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€@ vanDATORY

« This manual explains the Functional Safety Board operations of the
DX200 system and general operations. Read this manual carefully
and be sure to understand its contents before handling the DX200.

+ General items related to safety are listed in Chapter 1: Safety of the
DX200 Instructions. To ensure correct and safe operation, carefully
read the DX200 Instructions before reading this manual.

/1. CAUTION

+ Some drawings in this manual are shown with the protective covers
or shields removed for clarity. Be sure all covers and shields are
replaced before operating this product.

» The drawings and photos in this manual are representative
examples and differences may exist between them and the
delivered product.

*  YASKAWA may modify this model without notice when necessary
due to product improvements, modifications, or changes in
specifications.

« If such maodification is made, the manual number will also be
revised.

» If your copy of the manual is damaged or lost, contact a YASKAWA
representative to order a new copy. The representatives are listed
on the back cover. Be sure to tell the representative the manual
number listed on the front cover.

*  YASKAWA is not responsible for incidents arising from unauthorized
modification of its products. Unauthorized modification voids your
product's warranty.
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We suggest that you obtain and review a copy of the ANSI/RIA National
Safety Standard for Industrial Robots and Robot Systems (ANSI/RIA
R15.06-2012). You can obtain this document from the Robotic Industries
Association (RIA) at the following address:

Robotic Industries Association
900 Victors Way
P.O. Box 3724
Ann Arbor, Michigan 48106
TEL: (734) 994-6088
FAX: (734) 994-3338
www.roboticsonline.com

Ultimately, well-trained personnel are the best safeguard against
accidents and damage that can result from improper operation of the
equipment. The customer is responsible for providing adequately trained
personnel to operate, program, and maintain the equipment. NEVER
ALLOW UNTRAINED PERSONNEL TO OPERATE, PROGRAM, OR
REPAIR THE EQUIPMENT!

We recommend approved Yaskawa training courses for all personnel
involved with the operation, programming, or repair of the equipment.

This equipment has been tested and found to comply with the limits for a
Class A digital device, pursuant to part 15 of the FCC rules. These limits
are designed to provide reasonable protection against harmful
interference when the equipment is operated in a commercial
environment. This equipment generates, uses, and can radiate radio
frequency energy and, if not installed and used in accordance with the
instruction manual, may cause harmful interference to radio
communications.
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Notes for Safe Operation
Read this manual carefully before installation, operation, maintenance, or
inspection of the DX200.

In this manual, the Notes for Safe Operation are classified as
“WARNING”, “CAUTION”, “MANDATORY”, or “PROHIBITED”.

Indicates a potentially hazardous

A VVARN | NG situation which, if not avoided, could

result in death or serious injury to
personnel.

Indicates a potentially hazardous

A CAUTlON situation which, if not avoided, could

result in minor or moderate injury to
personnel and damage to equipment.
It may also be used to alert against
unsafe practices.

Always be sure to follow explicitly the

a MAN DATO RY items listed under this heading.

Must never be performed.

O PRoHIBITED

Even items described as “CAUTION” may result in a serious accident in
some situations.

At any rate, be sure to follow these important items
To ensure safe and efficient operation at all times, be sure to

= follow all instructions, even if not designated as "CAUTION"
e and "WARNING".
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/\ WARNING

+ Before operating the manipulator, check that servo power is turned
OFF pressing the emergency stop buttons on the front door of the
DX200 and the programming pendant.

When the servo power is turned OFF, the SERVO ON LED on the
programming pendant is turned OFF.

Injury or damage to machinery may result if the emergency stop circuit
cannot stop the manipulator during an emergency. The manipulator
should not be used if the emergency stop buttons do not function.

Figure 1: Emergency Stop Button

* Once the emergency stop button is released, clear the cell of all
items which could interfere with the operation of the manipulator.
Then turn the servo power ON.

Injury may result from unintentional or unexpected manipulator motion.

Figure 2: Release of Emergency Stop

)TURN

+ Observe the following precautions when performing teaching
operations within the P-point maximum envelope of the
manipulator:

— View the manipulator from the front whenever possible.
— Always follow the predetermined operating procedure.

— Keep in mind the emergency response measures against the
manipulator’s unexpected motion toward you.

— Ensure that you have a safe place to retreat in case of
emergency.

Improper or unintended manipulator operation may result in injury.

+ Confirm that no person is present in the P-point maximum envelope
of the manipulator and that you are in a safe location before:

— Turning ON the power for the DX200.

— Moving the manipulator with the programming pendant.
— Running the system in the check mode.

— Performing automatic operations.

Injury may result if anyone enters the P-point maximum envelope of the
manipulator during operation. Always press an emergency stop button
immediately if there is a problem.

The emergency stop buttons are located on the right of front door of the
DX200 and the programming pendant.

Vi
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/1. CAUTION

* Perform the following inspection procedures prior to conducting
manipulator teaching. If problems are found, repair them
immediately, and be sure that all other necessary processing has
been performed.

— Check for problems in manipulator movement.
— Check for damage to insulation and sheathing of external wires.

+ Always return the programming pendant to the hook on the cabinet
of the DX200 after use.

The programming pendant can be damaged if it is left in the
manipulator's work area, on the floor, or near fixtures.

* Read and understand the Explanation of Warning Labels in the
DX200 Instructions before operating the manipulator:

Definition of Terms Used Often in This Manual

The MOTOMAN is the YASKAWA industrial robot product.

The MOTOMAN usually consists of the manipulator, the controller, the
programming pendant, and supply cables.

In this manual, the equipment is designated as follows:

Equipment Manual Designation
DX200 controller DX200
DX200 programming pendant Programming pendant

Cable between the manipulator and the | Manipulator cable
controller

Descriptions of the programming pendant, buttons, and displays are
shown as follows:

Equipment Manual Designation
Programming Character Keys | The keys which have characters or its
Pendant /Symbol Keys | symbol printed on them are denoted with [ ].
ex. [ENTER]
Axis Keys [Axis Key] and [Numeric Key] are generic

/Numeric Keys | names for the keys for axis operation and
number input.

Keys pressed | When two keys are to be pressed
simultaneously | simultaneously, the keys are shown with a
“+” sign between them,

ex. [SHIFT]+[COORD]

Displays The menu displayed in the programming
pendant is denoted with {}.
ex. {JOB}
Vi 7 of 164
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Description of the Operation Procedure

In the explanation of the operation procedure, the expression "Select ¢« + "
means that the cursor is moved to the object item and the SELECT key is
pressed, or that the item is directly selected by touching the screen.

Registered Trademark

In this manual, names of companies, corporations, or products are
trademarks, registered trademarks, or bland names for each company or
corporation. The indications of (R) and ™ are omitted.

Customer Support Information

If you need assistance with any aspect of your Safety Board Operation
system, please contact Motoman Customer Support at the following
24-hour telephone number:

(937) 847-3200

For routine technical inquiries, you can also contact Motoman Customer
Support at the following e-mail address:

techsupport@motoman.com

When using e-mail to contact Motoman Customer Support, please provide
a detailed description of your issue, along with complete contact
information. Please allow approximately 24 to 36 hours for a response to
your inquiry.

Please use e-mail for routine inquiries only. If you have an

‘@: urgent or emergency need for service, replacement parts,
or information, you must contact Motoman Customer

b Support at the telephone number shown above.

Please have the following information ready before you call:
» System Safety Board Operation
* Robots
» Primary Application
» Controller DX200

* Software Version Access this information on the
Programming Pendant’s LCD
display screen by selecting {MAIN
MENU} - {SYSTEM INFO} -
{VERSION}

* Robot Serial Number Located on the robot data plate

* Robot Sales Order Number Located on the DX200 controller
data plate

viii
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1 Overview of the Function
1.1 Outline

1 Overview of the Function

1.1

1.2

Outline

Two CPUs installed in the functional safety function independently acquire
the manipulator encoder feedback pulse, and, based on this pulse, the
functional safety function monitors the manipulator’s position, speed and
the posture of its tool.

The data such as the result of safety monitoring is compared by each of
the two CPUs, and the power supply to the motor is suspended and the
manipulator is completely stopped when an error is detected.

With this function, improving of the safety of the manipulator’s motion and
minimizing of the equipment layouts when manipulators are installed are
realized.

List of Safety Functions

To the functional safety function, following six different functions for
monitoring purposes are equipped.

(1) Axis range limit function
Monitors each axis angle to be equal to or in the designated safety
area.

(2) Axis speed monitor function
Monitors each axis speed to be equal or slower than the desig-
nated speed.

(3) Robot range limit function
Monitors the manipulator arm or its tool to be in the designated
safety area.

(4) Speed limit function
Monitors the speed of manipulator TCP (Tool Center Point) and its
FCP (Flange Center Point) when the robot control group is moni-
tored.
If the station control group is monitored, it monitors the axis speed.

(5) Tool angle monitor function
Monitors the manipulator tool angle to be inside the range of lim-
ited angle when the angle is centered on the designated standard
posture.

(6) Tool change monitor function
Monitors the tool file used in the functional safety function to be
consistent with the user specified tool file.

1-1
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1 Overview of the Function
1.3 Configuration of Setting Files

1.3

Configuration of Setting Files

There are wide range of setting files for the functional safety function.
However, most of them are listed up in {SAFETY FUNC.} menu in the
programming pendant top menu.

Followings are the function safety relevant files expanded from {SAFETY

FUNC.} menu.

Top Sub menu (1st layer) Sub menu (2nd layer)

menu

SAFETY | List of {AXIS RANGE LIMIT} status | AXIS RANGE LIMIT condition
FUNC. window file (32 files/system)

List of {AXIS SPEED MONITOR}
status window

AXIS SPEED MONITOR
condition file (32 files/system)

List of {ROBOT RANGE LIMIT}
status window

ROBOT RANGE LIMIT
condition file (32 files/system)

List of {SPEED LIMIT} status
window

SPEED LIMIT

condition file (32 files/system)
TEACH MODE SPEED LIMIT
condition file (32 files/system)

List of {TOOL ANGLE MONITOR}
status window

TOOL ANGLE MONITOR
condition file (32 files/system)

List of {TOOL CHANGE
MONITORY} status window

TOOL CHANGE MONITOR
condition file (16 files/system)

1-2
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2.1 Outline

2 System Configuration

2.1 Outline

To utilize this function in the DX200 system, “functional safety board”,
“functional safety 1/O logic board”, and “functional safety terminal block
board” are added.

21.1 Functional Safety Board

Main specification of “functional safety board” is descried as below. It
corresponds to one servo board (SRDA-EAXA21) because “functional
safety board” is directly mounted to the servo board.

The “functional safety board” monitors motors (up to nine motors) which
are connected to the corresponding servo board.

Each servo board and the functional safety board can be connected up to
8 stations (#1 to #8) to a system.

Item Specification

Unit type JANCD-YSF25-E

Unit size W 142.5 x H 264.5 [mm]
Function (1)Axis range limit function

(2)Axis speed monitor function
(3)Robot range limit function
(4)Speed limit function

(5)Tool angle monitor function
(6)Tool change monitor function

Settings (Rotary switch S1) | Connect to the 1st station of the servo: 0

Connect to the 2nd to 8thstation of the servo: 1to 7
(set each rotary switch of the functional safety
board to the same value rotary switch on the
connected servo station)

Fig. 2-1: Functional Safety Board: JANCD-YSF25-E

(CN251)
7O ITF (CN250)

(for the communication with the next 110 1/F o
function safety circuit board) (for the communication with the

robot I/F circuit board)
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&
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2.1 Outline

2.1.2 Functional Safety I/0 Logic Board

The “functional safety 1/0 logic board” is a board to receive/transmit the
safety I/O signal used in the functional safety function.

Following is the type and main specifications of the “functional safety 1/0

logic board”.

Item Specification

Unit type JANCD-YSF24-E

Unit size W113 x H165 (mm)

Function Receive/transmit the functional safety user I/O
signal.

Following is the dimension diagram of the “functional safety 1/O logic
board: JANCD-YSF24-E”.

Fig. 2-2: Functional Safety I/0O Logic Board: JANCD-YSF24-E
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2.1 Outline

2.1.3 Functional Safety Terminal Block Board

Safety signals are connected to the “functional safety terminal block
board”.

Following is the type and main specifications of the “functional safety
terminal station board.

Item Specification
Unit type JANCD-YFC24-E
Unit size W 7.6 xH12.1[mm]
Function Connects the functional safety user 1/O signal.
Signal points Input: 8 points/station
Output: 8 points/station
Output feedback: 8 points/station

Following is the dimension diagram of the “functional safety terminal block
board: JANCD-YFC24-E”.

Fig. 2-3: Functional Safety Terminal Block Board

-
e
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2.1 Outline

Following table shows details of the connection terminal.

Table 2-1: JANCD-YFC24-E Details for the Connection Terminal (Sheet 1 of 2)

Signal Name |Connection No. |Dual Signal |Function Factory Setting
XIN1_1+ 1 O Functional Safety Open
XIN1_1- 2 Universal Input 1

(Corresponding FSBINO1)
XIN1_2+ 3
XIN1_2- 4
XIN2_1+ 5 O Functional Safety Open
XIN2_1- 6 Universal Input 2

(Corresponding FSBIN02)
XIN2_2+ 7
XIN2_2- 8
XOUT1_1+ 9 O Functional Safety Open
XOUT1_1- 10 Universal Output 1

(Corresponding FSBOUTO01)
XOUT1_2+ 11
XOUT1_2- 12

XOUT2_1+ 13 O Functional Safety Open
XOouT2_1- 14 Universal Output 2
(Corresponding FSBOUT02)

XOUT2_2+ 15
X0uT2_2- 16

XEDM1+ 17 Functional Safety Open
XEDM1- 18 = Universal Output 1 Feedback
XEDM2+ 19 Functional Safety Open
XEDM2- 20 = Universal Output 2 Feedback
XIN3_1+ 21 O Functional Safety Open
XIN3_1- 22 Universal Input 3

(Corresponding FSBINO3)
XIN3_2+ 23
XIN3_2- 24
XIN4_1+ 25 O Functional Safety Open
XIN4_1- 26 Universal Input 4

(Corresponding FSBIN04)
XIN4_2+ 27
XIN4_2- 28
XOUT3_1+ 29 O Functional Safety Open

XOUT3_1- 30 Universal Output 3
(Corresponding FSBOUTO03)
XOUT3_2+ 31

XOUT3_2- 32

XOUT4_1+ 33 O Functional Safety Open
XOUT4_1- 34 Universal Output 4
(Corresponding FSBOUT04)

XOUT4 2+ |35
XOUT4 2- |36

XEDM3+ 37 Functional Safety Open
XEDM3- 38 = Universal Output 3 Feedback
XEDM4+ 39 Functional Safety Open
XEDM4- 40 = Universal Output 4 Feedback

2-4 18 of 164
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System Configuration

Table 2-1: JANCD-YFC24-E Details for the Connection Terminal (Sheet 2 of 2)

Signal Name |Connection No. |Dual Signal |Function Factory Setting
XIN5_1+ 41 O Functional Safety Open
XINS_1- 42 Universal Input 5

(Corresponding FSBINO5)
XIN5_2+ 43
XIN5_2- 44
XING6_1+ 45 O Functional Safety Open
XING_1- 46 Universal Input 6

(Corresponding FSBINO06)
XIN6_2+ 47
XIN6_2- 48
XOUT5_1+ 49 O Functional Safety Open
XOUT5_1- 50 Universal Output 5

(Corresponding FSBOUTO05)
XOUT5_2+ 51
XOUT5_2- 52
XOUT6_1+ 53 O Functional Safety Open
XOUT6_1- 54 Universal Output 6

(Corresponding FSBOUTO06)
XOUT6_2+ 55
XOUT6_2- 56
XEDM5+ 57 Functional Safety Open
XEDMS5- 58 = Universal Output 5 Feedback
XEDM6+ 59 Functional Safety Open
XEDM6- 60 = Universal Output 6 Feedback
XIN7_1+ 61 O Functional Safety Open
XIN7_1- 62 Universal Input 7

(Corresponding FSBINQ7)
XIN7_2+ 63
XIN7_2- 64
XIN8_1+ 65 O Functional Safety Open
XIN8_1- 66 Universal Input 8

(Corresponding FSBINO8)
XIN8_2+ 67
XIN8_2- 68
XOUT7_1+ 69 O Functional Safety Open
XOUT7_1- 70 Universal Output 7

(Corresponding FSBOUTQ7)
XOUT7_2+ 71
XOUT7_2- 72
XOUT8_1+ 73 O Functional Safety Open
XOUT8_1- 74 Universal Output 8

(Corresponding FSBOUT08)
XOUT8_2+ 75
XOUT8_2- 76
XEDM7+ 77 Functional Safety Open
XEDM?7- 78 = Universal Output 7 Feedback
XEDM8+ 79 Functional Safety Open
XEDM8- 80 = Universal Output 8 Feedback

Please refer to the connection diagram for the connection of each signal.
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2.1 Outline

2.1.4 Wiring Procedure of the Terminal Block

For your safety, appropriate work must be done by following the
instructions below.

B Tool: Screwdriver
For the connection, be sure to use a screwdriver of an applicable size and
configuration.

— WAGO standard screwdriver
WAGO 210-119
WAGO 210-119SB (Short, delivered with the product)

B Applicable Wires
1. The length of the exposed conductor (L) should be as follows:

— The length of the exposed conductor set for the terminal block (L)
WAGO series 250 (with 5.0 mm pitch): 9-10 mm

— Applicable max cable outside diameter: 3.1 mm dia.

2. In case that the conductor is bent or feazed, make it straight as
illustrated in the figure above.
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B Wire Connection

Terminal block:screwless clamp
terminal WAGO series 250

N\

s ?

—_—

/o
n ﬂ]-

1. Place the screwdriver on the lever upright as shown in the figure
above and push it straight down.

2. Insert the wire into the connection hole slowly until its leading end

touches the end of the hole.
For thin wires, never insert the wire with force, or the wire jacket may

get caught in.
Pull out the screwdriver to clamp the conductor with the spring.

4. Check if the wire is connected firmly by pulling the wire softly.
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2.1 Outline

2.1.5 Functional Safety Universal Input Signal 1-8

Fig. 2-4: Example of Connecting Functional Safety Universal Input Signal

Tum OMAOFF
at the same time

When opening this connection terminal, corresponding FSBIN turns

ON(1).

When short circuiting this connection terminal, corresponding FSBIN turns

OFF(0).

For safety reasons, dual circuits are used for the functional

safety universal input signals.

% When state of the input mismatch continues for 500ms or

more, the following alarm occurs.

Alarm4751 : YSF24 GENERAL INPUT SIG. ERROR

D200
block, civzuit boeard
[ AMCD—FO24-E)

~Functional safely Temminal — " Functional zafkefy 70—

logic: circuit board
[JAMCD—4SF24-E)

e
i
i
|
) i Cre20
Functional =afety i
universal input 1_1 i i XM 1+
w5 : 2 XIM 1 -
| I
|
| [
| b X1 2+ . ?‘1")1
22 4 X e-
Functional safety J_,
uniwversal input 1 2 :
i
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2.1.6 Functional Safety Universal Output Signal 1-8

Corresponding to the state of FSBOUT, outputs of this connection terminal
changes.

When FSBOUT is turned ON(1), corresponding connection terminal
outputs DC24V.

When FSBOUT is turned OFF(0), corresponding connection terminal
outputs OV.

» Rated output value is DC24V and less than 50mA.
Avoid connecting excessive load.

» When connecting the inductive load, such as the safety
relay, with the output circuit, use of the built-in protective
@ circuit for the surge suppressor or connect the flyback
diode in parallel to the inductive load to suppress the
surge voltage.
It may cause the damage on the output circuit.

* The feedback signal must be input to the DX200 when
using the functional safety universal output signal.

The functional safety universal output signal is output as the
% dual signals.

Fig. 2-5: Example of Connecting Functional Safety Universal Output Signal

Doz 00
T TFunctional zaety A0 T T Functional safefy teminal |
logic: circuit board bl ook zivcuit board !
{JAMCD-1S F2 4-E) (JAMCD-"F G24-E) !
_T CMzZED |
!I'Iﬂ XOUT A+ g : r
—_ —L LT

Funcdional safety

=oum - 10 universal ocutput 1 1

L

'[ auT 2+ 1
Functional safety
K00 2- 12 universal cutput 1 2

H
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2.1 Outline

21.7

Functional Safety Universal Output Feedback Signal 1-8

This connection terminal inputs the status of the driven devices by the

functional safety universal output signal as the feedback signal.

When opening this connection terminal, corresponding feedback signal

turns ON(1).

When short circuiting this connection terminal, corresponding feedback

signal turns OFF(0).

The logic feedback signal to the output signal must be in the state shown

in the following table.

Output value of functional Input value of functional safety | Judge
safety universal output signal | universal output feedback signal

OFF(0) OFF(0) NG
OFF(0) ON(1) OK
ON(1) OFF(0) OK
ON(1) ON(1) NG

The logic feedback signal to the output signal is judged.

S

When the NG state continues for 500 ms or more, the
following alarm occurs.

Alarm4768 : YSF24 GENERAL OUT FB DIAG. ERROR

Fig. 2-6: Example of Connecting Functional Safety Universal Output Feedback Signal

Coxz00

lomic civcuit board

Functional safety terminal |
bl ok, civouit board

|
[ ANCD—YSF24-E) {JANCD—F G24—E) !
T CH220 i
o e |
!rzﬁ XOUTI 1 + g e
: L-' Funclional safety
WOUT1 - 10 S uni versal output 11
|
- i
|
T HOUTI 2+ 11 i
! T Functional safe by
HAOUT 2— 12 : universal output 1 2
- L
] R
P
T . EDMI+ 17 Lo
NEDH1 - 18 A
=) -, ; L__:,_,. g
_| ; Functional safety
1 j universal output
i feedback 1
i
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2.2 Board Arrangement

Following figures show the arrangement of each functional safety board,
functional safety 1/O logic board, and functional safety terminal block
board when they are mounted on the DX200.

B Arrangement of the Functional Safety Board
Fig. 2-7: Arrangement of the Functional Safety Board (DX200 Front View)

Functional safety circuit board
JANCD-YSF25-E

I—= T

[ o]
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B Arrangement of the Functional Safety 1/O Logic board

Fig. 2-8: Arrangement of the Functional Safety 1/0 Logic board (DX200
Back View)

Functional safety /O logic circuit board
/ JANCD-YSF24-E

i

i

ES

B Arrangement of the Functional Safety Terminal Block Board

Fig. 2-9: Arrangement of the Functional Safety Terminal Block Board
(DX200 Right Side View)

Functional safety terminal
block circuit board
JANCD-YFC24-E
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2.3 System Configuration for Dual-Arm Manipulator

23

System Configuration for Dual-Arm Manipulator

Like dual-arm manipulator (SDA model) system, a system where the robot
group (arm) and the base group (base) exist separately and individually
arranged on the different servo board exists.

In this system, for the safety monitoring, the encoder feedback pulse
information of the axis which does not exist in its own station should be
acquired from other servo station.

Following restrictions are imposed since transmitting and receipt of the
encoder data is performed by way of the servo external axis
(SRDA-EAXB21A).

When using dual-arm type configuration manipulators, the
maximum number s of connecting axis for the servo station

@ at the encoder data receiving side decreases.

Maximum numbers of connecting axis
= (9 axes - the number of axes whose encoder data was
acquired from other servo station)

2-13
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3 Common Operation

Common operations when using the functional safety function are
described in this chapter.

3.1 Security when Using this Function

When using the functional safety function, settings of the condition file for
this function is necessary. This settings should be executed when the
security mode is in the safety mode. For this reason, this file settings is to
be performed by the person who has a safety license.

Followings are the procedures for changing the security mode.
1. Press {SYSTEM INFO} under the main menu.

-0 SECURITY

Wain Menu |

EDITING WODE
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3.1 Security when Using this Function

3. Change the mode from {EDITING MODE} to {SAFETY MODE}.

— Press [SELECT], move the cursor to {SAFETY MODE]}, and press
[SELECT] again.

DATA EDIT DISPLAY | UTILITY | 1]@ M Eﬂ 5 E Lﬂ:ﬁ ‘

MODE OPERATION WMODE
EDITING MODE

MANAGEMEIH... MODE

Wain Menu Simple Menu

4. Input a password for {SAFETY MODE]}, and then press [ENTER].

— The security mode is changed to {SAFETY MODE}.

DATA EDIT DISPLAY | UTILITY | 1]@ M Eﬂ E Lﬂ:ﬁ ‘

MODE SAFETY MODE

Wain Menu Simple Menu

Available operations by the functional safety function vary according to the
security levels.

Followings are the available operations limited by the security levels.

Security level | Available operations

Operation, Edit,
Management

Safety

Only browsing of the data such as functional safety function
relevant data is available. Editing is not available.

Editing or browsing of the functional safety data is available.
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3.2 Read-Back Operation

When the functional safety function is valid, a read-back window as shown
below is displayed in case data is modified on the condition file setting
window or on the tool file window of the functional safety window.

1. Modify a setting value on the functional safety function-relevant data
setting window.

— READBACK window appears.

— This window is displayed to confirm whether the input data to the
functional safety board is appropriate or not.

DATA EDIT DISPLAY | UTILITY 1]@ M Eﬂ E Lﬂ:ﬁ ‘

Do wou wish to change the data?

MODIFY VALUE READBACK VALUE
100.000 SUKT - 100.000

YES

Wain Menu Simple Menu

— Check both values displayed at {MODIFIED VALUE} and
{READ-BACK VALUE}, and then press {YES} on the window.
The display of the file to be operated is changed.
In case {NO} is selected, the value at the file to be modified returns
to the value before modification.

2. {WRITE} and {CANCEL} appear at the bottom of the window when a
value is changed on the read-back window.

DATA EDIT DISPLAY UTILITY 1]& M M E d.ti'-j E ‘

COMMENT

FILE SET STATUS |SETTING

FILE YALID COMD [INYALID

ALRAM SET O

CTRL GROUP R1

LIMIT WALUE

AXIS  SETTING MK MIN
5 [INVALID | 100,000 S 0.000| deg.
L [INVALID 0.000( des. 0.000] deg.
U [INVALID 0.000( des. 0.000| deg.
R [INVALID 0.000( des. 0.000| deg.
B [INVALID 0.000( des. 0.000] deg.
T [INVALID 0.000( des. 0.000] deg.

CANCEL

Wain Menu Simple Menu
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{WRITE} . Memorizes the object files specified to the functional
safety board.

{CANCEL} : Deletes the set value specified to the functional safety
board and back to the previous settings.

When more than two setting values are changed, the read-back window
appears same time as changed times. However, those modified data
would not be saved unless {WRITE} is pressed. In the cases below, those
data to which {WRITE} is not pressed is deleted.

* When {CANCEL} is pressed.

* When other menu is selected and opened.
* When the page is changed.

* When the mode is changed.

» When an alarm occurred.

Following is the list of setting window where the read-back operation is
executed.

Main menu Sub menu

Manipulator TOOL

TOOL INTERFERENCE

Functional safety board | AXIS RANGE LIMIT FUNCTION
AXIS SPEED MONITOR FUNCTION
ROBOT RANGE LIMIT FUNCTION
SPEED LIMIT FUNCTION

TOOL ANGLE MONITOR
FUNCTION

TOOL CHANGE MONITOR
FUNCTION

COASTING VALUE SETTING
RANGE COMBINATION

3-4
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3.3 External Memory Device (Saving/Loading)

The functional safety function-relevant files can be saved/loaded to/from
external memory devices.

Saving of the files can be performed in any security modes whereas
loading is available only when the security mode is in the safety mode.

File Security for loading
AXIS RANGE LIMIT DATA Safety
AXIS SPEED MONITOR DATA Safety
ROBOT RANGE DATA Safety
SPEED LIMIT DATA Safety

TOOL ANGLE MONITOR DATA | Safety
TOOL CHANGE MONITOR DATA | Safety
APPR WARNING BUZZER DATA Safety

When loading the functional safety function-relevant files, a
message “Select “Functional Safety Board FLASH Reset” in the
@: maintenance mode.” appears.

L For the details, please refer to section 7.2 “FLASH Data
Reset” on page 7-2.
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4 Details of Functional Safety Function

41

411

In this chapter, details of the functional safety function are described.

Axis Range Limit Function

Outline

Axis range limit function is a function which sets each axis range of motion
for the manipulator, base and station group and monitors whether each
axis is inside the already-fixed range of motion using a software.

This function specifies the upper limit and the lower limit of the range of
motion to those axes and the range inside the limits is defined as the
safety range.

While an axes is in operation, based on the axis motion speed, this
function calculates the coasting value in case of the immediate stop by the
alarm, and then, including this value, it monitors the safety range. With
this monitoring operation, the axes would not exceed the safety range
even if a motion error is detected.

In case an error is detected, the power supply to the motor is stopped
using the machine safety board (JANCD-YSF21-E). And the error is
notified using an alarm.

Thirty two files are prepared to this function and all axes motion range of
any one control group is set to one file. When a control group is set to
several files, the control group can be monitored by switching conditions.

Fig. 4-1: Limit of Motion Range at Each Axis

Safety range

Minimum value

Maximum value

Maximum movable range
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Follow the procedures below when starting the axis range limit function.

1. Set the coasting value.
(Before using this function, set the coasting value by following the
procedures described in 6.2 in case the base axis or the station axis
exits in the system.)

!

2. Set the condition file of the axis range limit function.

!

3. Confirm the safety range.

!

4. Start the axis range limit function
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4.1.2 Axis Range Limit Function Window
Followings are the setting procedures for the axis range limit function.

1. Change the mode to the security mode, and then press {SAFETY
FUNC.} under the main menu.

e e

2. Press {AXIS RANGE LIMIT} in the sub menu.

— The list of the axis range limit status appears.

i 2z = el

FILE GROP STATUS RANGE _ COMMENT
NVALIDGSIGNAL) _ [-==----- TEST
VAL ID(FILE) NOT SAFE
CONFIRMING _ [--——----
SETTING |-
SETTING |-
SETTING |-
SETTING |-
SETTING |-

I

1

I

I

I

SETTING |-
SETTING |-
SETTING |-
SETTING |-
SETTING -

D D = D LD OO0 ] D0 e DD D

On the status list window, the thirty two setting files for the axis range limit
function are arranged so that their status can be confirmed. By scrolling
down the window, all the list can be seen.

Followings are the details of the item on the window.

4-3
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<Details of the Window >

1. {FUCTION DISABLE MODE}
Valid/invalid the axis range limit function. When “ON” is selected, this
function becomes invalid temporarily.

Value Meaning

OFF The axis range limit function is valid.

ON The axis range limit function is invalid.
The play back, test run, forward/backward operation become
prohibited.

For the details, please refer to section 6.1 “Function Disable Mode Function
Setting” on page 6-1.

2. {FILE}
The number of the condition file is displayed.
Move the cursor to any number and press [SELECT]. The individual
setting window for the selected condition file appears.

3. {GROUP}
The control group to be monitored specified by the condition file is
indicated.

4. {STATUS}

Monitoring status of the present condition file is indicated.
Value Meaning

SETTING | The condition file is in the initial status or in the data setting status.
Monitoring is not performed.

CONFIR | Confirming the area after the data is set. The status of the

MING monitoring operation depends on the valid condition of the condition
file.
VALID Data setting is completed and monitoring status of the file is in valid

(FILE) | status.

INVALID | Data setting is completed and monitoring status of the file is in
(FILE) invalid status.

VALID Data setting is completed and monitoring status of the file is in valid
(SIGNAL) | status by the establishment of the safety signal condition.

INVALID | Data setting is completed and monitoring status of the file is in
(SIGNAL) | invalid status by the disestablishment of the safety signal condition.

5. {RANGE}

Result of the present monitoring is displayed
Value Meaning
SAFE Result of the object file monitoring is safe (inside the safety range).
NOT Result of the object file monitoring is not-safe (outside the safety
SAFE range)
- The object file is in monitoring invalid status.

6. {COMMENT}
The comment input is displayed.
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4.1.3 AXIS RANGE LIMIT Condition File Setting

On the status list window, select a file number with the cursor, and then
press [SELECT].

— A setting window for the selected condition file of the axis range limit
function appears.

COMMENT

FILE SET STATUS |COMPLETED
FILE YALID COMD |SIGHAL
ALRAM SET 0N
CTRL GROLP R1
LIMIT WALUE
AX1S SETTING MK MIN
5 WALID 10.000] deg. -15.000 | dea.
L [INVALID 0.000( des. 0.000] deg.
U WALID 50.000) dee. 30.000 | dea.
R [INVALID 0.000( des. 0.000] deg.
B [INVALID 0.000( des. 0.000] deg.
T [INVALID 0.000( des. 0.000] deg.
INFUT STGMAL STATUS
bit0  [FSBINOT(#1) L
bit1  [FSBINDZ(#1) O
bitz  [SFBINOT O
IS | ————————— O
it | O
OUTPUT SIGNAL  [FSBOUTOT(#1) &
| | PAGE | ||

By scrolling down the window with the cursor, all the items can be seen.

<Details of the Window >

In this section, only the items inherent to the axis range limit function are
explained. For the items not mentioned here, please refer to section 4.7
“Common Setting Item for the Condition File” on page 4-76.

1.{AXIS}
All the axis existing in a control group selected at {GROUP} item are
indicated. (8 axes at maximum)

2. {SETTING}
To one objective axis, validating/invalidating of the monitoring can be
set.
This setting is referred when the condition file is valid for monitoring, and
is not referred when it is invalid for monitoring.
Followings show the combination of conditions.

File monitoring status | Axis monitoring status | Result

Valid Valid Monitoring of the object axis is valid.

Valid Invalid Monitoring of the object axis is invalid.

Invalid Valid Monitoring of the object axis is invalid.

Invalid Invalid Monitoring of the object axis is valid.
4-5
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3.{MAX}, {MIN}
Values for maximum/minimum range of motion can be input for the
object axis.
As their inputting range, with the axis’s home position defined as 0,
the position value limited by the soft limit switch of the manipulator can
be input.
When the axis is a rotating axis, it is measured in [deg], and is [mm]

when the axis is a direct acting axis.
Value Meaning

Minimum value Expresses the limited range in which an axis moves in
the negative direction.

In case the following inequality is true, adding an
positive value to the minimum value is possible.

The minimum value < The maximum value

Maximum value Expresses the limited range in which an axis moves
in the positive direction.

In case the following inequality is true, adding an
negative value to the minimum value is possible.
The minimum value < The maximum value

To a T-axis or to a positioner to which an mechanical stopper is not
equipped, there may be a case where an value which exceeds +-360
[deg] can be input.

In this case, the maximum/minimum range are limited by the basis of
numerical range but not by the basis of visual range.

For example, when 420 [deg] is set as the maximum value, the axis
positions at 60 [deg] and 420 [deg] visually look as they are at the same
position. However, even if the axis passed through the 60 [deg] position
it will not be defined as an error and an error is detected when the axis
reaches just before the 420 [deg] position.

Fig. 4-2: When the Axis Limit Value Exceeds +-360 [deq]

60[deg] Non Alarm

420[deg] Alarm
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4.1.4 Confirming Method of Each Axis Operating Angle

Each axis angle information can be confirmed on the CURRENT
POSITION window.

Follow the procedures below when confirming the manipulator’s present
angle.

1. Change the security mode to the management mode or higher.
Press {SETUP} under the main menu.

Wain Menu |

2. Press {FUNCTION ENABLE} in the sub menu.
— FUNCTION ENABLE SETTING window appears.
1% 2] ol & deel] 2 )

FUMCTION EWABLE SETTING

MASTER JOB CHANGE PERMIT
RESERVED START PROHIBIT
RESERYED START JOB CHANGE PERMIT
JOB SELECT WHEM PLAY MODE PERMIT
JOB SELECT WHEM REMOTE AMD PLAY PERMIT
[/0-YARTABLE CUSTOMIZE FUNCTION INYALTD
GEMERAL 1/0 MEME DISP. OM JOB YaLID
ANTICIPATION FUMCTION

ALL AXES ANGLE DISP FUMCTION
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3. Set “VALID” to {ALL AXES ANGLE DISP FUNCTION}.
T L2 ol &

WA, IT
RESERVED START PROHIBIT
RESERYED START JOB CHANGE PERMIT
JOB SELECT WHEM PLAY MODE PERMIT
JOB SELECT WHEM REMOTE AMD PLAY PERMIT
[/0-YARTABLE CUSTOMIZE FUNCTION INYALTD
GEMERAL 1/0 MEME DISP. OM JOB YaLID
ANTICIPATION FUMCTION

ALL AXES ANGLE DISP FUMCTION

4. Press {ROBOT} under the main menu.

Wain Menu
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5. Press {CURRENT POSITION} in the sub menu.
— CURRENT POSITION window opens.

o L. e w I il
o o o o D

6. While CURRENT POSITION window is appeared, press {DISPLAY?}

tab at the upper left side of the window.

ABSOLUTE ANGLE

—

4-9
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7. Press {ABSOLUTE ANGLE} in the list under the {DISPLAY?} tab.

— On {CURRENT POSITION} window, absolute angles of the axes
which exist in the present system is displayed.

DATA EDIT DISPLAY UTILITY 1]& M M @ E d.ti'-j E ‘

L0000 deg. BT :1 0.000 mm
0.0000 dee.
0.0000 dee.
0.0000 dee.
0.0000 dee.
0.0000 dee.

fo L= R w I il iy '

Wain Menu Simple Menu

4.1.5 Confirmation of Safety Range

Confirmation of the monitoring operation to be appropriately performed
inside the specified safety range is required after values are set to both
{MAX} and {MIN} and {WRITE} is executed.

“CONFIRMING” is indicated to the status of the condition file on the axis
range limit window. Move the axis in the object group to confirm that it
stops inside the specified safety range.

When confirming the safety, valid the monitoring operation by either
setting “VALID” to {FILE VALID COND} or inputting a selected safety
signal to the condition file.

Fig. 4-3: Display when Confirming

GE LIMIT
M.
COMMEN

FILE SET STATUS |CUNFIRMING
FILE YALID COND=THRvaCTD

ALRAM SET N

CTRL GROUP R

LIMIT YALUE

Ax1S  SETTIMG MAK MIN
S [INVALID | 60.000| dee. | (0.000] deg.
L [INVALID | 0.000|deg. | (0.000] deg.
U [INVALID | (.000|dee. | (0.000] deg.
R [INVALID | 0.000|deg. | (0.000] deg.
B [INVALID | (.000|dee. | (0.000] deg.
T [INVALID | 0.000| deg. | (0.000] deg.

| CONFIRM | PAGE
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In the functional safety function, the range of motion is
monitored by calculating the coasting values of the
manipulator or the external axis. (Refer to section 6.2
@ “External Axis Coasting Value Setting” on page 6-7.) For
e this reason, the manipulator stops just before exceeding the
safety range in case it moves to the teaching point near the
safety range.

4.1.6 Start AXIS RANGE LIMIT Operation

After confirming that the object axis moves to reach the edge of the
specified safety range, press {CONFIRM} button on the window.
“COMPLETE” is indicated to {FILE SET STATUS}, and execution of the
axis range limit operation becomes valid.

Execute playback operation to confirm the manipulator’s motion. An
alarm may occur in case the teaching point or the settings are
inappropriate.

When “Alarm 4780: F-SAFE AXIS RANGE LIMIT INTF” or
“Alarm 4781: AXIS RANGE LIMIT INTF” appeared.

<Cause>

The position of the axis is out of the safety range or a range of motion
error is detected when the axis moved.

In the functional safety function, the axis position is monitored on the
basis of the feedback pulse from the motor. In this case, taking the axis
speed or coasting value into consideration, calculation of the movement
is executed so that the manipulator would not come out from the safety
range.

For this reason, in case a teaching point is set close to the edge of the
safety range, and when the teaching speed is high, this alarm occurs.

0<Countermeasure>

Confirm the safety range.

Modify the teaching point so that it moves not to close to the safety
range border.

Decrease the manipulator’s teaching speed when it passes by the
border of the safety range.

4-11
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4.2

4.21

AXIS SPEED MONITOR Function

Outline

Axis speed monitor function is a function which sets the upper limit of the
speed to each axis motion speed for the manipulator, base and station
group, and then monitors whether each axis is inside the already-fixed
speed using a software. When “0” is set, it is called stop position
monitoring. This monitors the axis whether it does not move to exceed the
limit of specified range from the point where the monitoring is started.

In case an error is detected, the power supply to the motor is stopped
using the machine safety board (JANCD-YSF21-E). And the error is
notified using an alarm.

Thirty two files are prepared to this function and all axes motion range of
any one control group is set to a file. When a control group is set to
several files, the control group can be monitored by switching conditions.

Fig. 4-4: Monitoring of Motion Speed at Each Axis

Monitors each axis
motion speed

Follow the procedures below when starting the axis speed monitor
function.

1. Set the axis speed monitor condition file.

!

2. Start monitoring the axis speed.
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4.2 AXIS SPEED MONITOR Function

4.2.2 Axis Speed Monitor Function Window

Followings are the setting procedures for the axis speed monitor function.

1. Change the mode to the security mode, and then press {SAFETY
FUNC.} under the main menu.

|[:]
|§§_
|E_
&

e e

2. Press {AXIS SPEED MONITORY} in the sub menu.

— The list of the axis speed monitor status appears.

i 2z = el

" STATUS

COMMENT

Rl TNVAL IDCSTGNAL)

TEST

VALID(FILE)

SETTING

On the status list window, the thirty two setting files for the axis speed limit
function are arranged so that their status can be confirmed. By scrolling
down the window, all the list can be seen.
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Followings are the details of the item on the window.
<Details of the Window >

1.{FILE}
The number of the condition file is displayed.
Move the cursor to any number and press [SELECT]. The individual
setting window for the selected condition file appears.
2. {GROUP}
The control group to be monitored set by the condition file
3. {STATUS}

Monitoring status of the present condition file
Value Meaning

SETTING | The condition file is in the initial status or in the data setting status.
Monitoring is not performed.

VALID Data setting is completed and monitoring status of the file is in valid
(FILE) status.

INVALID | Data setting is completed and monitoring status of the file is in
(FILE) invalid status.

VALID Data setting is completed and monitoring status of the file is in valid
(SIGNAL) | status by the establishment of the safety signal condition.

INVALID | Data setting is completed and monitoring status of the file is in
(SIGNAL) | invalid status by the disestablishment of the safety signal condition.

4.{COMMENT)}
The comment input is displayed.
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4.2.3 AXIS SPEED MONITOR Condition File Setting

On the status list window, select a file number with the cursor, and then
press [SELECT].

A setting window for the selected condition file of the axis speed monitor
function appears.

COMMENT 3
FILE SET STATUS [COMPLETED
FILE YALID COND [STGNAL
CTRL GROLP R
LIMIT VALUE
AXIS  SETTING SPEED ACCEP. RNG
S NALID 0.0|dee/s [ 0.000]dea.
L WALID 30.0| des/'s poocoooes dee.
U [TRVALTD 0.0|dee/s [ 0.000]dea.
R [TRWALID 0.0|deg/s [ 0.000dea.
B [TRWALID 0.0|dee/s [ 0.000dea.
T [TWWALID 0.0|dee/s | 0.000]dea.
TNPUT STGNAL STATUS
bit0  [FSBINDT (1) °
bitl  [FSBINDZ (1) O
bit2 [SFBINDT O
T R m— O
bitd [ O
QUTPUT SIGNAL  [FSBOUTOZ (A1) O
| | PAGE | ||

By scrolling down the window with the cursor, all the items can be seen.

<Details of the Window >

In this section, only the items inherent to AXIS SPEED MONITOR are
explained. For the items not mentioned here, please refer to section 4.7
“Common Setting Item for the Condition File” on page 4-76.

1.{AXIS}

All the axis existing in a control group selected at {GROUP} item.
2.{SETTING}
To one objective axis, validating/invalidating of the monitoring can be

set.

This setting is referred when the condition file is valid for monitoring, and
is not referred when it is invalid for monitoring.
Followings show the combination of conditions.

File monitoring status

Axis monitoring status | Result

Valid Valid Monitoring of the object axis is valid.

Valid Invalid Monitoring of the object axis is invalid.

Invalid Valid Monitoring of the object axis is invalid.

Invalid Invalid Monitoring of the object axis is valid.
4-15
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3.{SPEED}
To each object axis, set the upper limit of motion speed.
When the axis is a rotating axis, it is measured in [deg/sec], and is
[mm/sec] when the axis is a direct acting axis.

4.{ACCEP. RNG}
When “0” is set to {SPEED)}, setting a value to this item becomes
possible.
This item is used when the axis is in the stop position monitoring status.
The stop position monitoring operation judges that the axis is not
moving by monitoring the object axis position difference between the
stop position monitoring starting position and the present position.
To avoid any alarms from occurring due to tiny motions such as turning
ON of the servo during the monitoring, this item is set.
An alarm occurs when {ACCEP.RNG} is set in % direction from the stop
position monitoring starting position and the axis moves to exceed the
position.
When the axis is a rotating axis, it is measured in [deg], and is [mm]
when the axis is a direct acting axis.
When "0” is set to {ACCEP.RNG}, as default values, 0.2 [deg] is used for
the rotating axis and 20 [mm] is used for the direct acting axis.

4.2.4 Start AXIS SPEED MONITOR Operation

After values are input to {SPEED} and press {WRITE} button on the
window, “COMPLETED” appears to {FILE SET STATUS}. The axis speed
monitor function becomes possible to execute.
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4.3 Robot Range Limit Function

4.3.1 Outline

The robot range limit function is a function which carries out following
monitoring using software.

1. Define the manipulator’s range of motion with polygonal prism or
cuboid, and then monitors the manipulator arm or its tool to be inside
the range of motion.

—Inside the range monitoring

2. Define the manipulator’s approach-prohibited area with polygonal
prism or cuboid, and then monitors whether the manipulator arm or its
tool does not move inside the area.

—Outside the range monitoring

3. Limit the manipulator’s range of motion with a large enough plane
(wall), and then monitors the manipulator arm or its tool so as not to
interfere with the plane.

—Planar interference monitoring

<Inside the range monitoring>
The manipulator’s range of motion can be defined using the prism from
triangular prism to 16-prisms. The space inside the prism is defined as
the safety range.
There are two ways of specifying the prism as follows.
-A polygon on the XY plane with a height in Z-axis direction.
-A cuboid consists of two points on a diagonal line.
When the result of the monitoring is safe, the object arm and the tool of
the manipulator are inevitably inside the safety range.

Fig. 4-5: Inside the Range Monitoring

Safety Area
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<Outside the range monitoring>
The manipulator’s range of motion can be defined using the prism with
triangular prism and quadrangular prism. The space outside the prism
is defined as the safety range.
There are two ways of specifying the prism as follows.
-A polygon on the XY plane with a height in Z-axis direction.
-A cuboid consists of two points on a diagonal line.
When the result of the monitoring is safe, the object arm and tool of the
manipulator are inevitably outside the safety range.

Fig. 4-6: Outside the Range Monitoring

Mon Safety Area

<Planar interference monitoring>
Draw a line on either XY, YZ or ZX coordinate plane, and then, along the
line, set a plane (wall) in the vertical direction. A plane, which is large
enough to the manipulator, is specified. Regarding the plane as a
boarder, the area where the manipulator exists is defined as the safety
range. The plane is defined by specifying a coordinate plane and two
points for drawing a line.

Fig. 4-7: Outside the Range Monitoring

Safety Area ‘_______,_...----" |
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While a manipulator is in operation, based on the manipulator motion
speed, this function calculates the coasting value in case of the immediate
stop by the alarm, and then, including this value, this function monitors the
safety range. With this monitoring operation, the axes would not exceed
the safety range even if a motion error is detected.

In case an error is detected, the power supply to the motor is stopped
using the machine safety board (JANCD-YSF21-E). And the error is
notified using an alarm.

Thirty two files are prepared to this function and any one control group and
a safety range is set to a file. When a control group is set to several files,
the control group can be monitored by switching conditions.

Follow the procedures below when starting the robot range limit function.

1. Set the coasting value.
(Before using this function, set the coasting value by following the
procedures described in section 6.2 “External Axis Coasting Value
Setting” on page 6-7 in case the base axis or the station axis exits in
the system.)

!

2. Set the tool file.
(Before using this function, execute tool file setting by referring to
section 6.3 “Tool File Setting” on page 6-10.)

!

3. Set the tool interference file.
(Before using this function, execute tool interference file setting by
referring to section 6.4 “Tool Interference File Setting” on page 6-11.)

!

4. Set the robot range limit function.

!

5. Confirm the safety range.

!

6. Start the robot range limit function.
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4.3.2 Robot Range Limit Function Window
Followings are the setting procedures for the axis range limit function.

1. Change the mode to the security mode, and then press {SAFETY
FUNC.} under the main menu.

e e

2. Press {ROBOT RANGE LIMIT} in the sub menu.

— The list of the robot range limit status appears.

TOTAL
[0 %
FILE GROUP STATUS RANGE  CPU LOAD _ COMMENT
[NVALID(SIGNAL)  [--——--- [30 % [TEST
7 VALID(FILE) NOT SAFE [ 40 %
3 CONFTRMING [ [ 50 %
4 EME_ | s - %
5 ENC == %
6 EME_ | —e == %
7 ENC - %
8 FEME_ | —e == %
g FERE. e == %
10 EME_ | —e == %
11 FEMRE. e - %
12 E R — =

On the status list window, the thirty two setting files for the axis range limit
function are arranged so that their status can be confirmed. By scrolling
down the window, all the list can be seen.
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Followings are the details of the item on the window.
<Details of the Window >

1. {FUCTION DISABLE MODE}
Valid/invalid the robot range limit function. When “ON” is selected, the
condition files of the thirty two files of this function can be set to invalid
temporarily.

Value | Meaning

OFF | The robot range limit function is valid.

ON The robot range limit function is invalid.

The play back, test run, forward/backward operation become prohibited.

For the details, please refer to section 6.1 “Function Disable Mode Function
Setting” on page 6-1.

2. {FILE}

The number of the condition file is displayed.
Move the cursor to any number and press [SELECT]. The individual
setting window for the selected condition file appears.

3. {GROUP}
The control group to be monitored specified by the condition file is
indicated.

4. {STATUS}

Monitoring status of the present condition file is indicated.

Value Meaning

SETTING | The condition file is in the initial status or in the data setting status.
Monitoring is not performed.

CONFIR | Confirming the area after the data is set. The status of the

MING monitoring operation depends on the valid condition of the condition
file.

VALID Data setting is completed and monitoring status of the file is in valid

(FILE) status.

INVALID | Data setting is completed and monitoring status of the file is in

(FILE) invalid status.

VALID Data setting is completed and monitoring status of the file is in valid

(SIGNAL) | status by the establishment of the safety signal condition.

INVALID | Data setting is completed and monitoring status of the file is in

(SIGNAL) | invalid status by the disestablishment of the safety signal condition.

5. {RANGE}

Result of the present monitoring is displayed

Value Meaning

Safe Result of the object file monitoring is safe (inside the safety range) is
safe (inside the safety range)

Not-safe | Result of the object file monitoring is not-safe (outside the safety

range)

The object file is in monitoring invalid status.
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6. {CPU LOAD}

The robot range limit function can, to some extent, freely define the
shape as its range of motion. However, the time period needed for
processing the monitoring varies depending on the shape or the method

of monitoring.

Regard the allocated processing time for robot range limit function as

100%, the ratio of necessary processing time for the area created in the
object area is indicated to this item.
Followings are processing time for each area created in the object area.

Monitoring method

Numbers of point

Processing time

Inside the area 4 20%
8 23%
16 30%
Outside the area 3 18%
4 20%
4 (Cuboid) 18%
Plane (X-Y) - 8%
Plane (Y-Z) - 8%
Plane (X-Z) - 8%
7. {TOTAL)}

Total {CPU LOADY} of the files to which monitoring is validated.

When executing the robot range limit function even after the
total cpu load exceeded over 100%, following alarms may
occur due to insufficient processing time.

@

Alarm 500

SEGMENT PROC NOT READY
Alarm 1899 F-SAFE MONITOR EXECUTE TIMEOVER

When an alarm occurred, reduce the area where the
monitoring is simultaneously validated to avoid the cpu load
from exceeding 100%.

8. {COMMENT}

The comment input is displayed.

4-22

54 of 164

HW1481991



165988-1CD

Safety Board Operation

Details of Functional Safety Function
4.3 Robot Range Limit Function

4.3.3 Robot Range Limit Function Condition File Setting Window

On the status list window, select a file number with the cursor, and then
press [SELECT].

A setting window for the selected condition file of the ROBOT RANGE
LIMIT function appears.

On this window, the indication pattern on the window changes depending
on the selection of {[MONITOR TARGET} or {SHAPE TYPE}. For the
details of the indication, please refer to the table below.

MONITOR TARGET SHAPE TYPE Indication

INSIDE, OUTSIDE PRISM Pattern A
CUBOID Pattern B

Plane (X-Y), (Y-2), (X-Z) - Pattern C

Pattern A
Following is the pattern A of the indication of condition file setting window.

COMMENT

FILE SET STATUS
FILE YALID COMD
ALRAM SET

CTRL GROLP

MOMITOR TARGET
COORD

SHAPE TYPE

CPU LOAD

USED YERTEX NUM

YERTEX1
YERTEXZ2
YERTEX3
YERTEX4
<Z UPPER> (mm)
<Z LOWER> (mm)

INFUT STGMAL
bitl
bitl
bitZ
bitd
bitd

OUTPLT SIGNAL

COMPLETED

SIGNAL

O

R1

INSIDE

ROBOT

PRISM

0 ()

[ 10 7
4]

<Y (o)

1000

1000

-500

FSBINOTCH1T

et o]

F3BINOZ (#1

SFEIMNOT

[FSBOUTO3 G

By scrolling down the window with the cursor, all the indication can be

STATUS

o OO0CCe

| | PAGE | ||

On this window, the polygonal prism is defined with the following two

STEP 1: Define a polygonal prism on the X-Y plane.
STEP 2: Specify 2 points on the Z-axis to define them as the height

for the polygonal prism on the X-Y plane.
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Fig. 4-8: Image of Robot Limit Range: Pattern A

Point1

Point2
Point6

Point5 ' Point3
. Z Upper
Y
Z Lower
X

<Details of the Window >

In this section, only the items inherent to robot range limit functions are
explained. For the items not mentioned here, please refer to section 4.7

“Common Setting Item for the Condition File” on page 4-76.

1. {MONITOR TARGET}
To the area of the object file, set the monitoring method.

Value Method
INSIDE Set the inside range monitoring.

OUTSIDE | Set the outside range monitoring.

Plane (X-Y) | Set the planar interference monitoring (X-Y)
Plane (Y-Z) | Set the planar interference monitoring (Y-Z)

Plane (X-Z | Set the planar interference monitoring (X-Z)

2. {COORD}

Specify the coordinates system to be monitored.

Value Method

ROBOT Define the monitoring area on the robot cartesian
coordinate system.

BASE Define the monitoring area on the base cartesian
coordinate system.
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Setting Example of Coordinate “Robot” : When setting the
area shown in Fig. 4-9 “Area Setting (Robot)”.

Fig. 4-9: Area Setting (Robot)

Point 4

cem0.60m ;o 2000mm ' Point 1
R1 Cartesian Area 1 2000.600)
Coordinate

1000mm

T Point2
{2000,-300}
Point 3 Point 1 Point2
G0 — oint
€600,-300) A—
{1200,1000} Area 2
Point 3 § RZ? Cartesian Coordinate Rdintd
12005000 £ ey

!, BO0mm

For the area 1, as shown in Fig. 4-10 “Example of Condition File Setting
(R1: Robot)”, select R1 to CTRL GROUP and ROBOT to COORD. Also,
to each POINT, set positions which are on the R1 cartesian coordinates.

For the area 2, as shown in Fig. 4-11 “Example of Condition File Setting
(R2: Robot )", select R2 to CTRL GROUP and ROBOT to COORD. Also,
to each POINT, set each position which are on the R2 cartesian
coordinates.

Fig. 4-10: Example of Condition File
Setting (R1: Robot)

Fig. 4-11: Example of Condition File
Setting (R2: Robot)

CTRL GROUP CTRL GROUP 2 e
MOWITOR TARGET  [TNSIDE MOWITOR TARGET  [TNSIDE
COORD ROBOT COORD ROBOT
SHAPE TYPE PRIH SHAPE TYPE PRIH
CPU LOAD 8 % CPU LOAD R
USED POINT NUM [ 4] USED POINT NUM [ 4]
e lom) <Y Gm) O lom) <Y Gm)
POINTT 2000 600 POINTT 1200 1000
POINTZ 2000 =300 POINTZ 1200 =500
POINTS -600 =300 POINTS =400 =500
POINT4 -600 600 POINT4 =400 1000
<Z UPPER> (rm} 0 <Z UPPER> (rm} 0
<Z LOWER> () 0 <Z LOWER> () 0
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When setting a position to a POINT, confirm the position following the
procedures below.

1. Select {ROBOT} — {CURRENT POSITION} under the main menu.
— The CURRENT POSITION window appears.

TOOL:00

e R O R

2. Select {ROBOT} at {COORDINATE]}.

CURRENT POSITION

COORDINATE TOOL:00

Rl :¥ 895,000 mm Rx  180.0000 des.
¥ 0.000 mm Ry -90.0000 des.
z 814,000 mm Rz 0.0000 dez.

< ROBOT TYPE >

FRONT < 180
up R< 180
FLIP T< 180

3. Set the cartesian position indicated on the window to each POINT.
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Setting Example of Coordinate “Base” : When setting the
area shown in Fig. 4-12 “Area Setting (Base)”.

Fig. 4-12: Area Setting (Base)

100mm Point 4

| (-100,600)

2000mm

wwpng

!
| wuppg
).

T

k B1 Cartesian coordinates

Point 3

(-1 00,—300)

Point 4

wwipngh

oo

I

—400.400)

40mm

1500rmm

Point 3
(—400,-1600)

For the area 3, as shown in Fig. 4-13 “Example of Condition File Setting
(R1: Base )", select R1 to CTRL GROUP and ROBOT to COORD. Also,
to each POINT, set positions which are on the R1 cartesian coordinates.

For the area 4, as shown in Fig. 4-14 “Example of Condition File Setting
(R2:Base)”, select R2 to CTRL GROUP and ROBOT to COORD. Also, to
each POINT, set each position which are on the R2 cartesian coordinates.

Fig. 4-13: Example of Condition File
Setting (R1: Base)

Fig. 4-14: Example of Condition File
Setting (R2:Base)

CTRL GROUP

MOMITOR TARGET
COORD

SHEPE TYFE

CPU LOAD

USED POINT HUM

POINTY
POINTZ
POINTS

POINT4
<Z UPPER> (mm)
<Z LOWER> (mm)

1
INSIDE
BASE
PRISM
35 X%
[ 4
< (rom) <Y (om)
2000 600
2000 =300
=100 =300
100 600
!
4-27

CTRL GROUP

MOMITOR TARGET
COORD

SHEPE TYPE

CPU LOAD

USED POINT HUM

POINTY
POINTZ
POINTS

POINT4
<Z |PPER> (mm)

<Z LOWER> () g

2

INSIDE

BASE

PRISM

57

4

i (o) <Y Com)
1200 400
1200 -1600
=400 -1600
-400 400
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When setting a position to a POINT, confirm the position following the
procedures below.

1. Select {ROBOT} — {CURRENT POSITION} under the main menu.
— The CURRENT POSITION window appears.

Bl 0

e R O R

2. Select {ROBOT} at {COORDINATE]}.

TOOL:00

Rx  180.0000
0.000 mm Ry -90.0000 dee.
z 814.000 mm Rz 0.0000 dee.
< ROEOT TYFPE > < ORIGIN >
FRONT 5¢ 180 #0 0.000 mm
UP R< 180 0 0.000 mm
FLIF T< 180 20 0.000 mm

3. Add the cartesian position indicated at <ORIGIN> to the cartesian
position indicated on the window, and then set the sum of the position
to each POINT.
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3. {SHAPE TYPE)}

Specify the creating method of the monitoring area.
If either Plane (X-Y), Plane (Y-Z) or Plane (X-Z) is set to {MONITOR TARGET},
this item is invalid.

Value Method

PRISM | Create lines between the created points to specify the area for

the range of motion.
For inside the range monitoring, up to 16 points can be specified.
For outside the range monitoring, up to 4 points can be specified.

CUBOID | Specify two points, and then create a cuboid whose diagonal line is

created by those points.
This cuboid is specified as the area for the range of motion.

4. {CPU LOAD}

Please refer to section 6. {CPU LOAD}.

5.{USED POINT NUM}

Specify the numbers of points for creating a polygonal prism.
For the inside the range monitoring, from 3 to 16 can be input.
For the outside the range monitoring, from 3 to 4 can be input.
Ex. For triangular prism, input “3”.

For 16-prisms, input “16”.

6. {POINT} (X,Y)

Specify points on the X-Y plane to define a polygonal prism.
(Point 1 to 6 in Fig. 4-8 “Image of Robot Limit Range: Pattern A" on
page 4-24.)
The points are connected in ascending order like “POINT 1 —POINT
2—POINT3.....”. And the line of these points becomes the wall of the
range of motion. Take this procedures into consideration before
specifying the points.
The numbers of the points is specified by the settings of {USED POINT
NUM}. The last number of the point is connected to the first one.

7. {Z UPPER} {Z LOWER}
Specify the height of the polygonal prism. (Z Upper and Z Lower in Fig.
4-8.
When “0 [mm]” is set to both {Z UPPER} and {Z LOWERY}, the height in
the Z-axis direction is set to infinite (polygonal prism of infinite height.
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Pattern B
Following is the pattern B of the indication of condition file setting window.

By scrolling down the window with the cursor, all the indication can be
seen.

COMMENT
FILE SET STATUS |COMPLETED
FILE VALID COMD |SIGHAL

ALRAM SET OM
CTRL GROUP 1
MOMITOR TARGET  |INSIDE
COORD ROBOT
SHAPE TYFE CUBOID
CPU LOAD 10 %
> Crom) <Y (o) <> (om)
YERTEX1 0 0 2000
YERTEX? 1000 2000 -2000
[NPUT STGHAL STATUS
bit0  [FSBINOT(#1) [ ]
bit1  [FSBINOZ(#1) O
bit2  [SFEINOT O
BlEE | —————— O
i —— O
OUTPUT SIGNAL FSBOUTOS (1) i@

| | PAGE | ||

On this window, the cuboid is defined with the following two steps.

STEP 1: Define two points (point 1 and point 2) on the X -Y - Z plane
to create a cuboid by regarding the connected line as its diagonal
line.

STEP 2: A cuboid area is automatically created based on the specified
two points.
Fig. 4-15: Image of Robot Limit Range: Pattern B

POINT 1

POINT 2
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<Details of the Window >

Please refer to B “Pattern A” on page 4-23 or section 4.7 “Common
Setting Item for the Condition File” on page 4-76 for the items not
explained here in B "Pattern B".

8. {POINT} (X, Y, Z)
Specify two points on a object coordinates system, and then a cuboid is
created whose diagonal line is specified by the points.
In case any two point values input in either X, Y or Z are overlapped, the
setting is regarded as an error.

Pattern C
Following is the pattern C of the indication of condition file setting window.

By scrolling down the window with the cursor, all the indication can be
seen.

FILE MO
COMMENT
FILE SET STATUS |COMPLETED
FILE YALID COMD |SIGHAL

ALRAM SET 0N

CTRL GROLP R1

MONITOR TARGET  [PLAMECH-Y)
COORD ROBOT
CPU LOAD 0%

< (rom) <Y (o)
POINTI 0 1500
POINTZ =500 1000

STATUS

®
O
O
O
O
O

INPUT SIGHAL
bit0  [FSBINOTCHI
bit!  FSBINO2CHT
bit2 [SFBINOT
N I
R

et o]

OUTPUT SIGNAL  [FSBOUTOT(#1)

| PAGE ||

On this window, a plane is defined with the following two steps.

STEP 1: Define a straight line with two points (point 1 and point 2)
on any of the selected X-Y, Y-Z or X-Z plane.

STEP 2: In a vertical direction, a plane (wall) is specified along the
straight line which was defined in the STEP 1.
A plane, which is large enough to the manipulator, is specified.
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Fig. 4-16: Image of Robot Limit Range: Pattern C (Area inside dotted line
is non-safety area)

SO 1]

POINT 2

POINT 2

X-Z plane

<Details of the Window >

Please refer to B “Pattern A” on page 4-23 or section 4.7 “Common
Setting Item for the Condition File” on page 4-76.
9. {POINT} (X,Y), (Y, Z) or (X,Z)
Specify two points to draw a straight line on a coordinate plane selected
at {(MONITOR TARGET}.
In case the coordinates of these two points overlapped, the setting is
regarded as an error.
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4.3.4 Confirmation of the Safety Range

After the safety range is specified and {READ} is pressed, it is necessary
to confirm whether the monitoring is appropriately performed inside the
range.

“CONFIRM” is indicated at {FILE SETSTATUS} on the robot range limit
window. Set “VALID” to the object file by the file setting or signal
condition.

Move the object manipulator or external axis to confirm whether it steppes
inside the specified safety range.

Fig. 4-17: CONFIRMING Window

ROBOT RAWGE LIMIT
FILE NO.: 1,

COMMENT

FILE SET STATUS [CONFIRMING
FILE VALID COWD™|STGRAC
ALRAM SET 0K

CTRL GROUP R1

MOMITOR TARGET  |INSIDE

COORD ROBOT
SHAFE TYPE CUBECOID
CPU LOAD 30 %

< (mm) <> (nm) <Z» (1m)

POINTT | 1000| | 1000 | 2000

POINTZ | oo | -1o00) [ -2000

| CONFIRM | | PAGE | |
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<Confirm Safety Range with Jog Operation>
With the jog operation, confirm whether the specified safety range is
appropriate.

Olnside the range monitoring

Move the manipulator inside the specified four walls and check that it
stops just in front of the wall. In case the area is not a cuboid, check
that it stops just in front of all walls.

Fig. 4-18: Inside the Range Monitoring

OOutside the range monitoring

To the walls, move the manipulator toward all the direction where it can
make approach and check that it stops just in front of all each wall.

Fig. 4-19: Outside the Range Monitoring
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OPIlanar interference monitoring

To the specified plane, make the manipulator approach to it. Confirm
that the manipulator stops at any three points on the plane.

Fig. 4-20: Planar Interference Monitoring

In the functional safety function, the range of motion is
monitored by calculating the coasting values of the
manipulator or the external axis. (Refer to section 6.2
@: “External Axis Coasting Value Setting” on page 6-7.) For
e this reason, the manipulator stops just short of the safety
range in case it moves to the teaching point near the safety
range.
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4.3.5 Starting the ROBOT RANGE LIMIT

After the manipulator is confirmed that it moves to its robot range limit,
press {CONFIRMED} on the window. The robot range limit function
becomes valid.

Execute the play back operation of the practical movement. An alarms
may occur due to inappropriate settings or teaching point setting.

In case “Alarm 4783: F-SAFE ROBOT RANGE LIMIT INTF” or
“Alarm 4784: ROBOT RANGE LIMIT INTF” appeared
<Cause>
The positions of the robot and the tool are out of its safety area, or an
axis range limit error is detected when the manipulator started moving.
Inside the robot range limit, taking the feedback speed or the coasting
value which were detected by the functional safety function, into
consideration, calculation of the movement is executed so that the
manipulator would not come out from the safety range. For this reason,
when a manipulator moves close to the border of the range, this alarm
occurs because the higher its teaching speed becomes, the more its
coasting value increases .

<Countermeasure>

Check that the safety range is appropriately set.

Execute the teaching operation so that the manipulator dose not
approach close to the border of the range.

Decrease the teaching speed near the border of the range.
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4.3.6 Switch the Monitoring Area

When switching the monitoring area using the safety signal input, execute
the switching operation after moving the manipulator to be inside the next
monitoring area and stopping it completely.

When executing inside the range monitoring at multiple ranges, set the
overlapped range and execute the switching only when the manipulator is
inside the overlapped area.

Fig. 4-21: When Switching the Monitoring Area

First area

Second area

Area where the switching " }
peration is possible H

When monitoring operation is validated to multiple areas at a time, the
overlapped area is regarded as the safety range.
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Inside the monitoring area + Inside the monitoring area

Fig. 4-22: Simultaneous Monitoring: Multiple Areas (Inside the Monitoring
Area + Inside the Monitoring Area)

Safety Area

Inside the monitoring area + Outside the monitoring area

Fig. 4-23: Simultaneous Monitoring: Multiple Areas (Inside the Monitoring
Area + Outside the Monitoring Area)

4-38 70 of 164

HW1481991



165988-1CD

Safety Board Operation 4  Details of Functional Safety Function

4.3 Robot Range Limit Function

4.3.7 Safety Range and Manipulator Position

On the operation area monitor window, the specified safety range and the
manipulator’s present position can be roughly depicted on the

programming pendant screen so that their position relation can be
confirmed.

Follow the procedures below to open the operation area monitor window.

The data to which {WRITE} button is not yet pressed would
not be reflected on the {OPERATION AREA MONITOR}

) window in case this window is opened while the robot range
limit condition file is being edited.

Be sure to complete the editing operation before opening
the window.

1. Press {SAFETY FUNC.} under the main menu.
o .22 & i

OFERATION AREA
HOWITOR

Wain Menu |
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2. Press {OPERATION AREA MONITORY} in the sub menu.
— OPERATION AREA MONITOR window appears.

Robot @ R1 Coord : ROBOT File: Mo
i H 1
Tool : 0 Maonitor : INSIDE
Center X :

0
Center ¥ :
0
Center £
0

2000

Size [mm]
4000
Z00m !
i [Loo0 [=]
Front/
Back
Linel ——| |iChange!
Line2  Plane
Line3
-2000 ¥
2000 Y 2000 | Linea ——| | F¥t

<Details of the Window >

A. Plane {X-Y}, {Y-Z}, {X-Z}
The plane shown on the window now.
The manipulator and its tool are depicted in the approximate model
shape specified set to the robot parameter and to the tool interference
file.
When the manipulator is floor-mounted type, each figure indicates as
follows;
{X-Y}: top view of the manipulator
{Y-Z}: back side view of the manipulator
{X-Z}: left side view of the manipulator

B. {ROBOT)}
The number of the manipulator is indicated.
C. {TOOL)
The tool number specified to the manipulator shown on the window is
indicated.
D. {COORDINATES}
The coordinates of the safety area shown on the window is indicated.

Value Meaning
Base Base coordinates
Tool Tool coordinates
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E. {Monitor}
Monitoring method for the safety range shown on the window is

indicated..

Value Meaning

Inside Perform the inside range monitoring

Outside Perform the outside range monitoring

Plane (X-Y) | Perform the plane interference monitoring
Plane (Y-Z)
Plane (X-Z)

F. {FILE No.}
The number of condition file of the robot range limit function. Inputting
value from 1 to 32 can switch the condition file.

G. {Center X}, {Center Y}, {Center Z}
Specifies the center point coordinates in the depictable range on the
plane. When the plane X-Y is shown on the window, the manipulator is
depicted on the plane with the center of the plane (X,Y) coordinates at
its center. Unit: [mm].

H. {Size}
Length of one side of the depicting area is specified. Unit: [mm].

l. {Zoom}
Scale the indicated plane. Magnification can be selected among 0.125,
0.25,0.5,1, 2,4 and 8.
When 2 is selected as its magnification, the scale of the apparent size of
the plane becomes double and becomes half when 0.5 is selected.
In case the value of {CENTER} or {SIZE} is modified, the magnification
at {ZOOM} returns to 1.

J. {Front/Back} button
It is indicated only when Y-X plane indication is set. The view of the
plane changes from manipulator front view to back view each time this
button is pressed.

K. {Left/Right} button
It is indicated only when Y-X plane indication is set. The view of the
plane changes from manipulator right side view to left side view each
time this button is pressed.

L. {CHANGE PLANE} button
The plane on the window alternates every time this button is pressed.
(XY - Y-Z— X-Z— X-Y)
However, this button is invalid when "Plane *-*” is specified to {Monitor}
because the plane view is fixed.

M. {Exit} button
Closes the operation area monitor window.
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<Details of the Plane on the Window >

O Example of X-Y plane (Indication of Y-Z and X-Z are also the same

when monitoring the plane.)

Robot @ R1 Coord : ROBOT File: Mo
i 2 1

Tool : 0 Maonitor : INSIDE
Center X :
]
Center ¥ :
]
Center £
]
Size [mm]
4000
Z00m !

Il.DDD :I

2000

Linel =—— g'l:hangeé
Line2 L

Line3
Line4  =———

==l Exit

On the X-Y plane, the safety range is shown as the white area and not
safety area is shown as brown area. The borders between the areas
are indicated in colored lines and this lines are regarded as the wall.
The manipulator model and the tool model :

-contacting with the wall are indicated in red.

-inside the safety area are indicated in white.

- inside the not safety area are indicated in gray color.
The plane defined as Z upper or Z lower on the X-Y plane are not
indicated.

O Example of Y-Z and X-Z planes

Robot @ R1 Coord : ROBOT File: Mo

fEiT Tool : O Monitor : INSIDE 1

2000 Center X :
]
Center ¥ :
]
Center £
]
Size [mm]
4000
Z00m !

Il.DDD :I

Left/
Right

Linel ~——| |Change
Line2  Plane

Line3
2000 X -2000 | Line4 ——

-2000

Exit
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Each Y-Z and X-Z plane indicates the side of the safety area. On the
Y-Z and X-Z planes, only the “wall” looked in the short from the view
point is indicated.
The manipulator model and the tool model :

-seen opposite side of the “wall” are indicated in gray color.

-seen in front of the “wall” are indicated in white.

- contacting to the “wall” are indicated in red.
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4.3.8 Proximity Warning Buzzer Setting

A warning buzzer sounds and a message “Approaching the non safety
area” when the manipulator approaches a certain distance to the
boundary of the non safety area. The distance object of detection can be
modified on the approach warning buzzer window. The default distance is
set to 50 [mm].

Also, the approaching status can be output as a user output signal. (The
signal is turned ON when the manipulator is detected to be in the specified
distance.) This output can be also specified on the approach warning
buzzer window. This is not set in the default settings (signal is not output).

Follow the procedures below for opening the approach warning buzzer
window.

1. Change the security mode to safety mode and then, press {SAFETY
FUNC.} under the main menu.

EEY BN

Ine | 1T

] ulT | ‘.
Hain Menu |

2. Press {ROBOT RANGE LIMIT} in the sub menu.
ity A 1c]

COMMENT
TNVAL D (STGNAL)
RN [
M —— —E
M [ ="
M [ —E
TEE . e ="
M —— —E
M [ ="
M [ —E
TEE . e ="
FEME e —F
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3. Press {UTILITY} —» {APPR WARNING BUZZER}.
— APPROACH WARNING BUZZER window appears.

DATA EDIT DISPLAY | UTILITY 1]@ M M E Lﬂ:ﬁ ‘

R1 mm OTH [1234
R2 B0{mm  OTH ek

Wain Menu Simple Menu

<Details of the Window >

1. {BUZZER DIST.}
Specify a manipulator approaching distance to sound a buzzer.
Unit: [mm]

2. {UNIV-OUT NO.}
Specify an user output signal number for outputting the status of
detecting the approach. When “0” is set, “****” is displayed and no
signal is output.
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4.3.9 Combining Function of Multiple Monitoring Areas

This function creates a new monitoring areas by combining two already-
specified monitoring areas.

Follow the procedures below for this operation.

1. Change the security mode to safety mode and then, press {SAFETY
FUNC.} under the main menu.

% 2] Al % el

TRl 1 [21i = el 2

COMMENT

TNVAL ID(SIGNAL)
SETTING  [--—----- -
SETTING |- -3
SETTING |- -3
SETTING |- =3
SETTING |- -3
SETTING |- -3
SETTING |- -3
SETTING |- =3
SETTING |- -3
SETTING |- -3
SETTING - '
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3. Press {UTILITY} —» {RANGE COMBINATION}.
— RANGE COMBINATION window appears.

DATA EDIT DISPLAY | UTILITY 1]@ M Eﬂ E Lﬂ:ﬁ ‘

AND RAMGEZ | —  [RAMGES

COMBINE

Wain Menu Simple Menu

<Details of the Window >
1. {INPUT FILE1)}, {INPUT FILE2}

Specify the file number of the range to combine.
Value Content

Range 1 to 32| Select the number of the range to be input from 1 to 32.

2. {LOGIC}
Logic for combining the areas.

Value Content
AND Combine the selected two areas with the logic of “AND”.
OR Combine the selected two areas with the logic of “OR”.
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O Combination with “AND”

The overlapped area by the combination of two safety areas is created

as a new monitoring area.

Fig. 4-24: Image: Combined Area with “AND”

First area

Second area

FEEEEEEEEE AR

A S S SESEESEEEEE S

O Combination with “OR”

Combined area

=)

AND

The whole area consists of two safety areas is created as a new

monitoring area.

Fig. 4-25: Image: Combined Area with “OR”

First area
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3. {OUTPUT FILE}
Specify the file number of the combined area.
For the file number to be output, choose a file to which the monitoring
operation is set invalid because the file number is overwritten.
In case choosing a file to which the monitoring operation is set valid, an
error occurs.

Value Content

Range 1 to 32| Select the number of the range to be output from 1 to 32.

<Combining restrictions >
Combination of the areas are not executed when:
* The two areas are not connected

* Inside the range monitoring and the outside the range monitoring are
selected.

» The robot coordinates and the base coordinates are selected.

» The height of each area is different and “OR” is selected as their
logic.

» Same file number is specified at {INPUT FILE} and {OUTPUT FILE}

» The shape of the range specified to the input file is not convex.
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4.4 Speed Limit Function

4.41 Outline

Speed limit function is a function which sets the upper limit of the robot
group control point (TCP: Tool Center Point) speed and flange center point
(FCP) speed, and then monitors whether the speed at each point dose not
exceed the already-fixed speed using a software.

Fig. 4-26: TCP (Tool Center Point) and FCP (Flange Center Point)

S _ Flangs Center

Tool Center

— Paint

When “0” is set to speed limit, it is called stop position monitoring. The
manipulator or the station group can be monitored by stop position
monitoring.

For the manipulator group, the stop position monitoring is performed to
TCP or FCP to confirm each point does not move.

For the station group, the stop position monitoring is performed to each
axis position to confirm each axis does not move.

When the function file of the speed limit function is validated and in case
the taught speed is faster than the limited speed, the speed is decreased
to the limited speed, and the monitoring starts.

The time for decreasing the speed varies depending on the manipulator
type or teaching conditions. For this reason, in the functional safety
function, the period of time from validating the condition file to complete
decreasing is regarded as the detection delay time and this can be set to
the condition file.
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Fig. 4-27: Outline of Speed Limit Function

Speed 4

Reference |
Speed

Limit

Speed

Detection Delay Time

Alarm Detection

Period

Time

Condition File

Enable

v

Condition File

Disable

Thirty two files are prepared to this function and all axes motion range of
any one control group is set to a file. When a control group is set to
several files, the control group can be monitored by switching conditions.

In case an error is detected, the power supply to the motor is stopped
using the machine safety board (JANCD-YSF21-E). And the error is
notified using an alarm.

Along with the above mentioned monitoring, when it is in the teaching
mode, the speed is always monitored to be 250 mm/sec as the teach
mode safety speed.

Follow the procedures below when starting the speed limit function.

1. Set the tool file.

(Before using this function, execute tool file setting by referring to
section 6.3 “Tool File Setting” on page 6-10.)

l

2. Set the speed limit condition file.

l

3. Start the speed limit function.
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4.4.2 Speed Limit Function Window

Followings are the setting procedures for the axis range limit function.

1. Change the mode to the security mode, and then press {SAFETY
FUNC.} under the main menu.

Wain Menu |

e e

2. Press {SPEED LIMIT} in the sub menu.

— The list of the speed limit status appears.

i 2z = el

SPEED LIMIT
TEACH STAMD
FILE GROUP STATUS

COMMENT

INVALTD(STGNAL)

TEST

VALID(FILE)

SETTING

SETTING

SETTING

SETTING

SETTING

SETTING

SETTING

SETTING

SETTING

D D = D LD OO0 ] D0 e DD D

I
[
I
|
SETTING
[
I
|
I
I

SETTING

On the status list window, the thirty two setting files for the axis range limit
function are arranged so that their status can be confirmed. By scrolling
down the window, all the list can be seen.
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<Details of the Window >

1. {TEACH STANDARD}
Move the cursor to this item and press {SELECT] to display the list of
speed limit for the teach mode.
2. {FILE}
Display the file number for each condition.
3. {GROUP}
Display the object group for the monitoring for the present condition file.

Value Meaning

SETTING | The condition file is in the initial status or in the data setting status.
Not monitoring yet.

VALID Data setting is completed and monitoring status of the file is in valid
(FILE) status.

INVALID | Data setting is completed and monitoring status of the file is in
(FILE) invalid status.

VALID Data setting is completed and monitoring status of the file is in valid
(SIGNAL) | status by the establishment of the safety signal condition.

INVALID | Data setting is completed and monitoring status of the file is in
(SIGNAL) | invalid status by the disestablishment of the safety signal condition.

4.{COMMENT)}
The comment input is displayed.
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4.4.3 Speed Limit Function Condition File Setting Window

1. On the status list window, select a file number with the cursor, and then

press [SELECT].

— The individual setting window for the speed limit function opens.

The display on the window varies which group is to be monitored; robot

group or station group.

<When the robot group is monitored>

COMMENT
FILE SET STATUS

TED
FILE YALID COMD |SIGHAL

CTRL GROLP R

LIMIT SPEED 300.0] mm/'sec
DETECTION DELAY TIME|  1.00|sec
ACCEFTABLE RAMGE Jrakrrsek mm
INFUT STGHAL SET

bit0  [FSBINOTCHT

et o]

bit1  [FSBINOZ (#1

bitz  [SFBINOT

bit3 [r=----mm-

bitd [

OUTPUT SIGNAL  [FSBOUTO4 (#1)

| | PAGE | ||

STATUS

O QOO

<When the station group is monitored>

FILE SET STATUS |COMPLETED
FILE VALID COMD |SIGHAL

CTRL GROLP 52

i sec

seC

ITin

LIMIT SPEED ' 0.0
DETECTION DELAY TIME 1.00
ACCEPTABLE RANGE 1 2.000
INPUT SIGNAL

bit0  [FSBINOTCHT

et o]

bitl  [FSBINDZ (#1

bitz  [SFBINOT

bit3 [r=----mm=-

bitd [

OUTPUT SIGNAL  [FSBOUTD4 (#1)

| | PAGE | ||

STATUS

O QO30

By scrolling down the window with the cursor, all the indication can be

seen.
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<Details of the Window >

In this section, only the items to the axis range limit are explained. For the
items not mentioned here, please refer to section 4.7 “Common Setting
Item for the Condition File” on page 4-76.

1.{LIMIT SPEED}
Specify the speed limit to the motion speed in the object group.
When the robot group is monitored, the limit speed is specified with the
unit [mm/sec].
However, “0” (= stop position monitoring) is fixed when the station
group is monitored and it is not possible to specify a value to this item.
2. {DETECTION DELAY TIME}
Specify a time frame from validating the condition file to start the alarm
detection.
Even if the setting value is “0”, 1 [sec] is detected as the detection delay
time since the default value is set to this item.
For this reason, when a value is specified to this item,1 [sec] + the
specified value is regarded as the detection delay time.
3. {ACCEPTABLE RANGE}
This item can be specified when “0” is set to {SPEED LIMIT}. Also, this
item is used when the stop position monitoring is performed. Although
the stop position monitoring monitors the difference between the stop
position monitoring start position and the present position, to avoid any
alarms from occurring due to tiny motions such as turning ON of the
servo during the monitoring, {ACCEPTABLE RANGE} is specified.
An alarm occurs when the axis moves to exceed the position where the
acceptable range is added to the stop position monitoring start position.
When the robot group is monitored, it is measured in [mm].
and when the station group is monitored and the axis is a rotating axis, it
is measured in [deg], and is [mm] when the axis is a direct acting axis.
When”0” is set to {ACCEPTABLE RANGE}, as default values, 20 [mm]
is used for the robot group, and for the station group, 0.2 [deg] is used
for the rotation axis and 20 [mm] is used for the direct acting axis.

4.4.4 Starting the SPEED LIMIT

Specify the speed limit function and press {WRITE} button, the speed limit
function becomes valid.
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4.4.5 SPEED LIMIT in Teach Mode

While the teach mode is selected, to strictly observe the safety speed, the
speed monitoring of 250 [mm/sec] is performed in the functional safety
function. Unlike other speed limit function, this monitoring function cannot
be set invalid by the condition file setting.

However, only when the full speed test is input by the external signal and
when the manual brake is released, this monitoring function can be set
invalid and the speed can be increased faster than 250 [mm/sec] even
during the teach mode.

For the full speed test, refer to section 14.6.4 “Full-Speed Test” in the
“DX200 INSTRUCTIONS” (165292-1CD).

For releasing the manual brake function, refer to “DX200 OPTIONS
INSTRUCTIONS FOR MANUAL BRAKE RELEASE FUNCTION”
(165310-1CD).

When using the full speed test or manual brake release

@ functions, possible risks attributed to the speed limit release
should be sufficiently considered (risk assessment) before
operating the manipulator.
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The condition file setting window for the speed limit function in the
teaching mode opens by the following procedures.

1. Change the security mode to safety mode and then, press {SAFETY
FUNC.} under the main menu.

FILE T STATLS COMMENT

1 INVALTDCSIGNAL)  [TEST
VALID(FILE)
SETTING
SETTING
SETTING
SETTING
SETTING
SETTING
SETTING

I

|

I

I

SETTING
SETTING
SETTING
SETTING

D D = D LD OO0 ] D0 e DD D

4-57

HW1481991

89 of 164



165988-1CD

Safety Board Operation 4  Details of Functional Safety Function
4.4 Speed Limit Function

3. Press {TEACH STANDARD}

— Alist of condition file of the teach mode speed limit appears..

LIMIT SPEED
DETECTION DELAY TIME
OUTPUT STGMAL

FSBOUTOS (#1) (o

T T T 7

<Details of the Window >

1. {LIMIT SPEED}
It is fixed to 250 [mm/sec] and not modified.

2. {DETECTION DELAY TIME}
Specify a time frame from validating the condition file to start the alarm
detection. It is set as the time for decreasing the speed slower than
250 [mm/sec] when the full speed test function is released. Even if the
setting value is “0”, 1 [sec] is detected as the detection delay time since
the default value is set to this item. For this reason, when a value is
specified to this item,1 [sec] + the specified value is regarded as the
detection delay time.
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4.5

4.51

TOOL ANGLE MONITOR Function

Outline

The tool angle monitor function is a function that monitors the angle of the
tool by specifying the standard value of manipulator tool tilting angle and
the limit of the tool angle, and then, using the software, monitors whether
the standard value-centered tool angle does not exceed the specified limit
angle. In case the tool file is not specified, it monitors the titling angle of
the flange.

To the object manipulator group, the tool tilting angle which is regarded as
the reference for the monitoring is defined as “REF. ANGLE”. At this time
the tool posture is calculated on the basis of the base coordinates as its
standard. While the condition file is validated, this function monitors
whether the “REF. ANGLE"-centered angle of the tool does not exceed the
specified limit of the tool angle.

In case an error is detected, the power supply to the motor is stopped
using the machine safety board (JANCD-YSF21-E).

Thirty two files are prepared to this function and all axes motion range of
any one control group is set to a file. When a control group is set to
several files, the control group can be monitored by switching conditions.

Fig. 4-28: TOOL ANGLE MONITOR (EX: Laser Welding Application)

e.q. Laser head

Limited angle

Laser does not ﬁ’ T v

b /Referenng

this direction v ande
Laser direction * 4

Follow the procedures below when starting the tool angle monitor function.

1. Set the tool file.
(Before using this function, execute tool file setting by referring to
section 6.3 “Tool File Setting” on page 6-10.)

!

2. Set values to {REF. ANGLE} and {LIMIT ANGLE}.
l

3. Confirm the safety range.

!

4. Start the tool angle monitor function.
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4.5.2 Tool Angle Monitor Function Window
Followings are the setting procedures for the tool angle monitor function.

1. Change the mode to the security mode, and then press {SAFETY
FUNC.} under the main menu.

e e

SAFETY FUNC.

=

Fsial Lo, TOOL ANGLE
| [ e [ i Ton
b
LL:fl,

2. Press {TOOL ANGLE MONITORY} in the sub menu.

— The list of the tool angle monitor status appears.

e e

FILE GROUP STATUS COMMENT
INVALTDCSIGNAL)  [TEST
VAL ID(FILE)
COMF IRMING
SETTING
SETTING
SETTING
SETTING
SETTING

[

I

|

I

I

SETTING
SETTING
SETTING
SETTING
SETTING

D D = D LD OO0 ] D0 e DD D

On the status list window, the thirty two setting files for the axis range limit
function are arranged so that their status can be confirmed. By scrolling
down the window, all the list can be seen.
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<Details of the Window >

1. {FUNCTION DISABLE MODE)}
Specify ON/OFF of the tool angle monitor function. When ON is set to
this item, this function can be temporarily invalidated.

Value Meaning
OFF The tool angle monitor function is valid.
ON The tool angle monitor function is invalid.

At the same time, playback, test-run, forward/backward
operations are prohibited.

For the details, refer to section 6.1 “Function Disable Mode Function
Setting” on page 6-1.

2. {FILE}
The number of the condition file is displayed.
Move the cursor to any number and press [SELECT]. The individual
setting window for the selected condition file appears.
3. {GROUP}
The control group to be monitored specified by the condition file
4. {STATUS}

Monitoring status of the present condition file
Value Meaning

SETTING | The condition file is in the initial status or in the data setting status.
Not monitoring yet.

CONFIR | Confirming the area after the data is set. The status of the

MING monitoring operation depends on the valid condition of the condition
file.
VALID Data setting is completed and monitoring status of the file is in valid

(FILE) | status.

INVALID | Data setting is completed and monitoring status of the file is in
(FILE) invalid status.

VALID Data setting is completed and monitoring status of the file is in valid
(SIGNAL) | status by the establishment of the safety input signal condition.

INVALID | Data setting is completed and monitoring status of the file is in
(SIGNAL) | invalid status by the disestablishment of the safety input signal
condition.

5. {COMMENT)
The comment input is displayed.
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4.5.3 TOOL ANGLE MONITOR Condition File Setting

1. On the status list window, select a file number with the cursor, and then
press [SELECT].

— A setting window for the selected condition file of the axis range
monitor function appears.

COMMENT
FILE SET STATUS |COMPLETED
FILE VALID COMD |SIGHAL

CTRL GROLP R

REF. AMGLE  Rx 10.000] dez.
Ry 20.000| dee.
Rz 30.000| dee.
LIMIT ANGLE Ra 5.000]| dee.

INPUT SIGHAL SET_ STATUS
bit0  [FSBINOTCHI
bit!  FSBINO2CHT
bit2 [SFBINOT
bit3 [r=----mm=
R

OUTPUT SIGNAL  [FSBOUTOB(#1)

| PAGE | ||

By scrolling down the window with the cursor, all the items can be seen.

ot o]

o O0CCe
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<Details of the Window >

In this section, only the items inherent to the tool angle monitor function
are explained. For the items not mentioned here, please refer to section
4.7 “Common Setting Item for the Condition File” on page 4-76.

1.{REF. ANGLE}
Input a tool angle as a reference value for the tool angle monitor

function.

Follow the procedures below to confirm the present tool tilting angle.
1. Press {ROBOT} under the main menu.

Ine | 1T

2. Press {CURRENT POSITION} in the sub menu.
— CURRENT POSITION window appears.
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3. Select “BASE” in the selection box under {COORDINATE}.

DATA

PULSE
ROBOT
USER

B
T

EDIT DISPLAY

0
0
0
0
0
0

[Mair Menu

Simple Menu

UTILITY

DR EE S [

4. In the system where more than two tools are used, select tools when
the monitoring is performed.
( For the details, refer to section 2.3.4.1 in the “DX200 OPERATOR’S
MANUAL”.

5. Move the manipulator to be in the reference posture.

6. Record Rx, Ry and Rz values.

DATA EDIT DISPLAY UTILITY 1]@ M M % E d.ti'-j E ‘
BASE
Rl :¥ 573.000 mm Ry 180.0000 dee.
it 0.000 mm Ry -90.0000 dez.
Z 440,000 mm Rz 0.0000 dee.
< ROBOT TYPE > < ORIGIN >
FRONT 5< 180 H0 0.000 mm
P R< 180 0 0.000 mm
FLIP T< 180 70 0.000 mm

[Mair Menu

Simple Menu

7. Set the recorded Rx, Ry and Rz values to {REF. ANGLE} on the tool
angle monitoring condition file window.
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2. {LIMIT ANGLE}
Regard the REF.ANGLE-centered tool angle, which is the object of
monitoring, comprises of an appraising vector of the reference angle
and the present tool angle. The approaching vector is indicated in the
following ways.
» When the tool file is specified:
The vector of Z1 direction in the tool coordinates.

» When the tool file is not specified:
The vector of Zg direction in the flange coordinates.

Fig. 4-29: Approaching Vector

Flange coordinates X g

YE

Input the upper limit of the angle Ga which consists of the approaching
vector of the reference angle over the approaching vector of the present
position as the limit angle. The value from 0°to 90° can be input.

Fig. 4-30: Limit Angle of the Approaching Vector

Fresent angle

5 / appreaching vector

-.:_“_.d-"'-
e

a

\ Feference angle
approaching vector
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4.5.4 Confirmation of TOOL ANGLE LIMIT MONITOR

After the tool angle monitor is specified and {READ} is pressed, it is
necessary to confirm whether the monitoring is appropriately performed
inside the specified angle.

“CONFIRM?” is indicated at {FILE SET STATUS} on the tool angle monitor
window. Move the object manipulator to confirm whether it stops inside
the specified angle.

Fig. 4-31: Window for in CONFIRMING Status

DATA EDIT [ DISPLAY | UTILITY . ﬂ@@m & 3] E

COMMENT
FILE SET STATUS |COMFIRMING
FILE YALID COM

CTRL GROLP R

REF. ANGLE Ry | 180.000| dez.
Ry | -90.000|des.
Rz 0.000] dee.
LIMIT ANGLE Ra 5.000]| deg.

INFUT STGHAL SET STATUS
bitd  [FSBINOT(#1) O O
bitl [FSBINDZ(#1) OFF O

CONFIRM

Main Menu Sirmple Menu:

4.5.5 Starting the TOOL ANGLE MONITOR

After the manipulator is confirmed that it moves to its angle limit, press
{CONFIRMED} on the window. The robot range limit function becomes
valid.

Execute the practical job movement to confirm the followings.

1. Confirmation of the limit angle in the play mode
There may be following causes, in case an alarm occurred during the
play back operation of the operating job.
» Specified REF. ANGLE is not appropriate

* Specified LIMIT ANGLE is not appropriate
* Teaching operation is not appropriate

Re-set REF. ANGLE or LIMIT ANGLE, or correct the teaching operation.

In case “Alarm4792: F-SAFE TOOL ANGL MONITOR ERR” or
“Alarm4793: TOOL ANGL MONITOR ERR” appeared
<Cause>
The manipulator’s present posture exceeds the limit angle.

<Countermeasure>

Confirm the reference angle or the limit angle.

Modify the teaching point so that it moves inside the specified limited
angle.
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4.6

4.6.1

Tool Change Monitor Function

Outline

When performing monitoring functions of the safety such as the robot
range limit function or the speed limit function in the functional safety
function, appropriate tool information is required to be selected. In the
system where the tool change is required, the function safety function
changes the tool number in accordance with the specified value from the
master CPU.

This tool change monitor function monitors whether the tool is
appropriately changed. The monitoring is performed comparing the
master CPU-specified tool number and the tool number which is specified
to a safety signal -specified condition file. It is judged as an error when a
manipulator operates when these numbers are not consistent.

Sixteen files are prepared to this function and one tool number is set to
one file. This means that, for a robot group, up to sixteen files can be set
to monitor the tool change.

In case an error is detected, the power supply to the motor is stopped
using the machine safety board (JANCD-YSF21-E). And the error is
notified using an alarm.

Follow the procedures below when starting the tool change monitor
function.

1. Set the tool file.
(Before using this function, execute tool file setting by referring to
section 6.3 “Tool File Setting” on page 6-10.)

!

2. Set the tool interference file.
(Before using this function, execute tool interference file setting by
referring to section 6.4 “Tool Interference File Setting” on page 6-11.)

!

3. Set the tool change monitor function.

!

4. Confirm the tool change.

!

5. Start the tool change monitor function.
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4.6.2 Tool Change Monitor Function Window
Followings are the setting procedures for the tool angle monitor function.

1. Change mode to security mode, and then press {SAFETY FUNC.}
under the main menu.

[ 2]l 7 e

2. Press {TOOL CHANGE MONITOR} in the sub menu.
— The list of the tool change monitor status appears.
Il Gt

TOOL CHANGE MONITOR _
FUNCTION DISABLE MODE i
GROP  RT_|
FILE ToOC

1

STATUS COMMENT
TNVAL IDCSIGNAL)
SETTING
SETTING
SETTING
SETTING
SETTING
SETTING

|

|

|

I

I

SETTING
SETTING
SETTING
SETTING
SETTING

Mo — O OO OO0 ] D0 T P DD D

Wain Menu |

On the status list window, the sixteen setting files for the axis tool change
monitor function are arranged so that their status can be confirmed. By
scrolling down the window, all the list can be seen.
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1. {FUNCTION DISABLE MODE}
Specify ON/OFF of the tool change monitor function. When ON is set to
this item, this function can be temporarily invalidated.

Value Meaning
OFF The tool change monitor function is valid.
ON The tool change monitor function is invalid.

At the same time, playback, test-run, forward/backward
operations are prohibited.

For the details, refer to section 6.1 “Function Disable Mode Function
Setting” on page 6-1.

2. {GROUP}
The robot group to be specified by the condition file us selected from R1
to R8 (however, only the groups set to the DX200).

3. {FILE}
The number of the individual condition file is displayed.
A robot group object file selected at {GROUP} is displayed.
Move the cursor to any number and press [SELECT]. The individual
setting window for the selected condition file appears.

4. {STATUS}

Monitoring status of the present condition file
Value Meaning

SETTING | The condition file is in the initial status or in the data setting status.
Not monitoring yet.

CONFIR | Confirming the area after the data is set. The status of the

MING monitoring operation depends on the valid condition of the condition
file.
VALID Data setting is completed and monitoring status of the file is in valid

(FILE) status.

INVALID | Data setting is completed and monitoring status of the file is in
(FILE) invalid status.

VALID Data setting is completed and monitoring status of the file is in valid
(SIGNAL) | status by the establishment of the safety input signal condition.

INVALID | Data setting is completed and monitoring status of the file is in
(SIGNAL) | invalid status by the disestablishment of the safety input signal
condition.

5. {COMMENT}
The comment input is displayed.
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4.6.3 TOOL CHANGE MONITOR Condition File Setting

On the status list window, select a file number with the cursor, and then
press [SELECT].

A setting window for the selected condition file of the AXIS CHANGE
MONITOR function appears.

FILE NO.
COMMENT
FILE SET STATUS |COMPLETED

FILE YALID COMD |SIGHAL |

CTRL GROLP [

TOOL WO, Z
DETECTION DELAY TIME 1.00] sec
INFUT STGMAL STATUS
bit0  [FSBINOT(#1) L
bitl  [FSBINDZ(#1) &
bitz  [SFBINOT O
Bl | ———-— O
OUTPUT SIGNAL  [FSBOUTO7(#1) O
| PAGE | ||

By scrolling down the window with the cursor, all the items can be seen.

<Details of the Window >

In this section, only the items inherent to tool change monitor function are
explained. For the items not mentioned here, refer to section 4.7
“Common Setting Item for the Condition File” on page 4-76.

1.{TOOL NO.}
For confirming the tool number, specify a tool number which is specified
to the functional safety function, when this file is selected.

2. {DETECTION DELAY TIME}
Specify a time frame from validating the condition file to start the alarm
detection. It is detected as an error in case a tool change monitor
condition file is selected and one of the following conditions are met
after the time specified in {DETECTION DELAY TIME} is passed.

Error judging standard in the tool change monitoring function

Error judging condition Stop methods

All the condition files for one robot group is invalidated The manipulator stops by category “0”.

Two or more condition files for one robot group are The manipulator stops by the stopping method with
simultaneously validated the highest priority of the two validated files’

stopping method.

The manipulator is in operation while a tool number The manipulator stops by the stopping method of
specifying value and the tool number specifying value of the | the validated file stopping method.
validated condition files are not consistent.
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4.6.4 Confirmation of Tool Change Monitor

After the setting of the condition file and {READ} is pressed, it is

necessary to confirm whether the monitoring is appropriately performed
by the specified tool.

“CONFIRM” is indicated on the tool change window. “VALID” the file and

change the tool, and then move the object manipulator to confirm whether
a alarm occurs.

An alarm for the tool change monitor function occurs only

when the manipulator is in motion. (If it is in stop status,
‘@: monitoring is still performed but the alarm does not occur.)

However, once an alarm occurs, it keeps sounding unless
the problem is solved even the manipulator stops.

Perform changing the tool file while the manipulator is stop
status or there may following dangers when it is performed
while the manipulator is in operating status.

@ » Wrong tool may be selected.

* » The manipulator motion speed exceeds the speed limit in
case the tool before the change and after the change
differs widely.

4.6.5 Starting the Tool Change Monitor

After the tool change is confirmed, press {CONFIRMED} on the window.
The tool change monitor function becomes valid.

/1. CAUTION

By a tool change, an monitoring error may be detected in the robot
range limit function due to the change of tool model or TCP. For this

reason, when changing a tool, specify appropriate range of motions for
the object tool.
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4.6.6 When Using the Tool Change Monitor Function

When using the tool change monitor function, this function should be
validated in the maintenance mode.

Follow the procedures below.

1. Press {SYSTEM} under the main menu, and then press {SECURITY}
to change the mode to the security mode.

SECURI T"-r".

MODE OPERATION WMODE
EDITING MODE

MANAGEMEIH... MODE

‘Sinple Menu

2. Press {SYSTEM} under the main menu. And then, press {SET} in the
sub menu.

— SETUP window appears.

WL ANGUAGE
CICONTROL GROUP
WAPPLICATION
CIOPTION BOARD
10 MODULE
WCHOS MEMORY
CIDATEATIME
WOPTION FUNCTION

‘Sinple Menu
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3. Select {OPTION FUNCTION}, {Functional Safety} and “DETAIL".
— SAFETY FUNCTION window appears.

OPTION FUN

[CJROBOT DETACHMENT DETAIL
CINETHORK, DETAIL
CISOFTLIMITS CUSTOMIZATION DETAIL
CITOOL MO, SWITCHING WOT USED
ST UNIT INDICATION NOT USED
CIDISPLAY 10 NAME IN JOB WOT USED
CIEXTERMAL 10 SETUP DETAIL
CIYARTABLE ALLOCATION DETAIL
OEx. &%1S INDIVIDUAL CONTROL(SDA) DETAIL
CIAUTORACKUP (YCP21) WOT USED
OFunct ioral safety DETAIL
OEtheriet /IP{CPU Board) DETAIL
[Machine Safety function DETAIL

Funct ioral safety
Correct ion setting
Tool change monitor
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5. Press [ENTER], and a dialog box asking “Modify?” appears.
— Select “YES”.

=Y |: Funct ic

Funct ioral safety
Correct ion setting
Tool change monitor

Sinple Menu

6. Press {FILE} under the main menu. And then, press {INITIALIZE} in
the sub menu.

— A window for initialization appears.

Main Menu Sinple Menu
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7. Move the cursor and select “Functional Safety Board FLASH Reset”
on the window.

=S
C0B
CIFILE/GENERAL DATA
CIPARAMETER
O1/0 DATA

CISYSTEM DATA

[Machine Safety Board FLASH Erase
[Machine Safety Board FLASH Reset

Main Menu

8. Select “YES” when a window shown appears.

— Data of the functional safety board is reset. When resetting is
completed, a buzzer sounds in a few seconds.

=2

0JoB
OIFILE/GEMERAL DATA
CIPARAMETER
OI/0 DATA

CISYSTEM DAT

OFunct ional

Reset?

OFunct ional
[Machine Sa
[Machine Sa

Board FLASH Reset’. Select *Functional §

Main Menu Sin

9. Turn ON the controller power supply.
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Following alarm occurs at the first start-up and operation of the
manipulator after validating the tool change function because all the tool
change condition files are not specified yet.

“Alarm 4789: F-SAFE TOOL CHANGE MONITOR ERR”
Perform the tool change condition file settings, validate the tool change
monitoring function and reset the alarm.

/1. CAUTION

The tool change monitoring function is set to invalid at the default
status.

For the appropriate safety monitoring, be sure to validate the function
and perform the monitoring.

This monitoring should be set valid to monitor that the tool is not
changed even if the tool file is not changed.

4.7 Common Setting Item for the Condition File

Although the condition files of the functional safety function exist by
functions, there are common setting items to many files such as VALID/
INVALID of the file.

Here, in this chapter, details of the common items are explained. For the
safety signal settings, refer to chapter 5 “Safety Signal”.

{AXIS RANGE LIMIT} window is used as an example.

FILE SET STATUS |CUPLETED
FILE ¥ALID COND [STGHAL
ALRAM SET 0N

CTRL GROUP R
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<Details of the Window >

1.{COMMENT}
The comment input is displayed.
2. {FILE SET STATUS}

Status of the present condition file
Value Meaning

SETTING | The condition file is in the initial status or in the updating status.
When the data is changed by the read back operation, press
{WRITE} button, the data writing to the functional safety function is
completed, and then this changes to “CONFIRMING” or

“COMPLETED”.
CONFIR | The data is appropriately set and the limit area can be confirmed
MING after the file validating conditions are met.

Press {COMFIRM} button on the window after the area is confirmed.
“COMPLETE” is indicated when the data setting process are
completed.

In case the data is changed at this timing, the indication changes to
“CONFIRMING”.

Only the files mentioned below exist while “CONFIRMING” is
indicated.

+ Axis range limit function
* Robot range limit function
« Tool angle monitor function

+ Tool change monitor function

COMPLE | The condition file setting is completed. The safety monitoring can be
TED performed after the file validating conditions are met.

In case the data is changed at this timing, the indication changes to
“CONFIRMING”.

{FILE SET STATUS} can be specified on all the condition file window.

3. {FILE VALID COND}
Specify the conditions for validating the monitoring of the object files.
However, to validate the monitoring, condition file data should be
appropriately specified. The settings at this item might be ignored in
case “SETTING” is indicated at {FILE SET STATUS}.

Value Meaning
INVALID | Always invalidate the object file.
VALID Always validate the object file.

SIGNAL | Judge valid/invalid by referring the safety input signal.
For the details of the safety signal usage, refer to chapter 5 “Safety
Signal”.

{FILE VALID COND} can be specified on all the condition file window.
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4. {ALARM}

Select alarm or not alarm to the monitoring result of the object file.
Value Meaning
ON Servo is turned OFF with an alarm when an error occurs under the
(MOVE object file monitoring condition.
STOP)
OFF Although monitoring is performed under the object file condition,
(CONT alarm does not occur and the servo is not turned OFF even if a
MOVE) monitoring error occurred.

The monitoring result can be obtained by the safety output signal.

{ALARM} can be specified only to the axis range limit function and the
robot range limit function.

/1. CAUTION

When “OFF” is set to {ALARM]}, the functional safety function does not
stop the manipulator operation even if a monitoring error is detected in
the object file. In this regard, before operating the manipulator,
sufficiently consider possible risks attributed to the alarmless operation
(risk assessment) and take necessary measures to them.

5. {GROUP}
Specify the control group to be monitored specified by the condition file.

Selectable control groups vary depending on the function.

Function Selectable control group

Axis range limit function Robot, Base, Station group

Axis speed monitor function | Robot, Base, Station group

Robot range limit function Robot group

Speed limit function Robot, Station group
Tool angle monitor function | Robot group
Tool change monitor The group is fixed by files. When modifying the object group,
function change it on the list of tool angle monitor function window.
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5 Safety Signal

For the functional safety function, the safety monitoring condition files can
be switched by the safety input signal.

Also, this function corresponds the outputting of the monitoring result by
the safety output signal.

Followings are the safety signal available for the functional safety function.

Safety sign
Signal Signal point Remarks
Functional safety Input: 8 points/station This signal is connected per functional safety

general signal

Output: 8 points/station board.

Safety fieldbus signal

Input: 64 points/system | One safety fieldbus signal is connected to one
Output: 64 points/system | system.

Depending on the settings, up to 64 points can be
used from one safety board.

The safety fieldbus function is not a functional
safety function but an optional function.

If the safety fieldbus signal is included, up to 72 points can be used from one
safety board.

To condition files, as many functional safety signals as desired can be
allocated within the possible signal points, in this consequence signals are
flexibly used even if the board has small numbers of signal points.

Follow the procedures below when using the safety signals.

1. Safety fieldbus signal allocation (it is not necessarily use only the
functional safety user signal)

l

2. Set the condition file.
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5.1 Safety Fieldbus Signal Allocation

The safety fieldbus function is not a functional safety function but an
optional function. When it is valid, the safety fieldbus signal can be used
in the functional safety function.

Safety fieldbus signal transmits/receives the safety-guaranteed “safety
data” through the fieldbus communication path. It has 64 input signal
points and 64 output signal points.

These signals are commonly used in the whole system and thus they can
be referred from both machine safety board and functional safety board.
In this consequence, “SAFETY SIG. BOARD ALLOC” function is prepared
to define which signal is to be used in which board.

1. Change the mode to the security mode, and then press {SAFETY
FUNC.} under the main menu.

[ 2]l 7 e

2. Press {SAFETY SIG. BOARD ALLOC} in the sub menu.

— The list of the safety signal board allocation status appears.

EE BN

MCTION DISABLE MODE [OFF
FILE GROUP STATUS RAMNGE COMMENT
INVALID(SIGNAL)  [-=------ TEST
VAL ID(FILE) MOT SAFE
COREMRAES P e
= TN T Y | i
EIEHRIN I | ——
= TN |
EIEHRINIIC T Y |—
= TN T Y |t

[
I
|
I
I

SETTING |-
SETTING |-
SETTING |-
SETTING |-
SETTING -

D D = D LD OO0 ] D0 e DD D
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OAllocation of input signal

'f5F21-E
'f5F2h-E #1
SFBIM 02 [YSF25-E ALL USE
SFEIM 03 NOT USED

SFEIM 04 WOT USED

SFEIM 05 NOT USED

M 06 NOT USED

SFBIM 07 MOT USED

SAFETY SFEIM 08 WOT USED
SFEIM 03 NOT USED

SFEIM 10 WOT USED

SFBIM 11 MOT USED

SFBIM 12 NOT USED

M 13 NOT USED

5

> 1)
I LNIT
IN 00 [¥SF21-E
IN 01 [¥SF25-E #1
SFBIM 02 [YSF25-E ALL USE
SFEIM 03 NOT USED
SFEIM 04 WOT USED
SFEIM 05 NOT USED
SFEIM 06 WOT USED
SFBIM 07 MOT USED
SAFETY SFEIM 08 WOT USED
SFEIM 03 NOT USED
SFEIM 10 WOT USED
SFBIM 11 MOT USED
SFBIM 12 NOT USED
IN 13 NOT_USED

Wain Menu |
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<Details of the Window >
1. {INPUT SIGNAL}, {INPUT SIGNAL}
Indicates the input or output signal.
2. {UNIT}
The board where the safety fieldbus input signal is to be used are
selected from the following (a) to (d), and that of output signal is
selected from the following (a) to (c).
a) The signal is not used

b) YSF21-1E (machine safety board)

c) YSF25#1 to YSF25 #8
(lone functional safety board)

d) YSF25-1E ALL (whole of functional safety board)

Basically, to avoid duplicated use of one signal, one safety signal is
allocated to one board. However, confined to the input signal, when one
signal is referred by several terminals, it can be redundantly referred by
selecting “whole of functional safety board”.

Item Meanings

The signal is not used The object signal is not used

YSF21-1E (machine The object signal can be used on the machine
safety board) safety board.

YSF25 #1 to YSF25 The object signal is used on the functional safety
#8 (lone functional board (one terminal from terminal 1 to terminal 8)

safety board)

YSF25-1E ALL (whole | The object signal is used on the whole functional
functional safety safety board existing in the system.

board)
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5.2 Safety Function Condition File Setting

A window for setting signals are prepared to all the condition files.

Axis range limit function window is shown below as an example of signal
setting window.

INPUT STGHAL SET STATUS

bit0  [FSBINOTCHT) ION ®
bitl  [FSBINOZ(#1) IOFF O
bit2 [SFBINOT O v
- Rk O
P | ok O

O

QUTPUT SIGMAL  [FSBOUTOT (K1)

<Details of the Window >

1. {INPUT SIGNAL)}
To validate an object condition file, specify a safety input signal for
reference.
Same input signal cannot be specified in the same condition file. The
already-specified signal does not appear in the selection list in the same
condition file.
However, only the safety fieldbus input signals to which available
allocation is specified on the functional safety board is indicated in the
selection list.

Value Meanings
NO CONFIG Signal is not specified

FSBINO1 to FSBINO8 | Specify the functional safety user input signal (signal 1 to 8)
(# n): station number of the functional safety board

SFBINO1 to SFBING64 | Specify the safety fieldbus input signal (signal 1 to 64)

{INPUT SIGNAL} is indicated on all the condition file window.
“SIGNAL” should be set to {FILE VALID COND} when inputting values
to this item.

2. {SET}
To the input value of the signal selected at {INPUT SIGNAL}, specify

either ON or OFF for satisfying the condition to set valid.

Value Meanings

OFF The valid condition is satisfied when the value set at
{INPUT SIGNAL} becomes OFF.

ON The valid condition is satisfied when the value set at
{INPUT SIGNAL} becomes ON.

{INPUT SIGNAL} can be specified on all the condition file window.
“SIGNAL” should be set to {FILE VALID COND} when inputting values
to this item.
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3. {STATUS}
The present input value of the signal input at {INPUT SIGNAL}.

Value Meanings

0 The present input value of the signal set at {INPUT
SIGNAL} is OFF.

PY The present input value of the signal set at {INPUT
SIGNAL} is ON.

{INPUT SIGNAL} can be specified on all the condition file window.
“SIGNAL” should be set to {FILE VALID COND} when inputting values
to this item.

4. {OUTPUT SIGNAL)}
Specify a signal to output the object condition file monitoring result.
To avoid a redundant output result, two of the same output signal cannot
be specified in one system. The already-specified signal does not
appear in the selection list in the same condition file.
However, only the safety fieldbus input signals to which available
allocation is specified on the functional safety board is indicated in the
selection list.

Value Meanings
NO CONFIG Signal is not specified

FSBINO1 to FSBINO8 | Specify the functional safety user input signal (signal 1 to 8)
(# n): terminal number of the safety functional board

SFBINO1 to SFBING4 | Specify the safety fieldbus input signal (signal 1 to 64)

{OUTPUT SIGNAL} can not be specified on all the condition file window.
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5.3

File Switching to Valid/Invalid by the Safety Signal

Judging method for switching the condition file using the safety input
signal is explained here.

Fig. 5-1: Signal Setting Window

The input signal is judged line-by line.

INPUT STGhAL SET STATLIS
bitd  [FSEINOT(#1) 0y [ ]
bitl  [FSBIMOZ (RT) [OFF i
bit?  [SFBINO1 [ 2
bitd [------------ ALK O
bitd |------------ KK O

OUTPUT STGMAL FSEOUTOT (#1) O

As shown in Fig. 5-1 “Signal Setting Window” on page 5-7, when

performing a setting as marked with the red square, the condition of bit 0
line is defined as satisfied because “ON” is set to {SET} at the input signal
{FSBINO1}, and ® (=ON)} is set to {STATUS}.

Up to 5 signals can be set to a condition file (up to 4 for the tool change

monitor function).

Conditions of the lines from bit0 line to bit4 line are judged by the safety
input signal respectively, the object condition file is validated only when all
the conditions are satisfied.

For the line “****” (undefined) is indicated at {SET} is disregarded for this

judgement.

Fig. 5-2: When the Conditions for File Validation is Satisfied

T S FETET] [T |esseies
bit1 FSBIND2 (#1) IOM ® /
Sl a
e ———— ook |

OUTPUT SIGNAL  [FSBOUTOT (1| O

Fig. 5-3: When the Condition for File Validation is Not Satisfied

INPUT SIGNAL SET  STATUS[Conditions is
bitd [FSBINOTCRT) | [OFF O Lot satisfied
bit] FRINGGD | [0 e,
| bit2 [SFBINOT ON O | [Disregarded |
bita  ISEE MY ] /
| bitd [ fpoorx O
OUTPUT SIGNAL  FSBOUTOTCED O
o-7
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There can be a time difference after the first signal and
before the last signal. In the functional safety function, an
interval of 32 [ms] is equipped to the system to be totally
switched to internally settled after the last signal change.

For this reason, please take this into consideration when

@ performing the following operations.

- » When switching several signals, do not take more than
32 [ms].
—The signals may be settled with half-specified values.

* Do not use signals that continue shifting ON/OFF within
the interval of less than 32 [ms].
—Signals will not be settled.

On the basis of above mentioned judging methods, following patterns can
be conceived when switching files using three signals.

Pattern 1: When switching one file using one signal
Operate more than two files respectively.
Simultaneous monitoring is available.
The number of the object file: 3

Condition file | Signal and setting | Setting | Conditions for validating the file
File 1 Signal A ON .(Signal A)
File 2 Signal B OFF O (Signal B)
File 3 Signal C ON .(Signal C)
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Pattern 2: When switching one file using more than two

signals

Select one file out of several files.
Many files can be managed with less signals. This pattern is effective
when simultaneous monitoring is not necessary.

The number of the object file: 8

Condition file | Signal and setting | Setting | Conditions for validating the file

File 1

Signal A

OFF

O(Signal A)

Signal B OFF O(Signal B)

Signal C OFF O(Signal C)

File 2 Signal A ON .(Signal A)
Signal B OFF O(Signal B)

Signal C OFF O(Signal C)

File 3 Signal A OFF O(Signal A)
Signal B ON .(Signal B)

Signal C OFF O(Signal C)

Filed4 Signal A ON .(Signal A)
Signal B ON .(Signal B)

Signal C OFF O(Signal C)

File 5 Signal A OFF O(Signal A)
Signal B OFF O(Signal B)

Signal C ON .(Signal C)

File 6 Signal A ON .(Signal A)
Signal B OFF O(Signal B)

Signal C ON .(Signal C)

File 7 Signal A OFF O (signal A)
Signal B ON .(Signal B)

Signal C ON .(Signal C)

File 8 Signal A ON .(Signal A)
Signal B ON .(Signal B)

Signal C ON .(Signal C)
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5.4

Safety Signal Output Value

The output signal outputs the status of safety or not safety over the
monitoring conditions when the object condition file is validated.

Followings show the meanings of output result for each safety function.

Basically, output signal ON is defined as safety side and OFF is defined as
not safety side in preparation for the disconnection of the hard signals, etc.

In case the status becomes not safety and OFF is output during the
monitoring, the OFF signal is kept outputting unless the error alarm is re-

set.

If the alarm is set to be out of occurring by a condition file, the signal keeps
outputting OFF while in not safety status and becomes ON when it returns

to the safety status.

/1. CAUTION

output signals are turned OFF.

In case a major alarm occurred in the functional safety function, all the

Axis range limit function

Object file status | Monitoring result

Output value

Invalid - OFF
Valid All the axes monitoring is validated are inside the safety ON
range.
Some of the axes monitoring are validated are detected to | OFF
be outside the safety range
For some of the axes monitoring are validated, the stop OFF

position to which coasting value is included are detected to
be in error status when moving close to the border of the
safety range.

Axis speed monitor function

Object file status | Monitoring result

Output value

Invalid - OFF
Valid All the axes monitoring is validated are inside the safety range. | ON
Some of the axes monitoring are validated are detected to be | OFF

outside the safety range
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Robot range limit function

Object file status

Monitoring result

Output value

Invalid - OFF
Valid Object manipulator or tool is inside the safety range. ON
Object manipulator or tool is detected to be outside the safety | OFF
range
For the object manipulator or tool, the stop position to which OFF

coasting value is included are detected to be in error status
when moving close to the border of the safety.

Speed limit function

Object file status

Monitoring result

Output value

Invalid - OFF
Valid Object groups for monitoring are inside the limited speed. | ON
Object groups for monitoring detected the limited speed OFF

error.

Tool angle monitor function

Object file status

Monitoring result

Output value

Invalid - OFF
Valid The tool angle of the object group for monitoring is inside | ON
the limited angle.
An error is detected to the tool angle of the object group for | OFF

monitoring.

Tool change monitor function

Object file status

Monitoring result

Output value

Invalid

There is no valid file

OFF

Valid

One condition file is specified as valid and the value is
inconsistent with the master CPU.

ON

One condition file is specified as valid but the value is not
consistent with the master CPU.

OFF the valid file
signal

Several condition files are specified as valid

OFF all the valid
file signal

5-11
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6 Common Settings

6.1

Function Disable Mode Function Setting

When this function is used, all the object condition files of the safety
monitoring function (32 files) can be set invalid.

This function is used in the following functions marked with O.

Function Availability

Axis range limit function

Axis speed monitor function

Robot range limit function

Speed limit function

Tool angle monitor function

O| O|X| O|X O

Tool change monitor function

This temporal disabling function is mainly used to recover from the

alarming status activated by exceeding the safety range for the range of

motion limiting function.

Although the alarm activated by the safety monitoring is a re-settable
alarm, it alarms again even if it is re-set when the manipulator or the

external axis is exceeding the safety range.
Follow the procedures below when recovering from the alarm.

1. Temporarily disable the safety function that an alarm is detected.

l

2. Reset the alarm

l

3. Jog operate to move the manipulator or the external axis inside the

safety range.

l

4. Release the temporal disable.
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The function disable mode function can be specified on the list of status
window. The axis range limit function window is used as an example of
settings.

EE BN

FILE GROUP STATUS RAMNGE COMMENT
INVALID(SIGNAL)  [-=------ TEST
VAL ID(FILE) MOT SAFE
COREMRAES P e
= TN T Y | i
EIEHRIN I | ——
= TN |
EIEHRINIIC T Y |—
= TN T Y |t

[

I

|

I

I

SETTING |-
SETTING |-
SETTING |-
SETTING |-
SETTING -

D D = D LD OO0 ] D0 e DD D

Set “ON” to {FUNCTION DISABLE MODE}. The window changes as
below to show that the function is temporarily disabled.

AXIS RANGE LIMIT
FUMCTION DISABLE MODE

Monitoring this fucntion is temporarily disabled.
Cannot execute Plavback and Test run.
Select OFF to restart monitoring.
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Also, in the message area at the lower right of the window, a message
showing that the object function is being temporarily disabled appears.

<Message>
“Axis range limit function is temporarily disable”

“Robot range limit function is temporarily disable”

“Tool angle monitor function is temporarily disable”

“Tool change monitor function is temporarily
disable”

To an specific output signal, a signal for the disabled function is output.

<Specific output signal>
-Axis range limit is temporarily disabled

-Robot range limit is temporarily disabled

-Tool angle monitor is temporarily disabled

-Tool change monitor is temporarily disabled
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6.1.1 Restrictions while Function Disable Mode Function is Valid

Restrictions are set to the following operations while the function disable

mode function is validated because this function also invalids monitoring
operations.

When moving the manipulator or the external axis while the restrictions
are set, only the jog operation using the programming pendant is
available. And an error occurs when trying to execute those operations.

* Play back operation

* Forward and Backward operations
* Test-run operation

* 1/0 Jog operation

» Execution of motor gun auto tuning

<Error Message>

Error 1191: Axis range limit function is temporarily disable

Error 1192: Robot range limit function is temporarily disable

Error 1193: Tool angle monitor function is temporarily disable

Error 1194: Tool change monitor function is temporarily disable

Following error codes are returned when executing the data transmission
or start commands of the high-speed Ethernet server, or when executing
jobs of Motoplus or Pendant customization functions.

<Error Message>

3061: “Axis range limit function is temporarily disable”

3062: “Robot range limit function is temporarily disable”

3063: “Tool angle monitor function is temporarily disable”
3064: “Tool change monitor function is temporarily disable”
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6.1.2 Security Level Setting for Function Disable Mode

For the functions in which the function disable mode exists, the security
level to use this mode can be selected.

Open the function disable mode setting window by the following
procedures.

1. Change the mode to safety mode, and then press {SETUP} under the
main menu.

% 2] Al % el

Ine | 1T

Wain Menu |

2. Press {OPERATE COND.} in the sub menu.
— OPERATE CONDITION SETTING window appears.

— When the security level is higher than the safety mode and the
functional safety function is validated, {FUNC DISABLE MODE
SECURITY(FSU)} item appears on this window.

2|2} el 2 T

DPERATE CONDITION SETTING

SPEED DATA INPUT FORM mm/sec

CYCLE SWITCH IM TEACH MODE CYCLE

CYCLE SWITCH IN PLAY MODE CYCLE

CYCLE SWITCH IN LOCAL MODE CYCLE

CYCLE SWITCH IN REMOTE MODE CYCLE

SET CYCLE OM PONER OM CYCLE
SECURITY MODE WHEM POWER OM EDITING MODE
JOB STEP WHEW POWER ON POWER OFF
GEMERAL OUT KEEP WHEW POWER ON POWER OFF

FUNC DISABLE MODE SECURITY(F3U)
TOOLCINTFIFILE OPE SECURITY (FSU)

SAFETY MODE
SAFETY MODE
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<Details of the Window >

{FUNC DISABLE MODE SECURITY (FSU)}

Value Meaning

EDITING Switching of {FUNCTION DISABLE MODE} is permitted in the
MODE editing or higher mode.

MANAGEMENT | Switching of {FUNCTION DISABLE MODE} is permitted in the
MODE management or higher mode.

SAFETY MODE

Switching of {FUNCTION DISABLE MODE} is permitted in the safety
mode. (Default)
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6.2 External Axis Coasting Value Setting

This setting can be referred by the following safety functions. When using
the safety function marked with Oin the following table, an advanced
setting is required.

Function Reference

Axis range limit function

Axis speed monitor function

Speed limit function

Tool angle monitor function

O
X
Robot range limit function 0O
X
X
X

Tool change monitor function

In case the power supply to the servo is turned OFF while the manipulator
is in operation, it may move a little bit before completely stopping because
of the force of inertia. The functional safety function functions by
estimating the moving value (coasting value) of the manipulator from the
servo OFF position to the completely stopped position in accordance with
each axis speed.

By setting the manipulator to stop just before it exceeds the safety range
including its coasting distance on the basis of the estimated coasting
value, the stop position of the manipulator does not exceed the safety
range.

For example, when the manipulator is operating with 100% of operating
speed, the functional safety function starts instructing the manipulator to
stop “the coasting value when the manipulator is operating with 100% of
operating speed” before the border of its limited area.

Also, when the manipulator is operating with 50% of operating speed, the
functional safety function starts instructing the manipulator to stop “the
coasting value when the manipulator is operating with 50% of operating
speed” before the border of its limited area.

For the coasting value of the manipulator, it is already set before
shipment. However, for an external axis, it should be set by the customer.

When the monitoring operations in the axis range limit function or the
robot range limit function is valid but its coasting value is not set, an error
may occur and following operations will be restricted.

* Play back operation

* Forward and Backward operations
* Test-run operation

* 1/0 Jog operation

» Execution of motor gun at tuning

The coasting value is difficult to obtain by calculation. Do
not use values using in other systems because the value

) varies largely depending on the structure or shape of the
external axis.

When inputting a temporary value, set a large value enough
to avoid the risk.
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<Error message>

“Error 0384: Coasting value setting of Ex-axis is not completed”

Following error code is returned when executing the data transmission,
the starting system command by the high-speed Ethernet server or the
play back operations from the programming pendant customization
function or Motoplus before setting of the coasting value is not completed.

<Error codes>

3065 “Coasting value setting of Ex-axis is not completed”

Setting of the coasting value is not necessary for the
system to which the external axis does not exist. Also,
e following sub menu is not displayed.

Open the external axis coasting value setting window by the following
procedures.

1. Change the mode to the safety mode, and then press {SAFETY
FUNC.} under the main menu.

e 2l ] = el

|
|
|

[air Menu |
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2. Press {COASTING VALUE SETTING} in the sub menu.
— COASTING VALUE SETTING window appears.

— When several external axes exist, press [PAGE] to alternate the
external axes.

DATA EDIT DISPLAY UTILITY 1]& M M E d.ti'-j E ‘

IMMEDIATE STOP

COASTING VALUE
1 0.000] mm

Wain Menu Simple Menu

<Details of the Window >

1. {IMMEDIATE STOP}
The value input to {COASTING VALUE} should be measured in the
category 0 status. For the coasting value measurement, the category

can be modified.

Value Meaning

OFF Category 1 is set for the stop of the robot and the external axis
(Default)

ON Category 0 is set for the stop of the robot and the external axis

* “OFF” should be set to {IMMEDIATE STOP} again after
the coasting value measurement.

* When the starting operation is executed while “ON” is set,
a dialog box notifying that “Immediate stop” is already set
appears.

If performing the coasting value measurement, the play
back operation can be executed after selecting "YES” and

@: re-start the starting operation.

Immediate stop is valid. Operate?
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2. {COASTING VALUE}
Set the coasting value to a object axis. The inputting range is from
0.000 to 999.999.

A message “Select “Functional Safety Board FLSH Reset”

in the maintenance mode.” appears when the coasting
@: value is edited.

L4 Re-set the data by following the procedures in section 7.2
“FLASH Data Reset” on page 7-2.

While modifying the coasting value, the power supply to the
servo is stopped and the operation of the manipulator or the
axis is disabled. However the modification is continuously

% available. For this reason, it is recommended to turn ON
the power supply to the controller after finish modifying all
the coasting value.

6.3 Tool File Setting

This setting can be referred by the following safety functions. When using
the safety function marked with Oin the following table, an advanced
setting is required.

Function Reference

Axis range limit function

Axis speed monitor function

Robot range limit function

Speed limit function

Tool angle monitor function

Xooo><><

Tool change monitor function

The tool file should be appropriately specified for the precise monitoring of
the safety function.

Refer to section 8.3 “Tool Data Setting” in the “DX200 INSTRUCTIONS
(165292-1CD) for the firm settings.
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6.4 Tool Interference File Setting

This setting can be referred by the following safety functions. When using
the safety function marked with Oin the following table, an advanced
setting is required.

Function Reference

Axis range limit function

Axis speed monitor function

Robot range limit function

Tool angle monitor function

X
O
Speed limit function X
X
X

Tool change monitor function

In the robot range limit function, monitoring of the manipulator as well as
its tool is executed. In this case, register the tool shape to the tool
interference file as an approximate model.

Set a tool interference file as instructed below.

1. Change the mode to the safety mode, and then press {ROBOT} under
the main menu.

CURRENT
POSITION

a2¢

IT

Hain Menu Simple Menu
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2. Select {TOOL INTERFERE} under the sub menu.
— TOOL INTERFERE window appears.
[INEC TR

DIZPLAY UTILITY

[ TooL
1

Dour B cl i
Cmm)  POINTZ (mm) RADIUS(mm)
— 1.+ 0 | n]
ARD WELDING v 0 0
F z [ 0
—_— B i 0 i [ ]
YARIABLE Y 0 0
BOO1 z ! g
== ] ] [ o
IN/OUT ; g E
|,.@'3‘,[ 4.8 [ 0 [ ]
— ¥ 0 0
ROBOT z [ i
@ 5. K [ 0 I ]
¥ [ 0
z [ 0

<Details of the Window >

1. {1} to {5}
Cylinders and spheres for up to 5 positions can be set.

2. {POINT1} to {POINT5}
Input the coordinate value of XYZ, and set both ends of a cylinder.
The distance from the center of T axis flange should be set like tool
dimension setting.

3. {RADIUS}
The radius of the spheres and cylinder between POINT1 and POINTZ2 is
set. The spheres are set to POINT1 and POINT2.
It is measured in [mm]
The specified radius must have a margin of at least 10 mm compared
with the actual tool.
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<Tool interference file setting example>

Fig. 6-1: Tool Interference File Setting Example

140

Robot 25
' Model 2
Point 1
... N o
Tool coodinate origin N I ™ X
(flange surface) | \ ~L S >
— P q\ 9
Model 1
Point 1 hn
Model 1 N
Point 2 o
\\—Tool &
Model 3
Point1 ] %Model 2
\/ﬁ Point 2
N4
Model 3
Point 2
zV
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Model 1: Set the flange surface to Point 1, and (X=140, Z=85) to Point 2.

Model 2: Set (X=140, Z=-30) to Point 1, and (X=140, Z=250) to Point 2.
This setting defines a model that is parallel to the Z direction of
the tool coordinates.

Model 3: Set (X=140, Z=250) to Point 1, and (X=25, Z=350) to Point 2.
By setting the point 2 of model 2 and the point 1 of model 3 at the
same position, model 2 and 3 are defined at consecutive
positions.

Following window shows the result of the setting model shown in
Fig. 6-1 “Tool Interference File Setting Example”.

DIZPLAY UTILITY

| E Y= |

POINTZ (mm} RADIUS(mm}

70|

140 140 [ 30|

140 [ [ Hi

/1 CAUTION

When setting a radius to a tool model, in accordance to the distance
from the flange face, set it a little bit longer one.

Distance from the flange | Recommended radius
0 mm 55 mm
100 mm 58 mm
200 mm 60 mm
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6.5

Security Level Setting for Tool File and Tool Interference

Files

In the system where the functional safety function is not used, both tool file
and tool interference files can be operated in the edit or higher mode.

On the other hand, in the system where the function is used, in the default
setting, they can be operated only in the safety mode because these files
influence the safety monitoring operation.

The person who has a safety license can select one out of three security
level for operating the tool file or tool interference file.

The setting window opens by the following procedures.

1. Change the mode to the safety mode, and then press {SETUP} under

the main menu.

INe | 12T

Main Menu

EE ENEE

2. Select {OPERATE CONDITION SETTING} under the sub menu.
— OPERATE CONDITION SETTING window appears.

— When the security level is higher than the safety mode and the
functional safety function is validated, {TOOL (INTIF)FILE OPE

SECURITY (FSU)} item appears on this window
7 2] A % bl

CPERATE COMDITION SETTING
SPEED DATA IWPUT FORM

CYCLE SWITCH IM TEACH MODE
CYCLE SWITCH IN PLAY MODE
CYCLE SWITCH IN LOCAL MODE
CYCLE SWITCH IN REMOTE MODE
SET CYCLE OW POWER OW

SECURITY MODE WHEN POKWER OM
JOB STEP WHEM POWER OM

GEMERAL OUT KEEP WHEW PORER OM
FUNC DISABLE MODE SECLRITY(FSU)
TOOLCINTF)FILE OPE SECLRITY(FSU)

6-15

i/ sec

CYCLE

CYCLE

CYCLE

CY¥CLE

C¥CLE

EDITING MODE

PONER OFF

PONER OFF

SAFETY MODE
SAFETY MODE
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<Details of the Window >

{TOOL (INTF)FILE OPE SECURITY (FSU)}

Value Meaning

EDITING Operation of the tool file and tool interference file is permitted in the
MODE editing or higher mode.

MANAGEMENT | Operation of the tool file and tool interference file is permitted in the
MODE management or higher mode.

SAFETY MODE

Operation of the tool file and tool interference file is permitted in the
safety mode. (Default)

6-16
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7.1 Saving Dual Data

7 Data Protection

7.1 Saving Dual Data
The data related to the functional safety function is saved in the function
safety board memory in a duplicated manner for safety.

When the control power is turned ON, check is performed to see that dual
data sets are the same.

If they are different when the control power is turned ON, the following
alarm occurs.

Alarm 0300: “VERIFY ERROR(SYSTEM CONFIG-DATA)[10]”

In the system with the functional safety function, a message “Select
‘Functional Safety Board FLASH Reset’ in the maintenance mode” is
displayed after the following operations.

Turning ON or OFF causes error in verification.

» The data related to the functional safety function is loaded from an
external storage.

» The home position calibration or the home position change operation
is performed.

* The tool calibration operation is performed.
* The zeroing function is performed.
* Encoder is reset

* Tool weight and tool center settings are performed in the load
estimating function

In case one of the above mentioned operations is performed, re-set the
data following the procedures shown in section 7.2 “FLASH Data Reset”.

In the maintenance mode, there are cases when parameters relevant to
the functional safety function are rewrote by several setting operations.
For this reason, perform functional safety board FLASH reset operation by
following the procedures shown in section 7.2 “FLASH Data Reset”.
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7 Data Protection
7.2 FLASH Data Reset

7.2

FLASH Data Reset

If the following alarm occurs when the control power supply is turned ON,
Alarm 0300: “VERIFY ERROR(SYSTEM CONFIG-DATA)[10]"

perform the following operations to re-set the data of the function safety

board.

1. When the controller power is turned ON,
Alarm 0300: “VERIFY ERROR(SYSTEM CONFIG-DATA)[10]” occurs
and the maintenance mode is started up.

2. Select {SYSTEM} under the main menu. Then, press {SECURITY} to
change the security mode to the safety mode.

[1JOB
OFILE/GEMERAL DATA
OPARAMETER
140 DATA
CISYSTEM DATA
OFunctional S
WForctional 3
OFunctional Safety Related Files
[Machine 3afety Board FLASH Erase
OMachine Safety Board FLASH Resst

ety Board FLASH Erase
o Soard FLASH Reset

Main Menu

Select 'Functional -;S'Ia?:eby Board FLASH

3. Select {FILE} under the main menu. Then, select {INITIALIZE} under

the sub menu.

— INITIALIZE window appears.

C1JOB
CIFILE/GENERAL DATA
CIPARAMETER

170 DATA

CISYSTEM DAT)

OFunct icnal

OFunct icnal

Reset?

Main Meru

Board FLASH Reset”.

Select "Functional

7-2
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7 Data Protection
7.2 FLASH Data Reset

4. Move the cursor to {Functional Safety Board FLASH Reset} and press

[ENTER].

INITIALIZE

C1.JoB

CF ILE/GENERAL DATA

CIPARAMETER

O1/0 DATA

CISYSTEM DATA

DFUDC‘[ |0na\ Safe‘[y Board FLASH Erase

DFunctlona\ Safe‘[y aed Fi \es -

Sinple Henu

5. The dialog box “Reset?” is displayed. Select [YES].

— The data of the safety function board is re-set. A few seconds later,

the buzzer sounds and the data setting is completed.

INITIALIZE

OJoB
CIFILE/GENERAL DATA
CIPARAMETER
OIL40 DATA
CISVSTEM DATA
OFunctional Reset?

OFunctional

‘Sinels Menu

6. When the data reset is completed, turn the control power OFF and

then turn the power ON again.
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8 LED Indication

8

LED Indication

As shown in the figure below, 4 LEDs are equipped to each of the 2 CPUs
on the functional safety board. The LEDs show the operating statuses.

Fig. 8-1: LED Arrangement

@

CPUZ Side LED
ERR (D32
LED2 {093
LED1 (D&}
LEDO (D72

CP Side LED
ERR (D&>
LED2 (D133
LED1 (D123
LEDQ (D113

i
[Tt

System statuses and LED indications are shown below.

Status

LED indication

Right after applying the power

All light up

During the start-up process

Green LED flights up in a specified pattern
(Refer to section 8.1 “LED Indication
during Start-up Process”.)

After starting up normally

“LEDO” (D11, D7) blinks in 1-sec cycle

Function disable mode is set to a
function after starting up normally

“LED2” (D13, D9) lights up while the
function disable mode is ON

Exception occurrence

“ERR” (D6, D3) at the alarm occurring
CPU side lights up

Alarm occurrence

“‘ERR” (D12 or D8) at the alarm occurring
CPU side lights up

8-1
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8.1 LED Indication during Start-up Process

8.1 LED Indication during Start-up Process

Followings show the LED indication while start-up operation is processed.

LED indication Meanings
Power supply is turned ON

ERR:D6,D3 @
LED2:D13, D9
LED1:D12, D8
LEDO:D11, D7

Boot program is started up

ERRD6,D3 O [ ]
Lep2:013,09 O [ |
Lep1:p12,08 O [ ]

LEDO:D11, D7 Light u

!

Hardware initialization is completed

ERRD6,D3 O [ ]
Ltep2:p13, 09 O [ ]

LED1:D12, D8 Light up
LEDO:D11, D7 Light up

OFF-line command waiting

LED2 blinks in 1-sec cycle
ERRD6,D3 O [ ] ( ycle)
LED2:D13, D9
LED1:D12, D8
LEDO:D11, D7 Light up

System program is started up (off-line)
ERRD6,D3 O [ | (LEDO blinks in 0.5-sec cycle)
Lep2:p13,09 O [ ]
Lept:p12,08 O [ |
LEDO:D11, D7

8-2 142 of 164

HW1481991



165988-1CD

Safety Board Operation 8 LED Indication
8.1 LED Indication during Start-up Process

LED indication Meanings
Main program of functional safety function
program is started up (pre on-line)
ERRD6,D3 O [ |
Lep2:p13,09 O [ ]
LED1:D12, D8
Lepop11,07 O [ ]
Synchronization with the main CPU is
) completed
ERRD6,D3 O [ ] (LEDO blinks in 0.5-sec cycle)
LED2:D13, D9
Leptptz,os O [ ]
LEDO:D11, D7
Functional safety function start-up process
. completed (on-line)
ERRD6, D3 O [ ] (LEDO blinks in 1-sec cycle)
Lep2:p13,00 O [ ]
Lep1:p12,08 O [ ]
LEDO:D11, D7
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9 Functional Safety Board Replacing Procedure

Replace the functional safety function board following the procedures
below.

1. Turn OFF the power supply to the DX200.

2. Disconnect cables from the CN250 and CN251 connectors on the
functional safety board. (CN251 can be a terminate connector.)

Fig. 9-1: CN250 and CN251 Connectors

CN251 CN250

1

[ju-li|

mo%

j O

e, - e e
EEEEEmER

o

®

3. Replace the functional safety board. A connector CNBX which is
connected to a servo board (SRDA-EAXA21A) is mounted at the
backside of this board. For this reason, replace the functional safety
board with caution so that the CNBX is appropriately connected to the
servo board.

Fig. 9-2: CNBX Connector
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9

Functional Safety Board Replacing Procedure

4.
5.

Connect cables to CN250 and CN251 as they were.

Perform the setting of the rotary switch S3 on the functional safety
function board. The number of the switch is specified by the terminal
number of the board. The terminal number of the functional safety
board is same as that of connected servo board. Follow the numbers
in the table below when setting the rotary switches.

Terminal number on
functional safety
board

1

Rotary switch number

O|lN|[oOjfO|BA~lOIDN
N|ojloa|lb~lOINI—~]|O

Fig. 9-3: Rotary Switch

6.
7.

0 =S
B -g".ﬂ
J :[i: .. -%é
-_ I

Turn ON the power supply to the DX200.

In case the following alarm occurred when the power supply is turned
ON, re-set the data following the procedures shown in section 7.2
“FLASH Data Reset”

Alarm 0300: “VERIFY ERROR(SYSTEM CONFIG-DATA)[10]".

9-2
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10  Specific Output Signal

10 Specific Output Signal

There are following signals output to the concurrent 1/0 while functional

safety function is used.

INOTE

Signals output to the concurrent I/O is just an au xi rial
signals to confirm the functional safety function status.

To realize the safety monitoring, use the safety output
signal. (Refer to chapter 5 “Safety Signal”.)

+ 52010 to 52047

Output the monitoring valid /invalid status of the axis range limit function.

ON: the monitoring is valid

OFF: the monitoring is invalid

52017 52016 52015 52014 52013 52012 52011 52010
SOUT#1608 | SOUT#1607 | SOUT#1606 | SOUT#1605 | SOUT#1604 | SOUT#1603 | SOUT#1602 | SOUT#1601
Axis range | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange
limit limit limit limit limit limit limit limit
Condition Condition Condition Condition Condition Condition Condition Condition
file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52027 52026 52025 52024 52023 52022 52021 52020
SOUT#1616 | SOUT#1615 | SOUT#1614 | SOUT#1613 | SOUT#1612 | SOUT#1611 | SOUT#1610 | SOUT#1609
Axis range | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange
limit limit limit limit limit limit limit limit
Condition Condition Condition Condition Condition Condition Condition Condition
file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52037 52036 52035 52034 52033 52032 52031 52030
SOUT#1624 | SOUT#1623 | SOUT#1622 | SOUT#1621 | SOUT#1620 | SOUT#1619 | SOUT#1618 | SOUT#1617
Axis range | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange
limit limit limit limit limit limit limit limit
Condition Condition Condition Condition Condition Condition Condition Condition
file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52047 52046 52045 52044 52043 52042 52041 52040
SOUT#1632 | SOUT#1631 | SOUT#1630 | SOUT#1629 | SOUT#1628 | SOUT#1627 | SOUT#1626 | SOUT#1625
Axis range | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange | Axisrange
limit limit limit limit limit limit limit limit
Condition Condition Condition Condition Condition Condition Condition Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
10-1
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+ 52050 to 52087

Output the monitoring valid /invalid status of the axis speed monitor

function.

ON: the monitoring is valid

OFF: the monitoring is invalid

52057 52056 52055 52054 52053 52052 52051 52050
SOUT#1640 | SOUT#1639 | SOUT#1638 | SOUT#1637 | SOUT#1636 | SOUT#1635 | SOUT#1634 | SOUT#1633
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52067 52066 52065 52064 52063 52062 52061 52060
SOUT#1648 | SOUT#1647 | SOUT#1646 | SOUT#1645 | SOUT#1644 | SOUT#1643 | SOUT#1642 | SOUT#1641
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52077 52076 52075 52074 52073 52072 52071 52070
SOUT#1656 | SOUT#1655 | SOUT#1654 | SOUT#1653 | SOUT#1652 | SOUT#1651 | SOUT#1650 | SOUT#1649
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52087 52086 52085 52084 52083 52082 52081 52080
SOUT#1664 | SOUT#1663 | SOUT#1662 | SOUT#1661 | SOUT#1660 | SOUT#1659 | SOUT#1658 | SOUT#1657
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
10-2
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* 52090 to 52127

Output the monitoring valid /invalid status of the robot range limit

function.

ON: the monitoring is valid

OFF: the monitoring is invalid

52097 52096 52095 52094 52093 52092 52091 52090
SOUT#1672 | SOUT#1671 | SOUT#1670 | SOUT#1669 | SOUT#1668 | SOUT#1667 | SOUT#1666 | SOUT#1665
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition Condition Condition Condition Condition Condition Condition Condition
file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52107 52106 52105 52104 52103 52102 52101 52100
SOUT#1680 | SOUT#1679 | SOUT#1678 | SOUT#1677 | SOUT#1676 | SOUT#1675 | SOUT#1674 | SOUT#1673
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52117 52116 52115 52114 52113 52112 52111 52110
SOUT#1688 | SOUT#1687 | SOUT#1686 | SOUT#1685 | SOUT#1684 | SOUT#1683 | SOUT#1682 | SOUT#1681
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52127 52126 52125 52124 52123 52122 52121 52120
SOUT#1696 | SOUT#1695 | SOUT#1694 | SOUT#1693 | SOUT#1692 | SOUT#1691 | SOUT#1690 | SOUT#1689
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
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* 52130 to 52167

Output the monitoring valid /invalid status of the speed limit function.

ON: the monitoring is valid

OFF: the monitoring is invalid

52137 52136 52135 52134 52133 52132 52131 52130
SOUT#1704 | SOUT#1703 | SOUT#1702 | SOUT#1701 | SOUT#1700 | SOUT#1699 | SOUT#1698 | SOUT#1697
Speed Speed Speed Speed Speed Speed Speed Speed
limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52147 52146 52145 52144 52143 52142 52141 52140
SOUT#1712 | SOUT#1711 | SOUT#1710 | SOUT#1709 | SOUT#1708 | SOUT#1707 | SOUT#1706 | SOUT#1705
Speed Speed Speed Speed Speed Speed Speed Speed
limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52157 52156 52155 52154 52153 52152 52151 52150
SOUT#1720 | SOUT#1719 | SOUT#1718 | SOUT#1717 | SOUT#1716 | SOUT#1715 | SOUT#1714 | SOUT#1713
Speed Speed Speed Speed Speed Speed Speed Speed
limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
52167 52166 52165 52164 52163 52162 52161 52160
SOUT#1728 | SOUT#1727 | SOUT#1726 | SOUT#1725 | SOUT#1724 | SOUT#1723 | SOUT#1722 | SOUT#1721
Speed Speed Speed Speed Speed Speed Speed Speed
limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
10-4

HW1481991

149 of 164



165988-1CD

Safety Board Operation

10  Specific Output Signal

* 52130 to 52167

Output the monitoring valid /invalid status of the tool angle monitor

function.

ON: the monitoring is valid

OFF: the monitoring is invalid

52177 52176 52175 52174 52173 52172 52171 52170
SOUT#1736 | SOUT#1735 | SOUT#1734 | SOUT#1733 | SOUT#1732 | SOUT#1731 | SOUT#1730 | SOUT#1729
Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle

monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid

52187 52186 52185 52184 52183 52182 52181 52180
SOUT#1744 | SOUT#1743 | SOUT#1742 | SOUT#1741 | SOUT#1740 | SOUT#1739 | SOUT#1738 | SOUT#1737
Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle

monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid

52197 52196 52195 52194 52193 52192 52191 52190
SOUT#1752 | SOUT#1751 | SOUT#1750 | SOUT#1749 | SOUT#1748 | SOUT#1747 | SOUT#1746 | SOUT#1745
Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle

monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid

52207 52206 52205 52204 52203 52202 52201 52200
SOUT#1760 | SOUT#1759 | SOUT#1758 | SOUT#1757 | SOUT#1756 | SOUT#1755 | SOUT#1754 | SOUT#1753
Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle | Tool angle

monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25

Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid | Valid/Invalid
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* 52210 to 52367

Output the monitoring valid /invalid status of the tool change monitorr

function.

ON: the monitoring is valid

OFF: the monitoring is invalid

52217

52216

52215

52214

52213

52212

52211

52210

SOUT#1768

SOUT#1767

SOUT#1766

SOUT#1765

SOUT#1764

SOUT#1763

SOUT#1762

SOUT#1761

Tool change
monitor(R1)
Condition
file 8
Valid/Invalid

Tool change
monitor(R1)
Condition
file 7
Valid/Invalid

Tool change
monitor(R1)
Condition
file 6
Valid/Invalid

Tool change
monitor(R1)
Condition
file 5
Valid/Invalid

Tool change
monitor(R1)
Condition
file 4
Valid/Invalid

Tool change
monitor(R1)
Condition
file 3
Valid/Invalid

Tool change
monitor(R1)
Condition
file 2
Valid/Invalid

Tool change
monitor(R1)
Condition
file 1
Valid/Invalid

52227

52226

52225

52224

52223

52222

52221

52220

SOUT#1776

SOUT#1775

SOUT#1774

SOUT#1773

SOUT#1772

SOUT#1771

SOUT#1770

SOUT#1769

Tool change
monitor(R1)
Condition
file 16
Valid/Invalid

Tool change
monitor(R1)
Condition
file 15
Valid/Invalid

Tool change
monitor(R1)
Condition
file 14
Valid/Invalid

Tool change
monitor(R1)
Condition
file 13
Valid/Invalid

Tool change
monitor(R1)
Condition
file 12
Valid/Invalid

Tool change
monitor(R1)
Condition
file 11
Valid/Invalid

Tool change
monitor(R1)
Condition
file10
Valid/Invalid

Tool change
monitor(R1)
Condition
file 9
Valid/Invalid

52237

52236

52235

52234

52233

52232

52231

52230

SOUT#1784

SOUT#1783

SOUT#1782

SOUT#1781

SOUT#1780

SOUT#1779

SOUT#1778

SOUT#1777

Tool change
monitor(R2)
Condition
file 8
Valid/Invalid

Tool change
monitor(R2)
Condition
file 7
Valid/Invalid

Tool change
monitor(R2)
Condition
file 6
Valid/Invalid

Tool change
monitor(R2)
Condition
file 5
Valid/Invalid

Tool change
monitor(R2)
Condition
file 4
Valid/Invalid

Tool change
monitor(R2)
Condition
file 3
Valid/Invalid

Tool change
monitor(R2)
Condition
file 2
Valid/Invalid

Tool change
monitor(R2)
Condition
file 1
Valid/Invalid

52247

52246

52245

52244

52243

52242

52241

52240

SOUT#1792

SOUT#1791

SOUT#1790

SOUT#1789

SOUT#1788

SOUT#1787

SOUT#1786

SOUT#1785

Tool change
monitor(R2)
Condition
file 16
Valid/Invalid

Tool change
monitor(R2)
Condition
file 15
Valid/Invalid

Tool change
monitor(R2)
Condition
file 14
Valid/Invalid

Tool change
monitor(R2)
Condition
file 13
Valid/Invalid

Tool change
monitor(R2)
Condition
file 12
Valid/Invalid

Tool change
monitor(R2)
Condition
file 11
Valid/Invalid

Tool change
monitor(R2)
Condition
file10
Valid/Invalid

Tool change
monitor(R2)
Condition
file 9
Valid/Invalid

52257

52256

52255

52254

52253

52252

52251

52250

SOUT#1800

SOUT#1799

SOUT#1798

SOUT#1797

SOUT#1796

SOUT#1795

SOUT#1794

SOUT#1793

Tool change
monitor(R3)
Condition
file 8
Valid/Invalid

Tool change
monitor(R3)
Condition
file 7
Valid/Invalid

Tool change
monitor(R3)
Condition
file 6
Valid/Invalid

Tool change
monitor(R3)
Condition
file 5
Valid/Invalid

Tool change
monitor(R3)
Condition
file 4
Valid/Invalid

Tool change
monitor(R3)
Condition
file 3
Valid/Invalid

Tool change
monitor(R3)
Condition
file 2
Valid/Invalid

Tool change
monitor(R3)
Condition
file 1
Valid/Invalid
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52267

52266

52265

52264

52263

52262

52261

52260

SOUT#1808

SOUT#1807

SOUT#1806

SOUT#1805

SOUT#1804

SOUT#1803

SOUT#1802

SOUT#1801

Tool change
monitor(R3)
Condition
file 16
Valid/Invalid

Tool change
monitor(R3)
Condition
file 15
Valid/Invalid

Tool change
monitor(R3)
Condition
file 14
Valid/Invalid

Tool change
monitor(R3)
Condition
file 13
Valid/Invalid

Tool change
monitor(R3)
Condition
file 12
Valid/Invalid

Tool change
monitor(R3)
Condition
file 11
Valid/Invalid

Tool change
monitor(R3)
Condition
file10
Valid/Invalid

Tool change
monitor(R3)
Condition
file 9
Valid/Invalid

52277

52276

52275

52274

52273

52272

52271

52270

SOUT#1816

SOUT#1815

SOUT#1814

SOUT#1813

SOUT#1812

SOUT#1811

SOUT#1810

SOUT#1809

Tool change
monitor(R4)
Condition
file 8
Valid/Invalid

Tool change
monitor(R4)
Condition
file 7
Valid/Invalid

Tool change
monitor(R4)
Condition
file 6
Valid/Invalid

Tool change
monitor(R4)
Condition
file 5
Valid/Invalid

Tool change
monitor(R4)
Condition
file 4
Valid/Invalid

Tool change
monitor(R4)
Condition
file 3
Valid/Invalid

Tool change
monitor(R4)
Condition
file 2
Valid/Invalid

Tool change
monitor(R4)
Condition
file 1
Valid/Invalid

52287

52286

52285

52284

52283

52282

52281

52280

SOUT#1824

SOUT#1823

SOUT#1822

SOUT#1821

SOUT#1820

SOUT#1819

SOUT#1818

SOUT#1817

Tool change
monitor(R4)
Condition
file 16
Valid/Invalid

Tool change
monitor(R4)
Condition
file 15
Valid/Invalid

Tool change
monitor(R4)
Condition
file 14
Valid/Invalid

Tool change
monitor(R4)
Condition
file 13
Valid/Invalid

Tool change
monitor(R4)
Condition
file 12
Valid/Invalid

Tool change
monitor(R4)
Condition
file 11
Valid/Invalid

Tool change
monitor(R4)
Condition
file10
Valid/Invalid

Tool change
monitor(R4)
Condition
file 9
Valid/Invalid

52297

52296

52295

52294

52293

52292

52291

52290

SOUT#1832

SOUT#1831

SOUT#1830

SOUT#1829

SOUT#1828

SOUT#1827

SOUT#1826

SOUT#1825

Tool change
monitor(R5)
Condition
file 8
Valid/Invalid

Tool change
monitor(R5)
Condition
file 7
Valid/Invalid

Tool change
monitor(R5)
Condition
file 6
Valid/Invalid

Tool change
monitor(R5)
Condition
file 5
Valid/Invalid

Tool change
monitor(RS)
Condition
file 4
Valid/Invalid

Tool change
monitor(RS5)
Condition
file 3
Valid/Invalid

Tool change
monitor(R5)
Condition
file 2
Valid/Invalid

Tool change
monitor(R5)
Condition
file 1
Valid/Invalid

52307

52306

52305

52304

52303

52302

52301

52300

SOUT#1840

SOUT#1839

SOUT#1838

SOUT#1837

SOUT#1836

SOUT#1835

SOUT#1834

SOUT#1833

Tool change
monitor(R5)
Condition
file 16
Valid/Invalid

Tool change
monitor(R5)
Condition
file 15
Valid/Invalid

Tool change
monitor(R5)
Condition
file 14
Valid/Invalid

Tool change
monitor(R5)
Condition
file 13
Valid/Invalid

Tool change
monitor(R5)
Condition
file 12
Valid/Invalid

Tool change
monitor(R5)
Condition
file 11
Valid/Invalid

Tool change
monitor(R5)
Condition
file10
Valid/Invalid

Tool change
monitor(R5)
Condition
file 9
Valid/Invalid

52317

52316

52315

52314

52313

52312

52311

52310

SOUT#1848

SOUT#1847

SOUT#1846

SOUT#1845

SOUT#1844

SOUT#1843

SOUT#1842

SOUT#1841

Tool change
monitor(R6)
Condition
file 8
Valid/Invalid

Tool change
monitor(R6)
Condition
file 7
Valid/Invalid

Tool change
monitor(R6)
Condition
file 6
Valid/Invalid

Tool change
monitor(R6)
Condition
file 5
Valid/Invalid

Tool change
monitor(R6)
Condition
file 4
Valid/Invalid

Tool change
monitor(R6)
Condition
file 3
Valid/Invalid

Tool change
monitor(R6)
Condition
file 2
Valid/Invalid

Tool change
monitor(R6)
Condition
file 1
Valid/Invalid
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52327

52326

52325

52324

52323

52322

52321

52320

SOUT#1856

SOUT#1855

SOUT#1854

SOUT#1853

SOUT#1852

SOUT#1851

SOUT#1850

SOUT#1849

Tool change
monitor(R6)
Condition
file 16
Valid/Invalid

Tool change
monitor(R6)
Condition
file 15
Valid/Invalid

Tool change
monitor(R6)
Condition
file 14
Valid/Invalid

Tool change
monitor(R6)
Condition
file 13
Valid/Invalid

Tool change
monitor(R6)
Condition
file 12
Valid/Invalid

Tool change
monitor(R6)
Condition
file 11
Valid/Invalid

Tool change
monitor(R6)
Condition
file10
Valid/Invalid

Tool change
monitor(R6)
Condition
file 9
Valid/Invalid

52347

52346

52345

52344

52343

52342

52341

52340

SOUT#1872

SOUT#1871

SOUT#1870

SOUT#1869

SOUT#1868

SOUT#1867

SOUT#1866

SOUT#1865

Tool change
monitor(R7)
Condition
file 8
Valid/Invalid

Tool change
monitor(R7)
Condition
file 7
Valid/Invalid

Tool change
monitor(R7)
Condition
file 6
Valid/Invalid

Tool change
monitor(R7)
Condition
file 5
Valid/Invalid

Tool change
monitor(R7)
Condition
file 4
Valid/Invalid

Tool change
monitor(R7)
Condition
file 3
Valid/Invalid

Tool change
monitor(R7)
Condition
file 2
Valid/Invalid

Tool change
monitor(R7)
Condition
file 1
Valid/Invalid

52357

52356

52355

52354

52353

52352

52351

52350

SOUT#1880

SOUT#1879

SOUT#1878

SOUT#1877

SOUT#1876

SOUT#1875

SOUT#1874

SOUT#1873

Tool change
monitor(R7)
Condition
file 16
Valid/Invalid

Tool change
monitor(R7)
Condition
file 15
Valid/Invalid

Tool change
monitor(R7)
Condition
file 14
Valid/Invalid

Tool change
monitor(R7)
Condition
file 13
Valid/Invalid

Tool change
monitor(R7)
Condition
file 12
Valid/Invalid

Tool change
monitor(R7)
Condition
file 11
Valid/Invalid

Tool change
monitor(R7)
Condition
file10
Valid/Invalid

Tool change
monitor(R7)
Condition
file 9
Valid/Invalid

52357

52356

52355

52354

52353

52352

52351

52350

SOUT#1880

SOUT#1879

SOUT#1878

SOUT#1877

SOUT#1876

SOUT#1875

SOUT#1874

SOUT#1873

Tool change
monitor(R8)
Condition
file 8
Valid/Invalid

Tool change
monitor(R8)
Condition
file 7
Valid/Invalid

Tool change
monitor(R8)
Condition
file 6
Valid/Invalid

Tool change
monitor(R8)
Condition
file 5
Valid/Invalid

Tool change
monitor(R8)
Condition
file 4
Valid/Invalid

Tool change
monitor(R8)
Condition
file 3
Valid/Invalid

Tool change
monitor(R8)
Condition
file 2
Valid/Invalid

Tool change
monitor(R8)
Condition
file 1
Valid/Invalid

52367

52366

52365

52364

52363

52362

52361

52360

SOUT#1888

SOUT#1887

SOUT#1886

SOUT#1885

SOUT#1884

SOUT#1883

SOUT#1882

SOUT#1881

Tool change
monitor(R8)
Condition
file 16
Valid/Invalid

Tool change
monitor(R8)
Condition
file 15
Valid/Invalid

Tool change
monitor(R8)
Condition
file 14
Valid/Invalid

Tool change
monitor(R8)
Condition
file 13
Valid/Invalid

Tool change
monitor(R8)
Condition
file 12
Valid/Invalid

Tool change
monitor(R8)
Condition
file 11
Valid/Invalid

Tool change
monitor(R8)
Condition
file10
Valid/Invalid

Tool change
monitor(R8)
Condition
file 9
Valid/Invalid
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+ 52370 to 52407

Output the monitoring results for each condition file at the axis range limit

function.

For the details of the output value, refer to section 5.4 “Safety Signal
Output Value” on page 5-10.

52377 52376 52375 52374 52373 52372 52371 52370
SOUT#1896 | SOUT#1895 | SOUT#1894 | SOUT#1893 | SOUT#1892 | SOUT#1891 | SOUT#1890 | SOUT#1889
Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range

limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring

result result result result result result result result

52387 52386 52385 52384 52383 52382 52381 52380
SOUT#1904 | SOUT#1903 | SOUT#1902 | SOUT#1901 | SOUT#1900 | SOUT#1899 | SOUT#1898 | SOUT#1897
Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range

limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring

result result result result result result result result

52397 52396 52395 52394 52393 52392 52391 52390
SOUT#1912 | SOUT#1911 | SOUT#1910 | SOUT#1909 | SOUT#1908 | SOUT#1907 | SOUT#1906 | SOUT#1905
Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range

limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring

result result result result result result result result

52407 52406 52405 52404 52403 52402 52401 52400
SOUT#1920 | SOUT#1919 | SOUT#1918 | SOUT#1917 | SOUT#1916 | SOUT#1915 | SOUT#1914 | SOUT#1913

Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range | Axis range
limit limit limit limit limit limit limit limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
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* 52410 to 52447

Output the monitoring results for each condition file at the axis speed
monitor function.

For the details of the output value, refer to section 5.4 “Safety Signal
Output Value” on page 5-10.

52417 52416 52415 52414 52413 52412 52411 52410
SOUT#1928 | SOUT#1927 | SOUT#1926 | SOUT#1925 | SOUT#1924 | SOUT#1923 | SOUT#1922 | SOUT#1921
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed

monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition

file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring

result result result result result result result result

52427 52426 52425 52424 52423 52422 52421 52420
SOUT#1936 | SOUT#1935 | SOUT#1934 | SOUT#1933 | SOUT#1932 | SOUT#1931 | SOUT#1930 | SOUT#1929
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed
monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52437 52436 52435 52434 52433 52432 52431 52430
SOUT#1944 | SOUT#1943 | SOUT#1942 | SOUT#1941 | SOUT#1940 | SOUT#1939 | SOUT#1938 | SOUT#1937
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed
monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52447 52446 52445 52444 52443 52442 52441 52440
SOUT#1952 | SOUT#1951 | SOUT#1950 | SOUT#1949 | SOUT#1948 | SOUT#1947 | SOUT#1946 | SOUT#1945
Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed | Axis speed
monitor monitor monitor monitor monitor monitor monitor monitor
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
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* 52450 to 52487

Output the monitoring results for each condition file at robot range limit
function.

For the details of the output value, refer to section 5.4 “Safety Signal
Output Value” on page 5-10.

52457 52456 52455 52454 52453 52452 52451 52450
SOUT#1960 | SOUT#1959 | SOUT#1958 | SOUT#1957 | SOUT#1956 | SOUT#1955 | SOUT#1954 | SOUT#1953
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52467 52466 52465 52464 52463 52462 52461 52460
SOUT#1968 | SOUT#1967 | SOUT#1966 | SOUT#1965 | SOUT#1964 | SOUT#1963 | SOUT#1962 | SOUT#1961
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52477 52476 52475 52474 52473 52472 52471 52470
SOUT#1976 | SOUT#1975 | SOUT#1974 | SOUT#1973 | SOUT#1972 | SOUT#1971 | SOUT#1970 | SOUT#1969
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52487 52486 52485 52484 52483 52482 52481 52480
SOUT#1984 | SOUT#1983 | SOUT#1982 | SOUT#1981 | SOUT#1980 | SOUT#1979 | SOUT#1978 | SOUT#1977
Robot Robot Robot Robot Robot Robot Robot Robot
range limit | range limit | range limit | range limit | range limit | range limit | range limit | range limit
Condition | Condition | Condition | Condition | Condition | Condition | Condition | Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
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to 52527

+ 52490

Output the monitoring results for each condition file at speed limit function.

For the details of the output value, refer to section 5.4 “Safety Signal

Output Value” on page 5-10.

52494

52493

52492

SOUT#1986

52491

SOUT#1985

52490

52497

52496

52495

SOUT#1989

SOUT#1988

SOUT#1987

Speed limit

Speed limit

SOUT#1991

SOUT#1990

Speed limit

Speed limit

SOUT#1992
Speed limit

Speed limit

Speed limit

Speed limit

Condition

Condition

Condition
file 3

Condition

file 2

Condition
file 1

Monitoring

Condition
result

file 6
Monitoring
result

file 4
Monitoring
result

Monitoring
result

Condition
file 7
Monitoring
result

file 5
Monitoring
result

Monitoring

Condition file
result

8
Monitoring
result

52500
SOUT#1993
Speed limit

52501
SOUT#1994
Speed limit

52502
SOUT#1995
Speed limit

52503
SOUT#1996
Speed limit

52504
SOUT#1997
Speed limit

52505
SOUT#1998
Speed limit

52506
SOUT#1999
Speed limit

52507
SOUT#2000
Speed limit

Condition
file 8
Monitoring
result

Condition
file 9
Monitoring
result

Condition
file 11
Monitoring
result

Condition
file 12
Monitoring
result

Condition
file 13
Monitoring
result

Condition
file 14
Monitoring
result

Condition
file 15
Monitoring
result

Condition file
16
Monitoring
result

52510
SOUT#2001
Speed limit

52511
SOUT#2002
Speed limit

52512
SOUT#2003
Speed limit

52513
SOUT#2004
Speed limit

52514
SOUT#2005
Speed limit

52515
SOUT#2006
Speed limit

52516
SOUT#2007
Speed limit

52517
SOUT#2008
Speed limit

Condition
file 17
Monitoring
result

Condition
file18
Monitoring
result

Condition
file 19
Monitoring
result

Condition
file 20
Monitoring
result

Condition
file 21
Monitoring
result

Condition
file 22
Monitoring
result

Condition
file 23
Monitoring
result

Condition file
24
Monitoring
result

52520

SOUT#2009
Speed limit

52521

SOUT#2010
Speed limit

52522

SOUT#2011
Speed limit

52523

SOUT#2012
Speed limit

52524

SOUT#2013
Speed limit

52525

SOUT#2014
Speed limit

52526
SOUT#2015
Speed limit

52527
SOUT#2016
Speed limit

Condition
file 25
Monitoring
result

Condition
file 26
Monitoring
result

Condition
file 27
Monitoring
result

Condition
file 28
Monitoring
result

Condition
file 29
Monitoring
result

Condition
file 30
Monitoring
result

Condition file| Condition
32 file 31

Monitoring | Monitoring
result result
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* 52530 to 52567

Output the monitoring results for each condition file at tool angle monitor

function.

For the details of the output value, refer to section 5.4 “Safety Signal
Output Value” on page 5-10.

52537 52536 52535 52534 52533 52532 52531 52530
SOUT#2024 | SOUT#2023 | SOUT#2022 | SOUT#2021 | SOUT#2020 | SOUT#2019 | SOUT#2018 | SOUT#2017
Tool angle | Toolangle | Tool angle | Tool angle | Tool angle | Toolangle | Tool angle | Tool angle
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 8 file 7 file 6 file 5 file 4 file 3 file 2 file 1
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52547 52546 52545 52544 52543 52542 52541 52540
SOUT#2032 | SOUT#2031 | SOUT#2030 | SOUT#2029 | SOUT#2028 | SOUT#2027 | SOUT#2026 | SOUT#2025
Tool angle | Toolangle | Toolangle | Toolangle | Toolangle | Tool angle | Tool angle | Tool angle
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 16 file 15 file 14 file 13 file 12 file 11 file 10 file 9
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52557 52556 52555 52554 52553 52552 52551 52550
SOUT#2040 | SOUT#2039 | SOUT#2038 | SOUT#2037 | SOUT#2036 | SOUT#2035 | SOUT#2034 | SOUT#2033
Tool angle | Toolangle | Toolangle | Toolangle | Toolangle | Tool angle | Tool angle | Tool angle
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 24 file 23 file 22 file 21 file 20 file 19 file 18 file 17
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
52567 52566 52565 52564 52563 52562 52561 52560
SOUT#2048 | SOUT#2047 | SOUT#2046 | SOUT#2045 | SOUT#2044 | SOUT#2043 | SOUT#2042 | SOUT#2041
Tool angle | Toolangle | Tool angle | Tool angle Tool angle | Tool angle | Tool angle | Tool angle
monitor monitor monitor monitor monitor monitor monitor monitor
Condition Condition Condition Condition Condition Condition Condition Condition
file 32 file 31 file 30 file 29 file 28 file 27 file 26 file 25
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring
result result result result result result result result
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» 52570 to 52577
For R1 to R8, output the monitoring results of the tool change monitor

function.

ON: Normal
OFF: Abnormal

52577 52576 52575 52574 52573 52572 52571 52570
SOUT#2056 | SOUT#2055 | SOUT#2054 | SOUT#2053 | SOUT#2052 | SOUT#2051 | SOUT#2050 | SOUT#2049
Tool change | Tool change | Tool change | Tool change | Tool change | Tool change | Tool change | Tool change

monitor monitor monitor monitor monitor monitor monitor monitor

(R8) (R7) (R6) (R5) (R4) (R3) (R2) (R1)
Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring | Monitoring

result result result result result result result result

» 52580 to 52583
Outputs the status of the function disable mode setting.

52583 52582 52581 52580

SOUT#2060 | SOUT#2059 | SOUT#2058 | SOUT#2057

Tool change | Tool angle | Robot range | Axis speed
monitor monitor limit monitor
Function Function Function Function

disable mode|disable mode|disable mode|disable mode
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Eunction

11 Restriction

11.1  Functions Cannot Be Used Concurrently with Functional
Safety Function

11.1.1 Functions which Modifies Parameter or File during Playback
Operation

As explained in chapter 7 “Data Protection”, data of parameters or files are
saved in a duplicated manner and are checked for safety.

When modifying these data, special procedures such as read back
operations or re-setting of the FLASH data are required.

For this reason, functions that modify parameters or file when executing
the play back operation cannot be used concurrently with the functional
safety function.

* T-axis endless function
* Speed control function
* PMT function (SETTOOL instruction)

11.1.2 Functions with Intermittent Communication with the Encoder

The functional safety function is monitoring the safety by calculating the
position or speed on the basis of the feedback from the encoder.

For this reason, this function cannot be used concurrently with the
functions whose communication with the encoder disconnects temporarily.

» Gun change function

» Group change function
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11.2 Functions Conditionally Used Concurrently with Functional Safety
Function

11.2

11.2.1

11.2.2

11.2.3

11.2.4

Functions Conditionally Used Concurrently with
Functional Safety Function

Conveyor Synchronized Function, COMARC Function

To the conveyor synchronized function and COMARC function, the speed
for other purposes are added along with the normal operation speed in
this consequence, there may be a case where the TCP speed or the
flange speed cannot be controlled as specified.

Alarms and their countermeasures

Alarm 4785: F-SAFE SPEED MONITOR ERROR

Countermeasure: Set the limit value on the condition file with the
calculated value on the basis of the speed added by
each function.

Alarm 4787: F-SAFE TEACH SAFETY SPEED ERROR

Countermeasure: The operation speed of the manipulator exceeds the
speed limited for the teach mode (250 [mm/sec]). Input a full speed test
signal and disable the teach mode speed limit.

For the details, refer to section 4.4.5 “SPEED LIMIT in Teach Mode” on
page 4-56.

Servo Float Function

The manipulator position/speed and feedback position/speed may widely
differ while the servo float function is executed. At this time, results of
instruction monitoring and feed back monitoring vary.

The safety monitoring starts alarming at the earliest monitoring condition
error in the instruction monitoring or feedback monitoring.

The monitoring is normally executed even in the system where the servo
float function is available if this function is not executed (FLOATOF).
Motor Gun Function

The safety monitoring for the motor gun axis is not available. Functions
such as the robot range limit function for the manipulator with the motor
gun are available.

MotoPlus Function and MotoFit Function

When using the path correction function or the increment level movement
function in the MotoPlus fuction or the Motofit function, the speed limit
function is not available.
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11.3 Restriction of Operation

11.3 Restriction of Operation
When the functional safety function is available, operable security mode
for the following data varies.
Data Operation Security Security
(When functional | (When functional
safety function is | safety function is
available) not available)
Tool file Editing on the tool file window Safety?) Editing
Tool calibration Safety Editing
Automatic measurement of the tool load and | Safety Editing
the center of gravity
Loading from the external memory device Safety Editing
File initialization in the maintenance mode Safety Editing
Tool interference file | Editing on the tool interference file window Safety!) Editing
Loading from the external memory device Safety Editing
File initialization in the maintenance mode Safety Editing
Home position Edit on the home position window Safety Management
Loading from the external memory device Safety Management
File initialization in the maintenance mode Safety Management
Zeroing function Safety Management
Each parameterz) Loading from the external memory device Safety Management
File initialization in the maintenance mode Safety Management

1 This setting can be changed. For the details, refer to section 6.5 “Security Level Setting for Tool File and Tool

Interference Files” on page 6-15.
2 Object parameters: ALL, RC, SD, RO,FE, SV,SVM, MF, RE,FMS
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11.3 Restriction of Operation

11.3.1

11.3.2

11.3.3

11.3.4

Tool Calibration

After executing the tool calibration operation, re-set the data following the
procedures described in section 7.2 “FLASH Data Reset” on page 7-2.

Following operation is restricted till the power supply to the DX200 is
turned OFF.

« Servo cannot be turned ON

Automatic Measurement of the Tool Load and the Center of Gravity

After executing the measurement of the tool load /center of gravity, re-set
the data following the procedures described in section 7.2.

Following operation is restricted till the power supply to the DX200 is
turned OFF.

« Servo cannot be turned ON

Home Position Editing

After the home position is edited, re-set the data following the procedures
described in section 7.2.

Following operation is restricted till the power supply to the DX200 is
turned OFF.

* Operations other than jog operation (playback, test run, etc.) cannot
be executed.

« Safety monitoring operations in the functional safety function
become unavailable.
File/Parameter Loading

After loading the functional safety-relevant data, re-set the data following
the procedures described in section 7.2.

(For the functional safety-relevant data, a message “Select ‘Functional
Safety Board FLASH Reset’ in the maintenance mode.”)

Following operation is restricted till the power supply to the DX200 is
turned OFF.

« Servo cannot be turned ON

+ Safety monitoring operations in the functional safety function
become unavailable.

11-4

HW1481991

163 of 164



DX200 OPTIONS
INSTRUCTIONS

FOR FUNCTIONAL SAFETY BOARD OPERATION
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