic Analyzer
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Asymmetrical Modified Trapezoid

Cam Toolbox: Cam Tables and Curves

ogic Analyzer
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Cam Toolbox: Cam Tables and Curves

ogic Analyzer
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No Dwell Simple Harmonic
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Cam Toolbox: Cam Tables and Curves
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Cam Toolbox: Cam Tables and Curves

No Dwell Modified Constant Velocity

Loz - Mon Mol
5.8.%

[TT5 1 Configuratisn: Resource

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

38



NC2 Curve

Cam Toolbox: Cam Tables and Curves

Notes: Deceleration is twice as long as acceleration, which provides the effect of restricting vibration.

Logic Analyzer
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Cam Toolbox: Cam Tables and Curves

Tangent Matching

Provides a speed matched profile to minimize jerk between segments. Matches to the previous and next
segment. In the case of the Tangent match segment coming first or last, a wraparound match is calculated. A
straight line segment is required before and after the tangent match segment.

o.aoo CamTool. 3lavedtart :=LREAL#O.0;
z CamTool. LastSegment : =INTHZ ;
1 CamTool. CamParameters[1] . CurveType: =INTHL;
1530.000 CamTool. CamParameters[1] . MasterEnd: =LREAL#180.0;
O.z250 CamTool. CamParameters[1] . 3laveEnd: =LREALH#Q.Z5;
0.500 CamTool. CamParameters[1] .Fesolution: =REALL#D.5;
22 CamTool. CamParameters[2] . CurveType: =INTHZZ;
3a60.000 CamTool. CamParameters[2] . MasterEnd: =LREAL#3I60.0;
1.000 CamTool. CamParameters[2] . 3laveEnd: =LREAL#L.0;
0. 500 CamTool. CamParameters[2] .Fesolution: =REALLH#D.5;
Logic Anabyzer =
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O.ooo CamTool.SlaveStart:=LEEAL#0.0;
4 CamTool.Last3ecment : =INTH4:
1 CamTool.CamParameters[1] .CurveType: =INTH1;
45.000 CamTool.CamParameters[1] .MasterEnd: =LREALAL#45.0;
0.250 CamTool.CamParameters[1] . 3laveEnd:=LREALH#O.Z25;
0.500 CamTool.CamParameters[1] .Resolution: =REALHO.5;
za CamTool.CamParameters[2] .CurveType :=INTH#ZZ2;
S0.00a0 CamTool.CamParameters[2] .MasterEnd: =LREAL#20.0;
1.000 CamTool.CamParameters[2] .SlaveEnd:=LEEALH1.0;
0.500 CamTool.CamParameters[2] .Fesolution: =REALLHO.5;
1 CamTool.CamParameters[3] .CurveType: =INTH1;
270,000 CamTool.CamParameters[3] .MasterEnd:=LEEALHZ70.0;
4.500 CamTool.CamParameters[3] .31laveEnd:=LEEALH#4.5;
0.500 CamTool.CamParameters[3] .Resolution: =REALLHO.5;
Z2a CamTool.CamParameters[4] .CurveType :=INTH#:2Z2;
Ie0.000 CamTool.CamParameters[4] .MasterEnd:=LEEALH#3I60.0;
3.000 CamTool.CamParameters[4] . 3laveEnd:=LEEALH#I.O;
0.500 CamTool.CamParameters[4] .Fesolution: =REALLHO.5;
Logic Analyzer =
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Cam Toolbox: Cam Tables and Curves
Reverse Trapecloid

This cam curve type is not currently supported.
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Cam Toolbox: Cam Tables and Curves

Double Harmonic

This cam curve type is not currently supported.
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Reverse Double Harmonic

This cam curve type is not currently supported.
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Cam Toolbox: Cam Tables and Curves

Tangent Blending

Provides the same profile as Tangent Matching, but designed for use with the CamBlend function block. The
difference between this and Tangent Matching is how the matching velocity is determined. For this formula
type, two segments are required: a straight line and a tangent blend. Which segment comes first dictates

whether a “blend in” or “blend out” or blend out profile is created.

See CamBlend function block for application examples
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Cam Toolbox: Cam Tables and Curves

Cubic Spline

Logic Analyzer =
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In this example, the left or beginning portion of a motion profile was created using the cubic spline formula.
The right or end portion of the cycle includes two modified sine motions.

The CamData values are shown below:

(* test cubic spline *)

Profile4.SlaveStart: =LREAL#44.0; (* The slaves initial and final position is not zero, it is 44.0 *)
seg:=INT#1;

Profile4.CamParameters[Seg].CurveType:=TB_CurveType#StraightLine;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#15.0;

Profile4.CamParameters[Seg].SlaveEnd: =LREAL#44.0;

Profile4.CamParameters[Seg].Resolution: =REAL#0.0;
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Cam Toolbox: Cam Tables and Curves

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#17.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#43.9614;

Profile4.CamParameters[Seg].Resolution: =REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd: =LREAL#25.5;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#40.3036;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd: =LREAL#34.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#30.4425;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#42.5;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#19.6003;

Profile4.CamParameters[Seg].Resolution: =REAL#1.0;

seg:=Seg + INT#1;

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

47



£k
'ﬂ*‘* Cam Toolbox: Cam Tables and Curves

Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd: =LREAL#43.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#19.0;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#51.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#10.0305;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#59.5;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#3.5477;

Profile4.CamParameters[Seg].Resolution: =REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#68.0;
Profile4.CamParameters[Seg].SlaveEnd: =LREAL#0.6464;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;

Profile4.CamParameters[Seg].MasterEnd:=LREAL#76.5;

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Profile4.CamParameters[Seg].SlaveEnd:=LREAL#0.005;

Profile4.CamParameters[Seg].Resolution: =REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#CubicSpline;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#85.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#0.0;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#StraightLine;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#220.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#0.0;

Profile4.CamParameters[Seg].Resolution: =REAL#0.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#ModifiedSine;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#250.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#14.7;

Profile4.CamParameters[Seg].Resolution: =REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#StraightLine;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#310.0;
Profile4.CamParameters[Seg].SlaveEnd:=LREAL#14.7;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;
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seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#ModifiedSine;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#348.0;
Profile4.CamParameters[Seg].SlaveEnd: =LREAL#44.0;

Profile4.CamParameters[Seg].Resolution: =REAL#1.0;

seg:=Seg + INT#1;
Profile4.CamParameters[Seg].CurveType:=TB_CurveType#ModifiedSine;
Profile4.CamParameters[Seg].MasterEnd:=LREAL#360.0;
Profile4.CamParameters[Seg].SlaveEnd: =LREAL#44.0;

Profile4.CamParameters[Seg].Resolution:=REAL#1.0;

Profile4.LastSegment:=Seg;
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Cam Toolbox: DataTypes
Data Types

Data Types for Cam Toolbox

The following is a complete list of all DataTypes included in the Cam Toolbox. The list is arranged to separate
those that are used internally, and not useful outside of their particular function, and those that an application
program must incorporate when the programmer wishes to use the associated Function Block.

Data Type Usage
DataTypes for use with function blocks in the PLCopen Plus firmware library
CamStruct For use with Y_CamIn and Y_CamOut function blocks
DataTypes for external use with Cam Toolbox function blocks
AXIS REF Identifies an axis

) For use with the CamSlave_FeedTolLength and CamSlave_WindowCheck
AxisParamStruct
function blocks.

BlendStruct For use with the CamBlend function block

CamSegmentStruct For use with the CamGenerator function block

CamSyncStruct For use with CamControl and CamShift_Control function blocks
TableIDStruct For use with the CamTableUpdate function block

TB CurveType ENUM type for describing the cam formula to be used.
UINTArray For use with the CamTableManager Function Block

For use with the CamGenerator, CamTableUpdate, CamMaster_Lookup, and
Y MS CAM STRUCT

SlavelIndex_Lookup function blocks.

DataTypes that support other DataTypes (no need for direct use by the application

programmer)

Supporting structure for CamSegmentStruct. For use with the CamGenerator
CamParameters .

function block

Supporting structure for CamSegmentStruct. For use with the CamGenerator
CamSegmentArray

function block

DataTypes used internally by Cam Toolbox function blocks

CamPairs Used by the CamGenerator function block
Matrix For use by the CamGenerator for Cubic Spline calculations
SubMatrix For use by the CamGenerator for Cubic Spline calculations

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Cam Toolbox: DataTypes

Data Type: AXIS_REF

The AXIS_REF data type identifies an axis and thus provides the interface to the hardware or virtual axes.
AXIS_REF is used as VAR_IN_OUT in all Motion Control Function Blocks described in this Online help. It is
represented as an input and an output connected by a horizontal line in the graphical representation of a

function block.

The value of AxisNum is determined by the logical axis number assigned in the Hardware Configuration. See

the Configuration tab under each axis.

Data Type Declaration

TYPE

AXIS REF:STRUCT

AxisNum:UINT; (* Logical axis number *)
END_ STRUCT;

END TYPE

Variable Declaration Example

Mame | Type | Ilzage

| Bl Default

MC_ReadActualPosition_1 MC_ReadActual... WAR

Feedixis 2, = j YWAR_EXTER...
| AbwvaysTrue ] ~ [ER...
 |ReadactusiPosvslict @ BOOL —[ER...

ReadActualPosBusy i@ BYTE [ER...
__|ReadActualPozError i cTD [ER...
___|ReadActualPozErrorD i <TU [ER...

ReadactualPosPositiont i cTuD + [ER...
| ActualPosition? REAL AR _ERTER. ..
__ |MC_Readactualelocity 1 MC_Readictual... WAR

Feadactualy'elvalich Bl W AR_EXTER...

Code Example

AxisX.Number:=UINT#0;

MCMoveAbsoluteX (Axis:=AxisX, Execute:=FALSE);
AxisX:=MCMoveAbsolutX.Axis;
AxisY.Number:=UINT#0;
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MCMoveAbsoluteY (Axis:=AxisY, Execute:=FALSE);
AxisX:=MCMoveAbsolutY.Axis;

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

% YASKAWA

53



gx % YASKAWA

Cam Toolbox: DataTypes

Data Type: AxisParameterStruct

For use with the CamSlave FeedTolength and CamSlave WindowCheck function blocks.

Data Type Declaration
TYPE
AxisParameterStruct:STRUCT
ActualPosition:LREAL; (* 1000 *)
ActualPositionCyclic:LREAL; (* 1005 *)

ActualPositionNonCyclic:LREAL; (* 1006 *)

ActualTorque:LREAL; (* 1004 *)
ActualVelocity:LREAL; (* 1001 *)
AtVelocity:BOOL; (* 1141 *)
BufferedMotionBlocks:LREAL; (* 1600 *)
CamMasterCycle:LREAL; (* 1512 *)
CamMasterPosition:LREAL; (* 1500 *)
CamMasterShiftedCyclic:LREAL; (* 1502 *)

CamMasterShiftedPosition:LREAL; (* 1501 *)

CamMasterScale:LREAL; (* 1510 *)
CamMasterShift:LREAL; (* 1511 *)
CamOffset:LREAL; (* 1531 *)
CamScale:LREAL; (* 1530 *)
CamsShiftRemaining:LREAL; (* 1513 *)
CamState:LREAL; (* 1540 *)
CamTableIDEngaged:LREAL; (* 1541 *)
CamTableOutput:LREAL; (* 1520 *)
CommandedAcceleration:LREAL; (* 1012 *)
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CommandedPosition:LREAL; (* 1010 *)
CommandedPositionCyclic:LREAL; (* 1015 *)

CommandedPositionNonCyclic:LREAL; (* 1016 *)

CommandedTorque:LREAL; (* 1014 *)
CommandedVelocity :LREAL; (* 1011 *)
InPosition:BOOL; (* 1140 *)
LatchPositionNonCyclic:LREAL; (* 1031 *)
PositionError:LREAL; (* 1130 *)
PositionWindow:LREAL; (* 1120 *)

END_STRUCT;

END TYPE

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Cam Toolbox: DataTypes

Data Type: BlendStruct

Used by the CamBlend function block

Data Type Declaration
TYPE

RampInTableID:UINT; (* TablelID of the Cam profile that is used to ramp up (accelerate) to the master
speed *)

RampInSwitchOverPos:LREAL; (* Specify a position where the slave would be at the same position in both the
RampIn and Running table, typically near the last 90 to 100% of the profile *)

RunningTableID:UINT; (* TablelID of the Cam profile that is used in normal operation *)

StandStillEngagePos:LREAL; (* This input can be used if the slave is being engaged to the master at standstill.
(E-Stop recovery where the slave engages to a stationary master).

(* This input will engage the slave to the running table *)

RampOutTableID:UINT; (* TableID of the Cam profile that is used to ramp out (decelerate) to zero speed
*)

RampOutSwitchOverPos:LREAL; (* Specify a position where the slave would be at the same position in both the
RamplIn and Running table, typically near the last 90 to 100% of the profile *)

Window:LREAL; (* Switchover / Engage window *)

END_TYPE
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Data Type: CamPairs

Used by the CamGenerator function block

Data Type Declaration

TYPE
CamPairs: ARRAY[0..20] OF UDINT;

END TYPE
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"~ Cam Toolbox: DataTypes

Data Type: CamParameters

Supporting structure for CamSegmentStruct. For use with the CamGenerator function block.

Data Type Declaration

TYPE

CamParameters:STRUCT

MasterEnd:LREAL; (* Location of the master at the end of the current segment *)

SlaveEnd:LREAL; (* Location of the slave at the end of the current segment *)

CurveType:INT; (* Formula code to indicate the motion profile for this segment *)

Resolution:REAL; (* Determines how many data points are calculated along this segment. *)
(* If the master delta from the previous segment is 10.0, and the resolution *)
(* is set to 0.5, then 20 datapoints will be generated for this segment. *)

END_STRUCT;

END TYPE
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Cam Toolbox: DataTypes

Supporting structure for CamSegmentStruct. For use with the CamGenerator function block.

Data Type Declaration

TYPE

CamSegmentArray: ARRAY[0..200] OF CamParameters;

END TYPE
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Cam Toolbox: DataTypes

Data Type: CamSegmentStruct

For use with the CamGenerator function block.

Data Type Declaration

TYPE
CamSegmentStruct: STRUCT

CamParameters: CamSegmentArray;

SlaveStart: LREAL;

LastSegment: INT;

ArcRadius: LREAL; (* Only used with 'Arc' CurveType *)

ArcDirection: INT; (* 1:ccw, -1:cw *) (* Only used with 'Arc' CurveType *)
END_STRUCT;

END TYPE

Example
RampInCam.SlaveStart:=LREAL#0.5; (*Slave home position at 12 O'Clock

RampInCam.LastSegment:=INT#2;

RampInCam.CamParameters[1].CurveType:=TB_CurveType#TangentBlending;
RampInCam.CamParameters[1].MasterEnd:=LREAL#0.9;

RampInCam.CamParameters[1].SlaveEnd:=LREAL#0.9; (* Slave moves SlaveEnd - SlaveStart during
RamplIn *)

RampInCam.CamParameters[1].Resolution:=REAL#0.01;

RampInCam.CamParameters[2].CurveType:=TB_CurveType#StraightLine;
RampInCam.CamParameters[2].MasterEnd:=LREAL#1.0;
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RampInCam.CamParameters[2].SlaveEnd:=LREAL#1.0;

RampInCam.CamParameters[2].Resolution:=REAL#0.01;
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Cam Toolbox: DataTypes

Data Type: CamStruct

For use with Y_CamiIn and Y_CamOut function blocks

Data Type Declaration

TYPE

CamStruct: STRUCT

FileName:STRING; (* Filename that will be used by Y_CamFileSelect *)

TableType:INT; (* 0=Undefined, 1=M/S pair, 2=reserved, 3=reserved *)

TableSize:UDINT; (* The size of the cam table in bytes (Don't forget, 16 bytes per M/S pair) *)
TableID:UINT; (* Number returned from Y_CamFileSelect *)

EngagePosition:LREAL; (* Master location where slave must start synchronization
(Reference prm 1502 - CamMasterShiftedCyclic *)

EngageData:Y_ENGAGE_DATA;

DisengagePosition:LREAL; (* Master location where slave must stop synchronization
(Reference prm 1502 - CamMasterShiftedCyclic *)
DisengageData:Y_DISENGAGE_DATA;

Window:LREAL; (* Size of the window in master units where the engage or disengage
will take place *)

MasterCycle:LREAL;

SlaveCycle:LREAL;

END_STRUCT;

END TYPE
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Cam Toolbox: DataTypes

Data Type: CamSyncStruct

For use with the CamControl and CamShift Control function blocks

Data Type Declaration
CamSyncStruct: STRUCT

Mode:INT; (* User Input. 1 = Rotary Knife; 2 = Linear Flying Shear, 3 = Rotary Placer or
Reciprocating Drill *)

StartSyncPosition:LREAL; (* User Input. The first master position where the slave must be synchronized
with the master *)

EndSyncPosition:LREAL; (* User Input. The final master position where the slave must be synchronized
with the master, adjustments can start after. *)

DecisionPosition:LREAL;  (* User Input. Key location in the process where the machine must decide to
start the disengage process, or continue camming and CamShift to the next product. *)

MaxShift:LREAL; (* User Input. If Mode = 3, this value is used to determine if the slave should
advance or retard to synchronize with the next product. *)

SafeEngageDistance:LREAL; (* Distance traveled from the sensor until the product is less than one machine
cycle away from the synchronization point. *)

Shifting:BOOL; (* System Output flag set by the CamShift_Control function block *)

Pause:BOOL; (* System Output flag set by the CamControl function block if the system was
temporarily disengaged *)

END_STRUCT;
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Data Type: Matrix

For use by the CamGenerator for Cubic Spline calculations

Data Type Declaration

Matrix : ARRAY [0..20] OF SubMatrix;
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Data Type: SubMatrix

For use by the CamGenerator for Cubic Spline calculations

Data Type Declaration

SubMatrix : ARRAY [0..20] OF LREAL;
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Data Type: TableIDStruct

For use with the CamTableUpdate function block

Data Type Declaration

TYPE

TableIDStruct: STRUCT

% YASKAWA

Inactive:UINT; (* The CamTableID that is NOT currently being accessed to control motion *)

Active:UINT; (* The CamTableID that IS currently being accessed to control motion *)

END_STRUCT;

END TYPE
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Data Type: UINTArray

For use with the CamTableManager Function Block

Data Type Declaration

UINTArray: ARRAY[O0..4] OF UINT; (* An array for CamTableIDs that are released from memory in a FIFO
method. *)
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Data Type: Y_MS_CAM_STRUCT

This data type is for use with the CamGenerator, CamMaster Lookup, CamTableUpdate, and Slavelndex Lookup
function blocks.

Data Type Declaration
TYPE
Y_CAM_HEADER:STRUCT
TableType:INT; (* INT#1 = Master/Slave pair *)
Reserved1:UINT;
DataSize:UDINT; (* Size of cam table in bytes, 16 bytes per Y_MS_PAIR *)

END_STRUCT;

Y_MS_PAIR: STRUCT
Master:LREAL; (* Master position *)
Slave:LREAL; (* Slave position *)

END_STRUCT;

Y_MS_HEADER:STRUCT
Slavelncremental:BOOL;  (* If TRUE, then the slave data from pair to pair is relative. *)
MasterIncremental:BOOL; (* If TRUE, then the master data from pair to pair is relative. *)
Reserved1:UINT;
Reserved2:UINT;
Reserved3:UINT;

END_STRUCT;

MS_Array_Type:ARRAY[0..2880] OF Y_MS_PAIR;
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Y_MS_CAM_STRUCT:STRUCT
Header:Y_CAM_HEADER;
MS_Header:Y_MS_HEADER;
MS_Data:MS_Array_Type;

END_STRUCT;

END_TYPE
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Cam Toolbox: DataTypes

Enumerated Types

Enumerated Type: TB_CurveType

ENUM type for describing the cam formula to be used.

Data Type Declaration
(* ENUM Type for CurveType *)

TB_CurveType:

(

na, (* INT#0 - Not a valid CurveType *)
StraightLine, (* INT#1 - Straight Line *)

Parabolic, (* INT#2 - Parabolic *)

SimpleHarmonic, (* INT#3 - Simple Harmonic *)

Cycloidal, (* INT#4 - Cycloidal *)

ModifiedTrapezoid, (* INT#5 - Modified Trapeziod *)

ModifiedSine, (* INT#6 - Modified Sine *)

ModifiedConstVelocity, (* INT#7 - Modified Constant Velocity *)

AsymmetricalCycloidal, (* INT#8 - Asymmetrical Cycloidal *)

AsymmetricalModifiedTrapezoid, (* INT#9 - Asymmetrical Modified Trapezoid *)

Trapecloid, (* INT#10 - Trapecloid *)

OneDwellCycloidal_1, (* INT#11 - One Dwell Cycloidal m=1 *)
OneDwellCycloidal_2_3, (* INT#12 - One Dwell Cycloidal m=2/3 *)
OneDwellTrapezoid_1, (* INT#13 - One Dwell Trapezoid m=1 *)
OneDwellTrapezoid, (* INT#14 - One Dwell Trapezoid *)
OneDwellTrapezoid_2_3, (* INT#15 - One Dwell Trapezoid m=2/3 *)
OneDwellModifiedSine, (* INT#16 - One Dwell Modified Sine *)
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OneDwellTrapecloid,

NoDwellSimpleHarmonic,

(* INT#17 - One Dwell Trapecloid *)

(* INT#18 - No Dwell Simple harmonic *)

NoDwellModifiedTrapezoid, (* INT#19 - No Dwell Constant Velocity *)

NoDwellModifiedConstVelocity, (* INT#20 - No Dwell Modified Constant Velocity *)

NC2Curve,

TangentMatching,

ReverseTrapecloid,

DoubleHarmonic,

ReverseDoubleHarmonic,

TangentBlending,

Unsupported27

Unsupported28

(* INT#21 - NC2 Curve *)

(* INT#22 - Tangent Matching *)

(* INT#23 - Reverse Trapecloid *)

(* INT#24 - Double Harmonic *)

(* INT#25 - Reverse Double Harmonic *)

(* INT#26 - Tangent Blending *)

(* INT#27 - Unsupported *)

(* INT#28 - Unsupported *)

UserModifiedConstVelocity, (* INT#29 - User Modified Constant Velocity - To specify the accel / decel

distances *)

Polynomial345

CubicSpline

Arc

ParabolicVelocityBlend

);

(* INT#30 - 5th order polynomial with C3 = 10, C4 = -15,C5 =6 *)

(* INT#31 - Cubic spline interpolation *)

(* INT#32 - Arc *)

(* INT#33 - Parabolic curve with velocity blending *)
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Cam Toolbox: DataTypes

Enumerated Type: TB_Mode

ENUM Type for CamShift Control to select rotary or linear slave motion

Data Type Declaration

TB_Mode:

na, (* INT#0 - Not a valid Mode *)
Reciprocating, (* INT#1 - Reciprocating, like Rotary Placer, Rotary Knife, etc. *)
OutAndBack (* INT#2 - Out and Back, like linear flying shear, walking beam, bottle filler *)

)i
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Function Blocks

CalcSpline

>?

This function block is for internally calculating the Cubic Spline cam curve type.

Attention: This function block is not intended for end user implementation. Its functionality is a requirement
for the Cam Toolbox user library. To use this functionality, please refer to the function block CamGenerator.
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Cam_Analyzer

The CamAnalyzer function block provides the slaves maximum velocity, acceleration, deceleration and jerk
values for a specific cam profile based on a maximum expected master velocity.

Parameters

& Parameter Data Type Description

This structure contains the resulting
master/slave information for each datapoint
and can be downloaded to the motion engine
using Y_CamStructSelect

Upon the rising edge, all other

B CamTable Y MS CAM STRUCT

function block inputs are read and
the function is initiated. To
B Execute BOOL . . FALSE
modify an input, change the
value and re-trigger the execute
input.
Master axis maximum velocity (in

B MasterVelocity LREAL . 0.0
master user units/sec.)

B Done BOOL Set high when the commanded action has
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been completed successfully. If another block
takes control before the action is completed,
the Done output will not be set. This output is
reset when execute goes low.

Set high upon the rising edge of the 'Execute’
B Busy BOOL or 'Enable' input, and reset if Done,

CommandAborted, or Error is true.

Set high if error has occurred during the

B Error BOOL execution of the function block. This output is
cleared when 'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error
B ErrorID UINT ID. This output is reset when 'Execute’ or
'Enable’ goes low.

Peak slave velocity for the given cam profile at

B MaximumVelocity LREAL . .
the maximum master velocity.
) . Peak slave acceleration for the given cam
B MaximumAcceleration LREAL . . .
profile at the maximum master velocity.
) Peak slave jerk for the given cam profile at the
B MaximumJerk LREAL

maximum master velocity.

Error Description

ErrorID Meaning
0 No error
10113 Incorrect cam table size (check the CamTable.Header.Datasize)
Example

Consider a linear flying shear application. The maximum slave velocity of the profile is in the speed matching
region. The master maximum velocity was given as 24 units/sec and the maximum velocity output of the
CamAnalyzer is 24.
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L] 1 i 3 L1 Ll T# L ) {1 18

Maximum velocity at speed matching region of cam profile
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Cam_Analyzer _1

LREAL&24.0

axviel

240000000
achccel

0.9142587
ax Jerk

0.084 2507

MotionWorks IEC61131-3 Toolboxes: 2013-09-13



: % YASKAWA

Cam Toolbox: Function Blocks

CamBlend

This function block was designed for applications that require a one way cam profile, and the slave must be able
to engage or disengage smoothly from a moving master. It requires three separate cam tables with a portion of
equivalent slave data, so an on-the-fly changeover from one table to the next can occur. This function block
uses three Y_Camln functions blocks and one Y_CamOut function block.

Parameters
£ Parameter Data Type Description
B Master AXIS REF A logical reference to the master axis
B Slave AXIS REF A logical reference to the slave axis
Structure containing the information required for engaging,
Vv BlendData BlendStruct

disengaging, ramping in, and ramping out.

Upon the rising edge, this function block will
prepare to engage the RampIn cam profile at

V ExecuteRamplIn BOOL o o FALSE
the master position specified in the BlendData

structure.

\ ExecuteRampOut BOOL Upon the rising edge, this function block will FALSE
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prepare to switch to the RampOut cam profile

at the SwitchOver position specified in the
BlendData structure.

Upon the rising edge, this function block will
prepare to engage the slave to the Running
Vv ExecuteStandStill BOOL cam profile at the StandstillEngage position FALSE
(calculated after an E-Stop recovery routine)
in the BlendData structure

VAR_OUTPUT
Set high when the slave first synchronizes with the master
E InSync BOOL (Running cam profile is synchronized). This output is reset
when execute goes low.
Set high upon the rising edge of the 'Execute' or 'Enable’
B Busy BOOL . . .
input, and reset if Done, CommandAborted, or Error is true.
For buffered modes, this output is set high at the moment
B Active BOOL the block takes control of the axis. For non buffered modes,

the outputs Busy and Active have the same value.

Set high if motion is aborted by another motion command
B CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior
as the Done output.

Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute' or
'Enable' goes low.

If Error is true, this output provides the Error ID. This

B ErroriD UINT output is reset when 'Execute’ or 'Enable' goes low.
Outputs a value of 1 to indicate the RampIn Cam is
Vv BlendStatus UINT operating, 2 indicates the Running cam is operating, and 3
indicates the RampOut cam is operating.
E EndOfProfile BOOL Pulsed output signaling the cyclic end of a CAM Profile
Notes

e Typically the RampInSwitchOverPos and the RampOutSwitchOverPos will be fixed at some
predetermined position that is suitable for the application. Typically the RampInSwitchOverPos will
occur very late in the cycle, and the RampOutSwitchOverPos will occur very early in the cycle. This will
provide for the optimum motion performance by allowing as much time as possible for the slave to
accelerate up to the master speed.

e If using the ExecuteStandStill mode, use the CamMaster Lookup and CamSlave Recover function

blocks to determine the master position that corresponds to the current slave position, and set
BlendData.StandStillEngagePos accordingly to preserve synchronization. The ExecuteStandStill mode
was added to provide the capability of re-synchronizing after an E-Stop.

See the CamBlend elLearning Module on Yaskawa's YouTube Channel.
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Error Description

ErrorID Meaning

0 No error
The move could not be started because motion is prohibited. The drive may not be enabled.

4370 MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

4375 CamOut called while not camming.

4378 The function block is not applicable for the external axis specified

4381 Motion aborted due to axis alarm. It is also possible that a software limit has been

- exceeded.
More than 10 Y_Camln, Y_CamOut, or MC_GearInPos function blocks for a given axis are

4394 active at the same time. Most likely the application program is not coded correctly, and the
Execute input is being fired too frequently.

P Window parameters are outside of the cams Machine Cycle. (0 to Prm1502, the last master

- position in the active cam table.)
Axis ID does not correspond to an axis configured on the system. Verify the value of

4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

4633 Table size results in misaligned data. Refer to the help section “Internally Created Cam

- Data.” A cam table will have a multiple of 16 bytes if created correctly.

4643 Start mode does not correspond to a valid enumeration value.

4669 Engage position is outside the cam table domain.

4670 Engage window is less than zero.

467/1 Disengage position is outside the cam table domain.

4672 Negative Disengage Window.

4887 CamTableID does not refer to a valid cam table.

4891 The slave axis can not be the same as the master axis.

10084 One of the Cam Tables has an invalid TableID
The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object

630 Properties” to determine which parameters are ANY type. This error may occur because
data passed to an 'Axis' input on a PLCopen function block is not an AXIS_REF. If you have
included a data element into a user structure which includes an AXIS_REF, be sure that the
input to the function block is entered correctly.

Example 1
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CamBlend_z
Master Master Mastert+—vlaster
Slave Slave Slavet —=slave
CamBlendData BlendData BlendDatat+—
ExecuteRampln InSync —

\l/ ExecuteRampCut Busy —
CamBlendData.RampInTablelD = UINT#1; ExecUteStandstl Lctive o
CamBlendData.RunningTablelD := UINT#2;

CamBlendData.RampQutTablelD = UINT#3; Commandfborted f—a
CamBlendData.RamplnSwitchOverPos := LREAL#355.0; S| I
CamBlendData.RampQutSwitchOverPos := LREAL#5.0;
CamBlendData.Window := LREAL#3.6;
ErrorlD fF—
CamBlendData.StandstillEngagePos := (* Calculated fru_m E-Stop Blerdstats b—
recovery routine ¥
EndOfProfile b—

Timing Diagram

R OutSwitchOverP

RamplnSwitchOverPos

1 / .

00 r
1/ / /

w0 /

o | S|/

1 Master Position /

(= I 3

| Slave Position

Running Cam

100
Slave Velocity

Samples

Application Example
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Speed Matching Region

Timing Diagram

The speed matching, or normal running cam is designated as Profile #2. Profile #1 and Profile #3 will only run
once, but Profile #2 will run indefinitely. A simple straight line profile for Profile #2 is not required, and
reasonable motion can be used if the application requires it, keeping in mind that CamBlend was designed for
one way slave motion that never stops while in normal operation, thus making it difficult to synchronize with the
master smoothly without blending from one profile to another.
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Logic Analyzer
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T MasterPos - Tazk Main

Position

Slave Speed

B GlaveSpd - Task Man

-——

Profile #3

|,~=.$'.$.$,$,|°.?.?.?.|?-?-$u-%-.

__Profile

3
o Active Profile Profile #2

W BlendStatuz - Task Main ﬁSI‘mGpdhdud = Tatk.

Profile #2

ver Profile #1 Profile #1
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3
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il i
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Samples

[\ Configuration:Resource |

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

83



: % YASKAWA

Cam Toolbox: Function Blocks

CamControl

The CamControl block makes decisions regarding engage and disengage timing for applications where products
are buffered and processed at random intervals. This function block requires the ProductBuffer function block
from the PLCopen Toolbox and the CamShift Control block from the Cam Toolbox. The main inputs that feed
the CamControl block are RegistrationData and ControlData. This function block was designed for applications
like Linear Flying Shear, Random Rotary Placer, Knife, Drill, etc.

Parameters

£ Parameter Data Type Description

Logical axis reference. This value can be located on
B Axis AXIS REF the Configuration tab in the Hardware Configuration
(logical axis number).

. ) Structure containing all information for the circular
\ RegistrationData ProductBufferStruct
buffer to operate.

Structure containing all information to allow both the
\ ControlData CamSyncStruct CamControl and CamShiftControl to make decisions
to run the cam function effectively.

B Enable BOOL The function will continue to execute FALSE
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while enable is held high.

VAR_OUTPUT
B Valid BOOL Indicates that the outputs of the function are valid.
Set high when the externally located Y_Cam_In
Vv Engage BOOL .
function block(s) must be executed.
. Set high when the externally located Y_Cam_Out
\Y Disengage BOOL

function block(s) must be executed.

Set high if error has occurred during the execution of
B Error BOOL the function block. This output is cleared when
'‘Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID.
E ErrorID UINT This output is reset when 'Execute’ or 'Enable’ goes
low.

Notes

e The Engage output is to be used with a Y_CamIn function block placed external to this function block. This
design allows for one or more cam slaves to be operated via the logic provided.

e The Disengage output is to be used with a Y_CamOut function block placed external to this function block.
This design allows for one or more cam slaves to be operated via the logic provided.

e This function block is designed to work with the CamShift Control function block. It waits for an initial
Camshift will occur before the first Engage event should take place. If the application requires the slave to
become synchronized with the master without a Camshift, simply use an R_TRIG of the CamControl.Valid to
cause the CambData.Shifting bit to go high and low.

Error Description

ErrorID Meaning
0 No error

10081 ControlData.DecisionPosition

Code Example

The operation of CamControl in deciding when to engage and disengage a cam is shown in the logic analyzer
illustration below. The rising edge of the CamControl.Shifting variable denotes the "first" product to be
processed. First product in this implementation means the cam is disengaged, the ProductBuffer was empty,
and a product arrived. Shifting starts immediately if it is the first product in the ProductBuffer. CamControl
waits for the falling edge of the Shifting bit to set the CamControl.Engage output. While the cam is engaged,
the CamControl block continues to monitor the product buffer for new products. When the ProductBuffer
indicates that no products have arrived and the cam cycle has past the ‘Decision Position,’ the
CamControl.Disengage output is turned on.
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(*Initializing the ProductBufferScruct for Registration Daca 7)
(temunmmnn amnms ammns )
20 [Products . BufferSize: =INT#20; [* HMaximum size of buffer®)
10, 0000000 Products . LockoutDistance:=LREAL#10.0; (* Looks for a mew part only after conveyor has travelled LockOutDistance after previous part
0.0000000 Produces . Nanual Offsec: =LREALHD.0;
16.5000000 [Products . ProductAvayliscance :=LREAL#16.5; [(* Distance from sensor that correaponds to last sync point on the cam profile®)
1 {Products.Sensor . Bit: =UINTHL; {* Equates to EXT1 on a Sigma-5 amplifier, see )!C_TDur:hP‘rche help for details ¥}
14,0000000 Products, SensorDistance: =LREAL#L4.0; [* Distance from SERSOr Lo Centie Of SYnc area in cam profile 7
14.0000000 | SensorOffset: =REM [Products.Sensochistance, LREAL§18.0); [* 18 is the cam master cycle *)

Variable Properties

CamControl_1

Data Type:

| ProductB ulferSiruet v
Usage:
VaR_BL

13.0000000 CamControlData,DecizionPozicion := LRIAJ—KJ.S‘.O: (*Position im cthe cam profile where decision to cam out can be made,
5.0000000 CamControlData.EndSyncPosicion := LREALHS.0:
z CamControlData. Mode Ho R+
4.0000000 LamControlData)StartSyncPosition:= LREALF4.0;
—

Variahle Properties ControlData Shifting is updated in CamShift_Contral

ControlData Pause is updated in CamContral

| [IReETam

i

Master Position

2

Master Shifted Position 1502

psaas. gt 2

Slave Position 1015

A AR FOH P B T P

CamControl.Engage

184
083
ok CamControl.Disengage
027

104
08

06 ControlData.Shifting

02
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This example illustrates how the CamControl block can be applied in a linear flying shear application. In this

application, the items to be cut are defective areas (knots) in a piece of wood. The code shown here performs

the following actions:

1. The ProductBuffer stores the position of each defect where a cut must be made.

2. The CamsShift Control synchronizes the master (conveyor moving the wood) and slave (saw).

3. The CamControl.Engage output must be connected to Y_CamlIn.Execute. (Other logic requirements

may be included if necessary.)

4. Key Point: When defects are close together, the goal is to remain engaged, and use the CamShift

function during the slave (saw) retraction stroke while not in contact with the wood to re-synchronize

with the next defect (or knot) to be cut.

5. The CamControl.Disengage output must be connected to Y_CamOutExecute. In this application, it will
cause the slave (saw) to disengage when the ProductBuffer indicates that there are no more defects to

be cut.
CamControl_1
CamContral 1
Sl Axis Axist—Slave
Products— RegistrationData— RegistrationData+—FProducts
o1 CamControlDate— ConfrolData ControlD atat—CamControlData
0 SlavestHorme CamFileLoaded
| | | | Enable Walid -
Engage F—CamEngage
DisBhgage F—Cambiengage
Error f—«
ErrorlD F—CamControlErrID
.
Y_Camin_1
Y_Camin N
Master— Master —————  Masters—Master
Slar Slave Slavet—Slave
DDI2 CamEnqage
| 1 Execute InSync F—CamSync
CamlD— CamTablelD Busy F—CarrBz
+— EngagePosition Active ——Camactive
+— EngageWindow Commandiborted F—Camabor ted
EngData— Engagelata Error —CamBt
TRUE— Periodic ErrorlD —CamberID
EndCfProfile —EOP
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Y_CamOut_1

Slawve Slave

amioutoin

CarmFileloaded SlavestHome
11 1 1

amioutBz

amioutErr

Disengagelata amioutErriD

ProductBufter_1

Products roducts
Master Etii=g
ufferyalid

uferLevel
ufferErr

ufferErrID

Camshift_Control_1

Master aster
Slave Slave
Products roducts
CamControlData: armControlData

Sy alid

TRUE arrshifting

artsProcessed

SCErT

SCErrID
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Registration Knife
Sensar

Ball Screw

Knife Cut
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-

vV @ |
| |
| | I

Registration Ball screw Home StartSync EndSync
Position Paosition Position Position
|

VAR
| |
| |
|

Ball Screw position (sla

LockOut Distance

Sensor Offset MasterMachinaCycle

SensorDistance

ProductiwayDistance

Belt Position (master)

Belt speed = ball screw speed

Master nen cyclic

5040
%.‘36020 pesition
2 %5000 -
= S59a0, e —

152 - Master eyclic
£ 10 i e e position
T B
+ 153 """ | Mastershifted
3 15 Sr—— HRaaie position
o3 ; i e e
. E et i S | Slave position
% Shifting . — Cam Enagaged e |
- . . . "l

= . - = = N . E L = J z Z S E . N i L 5

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

89



év e
BN
'ﬂﬁ Cam Toolbox: Function Blocks

CamGenerator

— CamTable— CamTabl
Execute Done

A S

TableSize Busy
Error

ErrorID

% YASKAWA

This function can calculate the information required for various master / slave motion profiles. It was designed

to replicate the formulas available in Yaskawa’s CamTool windows software and includes additional curve types.

The “CambData? input is a structure of key datapoints required by the application, including a formula code

which is used to generate a pair of master / slave datapoints at the resolution specified. The output "CamTable?
isaY MS CAM STRUCT which can be downloaded to the Motion Engine using the Y_CamStructSelect function

block.

Parameters
& Parameter Data Type
VAR_IN_OUT
Y CamData CamSegmentStruct
Y CamTable Y MS CAM STRUCT
VAR_INPUT
B Execute BOOL
\% TableSize UDINT

Description

This structure must be populated with the key datapoints

required for the cam profile.

Cam data structure. Can be downloaded to the motion

engine using Y_CamStructSelect.

Upon the rising edge, all other function
block inputs are read and the function
is initiated. To modify an input, change
the value and re-trigger the execute
input.

This value must be the same as the
definition of the ARRAY size of the
MS_Array_Type in the MotionInfo
DataTypes folder of either the PLCopen
or DataTypes Toolbox.
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VAR_OUTPUT
ERROR: Variable (Parameter bDescription_Done) is
B Done BOOL .
undefined.
Set high upon the rising edge of the 'Execute' or 'Enable’
B Busy BOOL input, and reset if Done, CommandAborted, or Error is
true.
Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute' or
'Enable' goes low.
If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.
Notes

¢ In MotionWorks IEC, certain information must be hard coded at design time, such as the size of an array.
Because of this, we selected a default size of 200 for the CamSegmentArray DataType. If more segments are
required, edit the Cam Toolbox’s DataType definition by changing this value. There is no practical limit on the
number of segments, however the IEC code uses INT datatype for array definitions associated with this function.
There is also a hard coded check for the number of segments inside the CamGenerator function block. If you
change the array size, also change the line that reads:

SegmentSizeError:=(CamData.LastSegment = INT#0) OR (CamData.LastSegment > INT#200).
e The default size of a Y_MS_CAM_STRUCT is defined in the PLCopen Toolbox as:
MS_Array_Type:ARRAY[0..2880] OF Y_MS_PAIR.

If your cam profile requires more than 2880 master / slave pairs, this value can be increased by editing the
PLCopen Toolbox DataType definition. If you change the value, don’t forget to change the TableSize input to
CamGenerator.

e The resolution specified for each point in the CambData STRUCT is resolution of the master. For
example, if MasterEnd = 100.0, and the previous segment's MasterEnd = 80.0, and the Resolution =
1.0, then 20 data points will be calculated along the CurveType specified.

e See the Cam Curve Types for further details about creating cam profiles.

e See the CamGenerator eLearning Module on Yaskawa's YouTube Channel.

Error Description

ErrorID Meaning
0 No error

CambData.LastSegment must be greater than 0 and less than 400, or whatever value has
been declared as the ARRAY size in the CTB_Types file.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Cam Segment 'Resolution' cannot be zero unless the CurveType is

10039 TB_CurveType#StraightLine..

10040 Curve Type selected in a segment is not valid.

Ean Total pairs required would exceed DataType definition for MS_Array_Type based on number
of segments and resolution settings in CamData.

10042 Master must be always increasing from segment to segment.

10043 Tangent Match formula error, cannot have only one segment.

10044 Tangent Blend error, must have two segments, a straight line and a Tangent Blend, in
either order.

10077 Cubic Spline maximum number of consecutive segments exceeded. DataType definition for
the Matrix could be increased if necessary.

10083 Unsupported Cubic Spline Sequence

Examples

Structured text to load a CamSegmentStruct:

Example 1

3 Cambatal.LastSegment 1 =INTH#Y;
0.0000 Cambaral . 3laveScare : =LREALNG.O;

10.0000
10, 0000
0. 5000

22
20,0000
Z2.0000

0.5000

30. 0000
35.0000
0.5000

framlatal . CamPFarameeceral]
fCambatal . CamParameters(l]
fCambacal.CamParamecers(1]
Camlacal . CamParamscera]l]

fambatal . CamParameters(2]
amliacal . CamParametarsf2)

famfatal . CamParameters(3)
Cambacal.CamParamecera(i]
Cambacal . CamParameceral]

framiatal . CamPFarameceral]

.CurveType:=TE_CurveType#Straighcline:;
JHasterfnd: =LEEALFL10.0;

8 lawveEnd : =LREALY10.0;
JPEzolution:=REALND.S:

JCurveType:=TE_CurveTypef#TangentMatching:
JHastarEnd: =LREALN20.0;

Cambacal.CamParamecera[2] .
Cambacal . CamParaeeceral] .

SlaveEnd:=LREALSZZ .0:
Resolution:=REALHD.S5:

CurveType: =TB_CurveType#Straightline;
MascerEnd: *LREALMI0.0;

+SleveEnd: =LREAL#35.0:;
-Resolution:=REALHO.S5;

CamTable1

40.00
35.00 +
30.00 +
500 4
20.00

SLAVE
15.00
1000 4

500

0.00 : i . y . i
000 500 1000 1500 2000 2500 3000 3500

MASTER
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Example 2

2 [RICamData.LastSegment : =INT#3;
160.0000 [RICamDaca. SlaveScart:=LREAL#150.0:

1 [RICamDaca.CamParameters([1] .CurveType:=TE_CurveType#StraightLine;
10,0000 RICamDaca.CamParameters[1] . HasterEnd:=LREALH10.0;
160.0000 RICamDaca.CamParamecers[1] . SlaveEnd: =LREAL#180.0;
1.0000 RICamData.CamParameters[1] .Resolution: =REALf1.0;

22 |[RICamDatca. CamParametera[2] .CurveType: =TB_CurveT‘;pe#Tangent.}!at|:hing;
350.0000 RICanData.CanPacameters[2] .HasterEnd: *LREAL#3S50.0;
350.0000 RICamData.CamParameters(2] .SlaveEnd: =LREALH350.0;
1.0000 RICamData. CanParameters[2] .Resolution: *REAL#1.0;

1 [RICamDaca.CoanParamevers[3] . CurveType:=TE _CurveType#StraightLine;
360.0000 RICambata. CamParameters[3] .HasterEnd: =LREALE3E60.0;
360,0000 RICanDaca.CanParameters[3] .%laveEnd: =LREAL#3I60.0;
1.0000 RICamlaca.CamParamecters(3] .Resolucion: =REAL#1.0;

RICamTable

350.00
CamGenerator_1 /——
300.00
RICamData ICamData /
250.00
RICamTable CamTable /
200.00

SPDI —
" SLAVE
UDINT #2680 150.00
10000
CGErrID 50,00
0.00 T T T T T T
0.00 50.00 10000 15000 20000 25000 30000 35000

MASTER
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CamMaster_Lookup

— CamTable —— CamTable
Execute Done
SlaveMin Busy
SlavePosition Error
SlaveMax ErrorID

ol el

MasterPosition

This function block provides the master position given a slave position by searching the referenced CamTable. If
there may be two or more master positions for the slave, as in the case of out and back slave motion, a range
of slave positions can be specified to limit the search for the corresponding master position. This function block
is useful for E-Stop recovery routines.

Parameters
LK Parameter Data Type Description
VAR_IN_OUT
B CamTable Y MS CAM STRUCT Cam data structure
VAR_INPUT Default

Upon the rising edge, all other
function block inputs are read and
B Execute BOOL the function is initiated. To modify an FALSE
input, change the value and re-
trigger the execute input.

. The smallest slave position to include
V SlaveMin LREAL ) LREAL#0.0
when searching for the master.

\% SlavePosition LREAL The current slave position LREAL#0.0

The largest slave position to include
B SlaveMax LREAL ) LREAL#0.0
when searching for the master.

VAR_OUTPUT

Set high when the commanded action has been
B Done BOOL completed successfully. If another block takes control
before the action is completed, the Done output will
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not be set. This output is reset when execute goes

low.

Set high upon the rising edge of the 'Execute' or
B Busy BOOL 'Enable’ input, and reset if Done, CommandAborted,
or Error is true.

Set high if error has occurred during the execution of
B Error BOOL the function block. This output is cleared when
'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.

. The master position which corresponds to the
B MasterPosition LREAL o
SlavePosition.

Notes

This function provide the exact master position that corresponds to the SlavePostion input by interpolating the
CamTable. Consider the following CamTable:

M S
0 0
10 0
20 5
30 10
40 20

If the SlavePosition is 15, the corresponding MasterPosition is 35.

Error Description

ErrorID Meaning
0 No error

10045 SlavePosition not found in Y_MS_CAM_STRUCT
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CamShift_Control

The CamShift_Control block manages cam shifting for applications that buffer random products such as Linear
Flying Shear or Random Rotary Placer/Knife/Drill, etc. The purpose is to re synchronize the slave for each item
or product arriving on the master axis.

Parameters
& Parameter Data Type Description
B Master AXIS REF A logical reference to the master axis
B Slave AXIS REF A logical reference to the slave axis
. . Structure containing all information for the circular
Vv RegistrationData ProductBufferStruct
buffer to operate.
Structure containing all information about the cam
Vv ControlData CamSyncStruct profile that will be used to calculate and implement

cam shifts

The function will continue to execute
B Enable BOOL FALSE
while enable is held high.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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RegistrationData.UsePointer will be
updated when a product has been
. processed only if this input is TRUE. If

Vv UpdateUsePointer BOOL FALSE

more than one slave follow the master,

only the last slave must update the

UsePointer.
VAR_OUTPUT
B Valid BOOL Indicates that the outputs of the function are valid.
o Set high if the function block is active and
Vv Shifting BOOL o
Y_CamShift is Busy.
Provides a count of the number of products
Vv ItemsProcessed UDINT . . .
processed since this function was enabled.
Set high if error has occurred during the execution
B Error BOOL of the function block. This output is cleared when
'Execute' or 'Enable’ goes low.
If Error is true, this output provides the Error ID.
E ErrorID UINT This output is reset when 'Execute' or 'Enable’ goes
low.
Notes

e  This function block includes a Y_CamShift block, and will execute shifts at the appropriate position
based on data provided by the user via the ControlData structure.

e This shifted master position is available by reading slave axis parameter 1502.

e  This function block requires the ProductBuffer function block from the PLCopen Toolbox and the
CamcControl block from the Cam Toolbox. These three blocks work together to provide cam
engage/disengage control as well as cam shifting (synchronization) logic.

e  The ‘Shifting’ bit is held high when a Y_CamShift is in progress.

e  The CamShift_Control block uses data from RegistrationData and ControlData to make decisions on
when to shift the master position and by how much to shift the position by. The user must provide
valid data in the RegistrationData and ControlData structures.

e In cases where multiple slaves are synchronized to a single master, the slaves can share the same
ProductBuffer . Set the last slave (last CamShift_Control function block) to update the UsePointer for
the ProductBuffer.

Error Description

ErrorID Meaning

0 No error
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Cam Shift Aborted. Verify that the CamShift_Control function block was not interrupted by
another function block that resulted in Y_CamShift.CommandAborted

10082 Mode Error. ControlData.Mode can only be 1 (one way cam) or 2 (two way cam).

Code Example

The role of CamShift_Control in master / slave synchronization for each product is illustrated below.

% YASKAWA

{*Initializing the ProductBufferStruct for Registration Data *)
tt EESEEEESSSSIEESSESEREEEEEEEE S *]

20 [Products.BufferSiz {(* Maximum size of buffer®)
10, 0000000 [Products.LockoutDistance:=LREAL#10.0; (* Looks for a new part only after conveyor has travelled LockOutDistance after previous part
0.0000000 [Products, ManualOffset : =LREALHO0.0;
5000000 [Products. ProductivayDistance : =LREAL#16.5; {* Distance from sensor that corresponds to last sync point on the cam profile?)
1 [Products.Sensor.Bit:=UINT#1; (* Equates to EXZT1 on a Sigwa-5 amplifier, see MC TouchProbe help for details ¥)
. 0000000 [Products.SensorDistance: =LREAL#14.0; {* Distance from sensor to centre of sync area in cam profile ¥}

. 0000000 [Products) SensorOffser: =REM (Products.SensorDistance. LREAL#18.00: (* 18 is the cam master cvcle #)
CamShift_Control_1

Variable Properties

Name Master— Master ———  Master+—Master
o ) | Slave—1- Slave Slaved—slave
Data Type: -
ProductBuferStuct 3 Products—- RegistrationData— RegistrationDatat—Products
Usage: CamControlData—- ConfrolData ————— ConfrolDatat—CamControlData
venaloes  ERECIRELN Enabls yalid|—cscvalid
e o TRUE—] UpdateUsePointer Shifting F—Carhifting
ItemeProcessed F—PartsProcessed
Error —CSCErr
ErrorlD —CSCErrID

13,0000000 [CaxControlData,DecisionPosition := LREALH13].0: (*Position in the cam profile where decision to cam out can be wade,
9.0000000 [CamControlData.EndSyncPosition := LREALES.O;
2 [CamControlData.HMode 2

4,0000000 5tarr.5ync?osir.mn:= LREAL¥4.0:

Variable Properties ContralData Shifting is updated in CamShift_Control

ControlData Pause is updated in CamCaontrol

 Narne:

{iCamContiolDals

v
Dala Type: -
| CamSyncStruct v
Usage:

|VAR_GLOBAL v| CJRETAIN
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s Master Position

gx % YASKAWA

Slave Position 1015

T
nE ControlData.Shifting

02

Application Example
This example illustrates how the CamControl block can be applied in a linear flying shear application. In this
application, the items to be cut are defective areas (knots) in a piece of wood. The code shown here performs
the following actions:

1. The ProductBuffer stores the position of each defect where a cut must be made.

2. The CamShift Control synchronizes the master (conveyor moving the wood) and slave (saw).

3. The CamControl.Engage output must be connected to Y_CamIn.Execute. (Other logic requirements
may be included if necessary.)

4. Key Point: When defects are close together, the goal is to remain engaged, and use the CamShift
function during the slave (saw) retraction stroke while not in contact with the wood to re-synchronize
with the next defect (or knot) to be cut.

5. The CamControl.Disengage output must be connected to Y_CamOutExecute. In this application, it will

cause the slave (saw) to disengage when the ProductBuffer indicates that there are no more defects to
be cut.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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% YASKAWA

CamContral_1
Sla Axis Ayist—Slave
Products— RegistrationData— RegistrationData+—Products
ool CamControlDate— ConftrolDiata ———  ConfralD atap—CamControlData
0 Sla\tPiAtl—lmme :
1 | Enable Yalid f—=
Engage F—CamEngage
DisEngage —Cambisengage
Error f—=
BrrarlD —CamCantralErrID
Y_Camln_1
_Carnln ‘
Masgter— - Master ——— —  Master—Master
o0z CamEnqage Sl Slave Slavet—Slave
| Execute InSync F—CarmSync
| CamlD— CamTablelD Busy —CarmBz
+—{ EngagePaosition Active E—Camactive
+— Engage\W hdow Commandaborted F—Camabor ted
EngData—] EngageData Error F—Camber
TRUE— Periadic ErrorlD F—CameriD
EndCfPrafile —EOP
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W_CamOut_1

f rcaesmonp
1 r

0o CarFileL oaded SlavestHome
1 I 1 I

CamShift_Control_1
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prem——
. '

Registration Knife
Sensar

Ball Screw

Knife Cut

% YASKAWA

-

vV @ |
| |
| | I

Registration Ball screw Home StartSync EndSync
Position Paosition Position Position
|

VAR
| |
| |
|

Ball Screw position (sla

LockOut Distance

Sensor Offset MasterMachinaCycle

SensorDistance

ProductiwayDistance

Belt Position (master)

Belt speed = ball screw speed

Master nen cyclic

5040
%.‘36020 pesition
2 %5000 -
= S59a0, e —

152 - Master eyclic
£ 10 i e e position
T B
+ 153 """ | Mastershifted
3 15 Sr—— HRaaie position
o3 ; i e e
. E et i S | Slave position
% Shifting . — Cam Enagaged e |
- . . . "l

= . - = = N . E L = J z Z S E . N i L 5
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CamSlave_FeedTolLength

CamSlave_FeedTolength was designed for use with camming applications that index a slave axis forward in one
direction, and require on the fly adjustments of the actual index length based on a sensor input that occurs
while the slave is moving. The sensor input is on the slave axis.

Parameters
£ Parameter Data Type Description
B Master AXIS REF A logical reference to the master axis
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B Slave AXIS REF

\ SlavePrms AxisParameterStruct
E TriggerData TRIGGER_REF
VAR_INPUT

B Enable BOOL

Y ProductSize LREAL

\ DistanceAfterLatch LREAL

\ MaxPosCorrection LREAL

\ MaxNegCorrection LREAL

Y AdjustMode INT

\ MasterDistance LREAL

Y Duration LREAL

\ StartCorrection LREAL

Y FinishCorrection LREAL

\ SensorMinimum LREAL

\ SensorMaximum LREAL

% YASKAWA

A logical reference to the slave axis

User Defined DataType declared in the PLCopen

Toolbox.

Reference to the trigger signal source. Refer to

PLCopen Plus Function Block Manual for more

details.

The function will continue to
execute while enable is held
high.

This value must be the same
as the total one way index of
the cam profile for this slave.

The desired additional travel
distance after the registration
mark is detected

Limits the amount of positive
correction that can be applied

Limits the amount of negative
correction that can be applied

An ENUM for TIME or range of
master correction, with the
following values:

Relative amount the master
will travel (in cam master
units) from when the function
block first executes until the
correction is complete. Only
used if AdjustMode =

Y_AdjustMode#MasterDistance.

Time of the correction used if
AdjustMode is set for TIME
mode

Earliest master position where
the correction can begin.

Latest master position where
the correction must be
completed.

The earliest slave position
where a sensor position is valid
for correction.

The latest slave position where
a sensor position is valid for
correction.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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ProductSize if

left

unconnected.)

The number of consecutive
product lengths that can occur
without seeing a mark in the
) . UINT#0
. L window. Valid sensor .
Y MissedLatchLimit UINT ) ] (interpreted
detections will reset the o
. ) as infinite)
internal counter. The next valid
sensor detection will reset the

internal counter.

VAR_OUTPUT
. Indicates that the outputs of the function are
B Valid BOOL .
valid.
Y ActualSize LREAL The actual indexed distance
N The slave's position in the CamTable when the
Vv LatchPosition LREAL
latch occurred
. The slaves latch position as reported by
B RecordedPosition LREAL

MC_TouchProbe.

o . Indicates that the MaxPosCorrection is limiting the
\Y LimitedPosCorrection BOOL . .
required correction.

L . Indicates that the MaxNegCorrection is limiting
\Y LimitedNegCorrection BOOL . .
the required correction.

Indicates that an adjustment is currently taking

Vv Adjusting BOOL

place (Busy output of Y_SlaveOffset)
) Indicates that a latch was detected, but it was

Y MissedLatch BOOL ] ) .
outside of the window parameters specified.
Set high if error has occurred during the execution

B Error BOOL of the function block. This output is cleared when
'Execute’ or 'Enable' goes low.
If Error is true, this output provides the Error ID.

E ErrorID UINT This output is reset when 'Execute' or 'Enable’
goes low.

Notes

e  This function block requires that the ReadAxisParameters function block from the PLCopen toolbox is
also running, preferably in the same task as CamSlaveFeedTolLength.

e See the CamSlave FeedTolength elLearning Module on Yaskawa's YouTube Channel.

Missed Latch Detection feature:

There are two parts to this feature.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 105


http://www.youtube.com/watch?v=7IXf9Z7YlPQ&feature=share&list=PLNAENlyEDCkwgKaMDLmI1OTVberXBw9gg

e
g ¥ YASKAWA
/]
PWCY Cam Toolbox: Function Blocks
1) It will report an ErrorID 10021 if the user enters a non zero value for the MissedLatchLimit and a consecutive

number of latches are not counted. (To detect a hardware failure or other problem with system such as a
sensor blockage.)

2) If latches are detected, but are outside of the SensorMinimum and SensorMaximum range, it is not
considered a missed latch in terms of counting up to the MissedLatchLimit. In this condition, the function block
will pulse the MissedLatch output to indicate that no correction will be made because the latch is not in the
specified area. The user can track the MissedLatch output pulses to make adjustments to the machine, or open
the window for first time synchronization of the master and slave.

In Cam Toolbox v204, this function block was modified to report the RecordedPosition as a new output so that
applications can use this information to re position or re home the axis after a manual operation without adding
a separate MC_TouchProbe function block in the application. The function was also modified to prohibit its
internal Y_SlaveOffset from executing if no cam is engaged.

Error Description

ErrorID Meaning
0 No error

The move could not be started because motion is prohibited. The drive may not be enabled.

4370 MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

4374 Torque move prohibited while non-torque moves queued or in progress.

4378 The function block is not applicable for the external axis specified

e Motion aborted due to axis alarm. It is also possible that a software limit has been

- exceeded.
Axis ID does not correspond to an axis configured on the system. Verify the value of

4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

4626 The master slave relationship is defined. A slave cannot be a master to another axis.

4633 Table size results in misaligned data. Refer to the help section “Internally Created Cam

- Data.” A cam table will have a multiple of 16 bytes if created correctly.

4649 Invalid adjust mode

4657 Distance parameter is less than or equal to zero.

4663 Specified time was less than zero.

4673 StartPosition is outside of master's range.

4674 EndPosition is outside of master's range.

10020 ProductSize cannot be less than or equal to zero

10021 Maximum allowed consecutive missed registration marks reached

10025 Might be crossed or the same non-zero value

10053 DataPoint Error

10086 MaxPosCorrection must be zero or positive, MaxNegCorrection must be or zero or negative.

57620 The DataType connected to a function block parameter specified as ANY type does not
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match the required data size. Right click on the function block and select “"Object
Properties” to determine which parameters are ANY type.

Applications
e Label Feeder
e  Punch Press

e Intermittent Form Fill and Seal

Overview of Supporting Function Blocks
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FinishCamackon

/ 360°

-

» [Dther slave axas assumed to rmove during the Faed s staionary portion)

Hcin

Application Example

AT A P FA AT AT R r.\r.-u.n?-.u- e

Consider a form fill and seal application as shown below. Feed belts control payout of film for the form fill and

seal machine.

Distance After Latch is set to align the end of bag with the cutter/punch
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!

Product Size

Film Drive
Belts
Sensor \L
]
PU["IE‘:h Distance After Latch
Location

b |

The film drive belt is the slave to a constantly running master. The nominal cam table is shown below. The
master cycle is 0 - 1 units and the slave cycle is also between 0 and 1 units.
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Master Position (1502)

Slave Position (1015)

A sample screen shot of data that needs to be entered for the system described above is shown in the figure
below. Care should be taken to ensure that the input parameters will generate motion that is physically
achievable and desirable by the slave axis.

CamSlave_FeedTolength_1

-

CamSlave_Feed Tolength
#—1 Master [Vaster—ri
— Slave Slawve—y
SlaveParams— SlavePrms ————  ShvePrme+—SlaveParams
Sensor— TriggerData ————  TriggerDats—-Sensor
EnableCSFTL— Erable Vald
(ProductSize mustbe £Q Save oyl of cam®) ProductSize— ProductSee AchualSize e
DsEnce from sensor to end of cam™®) LREAL#0,5— DistancelifterLatch LatchPosition =
LREAL#0. 50— MaxPosCorrecton  LimitedPosCorrection
{#Max Neg correction has o be negatie®) LREAL#-0 50— MaxMNeglorrection LimitedhegCorrection =
¥ _AdiistViods #WithinRange—  Adjustvode Adiusting F—Adjusting
o MasterDistance MissedLatch f—=
#— [uration Error =
{#5tart and Bnd Comechon have to be afler the StartCorr—  StartCorrection ErrorlD =
iatah bt before the end of the cyoe”) EndCorr— EndCorrection
LREAL#0.0— SensorMinimum
LREAL#1.0— Sensorlaximum
UINT #1000—  MissedLatchLirmit

In the screen shot of the CamSlave_FeedTolLength block shown below, the sensor detects a registration mark at
0.36201 units of the slave cycle. Assuming that the previous registration mark was captured at 0.5 units of the
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slave cycle, the distance between two successive registrations is 0.86201 units (0.5 + 0.36201). The actual bag

length in this case is 0.86201 units.

1

Product Size

CamSlave FeedTolength_1

—- Slave Slavet—
SlavePararrs— - SlavePrms ————————— SlavePrmet—daveParams
Sensor—= TriggerData TriggerDiat nsor
EncbleCSFTL—] Enable Vaid |- . .
1 1 Film Drive
ProductSize—{ Productsee Actudiize |-»
10000000 10,2620 100 Belts
LREAL#0 5— Distanceifterlatch Lake tion
10,3620 100

LREAL#0 5)—] MaxPesCerrecton  LimitacPosCarracion-»
LREAL #-0.50— MakiNegComecton Umledweg:orrecmg (=]
¥ _Adstviods #WithirR.ange — Adjustvbde Adustng |—Adiusting
MssedLatch 2
Enne }o
st tCoar—{ StatComect BroD-o Punch
ErdCorr— ' Location
LREAL70.0—| Sensadmmunm — _—j
LREAL#1.0—{ Sensoriviximum
UINT #1000—] Mssedi atchlimt

N Bag-o-
Chips

Sensor \L

Distance After Latch

The calculation on how much adjustment needs to be made to make the slave axis (film feed) place the film
exactly at the cutter/pinch location is explained below:

Correction = Nominal part size (1.0) Actual bag length (0.86201)= -0.1379
This will be the amount of offset added/subtracted (for this cycle) to any previous offsets in the slave position.
A continuous sequence of short, long, short bag lengths is illustrated in the logic analyzer plots below.

The first occurrence of TouchProbe.Done in the figure triggers a calculation that shows a short bag. A small
negative offset is calculated and can be seen by the dip to negative velocity at the end of the first master cycle.
The registration mark in the middle of the second master cycle triggers a calculation that results in a long bag
and a positive offset. This is seen as the spike in slave velocity between 0.65 and 0.86 units of the master cycle.
The last registration mark in the figure (in the middle of the third master cycle) triggers a calculation that
results in a short bag and a negative offset. This is seen as the dip in slave velocity between 0.65 and 0.86 units
of the master cycle.
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CamSlave_FeedTolLength2

CamSlave_FeedTolength?2 is an enhancement of CamSlave_FeedtoLength. The only difference is the increased
performance in capturing latches that occur at higher frequency by incorporating the Y_ProbeContinuous
function block. As with CamSlave_FeedtolLength, this function block was designed for use with camming
applications that index a slave axis forward in one direction, and require on the fly adjustments of the actual
index length based on a sensor input. The sensor input is on the slave axis.
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Parameters

£ Parameter Data Type
VAR_IN_OUT

B Master AXIS REF

B Slave AXIS REF

\ SlavePrms AxisParameterStruct

E TriggerData TRIGGER_REF

Y Buffer CONTINUOUS_REF
VAR_INPUT

B Enable BOOL
Y ProductSize LREAL
\ DistanceAfterLatch LREAL
\ MaxPosCorrection LREAL
\ MaxNegCorrection LREAL
Y AdjustMode INT

\ MasterDistance LREAL
Y Duration LREAL
\ StartCorrection LREAL
Y FinishCorrection LREAL

% YASKAWA

Description

A logical reference to the master axis
A logical reference to the slave axis

User Defined DataType declared in the PLCopen
Toolbox.

Reference to the trigger signal source. Refer to
PLCopen Plus Function Block Manual for more
details.

Default

The function will continue to

execute while enable is held FALSE
high.

This value must be the same
as the total one way index of LREAL#0.0

the cam profile for this slave.

The desired additional travel
distance after the registration LREAL#0.0

mark is detected

Limits the amount of positive
correction that can be applied

Limits the amount of negative
correction that can be applied

An ENUM for TIME or range of
master correction, with the
following values:

Relative amount the master
will travel (in cam master
units) from when the function
block first executes until the
correction is complete. Only
used if AdjustMode =
Y_AdjustMode#MasterDistance.

Time of the correction used if
AdjustMode is set for TIME
mode

Earliest master position where
_ _ LREAL#0.0
the correction can begin.

Latest master position where
the correction must be LREAL#0.0

completed.
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\ SensorMinimum LREAL
\ SensorMaximum LREAL
\ MissedLatchLimit UINT
VAR_OUTPUT

B Valid BOOL
Y ActualSize LREAL
\ LatchPosition LREAL
\ LimitedPosCorrection BOOL
Vv LimitedNegCorrection BOOL
Vv Adjusting BOOL
Y MissedLatch UDINT
B Error BOOL
B ErrorID UINT

Notes

% YASKAWA

The earliest slave position
where a sensor position is valid
for correction.

The latest slave position where
a sensor position is valid for
correction.

The number of consecutive
product lengths that can occur
without seeing a mark in the
window. Valid sensor
detections will reset the
internal counter. The next valid
sensor detection will reset the
internal counter.

LREAL#0.0

LREAL#0.0
(function
block defaults
to

ProductSize if
left
unconnected.)

UINT#0
(interpreted
as infinite)

Indicates that the outputs of the function are

valid.

The actual indexed distance

The slave's position in the CamTable when the

latch occurred

Indicates that the MaxPosCorrection is limiting the

required correction.

Indicates that the MaxNegCorrection is limiting

the required correction.

Indicates that an adjustment is currently taking

place (Busy output of Y_SlaveOffset)

Cumulative number of latches missed

Set high if error has occurred during the execution

of the function block. This output is cleared when

'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID.

This output is reset when 'Execute’ or 'Enable’

goes low.

A Sigma-5 servo amplifier is required for use of this function block.

Error Description
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ErrorID Meaning

0 No error
The move could not be started because motion is prohibited. The drive may not be enabled.

4370 MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

4374 Torque move prohibited while non-torque moves queued or in progress.

4378 The function block is not applicable for the external axis specified

4381 Motion aborted due to axis alarm. It is also possible that a software limit has been

- exceeded.

4406 Continuous Latch Mode not supported on Sigma II, Sigma III, or external encoders

4407 Internal buffer overflow

4408 PatternSize is out of range (1-8) or PatternCount is out of range (0-255)
Axis ID does not correspond to an axis configured on the system. Verify the value of

4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

4626 The master slave relationship is defined. A slave cannot be a master to another axis.

4633 Table size results in misaligned data. Refer to the help section “Internally Created Cam

- Data.” A cam table will have a multiple of 16 bytes if created correctly.

4649 Invalid adjust mode

4657 Distance parameter is less than or equal to zero.

4663 Specified time was less than zero.

4673 StartPosition is outside of master's range.

4674 EndPosition is outside of master's range.

10020 ProductSize cannot be less than or equal to zero

10021 Maximum allowed consecutive missed registration marks reached

10025 Might be crossed or the same non-zero value

10053 DataPoint Error

10086 MaxPosCorrection must be zero or positive, MaxNegCorrection must be or zero or negative.
The DataType connected to a function block parameter specified as ANY type does not

57620 match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.

Applications

Label Feeder

Punch Press

Overview of Supporting Function Blocks

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

% YASKAWA

117



(%3 | ¥ YASKAWA
Cam Toolbox: Function Blocks

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 118



gx % YASKAWA

Cam Toolbox: Function Blocks

Master
Position

SlartComecion FinishCamackon

\‘ 0° 72 ‘/ 360°

ProductLen '
gth * [Other slave axes assumed to move duning the Feed s stationary portion)

SensoiMacinism

—

J

/

Slave
Pasition

SensciMinimum
ﬁﬁhﬂﬁﬁ*um*‘

g }[

Slave
Speed |
ESmumpﬂu
Slave Ofiset
Comection
Spead

e S Sk B B B, Wl e Bt B Pt F-'I:h'l'ﬂg'\v

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 119



g | % YASKAWA
Cam Toolbox: Function Blocks

CamSlave_Lookup

+—1 CamTable
+— Execute

+— MasterPosition

CamSlave_Lookup

CarmTatle
Dare
Busy
Error

ErrarlD

| S S S G S

SlavePosition

This function block returns the slave position corresponding to the given master position. This function block is

used by CamSlave Recover.

Parameters

* Parameter
VAR_IN_OUT
B CamTable

VAR_INPUT

B Execute

\ MasterPosition
VAR_OUTPUT

B Done

B Busy

B Error

Data Type

Y MS CAM STRUCT

BOOL

LREAL

BOOL

BOOL

BOOL

Description

Cam data structure
Default

Upon the rising edge, all other

function block inputs are read and the

function is initiated. To modify an FALSE
input, change the value and re-trigger

the execute input.

The position of the master axis for
which the corresponding slave LREAL#0.0
position is required.

Set high when the commanded action has been
completed successfully. If another block takes control
before the action is completed, the Done output will
not be set. This output is reset when execute goes
low.

Set high upon the rising edge of the 'Execute' or
'Enable' input, and reset if Done, CommandAborted,
or Error is true.

Set high if error has occurred during the execution of
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the function block. This output is cleared when
'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID. This

B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.
. The slave position that relates to the master as
Y SlavePosition LREAL . )
described in the CamTable.
Notes

This function provide the exact slave position that corresponds to the MasterPostion input by interpolating the
CamTable. Consider the following CamTable:

M S
0 0
10 0
20 5
30 10
40 20

If the MasterPosition is 15, the corresponding SlavePosition is 2.5.

This function determine the equivalent slave position by looking in the CamTable only, It does not include any
other cam adjustments that may have been applied using any of the Y_CamAdjust function blocks.

See the CamSlave Lookup elearning Module on Yaskawa's YouTube Channel.

Error Description

ErrorID Meaning
0 No error
10114 Incorrect cam table size (check the CamTable.Header.Datasize)
10045 SlavePosition not found in Y_MS_CAM_STRUCT
Example

In the example shown below, the slave position corresponding to a master position of 10.0 is calculated. It can
be seen that the slave position from the cam profile is 9.9196950.
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L1 18 £y (L] 80 1as 1us $ L3 1

Camislave_Lookup_ 1

CamSlave_Lookug

= [F1]
k aster 9 8000000
Slave 98572830
e
t aster 9.9000000
Slave 98912510
= - 73]
I aster 100000000
Slave 99196950
= [74]
b aster 101000000
Slave 99423420
= [75]
F aster 102000000
Slave 99613810
CambData—t CamTable
ExeLDukupq — Execute
1
MMP— MasterPosition
10.0000000

CamTabl ambData
Done ookupDn

1
Busy

0
Errar =

]
ErrorlD =

[
SlavePosition SP
9.9195950
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CamSlave_PullToLength

CamSlave_PullToLength was designed for applications where the slave mechanism pulls material forward but
the mechanism has a reciprocating stroke. This function block incorporates the ability to capture a registration
mark on the material being pulled, and make on-the-fly adjustments to the stroke length by executing a
Y_CamScale function block. This block has the same basic core operation as CamSlaveFeedToLength, which
was designed for slaves that move in one direction but have the same requirement.

Parameters
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£ Parameter Data Type
VAR_IN_OUT

B Master AXIS REF

B Slave AXIS REF

\ SlavePrms AxisParameterStruct
E TriggerData TRIGGER_REF
VAR_INPUT

B Enable BOOL

Y ProductSize LREAL

\ DistanceAfterLatch LREAL

\ MaxPosCorrection LREAL

\Y MaxNegCorrection LREAL

Y AdjustMode INT

\ MasterDistance LREAL

\ Duration LREAL

\ StartCorrection LREAL

\ FinishCorrection LREAL

\ SensorMinimum LREAL

% YASKAWA

Description

A logical reference to the master axis

A logical reference to the slave axis

User Defined DataType declared in the PLCopen

Toolbox.

Reference to the trigger signal source.

PLCopen Plus Function Block Manual for more

details.

The function will continue to
execute while enable is held
high.

This value must be the same
as the total one way index of
the cam profile for this slave.

The desired additional travel
distance after the registration
mark is detected

Limits the amount of positive
correction that can be applied

Limits the amount of negative
correction that can be applied

An ENUM for TIME or range of
master correction, with the
following values:

Relative amount the master
will travel (in cam master
units) from when the function
block first executes until the
correction is complete. Only
used if AdjustMode =
Y_AdjustMode#MasterDistance.

Time of the correction used if
AdjustMode is set for TIME
mode

Earliest master position where
the correction can begin.

Latest master position where
the correction must be
completed.

The earliest slave position
where a sensor position is valid
for correction.
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LREAL#0.0

LREAL#0.0

LREAL#0.0

LREAL#0.0

LREAL#0.0
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\ SensorMaximum LREAL
\ MissedLatchLimit UINT
VAR_OUTPUT

B Valid BOOL
\ ActualSize LREAL
Y LatchPosition LREAL
Y LimitedPosCorrection BOOL
Y LimitedNegCorrection BOOL
Y Adjusting BOOL
\ MissedLatch UDINT
B Error BOOL
B ErrorID UINT

Notes

% YASKAWA

LREAL#0.0
(function

The latest slave position where block defaults

a sensor position is valid for to

correction. ProductSize if
left

unconnected.)

The number of consecutive
product lengths that can occur

without seeing a mark in the
UINT#0

(interpreted

window. Valid sensor

detections will reset the o

. . as infinite)
internal counter. The next valid

sensor detection will reset the

internal counter.

Indicates that the outputs of the function are
valid.

The actual indexed distance

The slave's position in the CamTable when the
latch occurred

Indicates that the MaxPosCorrection is limiting the
required correction.

Indicates that the MaxNegCorrection is limiting
the required correction.

Indicates that an adjustment is currently taking
place (Busy output of Y_SlaveOffset)

Cumulative number of latches missed

Set high if error has occurred during the execution
of the function block. This output is cleared when
'Execute’ or 'Enable' goes low.

If Error is true, this output provides the Error ID.
This output is reset when 'Execute' or 'Enable’
goes low.

This function block is an adaptation of CamSlave FeedTolength. The main difference is that this function is

designed for reciprocating slave motion, and uses the Y_CamScale function block instead of the Y_SlaveOffset

function block.

Error Description
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ErrorID Meaning

0 No error

10020 ProductSize cannot be less than or equal to zero

10021 Maximum allowed consecutive missed registration marks reached

10025 Might be crossed or the same non-zero value

10053 DataPoint Error

10086 MaxPosCorrection must be zero or positive, MaxNegCorrection must be or zero or negative.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 126



é:‘» e
W oy
'vﬁ‘k Cam Toolbox: Function Blocks

CamSlave_Recover

i Camslave_Fecover k
+— Slavehxis SlaveAxist—e
—— CamTable CamTablet—
+— Execute Daone f—
+— MasterPosition Busy p—o
+— Welocity Active b
+— Arcceleration Commandabarted e
+— Deceleration Erraor B~
+— lerk ErrarlD b
+— Direction SlaveFosition f—
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The CamSlave_Recover block moves a Slave back into sync with the master axis after camming was interrupted

unexpectedly, such as E-Stop conditions, or alarms that disable the servo. This function block is particularly

useful when resuming the cam motion from the position where it was interrupted is necessary to avoid wasting

products in process, or if machine characteristics demand it, or if homing and re-starting the cycle is not

feasible. The CamSlave_Recover function block can be used to bring the slave axis to the position in the cam

table that corresponds to the current master axis position. Linear interpolation is performed for accuracy in case

of coarse resolution between points in the cam table. Once CamSlave_Recover is Done, the camming motion

can resume. This function block contains a MC_MoveAbsolute function.

Parameters
£ Parameter Data Type
VAR_IN_OUT
B SlaveAxis AXIS REF

B CamTable Y MS CAM STRUCT

VAR_INPUT
B Execute BOOL
B MasterPosition LREAL

Description

A logical reference to the slave axis
Cam data structure
Default

Upon the rising edge, all other

function block inputs are read and

the function is initiated. To modify FALSE
an input, change the value and re-

trigger the execute input.

Master axis’ current position. The
CamSlave_Recover function block

] ] LREAL#0.0
will command the slave axis to

move to the slave position
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B Velocity LREAL
B Acceleration LREAL
B Deceleration LREAL
B Jerk LREAL
B Direction MC Direction
VAR_OUTPUT

B Done BOOL
B Busy BOOL
B Active BOOL
B CommandAborted BOOL
B Error BOOL
B ErrorID UINT
Y SlavePosition LREAL

% YASKAWA

corresponding to this
MasterPosition value.

Velocity with which the slave axis
recovers and moves to the position
from the cam table corresponding
to the master axis position

Acceleration with which the slave
axis recovers and moves to the
position from the cam table
corresponding to the master axis
position

Deceleration with which the slave
axis recovers and moves to the
position from the cam table
corresponding to the master axis
position

Not supported; reserved for future
use. Value of the jerk in [user
units / second”\3].

The position of the slave axis for
which the corresponding master LREAL#0.0

position is required.

Set high when the commanded action has been
completed successfully. If another block takes
control before the action is completed, the Done
output will not be set. This output is reset when
execute goes low.

Set high upon the rising edge of the 'Execute’ or
'Enable' input, and reset if Done,
CommandAborted, or Error is true.

For buffered modes, this output is set high at the
moment the block takes control of the axis. For
non buffered modes, the outputs busy and active
have the same value

Set high if motion is aborted by another motion
command or MC_Stop. This output is cleared with
the same behavior as the Done output.

Set high if error has occurred during the execution
of the function block. This output is cleared when
'Execute’ or 'Enable' goes low.

If Error is true, this output provides the Error ID.
This output is reset when 'Execute’ or 'Enable’
goes low.

Slave position in the cam profile that corresponds
to the MasterPosition input to the function block
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Notes

After CamSlave_Recover is done, in most cases, the slave will be at a position different from the home position
or dwell position. Care should be taken before re-engaging the slave to the master axis. Engage Position and
Engage Data inputs on the Y_Camln block should be verified to make sure that they are set correctly. Incorrect
engage position and or engage method can cause abrupt motion on the slave axis.

Reccomended steps to recover from a cam cycle interruption
1) Clear all alarms after an E-Stop.
2) Enable the slave.

3) Verify the MasterPosition input is the position of the master axis to where the slave must to move to re-
synchronize the cam operation.

3) Execute CamSlave_Recover with valid inputs.
4) Once CamSlave_Recover.Done is TRUE, the slave is in position to continue the cam motion immediately.

5) Change the Y_Camln.EngagePosition to the current master position. Set
Y_Camln.EngageData.SlaveAbsolute: = TRUE.

6) Execute Y_Camin. The cam will engage and when the master axis starts motion, the slave will move in
synchronization with the master.

See the CamSlave Recover elLearning Module on Yaskawa's YouTube Channel.

Error Description

ErrorID Meaning
0 No error
4378 The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been

- exceeded.
Axis ID does not correspond to an axis configured on the system. Verify the value of

4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

4658 Velocity parameter is less than or equal to zero.

4659 Acceleration is less than or equal to zero.

4660 Deceleration is less than or equal to zero.

4641 Buffer mode does not correspond to a valid enumeration value.

4642 Direction does not correspond to a valid enumeration value.

4893 The specified external axis may not be used. A physical axis is required.

10113 ERROR: Variable (ErrorID_10113_Description) is undefined.
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The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “"Object

Properties” to determine which parameters are ANY type.

Example

E-Stops can result in the instantaneous loss of control of the axes. Manually clearing debris or scrap from the
machine and adjustments after E-Stops and alarms can cause a change in motor position, all resulting in a de
synchronization of the master and slave.

The example given below illustrates how the CamSlave_Recover block can solve E-Stop recovery issues. The
logic analyzer plot shows the axes when the E-Stop occurred. At this point, the Y_CamIn outputs InSync and
Busy change to FALSE. A slight drift in the master axis position can be seen after the E-Stop. This can be due
to axis inertia, or because of adjustments made to the machine. The CamSlave_Recover block is executed to
physically move the slave to the position that corresponds to the master’s current position as determined by
looking in the CamTable.

The distance that the slave axis traverses in this process can be seen in the illustration. Once the
CamSlave_Recover is Done, the slave can be re-engaged with the master using Y_Camin.

Important: In this recovery condition, the ‘EngagePosition’ must be set to the master axis’ current position and
the EngageData.SlaveAbsolute=TRUE must be applied.

CamSlave_Recover_1

'-'r.L =1 '-||.. =

-

AMalave

SLave— Slaveaxis Slavesxi SLave
CamData—+ CamTable CamTab ambData
Recover—{ Execute Done
1
ShiftedValue—{ MasterPosition Busy
7.8609429 0
Recovervel—{ Velocity Active ecoverActive
0.5000000 0
RecoverAccel—{ Acceleration Commandaborted
10.0000000 0
Recoveraccel—] Deceleration Error -
10.0000000 0
o Jerk ErrorlD ecoverErrlD
U.0000000
+—| Direction SlavePosition F—SlaveRecPos
0 0,0000000
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20
\ Cam Master Position (1502)
15
Drrift in raster position after E-Stop
104 & —
-2 |- S st ==
e _T
‘g: Slave Position (1015) Slave forward move to sync

with new master position

< |
23 E-STOP
(=

Slave re-engages with new master position
and continues cam profile smoothly

1 /'_ Slave Velocity (1011)

[]

”55 ¥_Camin.Busy ‘

¥Y_Camin.InSync

CamSlave_Recover.Execute

141 CamSlave_Recover Active

E-Stop Recovery

1e| CamSlave_Recover.Done
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= [#1] |
------- Master 5.0000000 ]
....... Slave 43333330 E-Stop o
2 MEIMEISter sﬁnnnnn Master: 597
....... Slave 5. BEEEE7D Slave : 561
= [43]
------- h azter F.0000000
....... Slave 70000000
= [44]
------- h azter 1000000
....... Slave 1333060
= [45]
------- h azter F.2000000
....... Clave 7 2664440
= [46]
------- h azter F.3000000
....... Slave 7.3932430
= [47]
------- h azter 4000000
....... Slave 75315240
= [48]
------- b azter 5000000
....... Slave ¥ BE303E0
= [49]
------- b azter F.E000000
....... Slave 77937530
= [50]
------- b azter 000000
....... Slave 79232730
= [51]
....... b aster 78000000 After recovery
....... Slave 2.0514140 ¥
o [52] z Master: 7.8609]
....... Master 7 9000000  Slave :8.1285
....... Slave 21779140
= [53]
------- b azter 2.0000000
....... Slave 2.3024320
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CamSlave_WindowCheck

P =

.J‘.l. [ Ny

Y=
f1MCION

R N R

SensorMaximum ErrorlD

SensorMinimum Error

This function block is used by the CamSlave_FeedTolLength function blocks to determine when the

MC_TouchProbe output is valid and should be used for correction. It compares the CamTableOutput parameter
1520 to the SensorMinimum and SensorMaximum, not the actual slave feedback.

Parameters
£ Parameter Data Type
VAR_IN_OUT
Vv Prms AxisParameterStruct
VAR_INPUT
B Enable BOOL
\ ProductSize LREAL

\ SensorMinimum LREAL

Y SensorMaximum LREAL

VAR_OUTPUT
B Valid BOOL
\ InWindow BOOL

Description

User Defined DataType declared in the PLCopen
Toolbox.

Default

The function will continue to
) . ) FALSE
execute while enable is held high.

This value must be the same as the
total one way index of the cam LREAL#0.0
profile for this slave.

The earliest slave position where a
sensor position is valid for LREAL#0.0
correction.

The latest slave position where a
sensor position is valid for LREAL#0.0
correction.

Indicates that the outputs of the function are valid.

Indicates the slave output
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Set high if error has occurred during the execution
B Error BOOL of the function block. This output is cleared when
'Execute' or 'Enable’ goes low.

If Error is true, this output provides the Error ID.
B ErrorID UINT This output is reset when 'Execute' or 'Enable' goes

low.

Notes

If SensorMinimum and SensorMaximum are both zero, this function does not check for a window and reports
InWindow as TRUE.

For the most accurate WindowCheck, this function block must be in a fast application task. Since this function is
used by CamSlave_WindowCheck, that block also should be used in a fast (high priority)

Error Description

ErrorID Meaning
0 No error

10025 Might be crossed or the same non-zero value
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CamTableManager

s—| EXxecute

!

( CamTableManager

Done

CamTablelD Busy

Error

ErrorID

This function block serves as a FIFO buffer for CamTableID's. Each time a new CamTablelD is created, it will

delete the memory allocated to the oldest CamTable by using the Y_RemoveCamTable function block from the

PLCopenPlus firmware library. This function block is used to clean up memory in applications which build cam

tables on the fly. A circular buffer of four cam tables is maintained in the CamTableManager. When the function

block is executed a fifth time, it releases the memory area of the oldest cam table ID. The controller can allocate

this memory area for new cam tables or application code.

Parameters
& Parameter Data
Type
VAR_INPUT
B Execute BOOL

\ CamTablelD UINT

VAR_OUTPUT

B Done BOOL
B Busy BOOL
B Error BOOL

Description

Default
Upon the rising edge, all other function block inputs are
read and the function is initiated. To modify an input, FALSE
change the value and re-trigger the execute input.
The most recent CamTablelD create by Y_CamFileSelect

UINT#0

or Y_CamStructSelect

Set high when the commanded action has been completed
successfully. If another block takes control before the action is
completed, the Done output will not be set. This output is reset when
execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable' input, and
reset if Done, CommandAborted, or Error is true.

Set high if error has occurred during the execution of the function
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block. This output is cleared when 'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is reset

B ErrorID UINT
when 'Execute' or 'Enable' goes low.

Notes

e  This function block is unnecessary in applications which use a single, static cam table.

e See the CamTableManager eLearning Module on Yaskawa's YouTube Channel.

Error Description

ErrorID Meaning
0 No error
4887 CamTablelD does not refer to a valid cam table.
Example 1

An example of using the CamTableManager is shown below. On the fifth execute of the CamTableManager
block, the memory for the oldest CamTable ID gets released. In the example shown below, the memory for
CamlID 1 gets released. The next execution of the CamTableManager will release the memory for CamID 2.
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Application Example
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CamTableUpdate

CamTableUj

— Slave
— CamTable- CamTabl
— TableIDs — TableID

S S

Execute Done
Busy
Error

ErrorlD

This function block aids with cam file management when on the fly changes to the table data are required. It
supports two tables: one which may be actively running in the motion engine, and one that may be recalculated
and transferred to the motion engine. It contains the Y_CamStructSelect and Y_WriteCamTable function blocks.

Parameters
£ Parameter Data Type Description
VAR_IN_OUT
B Slave AXIS REF A logical reference to the slave axis
B CamTable Y MS CAM STRUCT Cam data structure
\ TableIDs TableIDStruct Contains an Active and Inactive TableID
VAR_INPUT Default

Upon the rising edge, all other function
block inputs are read and the function is

B Execute BOOL o . . FALSE
initiated. To modify an input, change the

value and re-trigger the execute input.

VAR_OUTPUT
Set high when the commanded action has been
completed successfully. If another block takes control

B Done BOOL o .
before the action is completed, the Done output will not
be set. This output is reset when execute goes low.

B Busy BOOL Set high upon the rising edge of the 'Execute' or 'Enable'
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input, and reset if Done, CommandAborted, or Error is

true.

Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute’ or
'Enable' goes low.

If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.

Notes

o If both TableIDs in the TableIDs input are zero, then this block automatically uses Y_CamStructSelect to send
the first CamTable and obtain the CamTablelD.

 If the event causing the cam tables to update is fired too frequently, this block limits the cam table transfer
and swap by holding in a Busy state while the previous table transferred is still waiting to become the active
table. In this way, it helps to stage the table swapping so that the application does not resort to writing over an
active table, which can cause the slave to jump.

Example 1:

In this example, it is assumed that some event has occurred which triggers the need for a new cam table to be
generated using CamGeneator. CamGenerator in turn fires CamTableUpdate to send the new CamTable to the
motion engine. CamTableUpdate manages the active and inactive TableIDs, which can then be used with
Y_Camln. The Table.Active variable will contain the TableID of the last table transferred, so the next time the
rising edge of Y_Camln is triggered, the new table will be used. This can be done while camming is currently
engaged.
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Cam Generator_2

Cam
CamPoints:
Caou
LDINTH 2650

AxisControl_2 ¥_Camlin_l

Example 2: Using Two Cam Tables

¢ One will be actively running the motion

¢ One will be "on deck" to take new changes

Write Table 1

Write Table 2 2

Error Description

ErrorID Meaning

0 No error
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File reading already in progress
The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Already copying cam data (If Execute transition to TRUE while Busy = TRUE)

Table size results in misaligned data. Refer to the help section “Internally Created Cam
Data.” A cam table will have a multiple of 16 bytes if created correctly.

Buffer size results in misaligned data
Table type is not supported

Invalid start index.

Invalid end index

Invalid header for the cam file. Cam tables must have a header indicating the number of
rows, number of columns and a feed forward velocity flag.

CamTablelD does not refer to a valid cam table.
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SlaveIndex_Lookup

!

!

o

Slavelndex

This function block returns the array index value corresponding to the given slave position. This function block

— CamTable —

Execute
SlavePosition

CamTabl

Done

Busy

Error
ErrorID
Slavelndex

is used by CamMasterLookup to determine the equivalent master location for a given slave position.

Data Type

Y MS CAM STRUCT

Parameters
& Parameter
VAR_IN_OUT
B CamTable
VAR_INPUT
B Execute BOOL
\Y SlavePosition LREAL
VAR_OUTPUT
B Done BOOL
B Busy BOOL

Description

Cam data structure
Default

Upon the rising edge, all other function

block inputs are read and the function

is initiated. To modify an input, change FALSE
the value and re-trigger the execute
input.

The position of the slave axis for which
the corresponding master position is LREAL#0.0

required.

Set high when the commanded action has been
completed successfully. If another block takes control
before the action is completed, the Done output will not
be set. This output is reset when execute goes low.

Set high upon the rising edge of the 'Execute' or
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'Enable’ input, and reset if Done, CommandAborted, or
Error is true.

Set high if error has occurred during the execution of
B Error BOOL the function block. This output is cleared when
'Execute' or 'Enable’ goes low.

If Error is true, this output provides the Error ID. This

B ErrorID UINT )
output is reset when 'Execute' or 'Enable' goes low.
The array index of the Y_MS_CAM_STRUCT of the
Vv Slavelndex UDINT .
SlavePosition.
Notes

e The SlavePosition input should be a value between the maximum and minimum values of the slave’s position
profile for the index value to be valid.

o If the SlavePosition input is a value between two slave positions in the cam table, the SlaveIndex will return
the lower index.

Error Description

ErrorID Meaning
0 No error
10045 SlavePosition not found in Y_MS_CAM_STRUCT
Example
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SlaveRegistrationCheck

This function block was designed for use by the CamSlave FeedTolLength, CamSlave FeedTolength2, and
CamSlave PullToLength function blocks. It monitors variables related to a cam slave index and fires the output
“MakeCorrection" which can be connected to Y_SlaveOffset along with the AbsoluteCorrection output. The
function also provides the interpolated value of the cam table output when the latch was detected.

Parameters

£ Parameter Data Description
Type

Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration (logical
axis number).

See AxisParameterStruct definition in MotionBlock types

B AxisPrm AXIS REF
folder
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VAR_INPUT

B Enable

B DefaultSize

B DistanceAfterLatch

B RecordedPosition

B LatchInput

B MissedLatchLimit

\ MaxPosCorrection

\Y MaxNegCorrection

\ SensorMinimum

\ SensorMaximum
VAR_OUTPUT

B Valid

\ ActualSize

Y AbsoluteCorrection

\ LatchTableReference
\ MakeCorrection

Y MissedLatch

Y LimitedPosCorrection
Y LimitedNegCorrection
Y MissedWindow

BOOL

LREAL

LREAL

LREAL

BOOL

UINT

LREAL

LREAL

BOOL
LREAL

LREAL

LREAL

BOOL

UDINT

BOOL

BOOL

BOOL

Default
The function will continue to execute

FALSE
while enable is held high.
Default length of the product in user

. LREAL#0.0

units
The desired additional travel distance

LREAL#0.0

after the registration mark is detected

Position where trigger event occurred
(in user units [u]). Used with LREAL#0.0
MC_TouchProbe.RecordedPosition.

Typically connected to
MC_TouchProbe.Done, signals the

) i FALSE
function to calculate any required

correction amount

The number of consecutive product
lengths that can occur without seeing a
mark in the window. Valid sensor
detections will reset the internal
counter. The next valid sensor detection
will reset the internal counter.

Limits the amount of positive correction
that can be applied

Limits the amount of negative correction
that can be applied

UINT#0
(interpreted
as infinite)

Indicates that the outputs of the function are valid.
The actual indexed distance

The absolute value of the slave offset for use with
Y_SlaveOffset

The position of the latch corresponding to the cam table

Used to signal that the correction calculation is valid.
Typically used in conjunction with Y_SlaveOffset.Execute.
Note: this output will pulse for one scan.

Cumulative number of latches missed

Indicates that the MaxPosCorrection is limiting the
required correction.

Indicates that the MaxNegCorrection is limiting the
required correction.

Indicates that a latch occurred, but was ignored because
it was outside the range of SensorMinimum and
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SensorMaximum.

Set high if error has occurred during the execution of the

B Error BOOL function block. This output is cleared when 'Execute’ or
‘Enable’ goes low.
If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.
Notes

e This function block determines where in the cam profile the latch occurred and compares it to the

expected location to make a determination about the correction required.

e This function block also monitors the travel distance of the slave, and if the slave traveled 10% more

than the ProductDistance and no valid latch was detected, a missed mark is counted. If the number of

consecutive missed marks equals the MissedLatchLimit input variable, ErrorID UINT#10021 is output.

e  Set MissedLatchLimit=0 to disable monitoring for missed latches.

e  Separate correction limits are provided for positive and negative to account for applications where it is

not possible to make such corrections. For example, negative corrections typically cannot be applied to

labeling applications because the material will become loose (slack).

Error Description

ErrorID

Meaning
No error
File reading already in progress
The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Already copying cam data (If Execute transition to TRUE while Busy = TRUE)

Table size results in misaligned data. Refer to the help section “Internally Created Cam
Data.” A cam table will have a multiple of 16 bytes if created correctly.

Buffer size results in misaligned data
Table type is not supported

Invalid start index.

Invalid end index

Invalid header for the cam file. Cam tables must have a header indicating the number of
rows, number of columns and a feed forward velocity flag.

CamTablelD does not refer to a valid cam table.
ProductSize cannot be less than or equal to zero

Maximum allowed consecutive missed registration marks reached
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10086 MaxPosCorrection must be zero or positive, MaxNegCorrection must be or zero or negative.
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Communications Toolbox

Communications Toolbox

The Communications Toolbox contains functions to provide advanced communication protocols such as DNS,
SMTP, and FTP. Also included in the toolbox are a set of functions designed to parse a stream of commands and
parameter data from either a serial port or TCP socket into useful machine commands.

Command Streaming Overview

The following graphic shows the organizational flow of functions that are part of the command streaming
feature. Certain components of the Command Streaming code require customization for use in your project.
The following must be copied from the toolbox, pasted, and renamed in your project.

1. ReName_Communications_Mgr POU

2. ReNameCommandProcessor

3. MyMachineStruct and any relevant sub structures. This may be significantly customized based on your
application.

The command streaming tools provided in the Comm Toolbox are designed to interpret commands starting with
a two character command code followed by either delimiter separated parameters or no parameters. Example
commands are provided in this documentation.
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FTP Datatype Customization:

If the file used with FTP needs to be increased in size, both the byte array declaration and the "MAXLENGTH"
parameter of FILE_READ in FTP_SendFile need to be changed.

If more than 10 recipients are needed then the declaration of RecipientArray needs to be changed to reflect

that.
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Getting Started: Communications

Requirements for v201
To use the Communications Toolbox, your project must also contain the following:

Firmware libraries:
=  YDeviceComm

= PROCONOS

User libraries:

=  Yaskawa_Toolbox (v204 or higher)
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Communications Revision History

Current Version:

Frkokxx 2013-09-02: v201 released. Requires firmware 2.2.0 and the YDeviceComm firmware library
K3k 3k >k k >k >k

1) ReName_CommandProcessor - Changed logic to call a sub function "GetCommand" to reduce the amount of
code that

resides on the user project side.

Previous Versions:

FoRkkkk 2013-08-08: v200 released. Requires firmware 2.2.0 and the YDeviceComm firmware library
kK K Kk kK

1) First release, includes Email, FTP, and Command Processing functions
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Data Types

Data Type: SMTP_Data

Data Type Declaration
TYPE

SMTP Data : STRUCT

DNSIP : YC_STRING16; (* DNS server IP (local), used to perform lookup of mail server domain *)
DNSPort  : UINT; (* DNS port, default is 53, leave blank unless other port is used *)

SMTPDomain : YC_STRING128; (* SMTP server domain name (e.g. smtp.yourcompany.com), used for DNS
lookup *)

SMTPIP : YC_STRING16; (* The IP of the SMTP server, blank by default, provide IP to override DNS lookup
*)

SMTPPort : UINT; (* SMTP port, usually 25 - note: does not support SSL encrypted SMTP *)
LocallP : YC_STRING16; (* Local IP of the controller *)

Domain : YC_STRING128; (* Domain for SMTP EHLO/HELO command, example: yaskawa.com *)
Sender : YC_STRING128; (* Sender e-mail address, example: john_smith@yaskawa.com *)
SenderName : YC_STRING32; (* Name of sender, example: John Smith *)

Subject : YC_STRING128; (* Subject of email, example: How awesome is the e-mail function block? *)

RcptArray : rcpt_array; (* Array of rcpt_struct (up to 10, or change datatype declaration), email and name

*)

NumRcpt  : INT; (* Number of emails in rcpt_array *)

Timeout  : TIME; (* Timeout for connecting to the SMTP server, defaults to 5s *)
END_STRUCT;

END_TYPE

Code Example

smtpdata.LocallP :="192.168.1.1";
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smtpdata.SMTPDomain 1= 'smtp.example.com’;

smtpdata.Domain .= 'example.com’;

smtpdata.Sender 'johnsmith@example.com’;

smtpdata.SenderName := 'John Smith';

smtpdata.Subject 'Hello from your MP2300iec';

smtpdata.RcptArray[0].email := 'yourfriend@othercompany.com';
smtpdata.RcptArray[0].name := 'Your Friend';
smtpdata.NumRcpt =1,

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 154



% % YASKAWA

Communications Toolbox: DataTypes

Data Type: FTP_Data

Data Type Declaration
TYPE
FTP_Data : STRUCT
Username : YC_STRING32; (* Username to log in to the FTP server *)
Password : YC_STRING32; (* Password to log in to the FTP server *)
LocallP : YC_STRING16; (* Local IP of the controller *)
FTPDomain : YC_STRING128; (* The domain name of the FTP server that will be resolved via DNS *)
FTPIP : YC_STRING16; (* The IP of the FTP server if a domain is not known or set *)
FTPPort : UINT; (* The port to connect to the FTP server through, default 21 *)
DNSIP : YC_STRING16; (* The DNS lookup server IP *)
DNSPort : UINT; (* The DNS port to connect through, default 53 *)
Timeout : TIME; (* Timeout for connecting to the FTP server or data connection, default 5s *)
END_STRUCT;

END_TYPE

Code Example

ftpdata.LocallP :='192.168.1.1";
ftpdata.FTPDomain := 'ftp.example.com';
ftpdata.DNSIP 1= '8.8.8.8;
ftpdata.Username := 'mp2300;
ftpdata.Password := 'securepassword';
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Data Type: CircularBufferStruct

Data Structure used to manage a circular buffer of data used by multiple function blocks.

Data Type Declaration
CircularBufferStruct: STRUCT
StorePointer:INT; (* FB Output - Pointer updated when new elements added to buffer *)
UsePointer:INT; (* FB Output - Pointer updated when elements of buffer have been read *)
Size:INT; (* User Input - Size of circular buffer *)

CmdDelimiters:DelimiterArray; (* User Input - Delimiters separating Command Strings. Default is carriage
return or carriage return line feed *)

PrmDelimiter:YTB_STRING1; (* User Input - Delimiters separating parameters within a command. Default is a
comma *)

LastDelimiter:INT; (* Element used by GetCommand *)
Data:YTB_ByteArray8192;

END_STRUCT;
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Data Type: CommStruct

For use with CommunicationChannel function block. Contains information about the communication interface

used.

Data Type Declaration
CommStruct: STRUCT
CommType:INT; (* Set 1 for Serial, 2 for Ethernet *)

InactivityTimeout: TIME; (* Use this to allow the MPiec to close the socket if no communication has been
received on the channel in the time required. *)

BufferSize:UDINT; (* number of bytes to read per scan from Ethernet buffer, if left at O entire buffer will be
transferred *)

Serial:SerialConfig;
Ethernet:EthernetConfig;

END_STRUCT;
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Data Type: DelimiterArray

Supporting array for CircularBufferStruct

Data Type Declaration

DelimiterArray: ARRAY[0..3] OF BYTE;
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Data Type: EthernetConfig

Supporting data structure for CommStruct, contains information about Ethernet interface configuration.

Data Type Declaration
EthernetConfig: STRUCT
LocalIPAddress:STRING; (* User Input — Ethernet address of controller *)
LocalPort:UINT; (* User Input — Ethernet port number to open¥*)
RemoteIPAddress:STRING;
RemotePort:UINT;

END_STRUCT;
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Data Type: RecipientArray

If more than 10 recipients are needed then the declaration of RecipientArray needs to be changed to reflect
that.

Data Type Declaration
TYPE
RecipientArray : ARRAY[0..9] OF RecipientStruct;

END_TYPE
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TYPE

RecipientStruct : STRUCT
Email : YC_STRING128;
Name : YC_STRING32;
END_STRUCT;

END_TYPE
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Data Type: SerialConfig

Supporting data structure for CommStruct, contains information about Serial interface configuration.

Data Type Declaration
SerialConfig: STRUCT
PortNum:UINT; (* For use with the Y_OpenSerialPort function block  *)
BaudRate:DINT; (* For use with the Y_SetDeviceOption function block *)
DataBits:DINT; (* For use with the Y_SetDeviceOption function block *)
StopBits:DINT; (* For use with the Y_SetDeviceOption function block *)
Parity:DINT; (* For use with the Y_SetDeviceOption function block *)
HandShake:DINT; (* For use with the Y_SetDeviceOption function block *)

END_STRUCT;
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Communications Toolbox: DataTypes

Enumerated Types

Enumerated Type: COM_Type

Enum Type for CommType

Data Type Declaration

COM_Type:(na,Serial,Ethernet); (* Enumerated type to be used with CommStruct.CommType *)
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Enumerated Type: Method

Enum Type for GetParameter Method

Data Type Declaration

Method:(Parameter,Character); (* For use with the GetParameter function. Specifies how the value is
obtained. *)
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Function Blocks

CommunicationChannel

The CommunicationChannel function block is designed to manage an input stream of data from either a serial or

TCP socket communication interface. It collects portions of data from Y_ReadDevice each time that function’s

Done output goes high, and add it to a circular buffer for further analysis. The CommConfig structure must be
initialized by the user to configure the necessary communication parameters.

Parameters

& Parameter Data Type Description

Structure containing a data buffer and other
B CircularByteBuffer CircularBufferStruct operational information required to manage the

CircularByteBuffer.
The function will continue to execute
B Enable BOOL

. . . FALSE
while enable is held high.

Structure containing information to
B CommConfig CommStruct be used in establishing socket or

serial communication
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Clears all contents of the circular

B ClearBuffer BOOL buffer and resets StorePointer and FALSE
UsePointer

VAR_OUTPUT

B Valid BOOL Indicates that the outputs of the function are valid.

5 Socket BT File handle to be used when writing to device
connected to the socket. Only valid when non-zero
Set high if error has occurred during the execution

B Error BOOL of the function block. This output is cleared when
'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID.

B ErrorID UINT This output is reset when 'Execute' or 'Enable’ goes
low.

Error Description

ErrorID Meaning

0 No error

i The maximum number of concurrently open user IO devices (sockets/files) has been

o reached.

8706 The socket handle was invalid.

8707 The IP address string was not in a valid format.

8708 The socket could not be created.

8709 The specified address or port is already in use on the local network.

8710 The specified address or port is not available for use.

8711 Unable to accept new socket connection.

8712 Unable to bind to the specified address.

8713 The socket type argument was invalid.

8714 The local address or port was not valid.

8715 The socket could not be connected.

8716 There is no network routing path to the specified address.

8717 The socket is already connected to another endpoint.

8718 The socket connection attempt was actively refused by the remote peer.

o The socket was not connected to a remote endpoint. Call Y_ConnectSocket prior to

o Y_ReadDevice or Y_WriteDevice.

8720 An error occurred trying to get or set the device option.

8721 The communication device could not be read.

8722 The communication device could not be written.

8723 The Buffer argument to WriteDevice and ReadDevice is required.

8724 The device option ID was invalid.

8725 The device option value was not the right size or the data was out of range.
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Setup

The serial port ID was not a valid serial port.
The serial port could not be opened.
Product or circular buffer overrun / full

Buffer size too small / cannot be zero

Follow these steps to initialize the CommConfig structure. Steps 1 & 2 show an optional easy way for the IEC
application to automatically obtain its own IP Address. One of the inputs required for the Y_DeviceComm basic

functions is the controllers own IP Address. This is necessary because the MPiec controller may have more than
one physical Ethernet connector / MAC address, and the YDeviceComm functions need to know which interface
to use. Steps 1 & 2 mean the user will not be required to manually type in the controllers IP address for each
system deployed.

1. Add a variable of type CONTROLLER_INFO to Global Variables as shown below. The Address must be
%MD3.66560.

Mame Type | Usage Description | Address

| Controfier CONTROLLER_INFO | VAR GLOBAL %eMD3.65560

2. Add the following code to the initialize routine to obtain controller’s IP address. The variable IPAddress is
a STRING. The BUF_TO_STRING function block is located in the PROCONOS firmware library. As shown
below, we are using it to extract 15 bytes of the IPAddress. These bytes equate to xxx.xxx.xxx.xxx of the

IP Address.

50 BUF TO STRING (* Get the controller IP address *)
£1 [

52 REQ :=TRUE,

£3 BUF FORMAT:=TRUE,

54 3UF;DFFS:=DINT#0,

Lo 3UF;CNT:=DINT#17,

5& BUFFEER:=Controller.Network.Interface[l].IPAddress=,

5 DST :=IPAddre=ss

58 ):

58 Controller.Network.Interface[l] .IPAddress:=EUF TO STRING.BUFFER;
&0 IF BUF TO STRING.DONE THENW

61 IPAddress:=BUF TO STRING.DST;

62 END TF;:

3. Initialize variable of data type CommStruct as shown below. Set .LocalPort to the desired connection port

number that you choose to use in your application. If multiple sockets will be used, ensure they each

have a unique port number.

67
68
65

CommConfig.CommType:=CDH_Type#Ethernet:
CommConfig.Ethernet.LocalTPAddress:=IPAddress;
CommConfig.Ethernet.LocalPort :=UINT#5000;
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This function block performs a DNS lookup for a provided domain name (Address) using a specified DNS IP and

port and returns the number of answers, the resolved IPV4 address and the Time To Live of the returned IP.

Parameters
* Parameter
VAR_INPUT
B Execute
\ LocallP
Vv Address
\ DNSIP
\ DNSPort
E TimeOut
VAR_OUTPUT
B Done

Data Type

BOOL

YC_STRING16

YC_STRING128

YC_STRING16

UINT

TIME

BOOL

Description
Default

Upon the rising edge, all inputs are read and
the DNS lookup is performed. To perform a
lookup on a different address or perform the
same lookup again, change the value and re-
trigger the execute input.

The IP address of the controller on the local

network.

The domain name to perform the look-up on
(not an IPV4 address).

The IP address of the DNS server to perform
the lookup through.

The port to connect to the DNS server
UINT#53
through.

The amount of time the DNS server has to
TIME#5s
respond.

Set high upon the completion of a successful DNS lookup.
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Set high upon the rising edge of 'Execute' and reset if Done
or Error is true.

Set high if an error has occurred during the DNS lookup.
Cleared upon 'Execute' being reset.

If error is true, this output provides the Error ID. Cleared
upon 'Execute’ being reset.

The number of answers returned by the DNS server. The
answer with the longest TTL is output at 'IP'

The Time To Live of the DNS response (i.e. how long the
DNS server caches the answer from the authoritative
nameserver instead of reissuing the query).

The 'IP' with the longest TTL that was returned by the DNS
server that resolves to the domain name provided.

e 'Address' must be a domain name (i.e. yaskawa.com), not an IPV4 address. Passing an IPV4 address is

what is referred to as a "reverse DNS lookup" and is not supported by this block (reason: the

Y_DeviceComm library needs an IPV4 address, not a domain name).

e What DNS server(s) your controller has access to depends on the network configuration. If you do not

have a local DNS server (see "Setup" below) talk to your IT professional about what DNS server

e  The main purpose of this block is use in other Communications blocks, such as FTP and SMTP.

B Busy BOOL

B Error BOOL

B ErrorID UINT

E NumAnswers INT

E TTL UDINT

Vv 1P YC_STRING16
Notes

options you have.

Setup

In order to perform a DNS lookup a connection to a DNS server must first be established. What DNS server you

configure this block to use depends on your particular network set up. The easiest way to determine what DNS

server to use (or at least to get started) is to open up the Windows command prompt (Windows Key + R ->

"cmd" -> Enter) and type "ipconfig /all" and under "DNS Servers" in the Ethernet LAN section you will find the

DNS server(s) that your computer is configured to use.
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Ethernet adapter UHware Hetwork Adapter

Connection—specific DHS Suffix
Description . . . . - . . . . .

Dhcp Enabhled.
IPF Address. .
Subnet Maszk .
Default Gateway

Physical Address

Ethernet adapter UMware Metwork Adapter

Connection—specific DNE Suffix
Degcyiption . . . . . . . . . .

Physical Address
Dhcp Enabled. .
IP Address. . .
Subnet Mask . .
Default Gateway

Ethernet adapter Wirelessz Metwork Connection:

Media State . . .
Description . . . .
Physical Address.

Ethernet adapter Local Area Connection:

Connection—specific DNE Suffix
Descwiption . . . . . . . . . .

Physical Address
Dhcp Enabled. .
Autoconfiguratio
IP Address. . .
Subnet Mask . .
Default Gateway
DHCP Sevver . .
DNS Servers . .

LI T T T T B B

E

P B s
o

i

@
-1

Lease Obtained.

Lease Expires .

Communications Toolbox: Function Blocks
S WINDOWS system32, cmd.exe

UMnet8:

UMnetl:

% YASKAWA

=10l x|
yaskawa.com [
ybad.ad.vaskawa.com

yhad.com

yedev . com

drives .com

UHware Uirtuwual Ethernet Adapter for

B-50-56—-CA-BO—-A8
Mo

192 _168_214 .1
255.255.255.8

UMware Uirtual Ethernet Adapter for

EB—EB—EE—CB—BB—Bi
o

192.168.88.1
255,256 .255.8

Media diszconnected
Intel{R> WiFi Link 5188 AGH
BA—-24-D6—-77?-B2-88

ad.yaskawa.com
Intel(R>» B2567LM Gigahit Hetwork Con

BA—-26—BY-97-2F—4n

Yes

Yes

192 .168.201 .36

255 _.255.255.8

192 _168.2081 253

192 _168.5.18

192 _168.5.18

192 .168.5.11

Wednesday, October 24, 2812 8:21:53

Thursday. October 25, 2812 8:21:53 A

You can also perform DNS lookups from the command line which may help in verifying the results of the DNS

lookup performed on the controller while setting this block up.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

170



Communications Toolbox: Function Blocks
S WINDOWS system32, cmd.exe - |0 ﬂ

F:“>nslookup athena.vaskawa.com
Server: hgdcl.ad.yaskawa.com
Address: 192.168.5.18

Mon—authoritative ansuwer:

Mame = athena.yaskawa.com
Address: 192.168.8.3

F:“>nslookup nothing.vyaskawa.com
Server: hgdcl.ad.yvaskawa.com
Address: 192.168.5.18

#3¥% hgdcl.ad.yaskawa.com can't find nothing.yaskawa.com: Hon—existent domain

F:“>nslookup google.com
Server: hgdcl.ad.vaskawa.com
Addres=s: 192_.168.5.18

Mon—authoritative ansuwer:
google.com
ses: P4.125.225.131, P4.125_.225.128, P4.125.225.138, 74.125.225.132
?4.125.225.134, 74.125.225.142, ?4.125.225_.135, 74.125_225.133,. 7?4.125%

74.125.225 137, ?4.125.225.129

% YASKAWA

The basic command structure is "nslookup [hostname] [server]" where hostname and server are both optional
(if you simply type "nslookup" -> Enter it takes you in to the nslookup utility where you can then perform
multiple lookups without retyping "nslookup"). For example, typing "nslookup google.com" as in the image
above returns a list of IP addresses resolved for "google.com". You can also perform the lookup using a specified
DNS server address which can be helpful if your block is using a different DNS server than your computer is
configured to use. This is done by filling in the second optional parameter, such as "nslookup google.com
8.8.8.8" where "8.8.8.8" is a public DNS server managed by Google.
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WWINDOWS system32h cmd.exe -0l x|

Microsoft Windows P [Uersion 5.1.268081]
C(C>) Copyright 1?85-2AA1 Microsoft Corp.

C:~Documents and Settingsskevin_hull»nslookup google.com B.8.8.8
Server: google-pubhlic—dns-a.google.com
Address: B8.8.8B.8

Mon—authoritative ansuwer:

Mame = google.com

Addresses: P4.125.225_ 136, 74.125.225.134, 74.125.225.128, 74_125.225.138
4,125 225,135, P4.125.225.131, 4.125.225.132, 74_125.225.142, 74.125

.225.133

74.125.225.12%, 74.125.225.137

C:z~Documents and Settingsskevin_hull>_

Error Description

ErrorID Meaning

0 No error

i The maximum number of concurrently open user IO devices (sockets/files) has been
- reached.

8706 The socket handle was invalid.

8707 The IP address string was not in a valid format.

8708 The socket could not be created.

8709 The specified address or port is already in use on the local network.
8710 The specified address or port is not available for use.

8711 Unable to accept new socket connection.

8712 Unable to bind to the specified address.

8713 The socket type argument was invalid.

8714 The local address or port was not valid.

8715 The socket could not be connected.

8716 There is no network routing path to the specified address.

8717 The socket is already connected to another endpoint.

8718 The socket connection attempt was actively refused by the remote peer.
o The socket was not connected to a remote endpoint. Call Y_ConnectSocket prior to
T Y_ReadDevice or Y_WriteDevice.

8720 An error occurred trying to get or set the device option.

8721 The communication device could not be read.

8722 The communication device could not be written.

8723 The Buffer argument to WriteDevice and ReadDevice is required.
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8724 The device option ID was invalid.

8725 The device option value was not the right size or the data was out of range.

8726 The serial port ID was not a valid serial port.

8727 The serial port could not be opened.

12000 Read response timeout, no response was received within the supplied TimeOut
12010 Not a response (QR should be 1 but it was 0)

12011 Response was truncated because it extended beyond the 512byte UDP packet size
12012 Recursive is not available but was requested by the Query packet

12021 Format error, the name server was unable to interpret the query

12022 Server failure, the name server was unable to process the query due to an internal problem
12023 Name error, not valid for this block (only valid for Authoritative servers)

12030 Address length was less than 3 characters which is not possible

12031 Address format was incorrect as it does not contain a '.'

Example - External Address
The following example demonstrates the blocks ability to perform a lookup for an external address

("google.com") using an internal DNS server. The LocallP, Address and DNSIP have all be configured and
DNSPort and TimeOut have been left to defaults.

OMS_LookUp_Exarmple

I local_controler_ip
107 ARS8 T S

test address

google.corm
192,168 5,10

16 #00000000

drs_response_jp
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NS _LookUp_Exarmple

local_controler_ip
192,168,207 205
test_address
goodle.com
dns_ip
192,168 510

16#0000012C

dns_response_p
F4.125.225.121

If you compare the output of the block ("74.125.225.131") to the nslookup performed above you will that this IP
address is in the list. You can also see that NumAnswers is set to 11 which also matches the number of answers
returned above. Finally, the TTL is 0x0000012C which corresponds to 300 in decimal where 300s = 5 min, if you
were to add the "Debug" option to nslookup ("nslookup -d google.com") then you would see that this TTL also
matches.
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FTP_SendFile

This function block uses the FTP (File Transfer Protocol) to send a file on the controller to a specified FTP server.

Parameters
* Parameter
VAR_INPUT
B Execute
Y File
Y Destination
Vv FTPData
VAR_OUTPUT
B Done
B Busy
B Error
B ErrorID
V ErrorString

Data Type

BOOL

YC_STRING128

YC_STRING64

FTP Data

BOOL

BOOL

BOOL

BOOL

YC_STRING256

Description
Default

Upon the rising edge, all inputs are read and the
file transfer is performed. To resend the file or
send a different file, change the value(s) and re-
trigger the execute input.
The full file name and location on the controller,
e.g. '/flash/user/data/example.csv'.
The full file name and destination on the FTP
server, e.g. 'metrics/example.csv'.

The input structure that configures the FTP
transfer such as FTP server address, port, etc.

Set high upon the completion of a successful file transfer.

Set high upon the start of the file transfer and low upon
'Done' or 'Error' becoming true.

Set high when an error occurs during the file transfer. Set low
upon Execute being reset.

If 'Error' is true, this output provides the Error ID. Cleared
upon 'Execute' being reset.

If 'Error' is true and it is an FTP response code related error
then this output contains the response string from the FTP
server.
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This block utilizes FTP, not SFTP as SSL is not currently supported in the firmware. As a result, all FTP
traffic sent and received (e.g. username, password, file data) is sent unencyrpted in plain text and is
therefore visible to anyone with access to your internal network. However, this should not be a problem
so long as the data you are sending is not of a sensitive matter and your FTP server account is
CHROOT'd properly (talk to your IT professional about using FTP).

It is suggested that your FTP server either have a internal/external domain name OR use a static IP
address as a change in address will prevent the block from transferring files. See "Setup" for more
details.

Your FTP user account for this block must have "Write" privileges to be able to write files to the server.
Optionally, your account may also have "Append" privileges. Note that if your destination files already
exists and your user only has "Write" then the file will be overwritten. If the file exists and your user
has "Append" then the file contents transferred will be appended to the existing file.

Error Description

ErrorID

Meaning
No error

The maximum number of concurrently open user IO devices (sockets/files) has been
reached.

The socket handle was invalid.

The IP address string was not in a valid format.

The socket could not be created.

The specified address or port is already in use on the local network.
The specified address or port is not available for use.

Unable to accept new socket connection.

Unable to bind to the specified address.

The socket type argument was invalid.

The local address or port was not valid.

The socket could not be connected.

There is no network routing path to the specified address.

The socket is already connected to another endpoint.

The socket connection attempt was actively refused by the remote peer.

The socket was not connected to a remote endpoint. Call Y_ConnectSocket prior to
Y_ReadDevice or Y_WriteDevice.

An error occurred trying to get or set the device option.
The communication device could not be read.
The communication device could not be written.

The Buffer argument to WriteDevice and ReadDevice is required.
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The device option ID was invalid.

The device option value was not the right size or the data was out of range.

The serial port ID was not a valid serial port.

The serial port could not be opened.

Connect to FTP server timeout, no connection was established within the supplied TimeOut

Connect to FTP data socket timeout, no connection was established within the supplied
TimeOut

QUIT error, there was an error sending the 'QUIT' command to the server

The credentials for the FTP server were incorrect (either one or both username and
password)

File Error, no error information available

Invalid file handle

Maximum number of files are already opened

File is already opened

File is write protected or access denied

File name not defined

End of data reached

The number of characters to be read from file is greater than the data buffer
No data could be read from file

Service not available, closing control connection. This may be a reply to any command if the
service knows it must shut down.

Can't open data connection.

Connection closed; transfer aborted.

Invalid username or password

Requested host unavailable

Requested file action not taken / Requested mail action not take (mailbox unavailable)
Requested action aborted. Local error in processing

Requested action not taken, insufficient storage space in system (FTP: File unavailable)
Syntax error, command unrecognised

Syntax error in parameters or arguments

Command not implemented

Bad sequence of commands

Command not implemented for that parameter

[domain] does not accept mail

Not logged in / Access denied

Need account for storing files

Requested action not taken. File unavailable (e.g., file not found, no access) / Mailbox
unavailable

Requested action aborted. Page type unknown / User not local

Requested file action aborted, exceeded storage allocation / Requested mail action aborted,
exceeded storage allocation
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12553 Requested action not taken, file name not allowed / mailbox name not allowed

12554 Transcation failed

Basic Functionality Example - Transferring a File

This examples demonstrates how to configure the block using the data structure, create a file to send and
execute the FTP_SendFile block.

Here is the code in the "Initialize" ST program which configures the file data and the FTP structure. The FTP
server is hosted on a local computer and does not have a domain name. Therefore, FTPIP was used and FTPPort
was left blank as the local FTP server is configured to use the default port of 21. The LocallP is set to the
controllers IP and the username/password combination are set.

[¥ Sample file contents ¥)
sample file data := 'This is a sample file to be sent from an MP23003iec to a local network computer via FTP';

[¥ FTP setup structure *)

FTP_Test_Data.FTPIP := '152.168.201.36';
FTP_Test_Data.LocallP := '192.168.207.205';
FTP_Test_Data.Passwyord := 'anon';
FTP_Test_Data.Username := '=snon';

This program works by creating a file via the PROCONOS File_Open, String_to_Buf, File_Write and File_Close
blocks. The contents of the file in "sample_file_data" is converted from a YC_STRING128 to YC_BYTE128 via the
"SAMPLE_TO_BUF" block. Once the file is created the destination file name is prepared and the FTP block sends
the file to the server.
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(* Prepare file to send )

AppendDate

01
’—W Execute  FleCut
'lash/user fdata/sample ' — Fleln

FILE_OPEM

02

| flenarme:

ample_file_apen

arnplz_file_hande

SAMPLE_TO_BUF

file_conte

sample_file_data
to a local network. compuiter

sample_file_data ample_file_data
Jle file to be sent from an MP23008iec to a local network. computer

sample_file_data_buf ample_file_data_buf

FILE_WRITE

004

sample_file_hande

sample_file_data_buf- ample_file_data_buf

zample_file_data
local network computer

OT-W
sample_file_hande

FILE_CLOSE

FILE_CLOSE
=

(* Send example.txt via FTP *)

AppendDate_1

estinaton ik

006
|—m Execute  Filelut
"metrics/sample bt'— Flleln

FTP_SendFile_Test

FTP_Done
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The destination folder is empty to begin with and the FTP server log has been cleared prior to connection so that

the results will be obvious.

File Edit ‘iew Favorites Tools Help
@Back - O e l.@ pSearch E—“;Folders |$ Lj'} x n | v

Address I&} CiDocuments and Settingsilogan_smithiMy Documentsimetrics

X || Mame = | Size | Type | Date Modified |

Falders
@’ Deskkop 1=
= EJ My Documents
IC3) Camkasia Studio
I5) Downloads
(2 metrics
@ My Music
@ Iy Pictures
B Iy Videos
1) samsung
I25) Solidworks Downloads
I25) Solidworks Yisual Studio Tool
&J tesk
125 wisual Studio 2005
1) Visual Studio 2010
&J Wise Setups
{i My Computer
'd My Network Flaces

2 Recycls Bin -
«| | »
| & My Computer v

0 bytes

|D objects
F Filezilla Server (127.0.0.1) =10 x|

File Server Edit 7

78688 2 ||wve@E-

The PrepareFile contact is set true as is the Execute contact. Once both contacts are TRUE, the FTP_SendFile

block sends the newly created file.
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(* Prepare file to send *)

AppendDate
01

m Execute  FileOut

"fflashfuser /data/sample bt —  Fileln
FILE_OPEMN

02

| flenarme

[Mash/user /datafsample_2012-10-24 <t

flename
Mash/user/datafsample_2012-10-24 tet

amplz_file_handle

0

SAMPLE_TO_BUF
flle_conte

sarrple_file_data
b a local network, computer

ample_file_data
Thiz is & sample file to be sent from an MP23005kec to a local network, computar
ample_file_data_buf

sample_fle_data
Jle file to be sent from an MP2200Siec to a local network computer
sample_file_data_buf:

FILE_WRITE

004

sarmple_file_open

zample_file_hande.

ample_file_data_buf

sample_file_data_buf-

sarmple_file_data
local network. computer

005
| sample_file_hande
0

FILE_CLOSE

{* Send example.txt via FTP *)

AppendDate_1

estinatonFis
fmetrics/sample_2012-10-24 tt

005
m Execute  FleOut
'Ymetrics/sample.txt—{ Fleln

FTP_SendFie_Test

o7 FTP_Done

flenarme

Hash/user fdatasample_2012-10-24 =t
Destinatione

Jmetrics/sample_2012-10-24 bt

FTP_Test_Data

FTP_Error
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The results of this block can be seen in the destination file explorer and the FTP server log:

File Edit “iew Favorites

Tools  Help

@Backva |

{
p Search

EE“ Folders | | o0 j x Q | '

Address IE} CiiDocuments and Settingsilogan_smithiMy Documentsimetrics

Falders

x Mame = | Size | Type

| Date Modified |

@ Deskkop
= @ My Documents
IC3) Camkasia Studio
I5) Downloads
(2 metrics
My Music
@ Iy Pictures
My Yideos
1) samsung

D solidwor e B4

S . sample_2012-10-24 1 KB  Text Docurnent

\ sample_2012-10-24 - Notepad
I25) Solidwark B

Format  Wiew Help

10f24/2012 10:32 AM

=10 ]

&] tesk
123 Wisual St

Ii‘rh'ls is a sample file to be sent from an MP2300Siec to a local network computer wia FTP =1

[ visual Studio 2010
&] Wise Setups
{i My Computer
=) ‘3 My Network Places
2 Recycls Bin

J |

s

|Type: Text Document Date Modifie:

d; 10/24/2012 10:32 AM Size: 87 bytes

a7 bytes | j My Computer 4

= Filezilla Server {127.0.0.1)

File Server Edit 7

=10 ]

|78 B88 ? |

(el

(000061)10/24/2012 10:32: 26 AM -
[000061)10/24/2072 10:32: 26 A -
[000061)10/24/2012 10:32:27 AM -
(000061 ]10/24/2012 10:32:27 A -
[000061)10/24/2012 10:32:27 AM -
[000061)10/24/2012 10:32:27 A -
(000061)10/24/2012 10:32:28 AM -
[000061]10/24/2072 10:32:28 AM -
(000061)10/24/2012 10:32:28 AM -
[000061)10/24/2072 10:32:28 A -
[0000E1)10/24/2012 10:32:29 AM -
[000061)10/24/2072 10:32: 23 A -
[000061)10/24/2072 10:32: 23 A -
(000061)10/24/2012 10:32:30 AM -
[000061]10/24/2012 10:32:30 AM -
(000061)10/24/2012 10:32:30 AM -

[not logged in) [192.168.207.205]> Connected, sending welcome message..

[not logged in) [192.168.207.205]> USER anon

[hot lagged in] [192.168.207.205)> 331 Password required for anon
[not logged in) [192.168.207. 205]: PASS =

anon [192.168 207 .205]> 230 Logged on

anon (192,168 207.205): TYPE &

anon [192.168, 207, 205): 200 Type set to &

anon [192.168 207, 205]> PASY

anon [192.168 207 208]> 227 Entering Pazsive Mode [192,168.201,36,39.17)
anon [192.168.207.205): STOR /metrics/zample_2012-10-24. bt
anon [192.168 207 205]> 150 Connection accepted

anon [192.168 207 205]> 226 Transfer OK

anon [192.168.207.205]: GUIT

anon [192.168 207 205]: 221 Goodbye

anon [192.168.207.205]> dizconnected.

[not logged in) [192.168.207.208]> 220 elcome to logan_zmith file zerver - F|IeZ|IIa Server verzion 0.9.41 beta

o 4 | Accounk

I P | Transfer |

Progress | Speed |

Ready

|5,985 bytes received |D B/s

1,750 bytes sent |0 Bfs

R 2

The contents of the file match the "sample_file_data" string and the file can be seen in the explorer. In the FTP
server log all of the commands sent can be viewed and it can be seen that the file was transferred properly and

successfully.

Advanced Functionality Example - Transferring a Metrics File at a

Specified Rate
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This examples demonstrates how to write a program to send a continuously updated metrics file (with date and
time stamp) to an FTP server. This kind of functionality is extremely useful to applications requiring data
acquisition as the need to connect to the controller directly is eliminated and file management is handled by the
controller. For this example, the controller will continuously sample the speed and position of a servo that is
jogging and the store the contents in a CSV file using the File_RW Toolbox.

The same data configuration structure was used but there is no preset message for the file as it will be created
dynamically.

[* FTP setup structure *)

FTP_Test_Data.FTPIP := '159:2.168.201.36';
FTP_Test_Data.LocallP := '192.165.207.205';
FTP_Test_Data.Password := 'snon':
FTP_Test_Data.lUsernames := '=snon':

In addition to the Communications Toolbox, two additional Yaskawa toolboxes are used: File_RW_Toolbox and
PLCOpen_Toolbox. The File_RW_Toolbox is used to create the CSV file that is uploaded to the FTP server and
the PLCOpen_Toolbox is used to control the single servo used in this example.

fogsControl_1
001 LeftServo eftServo
| True
True
LeftServo eftServo

002 L

0
Leftielocity:
200, 0000000
LeftAcceleration
1000, 0000000
LeftAcceleration
1000, 0000000

0.0000000)

Controlling this example is very simple. The servo is turned on by "ServoEnable" which then in turn starts the
jog at a constant velocity. The rest of the example is controlled in the main program:
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©ot MetricsEnable MetricFileSent SendMetrics
1 /1 i Q it
I 1 I 1 r Al
MetricsUploadRate— PT  ET b=
AppendDate AppendTime
.
ooz MetricsEnable SendMletrics AppendDate AppendTirme filename_ready
| | 1 | Execure  Done Execure  Done D
BaseFieMName—] Fieln FileCut FileIn FileCut F—FileMName
[CONCET )
'metrics ' — —DectnationFleMName
FleMarme—
[CONCET )
'Mash/user /data'— ——| ocalFileMName
BaseFleMName—
SEMD_FILE_DELAY _1
003 MetricsEnable lire_written write_line
| | 1 /1 N Q >
EntvyFrequency—] PT ET =
CTU_1
004 write_line
{ | cu Q
CV array_index
MetricFleSent
1} RESET
32— PV
MIC_ReadictualPositon_1
00s LeftServo—i{- Axis Axist—LeftServo
Servobnable
|—{ | Enable Valid f—
Busy =
Error f—=
ErrorlD f—a
Position F—~ActualPosition
MIC_Readactualvelocity _1
LeftServo—i{- Axis Axist—LeftServo
Enable Walid p—=
Busy =
Error f—=
ErrorlD f—a
Actualvelocity F—Actualvelocity
005 ite_line [MOVE )
|—¢ I EN ENO bo
——Data.File[array_index].Position
ActualPositon—
_ line_written
BN ENO C
——Data.File[array_index].Speed
Actualvelocity—
OO|7 SendiMetrics (TFEE )
1} EN ENC e
—ata Records
arrary_index—

SampleWriteCSyY_2
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are overwritten.

The results of this example can be monitored by exploring the target upload directory and examining the FTP

server log:

[000074)11./12/201 2 16:46:02 P
[000074)11,12/201 2 16:46:02 P
[000074)11./12/201 2 16:46:02 PM
[O00074)11./122201 2 16:46:02 P
[O00074)11.122201 2 16:46:02 P
[000074)11.12/201 2 16:46:02 P
[000074)11/12/201 2 16:46:02 PM
[000074)11./12/201 2 16:46:02 P
[000074)11.12/201 2 16:46:02 P
[000074)11.122201 2 16:46:02 P
[000074)11./12/2012 16:46:02 P
[000074)11,12/201 2 16:46:02 P
[000074)11./12/201 2 16:46:02 P
[000074)11.12/201 2 16:46:02 P
[000074)11.122201 2 16:46:02 P
[000074)1112/201 2 16:46:02 PM

% YASKAWA

This entire program is enabled by the "MetricsEnable" contact which starts two timers: the 30 second timer
which sends the CSV file and the 1 second timer which takes a sample of the current position and velocity of the
servo. The filename is generated each time the file is uploaded so that the timestamp is up to date and no files

- [mot lagged in] (192,168,207 205)> Connected, sending welcome message...
- [riok logged in) (192,168,207 .208): 220 welcome to logan_smith file zerver - FileZilla Server wersion 0.9.41 beta
- [riok logged in) (192,168,207 .205]: USER anon

- [k logged in] (192 168,207 . 208): 331 Pazsword reguired for anaon
- [mot lagged in] (192,168,207 205]: PASS ™

- anon [192 168,207 205> 230 Logged on
- anoh [192.168.207. 205 TYFE A

- anon [192.168.207.206]: 200 Tepe st toh
- anon [192 168,207 208]> PASV
- anon [192 168 207 206] 227 Entering Passive Made (192 168,201 35,33,23]
- anon [192.168.207.206] STOR metricsddata_20012-17-12_17-44-13 cav

- anon [192.168.207.206]: 150 Connection accepted
- anon [192.168.207.206]: 226 Transfer OK

- anon [192 168,207 206 QUIT

- anon [192 168 207 206] 221 Goodbye
- anon [192.168.207.206]: disconnected,
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Mame = | Size | Type | Date Modified

@data_ZEllE-l 1-12_17-35-40 1KE Microsoft Office Exc.., 117122012 4:37 PM
h?“EI:I.Ell:El_EEIIE-l 1-12_17-36-10 1 KB Microsaft Office Exc...  11/12/2012 4:37 PM
@data_EEllE-l 1-12_17-36-41 1KB Microsoft OFfice Exc... 11/12/2012 4:38 PM
II?“EI:IE':I:E:_EEI12-1 1-12_17-37-11 1 KB Microsoft OFfice Exc... 11/12/2012 4:38 PM
II?“EI:I-EII:EI_EEI12-1 1-12_17-37-42 1 KB Microsoft Office Exc...  11/12/2012 $:39 PM
II?“EI:IEH:EI_ZEI12-1 1-12_17-38-12 OKE Microsoft OFfice Exc,,.  11/12)2012 ;39 PM
II?“EI:IEH:EI_EEI12-1 1-12_17-35-43 1KE Microsoft Office Exc.., 117122012 4:40 PM
@data_EEllZ-l 1-12_17-39-13 1KE Microsoft Office Exc.., 117122012 4:40 PM
@data_ZEllE-l 1-12_17-39-44 1KE Microsoft Office Exc.., 117122012 4:41 PM
h?“EI:I.Ell:El_EEIIE-l 1-12_17-40-14 1 KB Microsaft OFfice Exc...  11/12/2012 4:42 PM
@data_EEllE-l 1-12_17-40-45 1KB Microsoft OFfice Exc... 11/12/2012 4:42 PM
II?“EI:IE':I:E:_EEI12-1 1-12_17-41-15 1 KB Microsoft OFfice Exc... 11/12/2012 4:43 PM
II?“EI:I-EII:EI_EEI12-1 1-12_17-41-46 0KE Microsoft Office Exc...  11/12/2012 4:43 PM
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Communications Toolbox: Function Blocks

GetCommand

The GetCommand function block is a supporting function block for the ReName_CommandProcessor function
block. It extracts a CommandString from the CircularByteBuffer as identified by the CmdDelimiter specified in
the CircularByteBuffer structure.

Parameters

&3 Parameter Data Type Description

Structure containing a data buffer and other
\ CircularByteBuffer CircularBufferStruct  gperational information required to manage the
CircularByteBuffer.
Input string containing at least two bytes of command
\% CommandsString YTB_STRING512 characters and any optional parameters separated by
a PrmDelimiter.

B Enable BOOL The function will continue to execute FALSE
while enable is held high.

Set high when the commanded action has been

completed successfully. If another block takes

B Done BOOL T
control before the action is completed, the Done

output will not be set. This output is reset when
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execute goes low.

Indicates that the CommandString VAR_IN_OUT
contains a new CommandString.

B CommandCreated BOOL

Integer value corresponding to the first two ASCII

B CommandCode INT .
characters of the CommandString.
Set high if error has occurred during the execution

B Error BOOL of the function block. This output is cleared when
'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID.

B ErrorID UINT This output is reset when 'Execute’ or 'Enable' goes
low.

Error Description
ErrorID Meaning
0 No error
10165 CommandString length is too long or command delimiter not found.
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GetParameter

The GetParameter function block provides a single parameter Value extracted from the CommandString. This is

supporting function block for use within the CommandProcessor function block.

Parameters

& Parameter Data Type Description

Input string containing parameters separated by
delimiters. such as MV;1.0;-10.5;3.007

The function will continue to

B Enable BOOL execute while enable is held FALSE
high.

\ CommandString YTB_STRING512

String value of the character
\ Delimiter YTB_STRING1 separating parameters within
the CommandString

BYTE#44 (comma

o
I

B Number INT Depending on Method input, INT#0

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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either the number of the
parameter value to be found or

ERROR: Variable

B Method Method (ParameterDescription_Method) Method#Parameter
is undefined.

VAR_OUTPUT

B Valid BOOL Indicates that the outputs of the function are valid.

Set high if error has occurred during the execution of

B Error BOOL the function block. This output is cleared when 'Execute'

or 'Enable' goes low.

If Error is true, this output provides the Error ID. This

E ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.
Y Value STRING Value of the parameter being searched for
Last character position in the CommandString to be
Vv EndChar INT
searched
Notes

There are two methods available with this function block; Values can be fetched via Parameter
(Delimiter) count or by StartCharacter. The Parameter method always counts delimiters from the
beginning of the CommandString to explicitly return the correct Value. If this Function block is
executed in WHILE loop situation, it is more efficient to specify the next StartCharacter as the Number
Input by feed the previous EndChar back into the function block.

If Method = Method#Parameter, GetParameter will search through the command string to find the
parameter corresponding to the Number input. This method is useful for commands with fewer
parameters or when parameters are being read non-sequentially.

’

o Example: CommandString ='MV,2,4,6’ Delimiter =", Number = 2

When Valid = TRUE, Value = 4

If Method = Method#Character, GetParameter will search the command string for the next parameter
starting at the character location equal to the Number input. The EndChar output can be used as
feedback to the Number input to find the next parameter. This method is useful when parameters are
being read sequentially and provides a large performance increase when parsing a CommandString
with a large number of parameters.

’

o Example: CommandString = ‘MV,2,4,6° Delimiter =", Number = 5

When Valid = TRUE, Value = 4, EndChar = 7

Further examples of both methods provided in ReName_CommandProcessor customization section.

Error Description

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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ErrorID Meaning
0 No error
10160 CommandString length is invalid
10162 Parameter being searched for is out of range
10163 Mode input not valid
10164 Invalid character position input
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InputBufferManager

®—— InputBuffer ————  InputBuffer+—o&
@®—— CircularByteBufferCircularByteBuffer+—o
®— Enable Valid —o
®— Execute Done [—&
®— BytesRead Busy |—&
®— ClearBuffer Error [—&

ErrorID [—O

A\

The InputBufferManager function block manages a circular buffer of incoming data. It is a supporting function
block for the CommunicationChannel function block. A user should not need to access this function directly.

Parameters
& Parameter Data Type Description
VAR_IN_OUT
Byte array containing data to be copied into the
Vv InputBuffer YTB_ByteArray2048 .
CircularByteBuffer.
Structure containing a data buffer and other
Y CircularByteBuffer CircularBufferStruct operational information required to manage the
CircularByteBuffer.
VAR_INPUT Default

The function will continue to execute
B Enable BOOL ] . ) FALSE
while enable is held high.

Upon the rising edge, all other
function block inputs are read and
Y Execute BOOL the function is initiated. To modify INT#0
an input, change the value and re-
trigger the execute input.

Number of bytes to be copied from
\Y BytesRead UDINT ] UDINT#0
InputBuffer to CircularByteBuffer.

Clears all contents of the circular
\ ClearBuffer BOOL buffer and resets StorePointer and INT#0
UsePointer

VAR_OUTPUT
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B Valid

B Done

B Busy

B Error

E ErrorID
Notes

BOOL

BOOL

BOOL

BOOL

UINT

% YASKAWA

Indicates that the outputs of the function are valid.

Set high when the commanded action has been
completed successfully. If another block takes
control before the action is completed, the Done
output will not be set. This output is reset when
execute goes low.

Set high upon the rising edge of the 'Execute’ or
'Enable' input, and reset if Done,
CommandAborted, or Error is true.

Set high if error has occurred during the execution
of the function block. This output is cleared when
'Execute’ or 'Enable' goes low.

If Error is true, this output provides the Error ID.
This output is reset when 'Execute' or 'Enable' goes
low.

This is a hybrid function block that incorporates both PLCopen specified behaviors: Enable and Execute. This

was mainly done to separate two types of initialization: one that occurs when the Enable goes high, and another

that occurs only when the Execute goes high.

Error Description

ErrorlD

No error

Meaning

Product or circular buffer overrun / full

Buffer size too small / cannot be zero
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Communications Toolbox: Function Blocks

ReName_CommandProcessor

The ReName_CommandProcessor function block is a user customizable function block that parses data from a

circular buffer and copies it into a user defined structure which will be used to operate the machine.

Parameters

& Parameter Data Type Description

A user customizable structure containing machine

\ MachineData MyMachineStruct . .
data used in processing commands.

Structure containing a data buffer and other
\ CircularByteBuffer CircularBufferStruct operational information required to manage the
CircularByteBuffer.

B Enable BOOL The function will continue to FALSE
MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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VAR_OUTPUT

B Done BOOL

Vv CommandCount UDINT

B Error BOOL

B ErrorID UINT
Notes

execute while enable is held high.

Set high when the commanded action has been
completed successfully. If another block takes
control before the action is completed, the Done
output will not be set. This output is reset when
execute goes low.

Number of commands that have been processed
since this function block was enabled.

Set high if error has occurred during the execution
of the function block. This output is cleared when
'‘Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID.
This output is reset when 'Execute’ or 'Enable’ goes
low.

e This function block is a template for designing a unique command line interpreter and requires
customization. See the customization steps below.

e The command streaming tools provided in the Comm Toolbox are designed to interpret commands

starting with a two character (two byte) command code followed by either delimiter separated parameters

or no parameters. The reason for this is because two ASCII bytes can easily be converted to an INT,
which is used with the CASE statement in this function block. Example commands are located in the

customization steps below.

Error Description

ErrorID Meaning
0 No error
10160 CommandString length is invalid
10161 Invalid CommandCode
10162 Parameter being searched for is out of range
10163 Mode input not valid
10164 Invalid character position input

Customization Steps

1. Copy this Function block from the Comm Toolbox, paste it into your project, and rename with a different

(but similar) name.
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2. Data type MyMachineStruct (VAR_IN_OUT *MachineData’) is only an example structure. A custom

structure must be designed to uniquely match the needs of the application. An example is shown below.

% YASKAWA

223 PositionlArray ARERY[1..50] CF LEEAL;
224

225 CommandStruct: STRUCT

226 Enable:BOCL;

227 HomeReg:BCOL ;

228 StartMoveRelative :BOOL;

229 MoveRelativeSpeed: LREAL;

230 MoveRelativehccel :LREAL;

231 MoveRelativeDi=t :LREAL;

232 END STRUCT:

233

234 Monitor: STRUCT

235 Po=sition: LREAL;

236 Velocity: LREAL;

237 Torgque: LREAL;

238 END STRUCT:

238

240 MotorDataStruct: STRUCT

241 Hum :AXTS5 REE;

242 Command: CommandStruct;

243 Monitor: Monitor;

244 LoadPo=sition: PositionArray;
245 END STRUCT:

246

247 MotorDatalrray ARRAY[1..5] OF MotorDataStruct;
248

240 MachineInfo: STRUCT

250 Estop :BOCL;

251 Clearflarm= :BOCL;

252 FunMode :INT; {* machine running state ¥}
253 Conveyer MotorDataStruct;
254 Arm MotorDatalrray;
255 END STRUCT:

3. Change the ‘MachineData’ DataType in the CommandProcessor function block to match your structure
name.
_| MachineData

Machinelnfo [ VAR_IN_OUT |

4. Initialize the configuration elements in CircularByteBuffer.

a7 CBBuffer.CmdDelimiters[0] := BYTE#13;
68 CBBuffer.5ize := INT#B8152:
&9 CEBBuffer.PrmDelimiter := ":':

a. a. CmdDelimiters are used to mark the end of a complete command. Up to four characters can
be specified. Typically, <cr>, which is BYTE#13 or <cr><If>, which is BYTE#13 BYTE#10 are
used. If CmdDelimiters not specified, will default functionality will automatically accept Carriage
Return or Carriage Return & Line Feed.

b. b. PrmDelimiter specifies the character that separates individual parameters within a command.
If PrmDelimiter is not specified, the function will automatically default to a comma, (BYTE#44).

c. c. Size must represent the defined size of the DataType definition for the CircularBufferStruct’s
“Data? Element. If Size not specified, it will default to zero and the InputBufferManager function
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block will cause an error. Normally, this value is 8192 as the structure definition is in the Comm
Toolbox itself. If this must be increased for any reason, modify the Comm Toolbox DataType
definition and set the Size input accordingly.

5. Locate the comments “Customize the code below? and “Customize the code above?

6. Remove example commands to avoid potential errors in operation.

131 [ R R R R R R R R R R AR R AR R AR R R R R R R R R R AR R AR R AR R AR R AR AR AR AR R I AR AR R AR AR AR AR AR
132 (R R R R R R R R R R R R A R R AR R AR R AR AR AR AR R AR R AR R AR R AR Customize the code below
133 [RARKAREAREAREAREAREARRARRARRARA ARSI ARAARAARAARAARARRARIARIARANRAARANRARR AR AR AR AR R AN
134

135 CASE CommandCode CF

136

137 (* insert new commands here *)

138

139 ELSE

140 Error UnsupportedCommand:=TRUE;

141 END CRSE; (¥ CommandCode *)

142

143 [ R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R AR R AR AR AR AR AR R AR AR R AR AR R
144 (PR AR R R R AR AR R AR R AR R AR R AR R AR R AR AR R AR R AR R AR R AR Customize the code above
145 [ R R R R R R R R R R AR R AR R AR R R R R R R R R R AR R AR R AR R AR R AR AR AR AR R I AR AR R AR AR AR AR AR

7. Add your commands. Two examples are shown below:
a. Move Relative command
a. MR, <axisnumber>,<distance>,<speed>,<accel/decel>

b. Calculate the CommandCode which corresponds to the ASCII characters ‘MR’. The
equation is: CHAR_TO_INT(*M’) * 256 + CHAR_TO_INT(‘R") = 19794.

c. Add the CommandCode to the case statement.

d. Use the GetParameter function block to separate command parameters. The example
below uses GetParameter with “Method#Parameter?

19794 : (* MR - Move Relative *);
FOR ParameterIndex := 1 TC ¢ DC
GetParameter.CommandString :=CommandString;
GetParameter (Humber:=ParameterIndex, Method := Method#Parameter):
CommandString:=GetParameter.CommandString;
IF ( GetParameter.Valid := TRUE ) THEN
CARSE ParameterIndex OF
¢ AxisNum := STRING TO INT (GetParameter.Value);
MachineData.Arm[AxisNum] .Command.MoveRelativeDist
MachineData.Arm[AxisNum] .Command.MoveRelativeSpeed:
MachineData.Arm[AxisNum] .Command.MoveRelativeAccel:
MachineData.Arm[AxisNum] .Command.StartMoveRelative:
END_CASE;
END IF;
END_FOR:

STRING TCO LREAL (GetParameter.Value);
STRING TC_LRELL (GetParameter.Value);
STRING_TO_LREAL (GetParameter.Value);
TRUE:

oW

b. Load Positions command
a. LP,<Positionl>,<Position2>,...,<Position50>

b. Calculate the CommandCode which corresponds to the ASCII characters ‘LP’. The
equation is: CHAR_TO_INT('L") * 256 + CHAR_TO_INT('P") = 19536

c. Add the CommandCode to the case statement.
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d. Use the GetParameter function block to separate command parameters. The example
below uses GetParameter with "Method#Character?

19536 : (* LPF - Load Positions *)
CharactarIndex := 0;
FCR PositionCount := 1 TC 50 DC
GetParameter.CommandString :=CommandString:
GetParameter (Number:=CharacterIndex, Method := Method#Character):
CommandString:=GetParameter.CommandS5tring:
CharacterIndex:= GetParameter.EndChar;

IF (| GetParameter.Valid := TRUE )} THEH
MachineData.Conveyor.LoadPosition[PositionCount] := STRING TC_LREAL (GetParameter.Value);
END IF:
END_FOR;

Optional Customization Steps

The CommandProcessor can process one or many commands per scan. This is a performance tuning issue. If
the host device must send several setting at once, the MPiec controller may seem slow to process all the
commands based on the Task interval. If the Task Interval and priority are set such that the
CommandProcessor will have time to continue scanning the CircularByteBuffer in one scan until ALL bytes have
been processed, performance will be improved by changing the following CommandProcessor code:

1. Remove AND NOT(CommandCreated) from main WHILE loop as shown

40
41 WHILE (CircularByteBuffer.StorePointer «<» CircularByteBuffer.UsePointer) (*AND NOT (CommandCreated)*) DC
42 CommandCreated:=FALSE;

none
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ReName_CommunicationsMgr

ReName_CommunicationsMgr is a reference POU showing the recommended setup of the command stream

features.

Customization Required:

1. Find the ReNameCommandProcessor Function Block and change the DataType of MachineData
VAR_IN_OUT in accordance with a custom structure that you will create for your application.

2. The only other area that may require customization is located under the comment “Prepare to create the
Response Output for the Command Channel”. Once a connection has been established, the Y_WriteDevice
function block can be used to send a buffer of data (monitor information or command responses for

example) back to the device issuing commands.
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This function block sends an e-mail via SMTP commands (Simple Mail Transfer Protocol) through a specified

SMTP server. The output is highly configurable including multiple recipients, any message body structure,
specified sender e-mail and name and other features listed below.

Parameters
& Parameter
VAR_IN_OUT
\% MessageData
\ MessageBody
VAR_INPUT
B Execute
E BodyLength
VAR_OUTPUT
B Done
B Busy

Data Type

SMTP_Data

YC_BYTE4096

BOOL

UDINT

BOOL
BOOL

Description

A user customized data structure for configuring the e-mail
block.

The e-mail body as a 4096 element byte array. If a larger
body is required, this declaration can be changed and the
library recompiled.
Default
Upon the rising edge, all inputs are read and
the e-mail(s) is sent. To resend the e-mail or
send a different file, change the value(s) and
re-trigger the execute input.
The length (number of bytes) of the e-mail
body that will be sent. While not necessary it is
highly suggested, see notes below.

Set high upon successfully sending an e-mail.

Set high upon the start of communications with the SMTP
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server and low when 'Done' or 'Error' go high.

Set high when an error occurs during e-mail configuration

B Error BOOL . .
and sending. Set low upon Execute being reset.
If Error is true, this output provides the ErrorID. Cleared

B ErrorID UINT .
upon 'Execute’ being reset.
If 'Error' is true and it is an SMTP response code related

Vv ErrorString YC_STRING256 error then this output contains the response string from the
SMTP server.

Notes

e This block does not support SSL SMTP servers and therefore will most likely only work with local

network SMTP servers. Talk with your IT professional about connecting to a local SMTP server from an

MPiec Series Controller (see "Setup" below for more details about the required configuration).

e  While "BodyLength" input is optional, it is highly suggested that you pass this variable to the block as it

reduces packet size and the potential for large amounts of padding ("0") bytes on the recipients side.

All examples include this Input and demonstrate how to get the correct length even in more

complicated configurations.

Error Description

ErrorID

Meaning
No error

The maximum number of concurrently open user IO devices (sockets/files) has been
reached.

The socket handle was invalid.

The IP address string was not in a valid format.

The socket could not be created.

The specified address or port is already in use on the local network.
The specified address or port is not available for use.

Unable to accept new socket connection.

Unable to bind to the specified address.

The socket type argument was invalid.

The local address or port was not valid.

The socket could not be connected.

There is no network routing path to the specified address.

The socket is already connected to another endpoint.

The socket connection attempt was actively refused by the remote peer.

The socket was not connected to a remote endpoint. Call Y_ConnectSocket prior to
Y_ReadDevice or Y_WriteDevice.
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8720 An error occurred trying to get or set the device option.

8721 The communication device could not be read.

8722 The communication device could not be written.

8723 The Buffer argument to WriteDevice and ReadDevice is required.

8724 The device option ID was invalid.

8725 The device option value was not the right size or the data was out of range.

8726 The serial port ID was not a valid serial port.

8727 The serial port could not be opened.

12100 Connect to SMTP server timeout, no connection was established within the supplied
TimeOut

12101 DATA portion of e-mail was not successful and therefore the e-mail may not send/be
malformed

12102 QUIT error, there was an error sending the 'QUIT' command to the server

12103 NumRcpt cannot equal 0.

A Service not available, closing control connection. This may be a reply to any command if the
service knows it must shut down.

12425 Can't open data connection.

12426 Connection closed; transfer aborted.

12430 Invalid username or password

12434 Requested host unavailable

12450 Requested file action not taken / Requested mail action not take (mailbox unavailable)

12451 Requested action aborted. Local error in processing

12452 Requested action not taken, insufficient storage space in system (FTP: File unavailable)

12500 Syntax error, command unrecognised

12501 Syntax error in parameters or arguments

12502 Command not implemented

12503 Bad sequence of commands

12504 Command not implemented for that parameter

12521 [domain] does not accept mail

12530 Not logged in / Access denied

12532 Need account for storing files

TEs Requested action not taken. File unavailable (e.g., file not found, no access) / Mailbox
unavailable

12551 Requested action aborted. Page type unknown / User not local

>EE> Requested file action aborted, exceeded storage allocation / Requested mail action aborted,
exceeded storage allocation

12553 Requested action not taken, file name not allowed / mailbox name not allowed

12554 Transcation failed

Example
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As this is a complicated function, additional examples are provided in separate help files listed under "Additional

Examples" and prefixed with "SMTP_". The example shown here sets up the block, creates a message body and
sends an e-mail to external Gmail account.

The variable EmailBodyString is of type YC_STRING256. Below is the configuration of the SMTP_Data structure:

[* E-wmail Setup *)

EmailBody3tring := 'This is a test message being sent wia SHTP protocol initiated by an MPE300%5iec controller.';
Emaillats.DNIIP := '192.165.5.10';

Emaillata.omain = ' TASKAWL' ;

Emaillata.LocallP := '192.165.207.205';

EmailData.NumBept := INTHL:

Emaillata. Reptirray[0] cnsme = 'Logan Smith'
Emaillata.Roptirray[0] .emall = '_' ;
Emaillata.3ender := ' logan smithlyaskaws.com' ;

Etaillata. SenderNawe = 'MP2300531iec!':

EmailData.3NTPDomain := 'athena.yaskawa.com':
Emaillata.3ubject := 'Test message frowmw your MPZ3005iec!';

The most basic form of sending an e-mail is simply converting a string to a byte array via the STRING_TO_BUF
function block provided in the PROCONOS firmware library. With the data structure shown above and this
STRING_TO_BUF block, the email is configured and ready for use.

{* Pass the message into a buffer *)

MESSAGE_TC_BUF

EmaiBodyString
by an MP22005ie: ¢

ErnailBodyString
This iz a test message being sent via SMTF protocol initated by an MP2200Sie: ¢
EmaiBody

rmailBodyString
This iz a test message being
raiBody

(* Send the message *)

SendEmai

EmaiBodyString
red by an MP2300Siec ¢

After toggling PrepareMessage, here is the result.
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(* Pass the message into a buffer *)

MESSAGE_TCO_BUF

EmaiBodyString
by an MPZ3005iec ¢

mailBodySring
This is a test message being sent via
mailBody

EmaiBodyString
This is a test message being sent via SMTP protocol iniiated by an MP2300Siec ¢
EmaiBady:

{* Send the message *)

SendEmai

EmaiBodyString
ted by an MP23005Sie: ¢

And to demonstrate the end result, here is the e-mail in the inbox of the Gmail account used. The sender and
subject are both listed correctly and a portion of the send message can be seen.

B e T oy e e T oo aeac
Gmail - o &) More ™
MP2300Siec Test message from your MP2300Siec - This is a test message being sent via SMTP pratocol initiated by an MP2300Siec controller. IMPORTANT:
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UpdatePointer

The UpdatePointer function block is a supporting function block referenced by the GetCommand function block.
It updates the UsePointer of the CircularByteBuffer structure.

Parameters

& Parameter Data Type Description

Structure containing a data buffer and other
V CircularByteBuffer CircularBufferStruct operational information required to manage the

CircularByteBuffer.
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File_RW Toolbox
File Read Write Toolbox

File_RW Toolbox

The File Read / Write Template is different than the other toolboxes because some of the main functions must
be customized for use in every application.

The four main functions in this library are:

e  Write_Binary_File

e  Write_CSV_File

e Read_Binary_File

e  Write_CSV_File
To use any of these functions, they must be copied and pasted into your main project as a function block with a
different (but similar) name. To do this, copy and paste the structured text and the variable definitions grid
from the toolbox version. These four main functions refer to other sub functions in the File Read Write toolbox,
which do not require customization and can remain in the File Read Write Toolbox. There is no need to move
the following function blocks:

e  Read_Buffer

e Read_Lline

e Read_Value

More detailed customization information and examples are provided for the help for each of the functions blocks
mentioned above.

See Yaskawa's Youtube Webinar - CSV File Transfer with the File RW Template.
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Getting Started: File_RW

Requirements for v202
To use the File_RW Template, your project must also contain the following:

Firmware libraries:

= PROCONOS

User libraries:

= Yaskawa_Toolbox (v204 or higher)

Using the File_ RW Template

See Yaskawa's Youtube Webinar - CSV File Transfer with the File RW Template for more info.
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File_RW Toolbox

File_RW Revision History

Current Version:

[(Galalalaioloaiaiataloloiolololotole 2013-09-02 v202 released. Created using 2.4.0 firmware
******************************)

1) ReadValue - Added "OR (x = DataBuffer.Length)" to cause EOF flag even if the <CR> is not the last byte in a
line.

2) Read_CSV_File & Write_CSV_File - Added PreStringError 10017 to detect if the controller already has a
String Conversion alarm posted before the function blocks execute.

Previous Versions:
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Data Types

Data Type: ByteBufferStruct

Data Type Declaration
TYPE
ByteBufferStruct: STRUCT
Char: ByteArray4096;
FilePosition:DINT;
Length:UINT;
END_STRUCT;

END_TYPE;
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Data Type: MyDataStruct

This datatype MyDataStruct and its two supporting user defined datatypes (MyData and MyDataArray) must
copied and pasted into your main project and customized to meet your specific data format.

Rename it in your main project to avoid naming conflicts, which will cause compile errors.

Data Type Declaration

TYPE

(Glaloiaiaaaioialaiolaiuiuiolotaiuloiololo Structure information relating to a CSV file
****************************)

MyData : STRUCT
XData : LREAL;
YData : LREAL;
ZData : LREAL;

END_STRUCT;

MyDataArray : ARRAY [UINT#0..UINT#300] OF MyData;

MyDataStruct: STRUCT
File: MyDataArray;

Version:STRING;  (* If file versioning is used, apply a unique value to allow the identification of different
file formats. *)

Columns:INT; (* Configure this value to indicate the number of columns in the data file. *)
Records:INT; (* This value will be updated by the function as the data is processed. *)

MaxRecords:INT; (* Initialize MaxRecords to the NUMBER OF ELEMENTS defined in the MyDataArray
definition above. *)

END_STRUCT;

END_TYPE;
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Data Type: SeparatorList
Optional SeparatorList can be populated byte values corresponding to ASCII characters that represent the

delimiters between data in columns. For example the TAB character is BYTE#09. If no separators are specified,
the function block will default to searching for comma (BYTE#44.)

Data Type Declaration

TYPE

SeparatorList:ARRAY[0..4] OF BYTE; (* User can select up to four characters that will be used as value
Separators, like comma, semicolon, etc. *)

END_TYPE;
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Read_CSV_File
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i Read CSVY File h
&— Data Data+—
&— Execute Done —
&— FileName Busy —
®— Separators Error —=
#— HeaderRows ErrorID (—=
e Verify¥ersion EmorRow =
¢ BufferSize ErrorCol —

\ P

This function block will read CSV (ASCII) data from a file on the controllers flash or ram disk. The raw file data

will be parsed and copied into a user defined data structure. This function block requires customization to

accommodate application specific data requirements. Any variety of rows and columns and datatypes can be

specified.
Parameters
£ Parameter Data Type
VAR_IN_OUT
\ Data MyDataStruct
VAR_INPUT
\ Execute BOOL
Y FileName STRING

Description

A user customized data structure containing the definition of
the rows and columns of data to be processed.

Default
Upon the rising edge, all other function
block inputs are read and the function is
o ) . FALSE
initiated. To modify an input, change the
value and re-trigger the execute input.
The file to be read. Example STRING#"
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\ Separators
\ HeaderRows
Y VerifyVersion
Y BufferSize
VAR_OUTPUT

E Done

B Busy

B Error

B ErrorID

\ ErrorRow

E ErrorCol

SeparatorlList

UINT

BOOL

UDINT

BOOL

BOOL

BOOL

UINT

INT

INT

STRING#'flash/user/data/mydata.csv'

Optional. If unconnected, the default
separator is a comma (BYTE#44) to detect

each value column by column. If a different
Comma

or multiple characters must be treated as a
(BYTE#44)

value separator, populate the SeparatorList
with up to four byte values equating to the
ASCII value of the separators.

Optional. If connected, the value indicates

the number of rows this function block must

. . UINT#0
ignore before starting to look for actual

data.

Optional. If TRUE, this function block will
expect the first line of the file to contain a
version code for identifying the data format
of the file, i.e columns, datatypes, etc.. This
FALSE
allows for future changes to the
MyDataStruct while retaining the ability to
parse older files created before a change

was made to the structure of the file.

Specifies the number of bytes in the file to
process at one time. If unconnected, the
default is 2048 bytes. BufferSize can be
adjusted up or down if necessary to UDINT#2048
accommodate various file sizes and will

depend upon the CYCLIC task in which the

Read_CSV_File function block is executed.

Set high when the commanded action has been completed
successfully. If another block takes control before the action is
completed, the Done output will not be set. This output is
reset when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable’
input, and reset if Done, CommandAborted, or Error is true.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute’ or
'Enable’ goes low.

If Error is true, this output provides the Error ID. This output
is reset when 'Execute’ or 'Enable' goes low.

If Error is true and pertains to a problem with the source data,
this value will indicate the location of processing when the
error occurred.

If Error is true and pertains to a problem with the source data,
this value will indicate the location of processing when the
error occurred.
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Notes

e Don't forget to include the ProConOS firmware library in the project. It is required for this function
block.

e  The filename must conform to 8.3 format, but is not case sensitive.

e Any separator can be specified provided it is an ASCII byte, and will not be confused with the actual
data.

e Header rows are not required to contain the same number of separators as the data content.
(Separators are not checked in the header rows.)

e It takes 6 scans per processing of each BufferSize of data. If a file has 20480 bytes, and the BufferSize
is 2048, and the function block is placed in a 100mSec scan, then the total time to process the file will

be 60 scans, or 6 seconds. (20480/2048 * 6 * 100) = 6000 mSec.

e See Yaskawa's Youtube Webinar - CSV File Transfer with the File RW Template.

Error Description

ErrorID Meaning

0 No error

4 File is already open.

5 File is opened, write protected or access denied.

6 File name not defined.

10 End of data reached.

12 The number of characters to be read is greater than the data buffer.

13 Invalid positioning mode or position specified is before the beginning of the file.

20 File could not be closed.

22 No data could be read.

24 Position could not be set.

10117 String Conversion Error already exists on the controller. Clear the alarm and try again.

10118 STRING_TO_BUF Conversion Error

A In the Data Structure, rows must be set greater than zero and columns must be set greater
than zero.

10120 File could not be opened.

10121 CSV file contains an unsupported version.

10122 Row Error. The data is out of sync with the expected row / column arrangement expected.

10123 Column Start Error. The data is corrupted.

10124 Unsupported Case condition.

10125 Conversion Error. Check the ErrorRow and ErrorCol outputs for details
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10126 NoDataError - The End Of File was reached, but the record count is zero
10127 TooManyRecords - DataType is not large enough
10128 MaxNotDefined - User must set the maximum number of records that can be added to
T structure.

No Carriage return found in CSV buffer. The function searched the file for twice the length

10129 of the specified buffer and was unable to find a carriage return indicating the end of a row.

Either the buffer size is too small, or the data is invalid.

Example Customization

Read_CSV_File must be customized to accommodate your data. Some supporting functions used by
Read_CSV_File (ReadBuffer and ReadValue) do not require customization and can remain in the
File_RW_Toolbox. To effectively use this function, follow these steps:

1) Copy & paste the MyDataStruct and associated datatypes into your project, and rename them to avoid
conflict with MyDataStruct in the File_RW_Template.

64 (AR R AR T AR T AR TR AR T AR T AR TR RTART Structure information relating to a CSV file AR AR AR AR AR TR AR AR AREARRAREE AR
65 MyData : STRUCT

66 XData : LEEAL;

67 Thata : LREAL;

68 ZDhata : LREAL:

63 END_STRUCT:

70

71 MyDataldrray : ARRLY [UINTHO..UINTH#3IO00] OF MyData;

72

73 MyDataStruct: STRUCT

74 File: MyDatzirray:

75 Version:STRING: (* If file wersioning is used, apply a unicque value to allow the identification of different file formats *)
76 Columns: INT; i* Configure this wvalue to indicate the number of coluwns in the data file. *)

77 Records: INT: (* This walue will be updated by the function as the data is processed *)

78 MaxRecords: INT; i* Initialize MaxReccords to the NUMBER OF ELEMENTS defined in the MyDatalrray definicion akove *)
79 END_STRUCT:

&0

a1 (PR Er AT AR TR AT AR RTARTARTIARTANT Structure information relating to & CSV fils AT AR EAATAATEANEANEANTRAREAREAREEART|

2) Modify the "MyData" dataType definition shown above such that it represents the number of columns and the
relevant datatypes. An example follows:

|2 (PR TR AT ATATAARTAAATAARTARRTARRTAARTAAXRTAT Tl TR E AR AN RTAARTATATAAATAARTEARTEARTEAR]
I3 JobData : 3TRUCT

4 Move_ X ¢ DINT,

|5 Move_¥ i DINT;

L Outs_01 ¢ DINT:

7 COuts_02 i DINT;

=} Outs_03 ¢ DINT:

=] Vel X i BYTE:

10 hoo X : BYTE:

heit Vel ¥ i BYTE:

1z ACC_Y : BYTE:

13 Execute i INT:

14 Jurp : BYTE:

15 Uait i INT:

16 Loop : BYTE:

heo AltE i BYTE:

pi=} LinkTo ¢ INT;

19 END_STRUCT:

20

21 JobArray : ARRAY [UINTHO..UINT#3399] OF JobData:

22

23 JobStruct: STRUCT

24 Jok: Jobirray:

25 Version:3TRING: (* If file wversioning is used, apply a unigue wvalue to allow the identification of different file formats *)
26 Columns: INT; (* Configure this wvalue to indicate the nuwber of columns in the data file. )

27 Records: INT: (* This wvalue will he updated by the function as the data is processed *)

28 MaxRecords: INT; (* Initialize MaxPRecords to the NUMBER OF ELEMENTS defined in the MyDatadrray definition above #)
22 END_STRUCT:

30

i1 (AT AT AT RTARRTRARTARRFARRTAARTAAATES Tk R R AR AR R AR AT AR AR AR AR R EARF AR
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The 15 columns of data defined above relate to the data shown in the following Excel file. Notice that the data

A

has three header rows before the actual data begins. In this case, set the HeaderRows function block input
correctly at UINT#3, otherwise, the data will not be read properly.

A B C D E F G H | J K L M N 0]

1 Move x Move y Outs_ 01 Outs_02 Outs_03 Vel x Acc_x Vel_y Acc_y Execute Jump Wait Loop Alt_x Link_to
2z 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
3 1E+08 1E+08 2.1E+09 2.1E+09 2.1E+09 100 100 100 100 999 100 9949 1 1 3400
4 1 1 1 0 3401 100 100 100 100 1 0 0 0 0 0
5 2 2 2 1 3400 100 100 100 100 1 0 0 0 0 0
6 3 3 3 2 3399 100 100 100 100 1 0 0 0 0 0
7 4 4 4 3 3398 100 100 100 100 1 0 0 0 0 0
8 5 5 5 4 3397 100 100 100 100 1 0 0 0 0 0
9 6 6 6 5 3396 100 100 100 100 1 0 0 0 0 0
10 7 7 7 [ 3395 100 100 100 100 1 0 0 0 0 0
11 8 8 8 7 3394 100 100 100 100 1 0 0 0 0 0
12 9 9 9 8 3393 100 100 100 100 1 0 0 0 0 0
1k 10 10 10 9 3392 100 100 100 100 1 0 0 0 0 0
14 11 11 11 10 3391 100 100 100 100 1 0 0 0 0 0
15 12 12 12 11 3390 100 100 100 100 1 0 0 0 0 0
16 13 13 13 12 3389 100 100 100 100 1 0 0 0 0 0
17 14 14 14 13 3388 100 100 100 100 1 0 0 0 0 0
18 15 15 15 14 3387 100 100 100 100 1 0 0 0 0 0
19 16 16 16 15 3386 100 100 100 100 1 0 0 0 0 0
20 17 17 17 16 3385 100 100 100 100 1 0 0 0 0 0
21 18 18 18 17 3384 100 100 100 100 1 0 0 0 0 0
23 19 19 19 18 3383 100 100 100 100 1 0 0 0 0 0
23 20 20 20 19 3382 100 100 100 100 1 0 0 0 0 0
24 21 21 21 20 3381 100 100 100 100 1 0 0 0 0 0
25 22 22 22 21 3380 100 100 100 100 1 0 0 0 0 0
26 23 23 23 22 3379 100 100 100 100 1 0 0 0 0 0
27 24 24 24 23 3378 100 100 100 100 1 0 0 0 0 0
28 25 25 25 24 3377 100 100 100 100 1 0 0 0 0 0
29 26 26 26 25 3376 100 100 100 100 1 0 0 0 0 0
30 27 27 27 26 3375 100 100 100 100 1 0 0 0 0 0
31 28 28 28 27 3374 100 100 100 100 1 0 0 0 0 0
32 29 29 29 28 3373 100 100 100 100 1 0 0 0 0 0
33 30 30 30 29 3372 100 100 100 100 1 0 0 0 0 0
34 31 31 31 30 3371 100 100 100 100 1 0 0 0 0 0
35 32 32 32 31 3370 100 100 100 100 1 0 0 0 0 0
36 33 33 33 32 3369 100 100 100 100 1 0 0 0 0 0
37 34 34 34 33 3368 100 100 100 100 1 0 0 0 0 0
38 35 35 35 34 3367 100 100 100 100 1 0 0 0 0 0

36 36 36 35 3366 100 100 100 100 1 0 0 0 0 0

St

3) Initialize the data required for "MyDataStruct" as shown below. Most importantly, set Columns and

MaxRecords.

1z ReadJobFile:='/flash/user/data/job.cav';

13 WritedohFile:='/flash/user/data/Jobl.cav';

14 JobDats. Columns: =INTH#15;

15 JohData.MaxRecords:=INTH3400; | * et to same as DataType Definition *)

4) Copy & paste the Read_CSV_File function block into your main project so it can be customized. This will
allow you to retain the original function in the template for future reference. Rename the function to avoid
name conflict with Read_CSV_File in the Toolbox.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 215



151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
187
168
169
170
191
17z
173
174
175
176
177
178
179
180
181
18z
183
184
185
186
187
188
189
190
191
19z
193
194
195
196
197
198
199
zoo
z01

005

JobData— Data

ReadJobFile—]
Slash/user /data/Job.csv
-

UINT#3—

Fead_Job_File

Execute

FileMame

Separators

HeaderRows ErrorI[g] e
o Werifiversion ErrorRovfo] [

P ErrorCoEI] e
OJ
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Customizing the code in the function block

“ariable Walue
= JobData
(= Job
=001
Move ¥ 1
Move_Y 1
Outs_01 1
Outs_02 a
Outs_03 340
Vel % 100
Ao ¥ 100
Vel Y 100
ACCY 100
Execute 1
Jump a
Wi ait 0
Laop a
Al 0
LinkTo i]
=]
Move_X 2
Move Y 2
Outs_01 2
Outs_02 1
Outs 03 3400
Vel X 100
Acc ¥ 100
Vel Y 100
ACC Y 100
Execute 1
Jurmp i}
it 0
Loop a
AliX i
LinkTo 0

2l

Drefault walue

Type
JobStruct
Jobdiray
StruBlock
DINT
DINT
DINT
DINT
DIMT
BYTE
BYTE
BYTE
BYTE
INT
BYTE
INT
BYTE
BYTE
INT
StruBlack.

BYTE
BYTE
INT
StruBlock

5) To customize the function block, go to the variables grid and rename the datatype used as the VAR_IN_OUT

to the datatype you customized in step 2 above (Use the name as modified from ST code line 23 above).

6) Locate the comments near the middle of the Read_CSV_File function indicating the area to be customized.
Modify the lines that convert the STRING data from the file into the MyDataStruct structure.

TRUE

1822
FALSE

FALSE

FALSE

TRUE

3400

3400

FALSE

I

(rrrTrEERTTEaTAT
(FrrERERATRERATLE

(FrrEREsATRERATLE

(rrrTrEERTTEaTAT
(FrrEREsATRERATLE

(FrrEREsATRERATLE

Data is ignored if HeaderRows are specified until after the specified number of header rows have been read. )
IF ReadColumn.Valid AND HeaderRowsRead THEN

CASE UINT_TO INT(VersionCode) OF ("

Extract the C5V values from the file as specified by the VersionCode

CUSTOMIZE THIS TEMPLATE BELOW TO ACCOMODATE YOUR DATA AND TO ADD SUFPORT FOR DIFFERENT FILE OUTPUT WERSICNS
CUSTOMIZE THIS TEMPLATE BELOW TO ACCOMODATE YOUR DATA AND TO ADD SUFFORT FOR DIFFERENT FILE OUTPUT WERSIONS
CUSTOMIZE THIS TEMPLATE BELOW TO ACCONODATE YOUR DATA AND TO ADD SUFPORT FOR DIFFERENT FILE QUTPUT VERSICHS

O:  (FEREERERREATAEE AT AT AN Non ¥ersioned file format

CASE ActiveColumn OF

)

«Jok [Row] . TRING_TO_DINT{ReadColumn.Value) ; ActiveColwwn:=hctiveColumn + INTHL;

.Joh [Rou] . STRING_TO_DINT (ReadColumn.Value) ; + INTH#1:

.Joh [Rou] . TRING_TG_DINT {ReadColumn.Value) : + INTH#1:

-Job [Row] . TRING_TO_DINT (ReadColuwn. Value) ; ActiveColuwn:=ictiveColuwn + INTHL;

«Jok [Row] . =STRING_TO_DINT(ReadColumn.Value) ; ActiveColum + INTH1:

«Jok [Row] . TRING_TO_BYTE (ReadColumn.Value); ActiveColum + INTH1:

.Joh [Rou] . TRING_TC_EVTE (ReadColumn. Value) ; Aotivecalum + INTH#1:

.Job [Rou] . TRING_TQ_EVTE (ReadColumn. Value) ; Aotivecalum + INTH#1:

-Job [Row] . TRING_TO_BVTE (ReadColurn. Value) ; Aetivecolum + INTH#1:
«Jok[Rew] . STRING_TO_INT{ReadColumn.Value) ; ActiveColum + INTH1:
«Jok[Rew] . + INTH1:

. Jok[Row] .  TO_: + INTH#1:

13 :Data.Job[Row] .Loop: =STRING_TC_EVTE (ReadColuwm. Value) ; + INTH#1:
12:Data.Job[Row] . A1LE:=STRING_TO_BVTE (ReadColunm. Valus) ; + INTH#1:

15:Data.Jok[Row] .LinkTo:=STRING TO_INT(ReadColumn.Value): &
END_CASE;

last one handled below %)

CUSTOMIZE THIS TEMPLATE ALBOVE TO ACCOMODATE YOUR DATA AND TO ADD SUFPORT FOR DIFFERENT FILE OUTPUT WERSICNS
CUSTOMIZE THIS TEMPLATE ABOVE TO ACCONODATE YOUR DATA AND TO ADD SUFPORT FOR DIFFERENT FILE QUTPUT VERSICHS
CUSTOMIZE THIS TEMPLATE ABOVE TO ACCONODATE YOUR DATA AND TO ADD SUFPORT FOR DIFFERENT FILE QUTPUT VERSICHS

ELSE
UnsupportedCase:=TRUE;
END_CLSE:
IF ReadColumn.EOL THEN (* The end of a row was detected ¥)
IF hotiveColumn=Data.Columns THEN  (* Set o the number of colums in the data *
AetiveColum.
ELSE
RowError:=TRUE;
END_IF:
END_IF;

¥_Readilarm 2 (Ensble:=TRUE)
IF ¥_ReadAlarm_2.¥alid THEN

ConversionError:=(¥_Readilarm 2.AlarmID = UDINT#16#340C0134) »
END_IF;

END_IF.
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Customizing for file versioning

The function has the capability to read multiple versions of the same file. For example, assume that initially, the
design requires a data file to contain 4 columns of data to be used as INT. Later, after some machines are in
the field, a design change requires that the data file must now contain 5 columns of DINT. If a version code is
applied as the first row, the function block can determine how to read the file for any number of variations.

That may come later. This will allow the use of older data files as well as newer formats.

Original file specification Modified file specification

I original.txt - Notepad
File Edit Format View Help

20111118
3,4,7,4
234,456,344,3225
084,455, 7346, 333
125,4534235,9445

& modified.txt - Notepad
File Edit Format Wiew Help

20120105

FA7653,4786789,742525,4758656, 785654
23645304,45456456, 34756434, BO07a456, 32023
08641214,4554395, 7534111, 7300846, 3352439
1276545,4534235, 9445, 789786, 00753

To use file versioning, follow the steps below:

1. Set the VerifyVersion function block input to TRUE.

2. The first line of the data file must contain a version code. The version code does NOT count as a
header row. See the graphics above showing original and modified file specification

3. Customize the DataType to reflect the most current data specification.

Original DataType:

I (TR AR AR RN AR AR TR RANFRRRAERRRARREARNRES  TOPRef R T LT
67 PartData : STROCT

2= Reflz : INT:

L=} Refi4 : INT:

70 Ref56 @ INT:

7l Ref?3 : INT:

72 END_STRUCT:

73

74 JobRefirray : ARRALY [UINTHO..UINTH#201] OF PartData;

75

e JobRef3truct: STRUCT

77 Ref: JobRefirray:

= Version:STRING: (* If file wversioning is used, apply & unicue value to allow the identification of different file formats *)
73 Coluwns: INT; (* Configure this value to indicate the number of coluwns in the data file. *1

i=u] Records: INT: (* This wvalue will he updated by the function a= the data is processed %)

21 MaxRecords: INT; (* Initialize MaxRecords to the NUMBEER OF ELEMENTS defined in the MyDatalrray definition abowve #)

g2 END_STRUCT:

=k} (PR T ATEARRTAARTEARKTARRTIARATANCRTTANTTT JohRef AT AT EAARAAAATRARRE ARG AARTTACATAAAT)

Modified DataType:
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o (AR AR TR AT AR AATARTARAAAAGARGA ARG AATAATAS JohRef AR AR E AR E AR R AR R R AR R AR A AR AT AR T AR TR RRTART AT
67 ParcData @ STRUCT

68 ReflZ : DINT;

63 Ref34 : DINT:

70 Ref56 : DINT:

71 Ref738 : DINT:

72 Refd1 : DINT:

73 END_STRUC

74

75 JobRefirrey : ARRAY [UTNTH#O..UINT#401] OF PartData:

7e

77 JobRef3truct: STRUCT

7e Ref: JobReflirray;

79 Ver=zion:3TRING: (* If file wversioning is used, apply a unigque wvalue to allow the identification of different file formats *)
a0 Columns: INT: (* cConfigure this walue to indicate the nuwber of coluwns in the data file. *1

81 Records: INT; i* This walue will be updated by the function as the data is processed ¥)

=34 MaxRecords: INT: (* Initiamlize MaxRecords to the NUMEER OF ELEMENTS defined in the MyDatsirray definition asbowve %)

83 END_STRUCT:

54 (AR TR TR T AATARTARAAARAGARGA ARG A ATAATAS JohRef AR AR E AR E AR R AR R R AR R AR A AR AT AR T AR TR RRTART AT

3) Customize the Read-CSV_File function block to determine if the version code detected is supported.

Original code:

107 [FrEFFARTE MODIFY THIS TEMPLATE BELOW TO SUPFORT DIFFERENT FILE OUTPUT VERIICNS FERERRTRTERY
io08 [(FrREFFARTE MODIFY THIS TEMPLATE BELOW TO SUPFORT DIFFERENT FILE OUTPUT VERIICNS FEARERRTRTER)
109  (#wwwwanEs HODIFY THIS TEMPLATE EELOW TOQ SUPFORT DIFFERENMT FILE QUTPUT VERSICHZ EEREEREIEEEAL]
i10

aal (* Verify that the file wersion matches one of the forwmats supported by this function (ADD MORE COMPARISCONS AS MNEEDED) )
11z IF EQ STRING(Data.Version, '20111118') THEN

113 VersionCode:=UINT#1:

114 END_IF;

115

B (FRERERAEN HODIFY THIS TEMPLATE ABOVE TOQ SUPFORT DIFFERENT FILE QUTPUT VERSICHS EEREEREIEEEAL]
117 [ MODIFY THIS TEMPLATE ABOWE TO SUPPORT DIFFERENT FILE OUTPUT VERSTCONS FHEEEEEFRELLY
118 [FrEFFARTE MODIFY THIS TEMPLATE ABOWE TO SUPPORT DIFFERENT FILE OOTPUT VERSICNS FERERRTRTERY

Modified code:

ALl (FATRERATN HODIFY THIS TEMPLATE EELOW TOQ SUPFORT DIFFERENT FILE QUTPUT VERSICHZ EEREEREIEEEAL]
i08 [ MODIFY THIS TEMPLATE BELOW ToO SUPPORT DIFFERENT FILE OUTPUT VERSTCONS FHEEEEEFRELLY
109 [ MODIFY THIS TEMPLATE BELOW ToO SUPPORT DIFFERENT FILE OUTPUT VERSTCONS FHEEEEEFRELLY
110

111 (* Verify that the file wversion matches one of the forwats supported by this function (ADD MORE COMPARISONS AS NEEDED) *)
i1z IF EQ STRING(Data.Version, '20111115') THEN

113 VersionCode:=UINT#1:

114 ELSIF EQ STRING(Data.Version, '20120105') THEN

115 VersionCode:=UINTH#2Z:

116 END_IF;

117

AdE L (FRERTRATS HODIFY THIS TEMPLATE ABOVE TOQ SUPFORT DIFFERENT FILE QUTPUT VERSICHS EEREEREIEEEAL]
113 [ MODIFY THIS TEMPLATE ABOWE TO SUPPORT DIFFERENT FILE OUTPUT VERSTCONS FHEEEEEFRELLY
120 [FrEFFARTE MODIFY THIS TEMPLATE ABOWE TO SUPPORT DIFFERENT FILE OOTPUT VERSICNS FERERRTRTERY

4) Customize the Read_CSV_File function block to read multiple versions.

Original code:

154 CASE UINT_TO_INT(VersionCode) OF {* Extract the C3V walues from the file as specified by the VersionCode *)

EEE (FTEERARLITELRRSLE CUSTOMIZE THIS TEMPLATE BELOW TO ACCOMODATE ¥OUR DATA AND TO ADD SUPPORT FOR DIFFERENT FILE OUTPUT WERSICHNS FHREEREXTEEERELSL)
156 [FRERRANTERRRNT TS CUSTOMIZE THIS TEMFLATE BELOW TO ACCOMODATE ¥OUR DATA AND ToO ADD SUFPPORT FOR DIFFERENT FILE OUTPUT WERSIONS FEEEARNTEERANNTE)
57 [(FEEEEAETEEEASTAS CUSTOMIZE THIS TEMPLATE BELOW TO ACCOMODATE ¥OUR DATA AND TO ADD SUPPORT FOR DIFFERENT FILE OUTPUT WERSIONS FEERAANTIEEANNTAY
158

- L (rerereeEseerssaeen 0111118 £ile formar U,

160

161 CASE UINT _TO_INT(hctiveColumn) OF

162 1:Data.Ref[Row] .Refl2:=3TRING_TO_ INT(ReadColumn.Valus): AetiveColumn:=AcciveColumn + INT#1:

163 Z:Data.Ref[Rou] .Ref3 STRING TO INT(ReadColumn.Value); ActiveColum ActiveColumn + INTHI;

164 3:Data.Ref[Rou] .RefS6:=8TRING_TC_INT (ReadColumn.Value) ; ActiveColumn:=ActiveColumn + INTH1;

165 4:Data.Ref[Row] .Ref78:=STRING TO_INT(ReadColumn.Value): (* last one handled below  #)

166 END_CASE;

167

168

169 [FHREERRTTERRRTT TS CUSTOMIZE THIS TEMFLATE AEOVE TO ACCOMODATE ¥OUR DATA AND ToO ADD SUFPORT FOR DIFFERENT FILE OUTPUT WERSIONS FEERARRTEERARNLE)
170 [(FEEEEAETEEEASTAS CUSTOMIZE THIS TEMFLATE ABOWE TO ACCOMODATE YOUR DATA AND TO ADD SUFPPORT FOR DIFFERENT FILE OUTPUT WERSICONS FEERAANTIEEANNTAY
R [FEREEREAEEEEEAR NG A CUSTOMIZE THIS TEMPLATE ABOVE TO ACCOMODATE ¥OUR DATA AND TO ADD SUPPORT FOR DIFFERENT FILE OUTPUT WERSIONS FEERRAAEEEEA NN G
172 ELSE

173 UnsupportedCase: =TRUE;

174 END_CASE;

Modified code:
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(FrErmrEEnTTaLLY
(e rrEEaaseEary
(FEERTTEER AT R

(FEERrE R a Ay
(FEERTTEER AT R
(FrErTrEEnTTaTLY
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CASE UINT_TO_INT(VersionCode) OF (* Extract the CSV valuss frow the file as specified by the VersionCode %)
CUSTONIZE THIS TEMPLATE BELOW TO ACCOMODATE YOUR DATA AND TO ADD SUPPORT FOR DIFFERENT FILE OUTPUT VERSICHS FEREETTRTETRREETL)
CUSTOMIZE THIS TEMPLATE BELOW TO ACCOMODATE YOUE DATA AND TO ADD SUPPORT FOR DIFFERENT FILE OUTFUT VERSICHS FEEREE RS RG]
CUSTONIZE THIS TEMPLATE BELOW TO ACCOMODATE YOUR DATA AND TO ADD SUPPORT FOR DIFFERENT FILE OUTFUT VERSICHS TEERTTETEARTEEAN)
1r  (FEEEERREEEAASEEEREEEEE 20111118 file formac R R R R AR RAR )

CASE UINT_TO_INT [ActiveColumn) OF

1:Data.Ref[Row] .Refl2:=5TRING_TO_DINT(ReadColuwmn.Valus) ActiveColuen:=AetiveColumn + INTH#1:
2:Data.Ref[Row] . STRING_TC_DINT(ReadColumn.Valus) ActiveColumn:=ActiveColumn + INTH1;
3:Data.Ref[Rov] . STRING_TC_DINT(ReadColumn.Value) ; ActiveColumn:=ActiveColumn + INTH1;
4:Data.Ref[Row] . :=STRING_TO DINT(ReadColumn.Valus) : ActiveColuen:=AetiveColumn + INTH#1:
SiData.Ref[Row] .Re£78:=DINT#0; (* Initialize new data 7] (* last one handled below 7
END_CASE;
2:  (rrsearrsmaszsmaaeaEaw 20120105 file format wrrrsseaTEEaaTEERaTATEEERRTAE]
CASE UINT TO_INT(AetiveColumn) OF
1:Data.Ref[Row] .Ref1Z:=STRING_TC_DINT(ReadColumn.Valus) ; ActiveColunn INTH1:
Z:Data.Ref[Rov] . STRING_TO_DINT(ReadColumn.Value) ; Letivecolumn INTHL:
3:Data.Ref[Rov] . STRING_TO_DINT(ReadColuwmn.Valus) ActiveColun INTH#1:
4:Data.Ref[Row] . :=STRING_TC_DINT{ReadColumn.Valus) ActiveColumn:=ActiveColumn + INTH1;
5:Data.Ref[Row] .Ref78:=3TRING_TO_DINT{ReadColumn.Value): (* last one handled below +)
END_CASE:
CUSTOMIZE THIS TEMPLATE AEOVE TO ACCONODATE ¥OUR DATL AND TO ADD SUPPORT FOR DIFFERENT FILE OUTPUT VERSICHS FEER RS REAT
CUSTOMIZE THIS TEMPLATE ABOVE TO ACCONODATE YOUR DATA AND TO ADD SUPFORT FOR DIFFERENT FILE OUTPUT VERSICHS FEERTEREEA AR
CUSTOMIZE THIS TEMPLATE ABOVE TO ACCOMODATE YOUR DATA AND TO ADD SUPPORT FOR DIFFERENT FILE OUTPUT VERSICHS FEETTERSEATIRTAT)
ELSE
TnsupportedCase:=TRUE:
END_CASE;

NOTE: The capability of the function block to read multiple file versions is limited by the changes that can be

made to the DataType Definition. It is not practical to use the version code to read completely different data

formats. Make two copies of the Read_CSV_File and customize accordingly.
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Write_CSV_File

S S S S

-~

!

Write_ CSV_File
Data ——— Da

Execute Done
FileName Busy
Append Error
Separator  ErrorID
Version  ErrorRow

BufferSize ErrorCol

% YASKAWA

This function block will format and write a CSV (ASCII) file to the controllers flash or ram disk. The original data
is a user specified structure. This function block requires customization to accommodate application specific

data requirements. Any variety of rows and columns and datatypes can be customized.

Parameters
£ Parameter Data Type Description
VAR_IN_OUT
A user customized data structure containing the information
B Data MyDataStruct . o . .
(possibly still in binary format) to be written to a CSV file.
VAR_INPUT Default

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

220



éf e
W oy
e File_RW Toolbox: Function Blocks

B Execute
Y FileName
\Y Append

V Separator

\ Version

\ BufferSize

VAR_OUTPUT

B Done

B Busy

B Error

E ErrorID

Vv ErrorRow

Vv ErrorCol
Notes

e Don't forget to include the ProConOS firmware library in the project. It is required for this function

block.

BOOL

BOOL

BOOL

BYTE

UDINT

UDINT

BOOL

BOOL

BOOL

UINT

INT

INT

Upon the rising edge, this function block will
prepare to engage the RamplIn cam profile at EALSE
the master position specified in the BlendData

structure.

The file to be written. Example:
STRING#'ramdisk/user/data/mydata.csv'

STRING#"

This flag indicates whether to delete an existing

file and create new data, or add to an existing FALSE
file. If Append=TRUE, data will be appended.

The byte value of the ASCII character to be used

for separating values of data on a line. If

unconnected, the comma (BYTE#44) will be

used.

BYTE#44

Optional. If used, this function block has the
ability to be customized to select between UDINT#0
multiple output formats.

Specifies the number of bytes in the file to

process at one time. If unconnected, the default

is 2048 bytes. BufferSize can be adjusted up or

down if necessary to accommodate various file UDINT#0
sizes and will depend upon the CYCLIC task in

which the Read_CSV_File function block is

executed.

Set high when the slave first synchronizes with the master
(Running cam profile is synchronized). This output is reset when
execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable' input,
and reset if Done, CommandAborted, or Error is true.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute’ or 'Enable’
goes low.

If Error is true, this output provides the Error ID. This output is
reset when 'Execute' or 'Enable’ goes low.

If Error is true and pertains to a problem with the source data,
this value will indicate the location of processing when the error
occurred.

If Error is true and pertains to a problem with the source data,
this value will indicate the location of processing when the error
occurred.
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It is strongly recommended to write files only to the Ramdisk portion of memory, and not the flash.

% YASKAWA

Ramdisk is a temporary storage location, so the file should be read by another device using an HTTP
file get command.

See Yaskawa's Youtube Webinar - CSV File Transfer with the File RW Template.

Error Description

ErrorID

0

N

U | {88}

(o))

|co N

o

o R BK

—
—
[e)}

-
o
=
—
N

—
o
—
—
0

—
(@]
—
—
O

—
o
—
N
o

-
o
=
N
=

-
o
=
N
N

Meaning
No error

The length of the source buffer does not fit. The size of bytes to be copied assigned in
BUF_CNT is larger than the available size of the SRC.

The length of the destination buffer does not fit. The sum of the bytes to be copied assigned
in BUF_CNT and the offset in the connected byte stream assigned in BUF_OFFS is larger
than the size of the connected byte stream.

This data type is not supported / File is already open

The alignment does not fit to this data type. The size to be copied assigned in BUF_CNT
must be divisible by the size of the data type without a rest / File is opened, write protected
or access denied

The conversion INTEL/MOTOROLA has failed / File name not defined

The string length does not fit. Additional checks are necessary for the data type string. This
is described in the chapter 'String specialties'.

The destination buffer has a wrong data type. In some cases the data type is checked. This
is described in the special chapter for each data type.

The offset value is not correct. In some cases the offset is checked. This is described in the
special chapter for each data type.

The BUF_CNT does not fit. In some cases the size to be copied is checked. This is described
in the special chapter for each data type.

The addresses of the source and the destination are the same / No memory available for
writing the data

The number of characters to be written is greater than the data buffer

File could not be closed

File could not be deleted

No data could be written

Problem converting string data to the output buffer

String Conversion Error already exists on the controller. Clear the alarm and try again.
STRING_TO_BUF Conversion Error

In the Data Structure, rows must be set greater than zero and columns must be set greater
than zero.

File could not be opened.
CSV file contains an unsupported version.

Row Error. The data is out of sync with the expected row / column arrangement expected.
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10123 Column Start Error. The data is corrupted.

-
o
=
N
~

Unsupported Case condition.

10125 Conversion Error. Check the ErrorRow and ErrorCol outputs for details
10126 NoDataError - The End Of File was reached, but the record count is zero
10127 TooManyRecords - DataType is not large enough
BPp MaxNotDefined - User must set the maximum number of records that can be added to
structure.
No Carriage return found in CSV buffer. The function searched the file for twice the length
10129 of the specified buffer and was unable to find a carriage return indicating the end of a row.

Either the buffer size is too small, or the data is invalid.

Customization Example 1

Write_CSV_File must be customized to accommodate your data. Some supporting functions used by
Write_CSV_File (ReadBuffer and ReadValue) do not require customization and can remain in the
File_RW_Toolbox. Two locations requiring customization are identified in the function block by several rows of
comments indicating the need to customize. To effectively use this function, follow these steps:

1) Copy & paste the MyDataStruct and associated datatypes into your project, and rename them to avoid
conflict with MyDataStruct in the File_RW_Template.

64 (AR R AR T AR T AR TR AR T AR T AR TR RTART Structure information relating to a CSV file AR AR AR AR AR TR AR AR AREARRAREE AR
65 MyData : STRUCT

66 XData : LEEAL;

67 Thata : LREAL;

68 ZDhata : LREAL:

63 END_STRUCT:

70

71 MyDataldrray : ARRLY [UINTHO..UINTH#3IO00] OF MyData;

72

73 MyDataStruct: STRUCT

74 File: MyDatadrravy:

75 Version:STRING: (* If file wersioning is used, apply a unicque value to allow the identificacion of different file formarts
76 Columns: INT; i* Configure this wvalue to indicate the number of coluwns in the data file. *)

77 Records: INT: (* This walue will be updated by the function as the data is processed *)

78 MaxRecords: INT: (* Initialize MaxRecords to the NUMEER OF ELEMENTS defined in the MyDatalrray definicion above *)
if=) END_STRUCT;

&0

a1 (PR Er AT AR TR AT AR RTARTARTIARTANT Structure information relating to & CSV fils AT AR EAATAATEANEANEANTRAREAREAREEART|

2) Modify the "MyData" dataType definition shown above such that it represents the data to be written. An
example follows which shows a customized datatype:
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|2 [(FAATATATATATAAATACATAARTAARTALKTARRTAAXRTAT  Joly  FEAREAAREAAREAARTAARTATATAAATTARTEARTEARTEAR]
I3 JobData : STRUCT

4 Howve_X ¢ DINT,

5 Hove ¥ DINT

L Cuts 01 DINT

g tuts_02 DINT

=} Cuts 03 DINT

e Vel T BYTE

10 boo X BYTE

11 Vel T BYTE

1z acc ¥ BYTE

13 Execute : INT:

14 Jurp : BYTE:

15 ait : INT:

16 Loop : BYTE:

17 A1t : BYTE:

pi=} LinkTo ¢ INT;

19 END_STRUCT:

20

21 JobArray : ARRAY [UINTHO..UINT#3399] OF JobData;

22

23 JobStruct: STRUCT

24 Jok: Jobirray:

25 Version:STRING: {* If file wersioning is used, apply a unigue walue to allow the identification of different file formats )
26 Columns: INT; (* Configure this wvalue to indicate the nuwber of columns in the data file. )

27 Records: TNT; {* This value will be updated by the function as the data is processed #)

28 MaxRecords: INT; (* Initialize MaxPRecords to the NUMBER OF ELEMENTS defined in the MyDatadrray definition above #)
=] END_STRUCT:

30

i1 [FRRTAA AT AR RAARATAARTAARFARRTAARTAARTAS ol R R AR R A AR R AR AR AR TR AT AN R TR AR R EART AR

3) Initialize the data required for "MyDataStruct" as shown below. Most importantly, set Columns and
MaxRecords. MaxRecords indicates how may lines of data are to be written to the file. In the case of Append
mode =TRUE, set MaxRecords to the number of lines from the MyDataStruct to be appended. Appending always
starts from the first line (array element 0) of the structure and adds data to the end of the file. It is not
necessary to initialize (clear) the other data elements beyond MaxRecords that may be from a previous use.

12 ReaddobFile:='/flash/user/data/job.cav';

13 WritedohFile:='/flash/uzer/data/Jobl, cav';

14 JobhData.Columns: =INTH#15;

15 JobData.MaxRecords: =INTH#3400; [ * Zet to same as DataType Definition *)

4) Copy & paste the Write_CSV_File function block into your main project so it can be customized. This will
allow you to retain the original function in the template for future reference. Rename the function to avoid
name conflict with Write_CSV_File in the Toolbox.

My _Mirite_CSY_File_1

Wy _\Write_CSY_File
MyBLffer Data Da yBLffer
WiriteExe— Execute Dare
1 1
WriteBufferFile—{ FileMarne Busy
Aramdisk fuser fdata/BufferCne.coy ]
+— Append Error -
] ]
+] Separator  ErrorlD e
44 0
+] ‘ersion

]
+] BufferSize
]

b

Customizing the code in the function block
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5) To customize the function block, go to the variables grid and rename the datatype used as the VAR_IN_OUT

A

to the datatype you customized in step 2 above (Use the name as modified from ST code line 23 above).

6) Locate the comments near the middle of the Write_CSV_File function indicating the area to be customized.
Modify the lines that convert binary data from the MyDataStruct structure to STRING data for the file.

Customizing for file versioning

The function has the capability to write multiple versions of the same structure. For example, a portion of the
data from the structure can be written to one file, and a different set of data can be written to another file.

To use file versioning, follow the steps below:
1) Set the 'Version' function block input to a unique value (Non zero).
2) Customize the DataType to reflect the most current data specification.

Original DataType:

66 [FF AR R AR E AR AR AR TR ARG ARRETARREAARTEAARES  TobRef A AR R AR R AR AR AR AR AR ARG R ARG A RREAARE)
67 PartData : STROCT

2= Reflz : INT:

L=} Refd4 : INT:

70 Ref56 @ INT:

7l Ref?3 : INT:

72 END_STRUCT:

73

74 JobRefirray : ARRALY [UINTHO..UINTH#201] OF PartData;

75

e JobRef3truct: STRUCT

77 Ref: JobRefirray:

76 Version:STRING; (* If file wversioning is used, apply & unicue value to allow the identification of different file formats *)
73 Coluwns: INT; (* Configure this value to indicate the number of coluwns in the data file. *1

e0 Records: INT; (* This wvalus will ke updated by the function as the data is processed *)

81 MaxRecords: INT: (* Initialize MaxRecords to the NUMEER OF ELEMENTS defined in the MyDatalrray definition abowve ¥)

g2 END_STRUCT:

=k} [FA ARG R ARG EARRE AR AT AR ARG A A ARG ES JobRef e T )

Modified DataType:

B (PR AR AR EAREA R AR AREAAREAATARF ARG ARTARTAS  JohRef AR R AR AR AR AR R R AR R AT AR EAREARARRRTA AR
67 PartData : STRUCT

68 ReflZ : DINT:

(3=} Ref34 : DINT;

70 RefS6 : DINT:

71 Ref?3 : DINT:

72 Ref91 : DINT;

73 END_STRUCT:

74

75 JobRefirray : ARRAY [UINT#O..UINTH#401] OF PartData:

76

7 JobRef3truct: STRUCT

78 Ref: JobReflrray;

79 Version:3TRING; i* If file wversioning is used, apply & unigue value to allow the identification of different file formats *)
50 Columns: INT: (* Configure this walue to indicate the nuwrber of columns in the data file. *)

B1 Records: INT: {(* This walue will be updated by the funcrtion as the data is processed ¥

52 MaxPRecords: INT; i* Initialize MaxRecords to the NUMBER OF ELEMENTS defined in the MyDatadrray definition above 7)

83 END_STRUCT:

g4 (PR T TR T ARTARTTAMTARTAMATARTARTARRTARTARTTT JohRef AR AR AR AR EEAREAREARATARTARTARRTARTARTN)

3) Customize the Write_CSV_File function block to determine if a specific version if the file should be written.

Original code:

Modified code:

4) Customize the Write_ CSV_File function block to write multiple versions.
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Original code:

Modified code:

Application Example

% YASKAWA

anable W alue Default value
o Sengorl Data 80389326 4772730
-------- SenzorD ata 20389327 3813410
& [1]
i Sengor] Data B098929.3104715
-------- SenzorD ata 2098931, 2347386
g [2]
i Senzor Data 80339333.0862352
-------- Sensor2Data 2032334, 24032711
i Senzor] Data 2033336, 5405054
-------- Senzor2D ata 20333358, 2251902
4]
- [5]
- [6]
& [7]
& [8]
= [9]
i Senzor] Data 2098958.1382032
-------- Sensor2Data 80393959, 8236245
= [10]
i SenzorlData 0.0000000
-------- SenzorD ata 0.0000000
My _Write_CSY_File_1
WiyBuffier Data
WiriteExe— Execute Done
1 1
Wur iteBufferFile—] FileMarme Busy -
framdisk fuser data/BufferCne.csy ]
+—{ Append Error =
] ]
+ Separator  ErroriD e
44 o
+—| ‘ersion
]
+] BufferSize
]
i
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Qs - © 3| Pwer v | (3 3 X 9[-
s | ciapocments ond et R R N RN R - <er

Marme: = Size | Type Date Modified
=4 BufferCne 1KB Microsoft Office Exc... Z/23/2012 4:56 PM

£ BufferOne - Notepad

File Edt Format View Help

[5.321188E+06, 5. 321188E+06
5.321190E+06, 5. 321192E+06
5.321194E+06, 5. 321195E+06
5.321197E+06, 5. 321199E+06
5.321201E+06, 5. 321202E+06
5.321204E+06, 5. 321 206E+06
3.321208e+06, 5.321210E+06
3.321212E+06, 5. 3212146406
3.321215E406, 5, 320217E+06
5.321219e406, 5, 321220E+06
0. 0OO000E+00, 0. 000000E+00D
Q. 0O0000E+00, 0. QO00O0E+QD
0. 000000E+00, 0. Q00000E+00
0. 000000e+00, 0. 000000E+00
0. 000000E+00, 0. 000000E+00
0. 00GO00E+00, 0. O00000E+0D
0. 000000E+00, 0. 000000E+OD
0. 00O000E+00, 0. O00000E+0D
0. 000000E+00, 0. Q00000E+00D
0. 000000E+00, 0. 000000E4+00
0. 000000E+00, 0. QO0000E+QD
0. 000000400, 0, 0Q0000E+0D
0. 000000E+00, 0. 000000E+00
Q. 000000400, 0, 000000E+0D
Q. 000000E+00, 0. Q000O0E+QD
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Gantry Toolbox
Gantry Toolbox

Gantry Toolbox

The Gantry Toolbox consists of the following:

Data Types:

Data Type Usage
DataTypes not used directly with any of the Gantry Toolbox function blocks.
GantryPositions Can be used to store absolute positions within the coordinate system.

DataTypes for external use with Gantry Toolbox function blocks

AXIS REF Identifies an axis
GantryStruct Contains all information pertaining to a gantry system.
PathDetails For Use with PathGenerator FB

DataTypes that support other DataTypes (no need for direct use by the application

programmer)

PathIdStruct For use with PathGenerator and MovePath FBs
PathPairs For use by PathGenerator FB

PathPointArray For use by PathDetails STRUCT in PathGenerator FB
PathStruct For Use with PathGenerator FB

SegmentArray For use with MovePath FB

SegmentDetails For use with MovePath FB

SegmentStruct For use with MovePath FB

WPos Supporting structure for GantryPositions

XPos Supporting structure for GantryPositions

YPos Supporting structure for GantryPositions

ZPos Supporting structure for GantryPositions

Enumerated Types:

Function Block Description
TB PatternType For use with PathDetails structure

Function Blocks:
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Function Block

Calculate Angles

Gantry Home

Gantry Power

Gantry Return Home

Gantry Stop

GotoXY

GotoXYZ

GripperControl

Interpolator

Interpolator3D

Move Path

PathGenerator

Pick Part

Place Part

SegmentlLookup
XY MoveAbsolute

XY MoveRelative

Description

Calculates start and traversed angles for arcs (used as an input to
PathGenerator function block)

Moves all gantry axes in search of home by first seeking one of the limit
switches, and then searching in the other direction for the C channel or index
pulse.

Enables or disable all axes configured as part of a gantry system.

Moves all gantry axes back to the home position as defined by the home
positions in the GantryStruct.

Executes the MC_Stop block for all axes configured as part of a gantry system.

Performs an absolute move the X and Y axes to a specific location within the
gantry coordinate system.

Performs an absolute move the X,Y, and Z axes to a specific location within
the gantry coordinate system.

Operates a simple gripper device if the actuator can be controlled via a digital
output.

Calculates the required acceleration, deceleration, and velocity for both X and
Y axes so that straight line motion can occur between any two points in the XY
(two dimensional) coordinate system.

Calculates the required acceleration, deceleration, and velocity for X, Y and Z
axes so that straight line motion can occur between any two points in three
dimensional space within the gantry coordinate system.

This function block moves X and Y axes according to a path profile generated
by the PathGenerator and specified in the PathStruct structure

This function block converts straight line vector and arc segment data into
cam files, which will provide coordinated motion by using the Move Path
function block

Initiates a series of actions that involves moving the XY axes to a specific
location, opening a gripper actuator, moving the Z axis to a "Down" location,
closing the gripper (to pick a part), and then finally moving the Z axis back to
its "Up" position.

Initiates a series of actions that involves moving the XY axes to a specific
location, moving the Z axis to a "Down" location, opening the gripper (to
place the part), and then finally moving the Z axis back to its "Up" position.

Used to show active segment and output flags status
Used to create absolute motion for an XY gantry system

Used to create relative motion for an XY gantry system
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Gantry Toolbox

Getting Started: Gantry

Requirements for v203
To use the Gantry Toolbox, your project must also contain the following:

Firmware libraries:

=  YMotion

User libraries:
=  DataTypes_Toolbox (v200 or higher)
=  Math_Toolbox (v202 or higher)

"  PLCopen_Toolbox (v205 or higher)

Using the Gantry Toolbox

See Yaskawa's Youtube Webinar - XY Interpolation via the Gantry Toolbox for more info.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 230


http://youtu.be/781c50aTWOA?t=17m54s

75 ¥ YASKAWA

Gantry Toolbox

Gantry Revision History

Current Version:

New for Gantry v203 - All firmware library DataType definitions were moved to a new toolbox called the DataTypes
Toolbox. Formerly, the PLCopen Toolbox contained the MotionInfoTypes and the PLCTaskInfoTypes datatype files.
These were removed and are now included in the DataTypes Toolbox. If upgrading from an older version of
Gantry Toolbox, you must do the following:
1) Include the DataTypes Toolbox in your project.
2) Remove any other Yaskawa supplied datatype files with firmware library definitions such as

a. ControllInfoTypes

b. YDeviceCommTypes

(*************************************** 2013-03-15 v203 “ﬂeased

*************************************)

(* Created from Gantry_Toolbox_v203_d_KH
PathPointArray increased to 2047.
1) GantryDataTypes file, added Tangent Axis to Gantry Struct. This axis will be tangential to X, Y axes

2) GantryDataTypes file, added InputConditions and StandStillDuration to Path details structure. These will be
used for pause sections in the path

3) GantryDataTypes file, made PathPointArray size 1000

4) GantryDataTypes file, added StandStill and WaitForInputs enum types to TB_PatternType
5) GantryDataTypes file, added TangentAxisTable to PathIDStruct

6) GantryDataTypes file, added InputConditions and StandStillDuration to SegmentDetails
7) GantryDataTypes file, made SegmentArray size 1000

8) GantryDataTypes file, created SegmentMapArray to map between managed segments and user defined
segments

9) GantryDataTypes file, added ManagedSegment, LastManagedSegment, AbortPath and SegmentMap to
Segmentstruct

10) GantryDataTypes file, added TangentActive to PathDetails. Used to decide if a segment requires a tangent
axis to be

oriented correctly at the beginning and/or end.
11) Gantry_Power - Removed Alarm and Warning outputs.
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12) Gantry_Power - Added support for a Tangent axis.

13) Gantry_Power - Added status word output. This word shows which axes are powered on.

14) Gantry_Stop - Added support to stop all configured Gantry Axes

15) PathGenerator - Added support for a tangent axis

16) PathGenerator - Added support for intermittent motion and pauses

17) Move_Path - Added ability to move and pause virtual master based on the segment details

18) Move_Path - Added InputCondtions as a FB input for user inputs to restart motion at WaitForInputs segment

19) PathIDManager - Function block added. Removes paths from memory that are no longer needed.

Previous Versions:
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Data Types

Data Types for Gantry Toolbox

The following is a complete list of all DataTypes included in the Gantry Toolbox. The list is arranged to separate
those that are used internally, and not useful outside of their particular function, and those that an application
program must incorporate when the programmer wishes to use the associated Function Block.

Data Type Usage
DataTypes not used directly with any of the Gantry Toolbox function blocks.
GantryPositions Can be used to store absolute positions within the coordinate system.

DataTypes for external use with Gantry Toolbox function blocks

AXIS REF Identifies an axis
GantryStruct Contains all information pertaining to a gantry system.
PathDetails For Use with PathGenerator FB

DataTypes that support other DataTypes (no need for direct use by the application

programmer)

PathIdStruct For use with PathGenerator and MovePath FBs
PathPairs For use by PathGenerator FB

PathPointArray For use by PathDetails STRUCT in PathGenerator FB
PathStruct For Use with PathGenerator FB

SegmentArray For use with MovePath FB

SegmentDetails For use with MovePath FB

SegmentStruct For use with MovePath FB

WPos Supporting structure for GantryPositions

XPos Supporting structure for GantryPositions
YPos Supporting structure for GantryPositions

ZPos Supporting structure for GantryPositions
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Data Type: AXIS_REF

The AXIS_REF data type identifies an axis and thus provides the interface to the hardware or virtual axes.
AXIS_REF is used as VAR_IN_OUT in all Motion Control Function Blocks described in this Online help. It is
represented as an input and an output connected by a horizontal line in the graphical representation of a

function block.

The value of AxisNum is determined by the logical axis number assigned in the Hardware Configuration. See

the Configuration tab under each axis.

Data Type Declaration

TYPE

AXIS REF:STRUCT
AxisNum:UINT;
END_ STRUCT;

END TYPE

Variable Declaration Example

Mame | Type | Ilzage

| Bl Default

MC_ReadActualPosition_1 MC_ReadActual... WAR

Feedixis 2, = j YWAR_EXTER...
| AbwvaysTrue ] ~ [ER...
 |ReadactusiPosvslict @ BOOL —[ER...

ReadActualPosBusy i@ BYTE [ER...
__|ReadActualPozError i cTD [ER...
___|ReadActualPozErrorD i <TU [ER...

ReadactualPosPositiont i cTuD + [ER...
| ActualPosition? REAL AR _ERTER. ..
__ |MC_Readactualelocity 1 MC_Readictual... WAR

Feadactualy'elvalich Bl W AR_EXTER...

Code Example

AxisX.Number:=UINT#0;

MCMoveAbsoluteX (Axis:=AxisX, Execute:=FALSE);
AxisX:=MCMoveAbsolutX.Axis;
AxisY.Number:=UINT#0;
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MCMoveAbsoluteY (Axis:=AxisY, Execute:=FALSE);
AxisX:=MCMoveAbsolutY.Axis;
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Data Type: GantryPositions
This datatype can be used to store absolute positions within the coordinate system. It is not used directly with

any function block in the Gantry toolbox, however data from this structure can be moved into the GantryStruct
prior to executing a motion function.

Data Type Declaration

TYPE

GantryPositions: STRUCT (* Structure of three dimensional locations for positioning a gantry system *)

END_STRUCT;

END_TYPE;
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Data Type: GantryStruct

This datatype contains all information pertaining to a gantry system.

Data Type Declaration
TYPE
GantryStruct:STRUCT (* DataType to be used in the application code *)

ID:INT; (* Can be used to uniquely identify more than one gantry in a system *)
Virtual: AXisStruct; (* All data pertaining to the Virtual axis  *)

X: AXisStruct; (* All data pertaining to the X axis  *)

Y: AxisStruct; (* All data pertaining to the Y axis  *)

Z: AxisStruct; (* All data pertaining to the Z axis  *)

W: AxisStruct; (* All data pertaining to the W axis  *)

XPrime: AXisStruct; (* All data pertaining to the XPrime axis *)

YPrime: AXisStruct; (* All data pertaining to the YPrime axis *)

ZPrime: AxisStruct; (* All data pertaining to the ZPrime axis *)

Opened:BOOL; (* Gripper status *)

Closed:BOOL; (* Gripper status *)

OpenCommand:BOOL; (* Gripper open request *)

CloseCommand:BOOL; (* Gripper close request *)

GripperValue:INT; (* Constant that equates to the gripper *)

Pick:INT; (* Commanded picking location row or column to be used
as array index to actual position *)

Place:INT; (* Commanded picking location row or column to be used
as array index to actual position *)

Up:LREAL; (* mm Position of the vertical axis when "UP."
MotionWorks IEC61131-3 Toolboxes: 2013-09-13 237



Font Gantry Toolbox: DataTypes

Alternate usage: ZPosition *)
Down:LREAL; (* mm Position of the vertical axis when "Down."
Alternate usage ZPosition *)
Velocity:LREAL; (* Velocity of the gantry workpiece *)
Accel:LREAL; (* Acceleration of the gantry workpiece *)
Decel:LREAL; (* Deceleration of the gantry workpiece *)
ZVelocityUp:LREAL; (* Velocity of the vertical axis *)
ZVelocityDown:LREAL; (* Velocity of the vertical axis *)
ZAccel:LREAL; (* Acceleration of the vertical axis *)
ZDecel:LREAL; (* Deceleration of the vertical axis *)

END_STRUCT;

END TYPE
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Data Type: PathDetails

For use with the PathGenerator Function Block

Data Type Declaration

PathDetails:STRUCT

SegmentType:INT; (* Indicates linear or arc, see TB_PatternType *)

XCoord:LREAL; (* If Linear segment, the absolute coordinate of the X axis relative to the start of the
path. *)

YCoord:LREAL; (* If Linear segment, the absolute coordinate of the Y axis relative to the start of the
path. *)

Radius:LREAL; (* If Arc segment, the radius of the arc in XY user units. *)

StartAngle:LREAL; (* If Arc segment, the starting angle on a unit circle, 0 degree = 3 O'Clock position *)
TraversedAngle:LREAL; (* If Arc segment, the traversed angle, where CW = negative, CCW = positive *)
Resolution:REAL;

OutputFlags:DWORD; (* Indicator that can be used to control outputs along the path motion *)
VectorPosition:LREAL; (* Calculated relative travel of the tool point for the current segment *)

END_STRUCT;
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Data Type: PathIDStruct

This datatype contains all information pertaining to a gantry system.

Data Type Declaration

TYPE

PathIDStruct:STRUCT

XAxisTable:UINT; (* The CamTablelD for the X axis *)
YAxisTable:UINT; (* The CamTablelD for the Y axis *)
PathLength:LREAL; (* The total length of the path motion of the

toolpoint, the distance the virtual master will

travel to complete the path. *)

END_STRUCT;

END TYPE
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Data Type: PathPairs

For use with the PathGenerator Function Block

Data Type Declaration

PathPairs: ARRAY[0..1024] OF UDINT; (* For use internally by the PathGenerator FB *)
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Data Type: PathPointArray

For use with the PathGenerator Function Block

Data Type Declaration

PathPointArray: ARRAY[0..100] OF PathDetails;
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Data Type: PathStruct

For use with the PathGenerator Function Block

Data Type Declaration
PathStruct: STRUCT (* Data structure used with the PathGenerator function block *)
Data:PathPointArray;

Segments:INT; (* Total datapoints specified in the path. If you need more than defined in the
PathPointArray, just increase *)

END_STRUCT;

PathStruct Example 1

Straight Line Path Example 10,10

0,0

PathDetsil:STRUCT
SegmentType : INT;
ECoord:LRELL;
YTCoord:LREAL:
Radius:LRELL:
Startingle:LEELL:
Traversedingle:LREAL;
Fesolution:RELL;
OutputFlags: DWORD;
MasterEnd:LEELL:;

END_STRUCT:

Gantry Datatypes

PathPointhArray: ARRAY[O,..100] OF PathDetail;

Path3truct: ITRUCT
Data:PathPointirray;
Segments: INT;

END_STRUCT;

[* ENUM Type for Pathletail's SegwentType #)
TE_PatternType:
[

na,

StraightLine,

Are

PathStruct Example 2

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Arc Path Example

00 10,0

PathDetail : STRUCT
Segment Type : INT:
XCoord:LREAL:
YCoord:LREAL;
Fadius:LRELL;
Srarthngle: LREAL;
Traversedingle:LREAL;
Resolution: REAL;
CucputFlags: DWORD:
MasterEnd:LREAL;
END_STRUCT:

PathPointArray: ARRAY[O..100] OF PathDetail;

Fath3truct: SITRUCT
Data:PathPointArray;
Segwents: INT:

END_STRUCT:

(* ENUM Type for PathDetail'= SegwentType *)
TE_PatternType:
(

na,

StraightLine,

Are

PathStruct Example 3

Complex Path Example

saalBap 6+

VectorPath Data[1] SegmentType =TB_PatternType#Straightline;
VectorPath Data[1] XCoord =LREAL#0 0; v Segment2

(1]

1
VectorPath Data[1].YCoord:=LREAL#10.0; Odegrees
VectorPath Data[1] OutputFlags =DWORD#1: ‘radmﬂ }

010 b 110
VectorPath Data[2] SegmentType =TB_PatternType#Arc;
VectorPath Data[2) Radius:=LREAL#0 5;
VectorPath Data[2] StartAngle:=LREAL#180.0;
VectorPath Data[2] TraversedAngle =LREAL#-180.0;
VectorPath Data[2] Resolution =REAL#0 05;
Segment 1 Segment3

VectorPath Data[3]. SegmentType:=TB_PatternType#Straightiine;
VectorPath Data[3] XCoord:=LREAL#1.0;
]
]

VectorPath Data[3] YCoord:=LREAL#0 0;
VectorPath Data[3] OutputFlags:=DWORD#2:

VectorPath Data[4] SegmentType =TB_PatternType#Arc;
VectorPath Data[4] Radius:=LREAL#0.5;
VectorPath Data[4] StartAngle =LREAL#0 0;

]

]

VectorPath Data[4] TraversedAngle =LREAL#-180.0; 0.0 10

VectorPath Data[4] Resolution=REAL#0.05;

Segment 4

VectorPath Segments = INT#4:
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Data Type: SegmentArray

For use with the PathGenerator and MovePath function blocks

Data Type Declaration

TYPE

SegmentArray: ARRAY[0..200] OF SegmentDetails;

END TYPE
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" Gantry Toolbox: DataTypes

Data Type: SegmentDetails

For use with the PathGenerator and MovePath function blocks

Data Type Declaration

TYPE

SegmentDetails: STRUCT

Segment: INT; (*  Current segment number being processed *)
OutputFlags: DWORD; (* The output flags DWORD corresponding to the segment *)
VectorDistance: LREAL; (* Master end point for the segment, the path travelled

up to the end of this segment *)
END_STRUCT;

END TYPE
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Gantry Toolbox: DataTypes

For use with the PathGenerator and MovePath function blocks

Data Type Declaration
TYPE
SegmentStruct: STRUCT
Segment: SegmentArray;
LastSegment: INT;
END_STRUCT;

END TYPE
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Gantry Toolbox: DataTypes

Data Type: WPos

Supporting structure for GantryPositions.

Data Type Declaration
TYPE
WPos: ARRAY [0..11] OF LREAL; (* Array for grid coordinate positions *)

END TYPE
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Gantry Toolbox: DataTypes

Data Type: XPos

Supporting structure for GantryPositions.

Data Type Declaration

TYPE

XPos: ARRAY [0..11] OF LREAL; (* Array for grid coordinate positions *)

END TYPE
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Data Type: YPos

Supporting structure for GantryPositions.

Data Type Declaration
TYPE

YPos: ARRAY [0..11] OF LREAL; (* Array for grid coordinate positions *)

END TYPE

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

% YASKAWA

250



% YASKAWA

Gantry Toolbox: DataTypes

Data Type: ZPos

Supporting structure for GantryPositions.

Data Type Declaration

TYPE

ZPos: ARRAY [0..11] OF LREAL; (* Array for grid coordinate positions *)

END TYPE
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Enumerated Types

Enumerated Type: TB_PatternType

ENUM Type for PathDetails' SegmentType

Data Type Declaration
TB_PatternType:
(
na, (* INT#0 - Not a valid PatternType *)
StraightLine, (* INT#1 - Straight Line *)

Arc (* INT#2 - Arc *)

)i
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Gantry Toolbox: DataTypes
Enumerated Type: TB_PatternType

ENUM Type for PathDetails' SegmentType

Data Type Declaration
TB_PatternType:
(
na, (* INT#0 - Not a valid PatternType *)
StraightLine, (* INT#1 - Straight Line *)

Arc (* INT#2 - Arc*)

)i
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Function Blocks

Calculate_Angles

-

Calculate_angles

+— Enable 4 alid
+— ArcDefinitiontods Errar
+— ¥l ErroriD
— ¥l Startangle
— 2 Traversedangle
— Y2

| XC

— YT

+— Radius

+— Direction

| S S G G
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This function block uses either a) two co-ordinates and center point of an arc or b) two co-ordinates and radius

of an arc to calculate start and traversed angles required for PathStruct data type in the PathGenerator function

block
Parameters
£ Parameter Data Type
VAR_INPUT
B Enable BOOL

B ArcDefinitionMode INT

B X1 LREAL
B Y1 LREAL
B X2 LREAL
B Y2 LREAL
B XC LREAL
B YC LREAL

Description

The function will continue to execute while
enable is held high.

Data entry mode the user wants to use. 0:
Two coordinates + Center coordinate of arc,
1: Two coordinates + radius of arc

X coordinate of the first coordinate
Y coordinate of the first coordinate
X coordinate of the second coordinate
Y coordinate of the second coordinate
X coordinate of the center coordinate

Y coordinate of the center coordinate

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

Default

FALSE

0.0
0.0
0.0
0.0
0.0
0.0
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B Radius LREAL

B Direction MC Direction

VAR_OUTPUT

B Valid BOOL

B Error BOOL

B ErrorID UINT

B StartAngle LREAL

B TraversedAngle LREAL
Notes

Radius of arc 0.0

0: clockwise, 1: counter clockwise 0

Indicates that the outputs of the function are valid.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute’ or
'Enable' goes low.

If Error is true, this output provides the Error ID. This
output is reset when 'Execute’ or 'Enable' goes low.

Angle subtended by a line drawn from the arc center to
the start point of the arc with the positive X axis on an XY
plane

Angle traversed by the arc generated

e See Yaskawa's Youtube channel for more info, details, and examples.

Error Description

ErrorID Meaning
0 No error
10130 The center to co-ordinate distance for the two input co-ordinates are not the same
10131 Zero radius is invalid
10132 Only modes 0 (center + 2 co-ordinates) and 1 (radius + 2 coordinates) are supported
10133 The coordinates of the two data points are the same
10140 Must be greater than zero and less than 20
Example

The Calculate_Angles function block is used to calculate Start and Traversed angles which can be used by the
PathStruct structure to create a path in the PathGenerator function block. The two modes of data entry for an
arc are a) two co-ordinates and center point of an arc or b) two co-ordinates and radius as shown below.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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X1Y

XC.Y X2,Y2

X2,Y2

The two modes of data entry are shown in detail below. Mode 0: 2 coordinates + center coordinate, Mode 1: 2
coordinates + radius. If the user plans to use Mode 1, the sign of the radius is important. this is illustrated in
the figure below. The two arcs (red and blue) have the same start and end coordinates and they have the same
radii. A negative radius would give rise to an obtuse arc (shown as red) and the start angle and traversed angle
are 270 and -270 respectively. If a positive radius is specified, an acute arc (shown in blue) is generated. The
start angle and traversed angle for the acute arc are 180 and -90 respectively.

MODE 0 MODE 1
X1,Y1 X1.¥1

X2,Y2

XC,YC X2.Y2 Radius

End Point

MODE1

Center + Radius
Point - Radius

CW=0 CCW=1

Application example
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Step1l: Using Calculate_Angles to calculate start and traverse angles for the flower path shown below

Calculate_Angles_1{Execute:=TRUE, ArcDefinitionMode := INT#1, X1:=LREAL#-1.0 X2:=LREAL#0.0,Y1:=LREAL#0.0,Y2:=LREAL#1.0,Radius:=LREAL#-1.0, Direction:=F ALSE);

Calculate_Angles_2{Execute:=TRUE, ArcDefinitionMode = INT#1,X1:=LREAL#0.0, X2:=LREAL#1.0,Y1:=LREAL#1.0,Y2:=L REAL#0.0,Radius:=L REAL#-1.0 Direction:=FALSE);

Calculate_Angles_3(Execute:=TRUE, ArcDefinitionMode ;= INT#1,X1:=LREAL#1.0, X2:=L REAL#0.0,Y1:=LREAL#0.0,Y2:=LREAL#-1.0,Radius:=LREAL#-1.0,Direction:=F ALSE);

Calculate_Angles_4{Execute:=TRUE, ArcDefinitionMode -=INT#1 X1:=L REA

Step 2: Use PathGenerator to create the path and Move Path to implement XY motion

% YASKAWA

EAL#-1.0,Direction-=FALSE);

FlowerPath.Data[1].SegmentType :=TB_PatternType#Arc;
FlowerPath.Data[1].Radius:=LREAL#1.0;

FlowerPath.Data[1].StartAngle :=Calculate_Angles_1.StartAngle;
FlowerPath.Data[1]. TraversedAngle:=Calculate_Angles_1.TraversedAngle;
FlowerPath.Data[1].Resolution:=REAL#0.05;

Calculate_Angles_1{Execute:=TRUE ArcDefinitionMode := INT#1, X1:=LREAL#-1.0,X2:=L REAL#0.0,Y1:=LREAL#0.0,Y2:=L REAL#1.0 Radius:=LREAL#-1.0,Direction:=F ALSE);

PathGenerator_2

16#00000000

Step 3: Validation using logic analyzer
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Virtual Axis Position
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Gantry_Home

& ¢ 4 & 4}

ErrorID

This function block will move all gantry axes in search of home by first seeking one of the limit switches, and
then searching in the other direction for the C channel or index pulse. This block uses the Home LS Pulse
function block from the PLCopen Toolbox. If configured, the Z axis will search for home first, then the X and Y
axes will search simultaneously. This sequence was designed to prevent mechanical interferences with objects
in the work coordinate system during the homing process.

Parameters
£ Parameter Data Type Description
VAR_IN_OUT
\ Gantry GantryStruct Contains all information pertaining to a gantry system.
VAR_INPUT Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

B Execute BOOL . . FALSE
To modify an input, change the value and re-

trigger the execute input.
VAR_OUTPUT

Set high when the commanded action has been completed
successfully. If another block takes control before the

B Done BOOL . . .
action is completed, the Done output will not be set. This

output is reset when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’
B Busy BOOL input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command
B CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior
as the Done output.
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Set high if error has occurred during the execution of the

Error BOOL function block. This output is cleared when 'Execute’ or
'Enable' goes low.
If Error is true, this output provides the Error ID. This
ErrorID UINT

output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID

0
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Meaning
No error
Time limit exceeded
Distance limit exceeded
Torque limit exceeded

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified
A homing sequence is already in progress.
MC_SetPosition can not be executed while the axis is moving.

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

When the axis is in rotary mode, and the MC_SetPosition tries to set a position that is equal
to or greater than the MachineCycle, this error is generated, and the position is not set.

Axis must be commanded at standstill when homing is attempted.
Position cannot be defined while the axis is the cam master of other axes.
The function block cannot be used with a virtual axis.

Axis latch function already in use.

Over travel limit still ON after attempting to move away from it.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Mode does not correspond to a valid enumeration value.
Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.

Jerk is less than or equal to zero.

The specified external axis may not be used. A physical axis is required.
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10037 Offset cannot be in the same direction as the original motion into the limit switch.

The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “"Object

Properties” to determine which parameters are ANY type.

An internal assertion in the motion kernel failed indicating the controller is not in a stable

state. Please report this error to Yaskawa America Incorporated.
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Gantry_Power

This function block will enable or disable all axes configured as part of a gantry system. This block uses the
AxisControl function block from the PLCopen Toolbox. If the gantry is configured with dual motors on the same
physical axis, then the secondary or prime axes are geared to the other axis in the same physical motion plane.

Parameters
& Parameter Data Type Description
\% Gantry GantryStruct Contains all information pertaining to a gantry system.

The function will continue to execute while

B Enable BOOL FALSE
enable is held high.

This input will clear any axis specific

\% ClearAlarm BOOL FALSE
alarms on the Gantry axes

\% XAXisErrorID UINT ErrorID on the X axis
V YAXisErrorID UINT ErrorID on the Y axis

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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\ ZAXisErrorID UINT ErrorID on the Z axis

TRUE if the drive is enabled. This output is derived from

B Status BOOL the Status output of MC_Power.
Set high if error has occurred during the execution of the

B Error BOOL function block. This output is cleared when 'Execute' or
'Enable’ goes low.

Vv XPAXxisErrorID UINT ErrorID on the X' axis

Vv XPControlAlarmID UINT Controller ErrorID caused by the X' axis

Vv YPAXisErrorID UINT ErrorID on the Y' axis

Y YPControlAlarmID UINT Controller ErrorID caused by the Y' axis

Vv ZPAXisErrorID UINT ErrorID on the Z' axis

Vv ZPControlAlarmID UINT Controller ErrorID caused by the Z' axis

Error Description

This function block uses the AxisControl function block from the PLCopen Toolbox. Refer to the Error IDs from

the Axis Control function block

ErrorID

Meaning
No error

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The servo drive failed to enable or disable. Check the amplifier wiring for L1 / L2 / L3
The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

The L1 / L2 / L3 power inputs on the drive may not be supplied with power, possibly due to
an E-Stop condition.

The Safety input (HHB) is preventing the drive from enabling.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.

The specified external axis may not be used. A physical axis is required.
The specified virtual axis may not be used with this function block.
Sending clear alarms command to servo drive failed.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “"Object
Properties” to determine which parameters are ANY type.

An internal assertion in the motion kernel failed indicating the controller is not in a stable
state. Please report this error to Yaskawa America Incorporated.
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Gantry_Return_Home

Busy

CommandAborted

Error

SR S

ErroriD

This function block will move all gantry axes back to the home position as defined by the home positions in the
GantryStruct. If configured, the Z axis will move to home first, then the X and Y axes will move together. This
sequence was designed to prevent mechanical interferences with objects in the work coordinate system during
the homing process. This block uses the MC_MoveAbsolute function block from the PLCopenPlus firmware
library. Itis assumed that the home location has been previously determined either by using the Gantry Home
function block or because the system uses absolute encoders that have been calibrated to the physical machine.

Parameters
£ Parameter Data Type
VAR_IN_OUT
\ Gantry GantryStruct
VAR_INPUT
B Execute BOOL
VAR_OUTPUT
B Done BOOL
B Busy BOOL

B CommandAborted BOOL

Description

Contains all information pertaining to a gantry system.
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

. . FALSE
To modify an input, change the value and re-

trigger the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the
action is completed, the Done output will not be set. This
output is reset when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable’
input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command
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or MC_Stop. This output is cleared with the same behavior
as the Done output.

Set high if error has occurred during the execution of the

Error BOOL function block. This output is cleared when 'Execute’ or
'Enable' goes low.
If Error is true, this output provides the Error ID. This
ErrorID UINT

output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.

Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.

Jerk is less than or equal to zero.

The specified external axis may not be used. A physical axis is required.
Interpolation calculation error.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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Busy
CommandAborted

Error

IR

ErrorID
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This function block will execute the MC_Stop block for all axes configured as part of a gantry system.

Parameters
* Parameter
VAR_IN_OUT
V Gantry
VAR_INPUT
B Execute
VAR_OUTPUT
B Done
B Busy
B CommandAborted
B Error
B ErrorID

Data Type

GantryStruct

BOOL

BOOL

BOOL

BOOL

BOOL

UINT

Description

Contains all information pertaining to a gantry system.
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

. . FALSE
To modify an input, change the value and re-

trigger the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the
action is completed, the Done output will not be set. This
output is reset when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable'
input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command
or MC_Stop. This output is cleared with the same behavior
as the Done output.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute’ or
'Enable' goes low.

If Error is true, this output provides the Error ID. This
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output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID
0

Meaning

No error

The move could not be started because motion is prohibited. The drive may not be enabled.

MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Deceleration is less than or equal to zero.
The specified external axis may not be used. A physical axis is required.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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GotoXY
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This function block will perform an absolute move the X and Y axes to a specific location within the gantry

coordinate system. The absolute X and Y positions must be specified in GantryStruct before executing this

function block. This block calculates the required acceleration, deceleration and velocity for each axis and then

executes an MC_MoveAbsolute function block simultaneously for each to create straight line motion at the tool

point, however this is not considered an interpolated motion. If configured, no motion on the Z axis will occur.

Parameters
£ Parameter Data Type
VAR_IN_OUT
\ Gantry GantryStruct
VAR_INPUT
B Execute BOOL
VAR_OUTPUT
B Done BOOL
B Busy BOOL

B CommandAborted BOOL

Description

Contains all information pertaining to a gantry system.
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

. . FALSE
To modify an input, change the value and re-

trigger the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the
action is completed, the Done output will not be set. This
output is reset when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable’
input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command
or MC_Stop. This output is cleared with the same behavior
as the Done output.
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Set high if error has occurred during the execution of the

Error BOOL function block. This output is cleared when 'Execute’ or
'Enable' goes low.
If Error is true, this output provides the Error ID. This
ErrorID UINT

output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.

Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.

Jerk is less than or equal to zero.

The specified external axis may not be used. A physical axis is required.
Interpolation calculation error.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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This function block will perform an absolute move the X, Y, and Z axes to a specific location within the gantry

coordinate system. The absolute positions must be specified in GantryStruct before executing this function

block. This block calculates the required acceleration, deceleration and velocity for each axis and then executes

an MC_MoveAbsolute function block simultaneously for each to create straight line motion at the tool point,

however this is not considered an interpolated motion.

Parameters
£ Parameter Data Type
VAR_IN_OUT
\ Gantry GantryStruct
VAR_INPUT
B Execute BOOL
VAR_OUTPUT
B Done BOOL
B Busy BOOL

B CommandAborted BOOL

Description

Contains all information pertaining to a gantry system.
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

. . FALSE
To modify an input, change the value and re-

trigger the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the
action is completed, the Done output will not be set. This
output is reset when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’
input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command
or MC_Stop. This output is cleared with the same behavior

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

270



o ‘
7%, ¥ YASKAWA
/]
= Gantry Toolbox: Function Blocks
as the Done output.
Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute’ or
'Enable’ goes low.

If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID Meaning
0 No error
4569 The move could not be buffered because the axis motion queue is full. 16 moves is the
- maximum which can be buffered.
The move could not be started because motion is prohibited. The drive may not be enabled.
4370 MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.
4378 The function block is not applicable for the external axis specified
4381 Motion aborted due to axis alarm. It is also possible that a software limit has been
- exceeded.
Axis ID does not correspond to an axis configured on the system. Verify the value of
4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.
4641 Buffer mode does not correspond to a valid enumeration value.
4642 Direction does not correspond to a valid enumeration value.
4658 Velocity parameter is less than or equal to zero.
4659 Acceleration is less than or equal to zero.
4660 Deceleration is less than or equal to zero.
4667 Jerk is less than or equal to zero.
4893 The specified external axis may not be used. A physical axis is required.
10034 Interpolation calculation error.
The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “"Object

Properties” to determine which parameters are ANY type.
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GripperControl

This function block can operate a simple gripper device if the actuator can be controlled via a digital output. It

will activate an output while waiting for confirmation that a corresponding input has changed state to indicate

that the gripper has successfully opened or closed.

Parameters
& Parameter Data Type
VAR_IN_OUT
\Y Gantry GantryStruct
VAR_INPUT
B Execute BOOL
B Open BOOL
B Close BOOL
VAR_OUTPUT
B Done BOOL
B Busy BOOL
B Error BOOL

Description

Contains all information pertaining to a gantry system.
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated. To s
modify an input, change the value and re-trigger

the execute input.
Command to open the gripper

Command to close the gripper

Set high when the commanded action has been completed
successfully. If another block takes control before the action is
completed, the Done output will not be set. This output is reset
when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’ input,
and reset if Done, CommandAborted, or Error is true.
Set high if error has occurred during the execution of the

function block. This output is cleared when 'Execute' or 'Enable’
goes low.
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Error Description

ErrorID

Meaning
0 No error
10035 Gripper Close Error (Timeout)
10036

Gripper Open Error (Timeout)
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Interpolator
" Interpolator
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This function block calculates the required acceleration, deceleration, and velocity for both X and Y axes so that

straight line motion can occur between any two points in the XY (two dimensional) coordinate system. This

function block is used by the GotoXY function block.

Parameters
& Parameter Data Type
VAR_IN_OUT
\Y Gantry GantryStruct
VAR_INPUT
B Execute BOOL
VAR_OUTPUT
B Done BOOL
B Busy BOOL
\Y Vx LREAL

Description

Contains all information pertaining to a gantry system.
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated. To s
modify an input, change the value and re-trigger

the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the action is
completed, the Done output will not be set. This output is reset
when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable' input,
and reset if Done, CommandAborted, or Error is true.

X axis component of gantry velocity
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Vv Vy LREAL Y axis component of gantry velocity

V ACCx LREAL X axis component of gantry acceleration

V ACCy LREAL Y axis component of gantry acceleration

\Y DECx LREAL X axis component of gantry deceleration

\Y DECy LREAL Y axis component of gantry deceleration
Set high if error has occurred during the execution of the

\Y Error BOOL function block. This output is cleared when 'Execute’ or 'Enable’
goes low.

Error Description
ErrorID Meaning
0 No error
10034 Interpolation calculation error.
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Interpolator3D

i Intérpl:ulab:urED h
— Ganfry —  Gantry

+— Execute Done
+— Absolute Buisy

M

WYy

Me
ACCH
DECx
ACCY
DECy
ACCZ

DECz

S S O O L O L O

Error

This function block calculates the required acceleration, deceleration, and velocity for X, Y and Z axes so that
straight line motion can occur between any two points in three dimensional space within the gantry coordinate
system. This function block is used by the GotoXYZ function block.

Parameters
£ Parameter Data Type Description
VAR_IN_OUT
\ Gantry GantryStruct Contains all information pertaining to a gantry system.
VAR_INPUT Default

Upon the rising edge, all other function block
inputs are read and the function is initiated. To

B Execute BOOL _ _ ) FALSE
modify an input, change the value and re-trigger

the execute input.
VAR_OUTPUT

Set high when the commanded action has been completed
B Done BOOL L
successfully. If another block takes control before the action is
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vy)

Busy

Vx
vy
Vz
ACCx
DECx
ACCy
DECy
ACCz

< < < < < < < < <

DECz

\ Error

BOOL

LREAL
LREAL
LREAL
LREAL
LREAL
LREAL
LREAL
LREAL
LREAL

BOOL

Error Description

ErrorID

% YASKAWA

completed, the Done output will not be set. This output is reset
when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’ input,
and reset if Done, CommandAborted, or Error is true.

X axis component of gantry velocity
Y axis component of gantry velocity
Z axis component of gantry velocity
X axis component of gantry acceleration
X axis component of gantry deceleration
Y axis component of gantry acceleration
Y axis component of gantry deceleration
Z axis component of gantry acceleration
Z axis component of gantry deceleration

Set high if error has occurred during the execution of the

function block. This output is cleared when 'Execute' or 'Enable
goes low.

Meaning
No error

Interpolation calculation error.
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Move_Path
4 Move Path

o— Gantry Gant

+— SegmentData — SegmentDa

o— Execute Done

o— PathID Busy

o— Velocity CommandAborted

*— Acceleration Error

o— Deceleration ErrorlD

o— Jerk ActiveSegment
OutputFlags

Gantry Toolbox: Function Blocks
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Based on the axes specified in the GantryStruct, this function block can move X,Y,Z and Tangent axes according

to a path profile generated by the PathGenerator and specified in the PathStruct structure. This function block

typically uses the output from the PathGenerator to operate. Inputs and outputs can be monitored and

controller along the path.

Parameters
* Parameter
VAR_IN_OUT
\Y Gantry
Y SegmentData
VAR_INPUT
B Execute

Data Type

GantryStruct

SegmentStruct

BOOL

Description

Contains all information pertaining to a gantry system.
Structure of data that contains the segment number,
output code, and tool path endpoint for each segment in
the motion path.

Default

Upon the rising edge, all other function s
block inputs are read and the function is
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Y PathID

B Velocity

B Acceleration
B Deceleration
5 Jerk
VAR_OUTPUT

B Done

B Busy

B CommandAborted

B Error

E ErrorID

\ ActiveSegment

Y OutputFlags

Notes

PathIDStruct

LREAL

LREAL

LREAL

LREAL

BOOL

BOOL

BOOL

BOOL

UINT

INT

DWORD

% YASKAWA

initiated. To modify an input, change

the value and re-trigger the execute

input.

Structure containing data to be shared

between PathGenerator and MovePath n/a
functions.

Absolute value of the velocity in user
, LREAL#0.0
units/second

Value of the acceleration in user
units/second”2 (acceleration is

) . . LREAL#0.0
applicable with same sign of torque and

velocity)

Value of the deceleration in user
units/second”2 (deceleration is

. . . . LREAL#0.0
applicable with opposite signs of torque

and velocity)

Not supported,; reserved for future use.
Value of the jerk in [user units / LREAL#0.0
second”3].

Set high when the commanded action has been
completed successfully. If another block takes control
before the action is completed, the Done output will not
be set. This output is reset when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable’
input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion
command or MC_Stop. This output is cleared with the
same behavior as the Done output.

Set high if error has occurred during the execution of
the function block. This output is cleared when 'Execute’
or 'Enable' goes low.

If Error is true, this output provides the Error ID. This
output is reset when 'Execute' or 'Enable' goes low.

Indicates the active segment as the tool point moves
along the path.

Code which can be used to set up to 32 different
outputs at various points along the motion path.

e The motion path described is absolute relative from the start point of the move. The axes can be

moved using other motion blocks prior to executing Move Path to account for offsets.
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Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified
MC_SetPosition can not be executed while the axis is moving.

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

When the axis is in rotary mode, and the MC_SetPosition tries to set a position that is equal
to or greater than the MachineCycle, this error is generated, and the position is not set.

Position cannot be defined while the axis is the cam master of other axes.

More than 10 Y_CamlIn, Y_CamOut, or MC_GearInPos function blocks for a given axis are
active at the same time. Most likely the application program is not coded correctly, and the
Execute input is being fired too frequently.

Window parameters are outside of the cams Machine Cycle. (0 to Prm1502, the last master
position in the active cam table.)

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

The master slave relationship is defined. A slave cannot be a master to another axis.

Table size results in misaligned data. Refer to the help section “Internally Created Cam
Data.” A cam table will have a multiple of 16 bytes if created correctly.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Start mode does not correspond to a valid enumeration value.
Mode does not correspond to a valid enumeration value.
Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.

Jerk is less than or equal to zero.

Engage position is outside the cam table domain.

Engage window is less than zero.

CamTableID does not refer to a valid cam table.

The slave axis can not be the same as the master axis.
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The specified external axis may not be used. A physical axis is required.

The axes got out of sync during the path motion. All Cam Slaves InSync output must be on
or off at the same time, or this ErrorID is generated.

57617 Instance object is NULL.

The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “"Object

Properties” to determine which parameters are ANY type.

57874 Argument data is NULL. The EngageData input must be connected.

Example

Uses the profile described by the PathStruct data type and commands motion to the X, Y axes using a virtual
axis as the master. This is shown in the figure below.

—

¥ Axis Gam Table

Y Axis Cam Table

#hop
16#00000000

Consider the following contour:
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saaufap oa+

VectorPath Data

[1] SegmentType =TB_PatternType#Siraightiine;
VectorPath Data[1

[

1

XCoord :LREALFDD, Y Segment 2

YCoord:=LREAL#1 E'D Odegrees
CutputFlags =DWORD#T, ( radits ‘
010 ® 1,10

VectorPath Data[2] SegmentType =TB_PatternType#Arc; I
VectorPath Data[Z] Radius: =LREAL#0 5;
VectorPath Data[Z] StartAngle =LREAL#180.0;

]

]

VectorPath Data
VectorPath Data

(g S o

VectorPath Data[Z] TraversedAngle =LREAL#-180.0;
VectorPath Data[2] Resolution: =REAL#0 05;

Segment 1 Segment3
VectorPath Data[3] SegmentType =TB_PatternType#Straightiine;
VectorPath Data[3] XCoord :=LREAL#1.0;
VectorPath Data[3] YCoord =LREAL#0 0;
VectorPath Data[3] QutputFlags=DWORD#2;

VectorPath Data[4] SegmentType: =TB_PatternType#Arc:
VectorPath Data[4] Radius =LREAL#0 5;

|
VectorPath Data[4] StartAngle =LREAL#0 0: 00 y
VectorPath Data[4] TraversedAngle: =LREAL#-180.0; ' 1.0 X
VectorPath Data[4] Resolution =REAL#0 05;

Segment 4

VectorPath Segments = INT#4:

The MovePath function block uses SegmentData and PathID from the PathGenerator function block and executes
moves on the X and Y axes. If a profile is made up of multiple segments (4 in the example below), the active
segment output indicates which segment is being run. Output flags can be set from this function block to turn
outputs on. this can be useful for applications like cutting, scoring or glue dispensing where digital outputs can
be used to fire end effectors.

Semant 1 PO—

Move_Path_S

Gantry

| From Path Generator > Segletal ' 06 o
PEn

I_From Path Generator PathID
Masteryelocity

Segmentd

16400000000
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The logic analyzer plot of independent axis parameters from the above profile is given below. It can be seen that

the outputs flags are set during segments 1 and 3. (defined in PathStruct)

NE Virtual Axis Position (1015) —— —
103 _'_'___,_,__o—'—'—'_'_d_—‘_’_'_'_‘_
53  mmmemusemneeee e
L T
Tir]
02
:9: ¥ Axis Position (1015)
+
02
e
e I e
:_. ¥ Axis Position (1015) o T
B - S—
Virtual Axis Velocity (1011)
g

X Axis Velocity (1011)

Y Axis Velocity (1011) \

0 oo o 3l g

oo

Output Flags (DWORD) ‘

The actual profile plotted by the XY system is shown below

4"‘.!
3
TOPVIEW

8

[

4

N
L |
Start

T G T T T 1
-1 0y 1 2 3 4 6

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

283



e
Gantry Toolbox: Function Blocks
Code Example 2

Consider the following circular profile

(* Circular patht®)

Radius 0.5

L]

CircularPath.Data[1] .SeqwentType:=TE_PatternTypeffirc;
0.5000 [CircularPath.Data[1] .Radius:=LRELL#D.5;I

% YASKAWA

180.0000 [CircularPath.Data[l] .Startingle:=LREAL#180.0;
=360.0000 [CircularPath.Data[1] . Traversedingle:=LREAL#-360.0;
0.0500 [CireularPath.Data[l] .Resolution:=RELL#0.05;

[

CircularPath.Segments := INTH1;

PathGenerator_2 Maove_Path_S

CiraularPath iraularPath Gantry

SegDetails SegDetails =3 Segletais

SpDn GO PN

1
i
UDIMNT #2880 Bz 3 PathiD
GET Mastervelocity
10,0000
Master Accel
100.0000
Master Accel
100.0000

GErID

thiD

16#00000000

The logic analyzer traces from individual axes while Move_Path was busy is shown in the plot below

R

Virtual Axis position (Master)

W A

E

X Axis Position il gy

WPeaibon- Failakl0 W VanaPos - FantTaki

s 2B 2B =
i TR TR TR P

& & om
TN AR A O 1Y

Y Axis Position S o > S

e e SO

s
1
f,‘

Virtual Axis Velocity sl ~—

-

Lofu
it
g

e e Vo
P 2y
e -

- -

iVl - FaniTeh 80 T YPosiion: FastTei I
&

= S
' o

X Axis Velocity

B

E ,//—’_"'—1—"""—-.

of———0

=1 Y Axis Velocity

ok

e FaslTad
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The actual profile plotted by the XY system is:

[* Circular path®)

z|CircularPach.Data[1) .Segment Type:=TE_PatternTypefirc:
0.5000 CircularPath. Data[1) .Radius: =LREAL#O. S:I
180.0000 CircularPath.Data[1) .Scarcinyle :=LREALF180.0;
=360.0000 CircularPach. bata[ 1) . Traversedingle:=LEEAL#=-360.0;
0.0500 CircularPach.bata[l] . Resolution: =REALHO.05:

-

ircularPath.Segments = INTH1:

o=}

SET Tee

i
TOPVIEW
f-2
Start
T f T T T T 1
.2 \End 0.2 04 0.6 0.8 1.2

i
9
=]

Application Example

Step1l: Using Calculate_Angles FB to calculate the Start and Traverse angles for the flower path shown below.

Calculate_Angles_1{Execute:=TRUE, ArcDefinitionMode := INT#1, X1:=LREAL#-1.0, X2:=LREAL#0.0,Y1:=LREAL#0.0,Y2:=LREAL#1.0,Radius:=LREAL#-1.0,Direction:=F ALSE);
Calculate_Angles_2{Execute:=TRUE, ArcDefinitionMode = INT#1,X1:=LREAL#0.0, X2:=LREAL#1.0,Y1:=LREAL#1.0,Y2:=L REAL#0.0,Radius:=L REAL#-1.0 Direction:=FALSE);

Calculate_Angles_3(Execute:=TRUE, ArcDefinitionMode := INT#1.X1:=LREAL#1.0,X2:=L REAL#0.0,Y1:=LREAL#0.0,Y2:=L REAL#-1.0,Radius:=LREAL#-1.0, Direction:=F ALSE);

Step 2: Use the PathGenerator FB to create the path and the Move_Path FB to implement XY motion.
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FlowerPath.Data[1].SegmentType :=TE_PatternTypesArc:

FlowerPath.Data[1].Radius:=LREAL#1.0;

Calculate_Angles_1{Execute:=TRUE ArcDefinitionMode := INT#1, X1:=LREAL#-1.0,X2:=L REAL#0.0,Y1:=LREAL#0.0,Y2:=L REAL#1.0 Radius:=LREAL#-1.0,Direction:=F ALSE);
FlowerPath Data[1].5tartAngle :=Calculate_Angles_1.StartAngle;

FlowerPath.Data[1]. TraversedAngle:=Calculate_Angles_1.TraversedAngle;

FlowerPath.Data[1].Resolution:=REAL#0.05;

PathGeneator_2

Move_Path_5

16#00000000

Step 3: Validation using logic analyzer.

Virtual Axis Position

"rl?lr‘r'?'

X Axis Position

e

] Y Axis Position \ e /_

Virtual Axis Velocity

‘?T‘r‘li‘"T‘?

"W Vareavel - Fatlik il vPeamon - Faatlshil o iPeaiion - Faallak il W VaksalPos - Faatl ski0

| .‘r.T.‘.".?.ﬁ'

X Axis Velocity

1
|

=

v

Y Axis Velocity

a

M el - Faailukil
.

1t i 0 i %0 i 400 i 5o ) oo i 7o ) o ) 50 ) 160

Step 4: Result on XY system.
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L.: y
{ 1 TOP View }

&5
Start
-3 =, -1End 1 & 'y 3
/ =05 \

\ y )
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PathGenerator

[ PathGenerator
+— Path Pat
+— SegmentData— SegmentDa
+— Execute Done
+— TableSize Busy

This function block pre processes path data to provide coordinated motion using the Move Path function block.

ErrorID

Error

PathID

Support for X, XPrime, Y, Z, Theta, and a Tangent axis are provided.

Parameters
& Parameter
VAR_IN_OUT
\Y Path
\ SegmentData
VAR_INPUT
B Execute
Y TableSize

Data Type

PathStruct

SegmentStruct

BOOL

UDINT

Description

Structure of data that describes a motion path containing
straight lines and arc segments.

Structure of data that contains the segment number, output
code, and tool path endpoint for each segment in the motion
path.

Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

. . FALSE
To modify an input, change the value and re-

trigger the execute input.

This value must be the same as the definition
of the ARRAY size of the MS_Array_Type in
the MotionInfo DataTypes folder of either the

UDINT#0

PLCopen or DataTypes Toolbox.
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VAR_OUTPUT

B Done

B Busy

B Error

B ErrorID

Vv PathID
Notes

BOOL

BOOL

BOOL

UINT

PathIDStruct

Set high when the commanded action has been completed
successfully. If another block takes control before the action
is completed, the Done output will not be set. This output is
reset when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’
input, and reset if Done, CommandAborted, or Error is true.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute' or
'Enable' goes low.

If Error is true, this output provides the Error ID. This output
is reset when 'Execute’ or 'Enable' goes low.

For use by the Move Path function block.

This function converts user defined straight line, arc segment, input and output data into cam files which

produce coordinated motion. The cam files are loaded into the motion engine ready for use.

The inputs to the PathGenerator are shown below:

1
UDIMT #2830

WectorPath

SegDetails

Spln

PathGenerator_2

WVectorPath
SegDetals

GENID

PathDetail JBTRUCT
“egment Type:
XCoord:LREAL;
¥Coord:LREAL;
Fadius:LEELL;
Startlingle:LRELL:
TraversedAingle:LREAL;
Fesolution:EELL;
outputFlags: DWORD;
MasterEnd:LREAL;

END_STRUCT;

PathFPointhrrayd ARERAY[O..100] OF PathDetail:

STRUCT
Data:PathPointirray:

Segments: INT:
END_STRUCT;

[¥ ENUM Type for PathDetail's SegumentType  *)
TE_PatternType:
[

na,

StraightLine,

Lre

The outputs from the PathGenerator are shown below:
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egment

To
| 16400000000
- | 0.0000000
8 1
PathiGenerator_2 11
| 16400000001
WectorPath WectorPath - | 10.0000000
=
Seghetais Segbetals ——————> T 12
16800000000
i - T VedoDatnce | 115707353
UDINT #2320 Bz 23 ]
= ~ DulpufFlags | 1600000002
GEMD . VecloDislance | 215707363
= 1
thiD _~ Segment 4
~ Dulpuiflags | 16400000000
VectoDistance | 231415827

wbizT able 1

iz able 2
- PathLength 231416
- Position 0.0000

e See Yaskawa's Youtube channel for more info, details, and examples.

Error Description

ErrorID Meaning

0 No error

10038 CambData.LastSegment must be greater than 0 and less than 400, or whatever value has
been declared as the ARRAY size in the CTB_Types file.

10053 DataPoint Error
One of the segments in the path has an invalid Segment Type.

10054 Path.Data[Segment].SegmentType must be coded as either being a line (INT#1) or an arc
(INT#2).
The absolute sum of the motion for all axes relative travel from the previous segment

10055 cannot be zero. One axis must always be in motion from segment to segment, otherwise
the virtual master distance cannot be calculated.

10056 Arc Error

10057 Point Error

10058 The start angle must be a value from 0.0 to 360.0 degrees

Usage Example

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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PathGenerator_2

S feC torPath WectorPath

SegDetails Seghe tails
Splr G0N
1
UDIMNT #2880 Bz

GErr

GEHID

Lighin}

PathStruct Example 1

Straight Line Path Example

Gantry Datatypes

% YASKAWA

Y Axis Cam Table

HiHH 1

X Axis Cam Table i

pifi

10,10

0.0

PathDetail:STRUCT
SegmentType: INT:
HCoord:LRELL:
TCoord:LRELL:;
Radius:LRELL;
Startingle:LREAL;
Traversedingle:LRELL:
Fesolution:RELL:
CoutputFlags:DWORD;
MasterEnd:LEELL;

END_STRUCT;

PathPointhrray: ARRAY[O..100] OF PathDetail:

Pathitructc: 3TRUCT
Data:PathPointArray;
Segments: INT:

END_STRUCT:

[* ENUM Type for Pathletzail's SeguwentcType *)
TE_PatternType:
[

na,

AtraightLine,

Arc
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PathStruct Example 2

Arc Path Example

0,0 10,0

FathDetail :3TRUCT
SegqmentType: INT;
XCoord:LRELL:
YCoord:LREAL:
Radius:LREAL;
Starthingle: LREAL;
Traversedingle:LRELL;
Resolution: REAL:
CoutpucF lags: DWORD
MascerEnd: LRELL;
END_STRUCT:

PacthPointlArray: ARRAY[O..100] ©OF Pathbetail:

FPath3truct: ITRUCT
Data:PathPointhrray;
Segwents: INT;

END_STRUCT:

(* ENUM Type for PathDetail's SegmentType ¥
TB_PatternType:
{

na,

StraightLine,

Are

PathStruct Example 3
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Complex Path Example

saalbap o+

VectorPath Data[1] SegmentType =TB_PattemType#Straightline;
VectorPath Data[1] XCoord =LREAL#0 0; v Segment2

VectorPath Data[1] YCoord =LREAL#10.0; Odegrees
VectorPath Data[ 1] OutputFlags =DWORD#1; ﬁradms )
010 ® 1,10

VectorPath Data[2]. SegmentType =TB_PattemType#Arc;
VectorPath Data[2] Radius:=LREAL#( 5;
VectorPath Data[2] StartAngle =L REAL#180 0;
VectorPath Data[Z] TraversedAngle:=_LREAL#-180.0;
VectorPath Data[2] Resolution:=REAL#0.05;

Segment 1 Segment 3
VectorPath Data[3] SegmentType:=TB_PatternType#Straightline;
VectorPath Data[3] XCoord =L REAL#10;
VectorPath Data[3].YCoord:=LREAL#0 0;
VectorPath Data[3]. OutputFlags=DWORD#Z2;

VectorPath Data[4] SegmentType =TB_PatternType#Arc;
VectorPath Data[4] Radius =L REAL#0 5:

VectorPath Data[4] StartAngle: =LREAL#0 0; 00 1
VectorPath Data[4] TraversedAngle:=LREAL#-180.0; ’ 1.0 X
VectorPath Dataf4] Resolution:=REAL#0.05;

Segment 4

VectorPath Segments = INT#4:

Application example
Step1l: Using Calculate_Angles to calculate start and traverse angles for the flower path shown below
Calculate_Angles_1{Execute:=TRUE, ArcDefinitionMode := INT#1, X1:=LREAL#-1.0, X2:=LREAL#0.0,Y1:=LREAL#0.0,Y2:=LREAL#1.0,Radius:=LREAL#-1.0,Direction:=F ALSE);

Calculate_Angles_2{Execute:=TRUE, ArcDefinitionMode = INT#1,X1:=LREAL#0.0, X2:=LREAL#1.0,Y1:=LREAL#1.0,Y2:=L REAL#0.0,Radius:=L REAL#-1.0 Direction:=FALSE);

Calculate_Angles_3(Execute:=TRUE, ArcDefinitionMode :=INT#1,X1:=LREAL#1.0 X2:=LREAL#0.0,Y1:=LREAL#0.0,Y2:=L REAL#-1.0 Radius:=LREAL#-1.0 Direction:=F ALSE);

Step 2: Use PathGenerator create the path and Move_Path to implement XY motion
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FlowerPath.Data[1].SegmentType :=TE_PatternTypesArc:

FlowerPath.Data[1].Radius:=LREAL#1.0;

Calculate_Angles_1{Execute:=TRUE ArcDefinitionMode := INT#1, X1:=LREAL#-1.0,X2:=L REAL#0.0,Y1:=LREAL#0.0,Y2:=L REAL#1.0 Radius:=LREAL#-1.0,Direction:=F ALSE);
FlowerPath Data[1].5tartAngle :=Calculate_Angles_1.StartAngle;

FlowerPath.Data[1]. TraversedAngle:=Calculate_Angles_1.TraversedAngle;

FlowerPath.Data[1].Resolution:=REAL#0.05;

PathGeneator_2

Move_Path_5

16#00000000

Step 3: Validation using logic analyzer
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Step 4: Result on XY system
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PathIDManager

!

"~ PathIDManager
Execute Done

PathID Busy
Error

ErrorID
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This function block serves as a FIFO buffer for PathID's. Each time a new PathID is created, it will delete the

memory allocated to the oldest set of CamTableIDs used for a PathID by using the Y_RemoveCamTable function

block from the PLCopenPlus firmware library. This function block cleans up memory in IEC applications which

build new paths on the fly. A circular buffer of four PathID tables is maintained in the PathIDManager. When the

function block is executed a fifth time, it releases the memory area of the oldest PathID. The controller can

allocate this memory area for new Paths or application code.

Default

UINT#0

Parameters
* Parameter Data Description
Type
VAR_INPUT
Upon the rising edge, all other function block inputs are
B Execute BOOL read and the function is initiated. To modify an input, FALSE
change the value and re-trigger the execute input.
The most recent PathID created by Y_CampFileSelect or
V PathID UINT
Y_CamStructSelect
VAR_OUTPUT
Set high when the commanded action has been completed
successfully. If another block takes control before the action is
B Done BOOL

completed, the Done output will not be set. This output is reset when

execute goes low.
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Set high upon the rising edge of the 'Execute' or 'Enable’ input, and

B Busy BOOL ) )
reset if Done, CommandAborted, or Error is true.
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is reset
B ErrorID UINT
when 'Execute' or 'Enable' goes low.
Notes

e  This function block is unnecessary in applications which use a single, static PathID.

Error Description

ErrorID Meaning
0 No error
4887 CamTableID does not refer to a valid cam table.
Example 1

An example of using the CamTableManager is shown below; it operates very similarly to the PathIDManager
function block. On the fifth execute of the PathIDManager block, the memory for the oldest Path ID gets
released. In the example shown below, the memory for PathID 1 gets released. The next execution of the
PathIDManager will release the memory for PathID 2.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 297



s % YASKAWA

F;\
Font Gantry Toolbox: Function Blocks
CamTableManager_1

1.4
0.8
0.6
A4 CamTableManager.Execute

] : | il

CamTableManager.CamTablelD

0.6
e CamTableManager.Done
02 l | ‘ y—
0.
T T T T T T T T T T T T T T
1) 50 100 15
Watch Window
Wariable WValue De
= CamT ables
e
0 -
[} |2 Memory for Cam ID 1 gets
21 3
: i cleared
Bl |4
14 5
< >
[P\ watch 1 {Watch2 } Walch 3 } Watcha } w
Application Example
CamGenerator_1
Y_CamBinuciSdect_Rampin
RampInCam—- CamData — CamDatat—RamplnCam
CamTableManager_1
001 Ramplrstruct—- CamTable— CamTablef—Ramplrstruct Ramplrtruct—-CamTable — CamTable—RamplnStruct
PartlengthChari®
|—< } Ereaite Dore Execute Dore Execute Dore —Rampinone
o| Tabesize Busy [ LDINT#1024—| BlockSize Busy e BendRampINTbliD—| CamTabklD  Busy
MOVE_UINT_3
Error Ererfo
EmoriDf—vo2s EraiDfo EY ENO
CamTablelD TrpLt
Blend.RamplrTablelD—- QUIPLIE QUL lend RamplrTablelD
Cameenerater_2
RURMNgCam—1- Cambata — CamData—RunringCam Y_gamstictSdect_Runring
CamTableM: 2
RUNMingStruct—- CamTable— CamTable}—RunringS ruct RunringStruct—- CamTable —  CamTable}—RunringStruct amTaberianager
Execute Dorep————————————————— Execute Dore Execute Dore inningDone:
| Tabesiee Busy | UDINT#1024—| BlockSize Busy |~ BendRUNTingTblelD—| CamTabklD  Busy
MOVE_UINT_2
Errer iErsr| W
EmorDf—vo26 ErrarDf
CamTablelD
Blend RunningTablelD—} end RunningTablelD
CamGenerater_3
RampOLtCam— |- CamData — CamDatal—Rampoutcam Y- CamStructSelect Rampout
CamTableM: 3
RampCutStLIct—L- CamTable— CamTablel—Rampoursct  Rampoutstruct—L- camTable - CamTablel—Rampoutstuct Sl
Execute Dore Execute Execute Dore mpOutDone
o| Tabesize Eusy |- LDINT#1024—| Bocksize Berd RampOutTablelo—| CamTabklD  Busy
MOVE_UINT_1
Errorf—
EroriDf—v027

BENdRampoUtTableD—| Jend RampOLtTableD
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Error f—
ErrorID =

Assuming that a gripper actuator is empty and available to pick up a part in its mechanism, this function block
initiates a series of actions that involves moving the XY axes to a specific location, opening a gripper actuator,
moving the Z axis to a "Down" location, closing the gripper (to pick a part), and then finally moving the Z axis
back to its "Up" position.

Gantry Toolbox: Function Blocks

Parameters
& Parameter
VAR_IN_OUT
\Y Gantry
VAR_INPUT
B Execute
VAR_OUTPUT
B Done
B Busy
B CommandAborted
B Error

Data Type

GantryStruct

BOOL

BOOL

BOOL

BOOL

BOOL

Description

Contains all information pertaining to a gantry system.
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

) ) FALSE
To modify an input, change the value and re-

trigger the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the
action is completed, the Done output will not be set. This
output is reset when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’
input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command
or MC_Stop. This output is cleared with the same behavior
as the Done output.

Set high if error has occurred during the execution of the
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function block. This output is cleared when 'Execute’ or
'Enable’ goes low.

If Error is true, this output provides the Error ID. This

B ErrorID UINT

output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.

Jerk is less than or equal to zero.

The specified external axis may not be used. A physical axis is required.
Interpolation calculation error.

Gripper Close Error (Timeout)

Gripper Open Error (Timeout)

Instance object is NULL.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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Place_Part
1 Gantry Gantryt+—
o Execute Done f|—
Busy p—
CommandAborted f—
Error p—
ErroriD p—=

Given that a gripper actuator already has a part in its mechanism, this function block initiates a series of actions
that involves moving the XY axes to a specific location, moving the Z axis to a "Down" location, opening the
gripper (to place the part), and then finally moving the Z axis back to its "Up" position.

Parameters
& Parameter Data Type Description
VAR_IN_OUT
Vv Gantry GantryStruct Contains all information pertaining to a gantry system.
VAR_INPUT Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

B Execute BOOL . . FALSE
To modify an input, change the value and re-

trigger the execute input.

VAR_OUTPUT
Set high when the commanded action has been completed
successfully. If another block takes control before the
B Done BOOL o . .
action is completed, the Done output will not be set. This
output is reset when execute goes low.
Set high upon the rising edge of the 'Execute' or 'Enable’
B Busy BOOL input, and reset if Done, CommandAborted, or Error is
true.
Set high if motion is aborted by another motion command
B CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior
as the Done output.
Set high if error has occurred during the execution of the
B Error BOOL

function block. This output is cleared when 'Execute’ or
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'Enable’ goes low.

If Error is true, this output provides the Error ID. This

B ErrorID UINT

output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.

Jerk is less than or equal to zero.

The specified external axis may not be used. A physical axis is required.
Interpolation calculation error.

Gripper Close Error (Timeout)

Gripper Open Error (Timeout)

Instance object is NULL.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “"Object
Properties” to determine which parameters are ANY type.
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SegmentLookup
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r—

Enable

1

T

VectorPosition

SegmentLookup
+—— SegmentDate— SegmentDa

Valid

Error

ErrorID
ActiveSegment

QutputFlags

This function block outputs the number of the segment currently active and also outputs the flags for the active

segment.

Parameters

* Parameter

VAR_IN_OUT

Y Segmentdata

VAR_INPUT

B Enable

B VectorPosition
VAR_OUTPUT

B Valid

B Error

B ErrorID

Data Type Description

Structure of data that contains the segment number,

SegmentStruct output code, and tool path endpoint for each segment in

BOOL

BOOL

BOOL

BOOL

UINT

the motion path.

Default
The function will continue to execute while
, , FALSE
enable is held high.
Position of the master vector (master axis) FALSE

Indicates that the outputs of the function are valid.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute' or
'Enable' goes low.

If Error is true, this output provides the Error ID. This
output is reset when 'Execute’ or 'Enable' goes low.
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B ActiveSegment INT Current active segment

Outputs DWORD that can be used to control digital output

B OutputFlags DWORD )
patterns during segments

Error Description

ErrorID Meaning
0 No error
10140 Must be greater than zero and less than 20
Example

Consider the profile shown below:

[*Racetrack path¥)

1 WectorPath.Data[1] .SegmentTgrpE:=TB_PatternType#Straightline;
0.0000000 WectorPath.Data[1] . ECoord:=LREALHO.0O;
10.0000000 WectorPath, Datal[l] . VCoord: =LREAL#10.0;

16800000001 WectorPath.ata[l] .outputFlags: =DWORD#L;

2 NectorPath.Data[2] .SegmentTgrpE:=TB_PatternT5rpE#Arc;
0.5000000 WectorPath.Data[2] .Fadius:=LREALH#O.5;
180.0000000 WectorPath.Data[Z] . Starthngle:=LEREALH130.0;
—-150.0000000 WectorPath.Data[2] . Traversedlingle:=LEEAL#-150.0;
0.0500000 WectorPath.Data[2] .Fesolution:=REAL#0.05;

1 WectorPath.Datal[3] .SegmentTgrpE:=TB_PatternType#Straightline;
1.0000000 WectorPath.Data[3] . XCoord:=LREAL#1.0;
0.0000000 WectorPath.Data[3] . ¥Coord:=LREALHD.O;

16#00000002 WectorPath.Data[3] . CutputFlags:=DWORDHZ ;

Z WMectorPath.Datal[4] .SegmentTgrpe:=TB_PatternType#Arc:
0. 5000000 WectorPath.Data[4] .Fadius:=LREALHO.5;
0.0000000 WectorPath.Data[4] .3tarcingle:=LRELLH#O.O;
—150.0000000 WectorPath.Data[4] . Traversedlingle:=LEEAL#-150.0;
0.0500000 WectorPath.Data[4] .Resolution:=REAL#0.05;

4 WectorPath. Segments 1= INTH4;

The output flags are set to DWORD#1 during segment 1 and set to DWORD#2 during segment 3. These can be
seen in the logic analyzer plots from the SegmentLookup outputs.
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Segrmentiookup_1
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1 1]
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XY_MoveAbsolute

i Hr_Movesbsolute N
+—— Gantry Gantry
+— Euxecute Dare
+«— ¥ Position Busy
+«—{ Y¥_Position Commandaborizd
+— “elocity Errar
+— Acceleration ErrarlD
+— Deceleration

| S S G S S
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This function block will perform an absolute move the X and Y axes to a specific location within the gantry

coordinate system. The X and Y axes must be specified in GantryStruct before executing this function block.

This block calculates the required acceleration, deceleration and velocity for each axis and then executes

MC_MoveAbsolute function blocks simultaneously for each axis to create straight line motion at the tool point.

This is not considered interpolated motion. If configured, no motion on the Z axis will occur.

Parameters
& Parameter Data
VAR_IN_OUT
\Y Gantry
VAR_INPUT
B Execute BOOL
B X_Position LREAL
B Y_Position LREAL
B Velocity LREAL
B Acceleration LREAL
B Deceleration LREAL
VAR_OUTPUT
B Done BOOL
B Busy BOOL

Type

GantryStruct

Description

Contains all information pertaining to a gantry system.

Upon the rising edge, all other function block
inputs are read and the function is initiated.
To modify an input, change the value and re-

trigger the execute input.

Target X coordinate of the tool tip
Target Y coordinate of the tool tip
Velocity of the tool tip
Acceleration of the tool tip

deceleration of the tool tip

Default

FALSE

0.0
0.0
0.0
0.0
0.0

Set high when the commanded action has been completed

successfully. If another block takes control before the

action is completed, the Done output will not be set. This

output is reset when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’
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input, and reset if Done, CommandAborted, or Error is

true.

Set high if motion is aborted by another motion command
B CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior
as the Done output.

Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute' or
'Enable’ goes low.

If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID Meaning
0 No error
4369 The move could not be buffered because the axis motion queue is full. 16 moves is the
- maximum which can be buffered.
The move could not be started because motion is prohibited. The drive may not be enabled.
4370 MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.
4378 The function block is not applicable for the external axis specified
4381 Motion aborted due to axis alarm. It is also possible that a software limit has been
- exceeded.
Axis ID does not correspond to an axis configured on the system. Verify the value of
4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.
4641 Buffer mode does not correspond to a valid enumeration value.
4642 Direction does not correspond to a valid enumeration value.
4658 Velocity parameter is less than or equal to zero.
4659 Acceleration is less than or equal to zero.
4660 Deceleration is less than or equal to zero.
4667 Jerk is less than or equal to zero.
4893 The specified external axis may not be used. A physical axis is required.
10034 Interpolation calculation error.
The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
Example

In the example shown below, the XY gantry tooltip is at coordinate 10,10. The target coordinate is 12,8. On
executing the XY_MoveAbsolute function block, the X, Y axes move such that the tooltip's final position is 12, 8.
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The velocities, accelerations and decelerations of the two axes are calculated (in XY_MoveAbsolute) such that

the individual axes start and stop at the same time instant.

Gantry—
TMovesbsExe—y
LREAL#IE.DI—

LREAL#3.0—
LREAL#1.0—
LREAL#1.0—

LREAL#1.0—

— Gantry

XY _Movesbsolute_1

Execute Done
¥_Position Busy
Commandabortzd
EerDr =

Errorl§ =

¥ _Position
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Acceleration

Deceleration J

063 XY_MoveAbsolute. Execute

XY_MoveAbsolute.Done

B
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XY_MoveRelative

- XY _MoveRelative

+—— Gantry Gant

+— Execute Done
+— X Distance Busy
+— Y Distance CommandAborted
+— Velocity Error
+— Acceleration ErrorID
+— Deceleration
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This function block will perform a relative move on the tooltip in a gantry coordinate system. The X and Y axes

must be specified in GantryStruct before executing this function block. This block calculates the required

acceleration, deceleration and velocity for each axis and then executes MC_MoveRelative function blocks

simultaneously for each axis to create straight line motion at the tool point. This is not considered interpolated

motion. If configured, no motion on the Z axis will occur.

Parameters

£ Parameter Data Type Description

VAR_IN_OUT

\ Gantry GantryStruct Contains all information pertaining to a gantry system.

VAR_INPUT Default
Upon the rising edge, all other function block

5 Execiite BOOL inputs are read and the function is initiated. s
To modify an input, change the value and re-
trigger the execute input.

B X_Distance LREAL X coordinate distance to be moved 0.0

B Y_Distance LREAL Y coordinate distance to be moved 0.0

B Velocity LREAL Velocity of the tool tip 0.0
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B Acceleration LREAL Acceleration of the tool tip 0.0
B Deceleration BOOL Deceleration of the tool tip 0.0
VAR_OUTPUT

B Done

B Busy

Set high when the commanded action has been completed
BOOL successfully. If another block takes control before the
action is completed, the Done output will not be set. This

output is reset when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’
BOOL input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command

B CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior

B Error

as the Done output.

Set high if error has occurred during the execution of the
BOOL function block. This output is cleared when 'Execute’ or
'Enable’ goes low.

If Error is true, this output provides the Error ID. This

B ErrorID UINT

output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.

Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.

Jerk is less than or equal to zero.

The specified external axis may not be used. A physical axis is required.

Interpolation calculation error.
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The DataType connected to a function block parameter specified as ANY type does not

57620 match the required data size. Right click on the function block and select “"Object

Properties” to determine which parameters are ANY type.

Example

In the example shown below, the X Y coordinate of the tool tip is 12,8. On commanding an XY_MoveRelative
move of 12, 8, the tool tip moves to coordinates 24, 16. The velocities, accelerations and decelerations of the
two axes are calculated (in XY_MoveRelative) such that the individual axes start and stop at the same time

instant.
X¥_MoveRelative_1
Ganftry— ¥
MoveRelExe— Execute XYRelDn
1
LREAL#12.0— X _Distance X1RelBz
LREAL#8.0—{ ¥ _Distance  CommandAborted
0
LREAL #1.0—{ Velacity Error |
LREAL #1.0—{ Acceleration ErrorlD |-
0
LREAL#1.0— Deceleration J
1.04
083 .
064 XY_MoveRelative.Execute
0.4
02
0.0+
023
10
0.8
0 XY_MoveRelative.Done
043
0.23

X Axis Position 1015

Y Axis Position 1015

X Axis Velocity 1011

(=
0.4 - -
0] Y Axis Velocity 1011
0.2
014
T T T T T T T T T T T T T T T
0 100 200 300 0 500 600 700 800
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Math Toolbox

Math Toolbox

The Math toolbox contains many functions that already exist in the MotionWorks IEC Edit Wizard. The purpose
for this duplication was originally to provide compatibility and support for the MP2600iec controller with its PLC
operating system called eCLR. As of firmware version 1.2.3, the eCLR operating system supports EN / ENO
input and outputs, but this Toolbox is still maintained for legacy support.

In addition to the many basic functions duplicated in this toolbox, some additional functionality is also provided.
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ATAN2

(  ATANZ )
#— EN ENO p—=
— X Angle =
a— Y
#— QOutput_Format
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The ATANZ function is useful in many applications involving vectors, such as finding the direction from one point

to another. This two argument function is a variation of the ATAN function. For any LREAL arguments x and y,

atan2(y, x) is the angle between the positive x-axis of a plane and the point given by the coordinates (x, y) on

it.
Parameters
* Parameter Data
Type
VAR_INPUT
B EN BOOL
LREAL
LREAL

V Output_Format INT

VAR_OUTPUT

B ENO BOOL

V Angle LREAL
Notes

Description

Default
This function will continue to calculate the ATAN2 e
result while EN is held high.
X coordinate LREAL#0.0
Y coordinate LREAL#0.0

Format of the output value.

0: radians (-pi, pi]

1: radians [0, 2*pi) INT#0
2: degrees [0°, 360°)

ENO will be high is EN is high and this function can calculate the
Angle

The result of the ATAN2 calculation
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This is a function, not a function block and only provides one output. If ENO is not high when EN is high, this
function cannot calculate the Angle.

Example

ATAN2 used with various output formats:

ATANZ_1

TRLE

¥ Coordinate
-1.000000000000000
Y Coordinate

0 .DDDDDDDDDDD%DPDD

Angle P
3.141592653539793

0
ALAMZ_]

TRLIE

¥_Coordinate
-1.000000000000000
Y Coordinate

0 .DDDDDDDDDDD%DPDD

hngle P
3.141592653589793

1

ATAMNZ 1

TRIUE

*_Coordinate

=1 CoCC00OCCCC00
Y _Coordinate

0. 000000000N0NN

hngle_CP
180, 0000000000000

2
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REM

( REM
+ EN ENO

5

!

#— MNumerator

#— Denominator

This function block returns the modulo division result of two LREAL inputs. It is useful for determining the
position within a MachineCycle.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default

This function will continue to calculate the remainder
B EN BOOL ] ) ] FALSE
while EN his held high.

The numerator for division, such as the free running
\% Numerator LREAL motor position, which may be outside a desired LREAL#0.0
range of values, such as 0 to 360.0

The denominator for division, which is the desired
Vv Denominator LREAL . LREAL#0.0
max value for the Numerator input, such as 360.0

VAR_OUTPUT

This output will be high if EN is high and thisfunction is able to
B ENO BOOL

calculate the remainder with no errors.
\% REM BOOL This output contains the calculated remainder

Error Description

This is a function, not a function block and only provides one output. If ENO is not high when EN is high, this
function cannot calculate the remainder. Verify that the Denominator is not zero.

Example 1 - Structured Text
IF InternalMode=INT#1 THEN
(* These calculations are designed for a rotary knife, rotary placer, one way cam, etc. *)
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Correction:=REM((-RegistrationData.BufferNonCyclic[TempUsePointer] - RegistrationData.SensorOffset),
CamMasterCycle) + ((ControlData.EndSyncPosition - ControlData.StartSyncPosition) / LREAL#2.0);

Duration:=RegistrationData.SensorDistance - ((ControlData.EndSyncPosition -
ControlData.StartSyncPosition) / LREAL#2.0) - (ActualPositionNonCyclic -
RegistrationData.BufferNonCyclic[TempUsePointer]);

ELSE

(* These calculations are designed for reciprocating cam profiles (Slave net change = zero each cycle, Out

and Back *)

Correction:= - REM( (REM(RegistrationData.BufferCyclic[TempUsePointer], CamMasterCycle) +
(RegistrationData.SensorDistance - ControlData.StartSyncPosition - ((ControlData.EndSyncPosition -

ControlData.StartSyncPosition) / LREAL#2.0))), CamMasterCycle);

Duration:=RegistrationData.SensorDistance - ControlData.StartSyncPosition - ((ControlData.EndSyncPosition

- ControlData.StartSyncPosition) / LREAL#2.0);

END_IF;

Example 2 - Function Block

TRLE
CormmandedPosition lodulatedOutput
12 566399999997323 0.566399999997323
Den

1.000000000000000

12
g " REM.Numerator
i
" 10+
5
§ 3
i ¥
&
o
u_&
1 5_ REM.Denominator
o
L
o5
oo
iLE 1 r]
/| /| - - )
0.9
_ u| Outputof REM 4 J S 4 S
2 o7 i S
3 o ff -~ < / ,f!
i < A < /. #
s 3 rd rd rd i r
§ 0 A Iy & I £
ETS J_,—’ A 7 7
3 0 r - IV y
e 4 s rd rd
- 0.0 g i L Ir
I = “I” Sanpie: o

e S, T
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Pack ML Toolbox

Getting Started: PackML

Requirements for v202
To use the PackML Toolbox, your project must also contain the following:

Firmware libraries:

= PROCONOS

User libraries:
=  Math_Toolbox (v201 or higher)

=  Yaskawa_Toolbox (v201 or higher)

Using the PackML Toolbox

See Yaskawa's Understanding PackML Webinar for an in depth look into this toolbox.
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PackML Revision History

Current Version:

3K 3K 5K 3K 5K 3K 5K 3K 3K 5K K 5K 3K 3K 3K 3K 5K 3K 5K K 3K 5K 3K 5K K >k K kK > kK > K kK K kK kK - -
( 2012-03-28: v202 Released

*************************************)

1) Modified CM_Control_Inputs Function Block to turn off all CM commands if the EM is not active. Previously

commands would still be sent unless the particular CM was deactivated.

Previous Versions:

(************************************* 2012-02-26: v201 released

*************************************)

1) First official release
2) Updated Math Toolbox link

3) Improved interlocking in the PackML_State_Diagram for Stop and Abort. There were instances on the beta

applications

where the control could get stuck in a particular state.
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Enumerated Types

Enumerated Type: PackMLState

ENUM Type for indicating the PackML state.

Data Type Declaration

PackMLState: (Undefined, Clearing, Stopped,

% YASKAWA

Starting, Idle, Suspended,

Execute, Stopping, Aborting, Aborted, Holding, Held, UnHolding, Suspending,

UnSuspending, Resetting, Completing, Complete);

e (* Defined for PackMLState*)

e (*0: Undefined *)

e (*1: Clearing *)

e (*2: Stopped *)

e (*3: Starting *)

o (¥4 :Idle*)

e (*5: Suspended *)

e (*6: Execute *)

e (* 7 : Stopping *)

e (* 8 : Aborting *)

e (*9: Aborted *)

e (*10: Holding *)

e (*11: Held*)

e (*12: UnHolding *)

e (*13: Suspending *)

e (*14: UnSuspending *)

e (*15: Resetting *)
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e (*16: Completing *)

e (*¥17: Complete *)
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Pack ML Toolbox: DataTypes
Enumerated Type: PackMLState

ENUM Type for indicating the PackML state.

Data Type Declaration

PackMLState: (Undefined, Clearing, Stopped,

% YASKAWA

Starting, Idle, Suspended,

Execute, Stopping, Aborting, Aborted, Holding, Held, UnHolding,

UnSuspending, Resetting, Completing, Complete);

e (* Defined for PackMLState*)

e (*0: Undefined *)
e (*1: Clearing *)
e (*2: Stopped *)
e (* 3 : Starting *)

e (*4:Idle*)
e (*5: Suspended *)
e (*6: Execute *)

e (* 7 : Stopping *)

e (* 8 : Aborting *)

e (*9: Aborted *)

e (*10: Holding *)

e (*11: Held *)

e (*12: UnHolding *)

e (*13: Suspending *)

e (*14: UnSuspending *)
e (*15: Resetting *)

e (*16: Completing *)
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e (*17 : Complete *)
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DataTypes

Data Type: PackML_Commands_STRUCT

Supporting structure for PackTags Commands STRUCT

Data Type Declaration

PackML Commands STRUCT : STRUCT

Mode : DINT; (* Mode command, Mode’s can be customized according to the PackML standard or for the
user’s needs. See template documentation for more on mode customization *)

Reset : BOOL; (* Command to Reset the Machine *)
Start : BOOL; (* Command to Start the Machine *)
Stop : BOOL; (* Command to Stop the Machine *)
Hold : BOOL; (* Command to Hold the Machine *)
UnHold : BOOL; (* Command to UnHold the Machine *)

Suspend : BOOL; (* Command to Suspend the Machine *)

UnSuspend : BOOL; (* Command to UnSuspend the Machine *)

Abort : BOOL; (* Command to Abort the Machine *)

Clear : BOOL; (* Command to Clear the Machine *)

StateComplete : BOOL; (* Command to enter the Completing State *)

END_STRUCT;
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Data Type: EquipmentModule_STRUCT

Supporting data type used by EquipmentModule ARRAY.

Data Type Declaration

EquipmentModule STRUCT: STRUCT

EnabledCMs : INT; (* Number of enabled Control Modules contained in the Equipment Module *)
CMs_Active : WORD; (* Every bit in this word indicates if a control module is active *)
CMs_NotDone : WORD; (* Every bit in this word indicates if a control module is done *)
CM_InactiveMask : WORD; (* Every bit in this word indicates if a control module is Inactive *)

CM : ControlModule_ARRAY; (* Array containing the Commands, Status and Active bits for the 16 Control
Modules contained in the Equipment module *)

Cmd_Reset : BOOL; (* Command to Reset the machine *)

Sts_Resetting_SC : BOOL; (* When set, the machine is in the resetting state *)

Cmd_Start : BOOL; (* Command to Start the machine *)

Sts_Starting_SC : BOOL; (* When set, the machine is in the Starting state *)

Cmd_Stop : BOOL; (* Command to Stop the machine *)

Sts_Stopping_SC : BOOL; (* When set, the machine is in the Stopping state *)

Cmd_Hold : BOOL; (* Command to Hold the machine *)

Sts_Holding_SC : BOOL; (* When set, the machine is in the Holding state *)

Cmd_UnHold : BOOL; (* Command to Unhold the machine *)

Sts_UnHolding_SC : BOOL; (* When set, the machine is in the UnHolding state *)

Cmd_Suspend : BOOL; (* Command to Suspend the machine *)

Sts_Suspending_SC : BOOL; (* When set, the machine is in the Suspending state *)

Cmd_UnSuspend : BOOL; (* Command to UnSuspend the machine *)

Sts_UnSuspending_SC : BOOL; (* When set, the machine is in the UnSuspending state *)

Cmd_Abort : BOOL; (* Command to Abort the machine *)
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Sts_Aborting_SC : BOOL; (* When set, the machine is in the Aborting state *)
Cmd_Clear : BOOL; (* Command to Clear the machine *)

Sts_Clearing_SC : BOOL; (* When set, the machine is in the Clearing state *)
Sts_Executing_SC : BOOL; (* When set, the machine is in the Executing state *)
Cmd_StateComplete : BOOL; (* Command to enter the Completing State *)
Sts_Completing_SC : BOOL; (* When set, the machine is in the Completing state *)
ModuleActive : BOOL; (* Indicates if the module is active to receive commands *)

END_STRUCT;
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Data Type: PackML_States_STRUCT

Supporting structure for PackTags Status STRUCT

Data Type Declaration

PackML States STRUCT : STRUCT

Clearing : BOOL; (* Indicates the machine is in the Clearing State *)
Stopped : BOOL; (* Indicates the machine is in the Stopped State *)
Starting : BOOL; (* Indicates the machine is in the Starting State *)
Idle : BOOL; (* Indicates the machine is in the Idle State *)
Suspended : BOOL; (* Indicates the machine is in the Suspended State *)
Execute : BOOL; (* Indicates the machine is in the Execute State *)
Stopping : BOOL; (* Indicates the machine is in the Stopping State *)
Aborting : BOOL; (* Indicates the machine is in the Aborting State *)
Aborted : BOOL; (* Indicates the machine is in the Aborted State *)
Holding : BOOL; (* Indicates the machine is in the Holding State *)
Held : BOOL; (* Indicates the machine is in the Held State *)
UnHolding : BOOL; (* Indicates the machine is in the UnHolding State *)

Suspending : BOOL; (* Indicates the machine is in the Suspending State *)

UnSuspending : BOOL; (* Indicates the machine is in the UnSuspending State *)

Resetting : BOOL; (* Indicates the machine is in the Resetting State *)

Completing : BOOL; (* Indicates the machine is in the Completing State *)

Complete : BOOL; (* Indicates the machine is in the Complete State *)

END_STRUCT;
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Supporting Array used to pass commands and machine status to individual Equipment Modules.

Data Type Declaration

EquipmentModule_ARRAY : ARRAY[0..15] of EquipmentModule_STRUCT;
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Data Type: UNitMachine_STRUCT

Contains all the information about the machine’s current state for each EM and CM

Data Type Declaration

UNitmachine STRUCT: STRUCT

PackML_StateControlReady : BOOL; (* Indicates when the PackML_State_Diagram function block is ready to
control the machine *)

EnabledEMs : INT; (* Number of enabled equipment modules in the machine *)

EMs_Active : WORD; (* Every bit in this word indicates which equipment modules are Active *)
EMs_NotDone : WORD; (* Every bit in this word indicates which equipment modules are Not Done*)
EM_InactiveMask : WORD; (* Every bit in this word indicates which equipment modules are Inactive *)

EM : EquipmentModule_ARRAY; (* Array containing the Commands, Status and Active bits for the 16 Equipment
Modules contained in the Machine*)

Sts_Resetting_SC : BOOL; (* When set, the machine is in the resetting state *)
Sts_Starting_SC : BOOL; (* When set, the machine is in the Starting state *)
Sts_Stopping_SC : BOOL; (* When set, the machine is in the Stopping state *)
Sts_Holding_SC : BOOL; (* When set, the machine is in the Holding state *)
Sts_UnHolding_SC : BOOL; (* When set, the machine is in the UnHolding state *)
Sts_Suspending_SC : BOOL; (* When set, the machine is in the Suspending state *)
Sts_UnSuspending_SC : BOOL; (*When set, the machine is in the UnSuspending state*)
Sts_Aborting_SC : BOOL; (* When set, the machine is in the Aborting state *)
Sts_Clearing_SC : BOOL; (* When set, the machine is in the Clearing state *)
Sts_Executing_SC : BOOL; (* When set, the machine is in the Executing state *)
Sts_Completing_SC : BOOL; (* When set, the machine is in the Completing state *)

END_STRUCT;
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Data Type: PackTags_Admin_STRUCT

Data Type Declaration

PackTags Admin STRUCT : STRUCT

Alarm : EventHistoryArray; (* Array of Event information *)

StateCurrentTime : DINT; (* Amount of time spent in the current state *)

StateCumulativeTime : StateCumulativeArray; (* Array containing all the times spent in the different states *)
ModeCurrentTime : DINT; (* Amount of time spent in the current mode *)

ModeCumulativeTime : DINT_Array32; (* Array containing all the times spent in the different modes *)
AccumTimeSinceReset : DINT; (* Time since the cumulative and current times have been reset *)
ResetAllTimes : BOOL; (* Command to reset all timers *)

ResetCurrentModeTimes : BOOL; (* Command to reset all Current Times being tracked *)

TimeRollover : BOOL; (* Warning when the timer is approaching a roll over *)

ProdProcessed : DINT; (* Cumulative number of primary packages processed since the machine’s counters and
timers were reset *)

DefectiveProd : DINT; (* Cumulative number of defective packages processed since the machine’s counters and
timers were reset *)

ReWorkProd : DINT; (* Cumulative number of re-workable primary packages processed *)
UpstreamMessage : DINT;

DownstreamMessage : DINT;

CurrentUpstreamNodelD : DINT;

CurrentDownstreamNodelID : DINT;

END_STRUCT;
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Data Type: PackTags_Status_STRUCT

Data Type Declaration

PackTags Status STRUCT : STRUCT

CommandRejected : BOOL; (* If an invalid request is given and rejected, this bit will be set *)
UnitModeCurrent : DINT; (*Current Machine Mode*)

UnitModeCurBit : DWORD; (*Current Machine Mode Bit*)

UnitModeCurrentName : STRING; (*Current Machine Mode Name¥*)

UnitModeRequested : BOOL; (*[1 = Acknowledges that a unit mode change has been requested]*)
UnitModeChangelInProcess : BOOL; (*[1 = Requested unit mode change in process]*)
ProcModeCurrent : DINT; (*Current Procedure Mode*)

ProcModeRequested : BOOL; (*[1 = Acknowledges that a procedure mode change has been requested]*)
ProcModeChangelnProcess : BOOL; (*[1 = Requested procedure mode change in process]*)
StateCurrent : DINT; (*Current Machine State*)

StateCurBit : DWORD;

StateCurrentName : STRING; (*Current Machine State Name*)

StateRequested : BOOL; (*[1 = Acknowledges that a state change has been requested]*)
StateChangelnProcess : BOOL; (*[1 = Requested state change in process]*)
StateChangeProgress : DINT; (* Percent Complete of current state *)

StateLastCompleted : DINT; (* Machine state last completed *)

SegNumber : DINT;

CurMachSpd : DINT; (*Current Machine Speed In Primary Line Packages Per Minute*)

MatReady : DWORD; (*Material Interlocks*)

MatLow : DWORD; (*Material Interlocks*)

MachDesignSpeed : REAL; (* Speed the machine is designed to operate at in it’s installed environment *)

State : PackML_States_STRUCT;
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ModeChangeNotAllowed : BOOL; (* This bit is set if an invalid mode change is requested and ignored *)

MachCycle : DINT; (* Indicates the number of completed machine cycles with or without product *)
ProdRatio : DINT; (* Quantity of primary packages per current package being produced *)

Dirty : BOOL; (* Set when the machine becomes dirty and machine must run through a cleaning cycle before
production continues *)

Clean : BOOL; (* Bit is set after a cleaning cycle and reset once production begins again *)
TimeToDirty : DINT; (* Time remaining until machine becomes dirty again *)

EquipmentAllocatedToUnitModelID : DINT; (* Allocating a machine to operating a different mode than another
duplicate machine *)

MachineReusableForUnitModelID : DINT; (* Indicates machine does not require immediate cleaning and can
resume production in a specific time window *)

MachineReusableTimeLeft : DINT; (* Amount of time left for a system to be reusable for a specific Unit mode *)
MachineStoringProductID : DINT; (* For machines that have a storing capability *)

MachineTransferringProductID : DINT; (* For machines used in conveying, compacting and/or separating
product and transferring it to other machinery *)

(* THE FOLLOWING FIELDS COME INITIALLY COMMENTED OUT TO SAVE MEMORY WHEN NOT USED *)
(* Node : Node_ARRAY; (*Node (machine) interface & ID structure*)

(* ProcessVariables : ProcessVariable_ARRAY; (* Machine Engineering Parameters *)

(* Product : Product_ARRAY; (* Machine Product/Recipe Parameters *)

(* Limits : Limit_ARRAY; (* Machine Parameter Prograble Limits *)

END_STRUCT;
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Data Type: PackTags_Commands_STRUCT

Data Type Declaration

PackTags Commands STRUCT : STRUCT

UnitMode : DINT; (*Unit Mode Commanded*)

UnitModeChangeRequest : BOOL; (*[1 = Change Machine Mode to Commanded Valuel*)
ProcMode : DINT; (*Procedure Mode Commanded¥*)

ProcModeChangeRequest : BOOL; (*[1 = Change Procedure Mode to Commanded Value]*)
CurMachSpeed : DINT; (*Machine Speed - In Primary Line Packages*)

MatReady : DWORD; (*Material Interlocks*)

MatLow : DWORD; (*Material Interlocks*)

ResetPackMLTimes : BOOL; (*[1 = Reset PackML Current Mode and State Current/Cumulative Times]*)
CntriCmd : DINT; (* provides an alternate method of moving through the state diagram *)
StateCmd : PackML_Commands_STRUCT; (* A structure for Coordinating machine nodes *)
StateChangeRequest : BOOL; (* Indicates the state machine should proceed to the target state *)
CfgRemoteCmdEnable : BOOL;

RemoteModeCmd : DINT;

RemoteModeCmdChgReq : BOOL;

RemoteStateCmd : DINT;

RemoteStateCmdChgReq : BOOL;

TargetDownstreamNodeID : DINT;

TargetUpstreamNodelID : DINT;

ChangeNodeServicedUpstream : DINT;

ChangeNodeServicedDownstream: DINT;

(* THE FOLLOWING FIELDS COME INITIALLY COMMENTED OUT TO SAVE MEMORY WHEN NOT USED *)
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(* Node : Node_ARRAY; (*Node (machine) interface & ID structure*)

(* ProcessVariables : ProcessVariable_ARRAY; (* Machine Engineering Parameters *)
(* Product : Product_ARRAY; (* Machine Product/Recipe Parameters *)
(* Limits : Limit_ARRAY; (* Machine Parameter Prograble Limits *)

END_STRUCT;
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Data Type: ControlModule_Array

Supporting array used to pass commands and machine status to individual Control Modules

Data Type Declaration

ControlModule_ARRAY : ARRAY[O0..15] of PackML_Module_Commands_STRUCT;
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Data Type: PackML_Module_Commands_STRUCT

Supporting data type used by ControlModule ARRAY

Data Type Declaration

PackML Module Commands STRUCT: STRUCT

Cmd_Reset : BOOL; (* Command to Reset the machine *)

Sts_Resetting_SC : BOOL; (* When set, the machine is in the resetting state *)
Cmd_Start : BOOL; (* Command to Start the machine *)

Sts_Starting_SC : BOOL; (* When set, the machine is in the Starting state *)
Cmd_Stop : BOOL; (* Command to Stop the machine *)

Sts_Stopping_SC : BOOL; (* When set, the machine is in the Stopping state *)
Cmd_Hold : BOOL; (* Command to Hold the machine *)

Sts_Holding_SC : BOOL; (* When set, the machine is in the Holding state *)
Cmd_UnHold : BOOL; (* Command to Unhold the machine *)

Sts_UnHolding_SC : BOOL; (* When set, the machine is in the UnHolding state *)
Cmd_Suspend : BOOL; (* Command to Suspend the machine *)
Sts_Suspending_SC : BOOL; (* When set, the machine is in the Suspending state *)
Cmd_UnSuspend : BOOL; (*Command to UnSuspend the machine *)
Sts_UnSuspending_SC : BOOL; (* When set, the machine is in the UnSuspending state *)
Cmd_Abort : BOOL; (* Command to Abort the machine *)

Sts_Aborting_SC : BOOL; (* When set, the machine is in the Aborting state *)
Cmd_Clear : BOOL; (* Command to Clear the machine *)

Sts_Clearing_SC : BOOL; (* When set, the machine is in the Clearing state *)
Sts_Executing_SC : BOOL; (* When set, the machine is in the Executing state *)
Cmd_StateComplete : BOOL; (* Command to enter the Completing State *)

Sts_Completing_SC : BOOL; (* When set, the machine is in the Completing state *)
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ModuleActive : BOOL; (* Indicates if the module is active to receive commands *)

END_STRUCT;
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Data Type: Parameter_STRUCT

Supporting Structure for Parameter ARRAY

Data Type Declaration
Parameter STRUCT : STRUCT
ID : DINT; (* ID value assigned to the parameter *)
Name : STRING; (* Literal description of the parameter *)
Unit : STRING_5; (* Unit associated with the given parameter *)
Value : REAL; (*Numeric value associated with the given parameter *)

END_STRUCT;
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An array containing the names, units and values of a given parameter

Data Type Declaration

Parameter_ARRAY : ARRAY[0..9] OF Parameter_STRUCT;
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Data Type: ProcessVariable_STRUCT

Supporting structure for ProcessVariable ARRAY

Data Type Declaration
ProcessVariable STRUCT : STRUCT
ID : DINT; (* ID value assigned to the parameter *)
Name : STRING; (* Literal description of the parameter, can also be displayed on an HMI screen *)
Unit : STRING_5; (* Unit associated with the given parameter, can also be displayed on an HMI screen *)

Value : REAL; (*Numeric value associated with the given parameter, can also be displayed on an HMI screen *)

END_STRUCT;
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Data Type: ProcessVariable_ ARRAY

An array containing the names, units and values of a given parameter that are used across multiple machines
and can be displayed on an HMI screen.

Data Type Declaration

ProcessVariable_ ARRAY : ARRAY[0..9] OF ProcessVariable_STRUCT;

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 340



% % YASKAWA

Pack ML Toolbox: DataTypes

Data Type: Node_STRUCT

Supporting structure for Node ARRAY.

Data Type Declaration
Node STRUCT : STRUCT
Number : INT; (* A chosen unique number of the Upstream/Downstream PackML machine *)
ControlCmdNumber : INT; (* User defined command to be sent from one node on the network to another *)

CmdValue : INT; (* A value to be associated with the ControlCmdNumber such as speed, or the mode requested
to change to *)

Parameter : Parameter_ARRAY; (* An array of parameter names, values, and units of the parameter *)

END_STRUCT;
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Data Type: Node_ARRAY

Array that contains information used to coordinating machine nodes in a cell of multiple units. The array can be
expanded as needed.

Data Type Declaration

Node_ARRAY : ARRAY[0..7] OF Node_STRUCT;
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Data Type: Ingredient_STRUCT

A structure of parameters containing information for a specific ingredient. Support structure for
Ingredient ARRAY.

Data Type Declaration
Ingredient STRUCT : STRUCT
ID : INT; (* ID value assigned to the ingredient *)
Parameter : Parameter_ARRAY; (* An array of parameters used for the specified Ingredient *)

END_STRUCT;
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Data Type: Ingredient_ARRAY

An array that contains all the parameters for an ingredient

Data Type Declaration

Ingredient_ARRAY : ARRAY[0..31] OF Ingredient_STRUCT;
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Data Type: Product_STRUCT

A structure containing product information

Data Type Declaration

Product STRUCT : STRUCT

ProductID : INT; (* Used to indicate to the machine what product it is producing, also displayed on all HMI

screens *)

ProcessVariables : ProcessVariable_ ARRAY; (* Array of information containing parameters for multiple machines

*)
Ingredients : Ingredient_ARRAY; (* An array containing all information regarding an ingredient *)

END_STRUCT;
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Pack ML Toolbox: DataTypes

Data Type: Product_ARRAY

An array containing product information

Data Type Declaration

Product_ARRAY : ARRAY[0..9] OF Product_STRUCT;
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Pack ML Toolbox: DataTypes

Data Type: Limit_STRUCT

Supporting structure for Limit ARRAY.

Data Type Declaration
Limit STRUCT : STRUCT
ID : INT; (* User defined ID for the limit, 0000 reserved for no limit assigned *)
Name : STRING; (* Literal name for the limit *)
Unit : STRING_5; (* Unit of the limit value *)
Value : REAL; (* Value assigned to the limit *)

END_STRUCT;
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Pack ML Toolbox: DataTypes

Data Type: Limit_ARRAY

An array containing user defined machine limits.

Data Type Declaration

Limit_ARRAY : ARRAY[0..9] OF Limit_STRUCT;
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Pack ML Toolbox: DataTypes

Supporting Arrays

Arrays used by function blocks and other data types in the PackML Toolbox.

Data Type Declaration
TYPE
DINT_Array18 : ARRAY[0..17] OF DINT;
DINT_Array32 : ARRAY[0..31] OF DINT;
DINT_Array7 : ARRAY[0..6] OF DINT;
STRING_Array32 : ARRAY[0..31] OF STRING;
STRING_Array18 : ARRAY[0..17] OF STRING;

StateCumulativeArray : ARRAY[0..6] OF DINT_Array18; (* Default to max 6 Modes. Increase up to ..31 if
more Modes are defined *)

STRING_5 : STRING(5);
STRING_40 : STRING(40);
STRING_200 : STRING(200);
BOOL_16 : ARRAY[0..15] OF BOOL;

END_TYPE
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Function Blocks

CM_Control_Inputs

i CM_Conftrol_Inputs N
o—— PML Cmds - PML_Cmds
¢—— PML_States — PML_States-
¢—— UnitMachine — UnitMachine]
¢— Enable Valid
#— EM_ Number Eror
+— CM Mask ErrorID

\ y

& & & & o

The CM_Control_Inputs function block passes the high level commands from the PackML_StateControl into each

of the enabled and active Control Modules.

Parameters

& Parameter

VAR_IN_OUT

Y PML_Cmds

\ PML_States

\ UnitMachine

VAR_INPUT

B Enable

Y EM_Number

\ CM_Mask

Data Type

PackML

Commands

STRUCT

PackML

States STRUCT

UNitMachine STRUCT

BOOL

INT

WORD

Description

Structure that contains the current Unit mode of
operation and the commands sent by
PackML_StateMachine

Structure containing information about the current
state the machine is operating in

Structure containing all the information about the
machines current state and mode of operation for all
EMs and CMs

Default
The function will continue to execute

FALSE
while the enable is held high
The EM number corresponding to the
EM in which this FB is located
Mask to deactivate CMs. When a CM is 16#0000
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deactivated, commands will not be
sent down to the CM, for testing
purposes. Each bit corresponds to the
same number CM to deactivate.
(Example: to deactivate CM_3, set
CM_Mask.X3

VAR_OUTPUT

B Valid BOOL Indicates that the outputs of the function are valid

Set high if error has occurred during the execution of
B Error BOOL the function block. This output is cleared when
'Enable' goes low.

If Error is true, this output provides the Error ID.
B ErrorID UINT

This output is reset when 'Enable' goes low.

Notes

e See template documentation for further details on recommended usage.

Error Description

ErrorID Meaning
0 No Error
12560 Invalid Equipment Module number
12561 Equipment Module not enable in the system
12562 Invalid number of enabled Control Modules in selected Equipment Module
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CM_Control_Outputs

i CM_Control_Outputs
— PML_States ——

— UnitMachine
Enable
EM Number
CM_Number
Aborting Done
Stopping_Done
Clearing_Done
Resetting Done
Starting_Done
Holding Done
UnHolding_Done
Suspending Done
UnSuspending Done

Execute Done

P r r ¢ ¢ 2 * T T T T

Completing_Done

A

PML_States;

UnitMachine-

-,

Valid
Error

ErrorID

& & o o o

A
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The CM_Control_Outputs function block sets the State Complete bits for the control module to be passed up and

assembled into the Equipment Module status in the EM00_ModuleControl worksheet.
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Parameters
* Parameter
VAR_IN_OUT
\ PML_States
Y UnitMachine
VAR_INPUT
B Enable
V EM_Number
Y CM_Number
B Aborting_Done

Stopping_Done

Clearing_Done

Resetting_Done

Starting_Done

Holding_Done

UnHolding_Done

Pack ML Toolbox: Function Blocks

Data Type

PackML States STRUCT

UNitMachine STRUCT

BOOL

INT

WORD

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

% YASKAWA

Description

Structure containing information about the
current state the machine is operating in

Structure containing all the information
about the machines current state and mode
of operation for all EMs and CMs

Default

The function will continue to
execute while the enable is FALSE
held high

The EM number corresponding
to the EM in which this FB is 0
located

The CM number corresponding
to the CM in which this FB is 0
located

Setting this bit indicates that
the current CM is done

. ) FALSE
‘Aborting’ and is ready to move

to the next state

Setting this bit indicates that
the current CM is done

. . FALSE
‘Stopping’ and is ready to move

to the next state

Setting this bit indicates that
the current CM is done

. . FALSE
‘Clearing’ and is ready to move

to the next state

Setting this bit indicates that
the current CM is done

. . FALSE
‘Resetting’ and is ready to

move to the next state

Setting this bit indicates that
the current CM is done

. . FALSE
‘Starting’ and is ready to move

to the next state

Setting this bit indicates that
the current CM is done

) ] FALSE
‘Holding’ and is ready to move

to the next state

Setting this bit indicates that
the current CM is done

FALSE
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‘UnHolding’ and is ready to

move to the next state

Setting this bit indicates that
. the current CM is done
B Suspending_Done BOOL . . FALSE
‘Suspending’ and is ready to

move to the next state

Setting this bit indicates that
. the current CM is done
B UnSuspending_Done BOOL . . FALSE
‘UnSuspending’ and is ready to

move to the next state

Setting this bit indicates that
the current CM is done

B Execute_Done BOOL . . FALSE
‘Executing’ and is ready to

move to the next state

Setting this bit indicates that
. the current CM is done
B Completing_Done BOOL . . FALSE
‘Completing’ and is ready to

move to the next

VAR_OUTPUT
. Indicates that the outputs of the function

B Valid BOOL )
are valid
Set high if error has occurred during the

B Error BOOL execution of the function block. This output
is cleared when 'Enable' goes low.
If Error is true, this output provides the

B ErrorID UINT Error ID. This output is reset when 'Enable’
goes low.

Notes

e See template documentation for further details on recommended usage.

Error Description

ErrorID Meaning
0 No Error
12560 Invalid Equipment Module number
12561 Equipment Module not enable in the system
12562 Invalid number of enabled Control Modules in selected Equipment Module
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EM_ModuleSummation

% YASKAWA

The EM_Module_Summation function block rolls up all the Control Module State Complete bits for active and

enabled CMs. The result is an overall Equipment Module State Complete bit that is transferred to the
UN_ModuleControl Worksheet.

Parameters

* Parameter

VAR_IN_OUT

V UnitMachine

VAR_INPUT

B Enable

Vv EM_Number

\ CM_Mask

VAR_OUTPUT

Data Type

UNitMachine STRUCT

BOOL

INT

WORD

Description

Structure containing all the information about the

machines current state and mode of operation for all

EMs and CMs

The function will continue to execute
while the enable is held high

The EM number corresponding to the
EM in which this FB is located

Mask to deactivate CMs. When a CM is
deactivated, commands will not be sent
down to the CM, for testing purposes.
Each bit corresponds to the same
number CM to deactivate. (Example: to
deactivate CM_3, set CM_Mask.X3
=TRUE)
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B Valid BOOL Indicates that the outputs of the function are valid

75 ¥ YASKAWA

The list of active CMs. Same bit scheme as CM_Mask.

B CMs_Active WORD . .
(Example: if CMs_Active.X4 = TRUE

A compilation of which Control Modules have not
B CMs_NotDone WORD

completed the transition task.

Set high if error has occurred during the execution of
B Error BOOL the function block. This output is cleared when
'Enable' goes low.

If Error is true, this output provides the Error ID. This
B ErrorID UINT

output is reset when 'Enable’ goes low.

Notes

¢ The user can identify those CMs stuck in transition by comparing the outputs CMs_Active and CMs_NotDone.
These outputs are of WORD datatype, with each bit [x] representing the active status and transition status of
CM[x]. Example: If the PackML command STOP was given, and CM[1] was enabled and active, but not finished
stopping yet, the output of CMs_Active would be ...00111 while the output of CMs_NotDone would be ...00010.
The user then knows that the process is stuck in CM[1]. The user would then go to the
EMO00_CMO0O0_Control_Outputs worksheet to further drill into the problem.

e See template documentation for further details on recommended usage.

Error Description

ErrorID Meaning
0 No Error
12560 Invalid Equipment Module number
12561 Equipment Module not enable in the system
12562 Invalid number of enabled Control Modules in selected Equipment Module
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PackMLCommands_Init

= EMC

INF_FackMLZommands— INF_FackMLCommand

The PackMLCommands_Init function block clears all commands and sets the machine to be in the stopped state.

Parameters

| %

Parameter Data Type Description
VAR_IN_OUT

Structure containing the
V INP_PackMLCommands PackML Module Commands STRUCT current state and
commanded actions

VAR_INPUT Default

The function
will continue to

B EN BOOL execute while FALSE
the enable is
held high
VAR_OUTPUT
Indicates that the outputs of
B ENO BOOL
the function are valid
Notes

¢ Intended to be executed when initially entering the stopped state to clear all previous commands.
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PackMLModeStateTimes

i FackMLModeStateTimes b
o AdminTags AdminTagst—e
&+ Enak W A
o Cmd PResetCurrModeTimes TimeRoltyveryy arning o
o— Cmd_ResetAlTimes Ste_StatelurentSec o
#— S5tz ModeCument St StateCumulatveSec o
e S5 StateCurrent Sts_ModeCurrentSec o
St ModeCumulatveSec &
Sts_AccTimeSinceReset o
Error f—o
Erroril =

The PackMLModeStateTimes function block keeps track of the times spent in each mode and state of operation
for the machine.

Parameters
£ Parameter Data Type Description
VAR_IN_OUT
. . Structure containing alarm data
Vv AdminTags PackTags Admin STRUCT .
from the machine.
Structure containing all the
. . . . information about the machines
Vv UnitMachine UNitMachine STRUCT .
current state and mode of operation
for all EMs and CMs
VAR_INPUT Default
The function will
continue to execute
B Enable BOOL ) _ FALSE
while the enable is held
high

When set, all time
B Cmd_ResetCurrModeTimes BOOL counting will be stalled FALSE
and all of the times
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B Cmd_ResetAllTimes BOOL

\ Sts_ModeCurrent DINT

\ Sts_StateCurrent DINT

VAR_OUTPUT

B Valid BOOL

B TimeRollOverWarning BOOL

B Sts_StateCurrentSec DINT

\ Sts_StateCumulativeSec StateCumulativeArray

B Sts_ModeCurrentSec DINT

\ Sts_ModeCumulativeSec DINT_Array32

B Sts_AccTimeSinceReset DINT

B Error BOOL

B ErrorID UINT
Notes

% YASKAWA

being counted for the
Sts_ModeCurrent will
be cleared.

When set, all times

being monitored will be

reset to zero. Time

counting will also be FALSE
stalled as long as this

input is held high

The current mode the

machine is operating in

The current state the

machine is operating in

Indicates that the outputs of the
function are valid

A warning is sent when any of the
time accumulators is approaching
rolling over

Time (in seconds) spent in the
current state

An array containing the times spent
operating in different modes and
states

Time (in seconds) spent in the
current mode

An array of times spent in each
mode

Accumulated time since
Cmd_ResetAllITimes went high or
the program was stopped for any
reason.

Set high if error has occurred during
the execution of the function block.

This output is cleared when 'Enable’
goes low.

If Error is true, this output provides
the Error ID. This output is reset
when 'Enable’ goes low.

e See template documentation for further details on recommended usage.
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Error Description

ErrorID Meaning

0 No Error

12563 Time rollover warning
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PackML_State_Diagram

t ettt P CETCEIECETECEE TP TPE?

PackL_State_Diagram N
- Cfg_ModeMarnes Cfg_ModeMarnest—e
- Cfg_ModeTrangtions Cfg_ModeTrandtionst—e
- Cfg_StateMarnes Cfg_StateMarnest—e
- Cfg_CisableStates Cfg_DisableStatest—e
- LInitMachine LInitMachine4—
Enableln EnableCiut
Crnd_Mode Clearinig e
Crnd_Reset Stopped =
Crnd_Start Startig =
Crmd_Stop Ide e
Crnd_Hiold Suspended =
Crnd_UnHold Execute
Crnd_Suspend Stopping
Crnd_UnSuspend Ao ting e
Crnd_Abart Aborted e
Crnd_Clear Holdirfig f—e
Crnd_Complete Held =
Zfg_Rermote CrmdEnadle UnHalding e
Inp_RernoteModeCrmd Suspending -«
Inp_RemokeModeCrmdthangeReq LInSus pending
Inp_RermnoteStateCmd Resetting =
Inp_RemotesSta: eCrmdChangeReq Carnpleting s
Cornplete
ModeChangehot Al wed @
Sts_StateCurrent =
Sks_StateCurrentMame p—
Sks_SkateCurrentBibs -
St _ModeCurrent e
Ste_ModeCurrentMame e
Sts_ModeCurrentBits =
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The PackML_State_Diagram function block handles the operation of the state machine, including mode and state

transitions, as defined in the OMAC PackML specification. This function block, when enabled, initializes the
machine to be in mode 3 (Manual Mode) and in the Stopped state.

Parameters

& Parameter Data Type Description
VAR_IN_OUT

An array of strings containing the
Y Cfg_ModeNames STRING_Array32 names of the different Unit modes
of operation

An array of acceptable mode
transition states. Mode changes
into the NEW MODE can only be
performed at the chosen states.
Each element in the array
represents a mode, and each bit in

" the array element represents a

\ Cfg_ModeTransitions DINT_Array32

state. (Ex. To allow Mode
Transitions for Mode 1 at Aborted
(bit 9), Stopped (bit 2), and Idle
(bit 4) states 0000 0000 0000
0000 0000 0010 0001 0100 =
16#0000_0214 = DINT#532 =
Cfg_ModeTransitions[1] )

An array of strings containing the
\ Cfg_StateNames STRING_Arrayl18
names of all the PackML states

An array representing each mode
and their states. Each mode can
disable certain states.(Ex In
Manual Mode (Mode 3) disable
Holding(10), Held(11),
UnHolding(12), Suspended(5),

Vv Cfg_DisableStates DINT_Array32 Suspending(13),
UnSuspending(14),Completing(16),
Complete(17) = 0000 0000 0000
0011 0111 1100 0010 0000 =
16#0003_7C20
= DINT#228384 =
Cfg_DisableStates[3])

Structure containing all the

. . . . information about the machines
\ UnitMachine UNitMachine STRUCT

current state and mode of
operation for all EMs and CMs

VAR_INPUT Default
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The function will
continue to execute
B Enableln BOOL FALSE
while the enable is

held high

The value of the new

mode the machine will
transition to if

possible. If the input

B Cmd_Mode DINT ] 0

remains unchanged,

the machine will stay

in the same mode of

operation

Setting this bit sends
the ‘Restart’ command
B Cmd_Reset BOOL to all enabled and FALSE
active EMs if it is a
legal transition from

Setting this bit sends
the ‘Start’ command
to all enabled and
active EMs if it is a
B Cmd_Start BOOL legal transition from FALSE
the current machine
state, otherwise the
command will be
ignored

Setting this bit sends
the ‘Stop’ command
to all enabled and
active EMs if it is a
B Cmd_Stop BOOL legal transition from FALSE
the current machine
state, otherwise the
command will be
ignored

Setting this bit sends
the *Hold’ command to
all enabled and active
EMs if it is a legal
B Cmd_Hold BOOL transition from the FALSE
current machine state,
otherwise the
command will be
ignored

Setting this bit sends
B Cmd_UnHold BOOL the ‘UnHold’ command FALSE
to all enabled and
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B Cmd_Suspend BOOL
B Cmd_UnSuspend BOOL
B Cmd_Abort BOOL
B Cmd_Clear BOOL
B Cmd_Complete BOOL

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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active EMs if it is a
legal transition from
the current machine
state, otherwise the
command will be
ignored

Setting this bit sends
the ‘Suspend’
command to all
enabled and active
EMs if it is a legal
transition from the
current machine state,
otherwise the
command will be
ignored

Setting this bit sends
the ‘UnSuspend’
command to all
enabled and active
EMs if it is a legal
transition from the
current machine state,
otherwise the
command will be
ignored

Setting this bit sends
the ‘Abort’ command
to all enabled and
active EMs if it is a
legal transition from
the current machine
state, otherwise the
command will be
ignored

Setting this bit sends
the ‘Clear’ command
to all enabled and
active EMs if it is a
legal transition from
the current machine
state, otherwise the
command will be
ignored

Setting this bit sends

the ‘Complete’
command to all

FALSE

FALSE

FALSE

FALSE

FALSE
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Vv Cfg_RemoteModeCmd

B Inp_RemoteModeCmdChangeReq
Vv Inp_RemoteStateCmd

B Inp_RemoteStateCmdChangeReq
VAR_OUTPUT

B EnableOut

B Clearing

B Stopped

B Starting

B Idle

B Suspended

B Execute

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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BOOL

DINT

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL
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enabled and active
EMs if it is a legal
transition from the
current machine state,
otherwise the
command will be
ignored

The remotely
requested mode to 0
transition to

When this input is set,

the machine will

transition to the mode

set by

Cfg_RemoteModeCmd FALSE
if it is a legal

transition from the

current state of the

machine

The remotely
requested state to 0
transition to

When this input is set,

the machine will

transition to the state

set by

Cfg_RemoteStateCmd FALSE
if it is a legal

transition from the

current state of the

machine

Indicates that the outputs of the
function are valid

When this bit is set, the machine i

in the ‘Clearing’ state

When this bit is set, the machine i

in the ‘Stopped’ state

When this bit is set, the machine i

in the ‘Starting’ state

When this bit is set, the machine i

in the ‘Idle’ state

When this bit is set, the machine i

in the ‘Suspended’ state

When this bit is set, the machine i

in the ‘Execute’ state

365



g 4
LB
/]

'vﬁ‘k Pack ML Toolbox: Function Blocks

B
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Stopping

Aborting

Aborted

Holding

Held

UnHolding

Suspending

UnSuspending

Resetting

Completing

Complete

ModeChangeNotAllowed

Sts_StateCurrent

Sts_StateCurrentName

Sts_StateCurrentBits

Sts_ModeCurrent

Sts_ModeCurrentName

StsModeCurrentBits

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

DINT

STRING

DWORD

DINT

STRING

DWORD
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When this bit is set, the machine is
in the ‘Stopping’ state
When this bit is set, the machine is
in the ‘Aborting’ state

When this bit is set, the machine is
in the ‘Aborted’ state

When this bit is set, the machine is
in the ‘Holding’ state

When this bit is set, the machine is
in the ‘Held’ state

When this bit is set, the machine is
in the ‘UnHolding’ state

When this bit is set, the machine is
in the ‘Suspending’ state

When this bit is set, the machine is
in the ‘UnSuspending’ state

When this bit is set, the machine is
in the ‘Resetting’ state

When this bit is set, the machine is
in the ‘Completing’ state

When this bit is set, the machine is
in the ‘Complete’ state

When this bit is set, the requested
Mode change isn't allowed and the
machine will remain in the current
mode and state.

Number in decimal corresponding

to the current state the machine is
in

The name of the current state the

machine is in

DWORD indicating the current
state the machine is in (Ex. If
Sts_StateCurrentBits[x] = 1, then
the machine is in State x)

Number in decimal corresponding
to the current mode the machine is
in

The name of the current mode the
machine is in

DWORD indicating the current
mode the machine is in (Ex. If
Sts_ModeCurrentBits[x] = 1, then
the machine is in State x)
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Notes

e Should always be enabled when program is running to ensure proper operation of the state machine.

e See template documentation for further details on recommended usage.
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UN_ModuleSummation

" UN_ModuleSummation

A S

— UnitMachine —  UnitMachine-
—PML Cmds — PML_Cmds-
Enable Valid
EM Mask EMs_Active
EMs NotDone

Error

ErrorID

-,

S S O G S Gt

.

The UN_ModuleSummation function block rolls up all the Equipment Module State Complete bits for active,
enabled EMs. The result is an overall PMLs State Complete bit that is transferred to the PackML_StateControl

function.
Parameters
£ Parameter Data Type
VAR_IN_OUT
Y UnitMachine UNitMachine STRUCT

PackML Commands

V PML_Cmds

STRUCT
VAR_INPUT
B Enable BOOL
\Y EM_Mask WORD

Description

Structure containing all the information about the
machines current state and mode of operation for all

EMs and CMs

Structure that contains the current Unit mode of
operation and the commands sent by
PackML_StateMachine

Default

The function will continue to execute
while the enable is held high

FALSE

Mask to deactivate EMs. When an EM is
deactivated, commands will not be sent

down to the EM, for testing purposes. 16#0000

Each bit corresponds to the same
number EM to deactivate. (Example: to
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VAR_OUTPUT
B Valid

B EMs_Active

B EMs_NotDone

B Error

B ErrorID

BOOL

WORD

WORD

BOOL

UINT

Error Description

ErrorID

(=]

deactivate EM_3, set EM_Mask.X3
=TRUE)

Indicates that the outputs of the function are valid

The list of active EMs. Same bit scheme as EM_Mask.
(Example: if EMs_Active.X4 = TRUE then EM_4 is
active)

A compilation of which Equipment Modules have not
completed the transition task.

Set high if error has occurred during the execution of
the function block. This output is cleared when
'Enable' goes low.

If Error is true, this output provides the Error ID. This
output is reset when 'Enable' goes low.

Meaning

No Error
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PLCopen Toolbox
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PLCopen Toolbox

This toolbox already includes the PLCTaskInfoTypes and MotionBlockTypes DataTypes files typically included

when starting a new project, so delete them from your project to avoid compile errors that indicate duplicate

DataType definition.

Certain versions of this toolbox refer to the Math Toolbox for additional functionality. You must also include the

Math Toolbox in your project to avoid compile errors.

See the PLCopen Toolbox elLearning Modules on Yaskawa's Youtube channel for video tutorials and examples.

The PLCopen Toolbox consists of the following:

Data Types:

Data Type
AXIS REF

AxisParamData

AxisParameterStruct

AXxisPrmArray
AxisStruct

CAMSWITCH ARRAY

CAMSWITCH REF

CAMSWITCH STRUCT

HomeStruct

IndividualParamDetails

LatchBufferArray

MoveStruct
ProductBufferStruct
SWERROR STRUCT

TRACK ARRAY

TRACK REF
TRACK STRUCT

Description
Identifies an axis

Supporting structure for AxisPrmArray. Used by the ReadAxisParameters
function block

For use with the ReadAxisParameters function block
Used by the ReadAxisParameters function block
For use as a container for all axis related data. (Customizable)

Supporting structure for CAMSWITCH_REF. Used by the Y_DigitalCamSwitch
function block

Used by the Y_DigitalCamSwitch function block

Supporting structure for CAMSWITCH_ARRAY. Used by the
Y_DigitalCamSwitch function block

For use with any HOME_*** function block
Used by the ReadAxisParameters function block

Supporting structure for ProductBufferStruct Used by the
ReadAxisParameters function block

For use with MC_MoveAbsolute, MC_MoveRelative, and MC_MoveVelocity
For use with the ProductBuffer function block
Used by the Y_DigitalCamSwitch function block

Supporting structure for TRACK_REF. Used by the Y_DigitalCamSwitch
function block

Used by the Y_DigitalCamSwitch function block
Supporting structure for TRACK_ARRAY. Used by the Y_DigitalCamSwitch
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function block

Enumerated Types:

Enumerated
Type

Description

For use with the Reverse_MC_Direction function block to select positive or negative

MC Direction

direction for LimitDirection and PulseDirection

For use with the ReadAxisParameters function block to select the type of axis, such

TB AxisType

as servo, external encoder, VFD, etc.

Programs:

Program

Description

A template of code which can be copied to reduce the time required to enter initialization

Initialize

code into your project.

Function Blocks:

Function Block

AbsolutePositionManager

AccDecLimits

Axes Interlock

AxisControl

AxisStatus

ControllerAlarm

HighSpeedOutput

Home LS

Description

This function block can serve as a central point for monitoring, clearing,
and defining the position of an absolute encoder.

Manages the parameters associated with enabling/disabling the
acceleration and deceleration limits.

Checks MC_ReadAxisError and the actual position of both axes to verify
that they are both free of alarms and within the position tolerance
specified.

Combines MC_Power, MCReadAxisError, and MC_Reset and provides
separate outputs for controller and drive alarms and warnings.

Uses MC_ReadAxisError to provide further breakdown of the ErrorClass and
AXisErrorID.

Provides a BOOL output to indicate if there is a controller alarm not related
to an axis.

Combines several of the parameters for use with the High Speed Output
function available on the LIO-01, LIO-02, LIO-06, and MP2600iec. It allows
changing the "OnPosition" value on the fly. While the "OnPosition" will be
triggered at the hardware level with a response time of 13us, the output
will be turned off when either the MinDistance has been travelled or the
MinTime has elapsed, which will be based on the application scan in which
this function is operating.

Combines the PLCopen function blocks MC_StepLimitSwitch,
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Home LS Pulse

Home Pulse

Jog

MoveRelative ByTime

PositionLimits

ProductBuffer

ReadAxisParameters

Reverse MC Direction

VelocityLimits

Y DigitalCamSwitch

MC_MoveRelative, and MC_SetPosition.

Combines the PLCopen function blocks MC_StepLimitSwitch,
MC_StepRefPulse, MC_MoveRelative, and MC_SetPosition.

Combines the PLCopen function blocks MC_StepRefPulse,
MC_MoveRelative, and MC_SetPosition.

Combines the PLCopen functions MC_MoveVelocity and MC_Stop.
Converts the MoveTime input into acceleration, velocity, and deceleration.
Enables or disables the position limit function.

Uses MC_TouchProbe and provides an array of recorded latch positions for
the axis specified.

Reads all the commonly updated axis parameters that may be used within
an application and copies them to an AxisParameterStruct.

Changes the enumerated type MC_Direction#positive_direction to
MC_Direction#negative_direction or vice versa.

Enables or disables the velocity limit function.

Commands a group of discrete output bits analogous to a set of mechanical
cam controlled switches driven by a rotating shaft.
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Getting Started: PLCopen

Requirements for v205

To use the PLCopen Toolbox, your project must also contain the following:

Firmware libraries:

=  YMotion
- Only required if using the ReadAxisParameters function block

User libraries:
= DataTypes_Toolbox (v200 or higher)

=  Math_Toolbox (v202 or higher)
- Only required if using the ProductBuffer function block
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PLCopen Revision History

Current Version:

New for PLCopen v205 - All firmware library DataType definitions were moved to a new toolbox called the
DataTypes Toolbox. Formerly, the PLCopen Toolbox contained the MotionInfoTypes and the PLCTaskInfoTypes
datatype files. These were removed and are now included in the DataTypes Toolbox. If upgrading from an older
version of PLCopen Toolbox, you must do the following:

1) Include the DataTypes Toolbox in your project.

2) Remove any other Yaskawa supplied datatype files with firmware library definitions such as

a. ControllInfoTypes

b. YDeviceCommTypes

(Glalalaialuiotalotolaialoluto 2013-09-01 v205 released - developed using firmware 2.5.0

******************)

1) Removed references to Math Toolbox functions where possible. Only the ProductBuffer function block still

requires the Math Toolbox.
2) Because of the reintroduction of functions with EN/ENO, the MP2600 requires firmware 2.1.

3) Moved all datatype definitions for firmware libraries to a new DataTypes Toolbox. Upgrading to PLCopen
v205 will require deleting any Yaskawa firmware datatypes files and adding the DataTypes Toolbox.

4) JogToPosition - Fixed method in which a change of speed is detected to refire MC_MoveVelocity.

Previous Versions:

(AR AR AR xRk 2013-03-15 v204 released - developed using firmware 2.4.0

********************)

1) ProductBuffer - Swapped position of RegistrationData and ProductAxis to conform to VAR_IN_OUT

convention.
2) AccDecLimits - Fixed several copy / paste errors and variable naming confusion.

3) AbsoluteEncoderManager - Verified operation using Signa-II 2 digit alarm formats.

(rAFFRAH AR R K kX 2012-10-29 v203 released - developed using firmware 2.4.0

********************)
1) AbsoluteEncoderManager - Removed the 'Active' contact from rung 5 to clear alarms that have been reset.

2) ReadAxisParameters - Added 14 parameters. (Mainly limit parameters)

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 374



75 ¥ YASKAWA

= PLCopen Toolbox
3) Jog_To_Position - Improved deceleration ramp.

4) Feed_To_Length - Added. This function will index a default amount, and update the final target based on a
registration input.

(FAFAFAR AR K kK 2012-06-29 v202 released - developed using firmware 2.2.1

******************)

1) ReadAxisParameters - Added the following parameters FilterCmdVelocity 1021, CmdAcceleration 1022, and
postFilterCmdTorque 1024.

2) PLCTaskInfoTypes - Added DataTypes to mirror the 2.0 additions for high resolution task timing.

3) AbsolutePositionManager - Added additional alarm detection to catch A830, A840, and ACCO alarms. Also
added code to clear EncoderAlarmID and ControllerAlarmID when the block goes inactive.

4) Jog_To_Position - Added. For rotary applications that must stop at a specific location.

5) HighSpeedOutput - Fixed issue with MinTime. Was not working correctly if Min Time not zero. (YEU)

(Glalaiaolaiaialutotaiototalotot 2011-12-08 v201 released - developed using firmware 2.0.0

*******************)

1) ProductBuffer - Added two optional inputs to allow FB to operate in a test or simulation mode.

2) ReadAxisParameters - Disabled reading parameter 1311 because it causes an error on MP2600iec. This
parameter is scheduled to return a zero instead of an ErrorID in firmware 2.2.

3) ReadAxisParameters - Fixed two swapped values CamOffset and CamScale were swapped in v200.

(Glalaiaialaioiolatotaiototalotots 2011-07-29 v200 released - developed using firmware 2.0.0

*******************)

Built from v022beta

ReadAxisParameters - Upgraded to use the new Y_ReadMultipleParameters firmware function block.
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(FAFRAE AR AR KK 2011-02-24 v022beta created - developed using firmware 2.0.0
*****************)

1) Home_Init - Added for users who prefer to avoid structured text POU for initializing the HomeStruct
2) Math Toolbox - Upgraded to v004 with Enable / Valid as function block I/O for compatibility with FW 2.1%)

3) Changed AxisControl to allow clearing a drive warning while the servo is enabled.

(FAFRA AR KK 2011-01-24 v021 released - developed using firmware 1.2.3
********************)

1) HighSpeedOutput - Added. For simplified operation with the external encoder high speed output.

2) Home_LS_Pulse - Added a MC_MoveRelative between searching for the limit switch and C channel to prevent
ErrorID 4397 from occurring: "Over travel limit still ON after attempting to move away from it."

3) Axes_Interlock - Enhanced to work with axes configured for rotary mode.

(Glalaiaalaiotolatolaitotalotot 2010-10-04 v020 released. developed using firmware 1.2.2.9

*********************)

1) Jog - Rewrote function to follow the 'Enable’ template standard created for ST functions.

2) ProductBuffer - Improved lockout operation when a manual offset was applied. See ProductBuffer FB
comments for more details.

3) Jog - Improved Done output (It will only pulse; this block is a special case of Enable type

4) AxisParams Struct - Added CamTableCumulativeOutput

5) Home_LS - Fixed rung 6 (incorrect execute bit), duplicated StartOffset from rung 5.

6) DigitalCamSwitch - Added. See the initialize POU for example data setup.

7) ReadAxisParameters - Added LoadType and MachineCycle parameters.

8) AbsolutePositionManager - Added. For confirmation that the absolute position was set and valid

9) Moved Math functions to Math Toolbox
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(*********************************** 2010-02-03 v019 released

***************************************)

1) CamGenerator - Added.

2) CamSlaveFeedTolLength - Removed MC_AbortTrigger.

3) Fixed Missed Latch counter (not initialized properly)

4) Added CamMaster_Lookup, and Slavelndex_Lookup

5) Added MissedLatch and LatchPosition outputs to CamSlave_FeedTolLength

6) Improved ProductBuffer FB to account for external encoder master (prm 1016 / 1006 switch

7) Added CamBlend function block

8) Added WindowCheck function block

9) CamGenerator formula type 4 (Cycloidal) changed to 3 (Simple harmonic). It was incorrectly identified.*)

10) Added ParamTypes input to ReadAxisParameters to increase efficiency of the function (Provides
selective parameter reads by group.)

11) MOVED ALL CAMMING SUPPORT FUNCTIONS TO CAM TOOLBOX - FOR PRO VERSION ONLY.

12) The "PLCTaskInfoTypes" DataType file was removed from this Toolbox. If you need to replace it in
your project, open a second copy of MotionWorks IEC, and open a project that already has the

PLCTaskInfoTypes DataType file, then copy & paste it into your project explorer.

(****************************** 2009-10-27 v018 released

*************************************)

1) Added SensorWindow input to CamSlave FeedToLength

2) Added PositionLimits, VelocityLimits, and AccDecLimits function blocks

3) Removed Enable Servo FB, use AxisControl FB

4) Removed the variable Speed from HomeStruct, it was not used for anything.

5) Converted Home blocks removed all Set or RESET coils.

6) Added MOVE_UNIT & MOVE_LREAL function block to provide compatibility with MP2600iec.

7) Axeslnterlock does not support rotary mode axes.
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8) ReadAxisParameters changed to increase efficiency.
9) Added some outputs such as 'Valid' to some blocks for increased consistency with PLCopen.

10) First version formalized with help documentation.

(******************************* 2009-07-15 v017 released

************************************)

1) Created Home_Pulse, Homes to C Channel, performs moves offset and defines position.

2) Removed R_TRIGs from the ErrorID portion of Home_LS, Home_LS_Pulse, and Home_Pulse because it was
preventing the blocks from showing errors.

3) Updated ProductBuffer function block for both modularized and non modularized latch data.

4) Updated ReadAxisParameters to include VAR_IN_OUT (for speed) and additional input parameter to specify.
axis type. Also reduced parameter set to eliminate those that typically do not change.

5) Added MC_Status data.

6) Improved interlock logic in Home_LS_Pulse, Home_LS, Home_Pulse functions, added CommandAborted as
output, and fixed a typo in all three blocks where the variable attached to the Busy output of one of *)

the internal blocks was referencing an error bit.

(****************************** 2009-05-28 v016 released

************************************)

1) Y_AdjustMode in the DataTypes file was incorrectly named Y_AdjustMethod.
2) Added NOT(Busy) to the Execute of MC_TouchProbe in CamSlave_FeedTolLength. New Error code in

firmware 1.1.2.5 caused new problem if the block was executed when already executing. This may occur if
there

is bounce on the input sensor.
3) Fixed MoveRelative_ByTime - calculations would cause error if negative distance. Also added checks for

negative time (causes error) and zero distance (No Error)
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(****************************** 2009-05-07 vO015 released

************************************)

1) Added interlock to Jog's MC_MoveVelocity to prevent rising edge of exe if Stop is busy to prevent ErrorID
4370 from appearing.

2) Added Axes_Interlock function.

(****************************** 2009-04-16 v014 released

************************************)

(* Fixed AxisControl and Enable Servo to allow a re attempt to enable servo if MC_Power has Error. *)

(* Previously they had a normally closed contact from the MC_Power FB preventing the block from enabling

*)
(* again. Also changed these two blocks to reset Error & ErrorID outptus when Enable=FALSE *)
(* Changed the Jog Block Error and ErrorID outputs to only come on if JogFwd or JogRev is On  *)

(* Added CommandAborted to the Busy interlock circuits of Home_LS_Pulse and Home_LS. *)

(****************************** 2009-03-30 V013rebased

************************************)

Released version of v012.
1) Explicitly set some parameters in ReadAxisParameters to LREAL#0.0 and documented as being unavailable.

because they were causing Access Violation Errors when viewed in the Watch Window.

(****************************** 2009-01-27 v012 created

************************************)

1) This version was released to a few people as a work in progress.

2) PLCopenPlus-v_2_2 firmware library used and included with this version.

3) Added LatchPositionNonCyclic to the AxisParameterStruct structure for ReadAxisParameters FB.
4) Corrected naming of Cam parameters 1500, 1501, 1502.

5) Corrected AxisStatus FB, Drive Warnings and Errors were backwards.

6) Changed AxisControl.ControlAlarmID And AxisStaus.ControlAlarmID to a 32 bit UDINT output.
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7) Jog converted to PLCopen convention (outputs) and code converted to ST.

8) Added CamSlave_FeedTolLength, which uses MC_TouchProbe, SlaveRegistrationCheck, and Y_SlaveOffset.

(**************************************** 2009-01-27 vO011 released

***************************************)

1) PLCopenPlus-v_2_2 firmware library used and included with this version.

2) Added AxisStruct STRUCT

(* Fixes *)

3) Simplified MoveRelativeByTime function, removed additional interlocks, and just copied MC_MoveRelative
outputs to MoveRelativeByTime outputs. *)

4) Made corrections to the AxisParameterArray, added cam parameters. NOTE: will require controller firmware
1.1.0.4 or greater to read some of the cam parameters. Set the READ flag for those parameters to FALSE

if you are using older firmware.

(********************************* 2009-01-12 VOlOreEased

***********************************)

1) PLCopenPlus-v_2_1 firmware library used and included with this version.
2) Changed interface of homing blocks to use HomeStruct. Makes FB smaller and quicker to enter home data.
3) Added example initialization code as a Program POU to enable cut & paste to speed development.
4) Open the Toolbox as a project in a second copy of MotionWorks IEC as a project to see the Initialization POU.
5) Added 'ControllerAlarm' function block to provide BOOL output when there is a controller alarm.

(Uses Y_ReadAlarm and compares the AlarmID for non zero.

6) Added Homed BOOL to HomeStruct.

(********************************* 2008-11-05 V009remased

***********************************)
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1) Completed and tested the MoveRelative_ByTime function.

2) Previous versions would not allow the block to run more than once.

(********************************* 2008-10-17 vO0O08 released

***********************************)

1) In Home_LS_Pulse and Home_LS, added Reset Coil for Homing Done at the last rung.

(********************************* 2008-10-10 vO0O0O7 released

***********************************)

1) Added BOOL outputs to AxisControl (DriveAlarm, DriveWarning)

2) Fixed DriveWarningID and DriveAlarmID, they were backwards.

(********************************* 2008-10-02 VOOSremaSed

***********************************)

Added Functions:
1) AxisControl

2) AxisStatus
Fixes:

3) Changed errant F_TRIG functions used in Home_LS_Pulse for ErrorID to R_TRIG.

(********************************* 2008-09-22 v004 released

************************************)

Changes:

1) EnableServo, upgraded to include ErrorClass output from MC_ReadAxisError from PLCopen.
2) FIRMWARE library 1.0.4.5 and PLCopenPlus-v_2_1

3) Includes structures for axis parameters and homing functions

Not complete:
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4) MoveRelative_ByTime

(********************************* 2008-08-29 v003 released
*************************************)

Added Functions:

1) Home_LS_Pulse

2) Home_LS

3) ReadAxisParameters
Not complete:

4) MoveRelative_ByTime

5) NOTE: v0035 supplied with the MP2300Siec_Sales_Demo_v001

(********************************* 2008-05-20 v002 re|eased

*************************************)

Includes:

1) EnableServo
2) Jog

Not complete:

3) MoveRelative_ByTime
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Data Types

Data Types for PLCopen Toolbox

The following is a complete list of all DataTypes included in the PCLopen toolbox. The list is arranged to
separate those that are used internally, and not useful outside of their particular function, and those that an
application program must incorporate when the programmer wishes to use the associated Function Block.

Data Type Usage
DataTypes for use with function blocks in the PLCopen firmware library
HomeStruct For use with any HOME_*** function block
MoveStruct For use with MC_MoveAbsolute, MC_MoveRelative, and MC_MoveVelocity
DataTypes for external use with the PLCopen Toolbox function blocks
AXIS REF Identifies an axis

. For use with the CamSlave_FeedTolLength and CamSlave_WindowCheck
AxisParamStruct
function blocks.

AxisStruct For use as a container for all axis related data. (Customizable)
. . ENUM type for indicating positive or negative direction for LimitDirection and
MC Direction
PulseDirection of the Reverse_MC_Direction function block
ProductBufferStruct For use with the ProductBuffer function block
. ENUM type for indicating the axis type for the ReadAxisParameters function
TB AxisType

block
DataTypes that support other DataTypes (no need for direct use by the programmer)

. Supporting structure for AxisPrmArray. Used by the ReadAxisParameters
AxisParamData .
function block

Supporting structure for CAMSWITCH_REF. Used by the Y_DigitalCamSwitch
function block

CAMSWITCH ARRAY

Supporting structure for CAMSWITCH_ARRAY. Used by the
Y_DigitalCamSwitch function block.

CAMSWITCH STRUCT

Supporting structure for ProductBufferStruct Used by the

LatchBufferArray . .
ReadAxisParameters function block

Supporting structure for TRACK_REF. Used by the Y_DigitalCamSwitch

TRACK ARRAY
function block

Supporting structure for TRACK_ARRAY. Used by the Y_DigitalCamSwitch

TRACK STRUCT .
function block

DataTypes used internally by PLCopen Toolbox function blocks

AxisPrmArray Used by the ReadAxisParameters function block
CAMSWITCH REF Used by the Y_DigitalCamSwitch function block
IndividualParamDetails Used by the ReadAxisParameters function block
SWERRORSTRUCT Used by the Y_DigitalCamSwitch function block
TRACK REF Used by the Y_DigitalCamSwitch function block
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Data Type: AXIS_REF

The AXIS_REF data type identifies an axis and thus provides the interface to the hardware or virtual axes.
AXIS_REF is used as VAR_IN_OUT in all Motion Control Function Blocks described in this Online help. It is
represented as an input and an output connected by a horizontal line in the graphical representation of a

function block.

The value of AxisNum is determined by the logical axis number assigned in the Hardware Configuration. See

the Configuration tab for each axis.

Data Type Declaration
TYPE
AXIS_REF:STRUCT
AXisNum:UINT;
END_STRUCT;

END_TYPE

Variable Declaration Example

M ame | Type | Ilzage |

| & Default
| |MC_ReadActualPosition_1 MC_Readbctual... WAR

Feedixis A, FEF j WAR_EXTER...
| |AwvaysTrue # [ER...
 |ReadactualiPosyalict i BOOL —[ER...
_ |ReadAotualPosBusy i@ BYTE [ER...
__ |ResdActualPosError i CTD [ER...
_ |ReadActualPozErroriCd i CTU [ER...
__|ReadActualPosPostion 4 CTUD +w [ERL.
| ActualPosition FEAL VAR _EXTER...
 |MC_ReadActual'Yelocity_1 MC_Readbctual... WAR

Feadactualvelalic BOCL WAR_EXTER...

Code Example

AxisX.Number:=UINT#0;

MCMoveAbsoluteX (Axis:=AxisX, Execute:=FALSE) ;
AxisX:=MCMoveAbsolutX.Axis;
AxisY.Number:=UINT#0;

MCMoveAbsoluteY (Axis:=AxisY, Execute:=FALSE);
AxisX:=MCMoveAbsolutY.Axis;
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Supporting structure for AxisPrmArray. Used by the ReadAxisParameters function block.

Data Type Declaration

TYPE

AxisParamData:ARRAY[0..60] OF IndividualParamDetails;

END TYPE
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Data Type: AxisParameterStruct

For use with the ReadAxisParameters function block.

Data Type Declaration
TYPE
AxisParameterStruct:STRUCT
ActualPosition:LREAL; (* 1000 *)
ActualPositionCyclic:LREAL; (* 1005 *)

ActualPositionNonCyclic:LREAL; (* 1006 *)

ActualTorque:LREAL; (* 1004 *)
ActualVelocity:LREAL; (* 1001 *)
AtVelocity:BOOL; (* 1141 *)
BufferedMotionBlocks:LREAL; (* 1600 *)
CamMasterCycle:LREAL; (* 1512 *)
CamMasterPosition:LREAL; (* 1500 *)
CamMasterShiftedCyclic:LREAL; (* 1502 *)

CamMasterShiftedPosition:LREAL; (* 1501 *)

CamMasterScale:LREAL; (* 1510 *)
CamMasterShift:LREAL; (* 1511 *)
CamOffset:LREAL; (* 1531 *)
CamScale:LREAL; (* 1530 *)
CamShiftRemaining:LREAL; (* 1513 *)
CamState:LREAL; (* 1540 *)
CamTableIDEngaged:LREAL; (* 1541 *)
CamTableOutput:LREAL; (* 1520 *)
CommandedAcceleration:LREAL; (* 1012 *)
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CommandedPosition:LREAL; (* 1010 *)
CommandedPositionCyclic:LREAL; (* 1015 *)

CommandedPositionNonCyclic:LREAL; (* 1016 *)

CommandedTorque:LREAL; (* 1014 *)
CommandedVelocity:LREAL; (* 1011 *)
InPosition:BOOL; (* 1140 *)
LatchPositionNonCyclic:LREAL; (* 1031 *)
PositionError:LREAL; (* 1130 *)
PositionWindow:LREAL; (* 1120 *)

END_STRUCT;

END TYPE
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Data Type: AxisPrmArray

Used by the ReadAxisParameters function block.

Data Type Declaration

TYPE
AxisPrmArray: STRUCT

Param:AxisParamData;

END_STRUCT;

END TYPE
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Data Type: AxisStruct

For use as a container for all axis related data. (Customizable)

Data Type Declaration
TYPE
AxisStruct: STRUCT
Ref:AXIS_REF; (* Used with the Axis VAR_IN_OUT of many PLCopen function blocks *)
JogSpeed:LREAL; (* In user units/sec as defined in the Hardware Configuration *)
RunSpeed:LREAL; (* In user units/sec as defined in the Hardware Configuration *)
Position:LREAL;  (* In user units as defined in the Hardware Configuration *)
Acceleration:LREAL; (* In user units/sec2 as defined in the Hardware Configuration *)
Deceleration:LREAL; (* In user units/sec2 as defined in the Hardware Configuration *)
Jerk:LREAL; (* In user units/sec/sec/sec as defined in the Hardware Configuration *)
Status:BOOL; (* To indicate if the drive is enabled *)
Warning:BOOL;
Alarm:BOOL;
DriveAlarmID:UINT;
DriveWarningID:UINT;

ControlAlarmID:UDINT;

Prm:AxisParameterStruct;

Home:HomeStruct;
Latch:RegistrationStruct;
cam:CamStruct;

END_STRUCT;
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END_TYPE
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Data Type: CAMSWITCH_ARRAY

Supporting structure for CAMSWITCH REF. Used by the Y DigitalCamSwitch function block.

Data Type Declaration

TYPE

CAMSWITCH_ARRAY: ARRAY[0..255] OF CAMSWITCH STRUCT;

END_TYPE
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Data Type: CAMSWITCH_REF

Used by the Y DigitalCamSwitch function block.

Data Type Declaration
TYPE
CAMSWITCH_REF:STRUCT
MasterType: INT; (* 0 = Infinite/Rotary, 1 = Finite/Linear *)
MachineCycle: LREAL;
(*This number should match the setting in the Hardware Configuration. Valid for Type = 0.*)

LastSwitch; INT; (* To limit the evaluation of the array *)

Switch: CAMSWITCH ARRAY;

END_STRUCT;

END_TYPE
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Data Type: CAMSWITCH_STRUCT

Supporting structure for CAMSWITCH ARRAY. Used by the Y DigitalCamSwitch function block.

Data Type Declaration
TYPE
CAMSWITCH_STRUCT:STRUCT
TrackNumber:INT;
(* A reference to the track number to which this switch is to be applied.
The PLS block will support up to 32 tracks. There is no limit to how many
switches can be assigned to a single track except for the maximum of 256 switches. *)
FirstOnPosition:LREAL;
(* Lower boundary where the switch is ON. *)
LastOnPosition:LREAL;
(* Upper boundary where the switch is ON. If LastOnPosition < FirstOnPosition,
then the switch should be OFF between the positions (inverse cam switch) *)
AxisDirection:INT;
(* The direction of the master for which this switch applies.
0 = Both Pos and Neg; 1 = Positive Only (future); 2 = Negative Only (future)
ONLY 0 should be implemented at this time. *)
CamSwitchMode:INT;
(* Position vs Time-Based output. 0 = Position. 1 = Time. *)
Duration:DINT;
(* The duration of the switch. If CamSwitchMode = 0 (Position) AND Duration
<> 0.0, this Duration will serve as a Maximum ON time for the switch. A setting
of 0.0 means infinite time. If CamSwitchMode = 1 (Time), this duration will

serve as the ON time of the switch once FirstOnPosition has been reached.
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A setting of 0.0 will result in a block error.*)

END_STRUCT;

END_TYPE
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Data Type: HomeStruct

For use with all HOME_*** function blocks.

Data Type Declaration
TYPE
HomeStruct: STRUCT
Direction:INT; (* Used in conjunction with MC_StepLimit Function Block *)
SwitchMode:INT; (* Configuration for action of the home sensor. [See MC_SwitchMode] *)
TorqueLimit:LREAL; (* Default if unused [ZERO] is 100.00% of rated torque *)
ApproachVelocity:LREAL;
ApproachTimeLimit:LREAL; (* In seconds *)
ApproachDistanceLimit:LREAL;
AccDec:LREAL;
CreepVelocity:LREAL;
CreepTimeLimit:LREAL; (* In seconds *)
CreepDistanceLimit:LREAL;
Offset:LREAL; (* Position offset to MOVE after finding the last input device
(sensor of C channel) *)
OffsetVelocity:LREAL;
Position:LREAL; (* This is the location that will be defined when all homing
actions are complete, including the offset move. *)
Homed:BOOL; (* Flag to indicate that the axis was successfully homed *)
END_STRUCT;

END TYPE

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 395



¥ YASKAWA

~ PLCopen Toolbox: DataTypes

Data Type: IndividualParamDetails

Used by the ReadAxisParameters function block.

Data Type Declaration
IndividualParamDetails:STRUCT (* For internal use of the ReadAxisParameters Function Block *)
Num:UINT;
BValue:BOOL;
DIValue:DINT;
LRValue:LREAL;
PType:INT; (* 1=BOOL, 2=BYTE, 3=INT, 4=DINT, 5=LREAL *)
AxisMask:WORD;
TypeMask:WORD;

END_STRUCT;
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PLCopen Toolbox: DataTypes

Supporting structure for ProductBufferStruct Used by the ReadAxisParameters function block.

Data Type Declaration

TYPE

LatchBufferArray: ARRAY[0..100] OF LREAL;

END TYPE
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Data Type: MoveStruct

For use with MC_MoveAbsolute, MC_MoveRelative, and MC_MoveVelocity.

Data Type Declaration
TYPE
MoveStruct:STRUCT
Position:LREAL;  (* In user units as defined in the Hardware Configuration *)
Velocity:LREAL; (* 1In user units/sec as defined in the Hardware Configuration *)
Acceleration:LREAL; (* In user units/sec2 as defined in the Hardware Configuration *)
Deceleration:LREAL; (* In user units/sec2 as defined in the Hardware Configuration *)
Jerk:LREAL; (* In user units/sec/sec/sec as defined in the Hardware Configuration *)
END_STRUCT;

END TYPE
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Data Type: ProductBufferStruct

For use with the ProductBuffer function block.

Data Type Declaration

TYPE

ProductBufferStruct: STRUCT

BufferSize:INT; (* INPUT - Maximum number of registration marks to be

tracked. (Circular buffer size). *)

BufferNonCyclic:LatchBufferArray; (* OUTPUT - Array (circular buffer) of all

recorded registration marks (unmodularized latch values). *)

BufferCyclic:LatchBufferArray; (* OUTPUT - Array (circular buffer) of all

recorded registration marks (modularized latch wvalues). *)

Sensor:TRIGGER_REF; (* INPUT - TRIGGER REF for the axis which
registration marks are to be detected. *)

SensorDistance:LREAL; (* INPUT - Distance in units of the master axis from

the registration sensor to the required synchronization point with a slave

axis. *)

SensorOffset:LREAL; (* INPUT - If the sensor is an exact multiple of
machine cycles from cut position, this number would be zero. *)
ManualOffset:LREAL; (* INPUT - Amount to adjust the synchronization

point, typically comes from HMI. *)

LockoutDistance:LREAL; (* INPUT - Distance after recording a latch that

another latch would be ignored as potential noise. *)

ProductAwayDistance:LREAL; (* INPUT - The distance the product travels from

its initial detection until it is safely past the slave operation. *)

StorePointer:INT; (* OUTPUT - Array Index of the latch data that was
stored after MC TouchProbe. *)

UsePointer:INT; (* INPUT - Array Index of the latch data. *)

PrevUsePointer:INT; (* INPUT - Array Index of the previous latch data. *)
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END_STRUCT;

END TYPE

NOTES:
INPUT - Indicates a value that the USER must supply to the ProductBuffer function block.

OUTPUT - Indicates a value that the ProductBuffer function block will write to the structure for use in the
application.

The following structure values are not used by the ProductBuffer function block, but are defined in the
ProductBufferStruct because typical applications that cam benefit from this function require this data for
successful operation:

e SensorDistance
e  SensorOffset

e  ProductAwayDistance
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PLCopen Toolbox: DataTypes
Data Type: SWERROR_STRUCT

Used by the Y DigitalCamSwitch function block

Data Type Declaration
TYPE
SWERROR_STRUCT: STRUCT
TrackNumber: INT;
(* The last switch number where an invalid setting for TrackNumber occurred *)
FirstOnPosition: INT;
(* The last switch number where an invalid setting for FirstOnPosition occurred *)
LastOnPosition: INT;
(* The last switch number where an invalid setting for LastOnPosition occurred *)
AxisDirection: INT;
(* The last switch number where an invalid setting for AxisDirection occurred *)
CamSwitchMode: INT;
(* The last switch number where an invalid setting for CamSwitchMode occurred *)
Duration: INT;
(* The last switch number where an invalid setting for Duration occurred *)
ImproperOnPosition: INT;
(* The last switch number where an improper relationship between FirstOnPosition
and LastOnPosition occurred *)
OnOffPositionError: INT;
(* The last switch number where the OnCompensationScaler and/or
OffCompensationScaler resulted in an improper relationship between
the modified FirstOn and LastOn positions. *)

END_STRUCT;
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END_TYPE
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PLCopen Toolbox: DataTypes

Supporting structure for TRACK REF. Used by the Y DigitalCamSwitch function block.

Data Type Declaration

TYPE

TRACK_ARRAY: ARRAY[0..31] OF TRACK STRUCT;

END_TYPE
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Data Type: TRACK_REF

Used by the Y DigitalCamSwitch function block.

Data Type Declaration

TYPE
TRACK_REF:STRUCT

Track: TRACK ARRAY;

END_STRUCT;

END_TYPE
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~ PLCopen Toolbox: DataTypes

Data Type: TRACK_STRUCT

Supporting structure for TRACK ARRAY. Used by the Y DigitalCamSwitch function block.

Data Type Declaration
TYPE
TRACK_STRUCT:STRUCT
OnCompensationScaler:LREAL;
(* Compensation for the FirstOnPosition of each switch on the track. + = advance, - = delay*)
OffCompensationScaler:LREAL;
(* SpeedCompensation for the LastOnPosition of each switch on the track.*)
Value: BOOLEAN;
(* The resulting status of the track after evaluating and combining all switches that affect the track.*)
END_STRUCT;

END_TYPE
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PLCopen Toolbox: DataTypes

Enumerated Types

Enumerated Type: MC_Direction

ENUM type for indicating the axis type for the Reverse MC Direction function block.

Data Type Declaration
(* ENUM Type for LimitDirection and PulseDirection *)

MC_Direction:(positive_direction, negative_direction);
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ENUM type for indicating the axis type for the ReadAxisParameters function block.

Data Type Declaration
(* ENUM Type for AxisCode *)

TB_AxisType:(Servo, VFD, Stepper, Virtual, External);
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PTB_Initialize

This is not a function block but a Program POU in the Toolbox. Its purpose is to reduce the time required to
enter initialization code into your project. If you use the provided datatypes, time can be saved by copying and
pasting structured text code from this POU into your Initialization POU, then replacing the string “Replace_Me?

with another name meaningful to the application.

This POU is not intended to be selected for execution in a task in your application program.
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Function Blocks

AbsolutePositionManager

This function monitors for any controller or servo alarm related to the absolute encoder or battery backed
encoder offset data stored in the controller. It can serve as the single point of monitoring, clearing, and defining
the position of an absolute encoder. This function includes a retained Boolean output variable that once set,
requires that the alarm be cleared through this function, and that the position of the encoder is redefined. The
intention is to prevent the machine from operating until the position of the absolute encoder has been calibrated
to the machine coordinates.

This function includes the following PLCopen function blocks: MC_ReadAxisError, MC_ReadAlarm
MC_ResetAbsoluteEncoder, Y_ClearAlarm and MC_SetPosition.

Parameters
& Parameter Data Description
Type
B Axis AXIS REF Logical axis reference. This value can be located on the
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VAR_INPUT

B Enable

\ SetPosition

\ Position

Vv ResetEncoder

VAR_OUTPUT

B Valid

\ SetPositionDone

\ PositionValid

\ ResetDone

Y EncoderAlarmID

\ ControllerAlarmID

B Error

B ErrorID
Notes

Error Description

Check the Hardware Configuration to ensure that the alarm format for Sigma III and higher drives is
set for 3 digit alarm mode.

BOOL

BOOL

LREAL

BOOL

BOOL
BOOL

BOOL

BOOL

UINT

UDINT

BOOL

UINT

Configuration tab in the Hardware Configuration (logical axis

number).
Default
The function will continue to execute while
) ) FALSE
enable is held high.
Value of the absolute position [u] to be set
L FALSE
when homing is done. The reference
A positive or negative value within the
. ) ) LREAL#0.0
coordinate system in user units.
Initiates the Y_ResetAbsoluteEncoder
function to clear any absolute encoder
LREAL#0.0

related SERVOPACK alarm, including A.810
and A.CCO

Indicates that the outputs of the function are valid.
Indicates that MC_SetPosition has successfully completed.

Indicates that the absolute encoder has no alarms, and the
MC_SetPosition has been used at some point in the past to
align the encoder with the mechanical system.

Indicates that the ResetEncoder request has completed
successfully.

SERVOPACK alarm related to the absolute encoder.

Controller alarm related to the SRAM or battery, which stores
the absolute encoder offset.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute' or
‘Enable’ goes low.

If Error is true, this output provides the Error ID. This output
is reset when 'Execute’ or 'Enable' goes low.

See the AbsolutePositionManager eLearning Module on Yaskawa's YouTube channel.

ErrorID

Meaning

The function block is not applicable for the external axis specified

MC_SetPosition can not be executed while the axis is moving.
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When the axis is in rotary mode, and the MC_SetPosition tries to set a position that is equal
to or greater than the MachineCycle, this error is generated, and the position is not set.

Position cannot be defined while the axis is the cam master of other axes.
The function block cannot be used with a virtual axis.
Axis latch function already in use.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Mode does not correspond to a valid enumeration value.
Failed to initialize absolute encoder.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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AccDecLimits

This function block manages the parameters associated with enabling/disabling the acceleration and

deceleration limits. The limits can be enabled or disabled and the values of the limits can be input and verified at
the output. The outputs are provided as an echo from the motion engine. This function allows for streaming of

variable limits.

Parameters

& Parameter Data

Type

Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration
(logical axis number).

Description

The function will continue to execute
B Enable BOOL . . . FALSE
while enable is held high.
Enables or Disables the Limit Accel
V LimitAccDecEnable BOOL Decel function. Parameter 1222 and FALSE

1232 are combined
V LimitAccelPositive LREAL Parameter 1221 LREAL#0.0
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\Y LimitAccelNegative

Vv LimitDecelPositive

Y LimitDecelNegative

VAR_OUTPUT
Valid
LimitAccDecEnableEcho
LimitAccelPositiveEcho

B

V

\Y

Y LimitAccelNegativeEcho
\Y LimitDecelPositiveEcho
V

LimitDecelNegativeEcho

B Error
B ErrorID
Notes

LREAL
LREAL
LREAL

BOOL
BOOL
LREAL
LREAL
LREAL
LREAL

BOOL

UINT

Parameter 1220 LREAL#0.0
Parameter 1231 LREAL#0.0
Parameter 1230 LREAL#0.0

Indicates that the outputs of the function are valid.
Echo of Parameter 1222 ANDed with 1232

Echo of parameter 1221 echoed from motion engine
Echo of parameter 1220 echoed from motion engine
Echo of parameter 1231 echoed from motion engine
Echo of parameter 1230 echoed from motion engine

Set high if error has occurred during the execution of
the function block. This output is cleared when
'Execute' or 'Enable’ goes low.

If Error is true, this output provides the Error ID. This
output is reset when 'Execute’ or 'Enable' goes low.

The function block uses MC_ReadBoolParameter, MC_WriteBoolParameter, MC_ReadParameter, and

MC_WriteParameter.
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Hardware Configuration LimitAccelEnable [1222)

LimitAccalPositive [1221]
LimitAccelMegative [1220]

LimitDecelEnable [1232)
Abways Loaded al power up LimitDecelPositive [1231]
LimitDecelNegative [1230]

Application Program

P g3

/;hnnglng Accel [ Decel limit
values via MC_WriteParamefer
at run time will supersede the
values stored in the Hardware
Configuration, but the
Hardware Configuration valugs
. _will be reloaded al power up.

LimitAccelPositive [1221] LimitDecelPosithee [1231] U

LimilDecelEnakle [1232] Clesed = TRUE
LimitAccelEnakle [1222) Closed = TRUE

LimitDecelMNegative [1230)
LimitAecalMagative [1220]

Commanded Speed

Accel / Decel Limits
e The software acceleration & deceleration limits are managed by the MP2000iec controller.

e When an acceleration or deceleration limit is exceeded, a controller alarm will be generated, obtainable via the
MC_ReadAxisError function block, or the web server.

e The controller alarm will be 16#3202 0005 if the positive position limit is exceeded and 16#3202 0006 if the
negative position limit is exceeded.

Acceleration Limits

e Acceleration is defined as increasing velocity away from zero.

e The parameters are called LimitAccelPositive and LimitAccelNegative, with values of UINT#1221 and
UINT#1220 respectively. Use the MC_WriteParameter function block for these and all controller side
parameters. Acceleration limit parameters are in user units / sec?.

e To disable the acceleration limit, set LimitAccelEnable, parameter 1222 to zero.

Deceleration Limits

¢ Deceleration is defined by decreasing velocity towards zero.
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e The parameters are called LimitDecelPositive and LimitDecelNegative, with values of UINT#1231 and
UINT#1230 respectively. Use the MC_WriteParameter function block for these and all controller side
parameters. Deceleration limit parameters are in user units / sec?.

e To disable the deceleration limit, set LimitDecelEnable, parameter 1232 to zero.

Error Description

ErrorID

Meaning
No error
The function block is not applicable for the external axis specified

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

The parameter number does not exist for the specified axis
Positive Acceleration Limit must be greater than 0.
Negative Acceleration Limit must be less than 0.

Positive Deceleration Limit must be greater than 0.
Negative Deceleration Limit must be less than 0.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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*— Tolerance Locked f—=
o Offset Deviation |—
Error |

ErrorID f—
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This function block checks MC_ReadAxisError and the actual position of both axes to verify that they are both
free of alarms and within the position tolerance specified. It is intended for use with axes that operate on the

same mechanical load and must remain within tolerance to avoid equipment damage, such as an X, X Prime
gantry system. The output “Locked? will be high to indicate that the axes are synchronized and free of errors.

Support for axes configured in rotary mode requires controller firmware 1.2.3 and PLCopen Toolbox v021.

Parameters

& Parameter Data
Type

VAR_IN_OUT

B Axisl AXIS REF

B Axis2 AXIS REF

VAR_INPUT

B Enable BOOL

Y Tolerance LREAL

Description

Logical axis reference. This value can be located on the
Configuration tab in the Hardware Configuration (logical axis
number).

Logical axis reference. This value can be located on the
Configuration tab in the Hardware Configuration (logical axis
number).

Default
The function will continue to execute while enable

FALSE
is held high.
The allowable position difference between the two

LREAL#0.0

axes in user units.
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Y Offset

VAR_OUTPUT

B Valid

B Locked

B Deviation

B Error

B ErrorID
Notes

LREAL

BOOL

BOOL

BOOL

BOOL

UINT

Offset between the two axes. This value will be
) . . LREAL#0.0
considered when comparing the positions

Indicates that the outputs of the function are valid.

Indicates TRUE if neither axis has an alarm and the position
deviation is less than the specified tolerance.

The amount of positional difference between the two axes.

Set high if error has occurred during the execution of the function
block. This output is cleared when 'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID. This output is
reset when 'Execute’ or 'Enable' goes low.

It is assumed that the axes have the same user units because they are operating the same load.

See the Axeslnterlock elLearning Module on Yaskawa's YouTube channel.

Error Description

ErrorID

No error

Meaning

The function block is not applicable for the external axis specified

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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AxisControl

This function block combines MC_Power, MC_ReadAxisError, and MC_Reset and provides separate outputs for
controller and drive alarms and warnings.

Parameters

Parameter Data

Type

Description

Logical axis reference. This value can be located on the

B Axis AXIS REF Configuration tab in the Hardware Configuration (logical axis

number).

The function will continue to execute while
B Enable BOOL ) ) FALSE
enable is held high.
E EnablePositive BOOL Not Supported FALSE
E EnableNegative BOOL Not Supported FALSE
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\ AlarmClear

VAR_OUTPUT

B Status

Y AxisAlarm

Y DriveWarning

\ DriveWarningID

Y DriveAlarmID

\ ControllerAlarmID

B Error

E ErrorID
Notes

BOOL

BOOL

BOOL

BOOL

UINT

UINT

UDINT

BOOL

UINT

% YASKAWA

Clears axis related alarms using MC_Reset FALSE

TRUE if the drive is enabled. This output is derived from the
Status output of MC_Power.

Indicates if there is an axis specific alarm on either the
controller or drive.

Indicates a warning on the drive, such as any A.9x display
on the drive.

Indicates the drive warning number, such as 95 (overload
warning). Refer to the drive manual for troubleshooting.

Indicates the drive alarm number, such as C9 (encoder
disconnected). Refer to the drive manual for troubleshooting.

Indicates the controller alarm ID number, such as 3302
0018. (shown in hex.) Refer to the Controller AlarmID list in
the PLCopenPlus manual for troubleshooting.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute' or
'Enable' goes low.

If Error is true, this output provides the Error ID. This output
is reset when 'Execute’ or 'Enable' goes low.

When attempting to clear an alarm, the enable input must be FALSE or the alarm reset function will be blocked

from executing.

We recommend viewing the alarm and warning output ID’s in Hex, because all Yaskawa ServoPack

documentation lists the amplifier alarm codes in Hex. This simplifies alarm identification. Note that

MotionWorks IEC may show the value at the output in decimal. For example, a DriveAlarmID 0f 2064 converted

to hex is 810, which is the Servopack alarm for the absolute encoder. "A81" will be displayed on the front of the

Servopack.

Remember that this function only reports axis specific alarms and warnings. For general system alarms, use the

Y_ReadAlarms function block from the PLCopenPlus firmware library.

Error Description

ErrorID

No error

Meaning

The move could not be started because motion is prohibited. The drive may not be enabled.

MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check

MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The servo drive failed to enable or disable. Check the amplifier wiring for L1 / L2 / L3
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The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

The L1 / L2 / L3 power inputs on the drive may not be supplied with power, possibly due to
an E-Stop condition.

The Safety input (HHB) is preventing the drive from enabling.

MECHATROLINK Communications to the drive was disrupted. Execute MC_Reset to restore
the connection.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.

The specified external axis may not be used. A physical axis is required.
The specified virtual axis may not be used with this function block.
Sending clear alarms command to servo drive failed.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “"Object
Properties” to determine which parameters are ANY type.

An internal assertion in the motion kernel failed indicating the controller is not in a stable
state. Please report this error to Yaskawa America Incorporated.
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AXxisStatus

This function block uses MC_ReadAxisError to provide further breakdown of the ErrorClass and AxisErrorID by
providing BOOL and UINT outputs for the drive faults, and a DINT value for the controller alarm which is
consistent with the 32 bit controller alarm reporting in the web server. This function was created for use inside
the AxisControl function block in the PLCopen Toolbox. This function's outputs are available at the output of the
AxisControl function block.

Parameters

£ Parameter Data Description
Type

Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration (logical axis
number).

The function will continue to execute while
B Enable BOOL FALSE
enable is held high.
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VAR_OUTPUT
B Valid
Y DriveWarning

Y DriveAlarm
Y ControllerAlarm
\Y DriveWarningID
Vv DriveAlarmID
\ ControllerAlarmID
B Error
E ErrorID

Notes

BOOL

BOOL

BOOL

BOOL

UINT

UINT

UDINT

BOOL

UINT

Indicates that the outputs of the function are valid.

Indicates a warning on the drive, such as any A.9x display
on the drive.

Indicates an alarm on the drive, such as A.71, overload.
Refer to the appropriate drive manual for troubleshooting.

Indicates a controller side axis alarm.

Indicates the drive warning number, such as 95 (overload
warning). Refer to the drive manual for troubleshooting.

Indicates the drive alarm number, such as C9 (encoder

disconnected). Refer to the drive manual for troubleshooting.

Indicates the controller alarm ID number, such as 3302
0018. (shown in hex.) Refer to the Controller AlarmID list in
the PLCopenPlus manual for troubleshooting.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute’ or
'Enable' goes low.

If Error is true, this output provides the Error ID. This output
is reset when 'Execute' or 'Enable' goes low.

We recommend viewing the alarm and warning output ID’s in Hex, because all Yaskawa ServoPack

documentation lists the amplifier alarm codes in Hex. This simplifies alarm identification. Use the Debug Dialog
menu in MotionWorks IEC to change the debug value display type. The controller alarm list in the webserver

and in the PLCopenPlus help manual show the controller alarms in hex also.

Error Description

ErrorID

No error

Meaning

The function block is not applicable for the external axis specified

Axis ID does not correspond to an axis configured on the system. Verify the value of

AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

The DataType connected to a function block parameter specified as ANY type does not

match the required data size. Right click on the function block and select “Object

Properties” to determine which parameters are ANY type.
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ControllerAlarm

Alarm
AlarmID
Error

ErrorID

This function block provides a BOOL output to indicate if there is a controller alarm not related to an axis. It
uses the Y_ReadAlarm function block and determines if the AlarmID output is non-zero. This function is useful
because the PLCopenPlus function Y_ReadAlarm does not have a Boolean output, just the AlarmID.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default

Upon the rising edge, all other function block inputs are
B Execute BOOL read and the function is initiated. To modify an input, FALSE
change the value and re-trigger the execute input.

VAR_OUTPUT
B Valid BOOL Indicates that the outputs of the function are valid.
Vv Alarm BOOL Indicates if the controller has a non-axis related alarm.
This output provides the Controller Alarm ID. This output is reset
\Y AlarmID UDINT
when execute goes low.
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is reset
E ErrorID UINT
when 'Execute' or 'Enable' goes low.
Notes

It is best to view the AlarmID Hex, because the Controller AlarmID list in the PLCopen manual displays all alarm
codes in hex. This simplifies alarm identification.
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Error Description

ErrorID Meaning
0 No error
Axis ID does not correspond to an axis configured on the system. Verify the value of AxisNum
4625 matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is properly
declared as a VAR or VAR_GLOBAL in all relevant POUs.
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Feed_To_Length

FeedTolLength was designed for use with applications that index forward in one direction, and require on the fly

adjustments of the actual index length based on a sensor input that occurs while the axis is moving. This block
is a hybrid function block, meaning it use both types of PLCopen behaviors: Enable and Execute. The reason for
this is so the function can monitor for consecutive latches and flag an Error for that condition. The Enable input
allows this feature to operate. The Execute input initiates each move.

Parameters

&3 Parameter Data Type Description

Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration (logical
axis number).

\ TriggerData TRIGGER_REF Reference to the trigger signal source
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VAR_INPUT
B Enable
B Execute

Y DefaultDistance

Y DistanceAfterLatch

B Velocity

B Acceleration

B Deceleration

E Jerk

\ MaxCorrection

\ SensorMinimum
\ SensorMaximum

\ MissedLatchLimit

VAR_OUTPUT
B Valid
B Done
B Busy

BOOL

BOOL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

UINT

BOOL

BOOL

BOOL

% YASKAWA

Default
The function will continue to execute

FALSE
while enable is held high.
Upon the rising edge, all other function
block inputs are read and the function is

FALSE

initiated. To modify an input, change the
value and re-trigger the execute input.

The default product length. This is the
distance the axis will travel if a LREAL#0.0
registration mark is not detected.

The desired additional travel distance
LREAL#0.0
after the registration mark is detected

Absolute value of the velocity in user
. LREAL#0.0
units/second

Value of the acceleration in user
units/second”2 (acceleration is

i _ _ LREAL#0.0
applicable with same sign of torque and

velocity)

Value of the deceleration in user
units/second”2 (deceleration is

. . L LREAL#0.0
applicable with opposite signs of torque

and velocity)

Not supported,; reserved for future use.
Value of the jerk in [user units /
second”3].

Limits the amount of correction that can
, LREAL#0.0
be applied

The earliest slave position where a
T i ] LREAL#0.0
sensor position is valid for correction.

The latest slave position where a sensor
S . ) LREAL#0.0
position is valid for correction.

The number of consecutive product
lengths that can occur without seeing a
mark in the window. Valid sensor
_ _ _ UINT#0
detections will reset the internal
counter. The next valid sensor detection

will reset the internal counter.

Indicates that the outputs of the function are valid.

Set high when the commanded action has been
completed successfully. If another block takes control
before the action is completed, the Done output will not
be set. This output is reset when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable’
input, and reset if Done, CommandAborted, or Error is
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true.

Set high if motion is aborted by another motion

B CommandAborted BOOL command or MC_Stop. This output is cleared with the
same behavior as the Done output.

Vv ActualSize LREAL The actual indexed distance

. The slave's position in the CamTable when the latch

Vv LatchPosition LREAL

occurred
L . Indicates that the MaxCorrection is limiting the required

Vv LimitedCorrection BOOL .
correction.

Vv MissedLatch BOOL Cumulative number of latches missed
Set high if error has occurred during the execution of

B Error BOOL the function block. This output is cleared when 'Execute’
or 'Enable’ goes low.
If Error is true, this output provides the Error ID. This

B ErrorID UINT

output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.

MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion. If
MC_Stop has control of the axis, no other function block can override the "Stopping" state.
Other blocks that try to cause motion while MC_Stop has control of the axis will generate
this error. Also verify that the limit switches are not active by checking the Global Variables
for the axis. Also, a motion block may be attempting to abort an MC_TorqueControl move.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

The function block can not be used with a virtual axis.

Axis latch function already in use.

The scan compensation delay parameter 1305 is only valid for external encoders.
The High Speed Output functionality is only available on external encoders.

Continuous Latch Mode not supported on external encoders or non-Sigma V servopacks.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Trigger or pattern reference is not valid
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4641 Buffer mode does not correspond to a valid enumeration value.
4642 Direction does not correspond to a valid enumeration value.

4648 The parameter number does not exist for the specified axis

4658 Velocity parameter is less than or equal to zero.

4659 Acceleration is less than or equal to zero.

4660 Deceleration is less than or equal to zero.

4667 Jerk is less than or equal to zero.

4676 The time value must be within 0 to 10 MECHATROLINK cycles.
4893 The specified external axis may not be used. A physical axis is required.
4894 The specified virtual axis may not be used with this function block.
10020 ProductSize cannot be less than or equal to zero

10021 Maximum allowed consecutive missed registration marks reached
10025 Might be crossed or the same non-zero value

10053 DataPoint Error

57617 Instance object is NULL.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type. The size of the variable connected

57620
to these parameters is not checked during compilation but validated at run time. Typically
errors occur when a variable of type AXIS_REF is not connected to an Axis VAR_IN_OUT, or
a variable of type Y_Engage_Data is not connected to the Y_CamIn function block.
Example

Consider a case where the default distance between successive products is 6.2832 units. Let the distance
between the sensor (wired to the high speed registration input) and the target position where the product will
be processed be 3.1416 units. DistanceAfterLatch = 3.1416.
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T

Default Distance

1l

Film Drive
Belts

Sensor l

Punch Sl —
Location

AR

Distance After Latch

MaxCorrection limits the correction if an erroneous registration mark is captured and the calculation results in a

large correction distance.

Sensor Minimum and Sensor Maximum provide window in which a registration mark must be seen to be
considered a valid registration mark. In this example, the mark is expected around 3.1416 units, therefore a
valid window is 2 .0 to 4.5 units. Set the window as small as appropriate for the application.
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Feed To_length_1

Azl
Triggersensor
PwrEnabled
MO1_DI_00
LREAL #6.2832
LREAL #3.1416

LREAL#1.0
0,000000000000000

LREAL #10.0 atchPositon
(0. 0000000000000
LREAL#10.0 imitedCrr

0.000000000000000
LREAL#4.0

LREAL#2.0
LREAL#4.5
UIMNT #100

The FeedTolLength function block will position the axis exactly 3.1416 units (DistanceAfterLatch) after the
registration mark was detected.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

430



PLCopen Toolbox: Function Blocks !
Commanded Position (1010)
2.92 + 3.1416 = 6.0616 units

Commanded Velocity (1011)

e

MC_TouchProbe.Done

; FeedToLength. ActualSize
FeedTolength.LatchPosition € 2,92 units
“E FeedTolength.Execute
[
ke
o0 ﬁ 3('“ &

The FeedTolLength function block will position the axis exactly 3.1416 units (DistanceAfterLatch) after the
registration mark is detected for varying product lengths.

=
a4 CommandedPosition (1010) ’/ﬁ
3
Mg
o
H_‘ﬂ«
i

| CommandedVelocity (1011) |

MC_TOuchProbe.Done @

+ 6.78 uni >

| | FeedTolength.ActualSize 6.06 units units 6.08 units 6.2832 units

Short part Long part Short Part default part
_;{:

FeedTolength.LatchPosition
-
e FeedTolength.Execute
e
03]
A
50 100 500
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HighSpeedOutput

— Axis
Enable
OnPosition

S S S S |

MinTime

MinDistance OutputCount

Status

Error
ErrorID
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This function block combines several of the parameters for use with the High Speed Output function available on
the LIO-01, LIO-02, LIO-06, and MP2600iec. It allows changing the "OnPosition" value on the fly. While the
"OnPosition" will be triggered at the hardware level with a response time of 13us, the output will be turned off
when either the MinDistance has been travelled or the MinTime has elapsed, which will be based on the
application scan in which this function is operating.

Parameters

& Parameter Data
Type

VAR_IN_OUT

B Axis AXIS REF

VAR_INPUT

B Enable BOOL

\% OnPosition LREAL

\ MinDistance LREAL

Vv MinTime TIME

VAR_OUTPUT

Description

Logical axis reference. This value can be located on the

Configuration tab in the Hardware Configuration (logical axis

number).

The function will continue to execute while
enable is held high.

Position at which output must turn on

Minimum distance that must occur before the
output turns off.

Minimum time that must elapse before the
output must turn off.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Indicates that the outputs of the function are valid.

Status BOOL Indicates the status of the hardware
OutputCount UDINT Indicates the number of times the output turned on.
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is
B ErrorID UINT
reset when 'Execute’ or 'Enable' goes low.
Notes

High Speed Output Quick Reference

LIO-01 DO-01 Al4 MOO_DO_01
LIO-02 DO-01 Al4 MOO_DO_01
LIO-06 DO-07 49 MOO_DO_07
MP2600 DO-07 44, 49 MO1_DO_01

e  See the HighSpeedOutput eLearning Module on Yaskawa's YouTube channel.

Error Description

ErrorID Meaning
0 No error
4401 Axis latch function already in use.
4402 The scan compensation delay parameter 1305 is only valid for external encoders.
4403 The High Speed Output functionality is only available on external encoders.
Axis ID does not correspond to an axis configured on the system. Verify the value of
4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is

properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Timing Diagram
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PLCopen Toolbox: Function Blocks
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Home_Init

This function block provides a method to initialize the HomeStruct data for use with all HOME_** function
blocks. It is useful for programmers who prefer to avoid structured text for initializing HomeStruct values.

Parameters

£ Parameter Data Type Description

Logical axis reference. This value can be located
B HomeData HomeStruct on the Configuration tab in the Hardware
Configuration (logical axis number).

Upon the rising edge, all other
B Enable BOOL function block inputs are read and FALSE
the function is initiated. To modify
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B Direction

B SwitchMode

B TorqueLimit

B ApproachVelocity

B ApproachTimeLimit

B ApproachDistanceLimit
B AccDec

B LimitBackOffDistance
B CreepVelocity

B CreepTimelLimit

B CreepDistanceLimit
B Offset

B OffsetVelocity

B Position
VAR_OUTPUT

B Valid

B Error

E ErrorID

Error Description

No Errors will be generated.

MC Direction

MC_SwitchMode

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

LREAL

HomeStruct

BOOL

BOOL

UINT

an input, change the value and re-
trigger the execute input.

Direction of travel for homing

Edge On is the only mode
supported

Torque limit while attempting
homing. In percentage of rated
torque of the servo

Velocity used to approach limit
switch or c channel

Time limit for the homing attempt.
In seconds

Distance limit for the homing
attempt

Acceleration/deceleration for offset
moves.

Distance limit for back off after a
limit switch is encountered

Velocity to creep to C channel

Time limit for the creep attempt. In
seconds

Distance limit for the creep attempt

Offset distance to move after limit
switch or C channel

Velocity of the offset move after
limit switch or C channel

» . All zeros
Position to be defined as the home i
in
position
structure

Set high if the function block is active and there
are no errors

Set high if error has occurred during the execution
of the function block. This output is cleared when
'‘Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID.
This output is reset when 'Execute’ or 'Enable’
goes low.
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Home_LS
o—— Axis

e— Execute
o— HomeData

Error
ErrorlD

Busy
CommandAborted

This function block combines the PLCopen function blocks MC_StepLimitSwitch, MC_MoveRelative, and

MC_SetPosition to make a sequence that detects the limit switch, performs an offset move away from the limit,

and sets a home position.

Parameters

* Parameter

VAR_IN_OUT

B Axis

VAR_INPUT

B Execute

B HomeData

VAR_OUTPUT
B Busy
B Done

Data Type

AXIS REF

BOOL

HomeStruct

BOOL

BOOL

Description

Logical axis reference. This value can be located on the
Configuration tab in the Hardware Configuration (logical
axis number).

Default
Upon the rising edge, all other function
block inputs are read and the function is
N . . FALSE
initiated. To modify an input, change the
value and re-trigger the execute input.
User defined Data Type in the PLCopen .
. . All zeros in
Toolbox, contains all related homing
structure

parameters.

Set high upon the rising edge of the 'Execute’ or 'Enable’
input, and reset if Done, CommandAborted, or Error is
true.

Set high when the commanded action has been completed
successfully. If another block takes control before the
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action is completed, the Done output will not be set. This
output is reset when execute goes low.

Set high if motion is aborted by another motion command

B CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior

as the Done output.

Set high if error has occurred during the execution of the

B Error BOOL function block. This output is cleared when 'Execute' or

‘Enable’ goes low.

If Error is true, this output provides the Error ID. This

E ErrorID UINT

output is reset when 'Execute' or 'Enable' goes low.

Error Description

ErrorID
0

w N =

Meaning
No error

Time limit exceeded
Distance limit exceeded
Torque limit exceeded

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

A homing sequence is already in progress.

MC_SetPosition can not be executed while the axis is moving.

Motion aborted due to axis alarm. It is also possible that a software limit has been exceeded.

When the axis is in rotary mode, and the MC_SetPosition tries to set a position that is equal
to or greater than the MachineCycle, this error is generated, and the position is not set.

Axis must be commanded at standstill when homing is attempted.
Position cannot be defined while the axis is the cam master of other axes.
Axis latch function already in use.

Over travel limit still ON after attempting to move away from it.

Axis ID does not correspond to an axis configured on the system. Verify the value of AxisNum
matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is properly
declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Mode does not correspond to a valid enumeration value.
Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.
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4667 Jerk is less than or equal to zero.
4893 The specified external axis may not be used. A physical axis is required.
10037 Offset cannot be in the same direction as the original motion into the limit switch.

The DataType connected to a function block parameter specified as ANY type does not match
57620 the required data size. Right click on the function block and select "Object Properties” to

determine which parameters are ANY type.

An internal assertion in the motion kernel failed indicating the controller is not in a stable

state. Please report this error to Yaskawa America Incorporated.

Example

Use a ST POU to initialize the data required for HomeData. To save time, copy & paste the example initialization
into your project.

(** Copy & Paste, then search & replace the headings in the following section to speed the initialization of the
homing data. **)

HomeStruct_ReplaceMe.AccDec: =LREAL#500.0; (* In User units /sec? as set in the Hardware Configuration *)

HomeStruct_ReplaceMe.ApproachDistanceLimit: =LREAL#500.0; (* In User units as set in the Hardware
Configuration *)

HomeStruct_ReplaceMe.ApproachTimeLimit: =LREAL#500.0; (* In seconds *)

HomeStruct_ReplaceMe.ApproachVelocity:=LREAL#500.0; (* In User units / sec as set in the Hardware
Configuration *)

HomeStruct_ReplaceMe.CreepDistanceLimit:=LREAL#500.0; (* In User units as set in the Hardware
Configuration *)

HomeStruct_ReplaceMe.CreepTimeLimit:=LREAL#500.0; (* In seconds *)

HomeStruct_ReplaceMe.CreepVelocity: =LREAL#500.0; (* In User units / sec as set in the Hardware
Configuration *)

HomeStruct_ReplaceMe.Direction:=INT#0; (* MC_Direction#Positive_Direction; *)
HomeStruct_ReplaceMe.Offset: =LREAL#500.0; (* In User units as set in the Hardware Configuration *)

HomeStruct_ReplaceMe.OffsetVelocity:=LREAL#500.0; (* In User units / sec as set in the Hardware
Configuration *)

HomeStruct_ReplaceMe.Position:=LREAL#500.0; (* In User units as set in the Hardware Configuration *)
HomeStruct_ReplaceMe.SwitchMode:=INT#2; (* MC_SwitchMode#EdgeOn; *)

HomeStruct_ReplaceMe.TorquelLimit:=LREAL#500.0; (* In percentage of rated torque of the servo *)
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Home_LS_ Pulse

o— Axis Axist—o
*— Execute Done |—=
e— HomeData Busy —
CommandAborted |-

Error p—=

ErrorID f—

—

This function block combines the PLCopen function blocks MC_StepLimitSwitch, MC_StepRefPulse,
MC_MoveRelative, and MC_SetPosition to make a sequence that detects the limit switch, reverses to the C
channel, performs and offset move away from the limit, and sets a home position.

Parameters
& Parameter Data Type Description
VAR_IN_OUT
Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration (logical
axis number).
VAR_INPUT Default

Upon the rising edge, all other function
block inputs are read and the function is

B Execute BOOL o . . FALSE
initiated. To modify an input, change the

value and re-trigger the execute input.

User defined Data Type in the PLCopen Al ]
zeros in
B HomeData HomeStruct Toolbox, contains all related homing
structure
parameters.

VAR_OUTPUT

Set high when the commanded action has been completed
successfully. If another block takes control before the

B Done BOOL o . .
action is completed, the Done output will not be set. This
output is reset when execute goes low.

B Busy BOOL Set high upon the rising edge of the 'Execute' or 'Enable’
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input, and reset if Done, CommandAborted, or Error is
true.

Set high if motion is aborted by another motion command

CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior

as the Done output.

Set high if error has occurred during the execution of the

Error BOOL function block. This output is cleared when 'Execute' or

‘Enable’ goes low.

If Error is true, this output provides the Error ID. This

ErrorID UINT

output is reset when 'Execute' or 'Enable' goes low.

See the Home LS Pulse elLearning Module on Yaskawa's YouTube channel.

Error Description

ErrorID

0

w N =

Meaning
No error

Time limit exceeded
Distance limit exceeded
Torque limit exceeded

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

A homing sequence is already in progress.

MC_SetPosition can not be executed while the axis is moving.

Motion aborted due to axis alarm. It is also possible that a software limit has been exceeded.

When the axis is in rotary mode, and the MC_SetPosition tries to set a position that is equal
to or greater than the MachineCycle, this error is generated, and the position is not set.

Axis must be commanded at standstill when homing is attempted.
Position cannot be defined while the axis is the cam master of other axes.
Axis latch function already in use.

Over travel limit still ON after attempting to move away from it.

Axis ID does not correspond to an axis configured on the system. Verify the value of AxisNum
matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is properly
declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
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4642 Direction does not correspond to a valid enumeration value.

4646 Mode does not correspond to a valid enumeration value.

4658 Velocity parameter is less than or equal to zero.

4659 Acceleration is less than or equal to zero.

4660 Deceleration is less than or equal to zero.

4667 Jerk is less than or equal to zero.

4893 The specified external axis may not be used. A physical axis is required.

10037 Offset cannot be in the same direction as the original motion into the limit switch.

The DataType connected to a function block parameter specified as ANY type does not match
57620 the required data size. Right click on the function block and select “Object Properties” to

determine which parameters are ANY type.

An internal assertion in the motion kernel failed indicating the controller is not in a stable

state. Please report this error to Yaskawa America Incorporated.

Example
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Home_Pulse

!

Execute
HomeData

!

Busy
CommandAborted

Error
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This function block combines the PLCopen function blocks MC_StepRefPulse, MC_MoveRelative, and

MC_SetPosition to make a sequence that detects the limit switch, reverses to the C channel, performs and offset
move away from the limit, and sets a home position.

Parameters
& Parameter
VAR_IN_OUT
B Axis
VAR_INPUT
B Execute
B HomeData
VAR_OUTPUT
B Busy
B Done

Data Type

AXIS REF

BOOL

HomeStruct

BOOL

BOOL

Description

Logical axis reference. This value can be located on the
Configuration tab in the Hardware Configuration (logical
axis number).

Default
Upon the rising edge, all other function
block inputs are read and the function is
L . ) FALSE
initiated. To modify an input, change the
value and re-trigger the execute input.
User defined Data Type in the PLCopen .
. . All zeros in
Toolbox, contains all related homing
structure

parameters.

Set high upon the rising edge of the 'Execute' or 'Enable’
input, and reset if Done, CommandAborted, or Error is
true.

Set high when the commanded action has been completed
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successfully. If another block takes control before the
action is completed, the Done output will not be set. This
output is reset when execute goes low.

Set high if motion is aborted by another motion command

B CommandAborted BOOL or MC_Stop. This output is cleared with the same behavior

as the Done output.

Set high if error has occurred during the execution of the

B Error BOOL function block. This output is cleared when 'Execute’ or

‘Enable’ goes low.

If Error is true, this output provides the Error ID. This

E ErrorID UINT

output is reset when 'Execute' or 'Enable' goes low.

Error Description

ErrorID
0

w N =

Meaning
No error

Time limit exceeded
Distance limit exceeded
Torque limit exceeded

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.
MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

A homing sequence is already in progress.

MC_SetPosition can not be executed while the axis is moving.

Motion aborted due to axis alarm. It is also possible that a software limit has been exceeded.

When the axis is in rotary mode, and the MC_SetPosition tries to set a position that is equal
to or greater than the MachineCycle, this error is generated, and the position is not set.

Axis must be commanded at standstill when homing is attempted.
Position cannot be defined while the axis is the cam master of other axes.
Axis latch function already in use.

Over travel limit still ON after attempting to move away from it.

Axis ID does not correspond to an axis configured on the system. Verify the value of AxisNum
matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is properly
declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Mode does not correspond to a valid enumeration value.
Velocity parameter is less than or equal to zero.

Acceleration is less than or equal to zero.
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4660 Deceleration is less than or equal to zero.

4667 Jerk is less than or equal to zero.

4893 The specified external axis may not be used. A physical axis is required.

10037 Offset cannot be in the same direction as the original motion into the limit switch.

The DataType connected to a function block parameter specified as ANY type does not match
57620 the required data size. Right click on the function block and select “Object Properties” to

determine which parameters are ANY type.

An internal assertion in the motion kernel failed indicating the controller is not in a stable

state. Please report this error to Yaskawa America Incorporated.

Example
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Jog

o— Axis Axi
e— Forward InVelocity
e Reverse Done
o— Velocity Busy
e— Acceleration Error
e— Deceleration ErrorID
o— Jerk

This function block combines the PLCopen functions MC_MoveVelocity and MC_Stop to provide a jogging feature
only while the Forward or Reverse inputs are TRUE. The function will default to stopping the axis when neither

(or both).
Parameters

& Parameter
VAR_IN_OUT
B AXis
VAR_INPUT
\% Forward
\ Reverse
B Velocity
B Acceleration

Deceleration

Data
Type

AXIS REF

BOOL
BOOL
LREAL

LREAL

LREAL

Description

Logical axis reference. This value can be located on the
Configuration tab in the Hardware Configuration (logical axis

number).

Default
Runs the axis in a forward direction when TRUE. FALSE
Runs the axis in a Reverse direction when TRUE. FALSE
Absolute value of the velocity in user units/second LREAL#0.0
Value of the acceleration in user units/second”2
(acceleration is applicable with same sign of LREAL#0.0
torque and velocity)
Value of the deceleration in user units/second”2 UREALEL

(deceleration is applicable with opposite signs of
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torque and velocity)

Not supported; reserved for future use. Use S-

B Jerk LREAL Curve parameters 1300 and 1301. Value of the LREAL#0.0
jerk in [user units / second”3].
VAR_OUTPUT
Set high when the axis first reaches the specified velocity
B InVelocity BOOL (function is complete). This output is reset when execute goes
low.
Turns on for one scan when the axis comes to a stop after both
B Done BOOL .
Forward and Reverse inputs go FALSE.
Set high upon the rising edge of the 'Execute’ or 'Enable’ input,
B Busy BOOL . .
and reset if Done, CommandAborted, or Error is true.
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute’ or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is
B ErrorID UINT
reset when 'Execute' or 'Enable’ goes low.
Notes

e The velocity can be changed on the fly without toggling the Forward or Reverse input. The code inside

this function block will detect if the velocity has changed, and automatically re trigger the

MC_MoveVelocity function block inside. Starting in PLCopen Toolbox v202, changes in Acceleration and

Deceleration are detected and can be changed on the fly.

e  See the Jog elearning Module on Yaskawa's YouTube channel.

Error Description

ErrorID Meaning
0 No error
4369 The move could not be buffered because the axis motion queue is full. 16 moves is the
- maximum which can be buffered.
The move could not be started because motion is prohibited. The drive may not be enabled.
4370 MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.
4378 The function block is not applicable for the external axis specified
4381 Motion aborted due to axis alarm. It is also possible that a software limit has been
- exceeded.
Axis ID does not correspond to an axis configured on the system. Verify the value of
4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.
4641 Buffer mode does not correspond to a valid enumeration value.
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4642 Direction does not correspond to a valid enumeration value.

4659 Acceleration is less than or equal to zero.

4660 Deceleration is less than or equal to zero.

4665 Velocity parameter is negative.

4667 Jerk is less than or equal to zero.

4893 The specified external axis may not be used. A physical axis is required.

The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “"Object

Properties” to determine which parameters are ANY type.
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Jog_To_Position

This function block combines the PLCopen functions MC_MoveVelocity and MC_MoveAbsolute to provide a
jogging feature specifically for rotary axes that must stop at a specific position after an indefinite period of
motion.

Parameters

& Parameter Data Description
Type

Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration (logical axis
number).

Runs the axis in a forward direction when

V Forward BOOL FALSE
TRUE.
Runs the axis in a Reverse direction when

V Reverse BOOL TS FALSE

. Absolute value of the velocity in user
B Velocity LREAL . LREAL#0.0
units/second

. Value of the acceleration in user
B Acceleration LREAL . . . LREAL#0.0
units/second”2 (acceleration is applicable
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with same sign of torque and velocity)

Value of the deceleration in user

B Deceleration LREAL units/second”2 (deceleration is applicable LREAL#0.0
with opposite signs of torque and velocity)
Not supported; reserved for future use. Use

= Jerk LREAL S-Curve parameters 1300 and 1301. Value of LREAL#0.0
the jerk in [user units / second3].
Once the Forward and Reverse inputs are

o false, the axis will decelerate to a stop at the

\Y StopPosition LREAL o - . o LREAL#0.0
specified StopPosition using the specified
deceleration rate

VAR_OUTPUT
Set high when the axis first reaches the specified velocity

B InVelocity BOOL (function is complete). This output is reset when execute
goes low.
Turns on for one scan when the axis comes to a stop after

B Done BOOL .
both Forward and Reverse inputs go FALSE.
Set high upon the rising edge of the 'Execute’ or 'Enable’

B Busy BOOL . . .
input, and reset if Done, CommandAborted, or Error is true.
Set high if motion is aborted by another motion command or

B CommandAborted BOOL MC_Stop. This output is cleared with the same behavior as
the Done output.
Set high if error has occurred during the execution of the

B Error BOOL function block. This output is cleared when 'Execute’ or
'Enable’ goes low.
If Error is true, this output provides the Error ID. This output

E ErrorID UINT .
is reset when 'Execute' or 'Enable' goes low.

Notes

The velocity, acceleration, and deceleration can be changed on the fly without toggling the Forward or Reverse

input. The code inside this function block will detect if the input values have changed, and automatically re

trigger the MC_MoveVelocity function block inside. Starting in PLCopen Toolbox v202, changes in Acceleration

and Deceleration are detected and can be changed on the fly.

Error Description

ErrorID Meaning

0 No error

4569 The move could not be buffered because the axis motion queue is full. 16 moves is the
- maximum which can be buffered.

4370 The move could not be started because motion is prohibited. The drive may not be enabled.

MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
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MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

4378 The function block is not applicable for the external axis specified

4381 Motion aborted due to axis alarm. It is also possible that a software limit has been

- exceeded.
Axis ID does not correspond to an axis configured on the system. Verify the value of

4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

4641 Buffer mode does not correspond to a valid enumeration value.

4642 Direction does not correspond to a valid enumeration value.

4659 Acceleration is less than or equal to zero.

4660 Deceleration is less than or equal to zero.

4665 Velocity parameter is negative.

4667 Jerk is less than or equal to zero.

4893 The specified external axis may not be used. A physical axis is required.

10060 The axis must be configured as a rotary type for this function block to be applicable.
The DataType connected to a function block parameter specified as ANY type does not

57620 match the required data size. Right click on the function block and select “"Object
Properties” to determine which parameters are ANY type.

Example 1

In the first example the speed is low enough and the deceleration high enough that the axis can stop within one
revolution. This is the easiest condition.
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Example 2

In this example, the axis requires about 13 revolutions to come to a stop at the specified velocity and

deceleration. The data "SlowNow" in green is an internal monitoring bit which results from a calculation made

to determine a position that will allow the motion profile to follow the deceleration rate to the specified

StopPosition. Notice there is a very brief delay between the time the Forward jog request is removed and the
axis starts decelerating. This allow the axis to decelerate smoothly to the StopPositiion. The pink data indicates

when the MC_MoveAbsolute is active.
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Example 3

The third example shows a deceleration to stop at 52 degrees.
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MoveRelative_ByTime

o Axis —
o—| Execute Done |
e— Distance Busy o
e MoveTime Active |—
CommandAborted —
Error p—
ErrorID f—=

\ J

This function block converts the MoveTime input into acceleration, velocity, and deceleration for a 1/3, 1/3, 1/3
trapezoidal move profile which will complete in the MoveTime specified. It uses the MC_MoveRelative function
block.

Parameters
8 Parameter Data Description
Type
VAR_IN_OUT
Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration (logical axis
number).
VAR_INPUT Default

Upon the rising edge, all other function block
inputs are read and the function is initiated.

B Execute BOOL . . FALSE
To modify an input, change the value and

re-trigger the execute input.

. A relative positive or negative value within
\% Distance LREAL . . . LREAL#0.0
the coordinate system in user units

The time required (in seconds) for the move

\Y MoveTime LREAL LREAL#0.0
to complete.

VAR_OUTPUT
Set high when the commanded action has been completed

B Done BOOL

successfully. If another block takes control before the action
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B Busy BOOL . . .
input, and reset if Done, CommandAborted, or Error is true.
For buffered modes, this output is set high at the moment
B Active BOOL the block takes control of the axis. For non buffered modes,
the outputs Busy and Active have the same value.
Set high if motion is aborted by another motion command or
B CommandAborted BOOL MC_Stop. This output is cleared with the same behavior as
the Done output.
Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute’ or
'Enable' goes low.
If Error is true, this output provides the Error ID. This output
E ErrorID UINT .
is reset when 'Execute' or 'Enable' goes low.
Notes

e Because this function creates a 1/3, 1/3, 1/3 trapezoidal move, it may not be appropriate for very long

reset when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable’

moves, because the calculated commanded speed may be too high.

e See the MoveRelative ByTime elLearning Module on Yaskawa's YouTube channel.

Error Description

ErrorID

Meaning
No error

The move could not be buffered because the axis motion queue is full. 16 moves is the
maximum which can be buffered.

The move could not be started because motion is prohibited. The drive may not be enabled.

MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

The function block is not applicable for the external axis specified

Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Acceleration is less than or equal to zero.

Deceleration is less than or equal to zero.
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4665 Velocity parameter is negative.
4667 Jerk is less than or equal to zero.
4893 The specified external axis may not be used. A physical axis is required.

The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.
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PositionLimits

This function block enables or disables the position limit function. It also allows continuous streaming of new

position limits. This block uses MC_WriteBoolParameter, MC_ReadBoolParameter, MC_WriteParameter, and
MC_ReadParameter.

Parameters

& Parameter Data Description
Type

Logical axis reference. This value can be located on
B Axis AXIS REF the Configuration tab in the Hardware Configuration
(logical axis number).

The function will continue to
B Enable BOOL . . . FALSE
execute while enable is held high.

o o Enables / Disables the position
V LimitPositionEnable BOOL o o . . FALSE
limit function in the motion engine.

o - . The maximum commanded
V LimitPositionPositive LREAL - LREAL#0.0
position allowed

. . . The minimum commanded position
V LimitPositionNegative LREAL I d LREAL#0.0
allowe
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VAR_OUTPUT
B Valid
Vv LimitPositionEnableEcho
Vv LimitPositionPositiveEcho
Vv LimitPositionNegativeEcho
B Error
B ErrorID

Notes

BOOL

BOOL

LREAL

LREAL

BOOL

UINT

Indicates that the outputs of the function are valid.

Status of the Position Limit function from the motion
engine.

Value used by the motion engine for the maximum
allowed commanded position.

Value used by the motion engine for the minimum
allowed commanded position.

Set high if error has occurred during the execution of
the function block. This output is cleared when
'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID.
This output is reset when 'Execute’ or 'Enable' goes
low.

The function block uses MC_ReadBoolParameter, MC_WriteBoolParameter, MC_ReadParameter, and
MC_WriteParameter.
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Hardware Configuration

Abways Loaded at power up

Application Pragram
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LimitP ositionEnake[1202]
LimitPositionPositive [1201)
LimitPositionMegative [1200]

P w2

Mote: The profiler will use the
Deceleration Limit [1230 or
1231] i a position Nmit |3
exceeded. The final
commandead posiion may be
outside of the position limit.

Changing position limit values via
MC_WiiteParamater at run time will
supersede the values stored in the
Hardware Configuration, but the

Hardware Configuration values will
be reloaded at power up.

LimitPesitionEnable [1202]

Closed =TRUE

PnE01=3
Pngd4 [Don't use)
Fnédé [Don't use)

' LimitPositionMagative [1200]

Positioning Range

LimiPositienPosithee [1201]

Commanded
Speed

e The software position limits are managed by the MP2000iec controller. The parameters are called

ErrorID

LimitPositionPositive and LimitPositionNegative, with values of UINT#1201 and UINT#1200 respectively.
Use the MC_WriteParameter function block for these and all controller side parameters. Position limit
parameters are in user units.

When a position limit is exceeded, a controller alarm will be generated, obtainable via the
MC_ReadAxisError function block, or the web server.

The controller alarm will be 16#3202 0001 if the positive position limit is exceeded and 16#3202 0002 if
the negative position limit is exceeded.

To disable the position limits, set LimitPositionEnable, parameter 1202 to zero.
LimitPositionPositive must be greater than LimitPositionNegative.
LimitPositionNegative must be lower than LimitPositionPositive.

See the PositionLimits eLearning Module on Yaskawa's YouTube channel.

Error Description

Meaning
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No error
The function block is not applicable for the external axis specified

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

The parameter number does not exist for the specified axis
Positive Position Limit must be greater than Negative Position Limit
Negative Position Limit must be less than Positive Position Limit.

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “"Object
Properties” to determine which parameters are ANY type.
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ProductBuffer

This function block uses MC_TouchProbe and provides a circular buffer of recorded latch positions for the axis
specified. It is tailored for use especially for axes that transfer incoming products to a process. The
accompanying “RegistrationData? structure contains information pertaining to the circular buffer and other
machine dimensions related to such operations.

Parameters

& Parameter Data Type Description

Logical axis reference. This value can be located on
\ ProductAxis AXIS REF the Configuration tab in the Hardware Configuration
(logical axis number).

Structure containing all information for the circular
buffer to operate.

The function will continue to execute
B Enable BOOL FALSE

while enable is held high.

Vv RegistrationData ProductBufferStruct

If TRUE, then the internal
\ TestMode BOOL MC_TouchProbe is aborted, and the FALSE
function block can be used to "dry
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Y TestTrigger

VAR_OUTPUT
B Valid

\ BufferLevel

B Error
B ErrorID
Notes

e  The ProductBuffer function block manages only the “storing? activity and only updates the StorePointer.

BOOL

BOOL

BOOL

BOOL

UINT

cycle" the machine by simulating
products using the TestTrigger input.

If TestMode is TRUE, then on the rising
edge of TestTrigger, the actual position

e 99 _ p_ FALSE
of the ProductAxis will be stored into

the RegistrationData STRUCT.

Indicates that the outputs of the function are valid.

Indicates the number of products in the buffer by
subtracting UsePointer from StorePointer.

Set high if error has occurred during the execution of
the function block. This output is cleared when
'‘Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID.
This output is reset when 'Execute’ or 'Enable’ goes

low.

Another part of your application must update the UsePointer and PrevUsePointer as the products leave

the machine. If these pointers are not updated, the function block will Error with code 10022, buffer

overrun.

e  The StorePointer and UsePointer are the “Head? and the “Tail? of the circular buffer. If more than one

“Use? of the latch data is required, they can be inserted into the chain outside of the ProductBufferStruct.

e  Both a cyclic (modularized) and unmodularized circular latch buffer are stored simultaneously.

e TestMode can be switched on the fly without re enabling the function block. TestMode was added in v201.

e  See the ProductBuffer eLearning Module on Yaskawa's YouTube channel.

Error Description

ErrorID Meaning

0 No error

4396 Axis latch function already in use.

4624 Axis latch function already in use.
Axis ID does not correspond to an axis configured on the system. Verify the value of

4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

4630 Trigger reference is not valid

4894 The specified virtual axis may not be used with this function block.
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Product or circular buffer overrun / full

Buffer size too small / cannot be zero

The DataType connected to a function block parameter specified as ANY type does not
57620 match the required data size. Right click on the function block and select “"Object

Properties” to determine which parameters are ANY type.

Example
Initialization of the ProductBufferStruct in an initialize program:
Conveyor.Products.BufferSize: =INT#20;
Conveyor.Products.LockoutDistance:=LREAL#3.25; (* inches *)
Conveyor.Products.ManualOffset: =LREAL#0.0;
Conveyor.Products.ProductAwayDistance:=LREAL#23.75;

Conveyor.Products.Sensor.Bit:=UINT#1;  (* Equates to inputl on 2600 I/O, see MC_TouchProbe help for
details *)

Conveyor.Products.SensorDistance: =LREAL#23.25; (* If product leads slave, increase this value *)

Conveyor.Products.SensorOffset:=REM(Conveyor.Products.SensorDistance,

Conveyor.MachineCycle) ;

ProductBuffer _2

oo1 SystemEnabhed Placer Home. Hormead
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Varisble | Vahe Default value | Type |
= Corveypos i CoorvveyponSuct
- Ref 5 &:5_REF
[# Prm AxisPaiameter Stuck
= Products ProductBufferStruct
BufferSize 20 INT
* BufferNonCyclc j LatchBuffestray
[# - BufferCyche | LatchBuffendaray
= Senso | TRIGGER_REF
# - Input j INPUT_REF
Bt [ 1 UINT
“Pattem [0 INT
ID I UINT
SenzoiDistance | 2. 3250000E +001 LREAL
Senzoi0ffsel 1. 2588514E +000 LREAL
I arwsalOifzet (0. O00000E +000 LREAL
FilesDistance 3. 2500000E <000 LREAL
~ ProductfweypDistance | 2 3750000E +007 LREAL
StorePonter |13 INT
L zeFairdes | 16 INT
~ PrevlzePointer | 15 INT
VYarishle | Vahe Default value | Type
= BulfesMaonCuchc LatchBuifendrrap
T | 7.0217149E 4005 LREAL
[1 7.021766EE +005 LREAL
[£] 7.0203970E +005 LREAL
[ | 7.0204402E +005 LREAL
~[4] 7.0205855E + 005 LREAL
[5] | 702064 36E 4005 LREAL
- [E] 7.0207235E 005 LREAL
-~ [7] 7. 0207649E +005 LREAL
[8] | 7.0203167E +005 LREAL
[4] 7.02091 B3E +005 LREAL
0] 7.0203664E +005 LREAL
[11] 7.0210632E +005 LREAL
iFd] | 7.0211438E 4005 LREAL
N3 7.0211861E+005 LREAL
S N T sl L. | FD212563E 4005 | LREAL
- [15] 7.0212982€ +005 LREAL
[16] | 702N Z4T0E+005 LREAL
17l 7.0215034E +005 LREAL
[18] 7.0216219E +005 LREAL
(19 | 7.0216733E+005 LREAL
[20] 0. 0000000E «000 LREAL
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ProductBuffer Operation

Sensor

% YASKAWA

(Assume a 10" Machine Cycle)

24“|_| 33"I_| 4Gi_|

§ BufferSize
:_.-A‘_
~ H AT
Amay Index Location 0 1 2 3 4 5 6 T 8 9 10
LatchPasitionMonCyelic
LREAL 1.5 24 33 46 0 0 0 0 0 0 (1]
LatchPositionCyclic " 4 3 . o . 0 . ; i ;
LREAL
P E o
t' BufferLevel ;‘I'
AnotherUsePointer AnotherUsePointer
UsePointer StorePointer
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PLCopen Toolbox: Function Blocks
ProductBufferStruct Definitions

(Assume a ratary knife application)

Window represents

‘_'___.,-- synchronized zone

Sensor

Master MachineCycle
{equivalent to slave cycle)

————————

L LockoutDistance -»

SensorOffset

—_

< SensorDistance

j¢—  ProductAwayDistance

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

467



z b S
Font PLCopen Toolbox: Function Blocks

Re

S S S S |

adAxisParameters

— Axis Axis

— AxisParams— AxisParam
Enable Valid
AxisType ErrorPrm

ParamTypes Error

This function block reads all the commonly updated axis parameters that may be used within an application and
copies them to an AxisParameterStruct. Firmware library Y_Motion should be inserted in the project that uses

ReadAxisParameters.

Parameters

& Parameter Data Type Description

VAR_IN_OUT
Logical axis reference. This value can be located on the

B Axis AXIS REF Configuration tab in the Hardware Configuration (logical
axis number).

\% AxisParams AxisParameterStruct User Defined DataType declared in the PLCopen Toolbox.

VAR_INPUT Default
The function will continue to

B Enable BOOL execute while enable is held FALSE
high.
Indicates axis type:
TB_AxisType#Servo

. . TB_AxisType#VFD INT#0

Vv AxisType TB AxisType . .
TB_AxisType#Stepper (TB_AxisType#Servo)
TB_AxisType#Virtual
TB_AxisType#External

\Y ParamTypes WORD Used to include additional WORD#0

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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VAR_OUTPUT

B Valid

\ ErrorPrm

B Error

B ErrorID
Notes

Only AxisType#Servo, AxisType#External, AxisType#Virtual are supported.

BOOL

UINT

BOOL

UINT

parameter sets, such as

camming.

% YASKAWA

Indicates that the outputs of the function are valid.

If there was an error while attempting to read one of the

parameters listed in the ParamStruct, this output will

contain the offending parameter number.

Set high if error has occurred during the execution of

the function block. This output is cleared when 'Execute’

or 'Enable’ goes low.

If Error is true, this output provides the Error ID. This

output is reset when 'Execute’ or 'Enable' goes low.

By default, the function will update all parameter types in the AxisParamStruct. For efficiency, parameters are

grouped into types. Basic, Status, and Cam. For axes that are not cam slaves, there is no need to read the

cam parameters. To cause the function to skip the update of a parameter group, set the corresponding bit high.

For example, the following function block will not read the cam parameters:

& @*}?& &
ParamTypes {Sp@ Q@Q’ q@@
,;(\Q @\fr’ Q?'J{-'
P s @
Bit 15 Btz | Bit1| Bit0
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MasterPrms

TB_AxisType#Servo

WORD#16#0

Parameters categorized as BasicMotion are always read.

Master

TRUE

ParamType ParameterName Parameter #
BasicMotion ActualPosition 1000
BasicMotion ActualPositionCyclic 1005
BasicMotion ActualPositionNonCyclic 1006
BasicMotion ActualTorque 1004
BasicMotion ActualVelocity 1001
BasicMotion AtVelocity 1141
BasicMotion CommandedPosition 1010
BasicMotion CommandedPositionCyclic 1015
BasicMotion CommandedPositionNonCyclic 1016
BasicMotion CommandedTorque 1014
BasicMotion CommandedVelocity 1011
BasicMotion InPosition 1140

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Master

MasterPrms
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BasicMotion LatchPositionNonCyclic 1031
BasicMotion PositionError 1130
Cam CamMasterCycle 1512
Cam CamMasterPosition 1500
Cam CamMasterScale 1510
Cam CamMasterShift 1511
Cam CamMasterShiftedCyclic 1502
Cam CamMasterShiftedPosition 1501
Cam CamOffset 1531
Cam CamScale 1530
Cam CamShiftRemaining 1513
Cam CamState 1540
Cam CamTableIDEngaged 1541
Cam CamTableOutput 1520
Status BufferedMotionBlocks 1600
Status CommandedAcceleration 1012
Status PositionWindow 1120

% YASKAWA

e See the ReadAxisParameters elLearning Module on Yaskawa's YouTube channel.

Error Description

ErrorID Meaning
0 No error
4378 The function block is not applicable for the external axis specified
Axis ID does not correspond to an axis configured on the system. Verify the value of AxisNum
4625 matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is properly

declared as a VAR or VAR_GLOBAL in all relevant POUs.
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% YASKAWA

4648 The parameter number does not exist for the specified axis

The DataType connected to a function block parameter specified as ANY type does not match
57620 the required data size. Right click on the function block and select “Object Properties” to

determine which parameters are ANY type.

Example

ReadMasterParameters

Machine.Master Re achine.Master Ref

Tachine Master Pron achine.Master Prm

TRLE

asterPrmError

ReadPrassParameters

Machine Press Rl achine.Press Ref

Machine Prass Pr achine.Press.Prm
TRUE

ressPrrnError

ReadAxiz4Parameters

Machire AxiseRaf- achine. Axisd.Ref

Machine 2xis4.Prom achine. Axis4.Prm
TRUE

xisdPrmError

ReadFesdParametars

Machine.Feed Re achine Feed Ref

IMachine Feed.Prom achine Feed.Prm
TRLIE:

wedPrmError

ReadAxis3Par ametars

Machine, Axis3 el achine Axis3 Ref

Machine.Axis3,Prim lachine Axis3 Prm
TRLE:

iz 2PrmError

ReadAxisEParameters

Machire A xist Rl achine AxisE Ref

Machine. Axis5 Prr lachine AxisE.Prim
TRLE:

AisEPrnError
o
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% YASKAWA

| Instance

Configuration. Resource. T azk Monitor Machine. M aster Prm

Configuration. Resource. T ask.Monitor Machine. b aster. Prm ActualP ozition
Configuration. Resource, T azk.Monitor, Maching Master. Pron.ActualP ozitionCyclic
Configuration. Resource. T agk. b onitor. b achine. b azter. P ActualP ogitiontd onCyclic
Configuration. Resource. T azk. konitor. kM achine b aster, Prm.ActualT orque
Configuration. Resource. T azk.Monitor Machine. b azter. P Actuahy' elocity
Configuration. Resource. T ask.Monitar Machine taster Prm_AYelocity

Configuration. Resource. T azk.Monitor. Maching. M aster. P, Butfersdi otionBlocks
Configuration. Resource. T agk. b onitor. b achine. b azter. Prr. Cambd asterCpcle
Configuration. Resource. T azk. konitor. b achine. b aster. Prm. Cambd asterP osition
Configuration. Resource. T azk Monitor Machine. b azter. Pr. Cambd asterS hiftedCyclic
Configuration. Resource. T ask.Monitor Machine. kM aster. Prm.Cambd asterS hiftedPosition
Configuration. Resource. T ask.Monitor. Machine Master. Prm.Cambd asterS cale
Configuration. Resource. T agk. b onitor. b achine. b azter. Prn. Cambd asters hift
Configuration. Resource. T azk. konitor. b achine b aster. Pro. CamOffeet

Configuration. Resource. T azk. Monitor. Machine. M azter Prm.CamScale

Configuration. Resource. T azk.Monitor Machine. M aster. Prm. CamShiftR emaining
Configuration. Resource. T ask.Monitor. Machine Master. Prm.CamState

Configuration. Resource. T ask. b onitor. b achine. b azter. Prm.CamT ablel DE ngaged
Configuration. Resource. T azk. konitor. b achine b aster. Pro. CamT ableOutput
Configuration. Resource. T azk Monitor Machine. kM azter Prm. Commandedé coeleration
Configuration. Resource. T ask.Monitor Machine. M aster Prm. CommandedP osition
Canfiguration. Resource. T azk.Monitor. M achineg. M aster. Prm. CommandedP ositionCye. .
Configuration. Resource. T agk. b onitor. b achine. b azter. Prm. CommandedP ogitionto....
Configuration. Resource. T azk. Monitor. M achine b aster, Prm. CommandedT orque
Configuration. Resource. T azk Monitor Machine. M azter Prm. Commandedy elocity
Configuration. Resource. T ask.Monitar Machine kMaster. P [ nPaosition

Canfiguration. Resource. T ask.Monitar. M achine. b aster. Prm.LatchPozitiont anCyclic
Configuration. Resource. T azk b onitor. b achine. b azter. Pron. PogitionE or

Wariable | Walue | Type
= Machine.Master Pim AuxisParameterS truct

ActualPosiion 1467.48 LREAL
ActualPozitionCyclic 1467.43 LREAL
ActualPozitiontd onCyclic 14E7.43 LREAL
ActualT orgue 0.00 LREAL
Actuah'elocity B0.00 LREAL
Abdelocity FALSE BOOL

BuffersdM ationBlocks 1.00 LREAL
Cambd asterCycle 1.00 LREAL
Camitd asterP osition 0.00 LREAL
Camtd asters hiftedCyclic 0.00 LREAL
Cambd asters hiftedPosition 0.00 LREAL
Cambd agterS cale 100.00 LREAL
Camitd asters hift 0.00 LREAL
CamOffzet 0.00 LREAL
CamScale 100.00 LREAL
CamShiftR emaining 0.00 LREAL
CamState 0.00 LREAL
CamT ablelDE ngaged 0.00 LREAL
CamT abledutput 0.00 LREAL
Commandedd.coeleration 0.00 LREAL
CommandedPosition 1467.60 LREAL
CommandedPozitionCyclic 14E7.E0 LREAL
CommandedFozitiontd onCyclic 14E7.E0 LREAL
CommandedT orgue 0.00 LREAL
Commandedy'elocity B0.00 LREAL
InPosition FALSE BOOL

LatehPagitiont anCyclic 0.00 LREAL
PositionE rror 0.00 LREAL

\ Watch 14 Watch 2 A Watch 3 A Watch 4 /
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Reverse_MC_Direction

e— EN
e— LimitDirection
o

PulseDirection
BackOffDistance BackOffDirection

% YASKAWA

ENO

This function block was designed for use with the Home_LS_Pulse function block in the PLCopen Toolbox. It
changes the enumerated type MC_Direction#positive_direction to MC_Direction#negative_direction or vice
versa so that the function can move the motor one direction into a limit switch with MC_StepRefLimit, and the
other direction when searching for the Index Pulse with MC_StepRefPulse.

Parameters

* Parameter

VAR_INPUT
B EN
\ LimitDirection

\ BackOffDistance

VAR_OUTPUT
B ENO
\ PulseDirection

\Y BackOffDirection

Error Description

Data
Type

BOOL
INT
LREAL

BOOL

INT

LREAL

Description
Default
Enables the function. FALSE
ENum
INT#0

High if the function executed normally

MC_Direction#positive_direction or
MC_Direction#negative_direction

No Errors will result, but if there is a problem with the ENum input for MC_Direction, then ENO will be FALSE.

Example
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474



: % YASKAWA

PLCopen Toolbox: Function Blocks

MC_StepRefPulze_2

Reverse_MZ_Direction_1

age Active StartPulze StartOffzet
— o
Homelata Direction
SkartPulze
R

Hormelata,Creephelocity: ulzefborted

Hornelrata, TorgqueLinnit:
Hornelrata, CraepTimnelinnit ulseErrariDy

Homelata, CrespDistancelimit
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PLCopen Toolbox: Function Blocks

VelocityLimits

This function block enables or disables the velocity limit function. It also allows continuous streaming of new
velocity limits. This block uses MC_WriteBoolParameter, MC_ReadBoolParameter, MC_WriteParameter, and
MC_ReadParameter.

Parameters

& Parameter Data Description
Type

Logical axis reference. This value can be located on
B Axis AXIS REF the Configuration tab in the Hardware Configuration
(logical axis number).

The function will continue to
B Enable BOOL . . . FALSE
execute while enable is held high.

o . Enables / Disables the velocity
V LimitVelocityEnable BOOL o o ! . FALSE
limit function in the motion engine.

. ) - The maximum commanded
V LimitVelocityPositive LREAL . LREAL#0.0
velocity allowed

o . ) The minimum commanded velocity
V LimitVelocityNegative LREAL I d LREAL#0.0
allowe
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Indicates that the outputs of the function are valid.

B Valid BOOL
\% LimitPositionEnableEcho BOOL
V LimitPositionPositiveEcho LREAL

V LimitPositionNegativeEcho LREAL

B Error BOOL
B ErrorID UINT
Notes

% YASKAWA

Status of the Velocity Limit function from the motion

engine.

Value used by the motion engine for the maximum

allowed commanded velocity.

Value used by the motion engine for the minimum

allowed commanded velocity.

Set high if error has occurred during the execution of
the function block. This output is cleared when

'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID.

This output is reset when 'Execute’ or 'Enable' goes

low.

The function block uses MC_ReadBoolParameter, MC_WriteBoolParameter, MC_ReadParameter, and

MC_WriteParameter.

Hardware Configuration

Always Loaded al power up

Application Program

[

e

LimitvelocityEnable [1212]
LimitvelocityPosithve [1211)]
LimitvelocityMegative [1210)

Changing Velocity limit values
via MC_WiiteParameter al nun
time will supersede the values
stored In the Hardware
Configuration. but the
Hardware Configuration values
will be reloaded at power up.

LimitvelocityPositive [1211]

D

LimitVeloctyEnable [1212]
Closed = TRUE

D

LimitvelocityMegative [1210]

Commanded Speed
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* The software velocity limits are managed by the MP2000iec controller. The parameters are called

LimitVelocityPositive and LimitVelocityNegative, with values of UINT#1211 and UINT#1210 respectively. Use
the MC_WriteParameter function block for these and all controller side parameters. Velocity limit parameters
are in user units / sec.

e When a velocity limit is exceeded, a controller alarm will be generated, obtainable via the MC_ReadAxisError
function block, or the web server.

e The controller alarm will be 16#3202 0003 if the positive velocity limit is exceeded and 16#3202 0004 if the
negative velocity limit is exceeded.

e To disable the velocity limits, set LimitVelocityEnable, parameter 1212 to zero.
e LimitVelocityPositive must be zero or greater.

e LimitVelocityNegative must be zero or lower.

Error Description

ErrorID Meaning
0 No error
10028 Positive Velocity Limit must be LREAL#0.0 or greater.
10029 Negative Velocity Limit must be LREAL#0.0 or lower.
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PLCopen Toolbox: Function Blocks

Y_DigitalCamSwitch

This function block commands a group of discrete output bits analogous to a set of mechanical cam controlled
switches driven by a rotating shaft. Forward and backward movements are allowed. A maximum of 32 outputs

and 256 switches are supported.

Parameters

£ Parameter Data Type Description

Logical axis reference. This value can be located on the
B Axis AXIS REF Configuration tab in the Hardware Configuration (logical

axis number).
Reference to the switching actions. 256 maximum

B Switches CAMSWITCH REF )
switches.

. Reference to the track related properties. 32 maximum
E TrackOptions TRACK REF

tracks.
B Enable BOOL The function will continue to execute while
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enable is held high.

Individually enables the tracks [0..31] per
the bit pattern. Value of 1 means Enabled,
E EnableMask DWORD 0 means disabled. Least significant bit FALSE
corresponds to Track [0]. Default if not
connected is All Tracks Enabled.

VAR_OUTPUT
. Function Block Enable is ON and at least 1 track is
B InOperation BOOL .
enabled (EnableMask is <> 0).
Function Block Enable is ON but no tracks are enabled
E Busy BOOL
(EnableMask = 0).
Signals that a non-critical error has occurred within the
E Warning BOOL function block. In this case, the block will continue to

function.

Switch Error Code Structure that identifies particular
E SWErrorCode SWERROR STRUCT warnings with switch settings. The user can monitor this
ErrorCode if Warning output comes on.

Set high if error has occurred during the execution of
B Error BOOL the function block. This output is cleared when 'Execute’
or 'Enable' goes low.

If Error is true, this output provides the Error ID. This

E ErrorID UINT .
output is reset when 'Execute' or 'Enable' goes low.
Resulting CamSwitch output for each track per the bit
pattern. Least significant bit corresponds to Track [0].

E Output DWORD . . . .
This Output will need to be tied to physical outputs
outside of the DigitalCamSwitch FB.

Notes

e This functionality is sometimes called PLS - Phase or Position or Programmable Limit Switch.

e Switches will be evaluated for both forward and reverse travel of the axis.

e OnCompensation and OffCompensation will only be applied when the axis is moving in the Positive Direction.

e Track Hysteresis is not supported.

Restrictions

If the output specified in the PLS is also controlled somewhere else in the project then the last instruction wins.
This would also be the case when a single output is used in two PLS blocks.

The PLS block will support a maximum of 256 switches and 32 outputs. This means that the block will react to a
maximum of 512 positions (two for each switch).
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If the cam-like lobes of multiple switches intersect with each other for a single track the net effect would be an

OR-ing of the switches.

Examplel SW1: on at 10, off at 50, SW2: on at 20, off at 30; net effect on at 10 off at 50.
Example2 SW1: on at 10, off at 50, SW2: on at 40, off at 60; net effect on at 10 off at 60.
Operation

On the rising edge of Enable, the input data will be checked against restrictions. The busy output will remain on
until at least 1 track is enabled and the FB is controlling the outputs, then the InOperation bit will be set and the
busy bit reset.

While the Enable is on, the EnableMask value will be read each scan and effect the output control.

On the falling edge of Enable, all outputs will be reset (turn off), and the InOperation, Busy, and Error bits will
be reset. ErrorID output will be set to 0.

Input Data that is read only on rising edge of Enable
CAMSWITCH_STRUCT[].TrackNumber
CAMSWITCH_STRUCT[].AxisDirection
CAMSWITCH_STRUCT[].CamSwitchMode
AXIS_REF

CAMSWITCH_REF.MasterType
CAMSWITCH_REF.MachineCycle
CAMSWITCH_REF.LastSwitch

Input Data that is read continuously while Enabled
CAMSWITCH_STRUCT[].FirstOnPosition
CAMSWITCH_STRUCT(].LastOnPosition
CAMSWITCH_STRUCT[].Duration
CAMSWITCH_STRUCT[].FirstOnPosition
TRACK_STRUCT[].OnCompensationScaler
TRACK_STRUCT[].OffCompensationScaler

Enable

EnableMask
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Output Bits: Boolean Outputs are exclusive

Data Validation

The data passed into the function block will be validated at run time.

All TrackNumbers must be in the range of 1 ~ 32 (corresponds to bit locations in EnableMask).
AxisDirection must be 0, any other number will default to 0. (values 1 and 2 not supported at this time)
CamSwitchMode must be 0 or 1, any other number will default to 0.

The total number of switches must be less than or equal to 256.

Error Description

ErrorID Meaning
0 No error

Axis ID does not correspond to an axis configured on the system. Verify the value of
4625 AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

10061 MasterType is something other than 0 or 1.
10062 MachineCycle must be a positive value if MasterType = 0
10063 LastSwitch is set outside the 0-255 range.
10064 Track Number outside the 0-31 range.

10065 FirstOnPosition is not equal to 0.

10066 LastOnPosition is not equal to 0.

10067 AxisDirection is not equal to 0.

10068 CamSwitchMode is not equal to 0.

10069 Duration is set to 0 or a negative value.

10070 OnCompensationScaler is set to an invalid value.
10071 OffCompensationScaler is set to an invalid value.
10072 ImproperOnPos_SetError

10073 OnOffPosition_Error

Example 1:

Consider the PLS requirement shown in the figure below. There are 4 tracks (0, 1, 2, 3) in the set up and a total
of 5 switches (0, 1, 2, 3, 4).

Track 0 has 2 switches associated with it.

Switch 0: On Position : 2 degrees
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Off Position : 10 degrees

Switch 1: On Position : 200 degrees
Off Position : 210 degrees

Track 1 has 1 switch associated with it
Switch 2: On Position : 20 degrees

Off Position : 30 degrees

Track 2 has 1 switch associated with it
Switch 3: On Position : 50 degrees

Off Position : 60 degrees

Track 3 has 1 switch associated with it
Switch 4: On Position : 100 degrees

Off Position : 200 degrees

SWO
SW? SW1
WS Track0
Track1
Track2
Track3

360°

The switches can be defined and initialized as follows:
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(*PLS initialization®)

4 PLS Switches.Last3witch :-IHT#q;
360, 00000000 PLS Switches.MachineCycle :=LREAL#360.0;
4] FLS Switches.MasterType = INTHO:
o PLS_Switches.Switch( INTHO) . TcackNumber := 0;
1] PLS_Switches.Switch( INTHO] . AxisDirection := INTHO:
1] PL3_Switches.Switch( INTEO] .CamSwitchMode := INTEO; (* 0: Position, 1: Time ¥)
o PLS Switches.Switch[INTHO] .Duration := DINTHO:
2. 00000000 PLS _Switches.Switch(0] .FirstOnFosition := LREALNZ.O:
10. 00000000 PL5_Switches.Switch(0] .LastOnPosition := LREALH10.0:
0 PLS_Switches.Switch([INTH#1] . TrackNumber := 0O:
1] PL3 _Switches.Switch[INTH#1) . AxisDirection := INTHO:
1] PLS_Switches.Switch[INT#1] .CamIwitchMode := INTHO: (" O: Position, 1: Time ¥}
o PLS Switches.Switch[INT#L] .Duration := DINTHO:
200,00000000 PLS Switches.Switch(l] .FirstOnPosition := LREALHZ00.0:
210, 00000000 PLS_Switches.3witch(l] .LascOnPosition := LREAL#210.0;

1 PLS Switches.Switch[INTH#Z] . TeackNumber = 1:
i] PLS Switches.Switch[INTHZ] . AxisDirection := INTHO:
o PLS_Suir.ches.Suttch[:N‘I‘#Z].Cunsuitchundg tm INTHFO: (* O: Position, 1: Time *)
lu] PLS Switches.3witch[INT#Z) .Duration := DINTHO:
20 . 00000000 PLS Switches.3witch[2] .FirastOnPosicion := LREALEZ20.0;
30. 00000000 PLS Switches.3witch(2].LastOnPosition := LREAL#30.0:
2 FLS_suitches.Suitch[IN‘T#H.Tru.cid{mz:: HU -4
4] PLS Switches.Switch[INTH#2].AxisDirection := INTHO:
1] PLS_Switches.Switch(INTH#3] . CamSwitchMode := INTHO: (* O: Po=ition, 1: Time ¥)
o PLS_Switches.Switch[INT#3] .Duration := DINTHO:
50 . 00000000 PLS_Switches.Switch(3] .FirstdnPo=icion := LREALESO0.0;
&0, 00000000 PLS Switches.Switch(3] .LastOnPosition := LREALH#60.0;
3 PLS _Switches.Switch(INT#4] . TrackNumber = 3:
o PLS Switches.Switch[INTH#4) .AxisDirection := INTHO:
o PLS_Switches.Switch[INT#4] .CamSwitchMode := INTHO: (" O: Position, 1: Time ¥)
0 PLS_Switches.Switch[INT#4] .Duration := DINTHO:
100. 00000000 PL3_Switches.Swicch(4] .FirstOnPosition := LREALF100.0:
200, 00000000 PLS Switches.Switch(4] .LascOnPosition := LREALH#Z00.0;

Variable Properties

Data Type:
|E“AHMTU-I_FIEF ﬂ

Usage:
[vaR_GLOBAL ~| I BETAIN

Once the Y_DgitalCamSwitch is enabled and is in operation, the track output states will be as shown in the logic
analyzer plot given below. Note that the outputs will correspond to the position of the axis.
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Font PLCopen Toolbox: Function Blocks
MASTER POSITION

TRACK O

TRACK 1

TRACK 2

TRACK 3

Example 2:

If speed compensation needs to be applied to individual tracks, it can be accomplished by specifying either
OnCompensationScaler or OffCompensationScaler in the TRACK_REF data type (TrackOptions in

Y_DigitalCamSwitch). An example of applying a -0.06 OffCompensation on track 1 and 0.05 OnCompensation on
track 3 is shown below.

.Track[3] .OnCompensationScaler := LEEALHO.0S5:
Variable Properties
..ﬂ M arne: D efinition scope
FLS TrackOptions j ' r
—_—} Data Type: Local Variable Groups:
Initia_[{lF Mairc] |TRACK_REF | BJ |Defaul |
sage: Global Wariable Groups:

E': |~.,fm:;_5 LORBAL

j ™~ RETAIN : F'h_l,lsicaI.Hardllf.\lare

[
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.q
360.00000000
o

oooDo

2. 00000000
10, 00000000

oo oD

200, 00000000
210.00000000

[ o s

20.00000000
30. 00000000

PLCopen Toolbox: Function Blocks

("PLS inicializacion®)

PLS_Switches.Last3witch :=INTH4:
FLS Switches.MachineCycle :=LREAL¥360.0:
FLS Switches.MasterType :=INTHO;

PLS_Switches.Switch[INT#O] . TcackNumber := O;
PLS_Switches,Switch[INTHO] . kxisDirection := INTHO:

% YASKAWA

PLS_Switches.Switch[INTHO] .CamSwitchMode := INTHO: (" O: Posicion, Ll: Time ¥)

PLS_Switches.Switch[ INTEQ] . Duracion := DINTHO:
PLS Switches.Switch[0] .FirstOnPosition := LREAL#Z.O:
FLS Switches.3witch[0] .LascOnPosicion := LREAL#10.0:

PLSHEUitch:a.Switch[INT#1].Tra:kNunber = 0
PLS_Switches.Switch[INT#1] . AxisDirection := INTHO:

PLS Switches.Switch[INTH1] .CamSwitchHode := INTHO: (® O: Posicion, 1: Time
PLS_Switches.Switch[INT#L1] .Duracion := DINTHO:

PLS Switches.Jwitch[l] .FirstOnFosition := LREALHZO0.0:

FLS Switches.Switch[1) .LascOnPosicion := LREAL#Z10.0:

PLS_Switches.Switch[INT#2)] . TcackNumber := 1:

PLS Switches.Switch[INT#Z] .hxisDirection := INTHO:
PLS_Switches.Switch[INTHZ] .CamSwicchMode := INTHO:; (¥ O: Posicion, 1: Time
PLS_Switches.Switch[ INTEZ] .Duracion := DINTHO:

PLS_Switches.Switch([2] .FirstOnPosition := LREAL#ZO0.0:

FLS Switches.Switch[2] .LascOnPosicion := LREAL#30.0:

=0.06000000 PLS TrackOptions.Track[1l] .OffCompensationScaler := LREALF-0.06;
2 PLZ_Switches.Switch[INTH#3] . TrackNumber := 2:
0 PLS_Switches.Switch[INTES] . AxisDirection := INTHO:
0 PLS_Switches.Switch[INTHS] .CamSwicchMode := INTHO: (® O: Posicion, 1: Time
0 FLS_Switches.Switch[ INT#3] .Duracion := DINTHO:

50.00000000
60. 00000000

o oo W

100. 00000000
200.00000000

FLS Switches.Switch[3) .FirstOnPosition := LREALKSOD.O:
FPL3 Switches.Switch[3).LastOnPosition := LREAL#60.0:

PLS_Switches.Switch[INT#4] . TcackNumber := 3:
PLS_Switches.Switch[INT#4] . AxisDirection := INTHO:
PLS_Switches.Jwitch[INT#4] .CamSwicchMode := INTHO:; (* O: Position, 1: Time
PLS _Switches.Switch[INT#4].Duracion := DINTHO:

FLS_Switches.Switch[4] .FirstOnPosition := LREAL¥100.0:

FLS Switches.Switch[4) .LastOnPositvion := LREAL#Z00.0:

0.05000000

PLS_TrackOptions.Track([3] .OnCompensationScaler := LRELL#U.D5:I
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Yaskawa Toolbox

Yaskawa Toolbox

The Yaskawa Toolbox consists of the following:

Data Types:

Enumerated Type

MovingAverageArray

PIDStruct
RTCStruct

XYArray

XYData
XYDataStruct

Function Blocks:

Function Block

CommWatchDog

DataRecord

DataSort

DataCompare

Enable FB Template

Enable ST Template

Execute FB Template
Execute ST Template
MovingAverage

PackByte
PackWord

PIDControl
RangeCheck

RealTimeClock

Description
For use with the MovingAverage function block.
Used with the PIDControl function block.
Used with the RealTimeClock, DateCompare, and the Y_SetRTC function blocks.

Supporting structure for XYDataStruct. For use with the XYLookup function
block

Supporting structure for XYArray. For use with the XYLookup function block
For use with the XYLookup function block

Description

Toggles the Output at the frequency specified at the input.

Allows the application program to monitor data being transmitted from a
master device.

Records data into the array.
Sorts data from the lowest to highest value of X data.

Calculates the difference between two real time clock values and provides the
difference as a real time clock value.

Template which can be used when developing functions which adhere to the
PLCopen output behavior.

Can be used as a generic control loop feedback mechanism.
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Scaler

% YASKAWA

Yaskawa Toolbox

UnpackByte
UnpackWord
WindowCheck

XYLookup
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Getting Started: Yaskawa

% YASKAWA

Yaskawa Toolbox

Requirements for v204
To use the Yaskawa Toolbox, your project must also contain the following:

Firmware libraries:
=  YDeviceComm

= PROCONOS

User libraries:

. None
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Yaskawa Toolbox
Yaskawa Revision History

Current Version:

(Glalalaialuioiolatolaiotolulotalalataluto 2013-09-01: v204 released. Requires firmware 2.1.0

***************************)

1) More string and byte array datatypes added to be used across the Toolbox family

2) LAU - new function block added. Creates a linear profile from current value to target value based on
rate/scan input

3) SLAU - new function block added. Creates an s-curve (moving average profile) from a current value to target
value.

4) PIControl - new function block added. Subset of PID block

5) Removed references to the Math Toolbox to simplify usage. NOTE: This change makes version 204 and
higher incompatible with MP2600iec firmware versions 2.0, 2.1, and 2.2!

6) RateCalculator - new function block added.

Previous Versions:

(Glaldiaaluiotolatotaiutotalotot 2012-08-16: v203 released. Requires firmware 2.1.0

*******************************)

1) CheckSumValidate_BYTE - Removed the Result output sad added the Method input to select a calculation
method to use. There will now be a function block error if the checksum is not valid.

2) CheckSumcCalculate_BYTE - Added the Method input.

(Glialalaluioiatalaiuaiotalulule 2012-06-19: v202 released. Requires firmware 2.1.0

*******************************)

1) Sweep function improved by adding Trigger and Stream inputs.
2) Explicit_Message - new function block added. Y_DeviceComm firmware library added
3) CheckSumCalculate_BYTE - new function block added.

4) CheckSumValidate_BYTE - new function block added.
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4) Blink function - resolution improved.

(******************************** 2011-11-16: v201 released

*************************************)

1) Reduced the size of the DataType definition for MovingAverageArray back down to 1000 as it was in v008.

30000 is too large, and causing "Data Area Exceeded" error for some users.

(************************************* 2011-07-29: V200remased

*********************************)

1) Built from v010beta for MotionWorks IEC 2.0.

2) Upgraded to Math Toolbox v200

3) Changed Scaler FB to allow negative slope

4) Fixed bug in XY Lookup (Min and Max were not getting reset for each scan.)

(************************************* 2011-04-27: v010beta created

********************************)

1) Updated to Math_Toolbox_v004

2) Removed spaces in filename and replaced with underscores

3) Changed MovingAverage to always divide by the number of samples specified by the user. Old methods
divided by the number of actual samples until the entire buffer had been filled.

4) Changed the Blink functions frequency input to REAL datatype and the value now accepts a frequency.
(Before it was TIME datatype)

5) Added RTCString as output of RealTimeClock FB

6) Added error checking to WindowCheck FB to ensure Window value is greater than zero.
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(************************************* 2011-03-25: v009 released

************************************)

1) Added Error logic to PIDControl
2) Improved MovingAverage to not require a FOR LOOP to initialize the buffer at rising edge of ENABLE
3) Moved Math Functions to Math Toolboox

4) Included ProConOS firmware library to use the Real Time Clock function, provided FB to convert RTC from
STRING TO STRUCT

5) Added DateCompare FB, STILL UNDER TEST in v009.

6) Moved REM function to the Math Toolbox v002.

7) Added XYLookup, which is equivalent to the FGN function in the standard MP series

8) Added DataSort, to arrange the data for use with XYLookup if it has been collected out of order.
9) Added DataRecord to capture XY data by either streaming or when the Trigger input goes high.

10) Fixed MovingAverage - it was not properly subtracting old and adding new values.

(************************************* 2010-02-03: VOOSreEaSed

************************************)

Added REM function to return the remainder of LREAL division.
Added Pack & Unpack of Byte and Word.

Added RangeCheck function block.

Added WindowCheck function.

Added Sweep function, useful for testing a range of values.

(************************************* 2009-10-29: v007 released

**********************************)

Added ErrorID and outputs to MovingAverage.

Removed ErrorWatchDog functions.
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Improved templates with new, reduced logic that does not use SET or RESET coils.
Added template functions for Enable in ST and LD.
Changed functions for MP2600 compatibility by removing EN / ENO and adding MOVE_UINT.

Added Valid outout to PID function.

(*********************************** 2009-04-03: VOOGremaSed

***********************************)

Added CommHeartbeat Funtion

(*********************************** 2009-03-27: v005 released

***********************************)

Added MovingAverage Funtion

(*********************************** 2009-02-06: v004 released

***********************************)

Added the Blink function for toggling an output at a TIME interval.
Added FB_Error_Capture, FB_Error_WatchDog, FB_Error_Clear for trapping function block errors
Corrected and improved PIDControl FB based on Eric Kelley's modifications

Under Construction! - FBError trapping functions blocks, Timestamp not implemented.

(*********************************** 2008-10-17: v002 released

************************************)

Added PIDControl Function Block and associated DataType structure

(*********************************** 2008-09-26 vO001 released

*************************************)

Execute_FB_Template:
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Shell code with all logic to replicate the behavior of PLCopen FB with Execute, Busy, Done, Error, & ErrorID

outputs
Behavior and varaibles match the ST version.
Execute_ST_Template:

Shell code with all logic to replicate the behavior of PLCopen FB with Execute, Busy, Done, Error, & ErrorID

outputs
Behavior and varaibles match the FB version.
Action:

Dummy FB to show simulation of the template function blocks.
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Yaskawa Toolbox: DataTypes
Explicit Data Types

ExplicitSendDataStruct

For use with the Explicit Message function block

Data Type Declaration
ExplicitSendDataStruct : STRUCT (*Refer to 2-5.7.2 in Vol 2, Chapter 2 EtherNet/IP Adaptation of CIP*)
ED_Commandl : BYTE; (*ED:Encapsulation Data*)
ED_Command2 : BYTE;
ED_Lengthl : BYTE;

ED_Length2 : BYTE;
ED_SessionHandlel : BYTE;
ED_SessionHandle2 : BYTE;
ED_SessionHandle3 : BYTE;
ED_SessionHandle4 : BYTE;
ED_Statusl : BYTE;
ED_Status2 : BYTE;
ED_Status3 : BYTE;
ED_Status4 : BYTE;
ED_SenderContext : SenderContext;
ED_Optionsl : BYTE;
ED_Options2 : BYTE;
ED_Options3 : BYTE;
ED_Options4 : BYTE;
ED_InterfaceHandlel : BYTE;
ED_InterfaceHandle2 : BYTE;

ED_InterfaceHandle3 : BYTE;
MotionWorks IEC61131-3 Toolboxes: 2013-09-13 496



gx ¥ YASKAWA
Yaskawa Toolbox: DataTypes
ED_InterfaceHandle4 : BYTE;

ED_TimeOutl : BYTE;
ED_TimeOut2 : BYTE;
ED_ItemCountl : BYTE;
ED_ItemCount2 : BYTE;
ED_AddressitemID1 : BYTE;
ED_AddressitemID2 : BYTE;
ED_AddressIitemLengthl : BYTE;
ED_AddressIitemLength2 : BYTE;
ED_DataltemID1 : BYTE;
ED_DataltemID2 : BYTE;
ED_DataltemLengthl : BYTE;
ED_DataltemlLength2 : BYTE;
ED_DataService : Service;
ED_Data : ExplicitData;

END_ STRUCT;
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Yaskawa Toolbox: DataTypes

ExplicitReceiveDataStruct

For use with the Explicit Message function block

Data Type Declaration
ExplicitReceiveDataStruct : STRUCT (*Refer to 2-5.7.2 in Vol 2, Chapter 2 EtherNet/IP Adaptation of CIP*)
ED_Commandl : BYTE; (*ED:Encapsulation Data*)
ED_Command2 : BYTE;
ED_Lengthl : BYTE;

ED_Length2 : BYTE;
ED_SessionHandlel : BYTE;
ED_SessionHandle2 : BYTE;
ED_SessionHandle3 : BYTE;
ED_SessionHandle4 : BYTE;
ED_Statusl : BYTE;
ED_Status2 : BYTE;
ED_Status3 : BYTE;
ED_Status4 : BYTE;
ED_SenderContext : SenderContext;
ED_Optionsl : BYTE;
ED_Options2 : BYTE;
ED_Options3 : BYTE;
ED_Options4 : BYTE;
ED_InterfaceHandlel : BYTE;
ED_InterfaceHandle2 : BYTE;
ED_InterfaceHandle3 : BYTE;

ED_InterfaceHandle4 : BYTE;
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ED_TimeOutl : BYTE;

ED_TimeOut2 : BYTE;
ED_ItemCountl : BYTE;
ED_ItemCount2 : BYTE;
ED_AddressitemID1 : BYTE;
ED_AddressitemID2 : BYTE;
ED_AddressIitemLengthl : BYTE;
ED_AddressIitemLength2 : BYTE;
ED_DataltemID1 : BYTE;
ED_DataltemID2 : BYTE;
ED_DataltemlLengthl : BYTE;
ED_DataltemlLength2 : BYTE;
ED_Responsel : BYTE;
ED_Response2 : BYTE;
ED_ResponseStatusl : BYTE;
ED_ResponseStatus2 : BYTE;
ED_Data : ExplicitData;

END_STRUCT;
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Yaskawa Toolbox: DataTypes

RegSessionRequestStruct

For use with the Explicit Message function block.

Data Type Declaration
RegSessionRequestStruct : STRUCT (*Refer to 2-5.4.2 in Vol 2, Chapter 2 EtherNet/IP Adaptation of CIP*)
RSR_Commandl : BYTE; (*RSR: Register Session Request*)
RSR_Command?2 : BYTE;
RSR_Lengthl : BYTE;

RSR_Length2 : BYTE;
RSR_SessionHandlel : BYTE;
RSR_SessionHandle2 : BYTE;
RSR_SessionHandle3 : BYTE;
RSR_SessionHandle4 : BYTE;
RSR_Statusl : BYTE;
RSR_Status2 : BYTE;
RSR_Status3 : BYTE;
RSR_Status4 : BYTE;
RSR_SenderContext : SenderContext;
RSR_Optionsl : BYTE;
RSR_Options2 : BYTE;
RSR_Options3 : BYTE;
RSR_Options4 : BYTE;
RSR_ProtocolVersionl : BYTE;
RSR_ProtocolVersion2 : BYTE;
RSR_OptionFlagsl : BYTE;

RSR_OptionFlags2 : BYTE;
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Yaskawa Toolbox: DataTypes
END_STRUCT;
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Yaskawa Toolbox: DataTypes

UnRegSessionRequestStruct

For use with the Explicit Message function block.

Data Type Declaration
UnRegSessionRequestStruct : STRUCT (*Refer to 2-5.4.3 in Vol 2, Chapter 2 EtherNet/IP Adaptation of CIP*)
USR_Commandl : BYTE;
USR_Command2 : BYTE; (*USR: Unregister Session Request *)
USR_Lengthl : BYTE;
USR_Length2 : BYTE;
USR_SessionHandlel : BYTE;
USR_SessionHandle2 : BYTE;
USR_SessionHandle3 : BYTE;
USR_SessionHandle4 : BYTE;
USR_Statusl : BYTE;
USR_Status2 : BYTE;
USR_Status3 : BYTE;
USR_Status4 : BYTE;
USR_SenderContext : SenderContext;
USR_Optionsl : BYTE;
USR_Options2 : BYTE;
USR_Options3 : BYTE;
USR_Options4 : BYTE;

END_STRUCT;
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Yaskawa Toolbox: DataTypes

For use with the Explicit Message function block.

Data Type Declaration
TYPE
SenderContext : ARRAY[0..7] OF BYTE;

END_TYPE
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Yaskawa Toolbox: DataTypes

For use with the Explicit Message function block.

Data Type Declaration
TYPE
Service : ARRAY[0..7] OF BYTE;

END_TYPE
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Yaskawa Toolbox: DataTypes

For use with the Explicit Message function block.

Data Type Declaration
TYPE
ExplicitData : ARRAY[0..503] OF BYTE;

END_TYPE
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Data Types

Data Types for Yaskawa Toolbox

The following is a complete list of all DataTypes included in the Yaskawa Toolbox. The list is arranged to
separate those that are used internally, and not useful outside of their particular function, and those that an

application program must incorporate when the programmer wishes to use the associated Function Block.

Data Type Usage
DataTypes for external use with Yaskawa Toolbox function blocks

MovingAverageArray For use with the MovingAverage function block.

PIDStruct Used with the PIDControl function block.

RTCStruct Used with the RealTimeClock, DateCompare, and the Y_SetRTC function blocks.

XYDataStruct For use with the XYLookup function block

DataTypes that support other DataTypes (no need for direct use by the application

programmer)

YA Supporting structure for XYDataStruct. For use with the XYLookup function
block

XYData Supporting structure for XYArray. For use with the XYLookup function block
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Yaskawa Toolbox: DataTypes

Data Type: MovingAverageArray

For use with the MovingAverage function block.

Data Type Declaration
TYPE

MovingAverageArray: ARRAY[0..30000] OF LREAL; (* Adjust the array size if more data elements are desired.
*)

END TYPE

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 507



Yaskawa Toolbox: DataTypes

Data Type: PIDStruct

Used with the PIDControl function block.

Data Type Declaration
TYPE

PIDStruct: STRUCT

Ts:LREAL; (* Sample time *)

Kp:LREAL; (* Proportional Gain *)

Ki:LREAL; (* Integral Gain *)

Kd:LREAL; (* Derivative Gain *)

Ti:LREAL; (* Integral Time (in Sec.) *)

Td1:LREAL; (* Derivative Time for Divergent Inputs *)
Td2:LREAL; (* Derivative Time for Convergent Inputs *)
ILL:LREAL; (* Integral Lower Limit *)

IUL:LREAL; (* Integral Upper Limit *)

LowerLimit:LREAL; (* Lower Limit for ControlOutput *)

UpperLimit:LREAL; (* Upper Limit for ControlOutput *)

DeadBand:LREAL; (* Dead band limit *)

END_STRUCT;

END TYPE

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

% YASKAWA

508



% % YASKAWA

Yaskawa Toolbox: DataTypes

Data Type: RTCStruct

Used with the RealTimeClock, DateCompare, and the Y_SetRTC function blocks.

Data Type Declaration
TYPE
RTC_Struct: STRUCT
Year:INT;
Month:INT;
Day:INT;
Hour:INT;
Minute:INT;
Second:INT;
mSec:INT;
END_STRUCT;

END TYPE
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Yaskawa Toolbox: DataTypes

Data Type: XYArray

Supporting structure for XYDataStruct. For use with the XYLookup function block.

Data Type Declaration

TYPE
XYArray: ARRAY[0..4000] OF XYData; (* NOTE! Had strange error message after

download when set to 5000 *)

END TYPE
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Yaskawa Toolbox: DataTypes

Data Type: XYData

Supporting structure for XYArray. For use with the XYLookup function block

Data Type Declaration

TYPE

XYData: STRUCT

X:LREAL; (* Any data that will be used with the XY lookup function
as input  *)

Y:LREAL; (* Any data that will be used with the XY lookup function
as output *)

END_STRUCT;

END TYPE
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Data Type: XYDataStruct

For use with the XYLookup function block

Data Type Declaration

TYPE
XYDataStruct: STRUCT
Pair: XYArray; (* Adjustthe XYArray size if more data elements are desired. *)
LastPair:INT; (* Set this value to indicate the last ACTUAL array element
that contains user data *)
END_STRUCT;

END_TYPE;

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 512



gx % YASKAWA

Yaskawa Toolbox: Function Blocks

Function Blocks

Action

CommandAborted
Error
ErrorID

This function block is only for demonstration purposes. It is applied in the Enable_F_Template,
Enable_ST_Template, Execute_FB_Template, and Execute_ST_Template function blocks to show how the inputs
and outputs of nested functions can be interlocked to apply the PLCopen standards for I/O behavior.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default

Upon the rising edge, all other function block
inputs are read and the function is initiated. To

B Execute BOOL . . . FALSE
modify an input, change the value and re-trigger

the execute input.

VAR_OUTPUT
Set high when the commanded action has been completed
successfully. If another block takes control before the action is
B Done BOOL . . .
completed, the Done output will not be set. This output is reset
when execute goes low.
Set high upon the rising edge of the 'Execute’ or 'Enable’ input,
B Busy BOOL

and reset if Done, CommandAborted, or Error is true.

Set high if motion is aborted by another motion command or
B CommandAborted BOOL MC_Stop. This output is cleared with the same behavior as the
Done output.

B Error BOOL Set high if error has occurred during the execution of the
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function block. This output is cleared when 'Execute’ or 'Enable’
goes low.

If Error is true, this output provides the Error ID. This output is
reset when 'Execute’ or 'Enable' goes low.

B ErrorID UINT

Error Description

This function provides no Errors.

Example

See the Enable_F_Template, Enable_ST_Template, Execute_FB_Template, and Execute_ST_Template function
blocks.
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Yaskawa Toolbox: Function Blocks

Enable W alid

Frequency Output

This function block will toggle the Output at the frequency specified at the input. If Frequency is set to 1.0, then
the output will be on for 500 msec and off for 500 msec. Note that the actual frequency may be affected by the
application scan rate in which this function block is placed.

Parameters
Parameter Data Description
Type
VAR_INPUT Default
5 Enable BOOL The fu.nction will continue to execute while enable is FALSE
held high.
\% Frequency LREAL The cycle rate in Hertz. LREAL#0.0
VAR_OUTPUT
B Valid BOOL Indicates if the function is operating
\% Output BOOL Toggled at the specified frequency when the function is enabled.

Error Description

The valid output will be high if the function is operating. If Enable is held high and the Frequency is not greater
than zero, the valid output will be low.

Example

Blink_1 was placed in a 10ms task so the expected output is 50ms on and 50ms off which corresponds to 5
cycles on, 5 cycles off.
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Blirk_1
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ByteSwap

This function block swaps the upper and lower byte of a word.

Parameters
Parameter Data Type Description
e | . |
B WordIn WORD Input word WORD#0
SVAROUTRUT
B WordOut WORD Output word

Error Description

This block will not produce any errors.

Example:
ByteSwrap_2
Inward Lbvaord
16#0402 16#0204
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CommWatchDog

e— Enable

!

HeartBeat

!

TimeOut

This function block allows the application program to monitor data being transmitted from a master device.

Valid
OK

the data does not change within the TimeOut period, then the OK output goes off to indicate that the

communications is not being

Parameters

* Parameter Data
Type

VAR_INPUT

B Enable BOOL

V HeartBeat DINT

Vv WatchDog DINT

VAR_OUTPUT

B Valid BOOL

\% OK BOOL

Error Description

updated by the master.

Description

The function will continue to execute while enable is held
high.

Value that the master changes and sends to the
MP2000iec controller.

The HeartBeat input must change value within the
TimeOut period for the communications to be considered
OK.

Indicates that the outputs of the function are valid.

Default

FALSE

DINT#0

DINT#0

Indicates if the HeartBeat input has changed within the TimeOut

period.

% YASKAWA

If

The Valid Output will be high when the function is executing. If the WatchDog value is not greater than zero,

the function will not operate.
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DataRecord
|

o+ Data ——— Dats
e— Enable Valid
o— DataSize Index
e— NewData DataFilled
e— Stream Error
e— Trigger ErrorID

This function block will record Data into the array. Data can be stored continuously or intermittently. The
default datatype for Data to be recorded can be customized by the user to satisfy other recording needs.

Parameters
Parameter Data Type Description
VAR_IN_OUT
\% Data XYDataStruct Structure where recorded data is stored
VAR_INPUT Default

The function will continue to execute while
B Enable BOOL FALSE
enable is held high.

The maximum amount of data to be
Y DataSize INT stored, which must be less than or equal INT#0
to the datatype definition for Data.

Structure containing a single pair of X and
\Y NewData XYData n/a
Y data to be added to the XYDataStruct.

If TRUE, the function will store NewData
\Y Stream BOOL o FALSE
every application scan.

If Stream is FALSE, then the function will

V Trigger BOOL store new Data only upon the rising edge FALSE
of Trigger.

VAR_OUTPUT

B Valid BOOL Indicates that the outputs of the function are valid.
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\Y Index INT Indicates the last array index recorded

Indicates when the Data recording has reached the
DataSize

\% DataFilled BOOL

Set high if error has occurred during the execution of
B Error BOOL the function block. This output is cleared when
'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute’ or 'Enable' goes low.

Error Description

ErrorID Meaning
0 No error

10024 DataSize must be greater than zero
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DataSort

!

This function block will sort data from the lowest to highest value of X data. It was designed to work with data
that may be used with a cam function where the X or master data must continually increase, but this generic

Execute Done
Busy

Error

ErrorID

function can be customized for other sorting needs.

Parameters
& Parameter Data Type
VAR_IN_OUT
\ Data XYDataStruct
VAR_INPUT
B Execute BOOL
VAR_OUTPUT
B Done BOOL
B Busy BOOL
B Error BOOL

Description

Structure where recorded data is stored
Default

Upon the rising edge, all other function block
inputs are read and the function is initiated. To s
modify an input, change the value and re-trigger

the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the action is
completed, the Done output will not be set. This output is reset
when execute goes low.

Set high upon the rising edge of the 'Execute' or 'Enable' input,
and reset if Done, CommandAborted, or Error is true.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute’ or 'Enable’
goes low.
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If Error is true, this output provides the Error ID. This output is
B ErrorID UINT
reset when 'Execute’ or 'Enable' goes low.

Notes

This function is designed to sort by the X data in ascending order only.

Error Description

The default version of this block produces no errors (customizing this block may add errors depending on what
functions are used internally).
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DateCompare

~ompare

Enable Valid

!

Clock1 Error

!

e Clock2 ErrorID
ClockDiff

This function block will calculate the difference between two real time clock values and provide the difference as a
real time clock value. The clock values may be obtained using the RealTimeClock function block.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default
The function will continue to execute while enable
B Enable BOOL . ) FALSE
is held high.
Vv Clock1 RTCStruct The first (older) real time clock value N/A
\Y Clock2 RTCStruct The second (newer) real time clock value N/A
VAR_OUTPUT
B Valid BOOL Indicates that the outputs of the function are valid.
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is
E ErrorID UINT
reset when 'Execute' or 'Enable' goes low.
\% ClockDiff RTCStruct Outputs the time difference between Clockl and Clock2

Error Description

There will be no Errors reported.
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Enable_FB_Template

This function block is a template which can be used when developing functions which adhere to the PLCopen

output behavior.

Parameters

& Parameter Data
Type

VAR_INPUT

B Enable BOOL

VAR_OUTPUT

B Valid BOOL

B Error BOOL

B ErrorID UINT

Error Description

Description

Default

The function will continue to execute while enable is
held high.

FALSE

Indicates that the outputs of the function are valid.

Set high if error has occurred during the execution of the function
block. This output is cleared when 'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID. This output is reset
when 'Execute' or 'Enable' goes low.

This is an example function block template with no specific errors of its own.
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Enable_ST_Template

e Enable Valid

This function block is a template which can be used when developing functions which adhere to the PLCopen
output behavior.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default
The function will continue to execute while enable is
B Enable BOOL . FALSE
held high.
VAR_OUTPUT
B Valid BOOL Indicates that the outputs of the function are valid.
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute' or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is reset
B ErrorID UINT

when 'Execute' or 'Enable' goes low.

Error Description

This is an example function block template with no specific errors of its own.
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Execute_FB_Template

This function block is a template which can be used when developing functions which adhere to the PLCopen

output behavior.

Parameters
* Parameter
VAR_INPUT
B Execute
VAR_OUTPUT
B Done
B Busy

B CommandAborted

B Error

B ErrorID

CommandAborted

Data
Type

BOOL

BOOL

BOOL

BOOL

BOOL

UINT

Error

Description

Default

Upon the rising edge, all other function block
inputs are read and the function is initiated. To SR
modify an input, change the value and re-trigger

the execute input.

Set high when the commanded action has been completed
successfully. If another block takes control before the action is
completed, the Done output will not be set. This output is reset
when execute goes low.

Set high upon the rising edge of the 'Execute’ or 'Enable’ input,
and reset if Done, CommandAborted, or Error is true.

Set high if motion is aborted by another motion command or
MC_Stop. This output is cleared with the same behavior as the
Done output.

Set high if error has occurred during the execution of the

function block. This output is cleared when 'Execute' or 'Enable
goes low.

If Error is true, this output provides the Error ID. This output is
reset when 'Execute’ or 'Enable' goes low.
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Notes

Depending on the exact usage, there may be outputs in the template that will not apply, such as
CommandAborted. Please determine what outputs are necessary for your situation and make modifications
accordingly.

Error Description

This is an example function block template with no specific errors of its own.
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Execute_ST_Template

Done
Busy
CommandAborted
Error

ErrorID

This function block is a template which can be used when developing functions which adhere to the PLCopen

output behavior.

Parameters
* Parameter Data Description
Type
VAR_INPUT Default
Upon the rising edge, all other function block
inputs are read and the function is initiated. To
B Execute BOOL ] ] . FALSE
modify an input, change the value and re-trigger
the execute input.
VAR_OUTPUT
Set high when the commanded action has been completed
successfully. If another block takes control before the action is
B Done BOOL . . .
completed, the Done output will not be set. This output is reset
when execute goes low.
Set high upon the rising edge of the 'Execute’ or 'Enable’ input,
B Busy BOOL . .
and reset if Done, CommandAborted, or Error is true.
Set high if motion is aborted by another motion command or
B CommandAborted BOOL MC_Stop. This output is cleared with the same behavior as the
Done output.
Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute' or 'Enable’
goes low.
If Error is true, this output provides the Error ID. This output is
B ErrorID UINT

reset when 'Execute’ or 'Enable' goes low.
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Notes

This template contains supporting code for:
e Initialization
e  Main code body

e  Qutput status updates
Depending on the exact usage, there may be outputs in the template that will not apply, such as

CommandAborted. Please determine what outputs are necessary for your situation and make modifications
accordingly.

Error Description

This is an example function block template with no specific errors of its own.
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Explicit_Message

i Explicit_Message K
—— SourceElement — SourceElement;
— Destination Destination
— Execute Done
— AdapterIPAddress Busy
— ServiceCode Error
— Class ErrorID
— Instance Status
— Attribute Response
— Sourcelength ResponseStatus

\

% YASKAWA

This function block will write/read a block of data to/from an Ethernet/IP Target (Adapter) device via Explicit

Messaging. Unlike Implicit Messaging (a built in feature of the MPiec Series Controllers) which uses the UDP

protocol, Explicit Messaging uses TCP/IP.

This function block emulates the MSG function block in the AB RSLogix platform. The Explicit_Message function

block is best suited when an application requires unscheduled and less frequent updates like recipe transfer,

cam table transfer, job transfer etc. Explicit Messaging makes use of a request/response format for

communication.

Description

Parameters
& Parameter Data Type
VAR_IN_OUT
B SourceElement ExplicitData
B Destination ExplicitData

When writing a message to the Target (Adapter),
SourceElement is the data (as an array of bytes) that the
Scanner (MPiec Controller) will send to the Target.

When reading a message from the Target (Adapter), the

MotionWorks IEC61131-3 Toolboxes: 2013-09-13
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Destination Element is the data (as an array of bytes)

where the Scanner (MPiec Controller) will copy the data
from the Target.

VAR_INPUT Default

Upon the rising edge, all other function block
inputs are read and the function is initiated. To

B Execute BOOL . . 0
modify an input, change the value and re-

trigger the execute input.
B AdapterIPAddress STRING IP Address of the Target device. v

Code for the particular service type as defined
B ServiceCode BYTE for a CIP message. The value can be obtained 0
from the Target's (Adapter's) documentation.

Class parameter of a CIP Generic message.
B Class BYTE The value can be obtained from the Target's 0
(Adapter's) documentation.

Instance parameter of a CIP Generic message.
B Instance BYTE The value can be obtained from the Target's 0
(Adapter's) documentation.

Attribute parameter of a CIP Generic message.
B Attribute BYTE The value can be obtained from the Target's 0
(Adapter's) documentation.

The number of bytes to be written to the

B SourcelLength INT Target. This is the actual data size required, 0
not the full size of the SourceData DataType.
VAR_OUTPUT
The done bit is set high when the last packet of the
B Done BOOL .
message is successfully transferred.
Set high upon the rising edge of the 'Execute' or 'Enable’
B Busy BOOL . . .
input, and reset if Done, CommandAborted, or Error is true.
Set high if error has occurred during the execution of the
B Error BOOL function block. This output is cleared when 'Execute' or
'Enable' goes low.
If Error is true, this output provides the Error ID. This
B ErrorID UINT .
output is reset when 'Execute' or 'Enable' goes low.
Indicates if the Target was able to execute the requested
B Status DWORD command. A value of zero indicates successful execution of
the command by the remote device.
B Response WORD Response from the Target.
B ResponseStatus WORD Status of the response from the Target.
Notes
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e The Explicit_Message function block uses the Y_DeviceComm firmware library. This firmware library

must be added to your project. Y_DeviceComm was incorporated into firmware version 2.1.0 and has

been included as a firmware library starting in MotionWorks I

EC v2.1.0.

e  Enter parameters as entered in Message Configuration for the MSG function block in AB RSLogix

software.

e See Yaskawa's Youtube webinar - EtherNet/IP Explicit Messaging for more info.

Message Configuration - msgWrite ‘l(j

— SourceElement —

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

SaurceElement

I

1

Confgsoion| Cormericaion Tag | WRITE to MP2300Siec |
- s G 8 g
Mesiens Tives _ : L , z— Destination Destination
?:;;ce [Set Attbute Singe ] Smrt:eEIerrmt:h data Tt :. ‘r < — Execute Daone
Senvoe i e O _Ft.___-EHﬂL;wjm lﬁ [B}M' T=>1 Ada pterlPAddress Busy
o I -.”‘_'f’_"b‘fli_ﬁ"f_]_ TS Swma ~ -t - - ServiceCode Error
- s o
T “""\.-_.‘:__ _ \\\ == Class ErrorID
D Enable O EnsbleWaling O Stat ® Done Dane Length™ D~ - : v\-. ~ » IR Status
J Enor Coder Extended Enor Code: I™ Timed Out -~ Ne
Ex :‘: \\“‘-‘5—3 Attribute Response
I Hep | . SourcelLength ResponseStatus
e
Error Description
ErrorID Meaning
0 No error
i The maximum number of concurrently open user IO devices (sockets/files) has been
o reached.
8706 The socket handle was invalid.
8707 The IP address string was not in a valid format.
8708 The socket could not be created.
8709 The specified address or port is already in use on the local network.
8710 The specified address or port is not available for use.
8711 Unable to accept new socket connection.
8712 Unable to bind to the specified address.
8713 The socket type argument was invalid.
8714 The local address or port was not valid.
8715 The socket could not be connected.
8716 There is no network routing path to the specified address.
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8717 The socket is already connected to another endpoint.
8718 The socket connection attempt was actively refused by the remote peer.
8719 The socket was not connected to a remote endpoint. Call Y_ConnectSocket prior to
- Y_ReadDevice or Y_WriteDevice.
8720 An error occurred trying to get or set the device option.
8721 The communication device could not be read.
8722 The communication device could not be written.
8723 The Buffer argument to WriteDevice and ReadDevice is required.
8724 The device option ID was invalid.
8725 The device option value was not the right size or the data was out of range.
8726 The serial port ID was not a valid serial port.
8727 The serial port could not be opened.
Example 1

Set Single Attribute

Variable Properties

MName:
v [FWrite instance 111 to MP2000iec slave™)|
Data ‘I'_l,tpe
| ExplicitData Elltit_M&ssage_En
Hoage: = e )
l\‘_'AR v| ClReram SrrEle—- SourceElement —  SourceE lementt—SrcEle
Iritial value: 01—+ Destinatin ———  Destinationt—D1 ————————»
[ | Exe—] Execute Done F—SetatributeDone
X 1
STRING#'192.168.207.68'—{ Adapter]PAddress Busy F—SetattributeBusy
. : 0
Watch Window BYTE#16#10—| ServiceCode Error f—SetattributeError
0
Variable N~ Valie BYTE#16#4— Class ErveriD | —SetatrbuteErroriD
= SrcEl a
e i BYTEF16#6—] Instance Statie | —stat
r 0
Fz: g BYTE#16#3—| Attribute Respanse |—Resp
| 144
[31 |0 INT#128— SourcelLength ResporseStatus b—RespStat
14 I 0
151 [0
] (o
] [0
181 |0
19 |0
na 0
[11) [0
I 2 0
1 0
Example 2

Get Attribute single
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ﬁead DC bus from ‘110003?)1
Ewplicit_Message_10

Yariable Properties

VAR | [JRETAIN  STRING#'192.168.207 57"

| | OIretan

=

=
olo|lolo|ololololalalalol=|a

il — 1
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MovingAverage

R A N |

NewValue  MovingAverage
SampleSize

Trigger

Stream

ErrorID

Error

% YASKAWA

This function block will provide the MovingAverage of a series of samples. The NewValue can either be streamed
continuously or updated only when the Trigger value goes high.

Parameters

* Parameter

VAR_INPUT

B Enable
NewValue
SampleSize

Y Trigger

V Stream

VAR_OUTPUT

B Valid

V MovingAverage

B Error

B ErrorID

Data
Type

BOOL

LREAL
UINT

BOOL

BOOL

BOOL
LREAL

BOOL

UINT

Description

The function will continue to execute while
enable is held high.

The new value to be added to the total
The total number of values to total

To indicate when a NewValue should be added
to the total

To indicate if the NewValues should be added
to the total every scan.

Indicates that the outputs of the function are valid.

The moving average of all the samples.

Default

FALSE

LREAL#0.0
UINT#0

FALSE

FALSE

Set high if error has occurred during the execution of the function

block. This output is cleared when 'Execute' or 'Enable' goes low.

If Error is true, this output provides the Error ID. This output is

reset when 'Execute’ or 'Enable' goes low.

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

535



gx | ¥ YASKAWA
Yaskawa Toolbox: Function Blocks
Notes

e See Yaskawa's Youtube webinar - MPiec Web Tension Control Applications for more info on using this

function block.

Error Description

ErrorID Meaning
0 No error
10024 DataSize must be greater than zero
Example

The MovingAverage function acts as a smoothing filter. In this example, the Sweep function will increment by 5
each cycle. The Sweep function will continue to increment the OutputValue until it has reached 100.

Sweep_2 MovingAverage_1
Enable Walid Enable Valid
0
#—| Trigger Output alue MNewwalue  MovingAverage F—#fwveragedOutput
0.0000000
Sweepyalle Stream Error p—o SampleSize—] Sarmplesize Error
0.0000000 0 50 0
LREAL#100.0 LREAL #0.0— Startalue ErroriD e #— Trigger ErrorlD e
0 o] 0
LREAL#5.0— Increrment TRUEj Stream J
LREAL#0.0— Minirmurm
LREAL#100,0— Maximum
Sweepyalue
0.0000000

The Moving average function has a sample size of 50 which means that if Sweep reaches its maximum value
after 19 cycles, MovingAverage will output the maximum value after 69 cycles. By looking at the Logic Analyzer
plot below, notice there is a 5 cycle pre-record that must be taken in to account: 74 - 5 = 69 cycles.
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PackByte

This function block converts 8 Boolean inputs to a single byte output.

Parameters

* Parameter

Bit0
Bitl
Bit2
Bit3
Bit4
Bit5
Bit6

< < < < < < < <

Bit7

\ OutputByte

Error Description

Data Type

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL

BYTE

Description

Bit O of the BYTE to be output
Bit 1 of the BYTE to be output
Bit 2 of the BYTE to be output
Bit 3 of the BYTE to be output
Bit 4 of the BYTE to be output
Bit 5 of the BYTE to be output
Bit 6 of the BYTE to be output
Bit 7 of the BYTE to be output

Resulting byte of the input bits
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FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
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No errors will be generated

Example

PackByte_1

TRUE OLtput

16#53
TRLE
FALSE
FALSE
TRLE
FALSE
TRLE

FALSE
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PackWord

This function block converts 16 Boolean inputs to a single WORD output.

Parameters
& Parameter Data Type Description
\ Bit0 BOOL Bit O of the WORD to be output
\ Bit1 BOOL Bit 1 of the WORD to be output
\ Bit2 BOOL Bit 2 of the WORD to be output
Bit3 BOOL Bit 3 of the WORD to be output
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Vv Bit4 BOOL Bit 4 of the WORD to be output
\% Bit5 BOOL Bit 5 of the WORD to be output
\% Bit6 BOOL Bit 6 of the WORD to be output
Vv Bit7 BOOL Bit 7 of the WORD to be output
\Y Bit8 BOOL Bit 8 of the WORD to be output
\Y Bit9 BOOL Bit 9 of the WORD to be output
\% Bit10 BOOL Bit A of the WORD to be output
\% Bit11 BOOL Bit B of the WORD to be output
Vv Bit12 BOOL Bit C of the WORD to be output
\Y Bit13 BOOL Bit D of the WORD to be output
\% Bit14 BOOL Bit E of the WORD to be output
\% Bit15 BOOL Bit F of the WORD to be output
VAR_OUTPUT

\Y OutputWord WORD The resulting WORD of the input bits

Error Description

No errors will be generated

Example
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FackiWeord 1

TRLE Cutputyord

16#5353
TRIUE
FALSE
FALSE
TRIUE
FALSE
TRIUE
FALSE
TRIUE
TRIUE
FALSE
FALSE
TRIUE
FALSE
TRIUE

FALSE
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PIDControl

Reference

A

ProcessValue

PIDParameters ControlOutput

% YASKAWA

Valid

Error

ErmorID

This function block can be used as a generic control loop feedback mechanism. A PID controller calculates an

"error" value as the difference between a measured process variable and a desired set point, or reference.

PIDParameters must be adjusted to allow the process to provide the proper ControlOutput for a given error

situation.

Parameters

& Parameter

VAR_INPUT

B Enable

\ PIDParameters

\% Reference

\% ProcessValue

VAR_OUTPUT

B Valid

Y ControlOutput

B Error

B ErrorID

Data
Type

BOOL

PIDStruct

LREAL

LREAL

BOOL

BOOL

BOOL

UINT

Description

Default
The function will continue to execute while

FALSE
enable is held high.
Structure containing all the information for N/A
PID control block to operate
Setpoint for the PID control loop. LREAL#0.0
Real world value to be compared with the

LREAL#0.0

Reference in the control loop

Indicates that the outputs of the function are valid.

Output value from the PID control block. The range of values
will be governed by the PIDParameters, especially the upper
and lower limit.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute' or 'Enable’
goes low.

If Error is true, this output provides the Error ID. This output is
reset when 'Execute’ or 'Enable' goes low.
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Notes

e All time parameters in the PIDStruct (Ts, Td1, and Td2) must be in the same units, i.e seconds or ms.

e See Yaskawa's Youtube webinar - MPiec Web Tension Control Applications for more info on using this
function block.

Example

Initialization of the PIDStruct:

PIDPrm.Ts := LREAL#0.004; (* Set to the same value as the cyclic application task *)
PIDPrm.Kp := LREAL#40.0; (* Proportional gain *)

PIDPrm.Ki := LREAL#0.0; (* Integral gain *)

PIDPrm.Kd := LREAL#0.0; (* Derivative gain *)

PidPrm.Td1 := LREAL#4.0; (* Divergence differentiation time *)

PidPrm.Td2 := LREAL#4.0; (* Convergence differentiation time *)

PIDPrm.Ti 1= LREAL#4.0; (* Integration time *)

PIDPrm.ILL := LREAL#-10.0; (* The smallest integration value *)

PIDPrm.IUL := LREAL#10.0; (* The largest integration value *)

PIDPrm.LowerLimit:= LREAL#-2000.0; (* The smallest ControlOutput that will be output *)
PIDPrm.UpperLimit:= LREAL#2000.0; (* The largest ControlOutput that will be output *)
PIDPrm.DeadBand := LREAL#0.00001; (* Maximum absolute error value that will result in a

ControlOutput of zero *)

Symbol Specification
Ts Scan time set value
Kp Proportional gain
Ki Integral gain
Kd Derivative gain
Td1 Divergence differentiation time
Td2 Convergence differentiation time
Ti Integration time
TIUL Upper integration limit
ILL Lower integration limit
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LowerLimit Lower PID Limit
UpperLimit Upper PID limit
Deadband Width of the deadband for the P+I+D correction value

Here, the PID operation is expressed as follows:

e
Kp +=—==Kd.Td.5

el =l

= Kp+Kd.Td.§

X: deviation input value; Y: output value

The following operation is performed within the PID instruction:

_ KiX+IREM .| 0 nTd
? = hp.k' + E + I + . oo 1E
Ts

X': previous input value; Yi': previous I output value; Ts: scan time set value

o 2
* - Ed o TdTs
LIMIT DB
Input i} N i -\ Cutput
- —r Kp ;’é?_—p—o—t—p
I LIMIT
Ki o T3Ti > > 4
Tl e

1. An example controlling a servo in torque mode:
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MC_Power & MC_SetPosition_z
Ais_1 My —————  Aizp—Aiz_1 Aris 1—7 Aris ——  Avisp—Aiz_1
Power_Enable Enable Status Execute  Donef—=
Erable Pasitive BiEy o LRE &L#),1— Paosition Busy o
Enable Megative Activefa »— Mode Error f—
Buffefode Etror = ErrorID p—ErrorIly 2
EmorID f—FErorID 1
DCTorque
¥ _DirectContral_2
————Fasition Aris_1— Aris is 1
Start_Control— Enable Busy F—DCR 2
MC_ReadParameter_2
- = IMT#2— ContralMode Active D CActive
Axiz_1 Ay ————————— Azt —Avis_1 s Pasition Cornmandéba ted F—Deab
: PICContral_1 . .
TRLE. Enable alid f= Do elocity— Welocity Etvor =
UIMT#1005 P warreterturnber By o Start_Control— Enable \alid —PI0N alid #— Acceleration EtrorID —FErrarD &
Etror [ PIDPI— PIDPaaneters ContralCutput Torque
EtrorID —E oD 2 DiZPosition— Refernce Etror —PIDEr #—{ FilterTirneConstant
Vale Proce =i ale ErrorID —EmarIl_4 +—{ Buffervode
HICResEaimas | MC_ReadParameter_3
(i i aais_1—1 Agis Ais_1
Enable alid o TRUE Enable
Parametertiumber  Busy (-5 LITHT#101: Pararceterdurnber  Bugy
Error —a e
ErrorlD f—= EnetD
Walue F—Corntelocity Vahe omTorque
The following series of graphs show changes made to the PID gains to minimize error:
a. Proportional Control Only. Severe oscillation:
i ) Variable Value
% o PwiEnable 7
S o MvDCExe m
|2 = PIDPm _
=_0C Kp | 1.0000000E-001
;4D Ki | 0.0000000E +000
g 0 Kd 0.0000000E +000
é Ti | 4.0000000E-003
I Tdi | 4.0000000€ 003
F— Td2 | 4.0000000€-003
l.c UL 1.0000000E +001
§ ILL -1.0000000E +001
% LA LY o UpperLimit | 1.0000000E +002
;' . LowerLimit | -1.0000000E+002
7 0 - = DeadB and 0.0000000E +000
H amples . 1
= 15 4 -
R & Stan_Contal-FastT sk Poweilp - 0. Ll eI
= 1000 O DCPosition - FastT sk Powesp 0.0
B <> Posttion - FastT sk Powerlp HA
5 S0 © Comelocity - FastTsk PoweiUp © 0
e Lol orque - FastTsk Poweidp_: 0.00
r I ! 1 A | & I A | X | ! I A I I | L 1 A |
0 100 200 300 400 500 600 700 800 300 1000
Samples
|+ \ contiguration-Resource [

b. PID Control. Derivative helps to control oscillation:
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H 1.0 Wahse
T 083 PwiEnable m
£ o5 I
S 043 = PIDPm
2 2 ke 1.0000000€ -001
F_0034 K 1.0000000€ -002
_ 40: Kd 5.0000000€ -001
g ] Ti 4,0000000€-003
A Tdl 4.0000000€-003
g ] Td2 4,0000000€ -003
g 10 L 1,0000000E+001
o ILL -1.0000000E +001
705 UpperLimit 1,0000000€ +002
W= LowetLimit 1.0000000E +002
g 403 DeadBand 0.0000000€ +000
§ 25 Ts 4,0000000€-003
e
45 [5amples] 10|
38 & Start_Contiol - FastT sk PowerUp : 0.
© 1000 D DCFgsition - FastT sk Powerlp 0.0
g < Posibon - FastT sk PowerUp 101
i O Comelochty - FastTsk Powerllp : 0
s | - ComT orque - FastT sk Powerp : 0.0
F i Aot | it Ui | e Lot Dot Riseio gttt Lok | ors el st Mot 1 e, Uesi |
100 200 300 400 500 700 200 900 1000
Sarples
4+ \ configuration-Resource |/
c. PID Control - Increasing the derivative gain:
G Vasiable Vaae
T PwiEnable m
 0gd MvDCExe m
2 043 8 _Ppfm I
3 02:: Kp | 1.0000000€ -001
Ir oodl Ki 1.0000000€ -002
3 Kd  * |1.0000000€ +000 |
;40 Ti | 4.0000000€-003 |
£ Tdi |"4.0000000€ 003 .
g 20 Td2 | 4.0000000€-003 .
5 107 1L | 1.0000000€ +001 |
g ILL | 1.000000CE +001 |
— e UpperLimit | 1.0000000€ +002 .
2 = LowerLimit | 1.0000000E +002
= DeadBand 0.0000000€ +000
(S Ts 4,0000000€ 003
3 20 -
o =
| i}
r Ism_g [Samples] 1]
g E & Start_Conlrol - FastT sk Poweillp : 1,
E 1000-= O DCPosition - FastT sk Powellp - 0.0
NN < Postion - FastTsk Powesllp  : 01
S 800 © ComVelocity - FastT sk Powerllp ; 2000
fF—oll | Contome: FosskFonetp 30
r A L A A A
100 200 300 400 500 600 700 200 00 1000
Samples
4 b\ Configuration:Resource [

d. Further increase in the derivative gain:
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Logic Analyzer

T DCPozition ... ¥ Start Conbrol ..,

A Pogition - F...

T Com'yelocit

I

L lliﬁuiigl.raﬁnn:ﬂh—.:ulm!
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&

[5amples] ‘M

& Start_Control - FaztT sk PowesUp : 1.000

ODCPosiion - FastT sk Powedlp 0.0

< Position - FastT sk PowesUp 1523

o Comielocity - FaztTsk.PowerUp : 2000
ComTongues - FastTsk Powsilp ;0.0

1]

AP [ P PR LR P [P PRI L] PR [ L [ ] [ L] [ )

100 200 200 400 500 211 T 800 00 1000
Samples
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Ti

Td1

TdZ

L

ILL
UppeiLimit
LoweerLimit
DeadBand
Ts

<

e
[ 777

| 1.0000000E-001

1.0000000E-002

| 8.0000000E-001
| 4,0000000E-003

4.0000000E-003

| 4.0000000E-003

1.0000000E+001

| -1.000000CE +001

1.0000000E +002

| -1.000000CE +002

0.0000000E +000

| 4.0000000-003

Drefault value

% YASKAWA

Type

| PIDStruct
| LREAL
| LREAL
| LREAL
| LREAL

LREAL

| LREAL

LREAL

| LREAL

LREAL

| LREAL

LREAL

| LREAL

>

4[]\ wateh 1 Watch 2 J Watch 3 }, Wiatch 4 | Watch 5 } Wiatch 6} Watch 7 } Watch & } watch 2

e. PD Control - Integral gain is set to zero, which is best suited for this example.
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Logic Analyzer

[Sampie:] 11

& Shan_Contiol - FastT k. Poweilp : 1.000

O DCPosition - FastTsk Powerlp 000

< Posttion - FastT sk.Powerllp ;0

2 ComVelocity « FastT sk PowerUp - 2000
ComT orque - FastT sk Poweillp - 0.0

ol ComWelocit. .

1] 100 200

4| ¥ \litnrdinurzﬁm:lhmci |||[
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Watch Window

Wanable
Py rable
- MvDCExe
= - PIDPn
Kp
ki
Fd
Ti
Tdl
Td2
UL
ILL
UpperLimit
LoweeLimit
DeadBand
T=

£

Yalue
e

| 77

| 1.0000000E-001

10.0000000E +000

| £.0000000E-001

4.0000000E -003

| 4.0000000E-003

4.0000000E-003

| 1.0000000E +001

-1.0000000E +001

| 1.0000000E +002

-1.0000000E +002

| 0.0000000E +000

4.0000000E-003

D efault value

% YASKAWA

Type

| PIDSket

LREAL
LREAL
LREAL
LREAL
LREAL
LREAL

| LREAL

LREAL

| LREAL

LREAL

| LREAL

LREAL

>

[ westeh 1 Watch 2 Ji Watch 3}, Wiatch 4 | Watch & J, Wiatch 6 }, Wiatch 7 , Watch & Ji Watch 9
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RangeCheck

Ran
Enable Valid

—
*— Minimum InRange
+— Value

*— Maximim

This function block will set the output 'InRange’ if the Value input is between the Minimum and Maximum. The
check is inclusive, meaning that if Value=Minimum or Value=Maximum, then the InRange output will be on.

Parameters
& Parameter Data Description
Type

VAR_INPUT Default
The function will continue to execute while enable

B Enable BOOL . ] FALSE
is held high.

. The smallest 'Value' that will set the InRange

\Y Minimum LREAL ] LREAL#0.0
output high.
The data to be tested against the Minimum and

Vv Value LREAL ] LREAL#0.0
Maximum.

. The largest 'Value' that will set the InRange output

\Y Maximum LREAL ) LREAL#0.0
high.

VAR_OUTPUT

B Valid BOOL Indicates that the outputs of the function are valid.
Indicates if the Value is between the Minimum and Maximum.

V InRange BOOL

(Inclusive)

Error Description

No errors will be generated.

Example
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00'3
7
LREAL#10.0—
Fangelnput—:
150000000
LREAL#20.0—

FangeCheck_1

[l
2
Valle

aximirm

ExeFangs
Enable Walid

1
InR.ange

% YASKAWA

ExeRange does not need to be toggled if Value is changed, as demonstrated below:

00'3
7
LREAL#10.0—
9, 0000000
LREAL#20.0—

FangeCheck_1

[l
2
Valle

aximirm

ExeRange
Enable Walid

1
InR.ange
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RateCalculator

ra T

FateCalculator
#— Enabl= Y alid

r

Sensor Bisy
#— TimePeriod_ms Error
Errorll

Counteryalus

T A

Currentfate

This function block determines the frequency and number of occurrences of an event, such as determining the
part output rate of a machine. RateCalculator counts the number of times an input 'Sensor' signal produces a
rising edge and determines the frequency of that signal with respect to a chosen time period. It can account for
real-time changes to the time period.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default

The function will continue to execute while
B Enable BOOL . . FALSE
enable is held high.

Periodic signal to be measured. Commonly a "part-complete"
\Y Sensor BOOL
sensor.

. . Sensor is measured with respect to this time window
Y TimePeriod_ms DINT o . .
(milliseconds) to determine the current real-time rate.

VAR_OUTPUT
B Valid BOOL Indicates that the outputs of the function are valid.

Set high upon the rising edge of the 'Execute’ or 'Enable' input,
B Busy BOOL . .

and reset if Done, CommandAborted, or Error is true.

Set high if error has occurred during the execution of the function
B Error BOOL . .

block. This output is cleared when 'Execute’ or 'Enable' goes low.

If Error is true, this output provides the Error ID. This output is
B ErrorID UINT

reset when 'Execute’ or 'Enable' goes low.

Number of times 'Sensor' has measured a rising edge since the
Vv CounterValue LREAL .

function block has been enabled.
Vv CurrentRate LREAL The current frequency of the 'Sensor' input with respect to the
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chosen time period

Notes
e Upon enabling or a change of the time period, the 'Busy' signal remains active until the specified time

period elapses, whereupon 'Busy' will go low and 'Valid' will go high. This is to receive a complete initial
measurement of the rate 'Sensor' / 'TimePeriod_ms'.

Error Description

No errors will be generated.
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RealTimeClock

Error
ErrorID
Clock

This function block provides the controllers real time clock as an RTCStruct containing year, month, day, hour,

minute, second, and millisecond. This function uses the RTC_S function, provided in the ProConOS firmware
library, which returns the real time clock as a string.

Parameters
& Parameter Data
Type
VAR_INPUT
B Enable BOOL
VAR_OUTPUT
B Valid BOOL
B Error BOOL
B ErrorID UINT
\% Clock RTCStruct
Notes

Description

Default

The function will continue to execute while enable
is held high.

FALSE
Indicates that the outputs of the function are valid.

Set high if error has occurred during the execution of the function
block. This output is cleared when 'Execute’ or 'Enable' goes low.

If Error is true, this output provides the Error ID. This output is
reset when 'Execute' or 'Enable' goes low.

Structure containing year, month, day, hour, minute, second, and
millisecond.

The controllers clock can be set from the web server, or by using the Y_SetRTC function block, which requires

firmware version 2.0.0 or greater.

Error Description
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No errors will be generated.

Example

The output of this block is continually updated as long as Enable is TRUE.

RealTimeClock_1 Watch Window
004 —
i @ _ ariable Y alue
(i Enable Vah? (=1 RCT_Struct
------- Y'ear 22
Erorfe | Morth | 11
or [ = Day 15
10 BrerlDp= | F—— Four 1
o -
Clock CT Struct || —— :I;?g: r 1 ;
RTCSHIngle 00 |} mbec | 150
DT#20 12—11— 19-16:17:19, 15‘
4] ’

4k i\ wstch q 4 Wiatch 2 A iEtch 3
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Scaler

Enable
Input

Cal_X1
Cal_Y1
Cal X2
Cal Y2

r rtrtrtt

Emor

ErrorID

This function block performs the calculation y:= mx + b.

m is determined by the slope of a line specified by Cal_X1, Cal_Y1, Cal_X2, Cal_Y2.

X is the 'Input’

b is determined by calculating the Y intercept of the line.

This function can be used with temperature sensors or any analog value that must be adjusted before further

processing takes place.

Parameters
* Parameter
VAR_INPUT
B Enable
Y Input
V CalX1
V Caly1l
Vv CalXx2

Data
Type

BOOL

LREAL

LREAL

LREAL

LREAL

Description

The function will continue to execute while
enable is held high.

The x variable of y:=mx + b.

Datapoint specifying a line along which data is to
be scaled.

Datapoint specifying a line along which data is to
be scaled.

Datapoint specifying a line along which data is to
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Default

FALSE

LREAL#0.0

LREAL#0.0

LREAL#0.0

LREAL#0.0
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\% CalY2 LREAL
VAR_OUTPUT

B Valid BOOL
\% Output LREAL
Vv m LREAL
\Y b LREAL
B Error BOOL

B ErrorID UINT

Error Description

ErrorID

No error

be scaled.

Datapoint specifying a line along which data is to
LREAL#0.0
be scaled.

Indicates that the outputs of the function are valid.
The result of the calculation y:=mx + b.

The calculated slope of the line.

The calculated intercept of the line.

Set high if error has occurred during the execution of the function
block. This output is cleared when 'Execute’ or 'Enable' goes low.

If Error is true, this output provides the Error ID. This output is reset
when 'Execute' or 'Enable' goes low.

Meaning

Calibration Error: Cal_X2 must be greater than Cal_X1

Scaler 1

Ernable Walid L

1
Input— Input  Cuput Uit
400000000 20.0000000
LREAL#10.0— Cal_x1 m
2.0000000
LREAL#20.0— Cal_¥1 b e
0,0000000

LREAL#30.0—{ Cal_x2  Error =
0

LREAL #60.0—{ Cal_¥2 ErrerlD =

0

A
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Sweep
i Sweép h
+— Enable Yalid p—=
+— Startvalue  Outputvalue f—
+— Increment Error p—o
+— Minimurm ErrorlD p—=
+— Maximum

This function block generates an output that rises and falls between the minimum and maximum outputs
specified by the inputs. The OutputValue is the changed by the Increment input. This function block is useful for
testing purposes by forcing other portions of application code to be tested with a full range of expected values.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default

The function will continue to execute while
B Enable BOOL . . FALSE
enable is held high.

B StartValue LREAL The OutputValue will start from this value LREAL#0.0

The amount by which the Outputvalue is
B Increment LREAL LREAL#0.0
changed each scan

B Minimum LREAL The minimum value output LREAL#0.0
B Maximum LREAL The maximum value output LREAL#0.0
VAR_OUTPUT
B Valid BOOL Indicates if the function is operating normally
B OutputValue LREAL The output of the function
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute’ or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is reset
B ErrorID UINT

when 'Execute’ or 'Enable' goes low.

Error Description

No errors will be generated.
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% YASKAWA

Swesp_1
-— Enable Yalid
1 1
Startyval Startvalue Oumut\faluel:& Pal
5.0000000 8.0000000
LREAL#1.0— Increment Error
o
Min—{ Minimurm ErrorlD =
5.0000000 0
Ma—] Masirmurm I
10,0000000

L] Sweep.Enable

Sweep.OutputValue

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

30 40

561



: % YASKAWA

Yaskawa Toolbox: Function Blocks

UnpackByte

This function block converts a byte into discrete bits.

Parameters

8 Parameter Data Type Description
B InputByte BYTE The input data to be separated into bits. BYTE#0
\ Bit0 BOOL Bit O of the InputByte

\ Bit1 BOOL Bit 1 of the InputByte

\ Bit2 BOOL Bit 2 of the InputByte

\ Bit3 BOOL Bit 3 of the InputByte

\ Bit4 BOOL Bit 4 of the InputByte

\ Bit5 BOOL Bit 5 of the InputByte

\ Bit6 BOOL Bit 6 of the InputByte

\ Bit7 BOOL Bit 7 of the InputByte

Error Description
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No errors will be generated.

Example

UnpackByte_1

e B T e

i e R
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UnpackWord

This function block separates a word into individual bits.

Parameters

| %

Parameter Data Type Description

B InputWord WORD The input data to be separated into bits. WORD#0
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VAR_OUTPUT

V
V
Vv
Vv
Vv
V
V
Vv
Vv
Vv
Vv
V
Vv
Vv
V
Vv

Bit0
Bitl
Bit2
Bit3
Bit4
Bit5
Bit6
Bit7
Bit8
Bit9
Bit10
Bit11
Bit12
Bit13
Bit14
Bit15

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL

Error Description

No errors will be generated.

Example

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

Bit 0 of the InputWord
Bit 1 of the InputWord
Bit 2 of the InputWord
Bit 3 of the InputWord
Bit 4 of the InputWord
Bit 5 of the InputWord
Bit 6 of the InputWord
Bit 7 of the InputWord
Bit 8 of the InputWord
Bit 9 of the InputWord
Bit 10 of the InputWord
Bit 11 of the InputWord
Bit 12 of the InputWord
Bit 13 of the InputWord
Bit 14 of the InputWord
Bit 15 of the InputWord
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UnpackWord_2

WORD# 16#4E1C

i s R U B T T

0

Ao I PR T o TP e [
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WindowCheck

Enable Valid

InputValue  InWindow
TargetValue Error

N A |

Window ErrorID

e

This function block sets the InWindiow output high if the InputValue is within +/- (Window/2) of the
TargetValue. This function is useful when making a comparison that only relies on the InputValue to be close to
the Target, but an exact match is not required.

Parameters
& Parameter Data Description
Type
VAR_INPUT Default
5 Enable sl The fu.nction will continue to execute while enable is e
held high.
\Y InputValue LREAL The data to be tested against the TargetValue LREAL#0.0
V TargetValue LREAL The desired data to be compared against. LREAL#0.0

This amount will be divided in two. The InputValue
) must fall within half the window distance of the
\Y, Window LREAL . ) LREAL#0.0
TargetValue for the InWindow output to go high.

Window must be greater than zero.

VAR_OUTPUT
B Valid BOOL Indicates that the outputs of the function are valid.
. Indicates that the InputValue is within the TargetValue +/-
Vv InWindow BOOL . . .
(Window/2) inclusive.
Set high if error has occurred during the execution of the function
B Error BOOL . .
block. This output is cleared when 'Execute’ or 'Enable' goes low.
If Error is true, this output provides the Error ID. This output is reset
B ErrorID UINT

when 'Execute' or 'Enable' goes low.

Error Description
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ErrorID Meaning
0 No error
1

0076 WindowSize must be greater than zero.

WindowChedk_1

ExeWWindow
Enable Walid
1

WindowInput—] Inputvalle  Inbindow

3.0000000
LREAL#2.0— Targetyale Error

]
LREAL#G.0— Window ErrorlD
]

A

WindowChedk_1

ExeVindow
Enable Walid
1

YWindowInput—{ Inputvalle  Inbindow

=, 000000
LREAL #2.0—{ Targetialus Error
o]
LREAL#6.0— Window ErrorlD
o]
A
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This function block will do a binary search on the XYdata to find the X value, then output the corresponding Y
value. This function will perform linear interpolation if the X value is between two data points in the XYData and

Enable
X

Yaskawa Toolbox: Function Blocks

Valid
Y

Error

ErrorID

calculate the appropriate Y value.

Parameters
* Parameter
VAR_IN_OUT
V XYData
VAR_INPUT
B Enable
Y X
VAR_OUTPUT
B Valid
\% Y
B Error
B ErrorID

Data Type

XYDataStruct

BOOL

LREAL

BOOL
LREAL

BOOL

UINT

Error Description

Description

An array of X & Y data pairs
Default

The function will continue to execute while
FALSE
enable is held high.

The input reference

Indicates that the outputs of the function are valid.
The resulting output that relates the input.

Set high if error has occurred during the execution of the
function block. This output is cleared when 'Execute' or 'Enable’
goes low.

If Error is true, this output provides the Error ID. This output is
reset when 'Execute’ or 'Enable' goes low.
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ErrorID Meaning
0 No error
10038 CambData.LastSegment must be greater than 0 and less than 400, or whatever value has
been declared as the ARRAY size in the CTB_Types file.
Example

The XY_Data structure was initialized as:

1 1.0000000 |[£¥_Data.Pair[0] .X := LREAL#1.0:
z 10.0000000 [£¥_Data.Pair[0] .Y := LREAL#10.0:
3 2.0000000 [XY_Data.Pair[1].X := LREAL#Z.O:
4 20.0000000 [Y_Data.Pair[1].Y := LREAL#20.0:
s 3.0000000 [XY_Data.Pair[2].X := LREAL#3.0:
5 30.0000000 [XY_Data.Pair[2].Y := LREAL#30.0:
7 2 [£¥ Data.LastPair := INT#z:|

X¥Lookup_1
(— XVLockup )

*_Data— A¥Data— <¥Data—-x"_Data

Enable Yalid e
1
¥ Value— X ¥ Value
10000000 100000000
Error p—a
]
ErrorlD
]

A

MotionWorks IEC61131-3 Toolboxes: 2013-09-13

570



X ¥ YASKAWA

Toolboxes Function Block ErrorID List
Function Block ErrorlID List

ErrorID Description
0 No error

1 Time limit exceeded

2 Distance limit exceeded

3 Torque limit exceeded

Motion State Error

The move could not be buffered because the axis motion queue is full. 16 moves is the

4369 maximum which can be buffered.
The move could not be started because motion is prohibited. The drive may not be enabled.

4370 MC_Power.Enable_Positive or MC_Power.Enable_Negative might be low. Check
MC_Power.Status output. MC_Stop.Execute might be held high, preventing motion.

4371 The servo drive failed to enable or disable. Check the amplifier wiring for L1 / L2 / L3

4375 CamOut called while not camming.

4376 The master slave relationship can not be modified because the master axis has not been set
yet.

4377 File reading already in progress

4378 The function block is not applicable for the external axis specified

4379 A homing sequence is already in progress.

4380 MC_SetPosition can not be executed while the axis is moving.

4381 Motion aborted due to axis alarm. It is also possible that a software limit has been
exceeded.

4382 When the axis is in rotary mode, and the MC_SetPosition tries to set a position that is equal
to or greater than the MachineCycle, this error is generated, and the position is not set.

4383 Axis must be commanded at standstill when homing is attempted.

4390 Position cannot be defined while the axis is the cam master of other axes.

4391 The function block cannot be used with a virtual axis.
More than 10 Y_CamlIn, Y_CamOut, or MC_GearInPos function blocks for a given axis are

4394 active at the same time. Most likely the application program is not coded correctly, and the
Execute input is being fired too frequently.

isar Window parameters are outside of the cams Machine Cycle. (0 to Prm1502, the last master
position in the active cam table.)

4396 Axis latch function already in use.

4397 Over travel limit still ON after attempting to move away from it.

e The L1 / L2 / L3 power inputs on the drive may not be supplied with power, possibly due to
an E-Stop condition.

4400 The Safety input (HHB) is preventing the drive from enabling.

4401 Axis latch function already in use.

4402 The scan compensation delay parameter 1305 is only valid for external encoders.

4403 The High Speed Output functionality is only available on external encoders.

4404 Can not execute MC_GearOut because axis is not in gear.
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4405
4406
4407
4408
4409
4410
4411
4412
4413

4414

% YASKAWA

Y_CamOut was aborted.

Continuous Latch Mode not supported on Sigma II, Sigma III, or external encoders
Internal buffer overflow

PatternSize is out of range (1-8) or PatternCount is out of range (0-255)
Parameter write in progress.

Parameter is read-only.

Parameter read in progress.

Parameter not supported for this axis.

The Stepper axis does not support the mode of motion commanded

MECHATROLINK Communications to the drive was disrupted. Execute MC_Reset to restore
the connection.

Invalid Structure Value

4624

4625

4626

4630

4633

4634
4635
4636
4637

Axis latch function already in use.

Axis ID does not correspond to an axis configured on the system. Verify the value of
AxisNum matches a logical axis number in the configuration. Tip: Make sure AXIS_REF is
properly declared as a VAR or VAR_GLOBAL in all relevant POUs.

The master slave relationship is defined. A slave cannot be a master to another axis.
Trigger reference is not valid

Table size results in misaligned data. Refer to the help section “Internally Created Cam
Data.” A cam table will have a multiple of 16 bytes if created correctly.

Buffer size results in misaligned data
Table type is not supported
Invalid start index.

Invalid end index

Invalid Enumeration Type

4641
4642
4643
4646
4648
4649
4650
4651
4652

Buffer mode does not correspond to a valid enumeration value.
Direction does not correspond to a valid enumeration value.
Start mode does not correspond to a valid enumeration value.
Mode does not correspond to a valid enumeration value.

The parameter number does not exist for the specified axis
Invalid adjust mode

'Rampln' does not correspond to a valid enumeration value.
'ControlMode’ does not correspond to a valid enumeration value.

'EndMode' does not correspond to a valid enumeration value.

Range Error

4657
4658
4659
4660
4663
4665

Distance parameter is less than or equal to zero.
Velocity parameter is less than or equal to zero.
Acceleration is less than or equal to zero.
Deceleration is less than or equal to zero.
Specified time was less than zero.

Velocity parameter is negative.
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4667
4669
4670
4671
4672
4673
4674
4677
4678

Jerk is less than or equal to zero.

Engage position is outside the cam table domain.
Engage window is less than zero.

Disengage position is outside the cam table domain.
Negative Disengage Window.

StartPosition is outside of master's range.
EndPosition is outside of master's range.

Array size too large.

Buffer array index out of range.

Invalid Input Data

4881
4882
4883
4884

4885

4887
4891
4893
4894
4895
4896
4897
4898
4899
4900
4901
4902

The specified Pn does not exist.

The mask does not correspond to valid tracks.

The profile must start with relative time equal to zero, and the time must be increasing.
The specified cam file does not exist.

Invalid header for the cam file. Cam tables must have a header indicating the number of
rows, number of columns and a feed forward velocity flag.

CamTableID does not refer to a valid cam table.

The slave axis can not be the same as the master axis.

The specified external axis may not be used. A physical axis is required.
The specified virtual axis may not be used with this function block.
File extension is not recognized or missing.

Cound not find the axis parameter file.

The drive's model number or type does not match the parameter file.
No filter configured for axis.

Axis position compensation file not found.

Invalid axis position compensation file format.

Cannot enable/disable axis position compensation while servo on.

Invalid compensation table wrap range

Y_DeviceComm ErrorIDs

8705

8706
8707
8708
8709
8710
8711
8712
8713
8714

The maximum number of concurrently open user IO devices (sockets/files) has been
reached.

The socket handle was invalid.

The IP address string was not in a valid format.

The socket could not be created.

The specified address or port is already in use on the local network.
The specified address or port is not available for use.

Unable to accept new socket connection.

Unable to bind to the specified address.

The socket type argument was invalid.

The local address or port was not valid.
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8715
8716
8717
8718

8719

8720
8721
8722
8723
8724
8725
8726
8727
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The socket could not be connected.

There is no network routing path to the specified address.

The socket is already connected to another endpoint.

The socket connection attempt was actively refused by the remote peer.

The socket was not connected to a remote endpoint. Call Y_ConnectSocket prior to
Y_ReadDevice or Y_WriteDevice.

An error occurred trying to get or set the device option.

The communication device could not be read.

The communication device could not be written.

The Buffer argument to WriteDevice and ReadDevice is required.

The device option ID was invalid.

The device option value was not the right size or the data was out of range.
The serial port ID was not a valid serial port.

The serial port could not be opened.

Toolbox ErrorIDs

10020
10021
10022
10023
10024
10025
10026
10027
10028
10029
10030
10031
10032
10033
10034
10035
10036
10037

10038

10039

10040

10041

10042

ProductSize cannot be less than or equal to zero

Maximum allowed consecutive missed registration marks reached
Product or circular buffer overrun / full

Buffer size too small / cannot be zero

DataSize must be greater than zero

Might be crossed or the same non-zero value

Positive Position Limit must be greater than Negative Position Limit
Negative Position Limit must be less than Positive Position Limit.
Positive Velocity Limit must be LREAL#0.0 or greater.

Negative Velocity Limit must be LREAL#0.0 or lower.

Positive Acceleration Limit must be greater than 0.

Negative Acceleration Limit must be less than 0.

Positive Deceleration Limit must be greater than 0.

Negative Deceleration Limit must be less than 0.

Interpolation calculation error.

Gripper Close Error (Timeout)

Gripper Open Error (Timeout)

Offset cannot be in the same direction as the original motion into the limit switch.

CambData.LastSegment must be greater than 0 and less than 400, or whatever value has
been declared as the ARRAY size in the CTB_Types file.

Cam Segment 'Resolution' cannot be zero unless the CurveType is
TB_CurveType#StraightLine..

Curve Type selected in a segment is not valid.

Total pairs required would exceed DataType definition for MS_Array_Type based on number
of segments and resolution settings in CamData.

Master must be always increasing from segment to segment.
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10043

10044

10045
10046
10047
10048
10049
10050
10051

10052

10053

10054

10055

10056
10057
10058

10059

10060
10061
10062
10063
10064
10065
10066
10067
10068
10069
10070
10071
10072
10073
10074
10075
10076

Tangent Match formula error, cannot have only one segment.

Tangent Blend error, must have two segments, a straight line and a Tangent Blend, in
either order.

SlavePosition not found in Y_MS_CAM_STRUCT

Both cam tables must have the same number of point to be added together.
Both tables must have the same master cycle to be added together.

The IndexSpeed is less than 20.

Frequency cannot be less than 1 Hz.

The dwell cannot be greater than the IndexTime.

There must be a whole number of oscillations in an index at a given speed.

There is a discrepancy between the master values in Profilel and Profile 2. At the same pair
somewhere in the table, the masters have values differing by more than 1 user unit.

DataPoint Error

One of the segments in the path has an invalid Segment Type.
Path.Data[Segment].SegmentType must be coded as either being a line (INT#1) or an arc
(INT#2).

The absolute sum of the motion for all axes relative travel from the previous segment
cannot be zero. One axis must always be in motion from segment to segment, otherwise
the virtual master distance cannot be calculated.

Arc Error
Point Error
The start angle must be a value from 0.0 to 360.0 degrees

The axes got out of sync during the path motion. All Cam Slaves InSync output must be on
or off at the same time, or this ErrorlID is generated.

The axis must be configured as a rotary type for this function block to be applicable.
MasterType is something other than 0 or 1.
MachineCycle must be a positive value if MasterType = 0
LastSwitch is set outside the 0-255 range.

Track Number outside the 0-31 range.

FirstOnPosition is not equal to 0.

LastOnPosition is not equal to 0.

AxisDirection is not equal to 0.

CamSwitchMode is not equal to 0.

Duration is set to 0 or a negative value.
OnCompensationScaler is set to an invalid value.
OffCompensationScaler is set to an invalid value.
ImproperOnPos_SetError

OnOffPosition_Error

Direction must be 0 for positive, or 2 for negative.
Calibration Error: Cal_X2 must be greater than Cal_X1

WindowSize must be greater than zero.
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10077

10078

10079

10080
10081
10082
10083
10084
10086

10100

10110
10111
10112
10114
10116
10117
10118

10119

10120
10121
10123
10124
10125
10126
10127

10128

10129

10130
10131
10132
10133
10140
10150
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Cubic Spline maximum number of consecutive segments exceeded. DataType definition for
the Matrix could be increased if necessary.

Formula 27 Error is reserved for errors with circle calculations.

When using UserNoDwellModifiedConstant Velocity, there must be three contiguous
segments with the same formula code applied, and the master percentages must be
increasing.

Formula 29 error.

ControlData.DecisionPosition

Mode Error. ControlData.Mode can only be 1 (one way cam) or 2 (two way cam).
Unsupported Cubic Spline Sequence

One of the Cam Tables has an invalid TableID

MaxPosCorrection must be zero or positive, MaxNegCorrection must be or zero or negative.

Both axes must be configured for the same axis type (Rotary / Linear) and if Rotary, they
must have the same Machine Cycle

Too many tabs specified.

Pitch between labels would be negative, need more spacing between tabs

Tab mode must be specified as 1 (Tabbing) or 2 (Stamp).

Incorrect cam table size (check the CamTable.Header.Datasize)

Problem converting string data to the output buffer

String Conversion Error already exists on the controller. Clear the alarm and try again.
STRING_TO_BUF Conversion Error

In the Data Structure, rows must be set greater than zero and columns must be set greater
than zero.

File could not be opened.

CSV file contains an unsupported version.

Column Start Error. The data is corrupted.

Unsupported Case condition.

Conversion Error. Check the ErrorRow and ErrorCol outputs for details
NoDataError - The End Of File was reached, but the record count is zero
TooManyRecords - DataType is not large enough

MaxNotDefined - User must set the maximum number of records that can be added to
structure.

No Carriage return found in CSV buffer. The function searched the file for twice the length
of the specified buffer and was unable to find a carriage return indicating the end of a row.
Either the buffer size is too small, or the data is invalid.

The center to co-ordinate distance for the two input co-ordinates are not the same
Zero radius is invalid

Only modes 0 (center + 2 co-ordinates) and 1 (radius + 2 coordinates) are supported
The coordinates of the two data points are the same

Must be greater than zero and less than 20

Thetal Below Minimum.
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10151
10152
10153
10154
10155
10156
10157
10160
10161
10162
10163
10164
12000
12010
12011
12012
12021
12022
12023
12030
12031

12100

12101

12102
12103
12200

12201

12202

12203

12300
12301
12302
12304
12305
12306
12310
12312

Thetal Above Maximum

Theta2 Below Minimum

Theta2 Above Maximum

Imaginary ChordHeight (impossible for mechanism)

Maximum Compression Reached (Mechanism squats too deeply)

Locked Leg at Knee Joint B (Link2-Link3)

Locked Leg at Knee Joint D (Link1-Link4)

CommandString length is invalid

Invalid CommandCode

Parameter being searched for is out of range

Mode input not valid

Invalid character position input

Read response timeout, no response was received within the supplied TimeOut
Not a response (QR should be 1 but it was 0)

Response was truncated because it extended beyond the 512byte UDP packet size
Recursive is not available but was requested by the Query packet

Format error, the name server was unable to interpret the query

Server failure, the name server was unable to process the query due to an internal problem
Name error, not valid for this block (only valid for Authoritative servers)
Address length was less than 3 characters which is not possible

Address format was incorrect as it does not contain a '.'

Connect to SMTP server timeout, no connection was established within the supplied
TimeOut

DATA portion of e-mail was not successful and therefore the e-mail may not send/be
malformed

QUIT error, there was an error sending the 'QUIT' command to the server
NumRcpt cannot equal 0.
Connect to FTP server timeout, no connection was established within the supplied TimeOut

Connect to FTP data socket timeout, no connection was established within the supplied
TimeOut

QUIT error, there was an error sending the 'QUIT' command to the server

The credentials for the FTP server were incorrect (either one or both username and
password)

File Error, no error information available
Invalid file handle

Maximum number of files are already opened
File is already opened

File is write protected or access denied

File name not defined

End of data reached

The number of characters to be read from file is greater than the data buffer
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12322

12421

12425
12426
12430
12434
12450
12451
12452
12500
12501
12502
12503
12504
12521
12530
12532

12550

12551

12552

12553
12554
12560
12561
12562
12563
Axis Error
40960
45332
45335

No data could be read from file

Service not available, closing control connection. This may be a reply to any command if the
service knows it must shut down.

Can't open data connection.

Connection closed; transfer aborted.

Invalid username or password

Requested host unavailable

Requested file action not taken / Requested mail action not take (mailbox unavailable)
Requested action aborted. Local error in processing

Requested action not taken, insufficient storage space in system (FTP: File unavailable)
Syntax error, command unrecognised

Syntax error in parameters or arguments

Command not implemented

Bad sequence of commands

Command not implemented for that parameter

[domain] does not accept mail

Not logged in / Access denied

Need account for storing files

Requested action not taken. File unavailable (e.g., file not found, no access) / Mailbox
unavailable

Requested action aborted. Page type unknown / User not local

Requested file action aborted, exceeded storage allocation / Requested mail action aborted,
exceeded storage allocation

Requested action not taken, file name not allowed / mailbox name not allowed
Transcation failed

Invalid Equipment Module number

Equipment Module not enable in the system

Invalid number of enabled Control Modules in selected Equipment Module

Time rollover warning

RESERVED
Sending clear alarms command to servo drive failed.

Failed to initialize absolute encoder.

Operating System Error

57620

The DataType connected to a function block parameter specified as ANY type does not
match the required data size. Right click on the function block and select “Object
Properties” to determine which parameters are ANY type.

Kernel Error

61713

An internal assertion in the motion kernel failed indicating the controller is not in a stable
state. Please report this error to Yaskawa America Incorporated.

Please refer to the following manuals for details regarding servo amplifier errors:
MotionWorks IEC61131-3 Toolboxes: 2013-09-13

% YASKAWA

578



.
gk | | % YASKAWA
e Toolboxes Function Block ErrorID List
=  Sigma II with NS115: SIEPC71080001, see section 9.3

=  Sigma III: YEA-SIA-S800-11, see section 10.1.4
=  Sigma-5 with rotary motor: SIEPS8000043, see Section 6.1

= Sigma-5 with linear motor: SIEPS8000044, see Section 6.1

MotionWorks IEC61131-3 Toolboxes: 2013-09-13 579


http://www.yaskawa.com/site/dmcontrol.nsf/(DocID)/TKUR-5R8JVD?opendocument
http://www.yaskawa.com/site/dmservo.nsf/(DocID)/TKUR-68MM4J?opendocument
http://www.yaskawa.com/site/dmservo.nsf/(DocID)/TKUR-79CM3D?opendocument
http://www.yaskawa.com/site/dmservo.nsf/(DocID)/TKUR-79CLYR?opendocument

	Yaskawa's IEC61131-3 Toolboxes: 2013-09-13
	Toolbox Introduction
	Cam Toolbox

	Cam Toolbox
	Requirements:
	Data Types:
	Enumerated Types:
	Function Blocks:


	Getting Started: Cam
	Requirements for v204
	Using the Cam Toolbox

	Cam Revision History
	Current Version:
	Previous Versions:
	Creating Cam Tables

	Cam Curve Characteristics
	Curve Selection
	Cam Curve Types


	Cam Curve Types
	Parabolic
	ParabolicVelocityBlend
	Simple Harmonic
	Cycloidal
	Modified Trapezoid
	Modified Sine
	Modified Constant Velocity
	Arc
	Asymmetrical Cycloidal
	Asymmetrical Modified Trapezoid
	Trapecloid
	One Dwell Cycloidal_1
	One Dwell Cycloidal_2_3
	One Dwell Trapezoid_1
	One Dwell Trapezoid
	One Dwell Trapezoid_2_3
	One Dwell Modified Sine
	One Dwell Trapecloid
	No Dwell Simple Harmonic
	No Dwell Modified Trapezoid
	No Dwell Modified Constant Velocity
	NC2 Curve
	Tangent Matching
	Reverse Trapecloid
	Double Harmonic
	Reverse Double Harmonic
	Tangent Blending
	Cubic Spline
	Data Types

	Data Types for Cam Toolbox
	Data Type: AXIS_REF
	Data Type Declaration
	Variable Declaration Example
	Code Example

	Data Type: AxisParameterStruct
	Data Type Declaration

	Data Type: BlendStruct
	Data Type Declaration

	Data Type: CamPairs
	Data Type Declaration

	Data Type: CamParameters
	Data Type Declaration

	Data Type: CamSegmentArray
	Data Type Declaration

	Data Type: CamSegmentStruct
	Data Type Declaration
	Example

	Data Type: CamStruct
	Data Type Declaration

	Data Type: CamSyncStruct
	Data Type Declaration

	Data Type: Matrix
	Data Type Declaration

	Data Type: SubMatrix
	Data Type Declaration

	Data Type: TableIDStruct
	Data Type Declaration

	Data Type: UINTArray
	Data Type Declaration

	Data Type: Y_MS_CAM_STRUCT
	Data Type Declaration
	Enumerated Types


	Enumerated Type: TB_CurveType
	Data Type Declaration

	Enumerated Type: TB_Mode
	Data Type Declaration
	Function Blocks


	CalcSpline
	Cam_Analyzer
	Parameters
	Error Description
	Example

	CamBlend
	Parameters
	Notes
	Error Description
	Example 1
	Timing Diagram
	Application Example
	Timing Diagram

	CamControl
	Parameters
	Notes
	Error Description
	Code Example
	Application Example

	CamGenerator
	Parameters
	Notes
	Error Description
	Examples

	CamMaster_Lookup
	Parameters
	Notes
	Error Description

	CamShift_Control
	Parameters
	Notes
	Error Description
	Code Example
	Application Example

	CamSlave_FeedToLength
	Parameters
	Notes
	Error Description
	Applications
	Overview of Supporting Function Blocks
	Application Example

	CamSlave_FeedToLength2
	Parameters
	Notes
	Error Description
	Applications
	Overview of Supporting Function Blocks

	CamSlave_Lookup
	Parameters
	Notes
	Error Description
	Example

	CamSlave_PullToLength
	Parameters
	Notes
	Error Description

	CamSlave_Recover
	Parameters
	Notes
	Error Description
	Example

	CamSlave_WindowCheck
	Parameters
	Notes
	Error Description

	CamTableManager
	Parameters
	Notes
	Error Description
	Example 1
	Application Example

	CamTableUpdate
	Parameters
	Notes
	Error Description

	SlaveIndex_Lookup
	Parameters
	Notes
	Error Description
	Example

	SlaveRegistrationCheck
	Parameters
	Notes
	Error Description
	Communications Toolbox

	Communications Toolbox
	Command Streaming Overview
	FTP Datatype Customization:

	Getting Started: Communications
	Requirements for v201

	Communications Revision History
	Current Version:
	Previous Versions:
	Data Types

	Data Type: SMTP_Data
	Data Type Declaration
	Code Example

	Data Type: FTP_Data
	Data Type Declaration
	Code Example

	Data Type: CircularBufferStruct
	Data Type Declaration

	Data Type: CommStruct
	Data Type Declaration

	Data Type: DelimiterArray
	Data Type Declaration

	Data Type: EthernetConfig
	Data Type Declaration

	Data Type: RecipientArray
	Data Type Declaration

	Data Type: RecipientStruct
	Data Type: SerialConfig
	Data Type Declaration
	Enumerated Types


	Enumerated Type: COM_Type
	Data Type Declaration

	Enumerated Type: Method
	Data Type Declaration
	Function Blocks


	CommunicationChannel
	Parameters
	Error Description
	Setup

	DNS_LookUp
	Parameters
	Notes
	Setup
	Error Description
	Example - External Address

	FTP_SendFile
	Parameters
	Notes
	Error Description
	Basic Functionality Example - Transferring a File
	Advanced Functionality Example - Transferring a Metrics File at a Specified Rate

	GetCommand
	Parameters
	Error Description

	GetParameter
	Parameters
	Notes
	Error Description

	InputBufferManager
	Parameters
	Notes
	Error Description

	ReName_CommandProcessor
	Parameters
	Notes
	Error Description
	Customization Steps
	Optional Customization Steps

	ReName_CommunicationsMgr
	Customization Required:

	SendEmail
	Parameters
	Notes
	Error Description
	Example

	UpdatePointer
	Parameters
	File Read Write Toolbox

	File_RW Toolbox
	Getting Started: File_RW
	Requirements for v202
	Using the File_RW Template

	File_RW Revision History
	Current Version:
	Previous Versions:
	Data Types

	Data Type: ByteBufferStruct
	Data Type Declaration

	Data Type: MyDataStruct
	Data Type Declaration

	Data Type: SeparatorList
	Data Type Declaration
	Function Blocks


	Read_CSV_File
	Parameters
	Notes
	Error Description
	Example Customization
	Customizing the code in the function block
	Customizing for file versioning


	Write_CSV_File
	Parameters
	Notes
	Error Description
	Customization Example 1
	Customizing the code in the function block
	Customizing for file versioning

	Application Example
	Gantry Toolbox

	Gantry Toolbox
	Data Types:
	Enumerated Types:
	Function Blocks:

	Getting Started: Gantry
	Requirements for v203
	Using the Gantry Toolbox

	Gantry Revision History
	Current Version:
	Previous Versions:
	Data Types

	Data Types for Gantry Toolbox
	Data Type: AXIS_REF
	Data Type Declaration
	Variable Declaration Example
	Code Example

	Data Type: GantryPositions
	Data Type Declaration

	Data Type: GantryStruct
	Data Type Declaration

	Data Type: PathDetails
	Data Type Declaration

	Data Type: PathIDStruct
	Data Type Declaration

	Data Type: PathPairs
	Data Type Declaration

	Data Type: PathPointArray
	Data Type Declaration

	Data Type: PathStruct
	Data Type Declaration
	PathStruct Example 1
	PathStruct Example 2
	PathStruct Example 3

	Data Type: SegmentArray
	Data Type Declaration

	Data Type: SegmentDetails
	Data Type Declaration

	Data Type: SegmentStruct
	Data Type Declaration

	Data Type: WPos
	Data Type Declaration

	Data Type: XPos
	Data Type Declaration

	Data Type: YPos
	Data Type Declaration

	Data Type: ZPos
	Data Type Declaration
	Enumerated Types


	Enumerated Type: TB_PatternType
	Data Type Declaration

	Enumerated Type: TB_PatternType
	Data Type Declaration
	Function Blocks


	Calculate_Angles
	Parameters
	Notes
	Error Description
	Example
	Application example

	Gantry_Home
	Parameters
	Error Description

	Gantry_Power
	Parameters
	Error Description

	Gantry_Return_Home
	Parameters
	Error Description

	Gantry_Stop
	Parameters
	Error Description

	GotoXY
	Parameters
	Error Description

	GoToXYZ
	Parameters
	Error Description

	GripperControl
	Parameters
	Error Description

	Interpolator
	Parameters
	Error Description

	Interpolator3D
	Parameters
	Error Description

	Move_Path
	Parameters
	Notes
	Error Description
	Example
	Code Example 2
	Application Example

	PathGenerator
	Parameters
	Notes
	Error Description
	Usage Example
	PathStruct Example 1
	PathStruct Example 2
	PathStruct Example 3
	Application example

	PathIDManager
	Parameters
	Notes
	Error Description
	Example 1
	Application Example

	Pick_Part
	Parameters
	Error Description

	Place_Part
	Parameters
	Error Description

	SegmentLookup
	Parameters
	Error Description
	Example

	XY_MoveAbsolute
	Parameters
	Error Description
	Example

	XY_MoveRelative
	Parameters
	Error Description
	Example
	Math Toolbox

	Math Toolbox
	Function Blocks

	ATAN2
	Parameters
	Notes
	Example

	REM
	Parameters
	Error Description
	Example 1 - Structured Text
	Example 2 - Function Block
	Pack ML Toolbox

	Getting Started: PackML
	Requirements for v202
	Using the PackML Toolbox

	PackML Revision History
	Current Version:
	Previous Versions:
	Enumerated Types

	Enumerated Type: PackMLState
	Data Type Declaration

	Enumerated Type: PackMLState
	Data Type Declaration
	DataTypes


	Data Type: PackML_Commands_STRUCT
	Data Type Declaration

	Data Type: EquipmentModule_STRUCT
	Data Type Declaration

	Data Type: PackML_States_STRUCT
	Data Type Declaration

	Data Type: EquipmentModule_Array
	Data Type Declaration

	Data Type: UNitMachine_STRUCT
	Data Type Declaration

	Data Type: PackTags_Admin_STRUCT
	Data Type Declaration

	Data Type: PackTags_Status_STRUCT
	Data Type Declaration

	Data Type: PackTags_Commands_STRUCT
	Data Type Declaration

	Data Type: ControlModule_Array
	Data Type Declaration

	Data Type: PackML_Module_Commands_STRUCT
	Data Type Declaration

	Data Type: Parameter_STRUCT
	Data Type Declaration

	Data Type: Parameter_ARRAY
	Data Type Declaration

	Data Type: ProcessVariable_STRUCT
	Data Type Declaration

	Data Type: ProcessVariable_ARRAY
	Data Type Declaration

	Data Type: Node_STRUCT
	Data Type Declaration

	Data Type: Node_ARRAY
	Data Type Declaration

	Data Type: Ingredient_STRUCT
	Data Type Declaration

	Data Type: Ingredient_ARRAY
	Data Type Declaration

	Data Type: Product_STRUCT
	Data Type Declaration

	Data Type: Product_ARRAY
	Data Type Declaration

	Data Type: Limit_STRUCT
	Data Type Declaration

	Data Type: Limit_ARRAY
	Data Type Declaration

	Supporting Arrays
	Data Type Declaration
	Function Blocks


	CM_Control_Inputs
	Parameters
	Notes
	Error Description

	CM_Control_Outputs
	Parameters
	Notes
	Error Description

	EM_ModuleSummation
	Parameters
	Notes
	Error Description

	PackMLCommands_Init
	Parameters
	Notes

	PackMLModeStateTimes
	Parameters
	Notes
	Error Description

	PackML_State_Diagram
	Parameters
	Notes

	UN_ModuleSummation
	Parameters
	Error Description
	PLCopen Toolbox

	PLCopen Toolbox
	Data Types:
	Enumerated Types:
	Programs:
	Function Blocks:

	Getting Started: PLCopen
	Requirements for v205

	PLCopen Revision History
	Current Version:
	Previous Versions:
	Data Types

	Data Types for PLCopen Toolbox
	Data Type: AXIS_REF
	Data Type Declaration
	Variable Declaration Example
	Code Example

	Data Type: AxisParamData
	Data Type Declaration

	Data Type: AxisParameterStruct
	Data Type Declaration

	Data Type: AxisPrmArray
	Data Type Declaration

	Data Type: AxisStruct
	Data Type Declaration

	Data Type: CAMSWITCH_ARRAY
	Data Type Declaration

	Data Type: CAMSWITCH_REF
	Data Type Declaration

	Data Type: CAMSWITCH_STRUCT
	Data Type Declaration

	Data Type: HomeStruct
	Data Type Declaration

	Data Type: IndividualParamDetails
	Data Type Declaration

	Data Type: LatchBufferArray
	Data Type Declaration

	Data Type: MoveStruct
	Data Type Declaration

	Data Type: ProductBufferStruct
	Data Type Declaration

	Data Type: SWERROR_STRUCT
	Data Type Declaration

	Data Type: TRACK_ARRAY
	Data Type Declaration

	Data Type: TRACK_REF
	Data Type Declaration

	Data Type: TRACK_STRUCT
	Data Type Declaration
	Enumerated Types


	Enumerated Type: MC_Direction
	Data Type Declaration

	Enumerated Type: TB_AxisType
	Data Type Declaration
	PTB_Initialize
	Function Blocks


	AbsolutePositionManager
	Parameters
	Notes
	Error Description

	AccDecLimits
	Parameters
	Notes
	Error Description

	Axes_Interlock
	Parameters
	Notes
	Error Description

	AxisControl
	Parameters
	Notes
	Error Description

	AxisStatus
	Parameters
	Notes
	Error Description

	ControllerAlarm
	Parameters
	Notes
	Error Description

	Feed_To_Length
	Parameters
	Error Description
	Example

	HighSpeedOutput
	Parameters
	Notes
	Error Description
	Timing Diagram

	Home_Init
	Parameters
	Error Description

	Home_LS
	Parameters
	Error Description
	Example

	Home_LS_Pulse
	Parameters
	Notes
	Error Description
	Example

	Home_Pulse
	Parameters
	Error Description
	Example

	Jog
	Parameters
	Notes
	Error Description

	Jog_To_Position
	Parameters
	Notes
	Error Description
	Example 1
	Example 2
	Example 3

	MoveRelative_ByTime
	Parameters
	Notes
	Error Description

	PositionLimits
	Parameters
	Notes
	Error Description

	ProductBuffer
	Parameters
	Notes
	Error Description
	Example

	ReadAxisParameters
	Parameters
	Notes
	Error Description
	Example

	Reverse_MC_Direction
	Parameters
	Error Description
	Example

	VelocityLimits
	Parameters
	Notes
	Error Description

	Y_DigitalCamSwitch
	Parameters
	Notes
	Error Description
	Example 1:
	Example 2:
	Yaskawa Toolbox

	Yaskawa Toolbox
	Data Types:
	Function Blocks:

	Getting Started: Yaskawa
	Requirements for v204

	Yaskawa Revision History
	Current Version:
	Previous Versions:
	Explicit Data Types

	ExplicitSendDataStruct
	Data Type Declaration

	ExplicitReceiveDataStruct
	Data Type Declaration

	RegSessionRequestStruct
	Data Type Declaration

	UnRegSessionRequestStruct
	Data Type Declaration

	SenderContext
	Data Type Declaration

	Service
	Data Type Declaration

	ExplicitData
	Data Type Declaration
	Data Types


	Data Types for Yaskawa Toolbox
	Data Type: MovingAverageArray
	Data Type Declaration

	Data Type: PIDStruct
	Data Type Declaration

	Data Type: RTCStruct
	Data Type Declaration

	Data Type: XYArray
	Data Type Declaration

	Data Type: XYData
	Data Type Declaration

	Data Type: XYDataStruct
	Data Type Declaration
	Function Blocks


	Action
	Parameters
	Error Description
	Example

	Blink
	Parameters
	Error Description
	Example

	ByteSwap
	Parameters
	Error Description
	Example:

	CommWatchDog
	Parameters
	Error Description

	DataRecord
	Parameters
	Error Description

	DataSort
	Parameters
	Notes
	Error Description

	DateCompare
	Parameters
	Error Description

	Enable_FB_Template
	Parameters
	Error Description

	Enable_ST_Template
	Parameters
	Error Description

	Execute_FB_Template
	Parameters
	Notes
	Error Description

	Execute_ST_Template
	Parameters
	Notes
	Error Description

	Explicit_Message
	Parameters
	Notes
	Error Description
	Example 1
	Example 2

	MovingAverage
	Parameters
	Notes
	Error Description
	Example

	PackByte
	Parameters
	Error Description
	Example

	PackWord
	Parameters
	Error Description
	Example

	PIDControl
	Parameters
	Notes
	Example

	RangeCheck
	Parameters
	Error Description
	Example

	RateCalculator
	Parameters
	Notes
	Error Description

	RealTimeClock
	Parameters
	Notes
	Error Description
	Example

	Scaler
	Parameters
	Error Description
	Example

	Sweep
	Parameters
	Error Description
	Example:

	UnpackByte
	Parameters
	Error Description
	Example

	UnpackWord
	Parameters
	Error Description
	Example

	WindowCheck
	Parameters
	Error Description
	Example

	XYLookup
	Parameters
	Error Description
	Example

	Function Block ErrorID List

