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This instruction manual is applicable to both YRC1000 and
YRC1000micro.

The description of “YRC Controller” refers to
@ both“YRC1000” and “YRC1000micro”, and the descriptions
of “the INSTRUCTIONS of the YRC Controller” refers to
both “YRC1000 INSTRUCTIONS (RE-CTO-A221)" and
“YRC1000micro INSTRUCTIONS (RE-CTO-A222)"
in this manual unless otherwise specified.

A DANGER

This manual describes the various components of the Smart
Pendant the teaching device of the YRC Controller. Read this
manual carefully and be sure to understand its contents before
handling the YRC Controller. Any matter not described in this
manual, including operation, usage, measures, and an item to use,
must be regarded as “prohibited” or “improper”.

General information related to safety is described in “chapter 1.
Safety” of the YRC CONTROLLER INSTRUCTIONS.

A CAUTION

In some drawings in this manual, protective covers or shields are
removed to show details. Make sure that all the covers or shields
are installed in place before operating this product.

YASKAWA is not responsible for incidents arising from unauthorized
modification of its products. Unauthorized modification voids the
product warranty.

NOTICE

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 modification is made, the revision number
next to 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. Representatives are listed on
the back cover. Be sure to tell the representative the manual
number listed on the front cover.
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Notes for Safe Operation

Read this manual carefully before installation, operation, maintenance, or

inspection of the YRC Controller.

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

/1\ WARNING

/{\ CAUTION

NOTICE

Indicates an imminently hazardous
situation which, if not avoided, may
result in death or serious injury.

Indicates a potentially hazardous
situation which, if not avoided, may
result in death or serious injury.

Indicates a hazardous situation,
which if not avoided, could result in
minor or moderate injury. It may
also be used without the safety alert
symbol as an alternative to
“NOTICE”.

“NOTICE” is the preferred signal
word to address practices not
related to personal injury. The
safety alert symbol should not be
used with this signal word. As an
alternative to “NOTICE”, the word
“CAUTION” may be used without
the safety alert symbol to indicate a
message not related to personal
injury.

Even items described with the word “CAUTION” may result in a serious

accident in some situations.

Be sure to follow the important guidelines below.

To ensure safe and efficient operation at all times, be sure
to follow all instructions, even those not designated as
e “DANGER”, “WARNING” and “CAUTION".

HW1485509
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<YRC1000>
A DANGER

» Before operating the manipulator, make sure the servo power is
turned OFF by performing the following operations. When the servo
power is turned OFF, the SERVO ON LED on the Smart Pendant is

turned OFF.

— Press the Emergency Stop buttons on the front door of the
YRC1000 (some models do not have this button), on the top of
the Smart Pendant, on the external control device, etc.

— Disconnect the safety plug of the safety fence, if in the play mode
or in the REMOTE mode

If the manipulator cannot be stopped in an emergency, personal injury
and/or equipment damage may result.

Fig. : Emergency Stop Button

» Before releasing the Emergency Stop Button, make sure to remove
any obstacle or error caused the emergency stop and then turn the
servo power ON.

Failure to observe this instruction may cause unintended movement of

the manipulator, which may result in personal injury.

Fig. : Release of Emergency Stop Button

TURN

+ Observe the following precautions when performing a teaching
operation within the manipulator's operating range:

— Be sure to perform lockout by putting a lockout device on the
safety fence when going into the area enclosed by the safety
fence. In addition, the operator of the teaching operation must
display a sign indicating that an operation is being performed so
that no other person closes the safety fence.

— View the manipulator from the front whenever possible.

— Always follow the predetermined operating procedure.

— Always keep emergency response measures against unexpected

movement from the manipulator’s unexpected movement in mind.

— Ensure a safe place to retreat to in case of emergency.
Failure to observe this instruction may cause improper or unintended
movement of the manipulator, which may result in personal injury.
+ Confirm that no person is present in the manipulator's operating

range and that the operator is in a safe location before:

— Turning ON the YRC1000 power

— Moving the manipulator by using the Smart Pendant

— Running the system in the check mode

— Performing automatic operations
Personal injury may result if a person enters the manipulator's operating
range during operation. Immediately press the Emergency Stop button
whenever there is a problem. The Emergency Stop buttons are located
on the front panel of the YRC1000 (some models do not have this
button) and on the top of the Smart Pendant.
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<YRC1000micro>

A DANGER

» Before operating the manipulator, make sure the servo power is
turned OFF by performing the following operations. When the servo
power is turned OFF, the SERVO ON LED on the Smart Pendant is
turned OFF.

— Press the Emergency Stop button on the top of the Smart
Pendant or on the external control device, etc.

— Disconnect the safety plug of the safety fence
(when in the play mode or in the REMOTE mode)

If the manipulator cannot be stopped in an emergency, personal injury
and/or equipment damage may result.

Fig. : Emergency Stop Button

» Before releasing the Emergency Stop button, make sure to remove
any obstacle or error caused the emergency stop and then turn the
servo power ON.

Failure to observe this instruction may cause unintended movement of

the manipulator, which may result in personal injury.

Fig. : Release of Emergency Stop button

TURN

+ Observe the following precautions when performing a teaching
operation within the manipulator's operating range:

— Be sure to perform lockout by putting a lockout device on the
safety fence when going into the area enclosed by the safety
fence. In addition, the operator of the teaching operation must
display a sign indicating that an operation is being performed so
that no other person closes the safety fence.

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

— Always keep emergency response measures against unexpected
movement from the manipulator’'s unexpected movement in mind.

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

Failure to observe this instruction may cause improper or unintended
movement of the manipulator, which may result in personal injury.

+ Confirm that no person is present in the manipulator's operating
range and that the operator is in a safe location before:

— Turning ON the YRC1000micro power

— Moving the manipulator by using the Smart Pendant

— Running the system in the check mode

— Performing automatic operations
Personal injury may result if a person enters the manipulator's operating
range during operation. Immediately press the Emergency Stop button
whenever there is a problem. The Emergency Stop button is located on

the top of the Smart Pendant.
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<YRC1000micro only>

A DANGER

* In the case of not using the Smart Pendant, be sure to supply a
Emergency Stop button on the equipment. Then before operating
the manipulator, check to be sure that the servo power is turned
OFF by pressing the Emergency Stop button.

» Upon shipment of the YRC1000micro, this signal is connected by a
jumper cable in the safety signal short circuit connector. To use this
signal, make sure to supply a new connector, and then input it.

If the signal is input with the jumper cable connected, it does not
function, which may result in personal injury or equipment damage.

<YRC1000/YRC1000micro>

» Perform the following inspection procedures prior to conducting
manipulator teaching. If there is any problem, immediately take
necessary steps to solve it, such as maintenance and repair.

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

» Always return the Smart Pendant to a safe place after use.
If the Smart Pendant is left unattended on the manipulator, on a
fixture, or on the floor, etc., the Enable Switch may be activated due
to surface irregularities of where it is left, and the servo power may
be turned ON. In addition, in case the operation of the manipulator
starts, the manipulator or the tool may hit the Smart Pendant left
unattended, which may result in personal injury and/or equipment
damage.

+ Make sure that a system administrator stores the key of the Mode
Switch of the Smart Pendant. After operation is completed, the key
must be removed and stored by the system administrator. Failure
to observe this instruction may result in personal injury due to
inappropriate or unintended manipulator's operation. If the Smart
Pendant is dropped with the key inserted, the key or the Mode
Switch may be damaged.
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General Safety on

the Smart Pendant

& CAUTION

Be careful not to drop the Smart Pendant on the floor.

Pay attention to the handling of the cable so that it will not stumble
on the Smart Pendant cable.

Handle carefully so as not to damage the cable.
Do not place the Smart Pendant with the touch screen facing down.

Do not place the Smart Pendant close to a heat source or in direct
sunlight.

Do not place the Smart Pendant in an environment with excessive
dust, humidity or strong magnetic fields.

Pay attention not to adhere chemicals, cutting oil (including
coolant), rust preventive oil, organic solvent etc. to the Smart
Pendant.

Do not clean the Smart Pendant with scrubbing sponges. Use a
soft cloth and a little water or diluted neutral detergent (mild
cleaning liquids).

Operate the touch screen with your fingers, or use a touch-pen
designed for use with capacitive screens. Never use sharp objects
(ex. screwdriver) for operating the touch screen. This could
damage the touch screen.

Be careful not to get foreign objects or liquid from the USB
connector.

Do not connect the Smart Pendant to except for the YRC Controller.

vi HW1485509

7 of 493



HW1485509

Definition of Terms Used Often in This Manual
<YRC1000>

The MOTOMAN is the YASKAWA industrial robot product.

The MOTOMAN Robot usually consists of the manipulator, the YRC1000
Controller, the Smart Pendant, and the manipulator cables.

In this manual, the equipment is designated as follows:

Equipment Manual Designation
YRC1000 Controller YRC1000 Controller
YRC1000 Smart Pendant Smart Pendant

Cable between the manipulator and the | Manipulator cable
YRC Controller

<YRC1000micro>

The MOTOMAN is the YASKAWA industrial robot product.

The MOTOMAN Robot usually consists of the manipulator, the
YRC1000micro Controller, the Smart Pendant, manipulator cables, and
the YRC1000micro Smart Pendant safety signal short circuit connector.
(optional).

In this manual, the equipment is designated as follows:

Equipment Manual Designation
YRC1000micro Controller YRC1000micro Controller
YRC1000micro Smart Pendant Smart Pendant

Cable between the manipulator and the | Manipulator cable
YRC Controller

YRC1000micro Smart Pendant Smart Pendant
safety signal short circuit connector safety signal short circuit connector
(optional)
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Descriptions of the Smart Pendant, buttons, and displays are shown as

follows:

<YRC1000/YRC1000micro>

Equipment

Manual Designation

Smart
Pendant

Membrane Key

The membrane keys are denoted with [ ].
ex. [JOG MODE]

Jog Keys

“Jog Keys” is generic names for the keys for jog
operation.

Keys pressed
simultaneously
(for membrane
key only)

When two keys are to be pressed simultaneously,
the keys are shown with a “+” sign between them,
ex. [S+] + [L+].

Displays

The buttons and items displayed in the Smart
Pendant is denoted with { }.
ex. {Save}

Description of the Operation Procedure
<YRC1000/YRC1000micro>

In the explanation of the operation procedure, the expression “Select . . . “

means that the item is directly selected by touching the screen.

Registered Trademark

<YRC1000/YRC1000micro>

In this manual, names of companies, corporations, or products are

trademarks, registered trademarks, or brand names for each company or
corporation. The indications of (R) an

iX

d™ symbols are omitted.

HW1485509
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1 Smart Pendant

1.1 General Product Description

With this Smart Pendant, even users who have no experience of robot
operation can easily perform teaching operation.

1.2 Smart Pendant Contents Confirmation

Confirm the contents of the delivery when the product arrives.
* Smart Pendant (JZRCR-APP30-1) (with 8 m cable connected)
» Two Switch Keys
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1.3

Smart Pendant Specification

Material Reinforced thermoplastic enclosure with a detachable
suspending strap
Dimensions | 215(W) x 284(H) x 69(D) mm (excluding protrusions)
Weight Approx. 1120 g
Protection IP54
Class
Displayed 256.5 mm (10.1 inch) wide WXGA TFT Display
Units 1280 x 800 pixel, LED back light, Touch panel
Operated Three-position enable switch,
Units mode switch (with key, three mode)
Type of the key for the mode switch: KeTop EKY002
(manufactured by KEBA)
* Two keys are shipped with the Smart Pendant.
Cable Standard: 8 m
Length maximum (optional):
YRC1000 : 36 m (Standard 8 m + Extension 28 m)
YRC1000micro: 20 m (Standard 8 m + Extension 12 m)
Others USB connector (USB2.0) X 1

The software pendant installer built into the pendant can be
downloaded to the USB memory and installed on the PC for use.

For environmental conditions, refer to the INSTRUCTIONS of the YRC

Controller for installation environment.
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1.4 Smart Pendant Overview

Smart Pendant has several physical characteristics that a user will interact
with. These are shown below:

Fig. 1-1: Smart Pendant Overview (Front)

Emergency Mode Switch
Stop Button

e —— Status LED
Touch ————Membrane
Screen Keys

Fig. 1-2: Smart Pendant Overview (Back)
o = Emergency
Stop Button

Mode Switch

Enable Switch — ===y
Hand Strap

USB Connector —sanmemmm
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1.5 Connection of the Smart Pendant

For information on setup, installation, and connection of the YRC
Controller, refer to the INSTRUCTIONS of the YRC Controller.
1.5.1 Connecting to the YRC Controller

Connect the Smart Pendant cable to the connector (-X81) on the door
lower right side of the YRC Controller cabinet.

Fig. 1-3: Connection of Smart Pendant Cable to the YRC Controller

Alignment mark

The YRC Controller has the main power switch and the door lock that are
located in the upper left on the front panel. The Emergency Stop button is
installed in the upper right of the front panel (some models do not have
this button), and the Smart Pendant can be hung from a hook below the
button.

Fig. 1-4: YRC1000 Front View with Smart Pendant

Emergency Stop
button (some mc
do not have this

Primary power ___
Supply cable

Main power switch

Door lock

* Do not remove the Smart Pendant cable while the YRC
Controller is powered on.

Failure to observe this instruction may result in fire and/or electric
shock.
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1.5.2 Connecting to the YRC1000micro

Connect the Smart Pendant cable to the connector (-X81) on the front
panel of the YRC1000micro.

Fig. 1-5: Connection of Smart Pendant Cable to the YRC1000micro

. .
I . \S

Smart Pendant cable

If the Smart Pendant is not used, connect the Smart
Pendant safety signal short circuit connector to connector
e (-X81).

* Do not remove the Smart Pendant cable while the YRC
Controller is powered on.

Failure to observe this instruction may result in fire and/or electric
shock.
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1.6

Holding the Smart Pendant

The Smart Pendant can be held in two ways: using the right hand, press
the enable switch with the thumb or, using the left hand, press the enable
switch with the index finger. Adjust the strip band to make the hand
comfortable.

Fig. 1-6: Holding the Smart Pendant

Using the right hand Using the left hand

16 HW1485509

29 of 493



HW1485509

1 Smart Pendant
1.7  Display and Operating Elements

1.71

Status LED

1.7

Display and Operating Elements

Operating elements include:
— Status LED
— Membrane keypads
— Enable switch
— Mode key
— Touch screen

— Emergency Stop button

The status LEDs are found on the top right side of the Smart Pendant.
POWER: indicates the power status of the Smart Pendant.

SERVO: indicates the servo power status of the manipulator.
ERROR: indicates the alarm status of the YRC Controller.

Fig. 1-7: Status LED

1.7.2 Key Description on Membrane Keypads

The membrane keypads are found on the right side of the Smart Pendant.

— SERVO
If the servo power supply is shut OFF due to
overrun or Emergency Stop, press this key to
enable the servo power supply to be turned ON.
When this key is pressed:

1. in the AUTOMATIC (PLAY) mode, the servo
power supply turns ON if the safeguarding is
securely closed.

2. in the MANUAL (TEACH) mode, the
{SERVO} turns to orange and the servo
power supply turns ON with the Enable
Switch turned ON;

3. while the servo power is ON, the [SERVO]
indicator lights up as well as {SERVO} turns
green on the screen.

While the servo power is ON and the key is
pressed, the servo power turns OFF.
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GOTO
POINT

— GO TO POINT
When the [GO TO POINT] is pressed and a
motion instruction is selected in the Job
Contents view, the manipulator moves to the
selected position. Only available in MANUAL
(TEACH) mode.

— RUN
When pressed in AUTOMATIC (PLAY) mode, a
taught job is played back. In MANUAL
(TEACH) mode, the taught job is played back

as long as the button is pressed and held down.

— PAUSE
When pressed in AUTOMATIC (PLAY) mode,
the playing job can be paused at the current
position. Press [RUN] to restart.

— Jog Key
Moves a specific axis or Tool Center Point
(TCP) coordinate of the manipulator. An
indicator panel will show on the screen next to
the jogging keys to show what each set of keys
is controlling when the jog mode is changed.

» The manipulator operates only while the key
is pressed.

* By pressing two or more keys
simultaneously, multiple axes can be
operated at the same time. (Except when
Plus and Minus is for the same pair)

» The manipulator operates in the selected
coordinate system at the selected jogging
speed. Before operating the axis, make sure
that the selected coordinate system and the
jogging speed are set as intended.

— Jogging Speed Key
The FAST and SLOW Keys toggle through the
jogging speed settings; LOW, MED, HIGH, TOP.
The user can see the jog speed setting change
on the Status Bar.

NOTE: Pressing the [FAST] and [SLOW] membrane
keys simultaneously will trigger a screenshot if a USB
storage device is present.
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— JOG MODE
Selects the operation coordinate system when
the manipulator is manually operated.

* The coordinate system can be selected from
the four coordinate systems: Joint, XYZ-
World, XYZ-Tool, and XYZ-User.

« Each time this key is pressed, the coordinate
system is switched in the following order:
Joint 2> XYZ-World - XYZ-Tool 2>
XYZ-User

* The selected coordinate system is shown in
the Status Bar.

— SMART FRAME
Changes the Jog Mode to Smart Frame

jogging.

1.7.3 Enable Switch

When the Mode Switch is in MANUAL (TEACH) mode and the Enable
Switch is half pressed while the {SERVO} is in orange, the servo power
turns ON.

If this switch is released or firmly squeezed while the power is turned ON,
the servo turns OFF.

Fig. 1-8: Enable Switch

== ala N

Release > OFF Squeeze > ON Squeeze Tightly > OFF

MOTOMAN-HCxxDT does not require to squeeze the
@ Enable Switch to turn ON the servos. The servos will turn
on when the {SERVO} on the screen is pressed and
d MOTOMAN-HCxxDT can be jogged.
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1.7.4 Mode Switch

1.7.5 Touch Screen

Mode switch is used for toggling between MANUAL (TEACH) mode,
AUTOMATIC (PLAY) mode, and REMOTE Mode.

— MANUAL (TEACH) mode
Axis can be operated. Job and other settings can be edited using
the Smart Pendant. This mode is also called TEACH mode.

— AUTOMATIC (PLAY) mode
Playback of a taught job can be performed. This mode is also called
PLAY mode.

— REMOTE mode
Operation by an external signal is enabled. The Software Pendant
can only be used under the REMOTE mode. During the REMOTE
mode, [GO TO POINT] of the Smart Pendant is disabled. Use of
Servo OFF and pause are allowed.

If communication between the YRC Controller and the Smart Pendant is
cut off, the mode of the YRC Controller cannot be changed. When the
teaching process is completed, a qualified engineer should remove the
mode switch key and keep it in a safe place. For more information, refer
to chapter 1.16 “Mode” .

A Projected Capacitive Touch (PCT) screen is used for the Smart
Pendant. The touch screen may be operated with fingers or a touch-pen
that is specifically designed for PCT use.

1.7.6 Emergency Stop Button

The Emergency Stop button is used to turn OFF the servo power.

When the servo power is turned OFF, the SERVO LED on the Smart
Pendant turns OFF. Emergency Stop message is shown on the display.

A WARNING

*  When the Smart Pendant (JZRCR-APP30-1) is used, the Emergency
Stop output signals (ESPOUT1 & ESPOUT 2) do not interface with
the Smart Pendant’'s Emergency Stop button. Therefore, when
configuring a safety circuit externally using the Emergency Stop
output, confirm safety beforehand and make it an appropriate circuit
configuration. Refer to chapter 1.7.7 “Emergency Stop Output” for
further details.
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1.7.7 Emergency Stop Output

1.7.7.1  Emergency Stop Output for YRC1000

When using the Smart Pendant, only the contact of the Emergency Stop
button on the front of the door is output (some models do not have this
button). These contact outputs are always valid regardless of the
YRC1000 main power supply status ON or OFF (Status output signal:
normally closed contact). These outputs are dual output.

Table 1-1: Emergency Stop Output for YRC1000

Signal Connection No. | Function Factory
Name IM-YE250/5-80P Setting
ESPOUT1+ | -37 Used to output a contact point of the | Open
ESPOUT1- | -38 Emergency Stop button on the Smart

Pendant (JZRCR-APPO01) and the
ESPOUT2+ | -39 front door of the YRC1000 Control
ESPOUT2- | -40 panel.(Some models do not have

this button)

However, when using the Smart
Pendant (JZRCR-APP30-1), it does
not work with the Emergency Stop
button of the Smart Pendant.

When the Smart Pendant (JZRCR-APP30-1) is used, the Emergency
Stop output signals (ESPOUT1 & ESPOUT 2) do not interface with the
Smart Pendant’s Emergency Stop button. Therefore, when configuring
a safety circuit externally using the Emergency Stop output, confirm
safety beforehand and make it an appropriate circuit configuration.
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Fig. 1-9: Emergency Stop Output Circuit for YRC1000

YRC1000
Front door of YRC1000
E Lo .
S?Z,ff%ﬁﬁg‘(] Safety circuit board ~ Safety terminal blockboard
(JANCD-ASFO1-E)  (IM-YE250/5-80P)
CN206
| 38 ESPOUT1-
H
|_\l 40 ESPOUT2-
| 37 ESPOUTL+
| 39 ESPOUT2+

If contact output that interlocks with the Emergency Stop

button on the Smart Pendant it is necessary, refer to

“YRC1000 INSTRUCTION (RE-CTO-A221)” for the section
% on “Safety Logic Circuit”.

PPESP signal, and other signals can be combined and
output to the general safety signal output (GSOUT 1, 2).
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1.7.7.2 Emergency Stop Output for YRC1000micro

When using the Smart Pendant, it does not interlock with the Emergency
Stop button of the Smart Pendant.

The contact Close status is output at all times. These outputs are dual
output.

In case of YRC1000micro, it cannot be used as Emergency Stop output.

Table 1-2: Emergency Stop Output for YRC1000micro

Signal Connection No. | Function Factory
Name Robot Specific Setting
Signal Input
Connector
(SAFETY)
ESPOUT1+ | -9 While using a Programming Pendant | Open
ESPOUT1- | -19 (JZRCR-APPO01), this signal is used
to output the contact of the
ESPOUT2+ | -10 Emergency Stop button.
ESPOUT2- | -20 However, when using the Smart
Pendant (JZRCR-APP30-1), it does
not work with the Emergency Stop
button on the Smart Pendant.

When the Smart Pendant (JZRCR-APP30-1) is used, the Emergency
Stop output signals (ESPOUT1 & ESPOUT 2) do not interface with the
Smart Pendant’'s Emergency Stop button. Therefore, when configuring
a safety circuit externally using the Emergency Stop output, confirm
safety beforehand and make it an appropriate circuit configuration.

Fig. 1-10: Emergency Stop Output Circuit for YRC1000micro
YRC1000micro

Front panel
(SAFETY)
i External Emergency stop
9 output signal ESPOUT 1+
19 ESPOUT 1-
10 ESPOUT 2+
20 ESPOUT 2-
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If contact output that interface with the Emergency Stop
button of the Smart Pendant is necessary, refer to
“YRC1000micro INSTRUCTION (RE-CTO-A222)” for the
section on “Safety Logic Circuit”.

PPESP signal, and other signals can be combined and
output to the functional safety board’s general purpose

% outputs (FSBOUT 1->8).

In this case the Functional Safety option must be enabled
and the Expansion Safety 1/0 Board (JANCD-ASF32-E)
must be installed in the YRC Controller. Refer to
“YRC1000micro OPTION INSTRUCTIONS FOR
FUNCTIONAL SAFETY FUNCTION” (HW1484544) for
more information.
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1.8 Smart Pendant Display

The Smart Pendant Display is a 10-inch color Touch Screen Display. The
layout of each screen is different; however, there are two main screen
layouts that will be described in this section:

— Job Layout
This is the active view when editing or running a job

— Configuration Layout
This is the active view when viewing or editing a configuration setting
such as Tools, User Frames, Zones, etc.

1.8.1 Job Layout

This is the screen that will be displayed after opening a job or selecting {JOG}
or {RUN} from the Home Screen. ltis divided into four main display areas:

@ Status Bar
View status and access common actions such as {MENU} and {SERVO}.

@ Job Contents View
Contains the contents of the Current Job.
Basic job actions such as Teaching Positions, Copying/Pasting
operation, and editing instruction parameters can be performed.

@ Programming Panel
Contents will change based on Navigation Bar.
For example, the Robot Jog panel is shown in fig. 1-11 “Job Layout”.

@ Navigation Bar
Use this to change the content of the Programming Panel.
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Fig. 1-11: Job Layout

— e
Robot Job - JOBT ¥ H B O 3

1 Start Job

2 JointMove Speed=15.@0(%)
3 JointMove Speed=15.08(X)
@—» 4 Timer Time=0.58(seconds)
5 DigitalOut Output#(1) ON
6 Timer Time=1.08(seconds)

7 LinearMove Speed=100.0(mm/sec)

8 End Job

l  Swing
i 0.00
1
Lower Arm
0.00
1

1.8.2 Configuration Layout

The screen is displayed in configuration layout when viewing or editing a
setting (e.g. Tool, User Frame). The screen is divided into four main
display areas:

@ Status Bar

View status and access common actions such as Main Menu and
Servo ON/OFF.

@ Configuration List

This contains a list of configured items as well as controls for adding/
deleting and searching.

® Configuration Details

This contains the details of the item selected in the Configuration List.

@ Robot Jog Panel

Press it to use the Robot Jog Panel during configuration.
Only Configuration (e.g. User Frames, Zones) that may require
teaching positions shows this display area.
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Fig. 1-12: Configuration Layout

#  UserFrames (UF) () NEW USER FRAME Search by name =]
Usar Frama Ne., Hama
1 Uses Frame 1
2 Used frami 2
@+ 3 User frame 3
4 User frame & u]
r 1
@ User Frame #4; User frame 4 i
User frame 4 #0r Vacuum -
ORIGIN bt Xy
X 469,000 mm | X 478,998 mm X 473,020 ma
Y 0.000mm Y 0. 600 mm Y 1.225 mm
Z i8E.0@0mm | 7 B8 003mm  Z 388.115 mm
ek F

@)—hl Robot Jag Panel ~ ]
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1.8.3 Help Information

Smart Pendant also has built-in Help Information to further describe the
interfaces. This information can be accessed by pressing the © icon that
shows up on many pages. This will open a pop-up window with more
information that can be dismissed by either pressing the X or by pressing
outside the pop-up window. For example, the help icon on the Home
Screen will display the following information:

Fig. 1-13: Help Information for Home Screen

Home Screen X

This screen can be used for quick access to the following common
actions:

Use this to open the Current Job (i.e. last Job
opened) for editing. To use this function, the Key
Switch must be turned to the Manual (Teach)
position. (The button will appear disabled in other
positions).

Use this to open and run the Current Job (i.e. last
Job opened). To use this function, the Key Switch
must be turned to the Automatic (Play) position.
(The button will appear disabled in other
positions).

Use this to access Job Management interface.
With this, the user can view the entire list of jobs
that can be opened, duplicated, deleted, or
reconfigured (set Default Job, etc.).
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1.9

Startup Window

The YRC Controller performs an initial diagnosis when the main power is
turned ON. The startup window is shown on the Smart Pendant screen.

Fig. 1-14: Startup Window

YASKAWA

Create User Interface
Configure Networking
Connect to Controller

Read Files

Reading files
- Robot Model: 1-06VXHC10-A1*(HC10DT)

In case the Smart Pendant does not complete the startup sequence due
to an error, such as YRC Controller incompatibility, an {Export Logs...} will
appear. This button can be used to save internal logs to a USB storage
device to aid troubleshooting by a YASKAWA Representative.

startup. MODE switch will work once the Smart Pendant

@ The MODE switch will not work during Smart Pendant
startup is complete.
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1.10 Home Screen

When the YRC Controller boots up, the Home Screen displays.

Fig. 1-15: Home Screen

SERVO

Current Job

LONGJOB
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The home screen contains short-cuts to three common actions for the
manipulator:

Use this button to view the Current Job (i.e. last Job
opened) for editing/programming. To use this function, the
Key Switch must be switched to the MANUAL (TEACH)
position.

Use this button to view the Current Job for running. To use
this function, the Key Switch must be switched to the
AUTOMATIC (PLAY) position. If a job is currently running,
this button will change to “View Running Job”.

Use this button to view a list of Jobs, choose a job to open,
create a new job, lock a job, and set a Default job.
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1.1

Main Menu

The main menu is accessed by pressing on the MENU button on the top

left-hand side of the interface from any screen. After pressing this button,

a menu tree will scroll from the left-hand side of the screen. This tree
provides access to the Main Menu Items:

Table 1-3: Main Menu Items

Main Menu Item

Description

Security Select Security Access Level and Enter Passcode
Home Home Screen shortcut
Job List Shows the list of jobs saved

Current Job

Open the Current Job

Program / Operate

Contains sub-items related to programming the
manipulator, such as {I/O}, {Variables} and {Variable and
I/O Watch}

Robot Settings

Contains sub-items related to manipulator configuration
such as {Tools}, {User Frames}, and {Zones}

Safety Settings

Contains sub-items of {Torque Sensor Calibration} and
{Safety Function} which is related to limits and
monitoring, such as {Axis Range Limit} and {Axis Speed
Monitor}.

Utility Contains sub-items such as {Limits Release}, {Brake
Release}, {Force/Torque Watch} and {File Transfer}
Alarms Shows the Alarm History and Alarm Descriptions

System Settings

Contains sub-items of {General} and {Network}

Help / Support

Contains a YASKAWA contact list, and screenshot
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1.12 Status Bar

The Status Bar shows the YRC Controller status.

ity
\_ @ Mode

@ Messages
DAlarms
& Status Indicators

I Menu
@ Tool Number
@ Manual Speed
@ Operation Coordinate System
{5 Servo Status

The following configuration can be accessed from the Status Bar:

® Menu

E MENU Use this button to access the menu.

@ Tool Number

Use this control to change the current Active Tool in
H MANUAL (TEACH) mode. The tool numbers are from

0to 63. In AUTOMATIC (PLAY) mode, this button is
CEW disabled.

-1

® Jogging Speed
Use this control to change the Jogging Speed.

Low Speed

Medium Speed

High Speed

Top Speed

606
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@ Operation Coordinate System

The current Jogging Mode can be checked.

Smart Frame

Joint Coordinates

XYZ - World Coordinates

XYZ - Tool Coordinates

XYZ - User Frame Coordinates

Hand Guiding

CEEEE6E

Jogging Mode can be switched in MANUAL (TEACH) mode for Joint
Coordinates, XYZ World Coordinates, and XYZ Tool Coordinates by
pressing this button. XYZ User Frame Coordinates requires a User
Frame be defined to select. Hand Guiding and Smart Frame cannot be
selected via the Status Bar. They can be selected on the Robot Jog panel.

® Servo Status

~ Shows the status of the current servo. Color of icon is:
SERVO — Blue when the servo is OFF.
— Orange when the servo is Servo On Ready state.

l — Green when the servo is ON.

® Status LED

This section will display the indicators listed below. If none of these
conditions are present, this area will be blank.

Emergency Stop

@ — Displays when the EMERGENCY STOP button (i.e.
on Smart Pendant, YRC1000 remote button) is
pressed.
Protection Stop by PFL Function

— Only for the manipulator that has PFL function
which enables the human collaborative
operation. Icon appears when PFL function has
performed stop of motion, alerts user to reset
the amber Resume Switch on the robot.
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Motion Status

— This indicates that the robot is motion. This will
be active during Job Execution or Jogging.

Pause Status

— This indicates that the robot is paused. This will
be active after the PAUSE button is pressed
during Job Execution.

@ Alarms

This section will display the alarm information shown below. If none of
these conditions are present, this area will be blank.

Alarm Status

,43 — shows the number of active alarms when the

/I
= YRC Controller has active alarms.

B

Low Battery

— This alerts the user to a lower battery condition
of the YRC Controller CPU battery. Contact a
YASKAWA representative when this occurs.

Messages

— shows the number of messages when the YRC
@ Controller has active messages

o

® Mode

MANUAL (TEACH) mode

AUTOMATIC (PLAY) mode

REMOTE mode

B0
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1.13 Character Input Operation

Tap on the data or text for which characters are to be input and the
software keypad will be displayed.

1.13.1 Character Input

There are two types of software keypads: alphanumeric keypads and
symbol keypads. To switch between the alphanumeric and symbol
keypads, tap the button on left top of the keyboard. To switch the
alphanumeric keypad between upper-case and lower-case characters, tap
the “Shift” key (marked with an upward arrow).

The cursor is moved by tapping {LEFT} and {RIGHT} on the top of the
keypad. Close the keyboard by tapping the keyboard icon.

Fig. 1-16: Keyboard for Switching Keypads and Moving the Cursor

SYMBOL <« LEFT RIGHT p CLEAR
] fe] el fe]r]efo] o
Dhbinnaonnnc

aEnnonann
o fe ] felofe]od-l 1]

Alphanumeric values and symbols to be input are limited to
certain content. When values cannot be input, the keys turn
e gray and cannot be selected.

1-26 HW1485509 49 01 493



HW1485509

1 Smart Pendant
1.13 Character Input Operation

1.13.2 Alphanumeric Input

Number input is performed with the Numeric Value Keypad or on the
alphanumeric input keypad. Numbers include 0 to 9, the decimal point (.),
the minus sign/hyphen (-), and the hash sign (#).

Tap the desired character and tap {Enter} to enter the character.

Fig. 1-17: Keyboard for Numbers and Lower-Case Characters

SYMBOL 4 LEFT RIGHT » CLEAR

doopoonoon
| wlffed] & | & [« | [l J &=
adooopooom

#l=le]efv]u]n]of-].]e

Fig. 1-18: Keyboard for Numbers and Upper-Case Characters

SYMBOL o LEFT RIGHT p CLEAR
HoboEoaoon
[ | o] o Y6 ] ] 0 ffel]lg [
jafeflaljefalinfo]e ]
ol fe ] fel-f-] 1 ]

1.13.3 Symbol Input
Press the {SYMBOL} on the left top of the keypad to display the symbol
keypad.

Tap the desired symbol and press {Enter} to enter the symbol.

Fig. 1-19: Keyboard for Symbols

o LEFT RIGHT B
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1.14

Numeric Value Input Operation

Press the numeric value input area to display the numeric value keypad.

Fig. 1-20: Keypad for Numeric Value

< LEFT RIGHT p

Keypad Key on the Smart Description
Pendant

Cancel Clears all the characters being

v typed and closes the numeric

value keypad

Clear Clears all the characters being
Right Moves the cursor to the right
Left Moves the cursor to the left
Backspace Deletes one number at the

] cursor position
Enter Enters the input numeric values

Enter
Enter

H

Numeric keys

Inputs number

Decimal point

Enters the decimal point

Minus

Enters the minus symbol

Scientific notation

Enters “e” as the real number

Numeric values to be input are limited to certain content.
When values cannot be input, the keys turn gray and
™ cannot be selected.
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1.15

Language Setting

Two languages can be displayed alternately.
1. Go to {HOME} > {System Setting} > {General}

2. Select the language from the pull-down list.
The available languages are:

— English

— Japanese

Fig. 1-21: Language Setting in General Settings Screen

& General Settings

Organization Date & Time

Your organization name 2018-03-08 05:36:41 PM
Language

English v

The following terms cannot be translated even when the
language setting is changed:

% — Job name that is already created
— Other names created

— Comment
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1.16 Mode

Three mode selections determine control of the manipulator system.
These modes are MANUAL (TEACH), AUTOMATIC (PLAY) and
REMOTE. Traditionally, MANUAL is also called TEACH, and
AUTOMATIC is also called PLAY.

1.16.1 MANUAL (TEACH) Mode
In MANUAL (TEACH) mode, the following actions can be performed:
— Preparation and teaching of a job
— Modification of an existing job

— Setting of various manipulators and the YRC Controller settings and
configurations

In MANUAL (TEACH) mode, the user has control for jogging the
manipulator. Programming, editing, customizing, and other menu choices
become available based on the level of Security.

1.16.2 AUTOMATIC (PLAY) Mode
In AUTOMATIC (PLAY) mode, the following can be done.
— Playback of a taught job

— Viewing of status, variables, 1/0, Job, etc.

1.16.3 REMOTE Mode

In the REMOTE mode, certain operations can be commanded by external
input signals. The Software Pendant can only be used under the
REMOTE mode. Refer to chapter 12 “Software Pendant” for more
information.
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1.17 Security Level Setting

Permissions are controlled through the Security Access Level. This
allows to change the operation and settings according to the operator’s
level of knowledge and training. User should operate and perform tasks
with appropriate security level.

1.17.1 Types of Security Level
Operation:

Users at the Operation level can operate the manipulator, but it does not
allow editing jobs or changing settings. A user on this level, can start and
stop jobs, repair and jog the manipulator, but cannot modify programs,
variables or settings. Repairs, etc. can be performed if any abnormalities
are detected. This level does not require a passcode.

Edit:

Users at the Edit level can perform teaching, manipulator job operations,

editing of jobs and various robot settings, in addition to operations enabled
in the Operation level. This level requires a numeric passcode consisting

of 4 to 16 numbers.

Management:

In addition to the functions enabled in the Edit level, this level allows setup
and maintenance of the system, setting of machine control parameters,
time, changing the passcode, etc. This level requires a numeric password
consisting of 4 to 16 numbers.

Safety:

In this level, an operator can edit the files related to the safety function in
addition to the operations enabled in the Management level. Safety level
is required to perform any functions associated with the optional
Functional Safety Unit and Power & Force Limiting functions. This
includes Tool Setting only for the manipulator with PFL function enabled
(ex. MOTOMAN-HC10). This level requires a numeric password
consisting of 9 to 16 numbers. For more details about the Safety level,
refer to “YRC1000 OPTIONS INSTRUCTIONS FOR FUNCTIONAL
SAFETY BOARD OPERATION (HW1483576)" / “YRC1000micro
OPTIONS INSTRUCTIONS FOR FUNCTIONAL SAFETY BOARD
OPERATION (HW1484544)".

Support:

The Support access level allows some additional abilities that are
normally inaccessible. This aids a YASKAWA representatives in
troubleshooting and addressing issues that may occur with the Smart
Pendant or YRC Controller. Support can only be accessed with a one-
time management passcode provided by a YASKAWA representative.
The YRC Controller serial number is required to generate a valid one-time
passcode, which displays on the Security Access Popup window. This
access is to be used by a YASKAWA representative. Once accessed,
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Support access will persist until the Smart Pendant or YRC Controller is
restarted.

Fig. 1-22: Security Support Access

Security Access

€, Please select access level: (1)

OPERATION EDIT MANAGEMENT

(current)

SAFETY SUPPORT

Please enter passcode:

i

Please contact Yaskawa Support . and ask for

a one-time-management support passcode.

Provide Controller Serial: 000000000000044A83FB
(13 zeros)
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1.17.2 Default Security Level Passcodes

Operation in Edit, Management, and Safety level require a passcode.
The default passcodes for each security level are:

— Editing: 000000000000000 (all 0s' - 16 digits)
— Managing: 9999999999999999 (all 9s' - 16 digits)
— Safety: 56555555555555555 (all 5s' - 16 digits)

* In some regions, the YRC Controller may be shipped
with a randomized Safety passcode, included with the

shipment.

QP

® * When entering all the same digit, the numeric key can
be held to automatically repeat to the maximum of 16

digits.

Passcodes for Edit and Management levels can be customized. For
details, refer to chapter 1.17.5 “Security Level Settings”.

1.17.3 Security Level Access Information

Various security levels with varying levels of system access are

supported. These are summarized below:

Table 1-4: Security Mode

Items Lowest Accessible
Security Level

View System Status & Runtime Operation

Jog Robot Operation

Start/Stop Jobs Operation

Simple System Reset / Repair Operation

Teach Points and Edit Robot Setting Edit

Edit Jobs and Variables Edit

Edit Machine/Robot Control Parameters Management

Edit Settings (System Time, Passcodes etc.) Management

Ability to Create System Backup Management

Safety Functions (FSU, PFL, Safety Logic) Safety
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1.17.4 Selecting Security Level
1. Go to {Security: ---} under the {MENU}.

2. Select the desired Security Access Level from {OPERATION}, {EDIT},
{MANAGEMENTS}, or {SAFETY}.

Security Access

2, Please select access level: (D)

EDIT

MANAGEMENT

(current)

SAFETY SUPPORT

Please enter passcode:

@

Management access is for changing robot and pendant
settings (except if Safety related).

3. Insert passcode, if required.

— Switching to a lower level access does not require inserting a
passcode.

4. Tap {Enter} or {SAVE}.

— The Security Level changes when the correct passcode is inserted.
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Changing Passcode

1.17.5 Security Level Settings

The passcode for Edit and Management level can be changed. The
passcode for Safety Level must be changed using Software Pendant
(refer to chapter 12 “Software Pendant”).

. Operate in Management Level or higher.

2. Go to {MENU} > {System Settings} > {General}

. Under {Security Level Settings}, select the security mode from the
pull-down list below the “Access”.

Security Level Settings

Access

Edit ~ SET PASSCODE @)
—

Startup Level
Edit v
. Tap {SET PASSCODE}.

— The entry popup appears.

. Type in the current passcode and tap {Enter}.

— The entry popup appears again if the current passcode is correct.
. Type in the new passcode and tap {Enter}.

— The passcode is now changed.

Set Security Passcode

Please enter new passcode for "Edit" access

B
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1.17.5.2 Changing Startup Security Level

The Security Level at startup/restart can be set to Operation, Edit or
Management level.

1. Operate in Management Level or higher.
2. Go to {MENU} > {System Settings} > {General}

3. Under {Security Level Settings}, select the Security Level from the
pull-down list under the {Startup Level}.

Security Level Settings

Access

Edit ~ SET PASSCODE @)

Startup Level

Edit
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2 Manipulator Coordinate Systems and Operations

2.1 Control Groups and Coordinate System

2.1.1 Control Group

For the YRC Controller, a group of axes to be controlled is called a
“Control Group”. The Control Group is split into two units:

— “ROBOT” moves the joints of the manipulator itself
— “BASE” moves the entire manipulator

The “BASE” is called an “external axis”, and is not supported by the Smart
Pendant.

Fig. 2-1: Control Group

Robot ——m>

This is the control group
for the manipulator itself.

Base

This is an axis that moves the entire manipulator.
(e.g. servo track) This axis can be linear or rotational.
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2.1.2 Types of Coordinate System

The following coordinate systems are used to operate the manipulator.

Type

Description

Joint Coordinate

Allows user to move each joint axis
independently.

XYZ - World Coordinate

Allows user to move the manipulator in Cartesian
directions relative to the manipulator base.

XYZ - Tool Coordinate

Allows user to move the manipulator in Cartesian
directions relative to the tool. The direction of the
tool attached to the wrist flange of the
manipulator is defined as Z-axis, and Cartesian
coordinates are defined at the tip of the tool.

XYZ - User Frame Coordinate | Allows user to move the manipulator in Cartesian

directions relative to a “user frame.”

Z-axis
Y-axis
X-axis
X-axis
e Z-axis
Joint Coordinate XYZ World Coordinate XYZ Tool Coordinate XYZ User Coordinate
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2.2 General Operations

2.21 Check Safety

Before operating the YRC Controller, read chapter 1 “Safety” of the
INSTRUCTIONS of the YRC Controller. Always use caution around the
manipulator system and peripherals.

2.2.2 Select Operation Mode
Set the mode switch on the Smart Pendant to “MANUAL (TEACH)".

2.2.3 Select Coordinate System
Select a coordinate system by:

— Tapping the Jog Mode on the Status Bar

— Changing the Jog Mode using the Robot Jog Panel

Mode

Joint B,

— Pressing [JOG MODE] membrane key

Verify the selected coordinate on the status display area of the Smart Pendant.

2.2.4 Select Jogging Speed
Select the jogging speed of operation by:

— Tapping the Jogging Speed on the Status Bar

[ SERVO

— Changing the jogging speed using the Robot Jog Panel

Speed

® Low ]

— Pressing [FAST] and [SLOW] membrane keys

Four speeds are available for jogging speed: LOW, MID, HIGH, and TOP.
MANUAL (TEACH) mode restricts the maximum speed of

both the tool center point and the flange center point to
e 250 mm/s.
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2.2.5 Servo ON

Before the manipulator can be moved in MANUAL (TEACH) mode or
AUTOMATIC (PLAY) mode, the servos must be turned ON. This can be
accomplished by:

— Pressing the {SERVO} on the Status Bar

SERVO |

— Pressing the [SERVO] membrane key

If the system is in AUTOMATIC (PLAY) mode, the servos will turn ON.

In MANUAL (TEACH) mode, the {SERVO} in the Status Bar
turns orange after the {SERVOQ} is pressed. User must also
activate the Enable Switch to turn the servo ON.

@ Enable Switch

Servo Power ON/OFF --- Enable Switch

The operator can turn ON servo power by gripping the
Enable Switch. However, if the operator squeezes the
switch tightly, a “click” will occur and servo power will turn
OFF.

Back of the Smart Pendant and the Enable Switch:

¢

Release Squeeze Squeeze Tightly
-> OFF -> ON -> OFF
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2.3

Once servos’ power is turned ON in MANUAL (TEACH) mode, jogging
operations on the robot can be performed. Jogging can be accomplished
using various methods in different coordinate frames. These are
described in chapter 2.4 “Coordinate Frames and Manipulator Jogging”.

Operation Check for Emergency Stop Buttons

Before operating the manipulator, perform the following operations to
ensure the Emergency Stop buttons on both the YRC Controller (some
models do not have this button) and Smart Pendant are functioning
correctly.

1. Press the {SERVO} on the touch screen.

— The {SERVO} turns orange when the servo power supply is turned
ON.

2. Press Emergency Stop button.

— The Emergency Stop button is on the YRC1000 (some models do
not have this button) or the Smart Pendant.

3. Confirm servo power is turned OFF

— When the Emergency Stop button is pressed and the servo power is
turned OFF, the {SERVO} will be deactivated (grayed out).

— After confirming the step above, turn the Emergency Stop button to
release it.

4. Press {SERVO} on the touch screen again, and grip the Enable
Switch.

— The servo power can be turned ON by gripping the Enable Switch
when the {SERVOQ} is in orange. The {SERVO} will turn to green and
the [SERVO] status LED will turn ON. Verify that servo power turns
off when the Enable Switch is released or when the Enable Switch is
squeezed tightly as described in chapter 2.2.5 “Servo ON”.

A WARNING

When the Smart Pendant (JZRCR-APP30-1) is used, the Emergency
Stop output signals (ESPOUT1 & ESPOUT 2) do not interface with the
Smart Pendant’'s Emergency Stop button. Therefore, when configuring
a safety circuit externally using the Emergency Stop output, confirm
safety beforehand and make it an appropriate circuit configuration.
Refer to chapter 1.7.7 “Emergency Stop Output” for further detail.
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2.4 Coordinate Frames and Manipulator Jogging

A manipulator can be jogged in MANUAL (TEACH) mode using different
methods supported by the Smart Pendant. The various jogging modes
can be selected using three different controls:

— {Operation Coordinate System} on Status Bar
— {Mode} on Robot Jog panel

— [Jog Mode] membrane key (can be used only for Joint, World, Tool,
User and Hand Guiding mode selection)

Fig. 2-2: Changing Jogging Mode

1 Start Job
ve Speed=15,00(%)
niMove Speed=15,08(%)
ntMove Speed=15,00(%)

5 Timer Time=2.800(seconds)

Smart Frame _L

YASKAWA
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All jogging modes have the following items in common on the Robot Jog
panel.

Fig. 2-3: Common Items on Robot Jog Panel (Top)

Tool

@ Mode
Joint | % © #0: Vacuum ~

1
o i L 1
@ BLOCK I/0: TOOL #0 r: ] = @
? i
Motion Command

@ Jogging Mode
— Control for selecting jogging mode (MANUAL (TEACH) mode).
@ Jog Speed

— Control for selecting robot jogging speed (MANUAL (TEACH)
mode). The user can select one of four different speeds

® Active Tool

— Control to select the active tool. The active tool stores physical
parameters (input by the user) that are often critical to proper
operation

@ Block /0 for Tool

— Control used to toggle between user-defined ON & OFF Block I/O
states for the active tool. The ON/OFF states are configured on the
Block 1/0O screen

® Current Axis Status Panel

— Panel with interactive indicator bars that visually display the position
of each axis

® GO TO POINT Button

— Control for moving the robot to programmed points in a job file. The
user can highlight a “Move” command on the Job Contents view
above the Robot Jog panel. Then press and hold the {GO TO
POINT} to move to that command. An accompanying message will
be displayed to the right of this button.

The following sections provide more detail on the different jogging modes
and the coordinated systems they represent.
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2.4.1 Smart Frame Mode

Use of Smart Pendant in an area with strong geomagnetic disturbance
or around metal objects (such as wire fences or steel frames) may
result in manipulator motion directions not matching Smart Frame
jogging directions.

Smart Frame Mode makes Cartesian jogging more intuitive to the user. In
this mode, the manipulator moves in Cartesian directions relative to the
position of the Smart Pendant with respect to the robot base. There are
two panels in this mode as shown in fig. 2-4 “Smart Frame Panel”: ©
Robot and @ Tool.

Fig. 2-4: Smart Frame Panel

Smart Frame I.l (@) #0: LL ~

s 1
' CALIBRATE ® 0° BLOCK 1/0: TOOL #0 e
i

oW /] © coropomr o eend

ﬁ ROBOT |2 | TooL @

4“» O

TOWARD

@ Robot Panel

This panel can be used to jog the position of the Robot TCP in directions
relative to the Smart Pendant using the {LEFT}, {RIGHT}, {TOWARDY},
{AWAY}, {UP} and {DOWN}. For example, pressing the {LEFT} will always
move the robot in the left direction relative to the Smart Pendant even as
the position of the Smart Pendant changes.

® Tool Panel

This panel can be used to jog the orientation of the Robot TCP as well as
move/rotate it along the TCP Z direction. To jog the orientation, press and
hold the {ROTATE} and then tilt the Smart Pendant in the desired
directions of orientation.
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Fig. 2-5: Smart Frame Orientation

Table 2-1: Smart Frame Tool Buttons

Tool Button | Description

Move robot TCP in +Z direction with respect to Tool Frame

N

Move robot TCP in -Z direction with respect to Tool Frame

N

/2 Rotate robot TCP around +Z Tool Frame axis (+Rz)

(j Rotate robot TCP around -Z Tool Frame axis (-Rz)

The Robot/Tool Toggle button in the middle of the screen can be used to
flip the Robot/Tool Panels to the other side.
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Fig. 2-6: Robot/Tool Toggle

Mode izl
Smart Frame L """; #0: LL

s 1
" CALIBRATE @ !} BLOCK I/0: TOOL #0 E i
—
Speed
Motion Command
& Lowﬁ @ GO TO POINT Not Selected

. TO OL ROBOT m

{O) ) (2)

TOWARD

Additionally, the membrane [Jog Keys] can be used for Joint Axis jogging
in Smart Frame Mode.

Each time the YRC Controller is turned off, Smart Frame will lose its
calibration. This calibration is used to align the frame of the pendant to the
base of the manipulator. For Smart Frame to accurately determine left,
right, etc. directions, it must be calibrated.

A CAUTION

If the accuracy of the sensor degrades during robot operation or the
alignment is not correct, re-calibration is required. The sensor should
be calibrated in any case where the pendant position does not appear
to be reflected correctly.

To calibrate, the operator holding the pendant should stand facing the
front of the robot and press the {CALIBRATE}. The calibration procedure
can be repeated at any time if the robot TCP motion does not reflect the
operator’s physical position.
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Fig. 2-7: Standing Position and Operation Direction

Toward

The front of the Manipulator can be easily identified as the
face of the Manipulator base that is on the opposite side of
the cable connectors on the Manipulator base.

Back
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The robot can be in any position for sensor calibration.
1. Hold the Smart Pendant and stand facing the front of the robot.

— The top edge of the Smart Pendant must be held parallel to the base
of the manipulator.

2. Press {CALIBRATE} in the Smart Frame,

Maode Tool
Smart Frame E, ) #0: LL

iR
46% CALIBRATE ) I} BLOCK I/0: TOOL #0 i
: :
T

Speed

Motion Command
L @ GHIREOINE Not Selected

— After the calibration completes:
* {CALIBRATE} shows a check mark
» pendant angle shows next to the heading indicator graphic..

Mode Tool
Smart Frame ]L >~ () #0: LL

CALIBRATE @ 0° !} BLOCK I/O: TOOL #0

Speed

Motion Command
L Low | @ GEATE FORMY Not Selected

To aid with accurate jogging, the jogging directions can be
locked to the Manipulator-frame axis directions.

+ Toggle axis-locked and free jogging by clicking the angle
indicator.

quadrants and will snap to the directions -90, 0, 90, and

@ *  When axis-locked, the indicator circle shows four
180 degrees.

Mode

Smart Frame l

v CALIBRATE (
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2.4.2 Joint Mode

When the manipulator is operating in Joint Mode, each axis of the
manipulator can be moved independently.

Axis Operation in Joint Mode

When two or more [Jog Keys] are pressed at the same time
on the membrane key, the manipulator performs a combined

% movement. However, if two different directional keys for the
same axis are pressed at the same time (such as [S-] +
[S+]), this axis will not operate. The touch screen {Jog Keys}
only operate one button at a time.

Fig. 2-8: Joint Mode Axis Operation (6-axis manipulator)

u

+

U-Axis \ R-Axis i
+
; ! R .

e
%
w

Swing

Upper Arm

0.00°

Lower Arm
0.00°
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2.4.3 XYZ - World Mode

In the XYZ — World mode, the manipulator moves parallel to the X, Y, or Z
axes defined with respect to the manipulator base.

Axis Operation in XYZ — World Mode

When two or more [Jog Keys] are pressed at the same time
on the membrane keypad, the manipulator performs a

% combined movement. However, if two different directional
keys for the same axis are pressed simultaneously (such as
[X-] + [X+]), this axis will not operate. The touch screen {Jog
Keys} only operate one button at a time.

Fig. 2-10: XYZ-World Mode Operation

X-translation X X-rotation
-1200.00 mm * -45.00°

Y BREEREENGN s Ry BREGIENN]
- 20000mm R - -180.00°

¥4 Z-translation 4 Z-rotation Rz
== 300.00 mm + 7.57¢° +
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2.4.4 XYZ -Tool Mode

In XYZ — Tool mode, the manipulator moves parallel to the X-, Y-, and Z-
axes defined with respect to the tip of the tool.

Axis Operation in the XYZ - Tool Mode

When two or more [Jog Keys] are pressed at the same time
on the membrane key, the manipulator performs a combined

% movement. However, if two different directional keys for the
same axis are pressed simultaneously (such as [X-] + [X+]),
this axis will not operate. The touch screen {Jog Keys} only
operate one button at a time.

Fig. 2-12: XYZ-Tool Mode Operation

= X-axis

X-axis Y-axis Z-axis

Y-axis Y-axis X-axis

Z-axis Z-axis

Fig. 2-13: Programming Panel of Robot Jog Panel for XYZ — Tool Mode

X-translation X-rotation

-1200.00 mm -45.00°

Al Y-translation Yl Y-rotation
- 200.00 mm -180.00 °

Z-translation ¥4 7-rotation

300.00 mm 7.57°

The tool coordinates are defined at the tip of the tool, assuming the
effective direction of the tool mounted on the manipulator’s tool flange is
the Z-axis. Therefore, the tool coordinates axis direction moves with the
wrist.
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2441

Selecting Tool

In tool coordinates, the manipulator can be moved using the effective tool
direction as a reference, regardless of the manipulator’s position or
orientation. These motions are best suited for moving the manipulator
parallel to the tool frame while maintaining tool orientation with respect to
the workpiece.

D ,

=) || [+

—

To use the tool frame, the tool file must be registered in
advance. For further details, refer to chapter 6.1 “Tool
e Settings”.

Tool numbers are allocated to tools. When two or more tools are used in
the system, each tool is allocated a tool number. User can then select the
desired tool number from tools.

1. Select {XYZ -Tool} for Jogging Mode.

Mode Tool

XYZ - Tool [Q #0: Vacuum

s 1

BLOCK 1/0: TOOL #0 -
8 [

1

3

Motion Command
2. Select desired tool number.

For more information on the tool setting, refer to chapter 6.1 “Tool
Settings”.
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2.4.5 XYZ-User Frame Mode

In XYZ — User Frame mode, the manipulator moves parallel to each axis
of the user-defined coordinates. A user-specified coordinate frame is
typically attached to an object such as a work surface, pallet, or conveyor.
The user defines the X, Y, and Z axes with the desired slopes and
positions available within the manipulator’'s motion range. Up to 63 user
frames, each of which is registered with a unique number, can be
configured.

Axis Operation in the User Frame Mode

When two or more [Jog Keys] are pressed at the same time
on the membrane key, the manipulator performs a combined

% movement. However, if two different directional keys for the
same axis are pressed simultaneously (such as [X-] + [X+]),
this axis will not operate. The touch screen {Jog Keys}
operate only one button at a time.

Fig. 2-14: Programming Panel of Robot Jog Panel for XYZ — User Frame
Mode

b X-translation X-rotation

-1200.00 mm -45.00°

Y BRGELEENGN Ry BRECIENN]

200.00 mm -180.00°

Y4 Z-translation ¥4 Z-rotation

300.00 mm

2.451 Selecting User Frame
1. Select {XYZ — User} for Jogging Mode
2. Select the desired User Frame number.

Mode Tool
XYZ-User \U. #0: Vacuum

| |
BLOCK I/0: TOOL #0 i

:
R
B
i

Speed
Motion Command
° © coToroNT o

To enable the user frame function, the User Frame must be
% configured before selecting User Frame mode. For further
detail, refer to chapter 6.3 “User Frames”.
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2.4.6 Hand Guiding Mode

Hand Guiding mode can be used on manipulators that have the PFL
(Power and Force Limiting) function for human collaborative operation (ex.
MOTOMAN-HC10) only. In this mode, the user can directly position the
Manipulator by physically moving the arm by hand.

To use the Hand Guiding mode, set and verify the following:

— Verify PFL function is ON. The Collaborative Operation LED (green
lamp) on the manipulator (ex. on the wrist for MOTOMAN-HC10) is
turned ON when PFL function is ON/Enabled.

— Tool is correctly configured. Refer to chapter 6.1 “Tool Settings”.

— Current tool number matches with the currently attached tool.
Check the Status Bar for the tool number.

— Jogging Speed is on High — initial speed setting can be changed for
accuracy and ease of motion.

There are three sub-modes in Hand Guiding mode:
— ALL JOINTS
— TOOL JOINTS
— XYZ+TOOL

When Hand Guiding mode is entered, the message shown in fig. 2-15
“Low Speed for Hand Guiding” will appear. In Low Speed, the robot can
be difficult to move with Hand Guiding (especially for large motions) and
can cause alarms if pressed too hard. Select {CHANGE TO HIGH
SPEED]} to change the jogging speed or select {DISMISS} to remain in
Low Speed.

@ Low Speed setting can still be useful for very fine motions.

Fig. 2-15: Low Speed for Hand Guiding

Low Speed for Hand Guiding

The robot can be difficult to Hand Guide using the
Low Speed setting. Change to High Speed?
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2.46.1 ALLJOINTS

In this mode, all axes of the robot can be guided by hand. This mode is
most useful for large motions and recovering from faults / collisions.

Fig. 2-16: Hand Guiding with All Joints

Hand Guiding |4 ~ #0:CTool0  ~

ALL JOINTS TOOL JOINTS XYZ+TOOL BLOCK I/O: TOOL #0 j
:
Motion Command
. HIGH‘] @ GO TO POINT Not Selectad

ALL JOINTS: You can move any robot joint shown in green by hand.

Swing
Lower Arm
Upper Arm

Rotate

Bend

Twist
S DIRECT TEACH SETUP

2.46.2 TOOL JOINTS

In this mode, the three axes on the wrist (R, B, T) of the robot can be
moved by hand. This mode can be used to modify the tool orientation.

Fig. 2-17: Hand Guiding with Tool Joints

" Too
Hand Guiding Tl ~ #0:Clool0  ~

ALL JOINTS TOOL JOINTS XYZ+TOOL “ BLOCK I/0: TOOL #0 5
[
8
Motion Command
. HisH g1 @ SO TOROINT Not Selected

TOOL JOINTS: You can move the three tool joints shown in green by hand.

~ Swing

Lower Arm

Upper Arm
Rotate

Bend

Twist
48t DIRECT TEACH SETUP
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2.46.3 XYZ+TOOL

In this mode, the robot can be guided in the X, Y, Z directions by hand.
This is the most useful mode for teaching robot positions. The tool axis of
the robot (T-axis) can also be rotated to orient the tool.

Fig. 2-18: Hand Guiding with XYZ + Tool

Hand Guiding |4, #0: CTool 0

ALL JOINTS [l TOOL JOINTS XYZ+TOOL BLOCK 1/0: TOOL #0 u
H
Motion Command
. HisH g1 @ GO TO POINT Not Selected

XYZ + TOOL: The tool is free to move in XYZ. The tool joint can also rotate.

X-translation -1200.00 mm

Y-translation 200.00 mm

Z-translation 300.00 mm
X-rotation -45.00 °
Y-rotation -180.00 °

Z-rotation 71.57°
48t DIRECT TEACH SETUP
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2.4.7 Motion at Robot TCP

For motion at the TCP (Tool Center Point), the manipulator’s posture can
be modified without changing the position of the tool’s tip (TCP). The
motion at TCP is available in the World Coordinate Frame, Tool
Coordinate Frame, and User Coordinate Frame.

The motion of each axis is described in the table below.

Table 2-2: Axis Motion in Motion at TCP

Axis Axis Operation Key Motion

Wrist Axes Only the tool’s posture
changes with the TCP fixed.

4 ai || [ The tool’s posture changes
around the axes of the

specified coordinates.

Turning of each wrist axis differs in each coordinate system.

— In World Frame, wrist axis rotations are based on the X, Y, and Z
axes of the manipulator.
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— In Tool Frame, wrist axis rotations are based on the X, Y, and Z axes
of the tool coordinates.

Y-axis

— In User Frame, wrist axis rotations are based on the X, Y, and Z
axes of the user coordinates.
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248

2481

Move to Position Panel

Joint Panel

The Move to Position Panel is a utility that can be used to more precisely
position a robot while jogging. This feature will let the user enter the
desired position and jog directly to the entered coordinates as well as
“snapping” the positions for accurate alignment.

There are three separate panels which will be described in the following
sections:

— Joint Panel
— TCP Position Panel
— TCP Orientation Panel.

The Joint Panel can be used whenever the Jogging Mode is set to Joint.
To open the Joint Panel, press any of the joint positions on the screen:

Fig. 2-19: Move to Position Panel (Joint Mode)

Tool
#0: STANDARD TOOL

| } BLOCKI/0: TOOL #0 E
i
= Motion Command
° Low‘,_-[ @ GO TOPOINT Not Selected

) swing
- - 60.15°
1

Rotate

Lower Arm Bend
33 40°
8] Upper Arm il Twist
11 14° 93 (1

JOGGING
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Fig. 2-20: Joint Position Panel

Target

User Target b
current (D 9

|D Snap to Poshion@
Speed (4)

9 oo [

@ Current Axis Position display

@ Target Position Selection/Display - By default, this value is the “User
Target” which allows for entering custom positions. The drop-down
selection contains standard robot configurations such as Work Home and
Robot Position Confirmation.

@ To change/configure these positions, refer to chapter 6.6

4 “Robot Configuration Positions”.

® Move to individual axis - Each button jogs the specific axis to its
target position. The button has an orange border if the Current Position of
the axis is not equal to Target Position of the axis (e.g. S- Axis in fig. 2-20).

@ Speed Jogging Selection

® Snap to Position - This will “snap” each axis to the nearest 10 degree
increment. For example, the L-axis value above (33.404 degrees) would
snap to 30.000 degrees.

® Move to Position button - This will move all axes towards their
target. This button will have an orange border if any the Current Position
of any axis is not equal to it's Target Position.
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2.4.8.2 TCP Position Panel

The TCP Position Panel can be used whenever the Jogging Mode is set to
XYZ-World, XYZ-User, or XYZ-Tool. To open it, press any of the TCP XYZ
positions on the screen:

Fig. 2-21: Move to Position Panel (XYZ-World)

Mode

XYZ-World Ju

Fig. 2-22: TCP Position Panel

@ Current XYZ Position display.

LOW‘,_'I

X-translation

55(] 00 mm

Y-translation

200 00 mm

Z-translation

385 00 mm

Tool
#0: STANDARD TOOL

1
BLOCK I/0: TOOL #0 E .
E H

Motion Command
@ GO TO POINT Not Selected

X-rotation Rx
_ 180.00° +
Ry Y-rotation
~ -90.00°
. Z-rotation

J[ICCIHC

Current (D)

X 559.997 mm

Y 7.834 mm

L 385.004 mm

X
Target (2)
X 559.997 mm
Y 7.834 mm

Z 385.004 mm

| (7] Snap to Position @) |

Speed @

®

@ Target XYZ Position display - The target X, Y, or Z position can be
entered into the text fields.

® Jogging Speed Selection

@ Snap to Position - This “snaps” each coordinate to the nearest
10 mm increment. For example, the Y value is above (7.834 mm) it will
snap to 10.000 mm.

® Move to Position button - This moves the robot towards the target X,
Y, or Z position. These buttons will have an orange boarder if any of the
Current X, Y, or Z Positions do not match the target X, Y, or Z Positions.
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2.4.8.3 TCP Orientation Panel

The TCP Orientation Panel is used whenever the Jogging Mode is set to
XYZ-World, XYZ-User, or XYZ-Tool. To open the TCP Orientation Panel,
press any of the TCP Rx, Ry, or Rz positions on the screen.

Fig. 2-23: Move to Position Panel (XYZ-World)

Mode Tool
XYZ - World L #0: STANDARD TOOL

I} BLOCK1/0:TOOL #0 E ]

]
T

Speed Motion Command
® Low ] © cotopomt Not Selected

b4 X-translation
560 00 mm

X-rotation Rx

_ 180.00° +

Z-rotation

A4 Y-translation Y-rotation
200 00 mm 90 00 ®
¥4 Z-translation
385 00 mm

JOGGING

Fig. 2-24: TCP Orientation Panel

=

X
Current  (7) Target ()
Rx 0.445 Rx 0.445
Ry 89.290 Ry -89.290 °
iz 179.689 Rz -179.689 °

| ["] snap to Position @) |

Speed (3)

®

@ Current RxRyRz Position display

@ Target RxRyRz Position display - The target Rx, Ry, Rz positions
can be entered into the Text Fields.

® Jogging Speed Selection

@ Snap to Position - This “snaps” each rotation to the nearest five
degree increment. For example, if the Ry value is above (-89.920
degrees) it will snap to -90.000 degrees.
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® Move to Position button - This moves the robot towards the target
Rx, Ry, Rz positions. These buttons will have an orange boarder if any the
Current Rx, Ry, Rz positions do not match the target positions.
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Managing Jobs
Preparation for Teaching

3 Managing Jobs

31

3.1.1 Create New Job

This section explains how to manage jobs without moving the manipulator.

Copying, deleting, and modifying jobs can only be done in MANUAL
(TEACH) mode.

Edit operations on a job are restricted if an edit lock is
applied to the job. Refer to chapter 3.5.5 “Setting Edit Lock”
e for details on an edit lock.

Preparation for Teaching

To ensure safety, the following operations should always be performed
before teaching:

1.
2.
3.

Check the Emergency Stop buttons to be sure they function properly.

Set the mode switch to “MANUAL (TEACH) Mode”.

Create a job.

Follow the steps to create a new job:

1.
2.
3.

Set the mode switch to MANUAL (TEACH) mode.

Go to {Job List} under {MENU}, or {JOBS} on the home screen.
Tap {+NEW JOB} at the top of the Job List screen.

— Ajob named “NEWJOB1” is automatically created and selected.

* The job settings (e.g. Job Name, Comment, Tag) can be edited
from the Detail Panel at the bottom of the screen.

Job Details: NEWJOB1 AV
2019-07-11 01:10 AM 2

ob Name

NEWJOB1

e.g. job tag or keyword

Comment D ' Make this job the Default Job
e.g. comment about the job =
o L
Additional Settings A
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3.1.1.1 Setting the Job Name

3.1.1.2 Setting the Tag

The following rules apply to the job name:
— 1 to 32 alphanumeric characters can be used.
— Job names may be written with numerals only.
— Only upper-case letters can be used for alphabets.

— Symbolsinclude: !, &, (, ), , -and _. Space cannot be used for a job
name. Use an underscore ( _ ) instead.

— Different types of characters can coexist within the same job name.

— If the job name is already used, an input error will occur.

<Examples>
001

JOB-1
WORK_A

The tag can be used to specify a group or category for a job. Sorting by
tag can help see all jobs in a certain group/category. For example, if a job
is tagged by workpiece name, or operator’s name, they will be grouped
together when sorting by tag name is used. Enter an optional tag value.
Constraints on tag name are:

— 0 to 32 alphanumeric characters can be used.
— Letters can only be entered in upper-case.

— Only the underscore (_ ) and dash ( —) can be used as a symbol.

1. Insert a tag.
For information on character input operation, refer to chapter 1.13
“Character Input Operation”.

2. Press {ENTER}.
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3.1.1.3 Setting the Comment

Comments are a means to provide description about the Job’s purpose.

Constraints on comment are:

— 0 to 32 alphanumeric and symbol characters can be used.

— Symbols that are not grayed out can be used.

1. Insert a comment.
For information on character input operation, refer to chapter 1.13.

2. Press {ENTER}.

To finish the setting, press the {Create Job}.

@ Up to 10000 instructions can be registered per JOB.
® (Including “Start Job” and “End Job”, line 1 to 10000).
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3.2 Job List

3.21 Default Job and Current Job
In the Job List, there are two specially designated jobs:

— Default Job
The job designated as the default job can be opened and executed
from external I/O signals. It is designated with a green “Check
Mark” in the Attributes column and displays in bold font.

— Current Job
The last job that was opened. It is a useful shortcut back to the most
recent job the user was editing. It is designated with a “robot” icon in
the Attributes column and displays in orange font.

Fig. 3-1: Default Job and Current Job

& JoblList (® NEW JoB Search by name Q
JobName & Tag * Edited & Attributes W :;:
CAMERA 2019-07-11 01:16 AM g
PICKANDPLACE 2019-07-11 01:17 AM v

ARM 20190711 01:18 AM

PERFTEST 2019-07-03 05:22 AM

SAMPLE 2019-06-29 03:40 AM

TEST: 2019-06-27 04:30 AM

* When creating a new job, the new job will become the
current job.

@ *  When duplicating a job, the newly created duplicate will
become the current job.

* When deleting a current job, the default job will become
the current job.

* For the Human Collaborative manipulator (i.e. MOTOMAN-HC
series), the job called “SYS_INT_AVOID_R1” is loaded as a default
for the avoidance function. This job is used as an interrupt job. Do
not change this job and its setting.

Failure to observe this precautions may result in death or serious injury
from unexpected turning of the manipulator's arm.
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3.2.2 Sorting Job

3.2.3 Searching Job

In the Job List, jobs can be sorted according to:
» Job Name
* Tag
+ Edited date

To sort items, press the title of the item and the sorting order symbol will
appear. Tap it again to flip the sorting order.

& JobList (%) NEW JoB Search by name Q

Job Nameo Tag 4 Edited £ Attributes T,

In the Job List, a job can be searched for using the search field. Type in
the Job Name (or part of the Job Name) to search for it from the Job List.

& JobList (¥) NEW JOB Search by name Q

JobName & Tag ¢ Edited ¢ Attributes (i
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3.3

Copying Jobs

This operation is used to copy existing jobs, which are then used to create
new jobs. It can be performed in the Job List.

On the Job List, select the job to be copied from the list.
1. Select {Job List} under {MENU}
— The Job List appears.
2. Highlight the job to be copied.
3. Press {DUPLICATE} on the Job Details panel.
— The duplicated job will be displayed on the Job List.

— The job is named with “~-COPY” at the end of the original job name.

Fig. 3-2: Copying Jobs

Job Details: SAMPLE A4

Date nes

2017-07-19 10:01 AM 3

Job Name
SAMPLE

ag
e.g. job tag or keyword

e O }? Make this job the Default Job
e.g. comment about the job

O (3 Lockthe job to disable editing

Additional Settings -~

» There is a maximum of ten copies for the same job. If
the limit has already been reached, duplication will fail,

and show an error message.
@ » Job names have a 32 character limit. If the job name is

L longer than that, it will be shortened to 32 characters. If
a job with that shortened name already exists, the
duplication will fail and show an error message.
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3.4 Deleting Jobs

This operation is used to delete jobs from the YRC Controller. It can be
performed from the Job List.

From the Job List, select the job to be deleted from the list of registered
jobs.

1. Select {Job List} under {MENU}.
— The Job List will appear.
2. Select the job from the list to delete it.
3. Press {DELETE} in the Job Details panel.

— A confirmation pop-up window will appear.

Fig. 3-3: Deleting Jobs

Job Details: SAMPLE A4

Date Lines @
2017-07-19 10:01 AM 3

Job Name
SAMPLE Robot Job

Tag -
e.g. job tag or keyword Robot 1

Camenent O 7 Make this job the Default Job
e.g. comment about the job

O & Lockthe job to disable editing

Additional Settings ~

| ﬁ DELETE I DUPLICATE

4. Press {DELETE}.

Confirm Deletion

Permanently delete job "SAMPLE?"
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3.5

Modifying Job

This operation is performed to modify a job that has already been created.
The operation is performed from the Job List.

From the Job List, select the job to be modified.
1. Select {Job List} under {MENU}.
— The Job List will appear.
2. Select the job to modify.
— The Job Details will appears as shown below.
Fig. 3-4: Modifying Job

& JoblList (¥) NEW JOB Search by name Q
JobName & Tag % Edited & Attributes 4 | ,
LONGJOB 2017-07-19 08:54 AM
IFTHEN 2017-07-19 08:56 AM
Job Details: SAMPLE 4
Date Lines
2017-07-19 10:01 AM 3
Job Name
SAMPLE Robot Job
Tag
e.g. job tag or keyword Robot 1
Comment O & Makethis job the Default Job
e.g. comment about the job
E] Lock the job to disable editing
Additional Settings ~
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3.5.1 Modifying Job Names

3.5.2 Modifying Tag

1. Tap on the Job Name.
Fig. 3-5: Modifying Job Names

Job Details: SAMPLE v
Date ines )
2017-07-19 10:01 AM 3
Job Name
SAMPLE Hobot Job
Tag
e.g. job tag or keyword Robot 1
Comment

O 57 Make this job the Default Job
e.g. comment about the job

O & Lockthejob to disable editing

Additional Settings A

2. Edit using the alphanumeric keypad.
3. Press {Enter} on the keypad.

For detail on Job Names, refer to chapter 3.1.1.1 “Setting the Job Name”.

1. Tap on the Tag.
Fig. 3-6: Modifying Tag

Job Details: SAMPLE v
Date Lines ()
2017-07-1910:01 AM 3
Job Name
SAMPLE Robot Job

Tag
e.g. job tag or keyword Robot 1

Comment

a 57 Make this job the Default Job
e.g. comment about the job

a ﬁ Lock the job to disable editing

2. Edit using the alphanumeric keypad.
3. Press {Enter} on the keypad.
For details on Tag, refer to chapter 3.1.1.2 “Setting the Tag”.
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3.5.3 Modifying Comment
1. Tap on the Comment

Fig. 3-7: Modifying Comment

Job Details: SAMPLE b4

Date Lines

2017-07-1910:01 AM 3

Job Name

SAMPLE

lag
e.g. job tag or keyword

Comment | ,i? Make this job the Default Job

e.g. comment about the job

O ﬁ Lock the job to disable editing

2. Edit using the entry popup.
3. Press {Enter} on the keypad.

For details on Comment, refer to chapter 3.1.1.3 “Setting the Comment”.

3.5.4 Setting Default Job

The Default Job is a job specially designated so that can be triggered by
an external I/O signal. There can only be one Default Job per YRC
Controller. It will be shown in the Job List. The Default Job cannot be
deleted. However, another job can be set as the new Default Job.

Fig. 3-8: Setting Default Job

Job Details: SAMPLE b4

Date Lines

2017-07-1910:01 AM 3

Job Name

SAMPLE

lag
e.g. job tag or keyword

comment D ﬁ Make this job the Default Job
e.g. comment about the job

O ﬁ Lock the job to disable editing
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3.5.5 Setting Edit Lock

The Edit Lock function is used to prevent accidental editing of the Job
Contents or its name, tag or comments. Attempting to edit a job when
“Lock the Job” is checked will result in a notice asking to unlock the Job.
The Edit Lock function can be used in Management Level or higher.

Fig. 3-9: Setting Edit Lock

Job Details: SAMPLE v
Date Lines U
2017-07-19 10:01 AM 3
Job Name
SAMPLE Robot Job
Tag
e.g. job tag or keyword Robot 1
Comment 0O 5 Makethisjob the Default Job
e.g. comment about the job
|| ﬁ Lock the job to disable editing

3.5.6 Accessing Job Details

Job Detail panel and Additional Settings panel (refer to chapter 3.6
"Additional Settings”) can also be accessed from the Job Contents view.
Press {ROBOT JOB} on the Job Contents view to open the Job Detail
panel and Additional Settings panel for the Current Job.

Fig. 3-10: Job Contents View

1 Start Job
2 JointMove Speed=50.00(%) o

3 End Job
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3.6

Additional Settings

The Additional Settings can be accessed from Job Details panel. Refer to
chapter 4.8 “Local Variables” and chapter 4.9 “Teaching Coordinate” for

more information.

Job Details: SAMPLE

Date nes
2017-07-19 1001 AM 3

Job Name
SAMPLE

ag
e.g. job tag or keyword

e.g. comment about the job

Comment O )9 Make this job the Default Job

O ﬁ Lock the job to disable editing

Additional Settings
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4 Teaching

4.1

4.1.1 Job Contents View

Teaching Operation

Teaching is conducted in the Job Contents view. The Job Contents view
contains the following items:

Fig. 4-1: Job Contents View

1|Start Job

JointMove Speed=50.00(%) o
End Job
\ B. C.

A.

A. Line Numbers

The number of the job line is automatically displayed. Line numbers are
automatically updated, if lines are inserted or deleted.

B. Cursor

The cursor for manipulator control. For test operation, the manipulator
motion starts from this cursor point.

C. Instructions, Additional Items, Comments, Etc.
JointMove Speed = 50.00(%)

\Parameter Numeric Data /

Instruction Additional Item

Instructions: These are the instructions needed to process or perform
an operation. In the case of Motion instructions, the instruction
corresponding to the interpolation type is automatically displayed at the
time the position is taught.

Additional items: Speed and time are set depending on the type of
instruction. When required, numerical or character data is added to the
condition-setting tags. For a full list of supported instructions and
parameters, refer to YRC1000/YRC1000micro SUPPLEMENTAL
INSTRUCTIONS FOR Smart Pendant (INSTRUCTIONS FOR INFORM
LANGUAGE) (HW1485511).
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4.1.2 Jogging the Robot for Teaching

Before teaching and recording a Robot motion in the INFORM job, the
Robot needs to be moved to the position of interest. This motion is
manually performed by the operator using any of the methods described
in chapter 2.4 “Coordinate Frames and Manipulator Jogging”.

4.1.3 Motion Type (Interpolation Type)

Interpolation type determines the path along which the manipulator
moves between playback steps. Play speed is the rate at which the
manipulator moves.

Normally, the position data, interpolation type and play speed are
registered together for a Robot motion step.

4.1.3.1 Joint Interpolation

Joint interpolation is used when the manipulator does not need to move in
a specific path toward the next step position. When the joint interpolation
is used for teaching a Robot motion, the instruction is JointMove. Use
joint interpolation to teach the first step. This will avoid unintentional
motion errors in the singularity posture at the beginning of the motion.

Play Speeds are indicated as percentages of the maximum rate of joint
speed.

4.1.3.2 Linear Interpolation

When the manipulator TCP moves in a straight line path from one taught
step to the next, it is described as linear interpolation. When linear
interpolation is used to teach a Robot motion, the instruction to use is
LinearMove. The manipulator will move automatically while changing the
wrist position as shown in the figure below.

Uy

Play Speeds are indicated as mm/sec of the TCP speed. The maximum
TCP speed is manipulator dependent.

4.1.3.3 Circular Interpolation

When the manipulator TCP moves in an arc that passes through three
points, the movement is described as a circular interpolation. When
circular interpolation is used for teaching a Robot motion, the instruction to
use is CircleMove.

Play Speeds are indicated as mm/sec of the TCP speed. The maximum
TCP speed is manipulator dependent.
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Single Circular Arc

When a single circular movement is required, teach the circular

interpolation for three points, P1 to P3, as shown in the following figure. If

joint or linear interpolation is taught at PO, the point before starting the
circular operation, the manipulator will move from PO to P1 in a straight

line.

Table 4-1: Interpolation Type for Single Circular Arc

Automatically becomes P2

a straight line.

\

PO P1 P3

P4

Point | Interpolation | Instruction
Type

PO Joint or JointMove
Linear LinearMove

P1 Circular CircleMove

P2

P3

P4 Joint or JointMove
Linear LinearMove

Continuous Circular Arcs

When two or more successive circular movements with different
curvatures are required, the movements can be continuously performed
by adding an “FPT (Final Point)” tag to the step whose curvature needs to

be changed.

Table 4-2: Interpolation Type for Continuous Circular Arcs

P2

P5
P3
PO P1

P4

Point | Interpolation | Instruction
Type

PO Joint or JointMove
Linear LinearMove

P1 Circular CircleMove

P2

P3 Circular CircleMove

FPT

P4 Circular CircleMove

P5

P6 Joint or JointMove
Linear LinearMove

If not adding a “FPT” tag, successive circular movements must be
separated from each other. Do this by adding joint or linear interpolation
step (P4) at a connecting point of the preceding movement and the
following movement. However, when steps at the same connecting point
are taught, movements cannot be continuously performed. For more
information on the “FPT” tag, refer to YRC1000/YRC1000micro
SUPPLEMENTAL INSTRUCTIONS FOR Smart Pendant

(INSTRUCTIONS FOR INFORM LANGUAGE) (HW1485511).
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Table 4-3: Interpolation Type for Continuous Circle Curve

Point | Interpolation | Instruction
Type
PO Joint or JointMove
. . Linear LinearMove
Joint or linear
P2 motion type P1 Circular CircleMove
/ P2
@ P7 P8 |P3
PO P1 P5 P4 Joint or JointMove
Linear LinearMove
P6 P5 Circular CircleMove
P6
P7
P8 Joint or JointMove
Linear LinearMove
<Play Speed>

— The play speed set display is identical to that for the linear
interpolation.

— The speed taught at P2 is applied from P1 to P2. The speed taught
at P3 is applied from P2 to P3.

— If a circular operation is taught at high speed, the actual arc path will
have a shorter radius than that taught.

4.1.3.4 Spline Interpolation

When performing operations such as welding, cutting, and applying
primer, using the spline interpolation simplifies the teaching process for
workpieces with irregular shapes. The path of motion is a parabola
passing through three points. When spline interpolation is used for
teaching a robot motion, the instruction to use is SplineMove.

B  Single Spline Curve
When a single spline curve movement is required, teach the spline
interpolation for three points, P1 to P3, as shown in the figure below. If
joint or linear interpolation is taught at point PO, the point before starting
the spline interpolation, the manipulator moves from PO to P1 in a straight
line.

Table 4-4: Interpolation Type for Single Spline Curve

Point | Interpolation | Instruction
Type
o yp
PO Joint or JointMove
Automatically becomes Linear LinearMove
ight line.
a straight fine P1 Spline SplineMove
P2
P3
PO P1 P3 P4
P4 Joint or JointMove
Linear LinearMove
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B Continuous Spline Curves
This describes a manipulator moving through a path created by combining
parabolic curves. This differs from circular interpolation in that steps at an
identical point or an FPT tag are not required at the connecting point

between two spline curves.

Table 4-5: Interpolation Type for Continuous Spline Curves

Point | Interpolation | Instruction
Type

PO Joint or JointMove
P2 Identical-point Linear LinearMove
step notrequired oy g pling SplineMove

\/ P5 P6 o

3 P5
PO P1 P6 Joint or JointMove
Linear LinearMove

P4

When the parabolas overlap, a composite motion path is created.

Start path End path

Play Speed

— The play speed setting window is identical to that for linear
interpolation.

— As with circular interpolation, the speed taught at P2 is applied from
P1 to P2, and the speed taught at P3 is applied from P2 to P3.

Teach points so that the distances between the three points
are roughly equal. If there is any significant difference, an
error will occur on playback and the manipulator may
operate in an unexpected, dangerous manner. Ensure that
the ratio of distances between steps m:n is within the range

@ of 0.25 to 0.75.
<>

e VP2
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4.1.4 Teaching Steps

There are two basic teaching steps for the manipulator: move or stop.
The following sections describe the method of how to teach Motion
Instruction and Timer in the job.

4.1.4.1 Teaching Motion Instructions

Whenever one step is taught, a motion instruction is inserted. Steps can
be taught in sequence as shown in fig. 4-2 “Registering Motion
Instruction”. Steps can also be inserted between already registered steps,
as shown in the right fig. 4-3 “Inserting Motion Instructions”

Fig. 4-2: Registering Motion Fig. 4-3: Inserting Motion
Instruction Instructions
Step 2 =y Step Insertion Step 2

Pl s—m

Step 1 wp o ¢m Step 3 R

1. Before jogging the Robot, select the desired Jogging Mode for easier
movement. Refer to chapter 4.1.3 “Motion Type (Interpolation Type)”
for details.

2. Use the jogging buttons on the touch screen or membrane keys to
move the manipulator to the desired position.

3. Select the Inserting Line, Tool Number and Interpolation Type.

4. Hold the Enable Switch ON with Servo ON, and press {+ TEACH} to
register. If long press {+ TEACH]}, teaches the current position with
Position Level = 0. This means that the manipulator will stop at this
position.

© TEACH | JOINTMOVE

B Selecting the Inserting Line
1. Select {Current Job} under {MENU}.

— The contents of the currently-selected job are displayed.

2. Move the cursor to a line immediately before the position where a
motion instruction is to be registered.

3. Grip the Enable switch to turn the servo power ON.

4. Move the manipulator to the desired position using {Jog Keys}.
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B Selecting the Tool Number
1. Before teaching the position, press the {Tool} text. Tool setting needs
to be completed in advance. For tool setting instruction, refer to
chapter 6.1 “Tool Settings”.

Tool
#0: Vacuum

BLOCK 1/0: TOOL #0 )

Motion Command
@ GO TO POINT Not Selected

2. Select the Active Tool from the list and press {Select}.

B Setting the Interpolation Type
1. Press {JOINT MOVE} next to the {+ TEACH]} to change the
interpolation type. The order will be shown as:

1. Joint Move

2. Linear Move
3. Circle Move
4. Spline Move

Each time the interpolation type button is pressed, the interpolation type
switches in this order. If pressed again after it reaches Spline Move, it will
return to the Joint Move.

9 TEACH | JOINTMOVE

B Setting the Play Speed
The speed of the manipulator can be changed using the motion
instruction.

1. Press {Speed}.
— Anumeric keypad appears.
1 Start Job

2 JointMove Speed=50.00(%)

3 End Job
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2. Insert the desired speed and press {SAVE}.

— If an entered value is outside the allowable range, the input value
will be replaced to with the nearest value within the allowable range.

3. The speed is now registered.

4.1.4.2 Setting Timer Instruction

The timer instruction function stops the manipulator for a specified length
of time.

Follow these steps to register time instructions.
1. Select {Current Job} under {MENU}.

2. Move the cursor to the line before the position where the timer
instruction is to be inserted.

3. Open the {COMMANDS]} tab from the Navigation Bar.

4. Select the {Timer} under the {General} Tab.
— The timer instruction is now inserted to the line.

5. Change the timer value by pressing the highlighted time value.
— The numeric keypad will appear.

6. Input the desired values and press {SAVE}.

— The timer instruction is now registered.
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4.1.5 Overlapping: The First and Last Steps

Why is overlapping the first and last step necessary?

Assume that the job shown below is to be repeated. The
manipulator moves from the last step (Step 6) to the first
step (Step 1). If Step 6 and Step1 are the same position, the
manipulator will move directly from Step 5 to Step 1,
improving work efficiency.

Step 6
o
i ~.
Step 6 after A
change
Il

- g Step5

The position of step 6 is
changed to overlap with
step 1.

Step 1

e \‘,ﬂ"! o

Step 3

1. Move the cursor to the first step line.

2. Hold {GO TO POINT} until the manipulator reaches the first step
position.

Tool
#0: Vacuum

BLOCK 1/0: TOOL #0

Target:

3. Move the cursor to the last step line.

4. Open the detail edit of the last step line, using the method described in
chapter 4.4.4 “Editing Commands”.

5. Check that the {Position} is selected to the left.

— Recorded position and current position are shown on the right.
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6. Press {RE-TEACH}

— The position data for the first step is registered on the last step.

— This changes the position data in the last step ONLY. Interpolation
type and play speed will not change.

Position

Speed  20.00

Position Level ¥ Unused

Acceleration = Unused

Deceleration Unused

Comment Unused

Recorded Current

S 0.00° S 0.00°
L 0.00° L 0.00°
u 0.00° u 0.00°
R 0.00° R 0.00°
B 0.00° B 0.00°
A 7 0.00° T 0.00°

Recorded Tool: B
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4.2 Checking a Step

4.2.1 GO TO POINT Operation

To check the position of a taught reference point, move the manipulator to
the reference point with the {GO TO POINT}.

A CAUTION

» For safety, set jogging speed at Mid or below. Refer to chapter
2.2.4 “Select Jogging Speed” for setting the jogging speed.

1. Move the cursor to the step to be checked.
2. Hold {GO TO POINT} until it reaches the position.

Tool
#0: Vacuum ~

S |
BLOCK I/0: TOOL #0 ] 1

© coToroINT VI
Line 5

3. When the manipulator reaches the target position, the box on the right
will turn green and the manipulator will stop.

@ For checking a whole job, refer to chapter 4.3 “Test Job”.
[ J

4.2.2 Circular Movements with the GO TO POINT Operation

— The manipulator will move in a straight line for the steps of the
circular interpolation.

— To check the trajectory of the circular movement, use the test
operation described in chapter 4.3.
4.2.3 Spline Curve Movements with the GO TO POINT Operation

— The manipulator will move in a straight line for the steps of spline
interpolation.

— To check the trajectory of the spline curve movement, use the test
operation described in chapter 4.3.
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Playback operations can be tested and verified in MANUAL (TEACH)
mode.

1. Place operations in MANUAL (TEACH) mode.
2. Open the job from the {Job List} under {MENU}.
3. Go to {TEST/RUN JOB} from the Navigation Bar.

JOGGING

Test . Run

Tes
One Cycle |I|

p TEST START

(Selected Line: 1)

>

TEST/RUN JOB
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4.3.1 Test Start

Test Start simulates playback operation in MANUAL (TEACH) mode. This
function is convenient for verifying operation instructions and motions,
helping to achieve continuous paths. Test operation differs in the following
ways from actual playback in the AUTOMATIC (PLAY) mode:

— Operation speeds greater than the maximum teaching speed
(default setting: 250 mm/sec) are reduced to the maximum teaching
speed by default.

— There may be a slight difference between the motion path for the
test operation and the motion path for playback operation due to a
mechanical error or control delay, etc.

Fig. 4-4: Motion Path for Test Operation

C
B w
Motion Path for Playback Operation
Motion Path for Test Operation
A

Make sure that there are no obstacles around the manipulator.

1. Tap the {TEST/RUN JOB} icon on the Navigation Bar.
¥ 4

JOGGING

2. Turn Servo Power ON for the Robot.
3. Select the Test Run Mode by tapping the Test Run Mode Drop Down.
Valid options are:

Select Test Run Mode

. Executes job at current line and continues as long as
CONTINUOUS |§| Test Start or Play button is pressed. Job will restart
when reaching final line.

Executes job at current line and continues as long as

ONE CYCLE ]Il Test Start or Play button is pressed. Job will stop
when reaching final line.

: Executes current job line and stops. After execution
|E| of current line, cursor will advance to the next line
but will not execute.
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4. Press and hold {TEST START}.
— The speed of the motion will be limited to 250 mm/sec.

— Job execution will start from the selected line.

» TESTSTART

(Selected Line: 1)

@ To run the job in full speed, switch to the AUTOMATIC
(PLAY) position and press the {RUN}.
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4.4

441 Command Group

Commands

The commands are divided into five groups by processing or each work.

Display | Content Example

General | General commands to the job Timer, Comment
Motion Moves the manipulator JointMove, LinearMove
/10 Controls input and output DigitalOut, PulseOut
Math Performs arithmetic calculation Add, Set

Control Controls processing and each work Jump, Pause

With Macro functionality there are potentially six groups, if the Macro
feature is enabled.

Display | Content Example
Macro Predefined job for a specific reuseable Macro Mane
purpose

Command List

Press {COMMANDS} on the Navigation Bar to display the command
group tabs.

<>

COMMANDS

Select a group from the Command Bar to display its command list.

Favorites General Motion I/0 Math Control ‘ COMMAND BUILDER ]

If macros are enabled, the macro tab displays on the command bar.
Macros can be inserted using the same process as other commands. For
instructions on how to install macros, see chapter 13.2 “Handling Data”.

Favorites General Mation 110 Math Control Macro
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4.4.2 Color Coordinates

There are nine colors displayed in Job Contents view.

Table 4-6: Color Coordinates

Color Item

Pink General Commands

Orange Motion Commands

Red /0O Commands

Dark Blue Operating Commands

Light Blue Control Commands

Purple Variables

Green Comment

Brown Macro

Black Parameter, Start Job, End Job

4.4.3 Inserting Commands

1.

In MANUAL (TEACH) mode, move the cursor to the line immediately
before where the command is to be inserted in the Job Contents view.

Press {COMMANDS}.

Select the command group from the Tab Bar.

— The command list of the selected command group will appear.
Select the command.

— Press the checkbox of “Show Advanced Commands” for further
command options.

Change additional items or variables as required.
— When nothing is to be changed, the process is complete.

— When additional items are to be edited, refer to chapter 4.4.4
“Editing Commands”.
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4.4.4 Editing Commands

Move the cursor to the command to be edited, in the MANUAL (TEACH)
mode.

(1) Changing numeric data

[) Select the highlighted item on the instruction.

1 Start Job

2 JointMove Speed=50.00(%)

3 End Job

II) Input the value using the numeric keypad.
[Il) Press {SAVE} to register the edit.

(2) Adding, modifying, or deleting an additional item
Press Detail Edit icon on the right side of the Job Contents view.

2 Speed=50.00(%) o

Detail Edit panel appears.

I) To add an additional item, press “UNUSED”. Input the desired
value for the item. Press {SAVE ALL}.

II) To modify an additional item, press the existing item. Input the
desired value for the item. Press {SAVE ALL}.

Ill) To delete an additional item, press the existing item and cross
will appear on the right. Press the {X} and it will change to
“UNUSED”. Press {SAVE ALL}.

The Detail Edit panel appears and shows each editable item. Items for
motion command are shown as an example.
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Modifying Position
There are two methods for modifying (i.e. re-teaching) a position.
(1) Modifying from Job Contents View
The {RE-TEACH} inside the Job Contents View is visible when

selecting a motion instruction. When pressing this button, the
selected line blinks indicating the position is re-taught.

4ot ROBOT JOB - SAMPLE V4 = ey
1 Start Job

2 JointMove Speed=50.00(%) o
3 End Job

RE-TEACH (9 TEACH | JOINTMOVE

-

(2) Modifying from Detail Edit Panel

1. Jog the Robot to the new position and open the Detail Edit panel.
2. Select the Position.
3. Press {RE-TEACH]} to modify the position.

— After re-teaching, “Recorded” and “Current” positions should match.

Motion Type JointMove

Recorded Current
S 6.00° S 90.00°
Speed  50.00
L 6.00° L| -45.00°
Position Level = Unused
u 6.00° u 12.73°
Acceleration | Unused
R 8.02° R|[ -121.21°
Deceleration = Unused
B 8.01° B| -174.90°
Comment Unused
T -0.00° T 8.01°

RE-TEACH

Recorded Tool:
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The tool number is seen in the box. The tool number cannot
be edited, because the TCP may change when changing
™~ the tool. To change the tool number teach a new step.

Modifying Motion Type

A motion instruction can be changed between all types (JointMove,
LinearMove, CircleMove, SplineMove) from the Job Contents view or from
the Detail Edit panel.

(1) Modifying from Job Contents View
1. Select the desired line
2. Press the motion instruction

— A drop-down list will appear

3. Select the new motion type

5% ROBOT JOB - SAMPLE V4 = 43}
1 Start Job
2 JointMove ~2ed=50.00(%) 4ct

3| JointMove

LinearMove

CircleMove

SplineMove

-
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(2) Modifying from Detail Edit Panel

1. Select the motion instruction and open Detail Edit panel

2. Select the “Motion Type” parameter

3. Select the desired Motion Type from the list

Detail Edit: JointMove

Position

Speed

Position Level

Acceleration

Deceleration

Comment

JoblLine#:2  JobStep #:1

Select a Motion Type

QO LinearMove

50.08 )
Q CircularMove
Unused
QO splineMove
Unused
Unused
Unused

Move to position using
joint interpolation.

Move to position using
linear interpolation.

Move to position using
circular interpolation.

Move to position using
spline interpolation.
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Modifying Speed

1. Select the Speed.
The number that can be entered are different among interpolation
type.

+ Joint mode: specifies the Joint Speed, which is shown as a
percentage of the Robot’s highest speed.
Speed: 0.01% to 100%

* Linear mode: specifies the tool center point speed, using the Detail
Edit screen. The maximum speed is unique for each Manipulator
model.

Units: mm/sec

« Circle mode: specifies the tool center point speed, using the Detall
Edit screen.
Units: mm/sec

* Spline mode: specifies the tool center point speed, using the Detail
Edit screen.
Units: mm/sec

2a. For Constant, enter the preferred speed using the numeric keypad.

Detail Edit: JointMove ~ JobLine #:2  Job Step #:1 X

User Local

Cogrsbamm Variable Variable

Motion Type JointMove = - - . . .
Specifies the joint speed. The joint speed is shown in the ratio

to the highest speed. Speed: 0.01% to 100.00%

Position

Position Level Unused

Acceleration Unused

Deceleration Unused

Comment Unused

Enter
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2b. For Variable, select the variable type from Byte, Integer, and Double
type, and its number on the numeric keypad. Variable's content can be

browsed from the {Browse Variable}.

When the variable is used for speed with a LinearMove

@ instruction, the unit is 0.1mm/s. When the variable is used

for the speed with a JointMove instruction, the unit is
® 0.01%.

Motion Type

Position

Speed

Position Level

Acceleration

Deceleration

Comment

Detail Edit: JointMove ~ Job Line #: 2

JointMove

Unused
Unused
Unused

Unused

Job Step #:1

User

Renstnt Variable

Specifies the joint speed. The joint speed is shown in the ratio

Local
Variable

to the highest speed. Speed: 0.01% to 100.00%

Browse Variables

Array VAR:  Unused

(nteger (D)ouble

1 > 3 ]
4 5 6 -
i/ 8 9
Enter
0
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2c. For Local Variable, select the variable type and enter its number on the

numeric keypad.

Local Variable types will only be available if they have been
allocated for the job. For more information on Local

Variables, refer to chapter 4.8 “Local Variables”.

Detail Edit: JointMove ~ JobLine #:2  Job Step #:1 X
User Local
Gl Variable Variable
Motion Type JointMove = _
Specifies the approach level when the manipulator passes
the taught position. Level:0to 8
Position
Array VAR:  Unused
Speed | 50.80
(LB)yte (L)nteger (LD)ouble
Acceleration Unused
1 2 3 {x]
Deceleration Unused
4 5 6 -
Comment Unused
7 8 9
Enter
0

3. Press {SAVE} when the modification is completed.

Detail Edit: JointMove  JobLine #:2  Job Step #:1

Setting Position Level

The position level can be changed after the motion instruction is
registered.

Position Level: The position level is the degree of approximation of the
Robot motion with respect to a taught position. The position level can be
added to motion instructions Joint Move (joint interpolation) and Linear
Move (linear interpolation). If the position level is not set, precision will
depend on the operating speed. Setting an appropriate operating speed
level will ensure that the Robot moves in a path that is safe and suitable to
circumferential conditions and the workpiece. The position level must be
a whole number from 0 to 8, total of 9 levels.

HW1485509
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The relationship between path and accuracy for position levels is as
follows.

Fig. 4-5: Position Level

Position Levels | Accuracy

Position level 0 0 Teaching position
P2 P3 -
1 Fine
to
8 Rough

Position level 2
Position level 3
Position level 4

Positioning level 8

P1

1. Select the Position Level.

2a. For Constant, enter the preferred position level on the numeric keypad.

Detail Edit: JointMove ~ JobLine#:2  Job Step #: 1 X

User Local
Variable Variable

Specifies the approach level when the manipulator passes
the taught position. Level: 0to 8

Motion Type JointMove
Position
Speed | 50.80

Acceleration Unused

Deceleration Unused

Comment Unused

Enter
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2b. For Variable, select the variable type from Byte, Integer, and Double
type, and its number on the numeric keypad. The variable's content
can be browsed from the {Browse Variable}. For array variables, refer
to chapter 4.6 “User Variables”.

Motion Type

Position

Speed

Position Level

Acceleration

Deceleration

Comment

Detail Edit: JointMove

Job Line #: 2

JointMove

50.60
Unused
Unused

Unused

Job Step #: 1 X

Local
Variable

User

Consant Variable

Specifies the approach level when the manipulator passes
the taught position. Level: 010 8

Browse Variables Array VAR:  Unused
(Dnteger (D)ouble
1 2 3 ]
4 5 6 -
7 8 9
Enter
0
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2c. For Local Variable, select the variable type and enter its number on the
numeric keypad.

Local Variable types will only be available if they have been
allocated for the job. For more information on Local

e Variables, refer to chapter 4.8 “Local Variables”.
Detail Edit: JointMove ~ JobLine #:2  Job Step #:1 X
CHRstERL User Local

Variable Variable

Motion Type JointMove = _
Specifies the approach level when the manipulator passes

the taught position. Level:0to 8

Position
Array VAR:  Unused

Speed | 50.80
(LB)yte (LI)nteger (LD)ouble
Position Level

Acceleration Unused

Deceleration Unused

Comment Unused

Enter

3. Press {SAVE} once the modification is complete.

Detail Edit: JointMove ~ JobLine #:2  Job Step #:1

Setting Comment

The comment is written next to the instruction. The comment can be from
0 to 32 alphanumeric and symbol characters in length.

1. Select {Comment}.

2. Enter the comment under “Enter Comment’”.

3. Press {SAVE} on the input keyboard.

4. Press {SAVE ALL} once the modification is completed.

Detail Edit: JointMove ~ JobLine#2  Job Step #: 1

5. The comment is displayed in the job, next to the instruction.

1 Start Job
2 JointMove Speed=50.00(%) //comment inserted o ]

3 End Job
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4.4.5 Favorites

Frequently used commands can be saved to {Favorites} for quick access.

To access favorites, open the {Favorites} tab in the command group.
There is no limit on the amount of commands to save in {Favorites}.

1. Open any other command group.
2. Tap the star on the right side of the command.
— Check the star's color has changed to yellow.

3. Check that the starred command is saved on Favorites, as well as
above the command group.

— The commands will be saved in the order they were tagged as
favorites.

N

Favorites General Mation 110 Math Control ‘ @COMMAHDBUILDER

[] show advanced commands
5)  DigitalOut Turns the general output signal on and off
Stops for the specified time

Waits until the status of the external signal or byte type variable is the
same as the specified status
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4.4.6 Command Builder

Command Builder is used to add basic commands to a job. Command
Builder uses simple instructions to support ease of use for users.

Command Builder can be used to add three basic types of command:
— SET
— READ
— WAIT

1. Open the Command Builder from the {COMMANDS} tab.

Favorites General Motion 7] Math Control |I (*) COMMAND BI.IlLDERI

2. Select the command type from the tab.

What do you want to do? SET READ WAIT G

3. Select the command from the list.

This is the command that will be added to your job:

—
@] set a variable to a Constant Value
Variable: Be@#1 ~  Constant: 1

Set a Variable to Another Variable

Set a Digital Output ON for a specified Time

O
(O] set a Digital Output to ON/OFF
O

—

4. Select the variable from the list or insert the value in the box.
(Ex. BO0O3 and 10)

This is the command that will be added to your job:

Set B0O@3 10 Add Command

@ Seta Variable to a Constant Value

Variablej Be@3 ~ J Constant: ‘IGI

5. Press {Add Command}.

This is the command that will be added to your job:

Set B0O@3 10 Add Command
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Command Builder limits the number of variables, 1/0O, etc. that can be
modified. However, the commands generated by Command Builder can
be modified in the Job Contents view to use any variable and I/O.

6. The added command is displayed in the Job Contents view. Press the
{Detail Edit} icon to the right of the added line.

1 Start Job
2 Set Boo3 1@ E o

3 End Job

7. Other variables that were not listed in the Command Builder can also
be selected. Replace the variables to desired variables, if a triangle ¥
is being displayed next to the input, other items are available for
selection.

(Ex. RO00 and R002)

Detail Edit: Set  Job Line #:2 m
User Local
Result-Real ¥ ROG0

Constant /- hle Variable
Result-Int

RB@2

Browse Variables Array VAR:  Unused
Result - Real

Position
(R)eal

8. Press {SAVE ALL}, and the command is modified.

1 Start Job
2 Set RO0@ R0OO2 £ o

3 End Job
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4.4.7 Expanded Inform Line

In cases where an instruction has more parameters than can be displayed
in one line, an arrow indicator displays.

1 Start Job
2 JointMove | PB@B@  Speed= 45.80 (%) Acceleration= 25 (%) > {}

3 End Job

To view all of the parameters, press the arrow to expand the Inform line
and press again to minimize the Inform line.

1 Start Job
2 JointMove v ﬁi}
Poae
Speed= 45.00 (%)
Acceleration= 25 (%)
Deceleration= 22 (%)

3 End Job
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4.5.1 Edit Menu

4.5

Editing Job
The Job Content Header provides access to three menus that make it
easier to quickly navigate and edit the INFORM job:
— Edit
— Find
— Display
These menus are described in the following sections.
Fig. 4-6: Job Content Header

=

Press the {Edit} to bring up the Edit Menu. The following operations can
be used from this menu.

— Undo
— Redo
— Cut

— Copy
— Paste

— Delete

— Suppress
Fig. 4-7: Edit Menu

=ww Doyl

o < #& 5 & O  fHee =2 Ean

Bring the cursor to the line to be processed and press the desired button.

Additionally, some of these commands (Cut, Copy, Delete, Suppress) can
be executed on multiple lines at one time. To select multiple lines, press
and hold on the line and then drag to select more lines.
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Fig. 4-8: Multi-Selection

1

2

Start Job

For Ie@® =1 to 5

JointMove Speed=100.00(%)

JointMove Speed=100.00(%)

Next 1000

Timer Time=2.50(seconds)

DigitalOut Output#(1) ON

End Job

-

4.5.1.1 Undo Operation

Toolbar button | Name

Description

Undo

9

Undo reverses the most recent editing
command from Commands tab.

After inserting, deleting or modifying an instruction, operations can be
undone. The undo operation can be performed even after the manipulator
is moved by the test operation. However, undo operations cannot be
performed if motion instructions are inserted or edited. The undo
operation works for the last ten edited instructions only.

4.5.1.2 Redo Operation

Toolbar button | Name

Description

Redo

7

Redo reverts the effects of the undo action

Redo can only be used after the undo operation has been used.

4.5.1.3 Cut Operation

Toolbar button | Name

Description

Cut

Q
K

Deletes the selected command(s) from a job
and copies command(s) to a buffer.
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4.5.1.4 Copy Operation

4.5.1.5 Paste Operation

4.5.1.6 Delete Operation

4.5.1.7 Suppress Operation

Toolbar button | Name Description
Copy Copies the selected command(s) to the buffer.
Toolbar button | Name Description
Paste Inserts the content of the buffer on a line below
|| 1 the selected step.
Toolbar button | Name Description
Delete Deletes the selected command(s).
Toolbar button | Name Description
Suppress Suppress the selected command(s).

//abc

Suppressed commands will be skipped during
job execution. For example, the Timer and
DigitalOut command would not execute in fig.
4-9 “Example of Suppressed Commands”.

Fig. 4-9: Example of Suppressed Commands

E MENU :'} La

1 Start Job

er Time= 2.50 (seconds)

[oge = 1

tHove Speed= 100.00 (%)

ve Speed= 100.00 (%)

6 Mext 1000

T /T

g

9 End Job

to 5

——
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4.5.1.8 Multi-Edit Operation

Toolbar button

Name

Description

\

Multi-Edit

Change the value of multiple parameters at
once. This is useful for bulk editing of motion
instructions.

Pressing the Multi-Edit button will bring up a popup allowing a user to edit

the parameters of all selected instructions. This button will only be
available when multiple lines are selected. The following parameters can
be edited through this popup:

+ Joint Speed

* Linear Speed

* Rotation Speed
* Max Speed

» Acceleration

* Deceleration

* Position Level

To perform a Multi-Edit, follow these steps:

1.

Fig. 4-10: Press {Multi-Edit}

listed above and press {Multi-Edit}.

— This opens the Multi-Edit Panel that contains all supported

parameters that appear in the selection.

Select multiple lines of code containing some subset of the parameters

» For example, the selection in fig. 4-10 contains Joint Speed,

Linear Speed, Deceleration, and Position Level.

@ =y

o A X B B 0 /Hee
1 Start Job
2 Timer Time= 2.50 (seconds)

__._-.
Speed= 100.00 (%) Deceleration= 50 (%)

3 JointMove
4 LinearMove Speed= 500.0 (mm/sec) PositionLevel= @

5 DigitalOut Output#( 1 ) ON

6 LinearMove Speed= 350.0 (mm/sec)
7 JointMove Speed= 100.00 (%) PositionLevel= 8
8 JointMove Speed= 100.00 (%) Deceleration= 40 (%)

-—.—-
9 DigitalOut Output#( 1 ) OFF

16 End Job

Edit
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Fig. 4-11: Multi-Selection Edit Panel

Multi-Selection Edit X

Input Values to bulk change:

Joint Speed

% (3 selected)

inear Speed

mm/sec (2 selected)

Deceleration

% (2 selected)

PositionLevel

(2 selected)

SELECT ALL JOB LINES

* Only constant parameters can be edited from this popup.

— For example, “Speed=50.00" can be edited but
“Speed=D001” cannot be edited.

e * If selection does not contain any parameters that can be
edited, a message displays indicating supported
parameters.
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2. Enter values for desired parameters and press {SAVE}.

— In the following example, the Joint Speed is set to 50.00, the Linear
Speed is set to 250.00, and the Deceleration is set to 25.

« A value is not entered for Position Level which means this
parameter will be unaffected by the changes.

Fig. 4-12: Multi-Selection Edit Parameter Values

Multi-Selection Edit

Input Values to bulk change:

50.00% (3 selected)

250.0 mm/sec (2 selected)

25%  (2selected)

(2 selected)

SELECTALL J0BUNES = |:|

— The code displays the updated values.
Fig. 4-13: Updated Values in Displayed Code
o < & I O ffabe 5 2 Edit

1 Start Job

2 Timer Time= 2.50 (seconds)
e
3 JointMove Speed= 50.00 (%) Deceleration= 25 (%)
4 LinearMove Speed= 250.0 (mm/sec) PositionLevel= @
5 DigitalOut Output#( 1 ) ON
6 LinearMove Speed= 250.0 (mm/sec)
7 JointMove Speed= 50.00 (%) PositionLevel= 8
8 JointMove Speed= 50.00 (%) Deceleration= 25 (%)
e
9 DigitalQOut Output#( 1 ) OFF

10 End Job

» The Multi-Edit popup contains {Select All Job Lines} which
@ expands the Multi-Selection to include the entire job.

o — This is useful for quickly editing large jobs.
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4.5.2 Find Menu

Press the {Find} to bring up the Find Menu. This menu can be used to

quickly navigate a long INFORM program.

Fig. 4-14: Find Menu

>4 ? To Start

i To End

‘6 To Previous

1 GoTo: 1 B Find

The following operations can be performed from this menu:

4521 To Start

4522 ToENnd

4.5.2.3 To Previous

4524 GoTo

Toolbar button | Name Description

To Start Return to the first line of the job.
Toolbar button | Name Description

\l/ To End Navigate to last line of the job.

Toolbar button | Name Description

To Previous | Return to the previously selected line.
Toolbar button | Name Description

Go To Go to the line entered into the provided

NE
—</>

numerical input.
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4.5.3 Display Menu

Press the {Display} to bring up the Display Menu. This menu can be
used to change various settings that relate to the Job Contents view.

Fig. 4-15: Display Menu

X [Jclassic [ ]Tool# [ ]Var.Name [ ]I0Name Favorites {5h  Display

[J Job Stack

The following settings can be changed:

4.5.3.1 Display Classic View

When the {Classic} option is turned on, the original short-form INFORM
language will be displayed on the Job Contents view. Classic INFORM is
the language used in the YRC1000 Programming Pendant. For more
information on the difference between Detail INFORM and Classic
INFORM, refer to “YRC1000/YRC1000micro SUPPLEMENTAL
INSTRUCTIONS FOR Smart Pendant (HW1485511)”. Display Classic
View can be turned ON / OFF during both MANUAL (TEACH) and
AUTOMATIC (PLAY) mode.

Fig. 4-16: Detail INFORM (with Classic View OFF)
3 JointMove Speed=75.00(%) Acceleration=50(%) Deceleration=20(%)
4 Timer Time=1.00(seconds)
5 DigitalOut Output#(5) ON
Fig. 4-17: Classic INFORM (with Classic View ON)
3 MOVJ VJ=75.00 ACC=50 DEC=2@
4 TIMER T=1.00

5 DOUT OT#(5) ON

4.5.3.2 Display Tool Number

When {Tool #} option is turned on, the tool number will be displayed on the
Job Contents view. It displays next to the line number in [ ]. {Tool #} can be
turned ON / OFF during both MANUAL (TEACH) and AUTOMATIC
(PLAY) mode.

Fig. 4-18: Display Tool Number (when Display Tool # is ON)
3 [ 1] JointMove Speed=10.00(%) Acceleration=20(%)

4 [ 5] JointMove Speed=10.00(%) Deceleration=50(%)
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4.5.3.3 Display Variable Names

4.5.3.4 Display I/O Names

When {Var. Name} option is turned on, the variable number is replaced
with variable names. The variable should be named beforehand, using the
instruction in chapter 4.6 “User Variables”.

{Var. Name} can be turned ON / OFF during both MANUAL (TEACH) and
AUTOMATIC (PLAY) mode.

Fig. 4-19: Display Variables Numbers (with Display Variable Names OFF)
3 JointMove Speed=B0B5(%)

4 JointMove PQO@@ Speed=BO10(%)

Fig. 4-20: Display Variables Names (with Display Variable Names ON)
3 JointMove Speed=datal(%)

4 JointMove TEST Speed=data2(%)

When {IO Name} is turned on, the 1/0O number is replaced with I/O names.

The I/0O should be named beforehand, using the instruction in chapter 4.6.

{lIO Name} can be turned ON / OFF during both MANUAL (TEACH) and
AUTOMATIC (PLAY) mode.

Fig. 4-21: Display I/O Numbers (with Display IO Names OFF)
ﬁnigitalout Output#(2) OFF
6 DigitalOut Output#(1) ON

Fig. 4-22: Display I/O Names (with Display IO Names ON)
5 DigitalOut Output#(BLOW OFF) OFF

6 DigitalOut Output#(SUCTION) ON

4-39 HW1485509

137 of 493



HW1485509

4 Teaching
4.5 Editing Job

4.5.3.5 Display Favorites bar

4.5.3.6 Display Job Stack

When the {Favorites} option is turned on, the bottom left of the Job
Contents View will contain shortcuts to Favorite Commands. If a user
wants to see more of the Job Contents View instead, this option can be
turned off.

{Favorites} can be turned ON / OFF during both MANUAL (TEACH) and
AUTOMATIC (PLAY) mode.

Fig. 4-23: Job Contents View (with Favorites turned ON)

9 Timer Time=2.50(seconds)

© TEACH JOINT MOVE

10 DigitalOut Output#(1) ON
-

Fig. 4-24: Job Contents View (with Favorites turned OFF)

9 Timer Time=2.50(seconds)

@ TEACH | JOINTMOVE

10 DigitalOut Output#(1) ON

11 End Job N

When {Job Stack} is selected, a panel will display on the Job Contents
View that will show the current Job Stack. As a job is executing, the “Call”
instruction can be used to change to a new job. The Job Stack will show a
list of jobs that have been called this way. For more information about Job
Stack, refer to chapter 5.4 “Job Stack”.

This panel can also be re-positioned inside the Job Contents View by
pressing and dragging on the title bar.

Fig. 4-25: Job Stack Display

X [Jclassic [ |Tool# []Var.Name [ ]I0Name [ Favorites 8% Display
¥4 Job Stack

2 DigitalOut Output#(5) OFF w JOBSTACK X

3 Shifton P[BOO5] i ol

4 JointMove Speed=100.00(%) Acceleration=50(%)

5 JointMove Speed=75.00(%) Acceleration=56(%) Decelq

6 LinearMove Speed=250.0(mm/sec) PositionLevel=0

7 DigitalOut Output#(5) ON

8 Timer Time=0.50(seconds)

© TEACH | JOINTMOVE

9 | infrarMnve Snepd=250 Afmm/cec)

-
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4.5.4 Direct Open

4541

User Variable

The Direct Open function provides an easy way to debug and navigate
programs. The basic usage is to Press and Hold on a User Variable,
Position Variable, /O Number, or Job Name from the Job Contents view to
provide quick access to information related to these items. The following
sections will describe the usage of each of these.

A User Variable (B, I, D, R, S) can be pressed to quickly access the name
and value of the variable. For example, be Pressing and Holding on the
D(ouble) Variable in the program below, the Variable Panel will
automatically open in the bottom half of the screen with this variable
highlighted.

Fig. 4-26: Direct Open User Variable

1 Start Job
2 Increment DO@7 {é}
3 End Job
Byte Integer Double Real String Position
No. & Value Name [J pisplay only named Q
Deee -2881 partno
Dee1l 8 index
Dae2 0
Dee3 0
DRO4 0
Dees 4201
Dees L%}
Dee7 54 count
Daea 0
Dees 0
paie 0

VARIABLES
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4.5.4.2 Position Variable

Pressing and holding the (P)osition Variable, the Position Panel
automatically opens in the bottom half of the screen with the selected
position information. From this panel, the position can be modified or
re-taught.

1 Start Job

2 JointMove P1Q. Speed= 5.00 (%) &
3 End Job %

Byte Integer Double Real String Position

= IPclsilion Variable P010: PickPosition I

World Frame ~ PickPosition

X 432419 m & .
Y -126.285 =
Z 252284 @ sETCURRENT POSTION

R 102.2485° O RPN
Ry -70.5967 -

2 Show Closure Settings
Rz 67.3827 -
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4.5.4.3 Input/Output Number Direct Open

Pressing and holding the Input/Output Number in the Job Contents View,
the 1/0 Panel opens in the bottom half of the screen with the correct I/O
Group and Number selected.

Fig. 4-28: Input/Output Direct Open

1 Start Job

2 DigitalOut Outputff, 22 ) ON &
3 End Job

\ \

Inputs Outputs Go To: 1

Group  Oulputs Status (Bits)

GROUP; 3 VALUE (DEC): 0
PES4 22TD OUTPUT: 17-24 VALUE (HEX): 0x00
TYPE: General
1 1-§
[[] Enable toggle
9-1
=g Output Status Name Toggle
I 3 17-24 #0000 0000w I 3 00
18
41-48
6 ]

18 73-80

4544 Job Name Direct Open

The functionality of Direct Open for the Job Name parameter in the Call
instruction is slightly different. In this case, by Pressing and Holding the
Job Name, the reference Job opens.

When a job opens this way, a special button appears on the
Job Header that gives a quick navigation back to the parent
™ job (“SAMPLE” in this example).
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4.6

User Variables

Variables are used to store counters, calculation results, or input signals in
the job. The variables can be freely defined in the job. User variables
have a global scope, which means that the same variable can be used in
multiple jobs and its data value is common to all the jobs. A variable’s
value is maintained even when the power is turned OFF.

Variables have the following applications:
» Counting the amount of workpieces
» Managing the repeating count of jobs
* Sending/receiving of information between jobs

The data formats for variables are described in the following table.

Default number of available variables is shown in the table. Users can
change the amount of variable allocation using the Software Pendant

(refer to chapter 12 “Software Pendant”).

Consider the data size of each variable and the amount of
memory available in the YRC Controller when changing the
e amount of variable allocation.

Data Format Variable No. Functions
(pcs.)

Byte type B0OO0O to B099 Range of storable values is from 0 to 255.

(unsigned 8-bit) (100 count) Can store I/O status.
Can perform logical operations (AND,
OR, etc.)

Integer type 1000 to 1099 Range of storable values is from

(16-bit) (100 count) -32768 to 32767.

Double integer D000 to D099 | Range of storable values is from

type (100 count) -2147483648 to 2147483647.

(32-bit)

Real type RO00 to R099 | Range of storable values is from

(32-bit float) (100 count) -3.4E+38 to 3.4E38.

String type S000 to S099 Maximum storable number of characters

(character) (100 count) is 32.

Position type PO00 to P127 Can store position data in angle form or in

(128 pcs.) XYZ form. XYZ type variables can be

used as target position data for motion
instructions, and as incremental values
for parallel shift instructions. Teaching
line coordinates cannot be used.
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Below are some examples of using variables to specify motion speed and
timer values:

— Play LinearMove Speed:
LinearMove Speed = D000
The variable D000 is used for speed with this motion instruction.
The unit for speed is 0.1mm per second.
For example, if D000 were set as 1000, the following would be true:
D000 = 1000 -> unit for speed is 0.1mm/s > speed = 100.0mm/s
Note that, depending on the unit being used, the value of the
variable and the value of the actual speed on occasion might not
match.

— Play JointMove Speed:
JointMove Speed = D000
The unit for speed is 0.01%.
For example, if DO0O were set as 1000, the following would be true:
D000 = 1000 - unit for speed is 0.01% > speed = 10.00%.

— Timer Time:
Timer Time = D000
For YRC1000, the unit for Time is 0.01 seconds.
(For YRC1000micro, the unit for Time is 0.001 seconds.)
For example, if DO0O were set as 1000, the following would be true:
D000 = 1000 - unit for Time is 0.01 seconds - Time = 10.00
seconds.

Array Variable

An array variable can be used to dynamically change the
variable number that is used in the program. The example
below shows the relationship between the array variable and
the variable number

Example:
— B[0] is same as B00O.
— 1f BO0O1 = 2, then D[B001] is same as D002.

This is especially useful when used inside of FOR loops
where the loop index can be used to change the variable.
For example, the FOR loop shown below would shift by the
value of P001 in the first loop, P002 in the second loop,
P003 in the third loop, etc....

— FOR 1002 = 1 to 10
Shifton P[1002]

ShiftOff
Next 1002
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4.6.1 Setting Byte, Integer, Double, and Real Type Variables
1. Select {Program/Operate} under {MENU}.
2. Select {Variables}.

— {Byte}, {Integer}, {Double}, {Real}, {String} and {Position} tabs will
appear.

&  Variables i
Byte Integer Double Real String Position
No. & Value  Binary Value Name [ pisplay only named Q
Boee 2} 0000 0o
Bee1 4] 0000 foee
Bee2 2] 0eep ooee

3. Select the desired variable type from {Byte}, {Integer}, {Double}, or
{Real}.

— The selected variable screen appears. (Following case is when
{Byte} is selected.)

4. Tap the desired variable number.

— If the desired variable number is not displayed on screen, swipe the
screen downwards.

— If the variable has been named, it can be searched by using the
search function.

& Variables @
Byte Integer Double Real String Position
No. A Value Binary Value Name ISearch by name Q

5. Tap the {Value} of the selected variable.
6. Insert the value to the variable using the numeric keypad.
7. Press {Enter}.

— The input value is now set to the variable.

8. Insert the name for the variable as an option.
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4.6.2 Setting String (Character) Type Variable

1.
2.
3.

Select {Program/Operate} under {MENU}.
Select {Variables}.

Select {String} from the tab.

— The string variable screen will appear.
Tap the desired variable number.

— When the desired variable number is not displayed on the screen,
swipe the screen downwards.

— If the variable is named, the variable can be searched by using the
search function.

€  Variables )
Byte Integer Double Real String Position
No. A Value Name ISearch by name Q

Tap the {Value} of the selected variable.

6. Insert the value to the variable using the alphanumeric keypad.

7. Press {Enter}.

— The input value is now set to the variable.

Insert the name for the variable as an option.
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4.6.3 Setting Position Variable with Variable Screen

4.6.3.1 Setting Position Variable by Moving the Manipulator

The following shows the position variables and setting methods.

* The setting of position variables is performed in MANUAL

@ (TEACH) mode.
* Turn the servo power ON when setting the variables using

the [Jog Keys].

Position Variables and Setting Method

Type Pxxx (Robot)
Angle type ‘ XYZ type (world, tool, user, etc.)
Setting Using jog keys (Robot Jog panel, Membrane)
Method
& Variables @
Byte Integer Double Real String Position

Position Variable P0O0O:

Reference Type Name
Robot Frame v Enter Name here
X 100.230 m Lo
#3: ~
¥ -75.170 mn
Z 257.010 mm @ SET CURRENT POSITION

Rx 180.0300 *

© coTosavepposiTION

Ry -87.1300
o Show Closure Settings

Rz 14.2300 °
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4.6.3.2 Setting Position Variable Using the Numeric Keypad

1.
2.

Select {Position} under {Variables}.

Select desired position variable type (ex. P000).

— The data of the desired variable is shown below.

Select the {Reference Type}.

— The selection panel on Reference Type will appear.

Position Variable Reference Type

Select Reference Type

JOINT ANGLE
WORLD FRAME
TOOL FRAME

USER FRAME

Specify the position with Joint Angles

Specify the tool position with respect to the World Frame

Specify the tool position with respect to the Robot Frame

Specify the tool position with respect to the Tool Frame

Specify the tool position with respect to the User Frame

If the position variable has already been set, a confirmation pop-up
window will appear. Select {PROCEEDY} to clear the data.

N o g &

If you change the Reference Type, it will clear all data. Do
you want to proceed?

Select the reference type.

Tap the cursor to the desired data to be input.

Input the value for the position.
Press {ENTER]}.

— The value is set in the cursor position.

8. Tap {Save} to save the position variable.

Insert the variable name as an option.
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46.3.3

Closure Setting

When the position data for the job is described using the XYZ format,
several postures may be adopted depending on the manipulator’'s
structure when moving it to the described position.

Although these postures have the same coordinates for TCP, they vary in
angle for each axis.

For this reason, the manipulator’'s posture cannot be uniquely defined by
the coordinate value alone. It is necessary to specify data other than the
coordinate value to define the manipulator’s posture.

In Position Variable Details, press {Show Closure Settings}.

&  Variables i)
Byte Integer Double Real String Position

Position Variable P000:
Reference Type Name
Robot Frame ~ Enter Name here

X 100.230m o

s #3: e
Y -75.170 mm

Rx 180.0300 ®

© 070 SAVED POSITION
Ry -87.1300 °

5} Show Closure Settings

Rz 14.2300 ©

The Closure Settings panel will appear.

< Position Variable PO0O:

Closure Settings

& 2 i
:;\ ) $‘*‘ N -
» | € o T
@ Front O Rear @ Up O Down @ Flip O No Flip
S| < |180 R| < |180 T| < |180
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B Front/Rear
This specifies where in the S-axis rotation center the B-axis rotation center
is located when viewing the L-axis and U-axis from the right-hand side.
Noted that when viewed from the right-hand side, the right of the S-axis
rotation center is called the front, and the left is called the back.

Right-hand side

-

(S-axis 0°)

The diagram below shows the S-axis at 0° and at 180°. This is the
configuration when the L-axis and the U-axis are viewed from the
righthand side.

S-axis 0° S-axis 180°
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B Up/Down

This specifies a type comprised of L-axis and U-axis when the L-axis and
U-axis are viewed from the right-hand side.

Right-hand side

Upper Arm Lower Arm

B Flip/ No Flip
When the angle of the B-axis is within (+) range (6B = 0°), itis called “Flip”,
and when within (-) range (6B < 0°), “No Flip”.
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S-Axis Angle

This designation is required for manipulators that have working envelopes

greater than +180°.

This specifies whether the S-axis angle is less than +180° or greater than

+180°.

$<180°

S >180°

-180° ~ 180°

-180° < 6S < 180°

180° < S or 6S <-180°

Note that 6S is the angle when the S-axis home position is 0°.

R-Axis Angle
This specifies whether the R-axis angle is less than +180° or greater than
+180°.
R <180° R > 180°
o o
! 360"5 -360°
|

-180° ! 180°
|

-180° < OR £ 180°

[
180° < OR or OR < -180°

Note that 6R is the angle when the R-axis home position is 0°.
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T-Axis Angle
This specifies positions of the R-, B- and T-axis.

For manipulators with wrist axes (three axes), this specifies whether the
T-axis angle is less than £180° or greater than +180°.

T <180° T>180°

360° ' -360°

!
|
-180° < 0T < 180° 180° < 6T or 6T < -180°

-180° ! 180°
|

Note that 8T is the angle when the T-axis home position is 0°.
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4.6.4 Specifying Motion Commands using Position Variables

When the position variable is used for specifying its position during the
movement, a Motion command can be used. Using this command allows
operators to specify positions, using specific numerical values. Position
values can easily be modified too. Position variables can also be used as
target position data for motion instructions, and as incremental values for
parallel shift instructions.

1. Open the job.
2. Go to {COMMANDS]} from the Navigation Bar.

<>

COMMANDS

Select the {Motion} tab.
Insert check to the {Show advanced commands} checkbox.
Select the desired motion command. The options are:
— JointMove
— LinearMove
— CircleMove
— SplineMove
(JointMove is selected as an example step.)

— The motion command is added to the job.

Favorites General Motion 110 Math Control | @COMMANDBUILDER

Show advanced commands 0

S ainthlove Moves to a user-defined Position Variable by joint interpolation. **This Ve
= command uses a P Variable, NOT the current robot position**
2 Moves to a user-defined Position Variable by linear interpolation.
LinearMove i § it hkg
**This command uses a P Variable, NOT the current robot position**
g e Moves to a user-defined Position Variable by circular interpolation.
= CircleMove ; g ey 7
= **This command uses a P Variable, NOT the current robot position**

e R ko Moves to a user-defined Position Variable by spline interpolation. %
sl **This command uses a P Variable, NOT the current robot position**

6. Press the detail edit button on the job line to the right.
— The Detail Edit panel will appear.

1 Start Job

2 JointMove P00 Speed=5.00(%) l{§}|

3 End Job
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Fig. 4-29: Inserting Position Variable Number

7. In the Position under Variable tab, insert the desired position variable
number or select from the variable list using Browse Variables.

. User Local
Presitioe Rt Variable Variable
Browse Variables Array VAR: | Unused
(P)osition Variable
1 2 3 {xJ
4 5 6 -
7 8 9
Enter
0

8. Change the tab from Variable to Position Data.

Fig. 4-30: Browsing Position Variable Number

Position Data Usex Lol
Variable Variable
( Browse Variables Array VAR: | Unused
(P)osition Variable
Search by Name e}

No.¥  Name

0 Approach
1

2 PlacePos
3 Conveyor
4 PickPos

Position Data

User
\Variable

Local

Variable

9. Move the manipulator to the desired position.
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10. Press {RE-TEACH}

— The current manipulator position will be registered.

Position Data V;:Jris:tzle V';ﬂ:‘;‘e

Recorded Current

s 0.00° S 0.00°
L 45.00° L 0.00°
U 45.00° U 90.00°
R 0.00° R 0.00°
B 45.00° B| -90.00°
T 0.00° T 0.00°

Recorded Tool:

4.6.5 Deleting Variable
Variables can be overwritten.

— For Byte, Integer, Double and Real Variable, insert “0” to the value
and delete the name. Press {save}.

— For String Variable, clear the value and delete the name. Press
{save}.

— For Position Variable, insert all “0” and press {save}
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4.7 Monitoring Variables

4.7.1 Monitoring Variables using Watch Window

User variables can be monitored using the Watch Window, placed under
{Program/Operate} in {MENU}. The following variables can be monitored.

Register Items on the Watch Window for Variables:
— Byte type variable (B-variable)
— Integer type variable (l-variable)
— Double integer type variable (D-variable)
— Real type variable (R-variable)
— String type variable (S-variable)

— Position type variable (P-variable)

@ For using the Watch Window to monitor I/O signal, refer to
chapter 7.4.1 “Monitoring I/O Signals by I/O Monitor”.

To maximize each panel, press the expand icon on the right-hand side of
the title of variable, position and I/O. Press it again to change the panel
back to its original size.

<  Watch Window Bc CLEARALL
Variablef 52 Q, BROWSE VARIABLES Positionf &3 Q, BROWSE POSITIONS
Ne. Contents Name [ 5 No. Name Tool [ 5

The values shown in the Watch Windows are updated every second.
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Fig. 4-31: Watch Window

< Watch Window B CLEARALL

Variables ¢ Q BROWSE VARIABLES | Positions £ Q, BROWSE POSITIONS

No. Name Tool [

No. Contents Name [

Inputs/OQutputs (I/0) £3 Q, BROWSE /0

Output Status  Name B

Input Status Name
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Variables (Byte / Integer / Double / Real / String)
1. Press {BROWSE VARIABLES} in Variables section under

{Watch Window}.

4711

<  Watch Window B CLEARALL

Q, BROWSE POSITIONS

Variables £ Q, BROWSE VARIABLES Positions §£3

5 No. Name Tool 5

No. Contents Name

2. Select the type of variables from the tab. (Byte type is chosen in the

example.)
Select Variables [ pisplay only named ~ Search by name Q
Byte Integer Double Real String
Select No. Value Name
O Boeo )
O Boe1

3. Add a check in the checkbox beside a variable to view its value.

4. Press {UPDATE VARIABLES}.

5. Selected Variables are now available to watch on the Watch Window.

i CLEARALL

€< Watch Window
Variables §2 Q, BROWSE VARIABLES Positions 2 Q, BROWSE POSITIONS
No. Contents Name B No. Name Tool [ H

Booo 48

L

HW1485509
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4.71.2 Positions
1. Press {BROWSE POSITIONS} in the Positions section under

{Watch Window}.
Select Positions [ pisplay only named  Search by name Q
Select No. Pos. Ref. Type Name

O FROO Robot Frame

2. Add a check in the checkbox for the Position to view its value.
3. Press {UPDATE POSITIONS}.

UPDATE POSITIONS

4. Selected Positions are now available to view in the Watch Window.

¢ Watch Window 85 CLEARALL

Variables £ Q, BROWSE VARIABLES Positions §3 Q, BROWSE POSITIONS

No. Contents Name [ 5 No. Name Tool [ 5
Pooo Tool @3

5. Tap the Position to view its values.

— The left figure shows for the joint angle type, and right figure shows
for the remaining reference types.

& PO00  Tool #00 & PO00  Tool #00
Axis Positions TCP Position Frame & Closure
(S)wing 0.00° X 0.00 mm Type: Robot Frame
(L)ower 0.00° Y 0.00 mm Front, Up, Flip
(UW)pper 0.00° Z 0.00 mm S<180
(R)otate 0.00° Rx 0.00 deg R<180
(B)end 0.00° Ry 0.00 deg T<180
(T)wist 0.00° Rz 0.00 deg
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4.7.2 Monitoring Variables using Variable Setting Screen

The Variables screen can be used to observe or monitor the current value
of the variables.

1. Select {Program/Operate} under {MENU}.

2. Select the Variable Type to view Setting Byte, Integer, Double, Real, or
Position by touching the Variable Type Name.

— The value updates every second when the program is running.

& Variables )
Byte Integer Double Real String Position
No. A Value Binary Value Name (] Display only named Q,
Beea 2] 0000 0600
Beal 10 0pee 1618 COUNT
Beaz 100 8110 alee

The user can also select to see only the variables that are named.
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4.8

Local Variables

Local Variables are variables that are used only within its particular job.
These are useful for temporary operations as they cannot be read or
changed from other jobs, whereas User Variables can be read or
changed. Some of its usage are for: loop counters, temporary
calculations, and input signals storage. This section describes additional
settings that are available relating to Local Variables

User Variable
B0OO1
i

Job 1 Job 2 Job 3

User Variables

Job 1 Job 2 Job 3
Local Variable Local Variable Local Variable
LB0O1 LB001 LB0OO1

Local Variables
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4.8.1 Local Variable

4.8.1.1 Allocation
Local Variables need to be configured at first to be used.

1. Select {Job List} under {MENU}.
2. Select the particular job from the list of job.

3. Press the {Additional Settings} expansion icon at the bottom of the Job
Details panel.

— This will pull up a new panel for Additional Settings.

Job Details: SAMPLE v

Date nes
2017-07-19 1001 AM 3

Job Name
SAMPLE

Tag
e.g. job tag or keyword

Comment O )9 Make this job the Default Job
e.g. comment about the job

O 6 Lock the job to disable editing

Additional Settings ~

4. Under the {Local Variable Allocation}, enter a number between 0 and 255
for the amount of variable to allocate, next to the desired variable type.

— Example: the figure shows allocating 10 Local Byte (LB) variables.
Thus, LB0O0O to LB009 will be usable inside the job.

Additional Settings hvd
Local Variable Allocation Job Argument Names (D
Byte (LB) 10 + NEW ARGUMENT

Integer (LI) 0
Double (LD) 0
Real (LR) 0

String (LS) 0

« LEFT RIGHT p CLEAR
H
n -

T
Enter
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4.8.1.2 Entering Local Variables

After Local Variables have been allocated for a particular job, they can be
used by changing variable type to Local Variable in the Detail Edit panel.
Only available Local Variables types will be shown (i.e. types that have
been allocated for a particular job).

Example: the Position Level parameter can be set as B, |, or D User
Variable type. However, only LB and LI Local Variables types are shown
because no LD variables have been allocated for this job.

Detail Edit: JointMove ~ JobLine#5  JobStep#:1

CoRstant User Local
Variable Variable
‘ . e
Motion Type JointMove —

Specifies the approach level when the manipulator passes
the taught position. Level:0to 8

Position Poge
Array VAR: | Unused

Speed 8.e1
(LB)yte (L)nteger

Position Level

Acceleration Unused

Deceleration Unused

Comment Unused

Enter
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If no Local Variables that can be used with particular parameters are
allocated, the following message will be displayed.

User Local

Corstant Variable Variable

This Job does not have any Local
Variables that can be used for this
parameter. Press Current Job
Settings below to configure Local
Variables.

414

CURRENT JOB SETTINGS

Press the {CURRENT JOB SETTINGS} to show a subpanel where the
Local Variables can be allocated.

Job Settings - SAMPLE X
Local Variable Allocation Job Argument Names D
Byte (LB) 0 + NEW ARGUMENT

Integer (LI) 0
Double (LD) 0
Real (LR) 0

String (LS) 0

Position (LP) 0

v 4

JOGGING
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Because Local Variables only exist in its job they must be defined before
being used. For example, to set the Position Level as an LB variable, this
could first be initialized using the Set command:

Set LBeoe 5

JointMove P@@O@ Speed=0.01(%) PositionLevel=LB000

4.8.1.3 Usage of Local Variable
Some useful way to use Local Variable is shown below.

@ User can guarantee to not accidentally modify a value that is used in a
different job by using Local Variables.

— Example: Using a Local Variable for a For loop index
If 1004 was used instead of LI004, the job would change the value of
a Global Variable which could be used in another job.

For LIGB4 =1 to 10
'/ looped commands

Next LI004

@ Use for temporary mathematic operations.

— Example: Set the JointMove speed to “B010*2” without overwriting
any Global Variables.

Set LBOOT @
Add LB06@1 B010

Multiply LB@@1 2

JointMove P@0@ Speed=LB001(%)
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4.8.2 Job Arguments

4.8.2.1

Configuration

Job Arguments are a way to pass variables and data from one job to
another with a use of Call and GetArgument command. For example, a
user may want to pass the position of a part to a subroutine (child job) that
executes the picking motions. To use Job Arguments, the basic
procedure is:

1.

Configure the child job using the Additional Settings panel

2. Add the Call command with arguments in the parent job
3.
4

. Store values in local variables

Add the GetArgument command in the child job to get values

. Select {Job List} under {MENU}

Select the particular job from the list of job.

3. Press the {Additional Settings} expansion icon at the bottom of the Job

Details panel.

— Under the {Job Argument Configuration}, there will be no named Job
Arguments by default.

Additional Settings v
Local Variable Allocation Job Argument Names D
Byte (LB) 10 + NEW ARGUMENT

Integer (LI) 0
Double (LD) 0
Real (LR) 0
String (LS) 0
Position (LP) 0

4.

Press the {+ NEW ARGUMENT} to name a new argument.
— Adefault argument named “Arg#” (e.g. Arg1, Arg2, Arg3) is created.

— Ajob can have up to 8 Job Arguments

Job Argument Names

1. Argl

+ NEW ARGUMENT

4-68 HW1485509

166 of 493



HW1485509

4 Teaching

4.8 Local Variables

5. Select the “Arg#” to name the Job Argument.

— Entering a name is optional

— 0 to 16 characters can be used for a name

Byte (LB)
Integer (LI)
Double (LD)
Real (LR)

String (LS)

SYMBOL

adoaoooaoan
DdooDoooaDng

AEODONnNnE
SaDanoooaac

Additional Settings

10

0

Local Variable Allocation

o LEFT

Job Argument Names

1:  MyArgument

+ NEW ARGUMENT

RIGHT p CLEAR

=
~

Argument name will be visible from the Job Contents view,
% so it is useful to give a descriptive and unique name.
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4.8.2.2 Using Job Arguments

The following steps describes the basic procedure for using Job
Arguments with an example. This involves a parent job (named as
“PARENT _JOB1”) that will call into a child job (named as “CHILD_JOB1”)
with arguments. The child job uses three arguments:

* 1 Double (D) value to be used as a Speed parameter
* 1 Integer (I) value to be used in a Timer

+ 1 Position (P) value to be used as a Shift value

1. Configure the Local Variables allocation for the child job.

— For using these parameters in the child job, at least one LD, LI, and
LP variable will need to be allocated, as shown in the figure.

— For more information on configurating the Local Variable, refer to
chapter 4.8.1.1 “Allocation”.

Additional Settings A4
Local Variable Allocation Job Argument Names ()
Byte (LB) 0 + NEW ARGUMENT

Integer (LI) 1

Double (LD) 1
Real (LR) 0
String (LS) 0
Position (LP) 1

2. Configure the Job Arguments Names for the child job.
— Three arguments are named.

— For more information on configurating the Job Arguments, refer to
chapter 4.8.2.1 “Configuration”.

Additional Settings AV
Local Variable Allocation Job Argument Names (i
Byte (LB) 0 1: Speed
Integer (LI) 1 2:  Delay
Double (LD) 1 3:  Shiftval [ ]
Real (LR) 0 + NEW ARGUMENT
String (LS) 0
Position (LP) 1

3. Open the parent job (PARENT_JOB1) from the Job List.
4. Under Navigation Bar, press {COMMANDS}.

<>

COMMANDS
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5. Add a Call command, which can be found under {Control} command
group as an advanced command.

— Parameter names (i.e. Speed, Delay, ShiftVal) are shown on:

« the Detail Edit panel (if configured)

+ the Job Contents view (if configured)

Rabot Job - PARENT_JOB1 % n| g

1 Start Job

2 Call Job:CHILD_J’OB{ Speed=0 Delay=0 ShiftVal—G] o]
3 End Job

Detail Edit: Call ~ Job Line #: 2 X

Job Name | CHILD_JOB1
Search by Name Q
Speed: | @ JobName A Tag %
Delay: a CHILD_JOB1
PARENT_JOB1
Shiftval. § @
H

Argument4. = Unused

Argument5: | Unused

Argument6. | Unused

Argument7. = Unused

Argument8. = Unused

4

JOGGING

6. Select the Job Name from the list on the right.
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7. Insert values into arguments.

— These values will be passed to the Child job’s argument list.

Detail Edit: Call ~ Job Line #:2 X

User Local

Constant /. iiable  Variable

Job Name )} CHILD_JOB1

Speed: Select type of constant value to enter:

© Integer
O String

Delay:f 1e5@

Shiftval.j Pee1

Argument4: Unused

Argument5. | Unused

Argument6. = Unused

Argument?. | Unused

Enter
Argument8: | Unused 0

4

JOGGING

8. Open the child job (CHILD_JOB1) from the Job List.
9. Under Navigation Bar, press {COMMANDS}.

<>

COMMANDS

10. Add a GetArgument, which can be found under {Control} command
group as an advanced command.

— GetArgument has two parameters:

» “Result” parameter: stores the passed argument value. This
value must be a Local Variable.

* “Argument #” parameter: refers to which Argument to get. If this
is entered as a constant (i.e. 1-8), the argument name will be
displayed at the end of the line in the Job Contents view (shown
as “Speed” below).

2 GetArgument LDOGO InputArgument#(1) //Speed

If the argument # parameter is entered as a variable, the
argument name will not be shown in the Job Contents view.

2 GetArgument LD@@® InputArgument#(B00o)
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4.8.2.3

11. The Job Contents for both the Parent and Child Job is shown below.
The result of these operations would be:

« LD0O00 = 5000
« L1000 = Value of 1050
* LP0O0O = Value of PO0O1

Parent Job

1 Start Job

2 Call Job:EX_CHILD Speed=5000 Delay=I050 ShiftVal=P0o1

3 End Job

Child Job

LSl i LD0ee=5000

2 GetArgument LDOO@ InputArgument#(1) //Speed LI600=Value of 1050
LPo@e=Value of PRO1

3 GetArgument LIQ00 InputArgument#(2) //Delay

4 GetArgument LP@OO InputArgument#(3) //Shiftval

5 ShiftOn LPQ@@

6 JointMove Speed=LD000(%)

7 Timer Time=LI000(seconds)

8 End Job

Job Argument Type Conversion

The safest way to use the Call and GetArgument instructions is to always
make sure that the types match between the two instructions. For
example, if Argument 1 in the Call instruction is a B variable, then the
GetArgument should copy this value into an LB variable. Similarly, if
Argument 2 in the Call Instruction is a P variable, then Get Argument
should copy this value into an LP variable.

Parent Job Child Job

Call > GetArgument Allowed
Arg1=B001 Arg1=LB001

Call > GetArgument Allowed
Arg2=P001 Arg2=LP001

In the case where incompatible types are used (e.g. Argument 1 in the
Call Instruction is a P variable and GetArgument tries to set this into an LI
variable), the alarm below will be shown during job execution.

Parent Job child Job
Call o GetArgument
Arg1=P001 > Arg1=L1001 Not Allowed
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WRONG EXECUTION OF GETARG INST
An error occurred at GETARG instruction execution.

See Alarm History . for possible causes and solutions.

However, there are some cases where conversion of parameter types is
allowed. For example, if a B Variable is passed in Call Instruction, it can
always be copied into a LD Variable in GetArgument as the allowable
range of the LD Variable is larger than the B Variable. If a D Variable is
passed in Call Instruction, it can be copied into a LB Variable in
GetArgument as long as the value of the D variable is between 0-255
which is the allowable range of a LB Variable. Otherwise, the same alarm
shown above will be generated.

Parent Job Child Job
Call o GetArgument
Arg1=B001 ™ Argl=LD001 Allowed
Allowed if value of
Call - GetArgument D001 is between
Arg2=D001 o Arg2=LB001 0-255

The following table shows the available type conversions.

Argument Type passed from Call Instruction
Const |Const |B/LB|lLI |D/LD |R/LR |SI/LS |P/ILP
String Integer
- LB | NO YES* YES | YES*|YES*|NO |NO [NO
3.§ S LI NO YES* YES |YES |YES*|NO |NO [NO
= 5% |LD |[NO YES YES |YES |YES [NO |NO [NO
% % .E LR |NO YES YES |YES |YES |YES |[NO [NO
© 2 = |Ls |YES NO NO |NO |NO |NO |YES |NO
- LP | NO NO NO |[NO |NO |NO |NO |YES

*Value of variable passed in Call Instruction must be within the range of the
variable assigned in GetArgument.
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4.9

Teaching Coordinate

Teaching Coordinate (also known as Relative Job on the
YRC Pendant) is a purchased option that may or may not
= be included with the system.

The Teaching Coordinate of a Job defines the coordinate system that is
used for teaching positions. By default, the Teaching Coordinate is set to
Joint; however, a user can change to the following values:

+ Joint
* Robot
» World
* User

Changing the Teaching Coordinate converts all taught positions inside the
job to anew type. For example, if changing the Teaching Coordinate from
Joint to Robot, all current positions are converted to X/Y/Z/Rx/Ry/Rz data
and any new positions are taught with X/Y/Z/Rx/Ry/Rz data.

The most common use case for changing Teaching Coordinate is to use
User Frame Coordinates to define re-usable jobs relative to workspace
objects such as pallets. An application example of this is shown in chapter
4.9.2 “Application Example”.

World and Robot coordinates are often useful as X/Y/Z/Rx/Ry/Rz data is
easier to read and interpret than Joint positions. These coordinates are
also used for offline teaching. For more details about offline teaching,
please refer to “YRC1000 OPTIONS INSTRUCTIONS FOR RELATIVE
JOB FUNCTION (HW1483390) chapter 4 or YRC1000micro OPTIONS
INSTRUCTIONS FOR RELATIVE JOB FUNCTION (HW14884476)
chapter 4. Interface with an Easy Offline Teaching System”

Changing Teaching Coordinate will only affect motion
instructions taught using {TEACH} and not motion
P instructions inserted from Commands panel.
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4.9.1

Changing Teaching Coordinate

Use the following steps to change Teaching Coordinate:

1.
2.
3.

Fig.

Select {Job List} under {MENU}
Select the particular job from the list of jobs.

Press the {Additional Settings} expansion icon at the bottom of the Job
Details panel.

4-32: Additional Settings

Job Details: SAMPLE b

Date Lines

2019-06-11 05:23 AM +

ob Name

SAMPLE

e.g. job tag or keyword

omment about the job

Additional Settings ~

— This pulls up a new panel for Additional Settings

Fig. 4-33: Additional Settings Panel

Additional Settings v

Local Variable Allocation Job Argument Names

Byte (LB) 5 () NEW ARGUMENT
Integer (LI) 10
Double (LD) 0

Real (LR) 0

String (LS) 0

Position (LP) 0

Teaching Coordinate f,"\
User v
Joint
World
Robot
User
If Teaching Coordinate is not available on the system, this
control is grayed out and a notification explains why it is
e unavailable when pressed

HW1485509
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Q@

When converting from World/Robot/User back to Joint, the
YRC Controller will calculate the resulting joint positions by
executing the motions internally starting from the current
Robot position. Thus, when doing this conversion, the
Robot should be moved to the expected starting position of
job. If the Robot is not in the expected starting position, this
operation may convert to the wrong path. Confirm the
motion path before playing the job.

For more information, refer to the “YRC1000 OPTIONS
INSTRUCTIONS FOR RELATIVE JOB FUNCTION
(HW1483390)" or “YRC1000micro OPTIONS
INSTRUCTIONS FOR RELATIVE JOB FUNCTION
(HW1484476)".

4. The popup menu opens with three buttons:

— {Cancel} - do not change Teaching Coordinate

— {Create New} - Create a new job with changed Teaching Coordinate.
This new job will have “~-CONV#” appended to the end (e.g.
“SAMPLE” becomes “SAMPLE-CONV1”). This is the recommended
action as some position information can be lost in the conversion
between different coordinate types.

— {Convert Current} - This will convert the current job without making a
new job. Only perform this action if converting a new job or if the
information in the job is no longer needed.

When converting to a User Frame, there will be a
Drop-down list to select the desired User Frame #.
In fig. 4-34, User Frame #10 is selected.
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Fig. 4-34: Selecting User Frame

Teaching Coordinate Conversion X

Changing Teaching Coordinate will modify all taught
positions in the job. For existing jobs, it is recommended to
create a new job rather than modifying the current job.

Note: if converting from Joint to World/Robot/User back to

Joint, the resulting Joint positions may be different from the
original positions.

User Frame: 10:Pallet ~

(Recommended)

Converting from Joint to World/Robot/User and back to
@ Joint may not result in the original Joint Positions being
recovered. Because of this, it is recommended to make a
d copy of a job when converting Teaching Coordinate.
5. Teaching Coordinate is now changed.To verify, open the new job and
check:

— The new Teaching Coordinate displays on the Inform Header after
the Job Name. In this example, the Teaching Coordinate is “User
#10”.

— The new Teaching Coordinate displays at the top of the Position
Data panel.

— When viewing the position data, the data should display in the
correct format. In this example, the data is listed in X/Y/Z/Rx/Ry/Rz
relative to User Frame #10.

Changing Teaching Coordinate will not change the data in
@ global Position Variables. Thus, motion instructions using
Position Variables (e.g. “JointMove P001 Speed=50.00")

® will not be modified.
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Position

Speed

Position Level

Until

Acceleration

Deceleration

Comment

JointHove

T 1
5.08

Unused

Unused

Unused

Unused

Unused

Teaching
Teaching Coordinate
Fig. 4-35: Verifying Teaching Coordinates
1 Start Job
2 JointMove  Speed= 5.00 (%) &
3 End Job
Detail Edit; JointMove  JobLine #2  Job Step #:1 b4

ITeach:ng Coordinate: User #10 I ®

Recorded Current @
X a.08 X‘ 8.0

. - |
¥ a.08 ?‘ 8.0

. - |
Fi a.08 Z‘ 8.0

. - |
Rx [ -173.63° RI‘ -173.63°

. - |
Ry | -89.98" Ry‘ -89.98"

. - |
Rz =6.31" Rz -6.37"

. L - |

RE-TEACH

Recorded Tool: 3 User Frame: |IB
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4.9.2 Application Example

The most common Teaching Coordinate to use is “User”. This can be
used in combination with User Frames and the “Call” instruction to re-use
code to perform complex operations.

For example, consider the application in fig. 4-36 where a Robot needs to
perform the same actions for workpieces in three different locations.

Fig. 4-36: Robot with Three Workstations

Workpiece

Job taught at location @) is shifted © H‘/
to locations @and ©).

The basic procedure for using Teaching Coordinate to accomplish this is
as follows:

1. Create a job for a single Workpiece (e.g. “WORKPIECE”")
2. Teach a User Frame (e.g. UF#1) for the workpiece in that location.

3. Change the Teaching Coordinate of the job created in step 1 to the
User Frame taught in step 2.

4. Move to another workpiece location and teach a new User Frame
(e.g. UF#2).

5. Repeat step 4 for all workpiece locations.

6. Specify the User Frame when calling the “WORKPIECE” job from the
controlling job as shown in fig. 4-37. As long as the Teaching Coordinate
of the called job is “User”, this will override the internal User Frame # and
use the User Frame # in the parameter instead.

Fig. 4-37: Sample Code
JointMove P@@O Speed= 25.00 (%) Teaching Coordinate: UserFrame #1
Playback Coordinate: UserFrame #1

Call Job: WORKPIECE UserFrame= 1

JointMove P0O@@ Speed= 25.00 (%)

call Job: WORKPIECE UserE - Teaching Coordinate: UserFrame #1
S R FEE ot Playback Coordinate: UserFrame #2

JointMove P0O@@ Speed= 25.00 (%)

Call Job: WORKPIECE UserFrame= 3
Teaching Coordinate: UserFrame #1
Playback Coordinate: UserFrame #3
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* To execute the JOB using the UserFrame parameter in
Call Instruction, the Teaching Coordinate of the called
JOB should be also User Frame. If Teaching Coordinate

@ is not User Frame, the JOB will work on its own
coordinate.

+ Calling the JOB with UserFrame parameter also applies to
Position Variables where the Ref.Coord is set to User
coordinate.
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5 Playback

5.1 Preparation for Playback

5.1.1 Selecting a Job

Playback is the act of executing a job. Begin by opening the job to be
executed.

5.1.1.1 Opena Job

1. Change the mode switch from MANUAL (TEACH) mode to
AUTOMATIC (PLAY) mode.

— The mode icon on the Status Bar will change to the AUTOMATIC
(PLAY) mode icon.

8.8

2. Select {JOBS} on the Home Screen.

RUN

JOG/EDIT ‘
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3. Select the desired job from the list and press {RUN}.

< JoblList

JobName A

LONGJOB

IFTHEN

LONGJOB

Job Details: SAMPLE

Date

2017-07-19 10:01 AM

Additional Settings

Search by name Q,

Edited &

2017-07-19 08:54 AM

2017-07-19 08:56 AM

2017-07-19 08:54 AM

Attributes i)

Robot 1

}? Make this job the Default Job

@ Lock the job to disable editing
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5.1.2 Test/Run Job Panel

When the mode switch on the Smart Pendant is switched to “AUTOMATIC
(PLAY)” while displaying the Job Contents view, the Test/Run Job panel
appears.

Fig. 5-1: Test/Run Job Panel

Test @@ Run

One Cycle {1]

B STOP Il PAUSE

0 On Time Po On Time

5.1.2.1 Operation Buttons

Press and hold the button for 2 seconds to
» RUN execute the job with selected operation cycle.

Pauses at the current line of the job. The servo
power will be kept ON. The job can be

11 PAUSE continued to run from the paused line by
pressing the “RUN” button.

Stops the job at the current line. The servo
B STOP power will be turned OFF.
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5.1.2.2 Operation Cycle

There are three types of manipulator operation cycles:

- Executes job continuously. Job will
CONTINUOUS  {oo] automatically restart when the end is reached.

Executes job from current line to the “End Job”
line. If {RUN} is pressed again, the job will start
from the beginning.

ONECYCLE {1]

Executes job one line of the program each time
STEP 1»] {RUN} is pressed.

To change the operation cycle:
1. Tap {Mode} under Playback Controls.
2. Select the desired operation cycle.

— The operation cycle is now changed.

One Cycle

Select Playback Mode

3 Execute job continuously. Job will automatically
ONTINUOUS :
restart when the end of program is reached.

Execute job once. Job will stop operation at end of

ONE CYCLE ‘
program is reached.

Execute job one instruction at a time.

5.1.2.3 Playback Speed

Use this slider to modify the Playback Speed from 10-100%. This will
scale all programmed speeds by the specified amount. For example, if
Playback Speed is set to “50%”, a linear motion of 1000 mm/sec would
execute at 500 mm/sec and a joint motion of 60% would execute at 30%.
User can use this to verify Robot motion at a slower speed before full
speed execution. This can only be done in AUTOMATIC (PLAY) mode and
will revert to 100% if mode is switched back to MANUAL (TEACH) mode.

Playback Speed
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5.1.2.4 Time Indicators

While the job is executing, these indicators will update with the values
shown in this table.

Table 5-1: Time Indicators

Items Description

Moving Time (seconds) Total time that the manipulator has moved since job
execution began.

Playback Time (seconds) | Total time that has elapsed since job execution
began (including Manipulator Idle time)
Servo On Time (seconds) | Cumulative time the manipulator servo power has

been in the ON state since the YRC Controller was
first used.

Power On Time (seconds) | Cumulative time the YRC Controller power has been
in the ON state since the YRC Controller was first
used.
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5.2 Playback

5.2.1 Playback Operation
Playback is the operation by which the taught job is played back.

After checking to ensure that there is no one in the Robot’s
workspace, or user is using a human collaborative Robot
with Power and Force Limiting (PFL) function active, start

e playback operation using the Smart Pendant by following
the instructions below.

5.2.1.1 Selecting the Start Mode

Set the Mode Switch on the Smart Pendant to AUTOMATIC (PLAY) mode.
The AUTOMATIC (PLAY) mode is enabled.

5.21.2 Servo ON
Press [SERVO].

— The YRC Controller servo power turns ON and the {SERVO} ON
button will turn green.

5.2.1.3 Run Operation
Press {RUN}.

— The manipulator starts operation. The job will start from the selected
line that the cursor is positioned. The selected line can be changed
in MANUAL (TEACH) mode.

The job can be stopped or paused when the job is running by pressing
{STOP} or {PAUSE}. The servo power will not turn OFF when {PAUSE} is
pressed, but will turn OFF when the {STOP} is pressed. To cancel
{Continuous}, switch to {One Cycle} while job is playing.

Fig. 5-2: Run Operation

Test Run

Mode Playback Speed

S
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5.3 Stop and Restart

The following situations stops or automatically stops the running job or
manipulator:

— Pause
— Emergency Stop
— Alarm

— Stop due to other causes

5.3.1 Pause
By the hold operation, the Job stops temporarily. “Pause” is also called
“hold”.
5.3.1.1 Using the Smart Pendant
B Pause
Press {PAUSE} on the screen
Press [PAUSE] on the membrane key
B Release
Tap {RUN} on the screen to restart the operation
Press [RUN] on the membrane key to restart the operation
Tap {STOP} on the screen

5.3.1.2 Using an External Input Signal (System Input)

B Pause
Turn ON the HOLD signal from an external input (system input)

B Release
Turn OFF the HOLD signal from an external input (system input)

5.3.2 Emergency Stop

During an Emergency Stop, the servo power supply that drives the
manipulator is turned OFF and the manipulator stops immediately. An
Emergency Stop can be performed using the following tools:

— Emergency Stop button on the front door of the YRC Controller
(some models do not have this button)

— Emergency Stop button on the Smart Pendant

— External input signal (system input)
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5.3.2.1 Emergency Stop

5.3.2.2 Release

Press the Emergency Stop button.
The servo power turns off and the manipulator stops immediately.

— Emergency Stop button on the YRC Controller
(some models do not have this button)

— Emergency Stop button on the Smart Pendant

The Emergency Stop icon will appear on the Status Bar.

Fig. 5-3: Emergency Stop Icon

Turn the Emergency Stop button in the direction of the arrows.
Emergency Stop button should lift up and indicator on Status Bar should
disappear. To turn the servo power supply ON again, press [SERVO] ON.
If the system is in MANUAL (TEACH) mode, make sure to also grip the
Enable switch.

5.3.2.3 Restart After an Emergency Stop

5.3.3 Stop by Alarm

A CAUTION

» Prior to restarting operations after an Emergency Stop, confirm the
position of the manipulator and make sure that there is no
interference between the manipulator and its workspace.

» If an Emergency Stop is performed during a high-speed operation
involving consecutive steps, the manipulator may stop two or three
steps before the displayed step. If operations are restarted under
such conditions, the manipulator may interfere with its workspace.

If an alarm occurs during operation, the manipulator stops immediately
and the ALARM pop-up window appears on the Smart Pendant indicating
that the machine was stopped by an alarm. Follow the instructions shown
on the screen to release the alarm.

To display the ALARM pop-up window again during alarm occurrence,
press the Alarm icon on the status bar. To view previous alarms that are
currently inactive, select {ALARM HISTORY?} under {MENU}.

For more information, go to chapter 15 “Alarm” .
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5.3.4 Others

5.3.4.1 Temporary Stop by Mode Change

When the AUTOMATIC (PLAY) mode is switched to the MANUAL
(TEACH) mode during playback, the manipulator stops immediately. To
restart operation, return to the play mode and perform a start operation.

5.3.4.2 Temporary Stop by the PAUSE Instruction

When the PAUSE instruction is executed, the manipulator stops
operating. To restart operation, perform a start operation. The
manipulator restarts from the next instruction.
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5.4 Job Stack

Ajob stack is saved as the Robot performs a series of jobs, provided the
Call command is used. Job calls can be stacked up to 12 levels. For more
information on the Job Call, refer to chapter 4.8.2 “Job Arguments”. To
display the stacked job, refer to chapter 4.5.3.6 “Display Job Stack”.

Fig. 5-4: Job Stack

Stack Level1 |  Stack Level 2 Stack Level 3 Stack Level 4

Jobicall
Job A |

Jobicall

\ |
Job:call

| Jobcall - - -
| JobD 4»

Return
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6 Robot Settings

A WARNING

» Data related to the system's basic functions can be modified;
however, inappropriate modification may cause fatal incident or
failure for the manipulator or the whole system.

Before performing Robot setting, carefully read and understand the
instructions, and make sure to observe the precautions.

* Robot setting must be performed under the supervision of the
administrator.

* Make sure to perform data storage and manage them whenever
creating or modifying data.

*  YASKAWA is not responsible for any incident or failure caused by
inappropriate setting of data.

6.1 Tool Settings

A CAUTION

* Ensure tool information (particularly mass properties) are set
correctly.

Failure to observe this instruction will affect the performance of the
Robot, particularly those with power and force limiting functions for
human collaborative operation, which may result in personal injury.

Tool information is saved in tool files.

Each tool setting is broken down into three categories:
— Tool Mass Properties
— Tool Frame
— Tool /0
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6.1.1 Tool Files

Tool files store definitions for its mass, orientation, and 1/O.

There are 64 tool files available, numbered from 0 to 63. The active tool

file must be switched if the Robot’s load changes.

To set the tool information, open the tool file.
1. Go to {Robot Settings} under {MENU}.

2. Select Tools.

— The Tools screen will appear.

& Tools
Tool No. &

0

1

2

Tool Name

Parallel Grippel

Gripper + Load

(] Display only named Search by name

Weight

r 1.000

3.000

0.000

Q

Block I/0 Name

Gripper ON/OFF

Gripper ON/OFF

(X) CLEAR /O

3. Select tool from the list by selecting the row associated with the
desired tool number.

— Tool Detail panel of the selected tool number will appear.

Tool #0: Parallel Gripper

Name Block 1/0
Parallel Gripper Grip ON/OFF o
Tool Center Point (TCP) Orientation {:} ESTIMATE

X

Ye

Ze

Weight

W

0.000 mm

0.000 mm

140.000 mm

4.500 kg

Center of Gravity

Xg

Ye

Zg

-22.000 mm

19.000 mm

119.000 mm

Rx 0.0000 deg

Ry 0.0000 deg

Rz 0.0000 deg

46t ESTIMATE

Moment of Inertia

Iy 0.000 kg-m"
Iy 0.000 kg-m"
Iy 0.019 kg-m"
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6.1.2 Tool Name

A tool name can be from 0 to 16 alphanumeric characters in length,
including the minus (- ) symbol. The Name must start with letters. The
same tool name can be used multiple times.

Fig. 6-1: Tool Name

Tool #0: Parallel Gripper

Parallel Gripper Grip ON/OFF ~

6.1.3 Tool Mass Properties

Setting the correct Tool Mass Properties is critical to maintain system
performance. For the manipulators that have Power and Force Limiting
functions (e.g. MOTOMAN-HC10), the Tool Mass Properties weight,
center of gravity, and moment of inertia are used to calculate external
force. Therefore, these values must be entered precisely and tool setting
must be updated in any case where a tool and/or workpiece is changed.
For manipulators without Power and Force Limiting functions, the Tool
Mass Properties are used to optimize the manipulator's motion
performance. Failure to set these properties may result in non-optimal
motion times.

If the active tool number is changed to a tool setting with one or multiple
Tool Mass Properties containing zero values, a notification will appear
directing the user to the {Tools} screen.

Fig. 6-2: Confirm Physical Settings for Active Tool

Confirm Physical Settings for Active Tool

Please verify the Weight and Center of Gravity of the active tool on the {Tools} X

screen.
Ref: H4CQN

On the {Tools} screen, warning icons will appear near any setting(s) that
may affect the performance of the manipulator. These values should be
properly entered before finalizing the details of a job.

Fig. 6-3: Warnings for Critical Tool Settings Containing Zero Values

Weight (!
W 0.000 kg

Center of Gravity (2

Xg 0.000 mm
Yg 0.000 mm
Zs 0.000 mm
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6.1.3.1

Weight

Tool Mass Properties include the weight, a center of gravity position, and
moment of inertia at the center of gravity of the tool installed at the flange.
A visual representation of each is provided in fig. 6-4.

Fig. 6-4: Visual Representation of Tool Mass Properties

Moment of inertia around the Center of Gravity

Weight:W

* Flange Coodinates
XF: Itis a direction right above when T axis
is 0 pulse position and the flange surface
of the manipulator turned to the front
Center of Gravity Position YF: Y axis led by XF ZF

(Xg.Yg. 29 ) ZF: Perpendicular direction from flange surface

The total weight of the installed tool is set in kg. For a standard industrial
Robot, it is recommended to set a value slightly greater than the actual
load. Round up the value between 0.5 to 1.0 kg for small and medium
size Manipulator. For a Collaborative Robot, use the weight of the tool
assembly-as measured on an accurate scale.

If the weight changes during an application, multiple tools may need to be
created. For example, if the “gripper (tool)” grasps and lifts a “box (work)”
off a table, tool weight is “gripper only” until the “box” is grasped. Tool
weight becomes “gripper + box” after box is lifted. To reflect this
accurately, two tools must be created. The first tool represents the
“gripper (tool)” only and the second tool represents the “gripper + box”
combined.

Fig. 6-5: Tool Weight

Weight &% ESTIMATE
W 4.500 kg
enter of Gravity Moment of Inertia
X -22.000 mm ? 0.000 kg-m’
Yo 19.000 mn ly 0.000 kg-m’
Zc 119.000 mm Iz 0.019 kg-m"
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6.1.3.2 Center of Gravity

6.1.3.3 Moment of Inertia

The tool’'s center of gravity is defined in mm. Measurements are taken
from the flange center point (FCP) in X, Y, Z direction. Enter this data as
provided by the tool manufacturer or from an accurate CAD model. In the
absence of this information, the center of gravity can be approximated
using the Tool Load Estimation feature described in chapter 6.1.3.4
“Automatic Estimation of Tool Mass Properties”.

Fig. 6-6: Tool Center of Gravity

Weight &% ESTIMATE
W 4.500 kg

Center of Gravity i Mament of Inertia

Xa -22.000 mm ke 0.000 kg-m’

Yo 19.000 mn ly 0.000 kg-m’

Zg  119.000 mm Iz 0.019 kg-m'

\ >

The moment of inertia is calculated about the tool's center of gravity
shown in fig. 6-4. The tool's moment of inertia is inserted in kgem?. Enter
this data as provided by the tool manufacturer or from an accurate CAD
model. In the absence of this information, the moment of inertia can be
approximated using the Tool Load Estimation feature described in Section
6.1.3.4.

Fig. 6-7: Tool Moment of Inertia

Weight &% ESTIMATE
W 4.500 kg
= e 3
Center of Gravity Moment of Inertia
Xa -22.000 mm ke 0.000 kg-m’
¥a 19.000 mn ly 0.000 kg-m
Zc 119.000 mn Iz 0.019 kg-m"
\ J
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6.1.3.4 Automatic Estimation of Tool Mass Properties

To ensure a Robot can achieve the speeds and force levels intended,
accurate mass properties for the installed tool (and workpiece if present)
must be registered. In the absence of known mass properties, Tool Load
Estimation is an operation approximates this data through Robot motion.
After a series of motions are completed, the selected mass properties will
be updated and can be sent to the {Tools} screen for the user to review
and save.

This function can only be used with floor-mounted

@ Manipulator configurations. Also, this feature will not
account for any loads applied to the upper arm (ARM

® Control on Software Pendant).

To estimate the mass properties of a tool load, move the manipulator to its
home position (U-, B- and R-axes: horizontal to the ground) and operate
the U-, B- and T-axes.

Fig. 6-8: Estimating Mass Properties of a Tool Load

U-axis

R-axis
< _ ) B-axis

Home Position
(Horizontal positions of U,B,R-axes
with respect to the ground)

Installation with zero degree on the ground

inertia, remove any cables or wires connected to the tool to

@ To correctly estimate tool weight, center of gravity, and/or
e prevent unnecessary loads from being applied.

On Smart Pendant, the Tool Load Estimation screen can be accessed as
follows:

1. Go to {MENU} - {Robot Settings} > {Tools}
2. Select the desired Tool from the list at the top.
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3. Press {ESTIMATE} on the mass property section of the tool's detail

panel at the bottom.
Fig. 6-9: {ESTIMATE} on Tool’s Detail Panel

Weight (8
w 0.000 kg

Center of Gravity (!

{63 ESTIMATE

Moment of Inertia

% 0.000 mm I 0.000 kg-m"
i 0.000 mm Iy 0.000 kg-m"
Zo 0.000 mn I; 0.000 kg-m"

Fig. 6-10: Tool Load Estimation Screen

€ Load Estimation for Tool #0: Parallel Gripper

1. Properties to Estimate
Weight + Center of Gravity + Inertia  ~

2. Estimate Tool Load with Robot Mation

Weight

ke O

Xg Ix

mm O o kg—m2 O
Yg ly

mm O kg-m2 O
Zg Iz

T mm O kg-m2 O

Press Estimate button to initiate procedure...

£) Hold to Estimate Tool Load

A dialog appears if the Active Tool does not match the Tool
selected from the list. These must match to perform the

Tool Load Estimation procedure.

o7

o from #3 to #0?

Active Tool Does Not Match Selection X

Do you want to change the Active Tool Number
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Tool Load Estimation Procedure
Three steps are required to successfully estimate the mass properties of
the installed tool (and workpiece if present):

1. Selection of {Properties to Estimate}
2. Execute the motion sequences to estimate tool mass properties

3. Confirm, send, and save results on the {Tools} screen

Detailed instructions to complete these steps is provided in the following
sections.

1. Selection of Physical Properties to Estimate

— The user can select from one of two methods on the {Tool Load
Estimation} screen:

Fig. 6-11: Tool Load Estimation Screen

( Y -
Weight (! ESTIMATE
w 0.000 kg
enter of Gravity () | { Moment of Inertia B
Weight + Center of Gravity + Inertia ~
Weight + Center of Gravity + Inertia X 0.000 mm I 0.000 kg-m
Weight + Center of Gravity Y, 0.000 mm 0.000 kg-m"
Zg 0.000 mm Iz 0.000 kg-m"
. 7\ S

* Weight + Center of Gravity + Inertia: Estimates all mass
properties of the installed tool

» Weight and Center of Gravity must be accurately entered for
the system to perform as intended. Inertia is particularly
important for large and/or non-symmetric tools.

* Weight + Center of Gravity: Estimates weight and center of
gravity only

* This option skips the inertia estimation, saving time for small,
symmetric tools

2. Motion Sequence for Tool Load Estimation
This procedure uses a series of Robot motions to estimate the
properties selected. An image on the right side of the screen will
dynamically update to indicate which axes are moving during each
step of the process. Use the following components to successfully
complete the estimation procedure:

A CAUTION

* Make sure the installed tool does not interfere with the Robot.

Failure to observe this caution can result in equipment damage.
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a) Press {Hold to Estimate Tool Load} to initiate and execute
the estimation procedure.

@ Holding button until notifications indicates.

The Estimation procedure requires an active Speed Limit
@ settings and/or PFL settings to be temporarily disabled. A

pop-up with instructions appears if these states are
detected.

@ The selected fields will update when the calculation is
complete.

® Each field has a status indicator that reads undefined, in
progress, or completed.

@ A progress bar with accompanying text provides the user
with a status of the overall estimation procedure.

& Load Estimation for Tool #0: Parallel Gripper

2. Estimate Tool Load with Robot M _‘:Ucw\
,2- Weight
14542 e O
Xa 1%
2114 m () - kg O
Yag Iy r
19247 mm @ - kg O
Zq 1z
118948 mm () - Kkgn' (O
| B0% - Moving B-Axis1 1o estimate Ix/ly... @ . <) Hold to Estimate Tool Load
\g ,,-"‘) =
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3. Send New Mass Property Data to Tools Screen

Review the results for the chosen physical properties. If no errors in
the estimation are present, press {Send & Review Data} to send the
date to the {Tools} screen for saving. Refer to chapter 6.1.5 for
instructions to properly save the data.

2. Estimate Tool Load with Robot Motion

4542 g

©

¥a

g 1%
22114 m 0.000 kg-n" (V)

©
ly
19247 m @) 000k ()
Zg Iz
118948 m () 0020 kg-w’ (O)

—
=

Send & Review Data

£} Reestimate Tool Load?

weight (8 {5} ESTIMATE
W 0.000 kg

Center of Gravity (! Moment of Inertia

ol 0.000 mn I 0.000 kg-m"

Ys 0.000 mm Iy 0.000 kg-m"

Zo 0.000 mn I; 0.000 kg-m"

4. Verification of Estimated Tool Mass Properties

If using a non-collaborative Robot, run a job that contains motions
programmed with the tool that now has newly saved property data. If
the job runs at the desired speed with no collision detection alarms,
the estimated mass property data is sufficient.

If using a collaborative Robot, navigate to the {Utility} > {Force/Torque
Watch} to view the live torque sensor readings. Ensure the Active Tool
# is set to the tool that has newly estimated mass property data. If any
of the TCP values are greater than 30N while the Robot is static, the
Tool Load Estimation procedure should be repeated to obtain more
accurate values.
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6.1.4 Tool Frame

6.1.4.1 Tool Center Point

The Tool Center Point is the offset of the Tool’s Tip from the tool flange.
Most simple tools will only have offsets in the XYZ direction; however,
rotational offsets can also be set (see chapter 6.1.4.2 “Orientation of Tool
Tip”). Configuring the Tool Center Point will allow Cartesian jogging of the
manipulator about the correct point and will also ensure the Taught
Positions have the correct offset from the Manipulator base.

Enter this data as provided by the tool manufacturer or from an accurate
CAD model. In the absence of this information, the TCP coordinates can
be calculated using the TCP Calibration feature described in

chapter 6.1.4.3.

Fig. 6-12: Tool Center Point

Tool Center Point (TCP) Orientation oy ESTIMATE
Xe 0.000 mm Ry 0.0000 deg
Y& 0.000 mm Ry 0.0000 deg
Zg 140.000 mm Rz 0.0000 deg

6.1.4.2 Orientation of Tool Tip

The orientation of tool tip is the rotation of the TCP from the tool flange.
The rotation of the tool is input in degrees. Enter this data as provided by
the tool manufacturer or from an accurate CAD model. In the absence of
this information, the tool's orientation can be accurately calculated using
the TCP Calibration feature described in chapter 6.1.4.3.

X-axis

Fig. 6-13: Orientation of Tool Tip

Tool Center Point (TCP) Orientation oy ESTIMATE
Xe 0.000 mm Ry 0.0000 deg
Yr 0.000 mm Ry 0.0000 deg
Zg 140.000 mm Rz 0.0000 deg
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6.1.4.3 Tool Center Point (TCP) Calibration

To ensure a Robot can properly perform linear and circular motions, the
TCP introduced above must be fully defined. In the absence of known tool
frame properties, TCP Calibration is an operation that accurately
calculates this data through a series of recorded postures. This procedure
can calculate the TCP's XYZ coordinates and/or orientation data in the
flange coordinates.

Fig. 6-14: TCP's XYZ Coordinates and/or Orientation Data in the Flange
Coordinates

XF _
Flange \ <Flange coordinates=>

coordinates XF: Vert_igally upward dir_ection when _the currc:mt
position on the T-axis of the manipulator is "0"

YF: Y-axis complementing XF and ZF

ZF: Direction perpendicular to the flange face

XT
YE

Tool
coordinates

To calibrate the TCP's XYZ coordinates, five different postures must be
registered about a reference point with a fine tip (example shown in red in
fig. 6-15). YASKAWA recommends aligning the first posture of the tool
with the center of the reference point and then rotating the tool around it
with significant angle to define the remaining four postures. See fig. 6-16
“Calibration Postures” for detail on these postures.

Fig. 6-15:; Reference Point with a Fine Tip
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On Smart Pendant, the TCP Calibration screen can be accessed as
follows:

1. Go to {MENU} - {Robot Settings} > {Tools}.
2. Select the desired Tool from the list at the top.

3. Press {ESTIMATE]} on the tool frame section of the tool's detail panel
at the bottom.

Tool Center Point (TCP) Orientation 5:} ESTIMATE

Xe 0.000 mm R 0.0000 deg
Ye 0.000 mm Ry 0.0000 deg
Z; 0.000 mm Rz 0.0000 deg

& TCP Calibration for Tool #0: Parallel Gripper

1. Select Calibration Method 0
TCP (X, Y, Z- Recommended) ~ Recommended Pasture for Point 1

2. Record Five Postures for TCP Calibration

= CLEARALL

3. Calculate Tool Center Point

%) Calculate TCP & Send for Review

v,

SET GOTO
POSTURE1 POSTURE 1

A dialog may appear if the active tool does not match the Tool selected
from the list. These must match to accurately perform the TCP calibration
procedure.

Active Tool Does Not Match Selection X

Do you want to change the Active Tool Number
from #3 to #07?
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B TCP Calibration Procedure
Three steps are required to successfully calibrate the Tool Center Point:

1. Selection of desired {Calibration Method}
2. Move to and {Set} Robot postures required to calibrate the TCP

3. Calculate, send, and save tool frame data on {Tools} screen

Detailed instructions to complete this procedure is provided in the
following sections.

@D Selection of Desired Calibration Method

The user can select from one of three methods on the {TCP Calibration}

screen:
! bration Met Tool Center Point (TCP) rientatio 5} ESTIMATE
TCP (X, Y, Z - Recommended) v

X 0.000 mm Ry 0.0000 deg

TCP (X, Y, Z - Recommended)
Yr 0.000 mm Ry 0.0000 deg

Orientation (Rx, Ry, Rz)

TCP + Orientation Z; 140.000 mm R;z 0.0000 deg

* TCP (X, Y, Z): Calibrates TCP’s XYZ coordinates only,
recommended for most users

“TCP Coordinates” are calculated from five postures (1 to 5) set by
the user. In this case, Tool Orientation will not be changed (previous
values are maintained).

* Orientation (Rx, Ry, Rz): Calibrates tool orientation only
Tool “Orientation” is calculated using a single posture (1) set by the

user. In this case, TCP XYZ coordinates will not be changed
(previous values are maintained).

* TCP + Orientation: Calibrates both the TCP's XYZ coordinates and
tool orientation

“Orientation” is calculated from the first recorded posture (1) and
“Coordinates” are calculated using all five recorded postures (1 to 5)
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@D Set and Move To Calibration Postures

YASKAWA recommends setting the five calibration postures in the
following configuration for the best results. The easiest jogging mode to
start with is XYZ-World while XYZ-Tool mode can be used to refine and
verify the resulting TCP.

Fig. 6-16: Calibration Postures

The greater the difference between the five postures, the better. No two
recorded postures can match and calibration accuracy will decrease if
multiple poses are similar or rotated in a constant direction. Repeating
this procedure multiple times may increase the accuracy of the resulting
TCP.

If the selected calibration method includes tool orientation,
the first posture recorded will determine the resulting
orientation. Set this posture with Z-axis of the desired tool
coordinates downward vertically to the ground (parallel the
Z-axis of the Manipulator's base frame). The resulting
X-axis of the tool coordinates will be registered in the same
direction as the X-axis of the base coordinates.

Tool

TCP
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Use the following procedure to {Set} and {Go To} the recommended
postures above:

1. Select a Calibration Posture (1 to 5).

— Check its status (Green = “Saved”, Blue = “Undefined”). If
undefined, jog the Robot to approximately match the
“Recommended Posture” using the Jogging Panel.

2. Once at the desired posture, press {Set} to record its position.
3. Move to previously saved postures using {Go To} buttons.

— If calibrating TCP coordinates, repeat step 1 through step 4 until all
Calibration Postures are green in color.

4. Use the {Clear All} button to remove all previously recorded postures
to re-initialize the calibration process.

TCP (X Y Z - Recommended) ~ Recommended Posture for Point 3

~

2. Record Five Postures for TCP Calibration

-
*}= CLEARALL

@

O

3. Calculate Tool Center Point

® 6 o0

&) Calculate TCP & Send for Review @ oH POSTURE 3

POSTURE 3

@ cCalculate and Confirm New TCP on Tools Screen

Press {Calculate TCP and Send for Review} to send the calculated TCP
data to the {Tools} screen for review. Refer to Chapter 6.1.5 for
instructions to properly save the data.

CE (XY, Z=Recommendad), -~ Recommended Posture for Point 5

2. Record Five Postures for TCP Calibration

5 CLEARALL

®

3. Calculate Tool Center Point

5) Calculate TCP & Send for Review

(;} EDIT CURRENTLY AT
vV POSTURE 5 POSTURE S
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Tool Center Point (TCP)  Orientation {0t ESTIMATE
Xe 0.000 mm Rx 0.0000 deg
Ye 0.000 mm Ry 0.0000 deg
Ze 150.000 mm Rz 0.0000 deg

@ Verification of Calculated TCP

Jog the Robot in XYZ-Tool mode to rotate the installed tool about the
reference point used for the calibration procedure. The TCP should rotate
nicely around the fine point. If the rotation motions are offset and appear
to be rotating around another point, the calibration procedure should be
repeated to increase accuracy.

6.1.5 Setting Tool with FSU

A final step is required in the tool setting process when the Functional
Safety Unit (FSU) and/or Power and Force Limit (PFL) function is enabled
on the YRC Controller. To ensure tool setup has been performed
according to safety regulations, the data must be checked to ensure that
the information in the YRC Controller matches that on the FSU/PFL safety
boards.

1. Edit the tool data

— {READBACK]} will appear, to allow the operator to read data from
both the YRC Controller and the FSU/PFL safety boards.

Tool #0: Parallel Gripper

Name Block I/0 )
Parallel Gripper Grip ON/OFF ~ -
Tool Center Point (TCP) Orientation [ ] Show without tool
X¢ 0.000 mm Ry 0.0000 deg
Yr 0.000 mm Ry 0.0000 deg
Zr 130.000 mm Rz 0.0000 deg
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2. Press the {READBACK}
— {Display} option appears. Options are provided for viewing the data.
+ Edit Value: values entered

* READBACK VALUE (FSU): temporary values saved on the FSU
board

* READBACK VALUE (PFL): temporary values saved on the PFL
board

* COMPARISON RESULT (default): the result that are compared

Tool #0: Parallel Gripper

Parallel Gripper Comparison Result v

Tool Center Point (TCP) Orientation [ Comparison Result
X 0.000 mm Ry 0.0000 deg Edit Value

Readback Value (FSU)
Ye 0.000 mm Ry 0.0000 deg

Readback Value (PFL)
Ze 140.000 mm R, 0.0000 deg TP =7

vz %

3. Select {COMPARISON RESULT}.
4. Check the {READBACK]} result

— If {Comparison Result} data matches, then the setting was
successful. But if the data differs, the value of the {Comparison
Result} will be displayed as ““**” instead of the value. At this point,
the operator should check to see which data on which board was not
updated.

5. Press {WRITE.}

— The pop-up message appear for confirming the tool data update.

6. Press {YES]}.

— This will update the tool data, provided the data was updated
correctly.

Update Tool Data?

Do you want to update tool data?
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6.2 1/O for Tool

A robotic tool (i.e. end-effector) typically has subcomponent(s) that are
controlled by I/O. These I/O can be used to do the following example
tasks:

Fig. 6-17: Block I/O Sequence for Selected Tool

Tool #0: Parallel Gripper

Name Block 1/0 0

Parallel Gripper Grip ON/OFF ~

— Open/close a two-finger gripper.

— Trigger an auxiliary action (e.g. blow-off for a vacuum gripper) to
reliably release a part.

Smart Pendant provides the following methods to use 1/O for tool
operation:

— Program in an INFORM job using {I/O} commands (refer to chapter
4.4.3“ Inserting Commands” for more information).

Favorites General Motion 1/0 Math Control | (+) COMMAND BUILDER

Show advanced commands 6

E] DigitalOut Turns the general output signal on and off kg

Digitalln Refers to the byte type variable for the status of the signal v

The pulse signal is output to the general output signal only for the
specified time

PulseOut

Qutputs the set voltage value to the general-purpose analog output
port

AnalogOut

— Toggle the general purpose output signal ON/OFF from the {I/O
screen} (refer to chapter 7.4.2.2 “I/O Screens” for more information)

Inputs Outputs [-] GoTo: 1 {gh Settings
Group Outputs Status (Bits)
GROUP: 1 VALUE (DEC): 8
7654 3210 OQUTPUT: 1-8 VALUE (HEX): 0x08
p TYPE: General
1 1-8 s0O000 OO
Enable toggle
2 9-16 CO0O0O 0OC0O0Oe
o Output Status Name Toggle
3 17-24 @000 0000 %
4 25-32 000 COO0Oe L O
5 33-40 O000 0O00O® ¢ O
6 41-48 )OO0 Q000 . O
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— Configure 1/0O sequences for tool on the {Block I/O screen} (refer to
the chapter 7.7 “Block I/O” for more information). {Block 1/O screen}
can be used to:

* Physically open/close a gripper during teaching

* Quickly add INFORM command sequences that open/close a gripper
to the Current Job

To configure the block I/O states for a tool, refer to chapter 7.7 “Block 1/0”.
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6.3 User Frames

User Frame is a user-defined frame. Instead of specifying positions
relative to the World or Robot Frames, user can specify positions relative
to an object in their workcell such as a work surface, pallet, or conveyor.
The manipulator moves parallel to each axis of the user-defined frame.
The user defines the X, Y, and Z axes with the desired slopes and
positions available within the manipulator’'s motion range.

6.3.1 Example Usage of User Frames

— When two or more fixtures are used, manual operation is simplified
by setting the user frames for each fixture.

User frame

<

— When performing arranging or stacking operations, the incremental
value for the parallel shift is easily set by setting the user frame on a
pallet.

A

User frame

— When the position of a pallet moves, all points relative to a pallet can
be moved simply by re-teaching the User Frame.

— When multiple pallets have the same part pattern, user can teach
points on one pallet and then switch them to another by changing
the User Frame.
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6.3.2 Methods for User Frame Setting

User coordinates are defined by three points that have been taught by the
manipulator. These three defining points are ORG, XX, and XY, as shown
in the diagram below. These three points are referenced from the World
Frame, and are registered in a user frame file.

X-axis
XX
XYe
Y-axis ORG

User frame definition point
ORG: Origin position
XX: Point on the X-axis
XY: Point on the Y-axis

Z-axis

ORG is the origin position. XX is a point on the X-axis. XY is a point on
the Y-axis side of the taught user coordinates. The directions of the Y- and
Z-axes are determined by point XY.

@ It is important that ORG and XX are taught accurately.

6.3.3 User Frame Number
63 user frames can be created, numbered from 1 to 63.

User Frame 1

er Frame 63
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6.3.4 User Frame Setting
1. Select {Robot Settings} under {MENU}.
2. Select {User Frame}

— The User Frame (UF) Configuration screen will appear.

& UserFrames (UF) () NEW USER FRAME Search by name Q

User Frame No. Name

1 Pallet m|
N A

User Frame #1: Pallet (D

Name Tool Number

Pallet #7: Vacuum ~

To create a User Frame (UF),
Select (1) Origin, (2) XX, and (3) XY
1o teach their positions.

ORIGIN XX XY

From these taught positions the Z
direction will be calculated.

X 460.004mm X 470.002mm X 470.004 mm
To get more accurate results, use
a pointer tool

Y -0.803mm Y -0.083mm Y 9.811 mm T

axis
Z 385.002mm Z 385.085mm Z 385.004 mm

© soTooRiGIN © cotoxx

Robot Jog Panel PN

3. Tap {+ NEW USER FRAME} on the top.

& User Frames (UF) () NEW USER FRAME Search by name Q
User Frame No. Name
1 Pallet m|

4. Enter the name of the user frame.

— Name is up to a maximum of 16 alphanumeric characters and
symbols.

User Frame #1: Pallet ()

Name 00l Number
Pallet #7: Vacuum > To create a User Frame (UF),
Select (1) Orinin_(2) ¥X_and (3) XY

5. Press {Tool Number}.

— The list of Tools will appear.

— By default, the new User Frame will use the current (active) Tool

number.
User Frame #1: Pallet O)
Name I
Pallet #7:Vacuum v To create a User Frame (UF),
Select (1) Origin, (2) XX, and (3) XY
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6. Select the desired Tool from the Tool List.

User Frame #1: Pallet )
Tool #7: Vacuum
Select User Frame Tool [[] Display only named ~ Search by Name

Tool No. Tool Name Weight Block I/0 Name

5 - 5.000

3] - 0.500

7 Vacuum 3.000

8 - 0.100

SELECT

Robot Jog Panel ~

7. Press {SELECT}.

— Tool List will close and go back to the User Frame Configuration
screen.

8. Select {ORIGIN}.

— Move the manipulator to the desired position using any of the Jog
Modes/methods or type in the desired position in X, Y, Z format.

User Frame #1: Pallet O
Name Tool Number
Pallet #7: Vacuum ~

To create a User Frame (UF),
Select (1) Origin, (2) XX, and (3) XY
to teach their positions.

ORIGIN XX XY

From these taught positions the Z
direction will be calculated.

X 460.004mm X 470.002 mm X 470.004 mm
To get more accurate results, use
a pointer tool.

Y -0.003mm Y -6.003mm Y 9.811 mm oo

7 385.002mm Z 385.005mm Z 385.004 mm

@ SET ORIGIN @ SET XX X-axis
-
.
= [ 2
@ coTooriGIN © cotoxx i

Robot Jog Panel ~

9. Press {SET ORIGIN}.
— Taught position is registered.
10. Repeat step 8 and step 9 to teach {XX} and {XY}.

— To check the taught positions, press {GO TO ORIGIN}, {GO TO XX}
or {GO TO XY}. The manipulator will move to the set position.
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Setting points have following constraints:

— A User Frame cannot be created if manipulator is at
singular position or on the edge of workspace

@ — Two points cannot be the same (i.e. ORIGIN&XX,
ORIGIN&XY, or XX&XY)

— The three points cannot be on the same line.

If any of the above conditions are present, a warning
notification will appear.

11. Select {Save}.

— User frame is saved.

6.3.5 Deleting the User Frame
1. Select the trash can icon.

— A confirmation pop-up window will appear.

& User Frames (UF) () NEW USER FRAME Search by name Q
User Frame No. Name
PE—
1 Pallet ]
S—

2. Select {YES}.

— User frame is deleted.
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6.4

6.4.1 Cubic Zone

Zones

The zone setting allows user to define spatial boundaries that can be used
to restrict manipulator motion or to generate notifications for application
control. The YRC Controller supports the creation of a maximum of 64
zones. There are two different types of zones:

— Cubic zones

— Axis zones

When the manipulator attempts to enter a zone, it can take two kinds of
action.

— Status: The status signal turns ON when the manipulator enters the
zone. To determine status by application, refer to chapter 6.4.3
Zone Status”.

Example use: set a zone when the manipulator is outside the metal
working machine.

— Alarm: The alarm becomes active when the manipulator enters
inside the zone.
Example use: set a zone not to interfere with the working table

This signal is processed in the I/O section.

The cubic zone is a rectangular parallelepiped (a solid body of which each
face is a rectangle) parallel to the base coordinate, robot coordinate, or
user frame. The YRC Controller determines whether the manipulator’s
TCP is inside or outside this zone, and outputs this status as a signal.

Robot coordinate
Z-axis

A

zone
User Frame

Z-axis

Y-axis

X-axis
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The area inside the specified cube is defined as the zone. When the
manipulator's TCP is located inside the cube, the corresponding Specific
Output signal is ON.

TCP

N

TCP is located inside the cube
+ Inside of zone: Specified output signal = ON
+ Outside of zone: Specified output signal = OFF

6.4.1.1 Cubic Zone Setting Operation
1. Go to {Zones} under {MENU}.
— The Zone screen will appear.
2. Press {+ NEW ZONE}.

& Zones @ NEW ZONE Search by name Q,
Zone No. Status Name Type
1 0O Pallet Cubic (World) m|

3. Press the number with new zone.
— The Zone Detail panel will show for the selected zone.
4. Type the name of the zone in the {Name}.

— Zone names can be from 0 to 32 alphanumeric characters and
symbols in length.

— Same zone name can be used.

Zone #1: Pallet

| Name Corner 1 Corner 2
Pallet
X 0.000 mm X 400.000 mm
Type Ref. Coord.
Cubic ~ World i N 0.000 mm L 100.008 mm
Action 74 ©0.00@ mm Z 400.000 mm

Alarm v

() SETCORNER () seTcoRNER?2
"
3
\ © 6070 CORNER 1 © coToCORNER?2

Corner2

Corner1

v

Robot Jog Panel

>
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5. Select {Cubic} from the pull-down list at Type.

6. Select the desired Action from the pull-down list.

7. Select the Reference Coordinates from the pull-down list.
— World: Currently, it is same as the Robot
— Robot: This zone is referred to the Robot frame when it is created
— User: This zone is referred to the user frame when it is created

8. Enter the minimum (Corner 1) values of X, Y, Z either 1) by moving the
manipulator to the corner or 2) by manually entering the data.

Z-axis

Maximum
value

Zone

Minimum
value

Y-axis

Z-axis

Minimum
value

To move the manipulator via the touch screen, press {Robot Jog Panel} on
the bottom of the screen to display the touch buttons.

9. Press {SET CORNER 1}
The position of the corner can be checked visually by pressing {GO TO
CORNER 1} after it is set.

10. Enter the maximum (Corner 2) values of X, Y, Z by either moving the
manipulator to the corner or by manually entering the data.
To move the manipulator from the touch screen, press {Robot Jog
Panel} on the bottom of the screen to open the touch buttons.

11. Press {SET CORNER 2}
The position of the corner can be checked visually by pressing {GO TO
CORNER 2} after it is set.

12. In the case of a Zone with “User” Reference Coordinate, the correct
User Frame must also be set. Select {User Frame #} and select the
proper User Frame from the list.
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Zone #10: PalletZone

User Frame #1

User Frame No.

1

Robot Move Controls

Select Zone User Frame

User Frame Name

Pallet

User frame 2

User frame 3

TP S |

SELECT

The current status is shown in the Status column. When the manipulator
is inside the specified zone, the Status color will turn green. When the
manipulator is outside the specified zone, the Status will be white.

<  Zones

Zone No. Status
1 O

2 O

(®) NEW ZONE Search by name Q

Pallet

Loading Area

Type
Cubic (World) (]

Cubic (World)

Zone #1: Pallet

\

Comer1

/

Robot Jog Panel

Name
Pallet
Type Ref. Coord
Cubic v World e
Actio
Alarm v
"
Comer2

4!

Corner 1 Corner 2
0.000 mm X 4900.000 mm
0.000 mm Y 100.000 mm
0.000 mm Z 400.000 mm

© o 10 coRNER 1 © GoTocorner2
~
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6.4.2 Axis Zone

The axis zone is a function that determines the current position of the
each axis and outputs a signal. Once the maximum and minimum values
have been set at the axis to define the working range, a signal indicating
whether the current position of the axis is inside or outside this range is
output. (ON: inside, OFF: outside)

Fig. 6-18: Axis Zone

6.4.2.1 Axis Zone Setting Operation

1. Go to {Zones} under {MENU}.
— Zone screen will appear.
2. Press {+NEW ZONE}.

& Zones () NEW ZONE Search by name Q
Zone No. Status Name Type
1 & Pallet Cubic (World) m|

3. Press the number with new zone.
— The Zone Detail panel will show for the selected zone.
4. Type the name of the zone in the Name.

— Zone names can be from 0 to 32 alphanumeric characters and
symbols in length.

— Same zone name can be used.

Zone #2: Zone 2

Name Min Max
Zone 2

S -180.000 ° 180.000 *
Type
Axis hd L -180.000 © 180.000 *
BT U -5.000 ¢ 355.000 °

Status ~

R -180.000 ° 180.000 °
B -180.000 ° 180.000 °

T -180.000 ° 180.000 °

RESET TO DEFAULT
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5. Select {Axis} from the pull-down list at Type.
6. Select the desired Action from the pull-down list.
7. Insert the minimum angle and maximum angle for each axis.

— Each axis has a different range of motion. Check the manipulator’s
range of motion in the manual that came with the manipulator. The
value that exceeds the manipulator's range of motion cannot be
inserted.

— Press {Robot Jog Panel} on the bottom of the screen to display the
touch buttons and move the manipulator via the touch screen.

8. Press {RESET TO DEFAULT} to reset the angles on all axes.

— The default values are the minimum and maximum limits for each
axis.

9. Zone setting is complete.

For each zone, the status indicator shown in:
— green: inside zone
— white: outside zone

For Axis Zone, even if one axis is outside the zone, the manipulator is
detected as outside the zone.

Fig. 6-19: Zone Setting Screen for Axis Zone

& Zones + NEW ZONE Search by name Q
Zone No. Status Name Type

1 Zone 1 Axis o

2 O Zone 2 Cubic (World)

g g

Zone #1: Zone 1

Name Min Max
Zone 1
S | -170.000 © 0.000° @
Type
Axis N L -65.000-° 145.000 °
——r U -70.000 ® 190.001 °
Status v
R -190.001 ° 190.001 °
B -135.000 ° 135.000 *
T -360.000 ° 360.000 °
Robot Move Controls A
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6.4.3 Zone Status
User can check the status of a zone from the pendant user interface.
For each zone, the status indicator shown in:
— green: inside zone

— white: outside zone

Fig. 6-20: Zone Status

Zone No. Status Name Type
4 O Zone 4 Cubic (Base) B
5 Zone 5 Axis

For application programming and logic control, user can determine the
status of a zone by monitoring the status of a given zone on a Specific
Output. These zone status signals indicate the zone in which the current
control or axis is positioned in the initially set area. These signals can be
used to prevent interference with other manipulators or jigs.

The following table shows the Specific Output Numbers (SpecificOut#) for
zone status.

Table 6-1: Cubic / Axis Zone Status

Cubic / Axis Zone Status

Zone # #8 #7 #6 #5 #4 #3 #2 #1
SpecificOut# | #064 #063 #062 #061 #060 #059 #058 #057
Zone # #16 #15 #14 #13 #12 #11 #10 #9
SpecificOut# | #072 #071 #070 #069 #068 #067 #066 #065
Zone # #24 #23 #22 #21 #20 #19 #18 #17
SpecificOut# | #080 #079 #078 #077 #076 #075 #074 #073
Zone # #32 #31 #30 #29 #28 #27 #26 #25
SpecificOut# | #088 #087 #086 #085 #084 #083 #082 #081
Zone # #40 #39 #38 #37 #36 #35 #34 #33
SpecificOut# | #096 #095 #094 #093 #092 #091 #090 #089
Zone # #48 #AT #46 #45 #44 #43 #42 #41
SpecificOut# | #104 #103 #102 #101 #100 #099 #098 #097
Zone # #56 #55 #54 #53 #52 #51 #50 #49
SpecificOut# | #112 #111 #110 #109 #108 #107 #106 #105
Zone # #64 #63 #62 #61 #60 #59 #58 #57
SpecificOut# | #120 #119 #118 #117 #116 #115 #114 #113
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Precaution When Setting a Zone

The following must be considered in advance when setting a
zone for cubic/axis.

The manipulator will not immediately stop when it reaches
the boundary of a zone. It will decelerate to a stop from the
position where it enters the zone. This means that the
manipulator actual position after stopping will be inside the
zone. As such, manipulator stopping distance should be
considered while defining the size of the zone as shown in
the figure below.

Zone

TCP motion path /Z
Zone detection position

TCP motion deceleration
Actual stopping position /
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6.5

Shock Detection Setting

The shock detection function is a function to decrease damage due to
collisions by stopping the manipulator without any external sensors when
the tool or the manipulator collides with a peripheral device.

When the shock is detected either in MANUAL (TEACH) mode or in
AUTOMATIC (PLAY) mode, the manipulator is stopped immediately.

A WARNING

» The shock detection function does not completely prevent damage to
the peripheral devices or guarantee human safety. Make sure to take
safety measures such as installing safety fences.

Failure to observe this instruction may cause contact with the
manipulator, which may result in personal injury and/or equipment
damage.

6.5.1 Shock Detection Overview

Shock Detection Setting provides a mechanism to add extra protection to
the Manipulator and surrounding equipment in the case of accidental
collisions. This is done by measuring the torques encountered during an
application and then setting a “Max Allowable” torque within some buffer/
offset of the measured values. If the measured value ever goes over the

“Max Allowable”, an alarm will be triggered and the Robot will be stopped.

By factory default setting, Shock Detection will be turned on with a large
offset. However, these default settings can be changed based on the
application and multiple settings for a single application can even be
created. In all, there are nine total Shock Detection Settings:

» Default for AUTOMATIC (PLAY) Mode
» Default for MANUAL (TEACH) Mode

» Condition #1-7 - Additional User Configurable Settings for
AUTOMATIC (PLAY) Mode

The following sections will describe how to configure these settings and to
change them during operation.

6.5.2 Shock Detection Setting Interface

The main Shock Detection Setting Screen is shown in fig. 6-21 “Shock
Detection Setting Screen”. To access this page, select {MENU}, {Robot
Settings}, and then {Shock Detection Setting}.

The following actions can be taken from this page:

@ Shock Detection Status Switch
Use this to enable or disable the Shock Detection feature. This is a
global setting which will turn on/off Shock Detection for the YRC
Controller.

6-34 HW1485509

223 of 493



HW1485509

6 Robot Settings
6.5 Shock Detection Setting

@ Shock Detection Setting
Use this to select Condition Number to configure.

Automatic (Play): Default ~

Automatic (Play): Default

Manual (Teach)

Automatic (Play): Condition No. 1
Automatic (Play): Condition No. 2
Automatic (Play): Condition No. 3
Automatic (Play): Condition No. 4
Automatic (Play): Condition No. 5

Automatic (Play): Condition No. 6

Automatic (Play): Condition No. 7

@ Measured Max Torque
This will show the current Measured Max Torque and will update while
the Robot is running. These values can be cleared by pressing {Clear
Measured Max}.

@ Allowable Max Torque
This will display the Allowable Max Torque for the current Shock
Detection Setting.

® Clear Measured Torque
This will reset the “Measured Max Torque” values.

® Copy Measured to Allowable
This will copy the current “Measured Max Torque” with the entered
Offset added to the “Allowable Max Torque” values.

@ Reset Allowable to Default
This will reset the “Allowable Max Torque” values to the default values.
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Fig. 6-21: Shock Detection Setting Screen

€  Shock Detection Setting

Shock Detection Status @

inactive [ Active

Select Shock Detection Setting: Automatic (Play): Default L @

Shock Detection Setting: Automatic (Play): Default

Asde @ Mea:;:;:em ax AIIm;_.r;I;I:EMax @
5 0 100
L 0 100
u 0 100
R 0 100
B 0 100
T 0 100

The general procedure for configuring a Shock Detection Setting are:

1. Run application and observe the Measured Max Torque for several
hours.

— After this point, the Measure Max Torque values should not change
much.

2. Press {COPY MEASURED TO ALLOWABLE WITH OFFSET} with a
small Offset value depending on desired sensitivity (lower Offsets will
be more sensitive). A recommended starting point is an Offset
between 10-20.

If a collision is detected during execution, the YRC Controller will report
Alarm 4315, shown in fig. 6-22 “Collision Detection Alarm”.
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Fig. 6-22: Collision Detection Alarm

COLLISION DETECT

A collision was detected because of the interference between the manipulator and a
peripheral device.

The external force applied to the robot exceeded the threshaold.

SOLUTION: Check the following settings.
- The tool information

- The selection tap of the transfer

- The collision detection level

-JOB

-Waork

- The speed of JOB

- The acceleration/deceleration speed of ACC and DEC
- Length of the power cables

- Diameter of the power cables
Remave the following interferences.

- The interferences to the jigs of Robot.

When Robot is stopped instantaneously while having
contact with the object and the detection alarm is tried to
reset on the alarm window, the situation in which the alarm

cannot be reset may occur since the collision may be
detected again after resetting.

In this case, set the Shock Detection Status to “INVALID”, or
increase the detection level in MANUAL (TEACH) mode
and move the manipulator to a safety position.

For most cases, only the AUTOMATIC (PLAY): Default” setting will need
to be configured. This setting will be active by default to provide protection
during operation. However, in some cases, it might be desirable to change
the settings throughout a single application. This is described in chapter
6.5.3" Using Multiple Shock Detection Settings”.

» Perform all the jobs to use for 5 to 6 hours.

» For the material handling application, if a work job is
performed both with holding a workpiece and without
holding a workpiece, measure both patterns.

* In the event of a collision while measuring the Max
Torque, clear the Measured Max Torque by pressing
{CLEAR MEASURED MAX}. Then try again.

* The Measured Max Torque is cleared when the power is
@ turned ON/OFF. Therefore, DO NOT set the level based
on the Measured Max Torque immediately after turning

ON/OFF the power.

* When the teaching point, operation speed, operation
position, etc. of a job are greatly changed due to
teaching modification, etc., measure the Measured Max
Torque and configure the settings again.

*  When the load of tool or workpiece is greatly modified,
measure the Measured Max Torque and configure the
settings again.
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6.5.3 Using Multiple Shock Detection Settings

In most applications, it is sufficient to set only one Shock Detection Setting
for AUTOMATIC (PLAY) Mode and it is best to use the “AUTOMATIC
(PLAY): Default” setting. However, it is sometimes useful to have multiple
settings active in an application and to change the active setting during
operation. For example, the sensitivity might need to be lowered during
the picking of a part.

There are two INFORM commands that can be used to perform these
actions:

+ SetShockDetection
Changes that active Shock Detection Setting or overrides the current
settings

* ResetShockDetection
Resets the Shock Detection Setting to default (i.e. “AUTOMATIC
(PLAY): Default”)

An example of using these instructions is shown in fig. 6-23 “Shock
Detection INFORM Instructions”. At the top of the program, the
ResetShockDetection instruction is executed (1) to reset to the default
setting. Thus, the motions executing in (2) will use the “AUTOMATIC
(PLAY): Default” setting. Then, the SetShockDetection instruction is
executed (3) to change to Condition #4. Thus, the motions executing in (4)
would use the “AUTOMATIC (PLAY): Condition No. 4”.

Fig. 6-23: Shock Detection INFORM Instructions

3% ROBOT JOB - MOTIONTEST V4

1 Start Job 1
2 ResetShockDetection

3 For I0@@ =1 to 5

4 JointMove Speed=100.00(%)

5 JointMove Speed=100.00(%)

6 Next I1I00@

7 SetShockDetection SettingNumber=4 3

8 For 1000 =1 to 5

4 |

> 4

9 JointMove Speed=100.00(%)
10 JointMove Speed=100.00(%)

11 Next 1000

12 End Job

6-38 HW1 485509 227 of 493



HW1485509

6 Robot Settings
6.5 Shock Detection Setting

6.5.4 Shock Detection Watch

The Shock Detection Watch screen is an overlay utility that can be used to
monitor Measured and Allowable Max Torque during operation. To access
this screen, press {MENU}, {Utility}, and then {Shock Detection Watch}.

When Robot operation has just started, the listed “Allowable
Max Torque” may be larger than the value in the
@ corresponding Shock Detection Setting. This is due to
difference in the grease viscosity during cold start. After
operating for approximately 1 hour, the value used by the
system will match the Shock Detection Setting.

Fig. 6-24: Shock Detection Watch

% ROBOT JOB - SAMPLE &

1 Start Job

2 Timer Time=2.50(seconds)

3 For 1000 =1 to 5

4 JointMove Speed=100.00(%)
5 JointMove Speed=100.00(%)
6 Next 1000

7 Timer Time=2.50(seconds)

8 DigitalOut Output#(1) ON

9 End Job

~  Shock Detection Watch

Shock Detection Status: Active

OPEN SHOCK CLEAR MEASURED
DETECTION SETTINGS MAX TORQUE

; Measured Max Allowable Max
Axis
Torque Torque

S 0 0
L 0 0
u 0 0
R 0 0
B 0 0
T 0 0
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6.6

Robot Configuration Positions

The {Robot} = {Robot Configuration} screen allows the user to define and
move the manipulator to positions helpful for certain tasks, such as:

— job start position (i.e. “Work Home Position”)

— manipulator setup & resolving alarms (i.e. “Robot Position Confirm”)

— torque sensor calibration postures for human collaborative Robots

Fig. 6-25: Robot Configuration Screen - Position Setup Tab

< Robot Position Setup

Position Setup Home Calibration

Move to Reference Positions Used for Robot Operation \C’j
S 0.000 ® © AXISREACHED
L 0.000 * © AXISREACHED

[ Edit Position

: (8) AXISREACHED

Robot Position U 0.000

Work Home ~ .
R 0.000 = © AXISREACHED
B SRR © coToaxis
T 0.000 - © AXISREACHED

Swing

Upper Arm

-0.00°

L Lower Arm
- 0.00°
[ |

6-40

GO TO POSITION

#0: Parallel Gripper

Rotate

T LSS
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6.6.1 Robot Position Types

Common Robot position types available to the user are described below.
Axis position values will vary depending on manipulator model.

— Work Home Position (user editable)

* A manipulator posture often used as the “start” position in the
default job to ensure the manipulator will not crash into its
surroundings.

* By default, this position is connected to Zone 64 (type = cubic)
for ROBOT1. Point “P” in the figure below represents the TCP of
the manipulator at the work home position. The size of the cube
(“a”) is initially configured to be 100mm.

Pg-oo -,
a M :Ia/z
a2
a2

— Robot Position Confirm (user editable)

* Used to verify the current posture of the Robot in the event of an
alarm (e.g. 4107) when the YRC Controller is powered ON.

» These alarms may occur if there is an error in encoder
communication or the manipulator was moved after the power
supply was turned off.

* The initial value of Robot position confirm is also the
manipulator's home position (all axes at pulse 0).

If an installed tool/workpiece prevents the manipulator from

@ reaching its default confirmation position, the user can edit
this to a posture more accommodating of the tool's

® geometry.

— Temporary Position (user editable)

» Used to move the manipulator to a user-editable posture by
specifying the target axis values.

There are additional positions for certain manipulator models.
— HC10 Torque Calibration Positions (cannot edit)

* A set of factory defined postures used to calibrate torque sensors
on the human collaborative. For more information on this
position, refer to “Calibrating Torque Sensor Offset Data”.
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6.6.2 Move to a Robot Position

The procedure to move to Robot positions is similar to that of the panel
described in chapter 2.4.8“ Move to Position Panel”.

6.6.3 Edit a Robot Position

When approaching any position near other physical objects,
reduce speed and use caution to prevent collisions. Pay
close attention to the motion of the manipulator.

@ * In the event of “singularity” alarms, reduce speed and

use individual {Move Axis} buttons to move to a target
position without error.

» Failure to observe these instructions may result in
personal injury or collisions with the manipulator.

Follow the steps below to edit a Robot Position:

1.

Press the {Edit Position} checkbox. This will enable fields and controls
according to:

— Required security level.

— Write access level of position (editable vs non-editable)
Select a {Robot Position} from the dropdown list

— Current axis values will update accordingly.

Edit the position using one of the methods below:

— Enter values into enabled field(s) using the numeric keyboard

— Use {Set To X.X} button(s) to set individual axes to the current
position of the manipulator

— Use {Set to Current Position} to set all axes to the current position of
the manipulator

Once change(s) are present, a {Save All/Cancel} control will appear.
{Save All} will save changes to an edited position while Cancel will
default to previously saved values.

— The “Temporary” position is editable, but Save/Cancel does not
apply. Axis values will default to zero on the YRC Controller reboot.
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5. Uncheck {Edit Position} to exit “Edit” mode

Position Setup Home Calibration Q CANCEL

Edit Reference Positions Used for Robat Operation
S 0.000 © @© serTo 00
[ 45.000 © © sETTO 45.0°
Edit Position
u 0.000 © SETTO -0.0°

Robot Position

Work Home v

R 0.000 © SETTO -0.0"

B -90.000 ° © SETTO -26.4°

T 0.000 ° ® serTo-00

@ SETTO
CURRENT POSITION

6.6.4 Robot Position Confirm Procedure

Encoder alarms (e.g. 4107 or 4511) may occur if the manipulator stops
suddenly or collides during the operation, or if the manipulator is moved
while the YRC Controller power is OFF.

In the event of an encoder alarm, a message will appear prompting the
user to “check the position”. The ability to run a job and move to positions
other than the “Robot Position Confirm” target will be disabled when this
message is active.

Fig. 6-26: Robot Position Confirm Message

= Controller Message

Code 20054

Check position
[R1]
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1. Navigate to {Robot} - {Robot Configuration} - {Position Setup Tab}

— Ensure {Robot Position Confirm} is selected. {Confirm Position} will
be visible with a blinking orange border but will be disabled if the
Robot is not at the proper position.

Position Setup Home Calibration

Move to Reference Positions Used for Robot Operation

S 0.000 © () AXISREACHED

L ORI © o TO AXIS
(] Edit Position

2 (©) AXIS REACHED
Robot Position u 0.000
Robot Position Confirm

R 0.000 © () AXISREACHED

B SOREE © coToAxis

T 0.000 © () AXISREACHED

'@' GO TO POSITION

2. Press and hold {Go To Position}.

— Robot moves to the Confirm Position, {Confirm Position} will be
enabled once reached

Position Setup Home Calibration

Move to Reference Positions Used for Robot Operation

S 0.000° (©) AXISREACHED

L 0.000° (©) AXISREACHED
(] Edit Position
g () AXISREACHED

Robot Position u 0.000 ©
Robot Position Confirm

R 0.000° (©) AXISREACHED

CONFIRM POSITION

B 0.000° (©) AXISREACHED

T 0.000° (©) AXISREACHED

() POSITION REACHED
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3. Press {CONFIRM POSITION}.
— The position of the Robot is verified.
— A confirmation message will appear.

Robot Position

Robot Position Confirm

CONFIRMED

This will re-enable the ability to run a job and move to previously taught
positions.

If the manipulator's posture at its “Confirm Position” does
not match the physical posture set by the user, Home
Position Calibration may be required (refer to chapter 6.7
@ “Home Position Calibration”). This can occur, for example, if
™ a motor or encoder is replaced. “Robot Position Confirm” is
known as the “Second Home Position” in standard YRC
Controller manuals.
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6.7

Home Position Calibration

The Home Position of a Robot is the position where all axes are “0”
degrees. Home Position Calibration is the operation where the Home

Position and Absolute Encoder Position coincide. Although this operation

is performed prior to shipment at the factory, it must be repeated if:

— Home Position encoder deviation (e.g. caused by a crash with the

Robot's surroundings)
— Stored memory is wiped (e.g. weak battery, etc.)

— Replacement of a Manipulator motor or absolute encoder

— Achange in the combination of a Manipulator and its YRC Controller

The Home Position is commonly used for a 6-axis vertically articulated
Robot is shown in fig. 6-27.

Fig. 6-27: Home Position of a Common Industrial Robot

Angle of the B-axis center line with
respect to the U-axis center line (-0%)

Angle of the U-axis with \

respect to the horizontal line of the ground (-07)

2

f:“ﬁﬂ\\
r===H

F:Z-
r— P
\

]

{..

[

L

The Home Position differs depending on Manipulator
model. Refer to the INSTRUCTIONS that corresponds to
e the specific Manipulator model.
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Editing the Home Position affects the stored physical position. Using the
{Home Position Calibration} screen on the Smart Pendant, the user can
set one axis at a time or all axes simultaneously to the Robot's current
position (unit: pulse). The user can also enter values manually using
information provided by YASKAWA.

Fig. 6-28: Home Position Calibration Screen
¢  Home Position Calibration (ABSO)

Position Setup Home Calibration

(M

Set Origins for Robot's Encoders to Define Its Zero Posture (i)

L

T (9) SET ORIGIN

S 2548 SET ORIGIN
L 1016 (©) SETORIGIN
[] Manual Entry?
u 1720
ROBOT CURRENTLY AT
HOME POSITION
R -1504
B (5) SET ORIGIN

IN FOR ALL AXES
RENT POSITION

#3: GRIPPER & PART

Swing Rotate

Lower Arm Bend
0 00° i
Upper Arm U il Twist
_ ooo- + - 0.00°
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6.7.1 Verification of Home Position Calibration

To verify the existing calibration of a Robot's Home Position, move all axes
to their respective “0” degree positions. {Not at Home} will navigate to the
{Temporary Position} with all zeros on the Move Robot screen to quickly
accomplish this. Follow the instructions in chapter 6.6.2“ Move to a Robot
Position” to perform this action.

Fig. 6-29: Home Position Calibration Screen

Set Origins for Robot's Encoders to Define Its Zero Posture

S 100 (© SETORIGIN

L 100 (© SETORIGIN
(] Manual Entry?

U 200 (© SETORIGIN

o NOT AT HOME

MOVE ALL AXESTO 0°

R 200 (© SETORIGIN

B 300 (© SETORIGIN

T 300 (© SETORIGIN

SET ORIGIN FOR ALL AXES
TO CURRENT POSITION
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When at “all zeros”, “Not at Home” will turn green and the “Robot is at
Home Position” indicator confirming the existing Home Position is ready
for verification.

The user should now visually confirm whether the physical arrows on the
Manipulator (i.e. one pair for each axis) are precisely aligned to validate
the calibration of Home Position.

Fig. 6-30: Robot at the Home Position

(] Manual Entry?

In the case of arrow misalignment for one or multiple axes, Home Position
Calibration is required. The following sections discuss how to perform the
calibration.

The arrow labels on some Robot models may be hard to
@ find. Refer to the INSTRUCTIONS for the Manipulator
corresponding to its model to find each label and accurately

d perform the calibration.

6.7.2 Home Position Calibration Methods
There are three separate methods for Home Position Calibration:
» Calibrate Individual Axis to robot's current axis position
» Calibrate All Axes to Robot's current position
» Manually Calibrate one or multiple axes to known encoder values

The procedure for each of these methods is provided in the following

sections.
All calibration methods change the zero-position of the
desired axes. This can affect the physical position of the
e robot for any previously saved positions.
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6.7.21

Use this method if a single axis experiences a hard crash or if a single

motor/encoder is replaced.
1. Go to {MENU} — {Robot Settings} — {Home Position Calibration}.

2.

Individual Axis Calibration Procedure

Perform the verification procedure described in chapter 6.7.1
Verification of Home Position Calibration”.

For any arrow(s) that are misaligned, jog the affected axis until they
are aligned.

Press {Set Axis} to insert the robot's current pulse value for that axis.

5. Press {Save All} (or {Readback/Write} for FSU) to update the

calibration data

Fig. 6-31: Individual Axis Home Position Calibration

Position Setup

Set Origins for Robot's Encoders to Define Its Zero Posture

[C] manual Entry?

Home Calibration

6-50

€ cance

®

100 @ seToricin | NEY]

100 ©) SETORIGIN
200 () SET ORIGIN
200 @ sETORIGIN

300 © SETORIGIN

300 © SETORIGIN

@ SET ORIGIN FOR ALL AXES
¥ TO CURRENT POSITION
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6.7.2.2 All Axes Calibration Procedure
Use this method if multiple axes are misaligned after a robot crash.

1.
2.

Go to {MENU} — {Robot Settings} — {Home Position Calibration}.

Perform the verification procedure described in chapter 6.7.1“
Verification of Home Position Calibration”.

3. Jog all axes until each pair of arrows are aligned.

Press {Calibrate All Axes} to insert the robot's current pulse values for
all axes.

Press {Save All} (or {Readback/Write} for FSU) to update the
calibration data.

Fig. 6-32: All Axis Home Position Calibration

Set Origins for Robot's Encoders to Define Its Zero Posture

[C] manual Entry?

& |
4

Position Setup Home Calibration € cance

100 (© SETORIGIN

100 ©) SETORIGIN
200 () SET ORIGIN
200 @ seTORIGIN

300 © SETORIGIN

300 ) SETORIGIN

@ SET ORIGIN FOR ALL AXES

¥  TOCURRENT POSITION
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6.7.2.3 Manual Calibration Procedure

Use this method if the manipulator or YRC Controller is replaced with a
new unit. This method is also used to re-enter the existing Home Position
values that appear to be correct but are not “set”.

1. Go to {MENU} — {Robot Settings} — {Home Position Calibration}.

2. Locate the “ABSOLUTE DATA” white tag on the YRC Controller
containing the factory default robot encoder calibration.

Fig. 6-33: "ABSOLUTE DATA” white tag

3. Check the {Manual Entry?} checkbox.

Fig. 6-34: Manual Axis Home Position Calibration

Position Setup Home Calibration

Set Origins for Robot's Encoders to Define Its Zero Posture

®

® Manual Entry?
ROBOT CURRENTLY AT
HOME POSITION

4. Manually enter the data for each axis using the keyboard.
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5. Press {Save All} (or {Readback/Write} for FSU) to update the
calibration data.

» Alarms may occur if large changes are made to the
Home Position.

— In the case of Alarm 4511, reset the alarm and
@ proceed normally.
» Iflarge changes are made to the Home Position of a
collaborative HC-series robot, Alarm 1933 may occur.

— This major alarm will require a reboot of the YRC
Controller to successfully clear the error.
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7 Concurrent I/O (Input/Output)

71

Concurrent I/O control processes control relative to the YRC Controller
1/0. Concurrent I/O control is independent of the manipulator operation (in
parallel with manipulator operation).

Features of Concurrent 1/0

Attaching I/0O signals to terminals and connects can boost efficiency.
— Terminals and connectors are provided for connecting 1/O signals.

Although the number of connections is limited, only the necessary
signals are connected at any time, ensuring efficient operations.

— Instructions relative to the I/O (Robot Language: INFORM) can be
simplified for smooth manipulator operation.

Fixed procedures relative to the I/O can be registered as
independent programs, enabling simplification of I/O instructions in
the job (operation program) and reducing interruptions.

— Areserved signal can be accepted while the manipulator is
operating.

Reserved signals can be accepted during operation since the
manipulator operation processing and I/O processing can be
executed at the same time.
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7.2

Classification of I/O signals

Classification

Description

Range

General-Purpose Input

Referenced with input instruction of the job

00010 - 05127
(4096 signals)

General-Purpose Output

Referenced with output instruction of the job

10010 - 15127
(4096 signals)

Specific Input

Signal to change the operating condition of the
manipulator

40010 - 42567
(2048 signals)

Specific Output

Signal notifying the operating condition of the
manipulator

50010 - 55127
(4096 signals)

72 HW1485509

245 of 493



HW1485509

7 Concurrent I/O (Input/Output)
7.3  1/O Instructions

7.3 1/0O Instructions

A Robot system rarely works without having to interact with other devices.
Most instances, the YRC Controller must communicate with external
equipment, such as fixtures and sensors. Communication is
accomplished using Universal Inputs and Outputs. The INFORM
language supports I/O instructions for both digital input and output.

7.3.1 DigitalOut Output#( )

The DigitalOut instruction with the Output#( ) tag can only operate an
individual Universal Output. It is used any time a device, such as a
gripper, is to be turned ON or OFF.

The following is an example of the DigitalOut instruction used with a single
Universal Output (Output#):

DigitalOut Output#(1) ON
JointMove Speed = 25%
DigitalOut Output#(1) OFF

To program a DigitalOut Output#( ) instruction in a job, perform the
following steps:

1. In MANUAL (TEACH) mode, move the cursor to a line to insert the
instruction in the Job Contents view.

2. Open {COMMANDS} from the Navigation Bar.

Select {DigitalOut} under {I/O}. The DigitalOut will be inserted in the
Job Contents.

w

Open Detail Edit by tapping the right of the cursor.

Select the type of output as single universal output {OT#( )}.
Insert the output signal number (ex. insert 1 for output number 1).
Choose ON/OFF/INVERT.

Press {SAVE ALL}.

© N o o &

By default, once an Output has been turned ON, it will
remain ON it is turned OFF by a job instruction or manually
™ turned OFF.
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7.3.2 Digital Output for a Group

The Digital Output instruction with the OutputGroup#( ) tag commands all
8 output bits in the designated Universal Output Group to become the
status of Byte range of 0-255. The decimal number is converted into a
binary number, with each bit identifying the status for the individual
outputs in the group.

For example, the result of DigitalOut OutputGroup#(1) = 162 would be
Outputs 2, 6 and 8 ON (2 + 32 + 128 = 162), and Outputs 1, 3,4, 5and 7
would be OFF.

In the job example below, Outputs 1 and 5 would be turned ON (1 + 16 =
17) as all others in the group would be turned OFF. The DigitalOutput
OuputGroup#(2) turns all 8 outputs in the group OFF.

DigitalOut OutputGroup #(1) 17
JointMove Speed = 25%
DigitalOut OutputGroup #(1) 0
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7.4 Monitoring I/0O from Smart Pendant Interface

7.41 Monitoring I/O Signals by 1/0 Monitor

I/0 signals can be monitored using the Watch Window, placed under
{Program/Operate} in {(MENU}.

To maximize I/O panel, tap the expand icon on the right-hand side of the
title of 1/0. Tap it again to change the panel back to its original size.

The values shown in the Watch Windows are updated every second.

Fig. 7-1: I/O Monitor

<  Watch Window B CLEARALL
Variables §3 Q, BROWSE VARIABLES Positions 3 Q, BROWSE POSITIONS

No. Contents Name [ H No. Name Tool (B

Inputs/Outputs (110) £3 Q, BROWSE I/

o

Output Status Name (B

Input Status Name
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7.4.2

7.4.21

7422

1/0 Windows

Signal status can be monitored using the instructions described in this
section.

Smart Pendant I/0 Configuration

I/O Screens

The YRC Controller has a total of 4096 signals available for both input and
output. From the Software Pendant, these can be configured/mapped to a
variety of physical or network devices. These signals can also be used as
purely logical signals. In practice, only a small subset of these signals will
be used in most applications.

The Smart Pendant will read the I/O configuration from the YRC Controller
and display the configured data. There is also an option for displaying any
“‘unmapped” signals so that the entire 4096 range can be viewed on Smart
Pendant if desired. The following sections will describe the screens for
monitoring these |/Os as well as how to configure the displays.

I/O Signal Allocation/Mapping must be done on Software
Pendant. Smart Pendant will only use configuration already
e present on YRC Controller.

To access the I/O Screens, press {MENU}, {Program/Operate}, and then
select {I/O}. This will open the main I/O Screen. This screen has two main
views: Group View and Individual View. By default, the Group View will be
visible. The Group/Individual View can be changed from the I/O Setting
panel described under “//O Settings” section.
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Group View

In Group View, the signals are displayed in groups of 8. ON status is
shown as a green circle, and OFF status is shown as a white circle. The
status is shown from 1 to 8 with a bit order reading from right to left. When
the group is selected on the left side, the status of each 1/0O number will be
displayed on the right side of the screen.

Fig. 7-2: I/O Group View

=ww L b o I

< /0
Inputs Qutputs ] GoTo: 1 {ob Settings
Group Inputs Status (Bits)
GROUP: 5 VALUE (DEC): 2

7654 3210 INPUT: 33-40 VALUE (HEX): 0x02
= = e TYPE: General

1 1-8 OCeC Cood
v o Input  Status Name

2 9-16 oOCeC oo

3 17-24 Dog 0D <3

4 25-32 OO0 oD 34

5 33-40 #0000 OO0O®0O3s | 35

6 41-48 0000 @000 #
7 49-56 CO®@0 0000 A
8 57-64 00 e 38
9 65-72 e Gege 33

Go To an /O Group Containing an I/O Number
1. Press the text field to the right of {Go To:}.

* The keypad will appear.
2. Enter the 1/O number and press {Enter}.

* The view will go to the I/0O group containing that I/O number and
highlight it.

Additional information about the selected group is displayed on the top
right of the screen. This information includes:

— GROUP: the group number of the inputs.

— INPUT: the 8 inputs within the specified group.

— TYPE: The input type as configured from the YRC Controller
— VALUE (DEC): the value of the group in decimal.

— VALUE (HEX): the value of the group is hexadecimal.

— Enable Toggle (for Outputs only): Output signals can be toggled with
toggle switches. When {Enable Toggle} checkbox is not checked,
the output toggle switch is disabled. When {Enable Toggle}
checkbox is checked, the output toggle switch is enabled for
individual outputs. This is shown in fig. 7-3 “Toggle Output from
Group View”.
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Fig. 7-3: Toggle Output from Group View

Inputs Outputs E Go To: 1 {& Settings
Group Outputs Status (Bits)
GROUP: 3 VALUE (DEC): 3
7654 3210 OUTRUT: 17-24 VALUE (HEX): 0x03
TYPE: General
1 1-8 SO0 QoCe
Enable toggle
2 9-16 GEO0 el
3 1704 #0000 O00® @17 Output Status Name Toggle
4 25-32 0000 @000 17 ® SUCTION &
5 33-40 0080 0000 18 & BLOW OFF

B Individual View
In Individual View, each I/O signal is displayed on a separate line as
shown in fig. 7-4 “I/O Individual View”.

Fig. 7-4: /O Individual View

Inputs Outputs ] GoTo: 1 [ Display only named Q_ 5} Settings
No. A  Status Toggle Type Name [] Enable toggle
20 ® General
21 0 General
22 O General
23 O General
24 O General
25 O General
26 o General
27 O General
28 O General
29 O General
k[ O General
N O General
32 O General
Kk} O General
34 o General
35 O General
36 O General
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Output signals can also be toggled from the Individual View. When
{Enable Toggle} checkbox is not checked, the output toggle switch is
disabled. When {Enable Toggle} checkbox is checked, the output toggle
switch is enabled for individual outputs. This is shown in fig. 7-5 “Toggle
Output from Individual View”.

Fig. 7-5: Toggle Output from Individual View

< /0
Inputs Outputs E Go To: 1 (] pisplay enly named Q, {3} Settings
No. 4  Status Toggle Type Name Enable toggle
1 O General
2 O General
3 O General
4 O General
5 ( General
6 O General

Go To an I/O Number
1. Press the text field to the right of {Go To:}.

— The keypad will appear.
2. Enter the 1/0O number and press {Enter}.

— The view will go to the 1/0 number and highlight it.

1/0 Settings
To access /O Settings, press the {SETTINGS} on the top of the panel.
This will bring up the panel shown in fig. 7-6 “I/O Display Settings”.

< /o

Inputs Outputs ] GoTo: 1 (] Display only named @, 5} Settings

This panel has two sections: Display Settings (1) and Types to Display (2).

In the {Display Settings}, the view can be switched between the Group
View and Individual View that are mentioned in the previous sections.

In the {Types to Display}, the 1/O display can be filtered based on how the
I/0 are configured on the YRC Controller. For example, if all checkboxes
were cleared except the “Terminal Block”, then only the 1/Os associated
with the standard Terminal Blocks would be displayed

(i.e. 1-24 for YRC1000 and 1-8 for YRC1000micro).
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The “Unmapped” checkbox is false by default. Checking this box will
display all 4096 I/Os can be seen on the YRC Controller.

I/O Display Type Settings are separate for Input and Output.
For example, it is possible to set “Group View” for Inputs
e and “Individual View” for Outputs.

Fig. 7-6: I/O Display Settings

Input Output Settings X
Input Display Type Output Display Type (i)
@ Groups QO oroups

O Individual Inputs © Individual Outputs

Input Types to Display Output Types to Display

General General

[] Unmapped [] Unmapped

The “types” displayed in the above list will be dependent on the devices
that have been configured for the system. These devices can either be
extra 1/0 boards (see Chapter 12.2 of “YRC1000 INSTRUCTIONS
(RE-CTO-A221)") or network devices such as EtherNet/IP. For example, if
an EtherNet/IP gripper were added with the name “Gripper”, then this
would be displayed under the types as “Gripper”. For more information on
configuring EtherNet/IP devices, see “YRC1000 OPTIONS
INSTRUCTIONS EtherNet/IP COMMUNICATION FUNCTION
(HW143560)".

There is also a half-screen version of the /0O Screens located from the
Programming Panel (fig. 7-7 “Half Screen I/0 Window”). To access this,
first select {Current Job} from the {MENU}. Then, select {Digital 1/0} from
the Navigation Bar. This screen has all the functionality of the full-screen
I/0O Windows in a half-screen form.
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Fig. 7-7: Half Screen I/0 Window

1 Start Job

3 End Job

5) DigitalOut

Inputs

Group  Inputs

1 1-8

2 9-16
3 17-24
4 25-32
5 33-40
6 41-48
7 49-56
8 57-64
9 65712
10 73-80
11 81-88

DIGITAL I/O

ROBOT JOB - SAMPLE

o o
507 Timer

Outputs

Status

G000
B BNBHE)
C0O0O0
B BNGHE)
o] lele)
CCO®
CO0O0
cQo0o0o
BHBIGHE)
ceCO
BHINGHE)

2 JointMove Speed=50.00(%)

Y SETTINGS

OeCO
o] Jele
OCOe
REAO
DEO0
0Q0o
o] lele
OCOe
elelene]
slololse]

o] Jele

TYPE: Terminal Block

Input  Status Name

1

(© TEACH | JOINTMOVE

GROUP: 1 VALUE (DEC): 32
INPUT: 1-8 VALUE (HEX): 0x20

© © @ 0 © 0 6 §g
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7.5 1/0O Detailed View

7.5.1 1/O Detailed View Overview

The 1/O Detailed View will appear on right panel of both {Inputs} and
{Outputs} when an I/O group is long-pressed. It displays detailed
information for a selected concurrent block of 1/0 groups.

— Selection size of 1, 2, 3 or 4 bytes. Each I/O group is one byte.

— Allows Output editing of the full selected 1/O block in one step.

— Allows Output editing of individual half-bytes, or bytes in the
selected 1/0 block in one step.

@ The 1/0O Detailed View is not visible by default.
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Fig. 7-8: Input Detailed View

Inputs Outputs Go To: 1 % settings
Group Inputs Status (Bits)
7 6 5 4 3 2 71T 0 Deta”VleW‘ |nDthS
Number Selected
: Lt 0080 0000 3::;;6 « [ show Individually
2 9-16 QCe0 0000 -
Full Selection
3 17-24 ®O0CC 0000
GROUPS: 1-1 VALUE (DEC): 32
4 25-32 oo Do INPUTS: 1-8 VALUE (HEX): 20
78854 8290
5 33-40 000 O0e0 GgrROUP:T OO @®@0O OCOO
6 41-48 000 @000
7 49-56 COoeC Q0000
8 57-64 @OCCO 0000
9 65-72 eoes Teoge
10 73-80 000 0080
1 81-88 COoeC 0000
12 89-96 @000 0000

13 97-104 CO0CO0 0000
14 105-112 0000 C0Oe0
15 113-120 COO00O @000
16 121-128 cCOo®eO 0000
17 128-136 ®COCO 0000
18 137-144 6Ee8 DoEe
19 145-152 O00C0C COeOo
20 153-160 CcOoeO 0000
21 161-168 ®OC0O0 0000

22 169-176 SDeE BoRe
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Fig. 7-9: Output Detailed View

— MENU "Aj‘:i LA l

< /0
Inputs Outputs
Group Outputs
7654

1 1-8 sO®0O0
2 9-16 O®00
3 17-24 0000
4 25-32 0000
5 33-40 0000
6 41-48 0O00®
7 49-56 o] Jeole
8 57-64 O000
9 65-72 0000
18 73-80 O000
11 81-88 ¢] Jole)
12 89-96 Q000
13 97-104 0000
14 105-112 Q000
15 113-120 O00@®
16 121-128 ‘el Jole
17 129-136 Sioiale
18 137-144 0000
19 145-152 eEeg
20 153-160 ‘el Jole
21 161-168 eEeg
22 169-176 0000

®

Status (Bits)

3210

QOO0
Q000
0000
C00®
OCe00O
0000
0000
0000
000 ®
Oe0o0o
Q000
0000
O00O®
0800
Q000
0000
elolele)
O00®
0800
0000
0000

ofelel

=

@ Settings

Ij Go To: 1

Detail View - Outputs

Number Selected

One Byte [ show Individually

Full Selection

Write Eorl
AR 5 Write Format
OUTPUTS: 1-8 Hex @ Dec

VALUE (DEC) 64

76549 T LT
CeO0O 0OCOOC

GROUP: 1

B Accessing the I/O Detailed View from the Main Menu
Go to {MENU} - {Program/Operate} > {l/O}.

To view the Inputs Detailed View, press {Inputs} or to view the Outputs
Detailed View, press {Outputs}.

1.
2.

Press and hold an I/O group row in the left panel for two seconds.

— The I/O Detailed View will appear in the right panel.

— The default number selected is one byte, the size of one I/O group.

To set the number of bytes selected, press {Number Selected} and
select {One Byte}, {Two Bytes}, {Three Bytes} or {Four Bytes}.
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Accessing the 1/O Detailed View from the Current Job Screen
1. Go to {MENU} = {Current Job}.

2. Press {Digital I/O} in the lower left corner of the screen.
3. The I/O view will appear in the lower half of the screen.
4

. To view the Inputs Detailed View, press {Inputs} or to view the Outputs
Detailed View, press {Outputs}.

5. Press and hold an I/O group row in the left panel for two seconds.
— The I/O Detailed View will appear in the right panel.
— The default number selected is one byte, the size of one I/O group.

6. To set the number of bytes selected, press {Number Selected} and
select {One Byte}, {Two Bytes}, {Three Bytes} or {Four Bytes}.

Fig. 7-10: I/O Detailed View from Current Job

{g} ROBOT JOB - LONGJOB i |T {3}
1 Start Job

2 DigitalOut Output#(5) OFF

3 Shifton P[B@05]

4 [ 8] JointMove Speed=100.00(%) Acceleration=50(%)
5[ 8] JointMove Speed=75.00(%) Acceleration=50(%) Deceleration=20(%)
6 [ 8] LinearMove Speed=250.08(mm/sec) PositionlLevel=0

7 DigitalOut Output#(5) ON

8 Timer Time=0.5@(seconds) —

arl Al | inearMnve Sneed=280 Afmm/<er)

5) DigitalOut V4
Inputs Outputs [ GoTo: 1 {5h Settings
Group Inputs Status (Bits)
76 S 4 &2 i Detail View - Inputs
= R Number Selected
1 1-8 sO0®@0 O0O0O: o [ show Individually
2 9-16 coCeO 0000
Full Selecti
g iy 000 0000 ull Selection
GROUPS: 1-1 VALUE (DEC): 32
4 25-32 OO0 o000 INPUTS: 1-8 VALUE (HEX): 20
) 7854 3270
5 33-40 000 0080 grROUP:T OO0 ®0O QOO0
6 41-48 OO0 @000
7 49-56 coceC 0000
8 57-64 o aoeo
9 65-72 GBOE) BB
18 73-80 000 QOeO
1 81-88 CoeC 0000
1
DIGITAL I/O
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Switching Between Output Decimal and Hexadecimal Write Formats
In {Outputs} I/O Detailed View, press the {Write Format} switch under {Full
Selection}.

Fig. 7-11: Dec/Hex Write Format Switch

Inputs Outputs Go To: 1 % settings
Group Outputs Status (Bits)
7 6 5 4 3 2 1T 0 DetaI|VIeW“OUtpUtS
x % Number Selected
1 1-8 sO®@00 00001 O;:By;e + [ show Individually
2 9-16 O®0O0C 0000 -
5 — 0000 0000 Full Selection
. Write Format
4 253 0000 000®  qimirs1s i @) B
5 33-40 000 0800
VALUE (DEC) 64
6 41-48 CoCe 0000
FiES % FTIL90
7 49-56 oceoc ocoope | T CROQ QOLRO
8 57-64 eoes Toge
g 65-72 O0CO 0O0C0C®
108 73-80 COCC 0800
1 81-88 Ce00 0000
12 89-96 GEeE Toae

13 97-104 0000 000O®
14 105-112 OO00C0C Oe00
15 113-120 Q0O0C® OO00O0
16 121-128 OCe00C 0000
17 129-136 COC0O 0000
18 137-144 COO0O QOOCO®
19 145-152 CO00 0Oe00
200 153-160 O8O0 0000
21 161-168 cogg 0ooe

22 169-176 COoO00O 0O0CC0e
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Input Full Selection Layout
Near the top of the input Detailed View. It has information for the selected
input groups as a block.

{Full Selection} has:

® Selected input group numbers.

@ Selected input numbers.

® Decimal or hexadecimal value for the entire block as one number.

@ Circles that show the status of each bit in the block, and the bit number
above each circle. Green is on, white is off. Zero is the least significant
bit.

Fig. 7-12: Input Detailed View Full Selection

Inputs Cutputs 2] 6ot 1 5 Seltings

Group  Inputs Sxatus (Bits)

T 858 4 3 %10 Detail View - Inputs
1 1-B OO0 OO0O00h .

e s e S Bate w ] Show individualty
2 5-16 8] 1ele -

el St Full Selection
3 17-24
OGRIUPS: 1-1 @ VALUE (DEC): &4

4 25-33 300 18168 @INPUTS: 1-8 VALUE [HEX): 40

T &6 5 4 Iz10
5 13-48 QLG OeL0 @ GROUP: 1 @O0 OO0
[ 41-48 T ]
1 45-56 (a1 Ials 5
! 57-6
] 65-72 #
18 13-88 2000 Ceo0
1 B1-BE 8] Iale) B
12 B9-96 2100 330
13 G7-184 oO000s OO0
14 1B5=-112 elele]e Ml Ield]
15 113-120 & =] e
16 121-128 (e] Iole
1 129-136
18 137
14 145-152 000 OeD0
rli] 153-168 & \
1 161-168 D00 OO0C
22 169-176 B
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Input Individual Sections Layout
Located under the {Full Selection} in the I/0O Detailed View. It has
information on each individual I/O group in the selected block.

@ Individual Selections are not visible by default.

® Selected I/O group number.
@ Selected I/O numbers.
® Selected I/O group type.

@ Decimal or hexadecimal value for the 1/0 group.

® Circles that show the status of each bit in the block, and the bit number
above each circle. Green is on, white is off. Zero is the least significant

bit.

® Decimal or hexadecimal value for the two half-bytes in the I/O group.
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Fig. 7-13: Input Detailed View Individual Selection

< /o
Inputs

Group Inputs

1 1-8

2 9-16

3 17-24

4 25-32

5 33-40

6 41-48

7 49-56

8 57-64

9 65-72

10 73-80

1 81-88

12 89-96

13 97-104

14 105-112

15 113-120

16 121-128

17 129-136

18 137-144

19 145-152

20 153-168

21 161-168

22 169-176

Outputs

Status (Bits)

76 5 4

sO®@00
18O @00
CQo0O
CQ0O
CQo0O
cooe
Ce00
CQo0O0
CQo0O
CQo0O0
o] Jole)
CQo0O0
CQo0O
CQo0O0
cooe
o] Jele!
slslole
eisiole
eisiole
o] Jele!
eisiole
elsiole
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3210

ololele]

QOO0

[ololele]

ololel

CeQO

[ololele]

[ololele)]

[ololele]

ololel

CeO0C

[ololele]

[ololele]

ololel

CeOC

[ololele]

COoQ00

OO0

CoO0e®

Ce00

OO0

OO0

ololel

Go To: 1 {:G} Settings

Detail View - Inputs

Number Selected
Show Individually

Two Bytes v

Full Selection [] swap Byte Order
GROUPS: 1-2 VALUE (DEC): 16448
INPUTS: 1-16 VALUE (HEX): 4040

7 6 5 4 3210

erourl O®OCOC OO0QCO

15141312 1110 9 8

Grour:2  O@OCO OOCO

Individual Selections

® GROUP: 1 @ VALUE (DEC): 64
@ INPUTS: 1-8 VALUE (HEX): 40
® TYPE: General

® DECIMAL: 4 | 0
HEX: 04 | 00
GROUP: 2 VALUE (DEC): 64
INPUTS: 9-16 VALUE (HEX): 40

TYPE: General

15141312 1110 9 8

CeO0O 0000
DECIMAL: 4 I 0

HEX: 04 I 00
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Output Full Selection Layout
Near the top of the output Detailed View. It has information for the
selected /O groups as a block.

{Full Selection} has:

® Selected output group numbers.

@ Selected output numbers.

® Decimal or hexadecimal value for the entire block as one number.

@ Circles that show the status of each bit in the block, and the bit number
above each circle. Green is on, white is off. Zero is the least significant
bit.

Fig. 7-14: Output Detailed View Full Selection

— 'S
= MENU A L g

< /0
Inputs Outputs £ GoTo: 1 % settings
Group Outputs Status (Bits)
7654 3210 Detail View - Outputs
R Number Selected

1 1-8 80000 O®eQOn o;; Bytre o [ Show Individually
2 9-16 0000 0800 -
3 — 000® 0000 Full Selection

i~ @ B E Write Format
4 25-32 O8O0 OO00O0 |o gﬁ?‘;ﬁf& 3; Hex @) Dec
5 33-40 Cpeg ToRe

@ VALUE (DEC) 4
6 41-48 OO0CO 0O0Ce
7654 3210

4 P 0000 0800 @ GROUP: 1 OO0 Qoo
8 57-64 OOoC®e 0000
9 65-72 Ce00 0000
10 73-80 eoes Tege
11 81-88 COoO00O OeCO
12 89-96 CoCe 0000

13 97-104 CeOCC 0000
14 105-112 coeg 0obe
15 113-128 o000 000e®
16 121-128 COCOC 0Oe00
17 128-136 OQ0O0Ce® OO00O0
18 137-144 OCe00C 0000
19 145-152 coge 0obe
20 153-160 COCOC 0Oe00
21 161-168 cOoOe 0000

22 169-176 O8O0 0000
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Output Individual Sections Layout
Located under the {Full Selection} in the output Detailed View. It has
information on each individual output group in the selected block.

@ Individual selections are not visible by default.

® Selected output group number.

@ Selected output numbers.

® Selected output group type.

@ Decimal or hexadecimal value for the output group.

® Circles that show the status of each bit in the block, and the bit number
above each circle. Green is on, white is off. Zero is the least significant
bit.

® Decimal or hexadecimal value for the two half-bytes in the output
group.
@ Dec/Hex write format switch.
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Fig. 7-15: Output Detailed View Individual Selection

1@

n

12

13

14

15

16

17

18

19

20

21

22

Inputs Qutputs
Group Outputs Status (Bits)

70608 4 8 210
1-8 80000 0000
9-16 18O 000C OO000s
17-24 COO00O QOO0O0O®
25-32 OCO00COC Oe00
33-40 OO0Ce OO00O0
41-48 CeC0O 0000
49-56 COCO0 0000
57-64 OCO00C O00O®
65-72 COCOC 0O@e00
73-80 CCOe 0000
81-88 o000 0000
89-96 OO000C 0O00O®
97-104 CO0C0 Oe00
105-112 cCOe® 0000
113-120 Ce00C 0000
121-128 coBe oo
129-136 0000 00C®
137-144 00O COCe00
145-152 CcOo0Ce 0000
153-160 oQBe beoe
161-168 COCC 000®
169-176 CO0C0O 000

7-22

Go To: 1

Detail View - Outputs

Number Selected

Two Bytes - Show Individually

Full Selection "] swap Byte Order

GROUPS: 1-2 Write Format
OUTPUTS: 1-16 Hex @ Dec
VALUE (DEC):  ©

7654 270
erour1  OO000O OOCOO

15141312 1110 9 8

erourz - O0OO0O0 OCCC

Individual Selections

GROUP: 1 VALUE (DEC): 0
OUTPUTS: 1-8
TYPE: General

DECIMAL: 0 | o]

GROUP: 2 VALUE (DEC): 0
OUTPUTS: 9-16
TYPE: General

15141312 1110 9 8

0000 0000

DECIMAL: 0 | 0
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B Accessing Individual Selections

@ {Show Individually} checkbox is only visible if more than
{One Byte} is selected in the {Number Selected} dropdown.

In {Inputs} or {Outputs} I/O Detailed View panel, press {Show Individually}
checkbox in the upper right corner of the right panel.

Fig. 7-16: /O Detailed View Show Individually

€« 1/0

Inputs

Group Outputs

7.5.2 Editing Output Values

Qutputs

Status (Bits)
7 6 5 4 3210

0000 @000

1BO0O00 @000

|j Go To: 1 fcj Settings

Detail View - Outputs

Number Selected

Two Bytes = Show Individually

— Editing requires Editing Security level or above.

— Editing output values is disabled if the selected 1/O groups are of
different types and a warning will appear. Change your selection so
only I/0O groups with the same type are selected.

Fig. 7-17: Output Detailed View Editing Warning

< /o

Inputs

Group Outputs
18 137-144
19 145-152

20 153-160

Qutputs

Status (Bits)
7 6 5 4 3210
O000 OO0O®
CO0O0 0O0Oe

0000 Ce00

7-23

Ij Go To: 1 X-"}j Settings

Detail View - Outputs

Selected groups have different types.
Editing disabled.

Number Selected

Two Bytes s Show Individually
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Press the text field for the value you wish to change.

— A keypad will appear for decimal values, or a keyboard will appear
for hexadecimal values.

— Press the keys to set the value and press {Enter}.
Fig. 7-18: Output Detailed View Editing

- A m &

< /0
Inputs Outputs £ GoTo: 1 {5 settings
Group Outputs Status (Bits)
7654 3210 Detail View - Outputs
18 137-144 C000C 0O00e Number Selected
hd Show Individually
= = = One Byte hd .
19 145-152 OO000O 000« il o S
20 153-160 OCO00 Oe00 Full Selection
21 161-168 BEE SRR GROUPS. 31-31 Write Format
OUTPUTS: 241-248 Hex @ Dec

22 169-176 CeCOC 0000

g . VALUE (DEC): 64
23 177-184 OoO0 Qo0

iesa S99
24 185-192 O000C CO0Oe GrouP:31 O@OO OOCO
25 193-200 CO00 Oe0O

26 201-208 oo (GE@IEIO) Individual Selections

27 2089-216 Q C) O O O O O GROUP: 31 VALUE (DEC): 64

OUTPUTS: 241-248
TEYPE: General

28 217-224 00O 000e
29 225-232 COC0C 0800 0800 0000

30 233-240 [olele 000 DECIMAL: 4 | 0

LEFT RIGHT P
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Table 7-1: Valid Decimal Ranges:

Size Minimum Value Maximum Decimal
Value

Half Byte 0 15

One Byte 0 255

Two Bytes 0 65,535

Three Bytes 0 16,777,215

Four Bytes 0 4,294,967,295

Table 7-2: Valid Hexadecimal Ranges:

Size Minimum Value Maximum Hexadecimal
Value

Half Byte 0 F

One Byte 0 FF

Two Bytes 0 FFFF

Three Bytes 0 FFFFFF

Four Bytes 0 FFFFFFFF

Swap Byte Order

There are two different formats for combining multiple bytes into one multi-
byte number.

— Smallest group number is the least significant byte, {Swap Byte
Oder} not checked, default.

— Largest group number is the least significant byte, {Swap Byte
Order} checked.

External devices connected to the Robotic system often use varying
methods of data transfer. Try swapping the byte order if unexpected
values appear while reading or writing multi-byte values.

{Swap Byte Order} is only available when more than {One
Byte} is selected in {Number Selected} dropdown
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Swap Byte Order Example

For example, if GROUP 1 has a value of one and GROUP 2 has a value
of zero, and both are selected, then the full value is ((GROUP 2) (GROUP
1)), orin binary, 0000000000000 0 0 1) which has a value of 1.

Fig. 7-19: Swap Order Example Not Checked

é

1/0

Inputs

Group Outputs

20

21

22

9=16

17-24

25-32

33-40

41-48

49-56

57-64

65-72

73-80

81-88

89-96

97-104

105-112

113-120

121-128

129-136

137-144

145-152

153-160

161-168

169-176

Outputs

Status (Bits)

7 6 5 4

80000
160000
el _Jele)
0000
0000
000
jelele] )
ol Jele)
OO000O
0000
jelele] )
ol _Jele)
OO000O
0000
OO000O
lelele] )
o] J1ele)
0000
OO000O
lelele] )
o] 1ole)
0000

7-26

3210
oloiel }
ololole!
0000
Q000

0000
0000
elejey
0000
Q000
0000

Ij Go To: 1 {§} Settings

Detail View - Outputs

Number Selected
Show Individually

Two Bytes ~

Full Selection [] swap Byte Order
A -

GHOUPS 3 Write Format

OUTPUTS: 1-16 Hex @ Dec

VALUE (DEC) 1

7 6 5 4 3210

Grour1 - OO0O00O COCO®

15141312 11109 8
erour:z - 0000 OCOC

Individual Selections

GROUP: 1 VALUE (DEC): 1
OUTPUTS: 1-8
TYPE: General

DECIMAL: 0 | 1

GROUP: 2 VALUE (DEC): 0
OUTPUTS: 9-16
TYPE: General

15141312 1110 9 8
0000 OOO0O0

DECIMAL: 0 | 0
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Pressing the {Swap Byte Order} checkbox reverses the byte order, and
the highest I/O group number is the least significant byte. In the previous
example, swapping the byte order would change the full value to
((GROUP 1) (GROUP 2)) or in binary, 0000000100000000)
which has a decimal value of 256.

Fig. 7-20: Swap Order Example Checked

Inputs Outputs £ GoTo: 1 % settings
Group Outputs Status (Bits)
7654 3210 Detail View - Outputs
R & Number Selected
1 1-8 OO0 QOO® T;:;By;es ol Show Individually
3 9-16 1O000 00003 -
$ — 0000 0000 Full Selection Swap Byte Order
Write Format
+ ®= oDoG gope | MEEE, R
5 33-40 OO0 0Oe00
VALUE (DEC) 256
6 41-48 OOoC® 0000
S % FTIL90
7 49-56 oceoc ocoope | T CLOQ QOLO
151413 12 1110 9 B8
8 57-64 CoOg 0obo GroUP:1 OOOQO OCOCe
9 65-72 O0CO 0O0C0C®
1 ¥5:50 0000 0800 Individual Selections
GROUP: 2 VALUE (DEC): 0
1 81-88 Ce00 O000 OUTPUTS: -16
TYPE: General
12 89-96 GEeE Toae
7 65 & 3 21D
13 97-104 o000 0O0Ce GOEE 00
14 105-112 OOOO OHOO DECIMAL: 1] | 1]
15 113-120 O00® 0000
GROUP: 1 VALUE (DEC): 1
OUTPUTS: 1-8

16 121-128 OO0 O000 TYPE: General
17 129-136 Coog Ooge 15141312 1110 9 8
= 0000 0O00e
18 137-144 o000 000e
DECIMAL: 0 | 1
19 145-152 CO00 080
20 153-160 Ce00 0000
21 161-168 Deg Ceone

22 169-176 o000 QOCOe
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7.6

EtherNet/IP Status Warning

Problems with EtherNet/IP communication will be illuminated by a yellow
warning box surrounding the EtherNet/IP Status byte in the {Inputs} panel.
A help icon will appear containing descriptions for each bit in the EtherNet/
IP Status byte.

How To View the EtherNet/IP Status Byte
1. Go to {MENU} — {Program/Operate} — {I/O}.
2. Press {Inputs}.
3. Press {Settings}.
— {Input Output Settings} panel will appear.
4. Under {Input Types to Display} check {EtherNet/IP Status}.
5. Click {X} in upper right of {Input Outputs Settings} panel.
— {Input Output Settings} panel will close.
— The {EtherNet/IP Status} input group will be in the left panel.
Fig. 7-21: EtherNet/IP Status Warning

< /0
Inputs Outputs [ GoTo: 1 {o} Settings
Group Inputs Status (Bits)
GROUP: 4 VALUE (DEC): 32
fr'aa4 3210 INPUT: 25-32 VALUE (HEX): 0x20
L . - TYPE: EtherNet/IP Status
1 1-8 OO0 0O« Q0
5 9-16 C VaTe o« ®) Input  Status Name
3 17-24 0000 000 2
4 25-32 () 20080 0OOQ00xs | 26
5 33-40 27
6 41-48 [e]e 28
7 49-56 @ielale 29
8 57-64 @lelole) ‘@ el 30
9 65-72 O Q000 3
10 73-80 elale e aialo) 32
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Accessing the EtherNet IP/Status Warning From the Current Job

Screen

1. Go to {MENU} — {Current Job}.

2. Press {Digital I/O} in the lower left corner of the screen.

— The I/O view will appear in the lower half of the screen.

3. Press {Inputs}.
4. Press {Settings}.
— {Input Output Settings} panel will appear.
5. Under {Input Types to Display} check {EtherNet/IP Status}.

6. Click {X} in upper right of {Input Outputs Settings} panel.

— {Input Output Settings} panel will close.

— The {EtherNet/IP Status} input group will be in the left panel.

EtherNnet/IP Status Warning Help
Pressing the help icon will display a help screen with info on what bits 4-7
represent to help troubleshoot.

Fig. 7-22: EtherNet/IP Status Warning Help

Use the table below to troubleshoot EtherNet/IP communication.

Signal
bit 0 to 3

bit 4

bit 5

bit 6

bit 7

Description
Vendor-reserved (not available)

Indicates error in EtherNet/IP adapter (e.g. PLC) communication
Normal status: OFF
Communication error: ON

Indicates presence of a non-connected EtherNet/IP device (scanner)
Connecting to all devices normally. OFF
Non-connected device(s) exist: ON

Indicates the status of EtherNet/IP communication
Normal status: OFF
Communication error: ON

Indicates the operating status of the EtherNet/IP CPU Board
Normal status: OFF
Communication error: ON

7-29 HW1485509

272 of 493



HW1485509

7 Concurrent /O (Input/Output)
7.7 Block I/O

7.7

Block I/O

The Block I/O feature allows the user to quickly configure I/O sequences
that can be used to communicate with a tool attached to a Robot or
external devices (e.g. a machine tool or conveyor). This feature currently
supports the basic INFORM commands (DigitalOut, Group DigitalOut,
Timer) required to communicate with a device and provides a pair of
states for each setting to perform two related tasks (e.g. OFF and ON).
Block I/0 settings can then be accessed from the Robot Jog panel via the
{Block 1/0O} to either physically perform an action or to add the stored
commands to the current Job. This enables quick programming for
complicated external devices that require several commands to execute.

For example, a basic parallel gripper typically has two states: Open and
Close. To close the gripper, Output #1 must be turned OFF, and Output #2
must be turned ON. A Timer can be added before and/or after the
commands if needed to ensure a good pick. Thus the “OFF” (close) state
could be configured as the following figure.

Fig. 7-23: Close State of a Gripper

Timer T=0.50

Close (OFF)  pigitalout OT#(1) OFF

DigitalOut OT#(2) ON

Timer T=0.50

Similarly, opening the gripper might have the inverse logic (turn ON
Output #1 and OFF Output #2)

@ The interface currently only supports two states (ON and
OFF).

Fig. 7-24: Open State of a Gripper

Timer T=0.50

Open (ON) DigitalOut OT#(1) ON

DigitalOut OT#(2) OFF

Timer T=0.50
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Block I/O Screen
To create a new Block I/O Configuration:

A CAUTION

Testing Block 1/0 will execute I/0 commands that may cause a
hazardous situation if not configured properly. Be careful before
executing Block 1/0.

1. Go to {MENU} — {Program/Operate} — {Block I/O}.
— Block 1/0 screen will appear.
Fig. 7-25: Block I/O Setting

Block 1/0: Parallel Gripper

I;arallel Gripper Select State to Edit: OFF ON

OFF State Commands: 1} Test State ON State Commands

Timer T=0.50

DigitalOut OT#(1) OFF ||

Timer T=0.50

5) DigitalOut 5) Group DigitalOut

2. Select a state to edit, {OFF} or {ON}

— The selected state will be editable. The other state will appear
disabled but is still visible for the user to compare the contents of
both states. The list of commands can be edited in the same manner
as an INFORM program, described in chapter 7.3 “I/O Instructions”.

3. Press the {Test State} to execute the commands in the active state.

— A confirmation pop-up window will appear.
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4. Press {PROCEED} after confirming the contents of the pop-up
window.

— INFORM commands associated with the active Block I/O state will
be executed.

» During testing of a Block I/O state, its execution can be
canceled.

— This may be necessary if the Block I/O commands
contain Timer(s) that are set to long durations.

» While Block I/O is executing, other pendant functions

@ are not accessible
* On the Block I/O screen, the user can also view:

— a list of all Block I/O settings
— view & compare details for selected Block I/O states
— create a new Block /O setting

— delete an existing Block I/0 setting
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7.7.1 Edit a Block I/O Setting

The Block I/O screen provides an interface through which output and timer
commands can be added to the active state using buttons in the tab at the
bottom of fig. 7-25 “Block I/O Setting”.

1.

o

Press {Timer} to insert a Timer command.

2. Press {DigitalOut} to insert a DigitalOut command (output bit).
3.
4

. Enter the desired output number when an output command is added

Press {Group DigitalOut) to add a DigitalOut command (output byte).

using the numeric keyboard (fig. 7-26 “Editing a Block I/O State”).

For DigitalOut, select the action for the output using the dropdown.

6. For Group DigitalOut, enter the value of the resulting byte:

— Acceptable input range is 0 - 255.

Fig. 7-26: Editing a Block I/O State

Block I/0: Parallel Gripper

Name :
R U

Parallel Gripper Select State to Edit: OFF “

ON State Commands: 11t Teststate

Timer T=0.75 8

DigitalOut OT#(4) ON

Timer T=0.50

%) DigitalOut 5) Group DigitalOut
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7.7.2 Using Block I/O for Tool Operation

A Block /0O setting can be linked with the active tool to easily execute
commands from the Robot Jog panel using the {Block 1/O: Tool #}. If the
link has not been established, a yellow warning symbol will appear on the
button (fig. 7-27 “Block I/0O Not Linked with Tool on Robot Jog Panel”).
When pressed, a pop-up will appear that guides the user to the Tool
Settings screen to establish the link (fig. 7-28 “Block I/O Not Assigned on
Tool Settings Screen”).

Fig. 7-27: Block I/0O Not Linked with Tool on Robot Jog Panel

Tool

#1: Parallel Gripper

5 1

| ) BLOCKI/0:TOOL #1 U "
1

(|

Motion Command
© coTopoiNT e

Fig. 7-28: Block I/O Not Assigned on Tool Settings Screen

& Tools [] Display only named Search by name Q
Tool No. A Tool Name Weight Block I/O Name
0 Vacuum 2.000
1 Parallel Gripper 3.000
A A

Tool #1: Parallel Gripper

Name

Parallel Gripper

Weight 3.000 kg

Fig. 7-29: Block I/O: Tool # Button Successfully Linked with Tool

Tool
#1: Parallel Gripper

BLOCK 1/0: TOOL #1 -

1
[]
B 1
T |

Motion Command
0 TO POINT
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Pressing the configured {Block 1/O: Tool #} (fig. 7-29 “Block I/O: Tool #
Button Successfully Linked with Tool” ) will open the Toggle Block 1/0
panel (fig. 7-30 “Toggle Block I/O Panel”) where the following actions can
be performed:

— {Tool # — OFF/ON} - takes the user to the Block I/O screen to view
the contents of the setting that is linked to the active tool

— {TOGGLE OFF/ON} - executes the commands for the Active Tool's
respective OFF/ON state

— {ADD TO JOB} - adds the commands of a desired Block I/O state to
the current job at the position of the highlighted line above

— {Add Comments} - adds comments to the start and end of an
inserted Block I/O state when added to a job (fig. 7-31 “Add to Job
with Comments”). This option is checked by default.

Fig. 7-30: Toggle Block I/O Panel

Tool
#0: CTool 0

% TOOL #0 — OFF

TOGGLE ADDTO

46t TOOL #0 — ON

I oSSt ADDTO
Jos

& Add comments
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Fig. 7-31: Add to Job with Comments

7 JointMove P0@@ Speed=5.00(%)
8 // Start OFF

9 Timer Time=0.50(seconds)

10 DigitalOut Output#(4) OFF

11 Timer Time=@.50(seconds)

-

Tool

#1: Parallel Gripper

12 // End OFF

{6t TOOL #1 — OFF

“ TOGGLE ADDTO
JoB
LOWd

{3 TOOL #1 = ON

S L] S
a 0-00 . +
1

¥ Add comments

B Block /O Example For Programming a Job:
1. Move the manipulator above the desired workpiece with the gripper
ready for a pick.

2. Toggle the tool ON using Toggle Block 1/O panel.
— The workpiece will be picked.
3. Press {ADD TO JOB}.

— The commands are added to pick the workpiece to the current job.
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7.8

I/0 Allocation and EtherNet/IP Configuration

The 1/0 Configuration screens can be used to perform the following
actions:

Changing I/0O Settings and Allocations can affect the operation of
peripheral devices. Make sure hardware is in safe state (e.g. no
payloads in Grippers) before modifying configuration.

— View List of I/0O Devices

— View I/O Allocation Data (i.e. what Input/Output Groups are used vs.
available)

— Add/Delete/Modify EtherNet/IP Adapters and Scanners

To access this screen, select {Menu} - {System Settings} - {I/O
Configuration}.

* All Input/Output #s and Group #s in this section and on
these screens refer to the Universal Input/Output #s which
also correspond to the numbers used in Inform
commands. Thus, if a device is mapped to Starting Group

@ # 20, then the first byte of the device's mapping can also
be accessed by “DigitalOut OutputGroup#(20)”.

« If Concurrent /0 program has been changed from the
default, some I/O may be marked as unavailable. If using
a non-standard CIOPRG.LST file, use Software Pendant
for I/O Configuration.
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7.8

1/O Allocation and EtherNet/IP Configuration

7.8.1

1/0 Device List

The Device List is the default view when first navigating to the I/O
Configuration Screen (or it can be selected by pressing the {List} tab at the
top of the screen). This view is simply a list of the devices configured on
the YRC Controller.

Selecting a device will display its details on the bottom panel as shown in

fig. 7-32.

Fig. 7-32: I/O Device List

< 1/0 Configuration

NEW ALLOCATION

List Input Table Output Table
Name Type Input Size Output Size
ASFO1(AIO0T NPN) Terminal Block 2 bytes 2 bytes
EtherNet/IP CPU EtherNet/IP Status 1 bytes 1 bytes
EtherNet/IP CPU EtherNet/IP Adapter 16 bytes 24 bytes
VIPA EtherNet/IP Scanner 8 bytes 5 bytes
Settings - EtherNet/IP Scanner
Name IP Address
VIPA 10.7.3.21
Instance Id  Size (bytes) gtrg'géng I/ D(;ta;)ge
Input: 60 8 20 153-216
Output: 50 5 28 217-256
Configuration: | 30 0

RPI Target->Criginator
20 ms

Connection Type
Exclusive Owner

~

RPI Originator->Target
20 ms

Connection Timeout

4 tries

7-38

IP Address
(Scanners)

107.3.21 ]

External Range
(Yaskawa)

#20230-#20307

#30310-#30357
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If a device has been modified, a (!) icon will appear next to its name
prompting the user to reboot the YRC Controller (fig. 7-33).

Fig. 7-33: I/O Device List with Modified Device

List Input Table Output Table
Name Type Input Size Output Size {gc':ﬂ':rfi
ASFO01(AI001 NPN) Terminal Block 2 bytes 2 bytes =
EtherNet/IP CPU EtherNet/IP Status 1 bytes 1 bytes -
EtherNet/IP CPU EtherNet/IP Adapter 16 bytes 24 bytes =

1) VIPA EtherNet/IP Scanner 8 bytes 5 bytes 10.7.3.21 m|

@ Changing 1/0O Device Settings will require a YRC Controller

4 reboot before becoming active.
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7.8.2 Input/Output Table

The Input/Output table provides a visual representation of the Inputs and
Outputs allocated for the YRC Controller. This is divided into two tables
because the Input and Output properties do not always match (e.g. a
device could have 16 bytes of Inputs but only 8 bytes of Outputs, etc...).
On the Table View, each device is grouped together and selecting any
group within a device will highlight the entire device and display the details
in the panel below.

For example, the device selected below begins on Group 20 and is 8
bytes in length. Thus, pressing anywhere in the range of Group 20-27 will
highlight the entire range and display the details on the panel below.

=ww O o b = =

& 1/0 Configuration () NEW ALLOCATION )

List Input Table Output Table Show Legend

1 2 I 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A 18 19 20 21 22 23 24 25 26 i 28 29 30 N 32

33 34 35 36 37 38 39 40 4 42 43 44 45 46 47 48

49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64

65 66 67 68 69 70 7 72 73 74 75 76 T 78 79 80

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112

113 114 115 (116 M7 118 119 120 12 a2 123 924 125 1260 127 128

129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144

145 146 147 148 149 150 151 152
# Used #  Available #  Unavailable

161 162 163 164 165 166 167 168
# - refers to Input/Output Group Number

177 | 178 179 [ 180 181 182 183 184 Fevoorr—rour oy — e —————

Settings - EtherNet/IP Scanner .-
Name IP Address
VIPA 10.7.3.21
: Starting 1/0 Range External Range
Instance Id  Size (bytes) Group # (bits) (Yaskawa)
Input: 70 8 20 153-216 #20230-#20307
Output: 50 5 28 217-256 #30310-#30357
Configuration: 30 0
RPI Target-=QOriginator Connection Type
20 ms Exclusive Owner v
RPI Originator->Target Connection Timeout
20 ms 4 tries "
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7.8.3 EtherNet/IP Adapter

Configuring the YRC Controller as an EtherNet/IP Adapter will allow the
YRC Controller to communicate with a device that is configured as an
EtherNet/IP Scanner. The most common use case for this is to
communicate data with a PLC (e.g. Rockwell ControlLogix or
CompactlLogix).

7.8.3.1 Creating an Adapter

To configure the YRC Controller as an Adapter, press the {NEW
ALLOCATION} button on the top of the screen. From the dropdown menu
that appears, select “EtherNet/IP Adapter”.

Fig. 7-34: Selecting EtherNet/IP Adapter

& 1/0 Configuration EtherNet/IP Adapter ~

List input Table [ EtherNet/IP Adapter |

EtherNet/IP Scanner IP Address

(Scanners)

Name Type Qutput Size
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This will create a new entry in the device list for an EtherNet/IP Adapter.
The detail panel will automatically start with the {Save}/{Cancel} buttons.
Pressing {Cancel} will remove the new adapter. Note that the initial “Size”
and “Starting Group #” are 1 and 0 respectively which is not a valid
configuration. Valid data will need to be entered before saving.

Fig. 7-35: New EtherNet/IP Adapter

Settings - EtherNet/IP Adapter v
Adapter Settings
Instance Id  Size (bytes) giraoﬁ;)ng I/ O(t|o2itasn)ge Exﬁggiiawﬁl“l)ge
Input: 0 1 0 = "
Qutput: 0 1 0 = =
Configuration: 0 0
Controller IP Address:  10.7.3.42

* Only one “Adapter” can be configured on a YRC
Controller. If the Adapter has already been configured,

@ selecting “Adapter” again will display an error message.

« If an Adapter has been previously configured, the previous
L Instance and Size numbers will be auto-populated. Thus,
Adapters can be deleted and then re-added without
needing to manually re-enter the settings.

7.8.3.2 Configuring the Adapter

After the Adapter appears in the device list, the following information can
be entered:

1. Enter the desired Instance Numbers for the Input, Output and
Configuration sections.

— These are used-defined numbers that are paired between the YRC
Controller and the PLC.

The Input/Output Instance Numbers should be opposite

between the YRC Controller and PLC. For example, if the
@ Input Instance is 50 and the Output Instance is 100 on the

YRC Controller, then the Input Instance should be 100 and
the Output instance should be 50 on the PLC. See fig. 7-37
for an example.
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2. Enter the desired size in bytes for the Input, Output and Configuration
sections.

— For a new Adapter, the Starting Group # will automatically be filled in
after entering the size by finding the first Group # that can contain
that size of an allocation. After saving a new Adapter, the Starting
Group # can be entered manually here or the {Select Inputs} and
{Select Outputs} buttons can be used to visually choose the
allocation location (see Section 7.8.5).

Fig. 7-36: Inputting Adapter Sizes

Settings - EtherNet/IP Adapter v
Adapter Settings
Instance Id ~ Size (bytes) g‘g&;’ng I/ O(tlzgge EXE\%';?(;?;QE
Input: 0 8 4 2588 -
Output: O 8 4 2588 -
Configuration: 0 0
Controller IP Address: 10.7.3.42

exactly between the YRC Controller and the PLC for correct

@ The Input, Output, and Configuration Sizes must match
e communications.

3. Reboot the YRC Controller to verify configuration.

— Note that a reboot does not have to be done immediately, but the
settings will not take effect until after a reboot.

— An example of matched settings between a YRC Controller and a
Rockwell PLC is shown in fig. 7-37. Note that the IP Address set on
the Rockwell PLC is the IP Address of the YRC Controller which is
also shown on the Adapter Settings Panel.
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Fig. 7-37: Example Rockwell PLC Settings
L L e e
General® |Connection I Module Ir|f0|
Type: ETHERNET-MODULE Generic Ethemet Module
Vendor: Allen-Bradley
Parent: Ethemet
Name: YAC_Robot Connection FParameters
Aszembly ]
Description: . Instance: Size:
Input: 100 24 = (8bit)
T | oupu: 50 6 5 @R
Comm Format: | Data - SINT i
mm o = Corfiguration: 150 0 = (Bhit)
Address / Host Name
@ IF Address: m . 7 .3 .43
) Host Name:
Status: Offline [ OK ] [ Cancel ] ’ Apply ] [ Help
Settings - EtherNet/IP Adapter 2

Adapter Settings
Instance # Size (bytes) glraomjng 1/0 Range External Range
Input: 50 16 4 25152 #20070-#20227
Output: 100 24 4 25216 #30070-#30307
Configuration: 150 0
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7.8.4 EtherNet/IP Scanner

Adding an EtherNet/IP Scanner to the YRC Controller allows the YRC
Controller to communicate with devices such as Network I/O, Grippers,
etc... Up to 32 Scanners can be added to the YRC Controller.

Before adding or configuring a Scanner, the following information is
needed:

— IP Address of device (should be configured from the device, not
Smart Pendant)

— Input/Output/Configuration Instance Numbers. These numbers will
be provided by the device manufacturer.

— Input/Output/Configuration Sizes (in bytes). These numbers will be
provided by the device manufacturer.

Before configuring the device, it is a good idea to “ping” both the YRC
Controller and the device from the PC on the same network to ensure the
network is configured properly.

7.8.4.1 Creating a Scanner

To configure a new Scanner, press the {NEW ALLOCATION} button on
the top of the screen. From the dropdown menu that appears, select
“EtherNet/IP Scanner”.

Fig. 7-38: Selecting EtherNet/IP Scanner

& 1/0 Configuration EtherNet/IP Adapter ~

List Input Table q EtherNet/IP Adapter

o Type |E1herNe‘ff|PScanner | Output Size Egc:ﬂ?rssﬁ

This will create a new entry in the device list for an EtherNet/IP Scanner
with default name “NewScanner”. The detail panel will automatically start
with the {Save}/{Cancel} buttons. Pressing {Cancel} will delete the new
Scanner.

Note the initial “Size” and “Starting Group #” are 1 and 0 respectively
which is not a valid configuration. Valid data will need to be entered before
saving.
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Fig. 7-39: New Scanner Settings

7.8.4.2 Configuring a Scanner

Settings - EtherNet/IP Scanner v
€ canceL
NewScanner 0.0.0.0
- Starting 1/0 Range External Range
Instance Id  Size (bytes) Group # (bits) (Yaskawa)
Input: O 1 0 = =
Qutput: 0 1 0 = -
Configuration: 0 Q
RPI Target-=Onginator Caonnection Type
20 ms Exclusive Owner v
RPI Criginator->Target Connection Timeout
20 ms 4 tries ~

After the Scanner appears in the device list, the following information can
be entered:

1.
2.
3.

Enter a user-defined name for the Scanner.
Enter the IP Address of the Scanner.

Enter the Instance Numbers for the Input, Output and Configuration
sections.

— These are manufacturer-defined numbers that are paired between
the YRC Controller and the device.

Enter the size in bytes for the Input, Output and Configuration
sections.

— These sizes are defined and provided by the device manufacturer.
As the Input/Output sizes are entered, the Starting Group # will
automatically be filled in by finding the first Group # that can contain
that size of an allocation. After saving a new Scanner, the Starting
Group # can be entered manually here or the {Select Inputs} and
{Select Outputs} buttons can be used to visually choose the
allocation location (see chapter 7.8.5 “Modifying Allocations using
Input/Output Table”).
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Fig. 7-40: Inputting Scanner Sizes

Settings - EtherNet/IP Scanner bl
Name P Address
Gripper 10.7.3.30
: Starting 1/0 Range External Range
Instance Id  Size (bytes) Group # (bits) (Yaskawa)
Input: 20 12 20 153-248 -
Output: 25 12 28 217-312 -
Configuration: 30 0
RPI Target->Criginator Connection Type
20 ms Exclusive Owner v~
RPI Originator->Target Connection Timeout
20 ms 4 tries ~

The Input, Output, and Configuration Sizes must match
exactly between the YRC Controller and the PLC for correct

communications.

5. Enter the RPI and Connection information at the bottom of the screen.

— These values should not be changed from their default values
unless the instructions from the manufacturer say to do so.

6. Reboot the YRC Controller to verify configuration.

— Note that a reboot does not have to be done immediately, but the
settings will not take effect until after a reboot.
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7.8.5 Modifying Allocations using Input/Output Table

After a device has been added, its allocation (i.e. “Starting Group #”) can
be modified from the Input/Output Table by the following steps:

1. From the Input/Output table, press the {Select Inputs} or {Select
Outputs} button.

SELECT INPUTS

— This will enter a special “Selection Mode”, and the bottom detail
panel will be disabled.

Fig. 7-41: Input Table Selection Mode

& /0 Configuration () NEW ALLOCATION 6

List Input Table Output Table

)|
[

) 34 35 36 37 38 39 40 41 42 43 a4 45 46 47 48

Show Legend

49 50 5t 52 = 54 i 56 57 58 59 60 61 62 63 64
65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
a1 82 a3 B84 85 86 87 88 89 90 91 92 93 94 95 96
97 98 G99 00 101 | 02| | 103° 04 105 | 106 107 | 108 109 1100 911 112
T3 R4 (GRS GRS SRR (GEER |19 k2 121 224 1230 | Clk24| 250 | Gi26) 127 (128
290 N30, NAaE a2 183 haas N13s BRand NI3A a8 Nias hian iat 142 143 | 144

145 146 147 148 149 130 151 152
.Used #  Available #  Unavailable

161 162 163 164 165 | 166 167 168

# - refers to Input/Output Group Number
T FETR 179 180 | 181 182 183 184 oo T T T T

Settings - EtherNet/IP Scanner N

Selection Mode

Select the desired |/0 location on the screen
above and press SAVE.
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2. Press the desired Group # to move the allocation. Only Group #'s
where the allocation will “fit” can be selected.

— The allocation will show in the new allocation with a light blue
highlight. For example, Group #52 is selected in the example below.

Fig. 7-42: Select New Input Group

& 1/0 Configuration (+) NEW ALLOCATION 6
List Input Table Output Table
- P wutp - Show Legend
1 b I 3 a 5 6 7 8 9 m n 1B W B e
17 18 19 20 21 22 23 24 25 26 27 28 29 30 3N 32
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
49 50 51 2% 53 s4 || 55| s6 57 || s8 59 60 61 62 63 64
65 66 67 69 70 71 ¥ B M B W N N 80
81 82 83 84 85 86 87 g8 89 90 91 92 93 94 95 96
97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112
113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128
129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144
145 146 147 148 149 150 151 152
# | Used #  Available #  Unavailable
161 162 163 164 165 166 167 168
#-refers to Input/Output Group Number
177 178 179 180 181 182 183 184 “—veo——ToOo——TOr——TOU——TOY—TIU——TIT

3. To finalize the new allocation, press the {SAVE} button on the
Selection Mode Popup

— The allocation is now updated.

Fig. 7-43: Selection Mode Popup

Selection Mode X

Select the desired I/0 location on the screen

above and press SAVE.
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Fig. 7-44: New Allocation Saved

& 1/0 Configuration NEW ALLOCATION
List Input Table QOutput Table
p P Show Legend
1 2 I 3 4 5 6 7 8 9 w1z 13 W 5 1%
B 20 21 20 faal [ oa o5 e B BOR | 29| E ol 3] 32
33 g (agse Lak | g anE Lad0n LA A 42 43 |44 dn a8 a7 | | 4B
49 B0 5] | 52 53 54 55 s5n Gy s sm 60l 60 61 b2 Tha | Foe
85 L 88 | AR AR 80 Bn ) 2| bad ) LA s |aes | Bad B D
81 82 | fBd | [ 8 a5 Reat TEp| BoE A0 Bog oy 92 93 | Fo4 ] Bo5 | | oh
gF | |94 | 199 | (1000 (101 | 102 (103 104 0S| 106 (107 (108 (109 1900 111 192
178 (134 (B (116 (107 (118 M9 (920 (123 122 (1230 924 (125 196 127 28
129 1300 (131 132 (133 (132 135 Dda || 134 (13B 139 [1a0 (141 142 943 4l
145 146 147 | 148 | 149 | 150 151 | 152
# | Used #  Available #  Unavailable
161 162 163 164 165 166 167 168
# - refers 1o Input/Output Group Number
177 178 179 180 181 182 183 184 Feroorroo==ror=——rouv rosr -
Settings - EtherNet/IP Scanner .-
Name IP Address
VIPA 10.7.3.22
: Starting 1/0 Range External Range
Instance Id  Size (bytes) Group # (bits) (Yaskawa)
Input: 60 8 52 409-472 #20550-#20627
Output: 50 5 28 217-256 #30310-#30357
Configuration: 30 0 SELECT INPUTS

RPI Target->Qriginator

Connection Type

20 ms Exclusive Owner  ~
RPI Qriginator->Target Connection Timeout
20 ms 4 tries g
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8 System and YRC Controller Setting

General System Settings allows setting language, changing passcodes for
security levels, as well as getting important information on software
versions and ID numbers. To access the General screen, go to

{MENU} > {System Settings} > {General}.

Fig. 8-1: General Settings

& General Settings

Organization

Your organization name

Language

English v

Enable Membrane Key Legend

Security Level Settings

Date & Time
2019-07-19 11:10:53 AM

Access N
; SET PASSCODE (i)
Edit ¥ - Y

Startup Level

Management !

Remote Screen Sharing (VNC)
Password

4567

off On

Pendant Software

Version 1.4.4
Release 2019-07-15

Screen
Auto off idle time ( Auto Off
10 min
Brightness
100 %

ID Numbers
Pendant 54:ee75:a7:49:20
USB ID 60A44C413C8CF130A985013F

UPDATE PENDANT SOFTWARE Update pendant application or install new components ( r

Bundled Resources

EXPORT.. [] Documentation

8-1
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YRC Controller Settings allows modification of YRC Controller settings
and parameters, including network interfaces. YRC Controller software
version, features and Robot model information is also shown. To access
the YRC Controller Settings screen, go to

{MENU} - {System Settings} = {Controller}.

Fig. 8-2: YRC Controller Settings

& Controller Settings

System Features

Controller Software -~  Robot Madel

YAS2.81.00A(JP/EN)-00

Functional Safety Unit (FSU) ~

1-06VXHC10-AD*(HC10)

Power & Force Limiting (PFL)

—~ RESTART
L CONTROLLER

Installed =" Available (may be inactive)

Network

CN106 (LANZ)

IP Address Subnet Mask MAC Address Source

10.7.3.98 255.255.255.0 00:01:02:03:04:05 Manual v

Gateway IP Address

10.7.3.1

Settings (1)
Power-on First Playback Cycle Operation Mode Continuous v
First Playback Cycle in Manual (Teach) Operation Mode Continuous v
First Playback Cycle in Automatic (Play) Operation Mode Continuous

off On

External Start Permitted

Parameters

Type Number = Value
SICG  ~ READ SET
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8.1  General

8.1.1 Organization

8.1.2 Date & Time

8.1.3 Language

8.1

General

Under General, the following items are shown:

@ Organization
@ Date & Time
@ Language
@ Oraganizatior @ Date& Time
Your organization name 2018-08-29 10:10:28 AM
® Language
English A

User can input the organization name here. Constraints on name are:
— 0 to 32 alphanumeric characters can be used.
— Both upper and lower case letters can be used.

— All symbols and space can be used.

The current date and time as set on the YRC Controller is shown here.
Software Pendant Application is required to change the date and time in
the YRC Controller. Date and Time can only be changed under
Maintenance Mode.

The current selected language appears here. User can change the
language used on the Smart Pendant. Two languages can be displayed
alternately. Select the language from the pull-down list to change the
language.

The available languages are:
— English
— Japanese

The Smart Pendant requires a restart when changing the language.
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8.2.1 Access

8.2.2 Startup Level

8.2

Security Level Settings

Under Security Level Settings, the following items can be set:

@ Access
@ Startup Level

Security Level Settings

@ Access
@ startup Leve
Edit L%

The passcode for Security Access can be changed.

1. Select the security level from the drop-down list to change the

passcode.

2. Press the {SET PASSCODE}.

For more information on Security Access and its procedures, go to

chapter 1.17.5 “Security Level Settings”.

The Security Level at startup or restart can be set to Operation, Edit or
Management level. Startup Level can be modified by operating in

Management Level or higher.
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8.3 Pendant Software

8.3.1

8.3.2

8.3.3

8.34

8.3.5

Version

Release

Pendant ID

USB ID

8.3

Pendant Software

The information on the Smart Pendant is shown under Pendant Software.
The following items are displayed:

@ Version

@ Release

® Pendant ID

@USB ID

® Update Pendant Software

Pendant Software

@ ST E @ ID Numbers
g . Pendant 54.EE:75:89:E6:C4
@ Release 2018-08-06 el
@ ussiD
(@)  UPDATE PENDANT SOFTWARE Update pendant application or install new components (/)

The software version of the Smart Pendant that is used appears. When
the pendant software is updated by following the procedure in the chapter
8.3.5 “Update Pendant Software”, the version number will be changed to
the updated version number.

The released date of the installed pendant software version is shown.

Each Smart Pendant has a unique ID number, useful for identifying it to
support personnel and in log files.

The serial number of any USB storage device currently inserted is shown
here. This can be used to tie license files to specific USB storage devices.

Update Pendant Software

The Smart Pendant's software can be updated to a newer version by
connecting the official YASKAWA update USB storage device.

1. Connect the USB storage device to the Smart Pendant.

— USB port is located on the back-side of the pendant (bottom-right
corner).

2. Press the {UPDATE PENDANT SOFTWARE} on the screen.
— Pendant will start updating.
— Do not disconnect the USB storage device until the pendant restarts.
— Pendant will automatically restart.

For more information on an USB storage device, refer to chapter 13
“External Memory Device” .

8-5 HW1485509

298 of 493



HW1485509

8 System and YRC Controller Setting
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8.4 Bundled Resources

User can access and download related resources, which are:
— Documentation (Instruction manuals)
— Software Pendant Application

— Open Source Licenses

Bundled Resources

] Documentation  [_] "Software Pendant” Application  [] Licenses

1. Check the checkbox of the desired resources to export to USB storage
device.

2. Press {EXPORT...}.
— Resources can be exported in Edit Level or higher security level.

— Resources can be exported if an USB storage device with sufficient
free space is inserted.

Pendant/Documentation/HW1485509_1.pdf

Please wait while files are copied to the USB
storage device.

(do not remove the USB storage device until the operation is
complete)

3. Remove the USB storage device after completing the export.
4. Connect the USB storage device to Windows PC.

— Exported files can be read.
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8.41 Documentation

Important documents can be obtained from the Smart Pendant.
1. Open the “Documentation” folder under USB storage folder.

2. Click the desired manuals to read.

@ Read these manuals before operating the manipulators.

8.4.2 Software Pendant Application

8.4.3 Licenses

Software Pendant application software is an application that provides
supplementary functions for using the Smart Pendant with the YRC
Controller. The Software Pendant application should be installed on a
Windows PC. Refer to chapter 12 “Software Pendant” for how to install
the application on a computer.

The list of the Open Source licenses for the software used are available
here. For more information on the licenses, refer to the license
documents that can be downloaded by exporting.
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8.5 System Features

8.5.1

8.5.2

8.5.3

8.54

8.5.5

8.5 System Features

Information about the YRC Controller is shown in the System Features
section on the YRC Controller Settings Screen. The following items are
displayed:

® YRC Controller Software
@ Robot Model
@ Functional Safety Unit

@ Power & Force Limiting

System Features

@ Controller Software ® Robot Model

YAS2.30.00(JP/EN}-00 1-06VXHC10-AT*(HC10DT)

@) Functional Safety Unit (FSU) (@) Power & Force Limiting (PFL)

Installed Available (may be inactive)

YRC Controller Software

The version of the YRC Controller software that is used appears.

Robot Model

The model number of the manipulator that is set on the YRC Controller
appears. The type number is shown at first, and model number is shown
afterwards in the bracket.

Functional Safety Unit (FSU)

The status of whether Functional Safety Unit (FSU) is enabled or disabled
is shown. For more information on FSU, refer to “YRC1000 OPTIONS
INSTRUCTIONS FOR FUNCTIONAL SAFETY FUNCTION
(HW1483576)” or “YRC1000micro OPTIONS INSTRUCTIONS FOR
FUNCTIONAL SAFETY FUNCTION (HW1484544)".

Power & Force Limiting (PFL)

The availability of the PFL function is shown. For more information on
PFL function, refer to “YRC1000/YRC1000micro Collaborative Operation
Instructions (HW1484764)".

Restart YRC Controller

If YRC Controller software supports it, the {Restart} button will be
available.. It allows restarting the YRC Controller computer CPU, which

also briefly interrupts power to the Smart Pendant, hence also restarting it.

8-8 HW1485509

301 of 493



HW1485509

8 System and YRC Controller Setting
8.5 System Features

8.5.6 Output Full Selection Layout

Near the top of the output Detailed View. It has information for the
selected 1/O groups as a block. Information about the YRC Controller is
shown in the System Features section on the Robot Controller Settings
Screen.

{Full Selection} has:

® Selected output group numbers.

@ Selected output numbers.

® Decimal or hexadecimal value for the entire block as one number.

@ Circles that show the status of each bit in the block, and the bit number
above each circle. Green is on, white is off. Zero is the least significant
bit.

8-9 HW1485509 302 of 493



HW1485509

8 System and YRC Controller Setting
8.5 System Features

Fig. 8-3: Output Detailed View Full Selection

Inputs Outputs Go To: 1 % settings
Group Outputs Status (Bits)
7 6 5 4 3 2 1T 0 Deta” VIeW s OUtpUtS
Number Selected
: L= 0000 O8O O:ZBY; « [ show Individualiy
2 9-16 O000 000 -
Full Selection
3 17-24 Co0C®e 0000
— Write Format
s mm 000 0000 o omhirs s i @
5 33-40 Cpeg CoRe
@ VALUE (DEC): 4
g = S2E0 U00e FiES% FTI90
4 P 0000 0800 @crour:1 OOQ0O O@CO
8 57-64 CoCe 0000
9 65-72 Ce00 0000
10 73-80 eoes Tege
11 81-88 COoO00O OeCO
12 89-96 CoCe 0000

13 97-104 Ce00C 0000
14 105-112 coeg 0obe
15 113-120 COCC 000®
16 121-128 Q000 COe00
17 128-136 OQ0O0Ce® OO00O0
18 137-144 OCe00C 0000
19 145-152 coge 0obe
20 153-160 COCO00 0OeCO
21 161-168 cOoOe 0000

22 169-176 O8O0 0000
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8.6

8.6.1 YRC1000 Network

Network

To access the Networking settings screen, go to
{MENU} — {System Settings} — {Controller}

Fig. 8-4: Network Setting Screen

Network

CN106 (LAN2)

10.7.3.98 255.255.255.0 00:01:02:03:04:05 Manual 2

10.7.3:1

The YRC1000 has three network ports:
Table 8-1: Network Port for the YRC1000

Port Channel | Description

LAN1 CN105 This port is used for pendant connection and is not
available for application use.

LAN2 CN106 This port is for customer application use. The IP
settings of this port can be configured as per user
requirements.

LAN3 CN107 This port is for customer application use. The IP
settings of this port can be configured as per user
requirements. Software Pendant is required to view or
configure the IP settings for CN107 (LAN3).

The network ports are located in the CPU Unit of the YRC1000. Refer to
chapter 12.3.1 “Wiring” for the location of the network ports in YRC1000.

8.6.2 YRC1000micro Network

The YRC1000micro has two network ports: CN105 (LAN1) and CN106
(LAN2). The functions supported by these ports are similar to YRC1000
as described in chapter 8.6.1 “YRC1000 Network”.
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Network

8.6.3 MAC Address

8.6.4 Setting IP Address

1.
2.

Go to {MENU} — {System Settings} — {Controller}.
{MAC Address} is under {Network]}.

Requires Management Security

The IP Address can be set manually (static) or automatically acquired. To

have the IP address acquired automatically via the standard DHCP

protocol, select {Auto (DHCP)} as the Source. To set the IP address and

subnet mask manually, to a fixed static value, use the following.

1.

2
3.
4

6. Optionally set the {Subnet Mask} if the common default 255.255.255.0

Go to {MENU} — {System Settings} — {Controller}.

. {IP Address} is under {Network}.

Select the {Source} as {Manual}.

. Press {IP Address}.

— The keypad will appear.
Enter the IP Address and press {Enter}.

— |IP Address must be 4 numbers 0-255 separated by decimals.
Ex. 10.6.3.42

— A notice will appear stating that the YRC Controller will have to be
restarted for the new IP Address to take effect.

IP Addresses reserved for special use should not be used
for the YRC Controller.

@ — 0.0.0.0 (Current Network).
— 255.255.255.255 (Limited Broadcast).

— Any IP Address starting with 127 (Loopback
Addresses).

is not appropriate.
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8.7  Settings and Parameters

Settings and Parameters

Various YRC Controller parameter settings can be adjusted using these
controls. The specific settings available may vary by region.

Fig. 8-5: Setting and Parameter Controls

Settings (/)
Power-on First Playback Cycle Operation Mode Continuous ~
First Playback Cycle in Manual (Teach) Operation Mode Continuous ~
First Playback Cycle in Automatic (Play) Operation Mode Continuous ~
External Start Permitted off On
Parameters

Type Number Value
READ SET
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8.8

Remote Screen Sharing

The screen of the Smart Pendant can be shared via the network to a PC.
This may be useful for allowing multiple people to simultaneously view the
screen for demonstration or educational purposes, for example by
displaying it on a large screen. The sharing uses the standard VNC
(Virtual Network Computing) desktop sharing protocol, for which many
viewer applications for many operating systems are available.

The Remote Screen Sharing settings are shown below:

Fig. 8-6: Remote Screen Sharing

Remote Screen Sharing (VNC)

Off [ On Connect VNC Viewer to:
169.0.0.2:20023
(unencrypted)

Remote connections to view the Smart Pendant screen will require a
password before being able to view the screen, for security. You must
create a password to use for that purpose. It is good practice not to use
the same password as used for security access. To enter a screen share
password, ensure the pendant is in the Management security access
level.

To start sharing the Smart Pendant screen, tap the switch into the {On}
position. The remote viewing application you choose to use will require
the IP address and port number, as displayed. The IP address will match
that of the YRC Controller Ethernet port, which must be connected to the
same LAN as your PC viewer (LAN2 for YRC1000 Controller or LAN for
the YRC1000micro Controller).

When a remote viewer application attempts to connect, a prompt will
appear on the Smart Pendant to allow the remote viewer. This ensures
that the screen cannot be remotely viewed without the knowledge of the
Smart Pendant operator.

A popular viewer application for PC is the “WVNC®© Viewer for Google
Chrome” by Real Networks. This allows use of the Google Chrome web
browser to view the pendant screen, and is available from the Google
Chrome Web store.

The Remote Screen Sharing is stopped when the Smart Pendant is
restarted and is not automatically restarted on startup.
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9

Utility

9.1

Limit Release

The manipulator’s operating range is monitored by the system software in
order to stop the manipulator moving before its speed and force limits are
exceeded. If the manipulator moves to an unexpected location due to
system or operation errors, the operator can temporarily release the limit,
and then move the manipulator back to the desired zone.

The Smart Pendant allows enabling and disabling three types of limit:
— Soft Limits
— Self-Interference (only for certain Robot model)
— All Limits

Fig. 9-1: Limit Release

v  Limit Release X

Soft Limits

Enable Disable

All Limits

Enable Disable

— When the limit is being released, the motion

command cannot be taught.
@ — The setting of limit release becomes “Disable” when
L d the mode is changed to the AUTOMATIC (PLAY)
mode.
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9.1.1 Soft Limits

9.1.2 Self-Interference

9.1.3 All Limits

The operating range of the manipulator is controlled by two soft limits:

— The maximum motion range for each axis

— The cubic operation area set parallel to the Robot coordinate system

The axis range can be reduced using the software pendant, and allowing
the axis range to be limited by the soft limit. Cubic Zones can be set to
prevent the manipulator from entering specific areas of the workspace.

To set the soft limit using the Software Pendant, refer to the
INSTRUCTIONS of the YRC Controller.

The manipulator that has self-interference function enabled (e.g.
MOTOMAN-HC10) will have this feature. It is the function that controls
prohibiting interfere between the manipulator and the attached tool.

Make sure to take safety measures when disabling self-

@ interference. Failure to observe this instruction may cause
contact with the manipulator, which may result in equipment
damage.

All limits include the following limit settings:

Table 9-1: All Limit Settings

Limit Description

Mechanical Limit Limit to check manipulator’s range of motion
L-U Interference Limit to check L- and U-axis interference area
Soft Limit on Each Axis Soft limit to check manipulator’'s range of motion
Cubic Zone Limit to check cubic zone set by user

9\ CAUTION

* When operating the manipulator with all the limits released, make
sure to pay close attention to the safety of the operation
environment.

If all the limits are released, the manipulator may move beyond its
range of motion, which may result in damage to the manipulator or
other equipment.
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9.2 Brake Release

If the manipulator has the brake release function enabled, it is possible to
release the brake of the manipulator.

If the manipulator moves to an unexpected place because of system or
operation errors, and the manipulator cannot be moved to its normal
operating range with Limit Release function, then brake release can be
used to move the axis of the manipulator.

9.2.1 Brake Release for YRC1000
YRC1000 allows releasing the brake with only one axis at the time.

1. Select {Enable} on the Brake Release.

<  Brake Release

Brake Release

Disable Enable

Select Axis to Release Brakes On:

@ sAxs
O LaAxis
O u-axis
O ReAxis
O B-Axis
O TAxs

RELEASE BRAKES

Warning: Releasing brakes may result
in robot motion due to gravity

2. Select axis to release the brake.
3. Press and hold {RELEASE BRAKES}.

— The selected axis’ servos are off and can be manually moved.

@ The axes may also move due to gravitational forces.

The brake release function works in both MANUAL (TEACH)
% and AUTOMATIC (PLAY) modes and is available to all
Security Access Levels.
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9.2.2 Brake Release for YRC1000micro

YRC1000micro allows releasing the brake with S-, L- U- axes as one
group, and R-, B-, T-axes as another group. To release each brake group,
select S-axis or R-axis, instead of each axis.

1. Select {Enable} on the Brake Release.

<  Brake Release

Brake Release

Disable Enable

Select Axes to Release Brakes On:

© S-Axis
© L-Axis
© U-Axis

O R-Axis
O B-Axis
O T-Axis

Warning: Releasing brakes may result
in robot moticn due to gravity

2. Select either S-, L-, U-axes group or R-, B-, T- axes group to release
the brake.

3. Press and hold {RELEASE BRAKES}.

— The selected group axis’ servos are off and can be manually moved.

@ The axes may also move due to gravitational forces.

The brake release function works in both MANUAL (TEACH)
% and AUTOMATIC (PLAY) modes and is available to all
Security Access Levels.
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9.2.3 Execute Brake Release
To execute a brake release:
1. Turn servos OFF.

— This can be accomplished by pressing the {SERVO} or by pressing
the Emergency Stop button.

— In MANUAL (TEACH) mode, if servos are in Servo On Ready state
(Orange), press Emergency Stop button or change mode to
AUTOMATIC (PLAY) to cancel Servo On Ready state.

— After Emergency Stop button is pressed, turn the Emergency Stop
button to release the Emergency Stop state.

Enable the Brake Release function.

Select the axis.

Squeeze the Enable Switch during the release operation.
Press and hold the {RELEASE BRAKES]}.

o & N

A CAUTION

» Before performing a brake-release operation, securely fix the axis
on which the brake is to be released.

Depending on the axis and its posture, the axis may fall due to its own
weight or it may abruptly move upward due to the attached balancer or
weight, which may result in personal injury and/or equipment damage.
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9.3

9.3.1 System Backup

Backup and Restore

System Backup screen allows the user to backup YRC Controller system
file and pendant files on to a USB drive plugged in to the pendant. This

function can be accessed from {Menu} - {Utility} > {Backup and Restore}.

Fig. 9-2: System Backup Screen

<  System Backup

Target Device: Pendant USB Drive

USB drive inserted
40 MBytes required. 1000 MBytes available

Target Folder

SYS-BACKUP

Backup Description

Description Here

BACKUP SYSTEM DATA TO PENDANT USB

System Backup saves the following files:
* YRC Controller System Backup file (CMOS.BIN)

* CMOS.BIN is a binary file that includes all YRC Controller setting
parameters and data files. This file can be used to restore the
YRC Controller.

* Pendant files
» Pendant configuration files.
* Pendant log files.
Procedure for system backup is shown as follows.
1. Insert a USB drive into the pendant.
2. Make sure there is at least 40 MB free space on the USB drive.

3. If necessary, specify a target folder name. Backups will be created
inside this folder.

4. If necessary, enter a description for the backup.
5. Press {Backup System Data to Pendant USB}.

— A confirmation pop-up window will appear.
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6. Press YES to continue. This will:
* Create a backup folder inside the target folder.
* Files will be copied into the backup folder.

* A text file named BackupDescription.txt will be created. This file
contains the date and time of the backup and the description.

Backup folder is named using “YYYYMMDD-NN” format.
Example: 20180321-01

*YYYY: Year
% « MM: Month
* DD: Day

* NN: two-digit number starting with 1. If the same folder
name already exists, this number will increment.

The backup operation can fail under the following conditions:
» USB drive is removed during backup.
» Power failure during backup.

When backup has failed, the following operations will occur:

* The description in BackupDescription.txt will be “System Backup
Failed”.

* The files with zero size will be removed from the target folder.

9.3.2 System Restore

Restore function requires the use of the Software Pendant application.
For more information on the Software Pendant, refer to chapter 12
“Software Pendant” .
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9.4 File Transfer

9.4.1 File Transfer Overview

File Transfer screen allows the user to copy Job files and YRC Controller
data files from the YRC Controller to a USB drive. The user can also copy
files saved in a USB drive to the YRC Controller. This function can be
accessed from {MENU} - {Utility} > {File Transfer}.

File Transfer can be used to transfer the following files:
* Job (.JBI) Files
* YRC Controller data files

* General data files such as tool data (TOOL.CND), user frame
data (UFRAME.CND), and variable value (VAR.DAT)

» Parameter files such as system definition parameter (SD.PRM)
and batch parameter (ALL.PRM)

* |/O data files such as CIO program (CIOPRG.LST) and I/O name
data (IONAME.DAT)

» System data files such as Home position calibration data
(ABSO.DAT) and Alarm history data (ALMHIST.DAT)

To save the YRC Controller system backup data file (CMOS.BIN), use

Backup and Restore function (refer to chapter 9.3 “Backup and Restore”).

9.4.2 Procedures for File Transfer from YRC Controller

1. Go to {MENU} > {Utility} = {File Transfer}.
— File Transfer screen will appear.
Select {From Controller} tab if not selected.
Insert a USB drive into the pendant.

Change the target folder if necessary.

A R

* All (shows all files on the YRC Controller)
» Job

* General Data

» Parameter

* /O Data

+ System Data

6. Check the checkbox to select the files to copy from the YRC
Controller.

— Checking the checkbox ( @ ) allows to select/deselect all files.
7. Press {COPY FILES FROM CONTROLLER}.

— A confirmation pop-up window will appear.
8. Press {YES}.
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— {Overwrite or Skip Files Confirmation} pop-up appears if the target
folder has conflicting files. Otherwise, selected files are copied from
the YRC Controller to the target folder.

Fig. 9-3: File Transfer from the YRC Controller Screen

¢ File Transfer i

From Controller To Controller

Target Device: Pendant USB Drive
USB drive inserted 2514 MBytes available

Target Folder

CHANGE FOLDER

Select File Group: | All N
@ —» [] Name Description Group
1/0 Data

B CloPRG.LST €10 program 1/0 Data

B IONAMEDAT 1/0 name data 1/0 Data

O psevooiNDAT Pseudo input signals /0 Data

EXIONAME.DAT External I/0 name data VO Data
@ — ™| [0 IOMNAMEDAT Register name data /0 Data

O vsrLoGIC.DAT YSF logic file 1/0 Data

O USRGRPIN.DAT User Group Input 1/0 Data

[0 USRGRPOTDAT  User Group Output 1/0 Data

System Data
O HomEZDAT Second home position System Data

99 file(s) on the controller, 3 file(s) selected,
16 file(s) in the target folder

COPY FILES FROM CONTROLLER
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9.4.2.1 Overwrite or Skip Files
The following shows options to select in {Overwrite or Skip Files}
Confirmation pop-up:
» Overwrite All
The copy process replaces existing files in the target folder.
« Skip Existing Files
The copy process skips existing files in the target folder.
* Let Me Decide for Each File

The copy process will show a separate confirmation pop-up window
for the user to decide what to do for each existing file.

 Cancel
Copy process will be canceled. The files that have already been
copied will be left in the target folder.

Fig. 9-4: {Overwrite or Skip Files} Confirmation Pop-up

Overwrite or Skip Files

The destination has several files with the same names.
How do you want to proceed?

OVERWRITE ALL

SKIP EXISTING FILES

LET ME DECIDE FOR EACH FILE

CANCEL
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9.4.2.2 Overwrite or Skip Individual File

When {Let Me Decide for Each File} is selected in {Overwrite or Skip Files}
Confirmation pop-up window, {Overwrite or Skip File} Confirmation pop-up
window will appear before copying a file that already exists in the target
folder.

Fig. 9-5: {Overwrite or Skip File} Confirmation Pop-up

Overwrite or Skip File

Copying CIOPRG.LST
The destination has a file with the same name.
How do you want to proceed?

OVERWRITE THIS FILE

SKIP THIS FILE

CANCEL
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9.4.3 Procedures for File Transfer to YRC Controller

1.

o > 0D

Go to {Menu} > {Utility} = {File Transfer}.
— File Transfer screen will appear.

Select {To Controller} tab if not selected.
Insert a USB drive into the pendant.

Change the source folder to where files are saved.

 Job

* General Data
» Parameter

* /O Data

» System Data

Select the files to copy to the YRC Controller by checking the check
boxes.

— Checking the checkbox ( @ ) allows to select/deselect all files.
Press {Copy Files to Controller}.

— A confirmation pop-up window will appear.

Press {YES}.

— {Overwrite or Skip Files Confirmation} pop-up window appears if the

YRC Controller has JOB files with the same names. Otherwise,
selected files are copied from the source folder to the YRC
Controller.

A DANGER

* File Transfer forces an override of Safety related settings.

After transferred files, make sure Safety related settings work properly.

Select the file group from the following to show in the file list view (D).

@ “Enable Condition” of transferred {Safety Functions}
settings are changed to “Always OFF”.

The YRC Controller must be restarted for Safety related
% settings to take effect.
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Fig. 9-6: File Transfer to YRC Controller Screen

€  File Transfer i

From Controller To Controller

Source Device: Pendant USB Drive

USB drive inserted

Source Folder

Select File Group: | Job .
@ — » O name Description Group
Job
O STIMERS.JBI Job
O ABTEST.JBI Job
O ABTEST2.0BI Job
[0 ANDREW-TOOLTEST.JBI Job
@)_> O ANDREWZ.JBI Job
O ArTicus.Jsl Job
0O avel Job
O avauel Job
[0 BEEPALARM.JBI Job
O CALLJOBTESTBASE.JBI Job
M r~ALL INRTESTOETIION (181 Inh

59 file(s) in the source folder, 0 file(s) selected

) CONTROLLER
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9.4.4 Selection of Target/Source Folder

The user can change the target/source folder using Select Folder screen.

In this screen, the user can:

* create a new folder

* rename an existing folder

* select the target/source folder
Fig. 9-7: Select Folder Screen

Select Target Folder

Sub-folder A

123456789012

CAMNCRK
CMUSEBR

ENCODING

FILE-BACKUP

Pendant

SYS-BACKUP

TEST

TESTO1

EEERERERERRENR

YRC-PARAM

Current Folder: USB:

+ NEW SUB-FOLDER

Modified &

2018-05-22 10:40 am

2018-05-08 11:12 am

2018-05-22 05:53 pm

2018-04-21 05:08 am

2018-05-30 09:16 am

2018-04-04 10:34 am

2018-05-04 03:15 pm

2018-05-22 10:17 am

2018-05-11 11:10 am

2018-04-19 08:47 am

Full Path of Current Folder: USB:
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9.4.41 Create a New Folder
1. Press {+ NEW

SUB-FOLDER}.

— New Folder screen will appear.

Select Target Folder

TO PARENT FOLDER

Sub-folder A
B Hcioa
ﬁ HC10-2
il Hcios

Current Folder: FILE-BACKUP

+ NEW SUB-FOLDER

Modified §
2018-05-22 03:19 pm
2018-05-24 04:26 pm

2018-05-17 04:44 pm

2. Enter a new folder name.

New Folder

New Folder Name
NEW

{1-12 eharazters)

CANCEL CREATE NEW FOLDER

3. Press {CREATE

NEW FOLDERY}.

— New folder is created unless a folder with the same name already

exists.

9
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9.4.4.2 Rename an Existing Folder

1.

Press {...} on the target sub-folder in the folder list view.

— {RENAME} will appear.

Sub-folder A Modified §
= 2018-05-11 04:53 am
B 2o 2018-05-17 06:08 pm

Press {RENAME}.

— Rename Folder screen will appear.

Sub-folder A Modified §

B osioxe 20180511 0453 am [ rowe |

2018-05-17 06:08 pm

Enter a new folder name.

Rename Folder

Mew Folder Name
05102014

{1-12 charactars)

CANCEL REMAME FOLDER

4.

Press {RENAME FOLDERY}.

— Folder name is renamed unless a folder with the same name
already exists.

9.4.4.3 Select the Target/Source Folder

1.

Press the sub-folder name in the folder list view.
— A sub-folder will open.
Press {TO PARENT FOLDER}.

— A parent folder will open.

— If the current folder it the root folder, this button will not show up.

Press {SELECT CURRENT FOLDERY}, if the current folder is the
target/source folder.
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9.5

Robot Status Watch

The Robot Status Watch can be used to view Robot information for
debugging or verification. It can be used in either AUTOMATIC (PLAY) or
MANUAL (TEACH) modes and can be viewed as a half-screen or quarter-
screen size. To access the Robot Status Watch, select {Main Menu},
{Utility}, and {Robot Status Watch}.

The Robot Status Watch window has the following information (as labeled
in fig. 9-8 “Robot Status Watch”):

1. Current Job name and line
This will be updated as a job is executed.

2. Robot Position
The “Ref. Coord” selection can be used to switch between Joint,
World, Robot, and User coordinates. Current active tool is also
displayed.

3. Limit Release Status
This will display the current status of the limit release. Green is
enabled and white is disabled.

4. Allowable Max Torque of Shock Detection
This will display the currently active Allowable Max Torque of Shock
Detection. For more information, see the chapter 6.5 “Shock Detection
Setting’.

Fig. 9-8: Robot Status Watch

N Robot Status <

Current Job: LONGJOB Limit Status

Current Line: 1 Soft Limits Released () 3
All Limits Released

Robot Position

Shock Detection Levels

s —_ Ref. Coord

Jo : w0 ]
R 223 * R 100

T e.e1 ° T| 100

Active Tool #: 2 - CTool 2

To resize the window to quarter-screen, press the collapse icon (). This

window can now be moved left/right and up/down using the arrow buttons
on the top right of the Robot Status Watch window (shown in fig. 9-9
“Quarter-size Robot Status Watch”).
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Fig. 9-9: Quarter-size Robot Status Watch

— MENU @

K

> v

Current Job: LONGJOB

Current Line: 1

Robot Position

S

=T
o[ ]
o[ n ]
o]

Active Tool #: 2 - CTool 2

W Lower Arm

-45.00°

8] Upper Arm

12.73°

9-18

Robot Status &%

EEETR e
Joint
-45

A
-]

<—

A=

Eration=50(%)
Fation=50(%) Deceleration=20(%)

PositionLevel=0

TEACH JOINT MOVE

Tool
#2: CTool 2

| | BLOCK I/O:TOOL #2 ; ”
sl
¥ 1

Motion Command

© cotopomT Vst

Rotate

-121.21°

JOGGING
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10 Direct Teach

10.1

Direct Teach Description

A manipulator equipped with Direct Teach (ex. MOTOMAN-HC10DT)
supports automatic INFORM program generation with hand guiding. This
is accomplished using the Direct Teach Hub on the tool flange of the
manipulator. The Direct Teach Hub has three pairs of buttons, described
below.

Table 10-1: Direct Teach Attachment Buttons

Button Description

MOVE Button Press and hold this button to move the manipulator using

OR hand guiding

#1 Button

TOOL UTILITY Use this button to activate the tool and automatically add

Button commands to the job. The duration of the button pushes

OR results in the following behavior:

#2 Button - Short-push: Change tool number and toggle
Block

- Long-push"): Teaches the current position and
adds Block 1/0 commands

TEACH Button Use this button to teach a position and automatically add
a Motion command to the job. The duration of the button
pushes results in the following behavior:
- Short-push: Teaches the current position with no
Position Level.
- Long-push”: Teaches the current position with
Position Level = 0. This means that the
manipulator will stop at this position.

1 For a long-push, press and hold the button for more than 1 second.

Fig. 10-1: Direct Teach Hub

HC10DT HC20DT

Block 1/0 must be configured properly prior to use of the
TOOL Button. Refer to chapter 6.2 “l/O for Tool” for more
e information.
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10.2

10.2.1 Set Jog Mode

Direct Teach Access and Setup Panel

To access Direct Teach, select Hand Guiding Mode on the Robot Jog

panel.
Fig. 10-2: Hand Guiding Mode

Mode Tool
Hand Guiding Ii v #3: GRIPPER & PART b

PYERTCINI N T00L JOINTS [l XYZ+TOOL BLOCK 1/0: TOOL #3 i
?
e

Spee

ALL JOINTS: You can move any robot joint shown in green by hand.

@ o |:[@)~ Swing
X3 s

ffi) Lower Arm
B X3 Upper Arm

Rotate
Bend

Twist
{2} DIRECT TEACH SETUP P

In the Hand Guiding Robot Jog panel, three sub-modes are provided:

— All JOINTS: User can move any Robot joint by hand

— TOOL JOINTS: User can move the outward-most 3 tool joints by

hand

— XYZ+TOOL: The tool is free to move in XYZ. The tool joint can also

rotate

The Robot joints that can be moved in each respective mode will be

displayed in green in the fig. 10-2 “Hand Guiding Mode”.

10.2.2 Select Motion Type

The motion type of a command taught by Direct Teach will follow the same
pattern as a command taught using standard methods. Verify motion
instruction type on the screen and change as necessary. Refer to chapter
4.1.4.1 “Teaching Motion Instructions” for more information on selecting
the motion instruction type. Press [TEACH] on the Direct Teach Hub to

teach the position.

TEACH JOINT MOVE

10-2 HW1485509
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10.2.3 Select Tool for Direct Teach

Change the tool to one of the entered number in the Robot Jog panel.

Hand Guiding Il e #3: GRIPPER & PART ™

I T00L JOINTS [l XYZ+TOOL BLOCK 1/0: TOOL #3 i
H
Motion Command
. HIGH‘] @ GO TO POINT NotSaicated

ALL JOINTS: You can move any robot joint shown in green by hand.

Swing
Lower Arm
Upper Arm

Rotate

Bend

r—g— Twist
483 DIRECT TEACH SETUP [

10.2.4 Enable Direct Teach

Press the Direct Teach Settings on the Hand Guiding Robot Jog panel.
Once the settings are completed, the Direct Teach can be used. Refer to
chapter 10.3 “Direct Teach Settings” for the detail.
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10.3 Direct Teach Settings

Open the Direct Teach Setup panel by tapping the link on the bottom-left
of the Hand Guiding Robot Jog panel.

Fig. 10-3: Hand Guiding Screen

Hand Guiding Ii ~ #3: GRIPPER & PART ~

TooL JoINTS [l XvzZ+TooL BLOCK 1/0: TOOL #3 u
H
Motion Command
® i ] ® coTopoINT poe o

ALL JOINTS: You can move any robot joint shown in green by hand.

Swing
Lower Arm
Upper Arm

Rotate

Bend

Twist
{6 DIRECT TEACH SETUP

Fig. 10-4: Direct Teaching Setup Panel

Direct Teach Settings

Physical Buttons

@ Enable Teach Button
G Enable Tool Button

Tool Number for Block I/0 State

OFF State Tool #

ON State Tool #

) RESET ALL TO DEFAULT
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10.3.1 Enable Teach Button and Enable Tool Button

If Direct Teach is only needed for hand guiding the manipulator, use the
switch controls on the panel to disable teach and tool button operations.

10.3.2 Tool Number for Block I/O State

Use this option to specify which tool setting is used for each tool state
(ON/OFF). For example, Tool 0 state should be used when specifying
properties of a tool without a workpiece. Conversely, Tool 1 state should
be used when specifying properties of a tool with a workpiece.

To Set Block 1/0: Open the {Block 1/0} screen under {Program/Operate} in
{MENU}

Create the program for both OFF and ON state, and this program will be
operated and added to the program when Tool I/O button on the Direct
Teach Hub is pushed (Button # 2 — long push)

See example on fig. 10-5 “Block I/O Screen”, and chapter 10.3.3
“Example on Setting Direct Teach”.

Fig. 10-5: Block I/0O Screen

Block 1/0: ToolSwitch

Name o

ToolSwitch Select State to Edit: OFF “ )

OFF State Commands: ON State Commands:
imer ﬁ

=0 .50 Timer T=0.50

DigitalOut OT#(5) OFF Digitalout OT#(5) ON

=0 .50 Timer T=0.50

5) DigitalOut 5) Group DigitalOut
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10.3.3 Example on Setting Direct Teach
Tool setting example is shown as following:

Tool

Description

Tool #0

Before pick of workpiece. Tool is OFF. Tool weight is set as weight
of the tool.

Tool #1

After pick of workpiece. Tool is ON. Total weight is set as weight
of the tool plus the weight of workpiece.

Further detail:
Set Tool number on Tool Setting screen. Refer to chapter 6.1 “Tool

Settings”.
Create Block 1/0 on Block I/O screen. Refer to chapter 6.2 “l/O for Tool’.

Link Block 1/O to Tool #0 and #1 on Tool screen.
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Example

10.4

The following INFORM program is an example of how to teach “pick and

Direct Teach Example

place” motion using Direct Teach.

Line | Tool Instructions Comment Tasks
1 [0] JointMove Speed=10.00% Start position Short-push Teach Button
2 [0] JointMove Speed=10.00% Approach position for pick Short-push Teach Button
3 [0] LinearMove Speed=50.0mm/s Pick position Long-push Teach Button
PositionLevel=0
4 [1] LinearMove Speed=50.0mm/s Special Line for changing Short-push Tool Button
Tool number. Long-push Tool Button
(Same position as previous
line)
Toggle Tool #0 to #1 Toggle tool I1/0
[1] LinearMove Speed=50.0mm/s Short-push Teach Button
[1] LinearMove Speed=50.0mm/s Approach position for Short-push Teach Button
placing
8 [1] LinearMove Speed=50.0mm/s Place position Long-push Teach Button
PositionLevel=0
9 [0] LinearMove Speed=50.0mm/s Special Line for changing Short-push Tool Button
Tool number. Long-push Tool Button
(Same position as previous
line)
10 Toggle Tool #1 to #0 Toggle tool 1/0
11 [0] LinearMove Speed=50.0mm/s Short-push Teach Button
12 [0] JointMove Speed=10.00% Move back to start position | Short-push Teach Button
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11 Safety Function

The following are safety functions of the YRC Controllers:
— Emergency Stop switch input (Robot Controller/Smart Pendant)
— Enable switch input (Smart Pendant)
— Safeguarding interlock signal input (safety plug)
— External Emergency Stop switch input
— Servo power enable input
— Overrun input (manipulator/external axis)

— General-purpose safety input (including external enable switch
input)

— Safety Logic Circuit

These safety functions conform to the following safety standards:
— EN ISO 13849-1: 2015 Cat.3/PLe
— EN 62061 (IEC 61508) SIL CL3

Also, by using Functional Safety Function (Optional), the position and
speed of the Robot as well as the posture of its tool can be monitored.

Functional Safety Function conform to the following safety standards.
— EN ISO 13849-1: 2015 Cat.3/PLd
— EN 62061 (IEC 61508) SIL CL2

11.1  System Structure

The functional safety function and collaborative operation function are
performed by using the safety circuit board and PFL circuit board.

11.1.1 Safety Circuit Board (JANCD-ASFO01-E)

For details on the safety circuit board, refer to “YRC1000 INSTRUCTIONS
(RE-CTO-A221) chapter 14.6.1 Safety Circuit Board (JANCD-ASFO01-E)".

11.1.2 PFL Circuit Board (JANCD-ASF04-E)

For details on the PFL circuit board, refer to “YRC1000
SUPPLEMENTARY INSTRUCTIONS FOR HC10/HC10DT (HW1484756)
chapter 4.1 PFL Board (JANCD-ASF04-E)".
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11.1.3 Expansion Safety I1/0 Board (JANCD-ASF02-E)
For details on the Expansion Safety I/O Board, refer to:

— “YRC1000 OPTIONS INSTRUCTIONS FOR FUNCTIONAL
SAFETY FUNCTION (HW1483576) chapter 2.1.2 Expansion Safety
I/O Board (JANCD-ASFO02-E)”

— “YRC1000micro OPTIONS INSTRUCTIONS FOR FUNCTIONAL
SAFETY FUNCTION (HW1484544) chapter 2.1 Outline”

— “YRC1000micro SUPPLEMENTARY INSTRUCTIONS FOR HC10/
HC10DT (HW1485285) chapter 4.2 Expansion Safety 1/0 Board”

11.1.4 Expansion Safety Terminal Block Board

For details on the Expansion Safety Terminal Block Board, refer to
“YRC1000 OPTIONS INSTRUCTIONS FOR FUNCTIONAL SAFETY
FUNCTION (HW1483576) chapter 2.1.3 Expansion Safety Terminal Block
Board”.
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11.21

11.2.2

1.2 Common Operation

Security Level

To use the PFL function, change the YRC Controller security access level
to Safety level. Refer to chapter 1.17 “Security Level Setting” regarding
how to change the security mode.

Readback Operation

The data related to the safety function is copied to the safety circuit
board’s memory or PFL circuit board’s memory for safety.

Readback is the operation to confirm whether the data saved in the safety
circuit board or PFL circuit board is correct.

If the data for safety settings or tool settings changed, readback operation
is required.

1. Edit the data related to the safety function.
— {READBACK} and {CANCEL} appear on the screen.

Axis Range Limit #1: Sample AxisRangeLimit

nable Conditior

Name I 7
Sample AxisRangeLimit Always ON  ~

{READBACK} : Transmits the edited data to the safety circuit board.
{CANCEL} : Deletes the edited data and returns to the previous settings.

2. Press {READBACK]} to set the data.
— The data transmits to the safety circuit board.
— The readback data from the safety circuit board appears.

— {WRITE} and {CANCEL} appear on the screen.

Axis Range Limit #1: Sample AxisRangeLimit

splay

Comparison Result >

Comparison Result

Edit Value
Defined Min Axis Max Readback Value (FSU)
eadbac! alue
© © L5 —— N\
{WRITE} : Stores the settings of the edited data in the safety circuit board.

{CANCEL}: Deletes the edited data and returns to the previous settings.
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3. Compare the readback result.

If the readback result matches the edited data, it is successfully
transferred. But if the readback result does not matches the edited data,
the comparison result is shown as “***”. If so, the edited data or readback
data can be seen by selecting {Edit Value} or {Readback Value} in
{Display} option.

If comparison result does not match the edited data, the setting cannot be
entered and saved.

Axis Range Limit #1: Sample AxisRangeLimit

Name nable Condition

Sample AxisRangeLimit Always ON

4. Press {WRITE} to update the settings of the safety circuit board.

— {CONFIRM} appears on the screen if the setting requires
confirmation.

5. Press {CONFIRM} to enable the safety function after confirmation.

11.2.3 Tool Configuration

Specific safety functions read and use tool settings. The following table
lists the safety functions and indicates which functions require tool
settings before using the safety functions.

Table 11-1: Tool Configuration for Safety Functions

Safety Functions Tool Settings Requirement
Robot Range Limit O
Axis Range Limit X
Speed Limit O
Axis Speed Monitor X
Tool Angle Monitor O
Tool Change Monitor X
External Force Monitor O

O: tool setting required, X: tool setting not required

The tool setting must be properly specified for the precise monitoring of
the safety function. To perform the tool setting properly refer to chapter
6.1 “Tool Settings”.
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11.2.4 Tool Interference Configuration

Specific safety functions read and use tool interference. The following
table lists the safety functions and indicates which functions require tool
interference before using the safety functions.

Table 11-2: Tool Interference Configuration for Safety Functions

Safety Functions Tool Interference Requirement

Robot Range Limit

Axis Range Limit

Speed Limit

Axis Speed Monitor

Tool Angle Monitor

Tool Change Monitor

External Force Monitor

x| o x|x|x|x|o

O: tool interference setting required,
X: tool interference setting not required

The tool interference setting must be properly specified for the precise
monitoring of the safety function. To perform the tool interference setting,
use the Software Pendant. Refer to chapter 12 “Software Pendant” for the
use of the Software Pendant, and “YRC1000 OPTIONS INSTRUCTION
FOR FUNCTIONAL SAFETY FUNCTION (HW1483576) chapter 6.4 “Tool
Interference File Setting” for setting the tool interference.
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11.31

11.3

Introduction

Safety Logic Circuit

The safety logic circuit is a is a feature used for programming the basic
safety logic of the system using a simple ladder logic programming
interface. It enables to set up the logical operations, such as stopping the
manipulator and outputting the servo ON signal.

The followings are the contents of this function:

— Executes the safety logic circuit by the safety circuit board in
compliance with safety certification.

— The safety logic circuit consists of a “System” section and a “User”
section.

— The System section of the safety logic circuit is the specific circuit of
YASKAWA and cannot be edited. The User section allows users to
add/edit their own safety logic.

— Both the System and User sections of the safety logic circuit consist
of a circuit with two inputs and one output or a circuit with one input
and one output.

— Both the System and User sections of the safety logic circuit consist
of 128 lines.

— Both the System and User sections of the safety logic circuit are
executed on a 2ms cycle.

— Both the System and User sections of the safety logic circuit can be
viewed in all security modes; however, the user section can be
edited only when the security mode is “SAFETY MODE”, and the
system is in MANUAL (TEACH) mode with the servo power turned
OFF.

— Conventionally, some functions were performed only by using hard-
wired signals. With the YRC Controller, by using an optional safety
PLC and an optional safety logic circuit, these functions can be
controlled from the safety PLC. This enables less wiring. Meanwhile,
the signals which have been controlled by hardware are always
monitored. Thus, the safety function, which turns OFF the servo
power supply when the error is detected, is maintained.

The YRC Controller with an optional Safety PLC and optional Safety
Logic Circuit can be controlled with the Ethernet Cable wiring. This
is an improvement over previous conventional systems that required
hard wired solutions.

The signals that are controlled by hardware are always monitored so

the safety function that turns off the servo power supply when errors
are detected is maintained.

11-6 HW1485509

338 of 493



HW1485509

11 Safety Function

11.3 Safety Logic Circuit

Fig. 11-1: Safety PLC Configuration with YRC1000 Controller Example:

Safety PLC YRC1000
ACP01-E Board Servo Control Board
) Ethernet Cable (CPU Board) |
B! Ethernet Cable AIF01-3E Board
option Ms10
sz [ PFLOUT#xx4| | PFLIN#xx SFBIN#xx | Circuit
Prosarme | (IS 32Point 32Point 64Point ASFO1-E Board
i S— (Safety Board)
o ASF04-E Board — MS-OUT#xx
{PFL Board) SFBOUT#xx || gapaint
option 64Point
;:Ss"’ FS-OUTixx
ISW 64Point

EX.ESP

IM-YE250/5
-80P

i’y

GSIN#xx GSOUT#xx FSBIN#xx FSBOUT#xx

2Point 2Point

(OP:8Point) (OP. BPoint)

(OP.16Paint) (OP. 16Point)

Fig. 11-2: Safety PLC Configuration with YRC1000micro Controller

YRG1000micro

Example:

ASF32-1E Board

FSEIN#)_(X == (Extension GP Safety l/O board )
(OP.8Point) option
FSBOUT#xx __| |
(OP. 8Point)
P STO
- 7 Circuit
EX.ESP ASF30-1E Board S
(Safety Board) &
MS.OUT#xx __ FS.OUT#xx |2
PPESPIPPDSW 64Point 64Point |5
[CommecTor —— |
APW30-IE Board  |©
Ethernet Cable 2
=
=
[s]
(&)
[ConnEGToR |——|
ACP31-1EBoard &
(CPU Board) 2
ACP30-EBoard| |2
(&)
Al
PFLOUTHxx PFLIN#xx

CSRB-CBBO1AA

ASF04-E Board
(PFL Board)
option

32Point _$ T3Pot” T T T T T T T T T T T

ADDITIONAL BOX

In YRC1000, for the connection of the General Purpose
Safety 1/0O board (Option), either the board of JANCD-
ASFO02-E (8 points available) or JANCD-ASUO03-E(16 points
available) can be connected to each safety circuit board

(JANCD-AS

FO1-E).

GP safety 1/O signal can be used.

JANCD-ASFO02-E: For both input and output, 8 points of GP
safety I/O signal can be used.

JANCD-ASUO3-E: For both input and output, 16 points of

In YRC1000micro, for the connection of the Extension GP

Safety I/O board (optional), the board of JANCD-ASF32-1E
(8 points available) can be connected to each safety circuit
board (JANCD-ASF30-1E).

11-7

HW1485509

339 of 493



HW1485509

11 Safety Function
11.3 Safety Logic Circuit

11.3.2 Available I/O Signals in Safety Logic Circuit

The following tables describe the input and output signals available in the
safety logic circuit.

Table 11-3: Input Signals

No. | Kind Display Contents Note
1 Physical Discrete Safety | #n GSIN[X] General Purpose safety | This signal is shown only
/0 input signal 2 points in YRC1000

@ : OFF [release]/
O : ON [short circuit]

2 #n GSOUTIX] General Purpose output
signal 2 points

@ : ON output/

O : OFF output

3 #n FSBIN[x] General Purpose safety | This signal is shown
input signal when the optional GP
(8 or 16 points) safety I/0 board is

@ : OFF [release]/ connected.

O : ON [short circuit]

4 #n FSBOUTIxX] General Purpose safety
output signal

(8 or 16 points)

@ : ON status/

O : OFF status

5 Fieldbus Safety 1/0 SFBIN[X] Safety field bus input This signal is shown
signal 64 points when the optional safety
@ : ON status/ fieldbus function is
O : OFF status enabled.

6 SFBOUT[x] Safety field bus output

signal 64 points
@ : ON status/
O : OFF status

7 Virtual Discrete Safety MSOUT[x] Machine safety output This signal is shown
I/1O used in the safety logic | when the functional
circuit (64 points) safety function (option) is
@ : ON status/ enabled.
O : OFF status
8 FSOUTI[x] Functional safety output

used in the safety logic
circuit 64 points
@ : ON status/
O : OFF status

9 #n PFLIN[x] Output signal to PFL This signal is shown
board (ASF04-E) 32 when the optional PFL
points board (ASF04-E) is
@ : ON status/ connected.

O : OFF status

10 #n PFLOUTIx] Input signal from PFL
board (ASF04-E) 32
points

@ : ON status/
O : OFF status

11 R[x] Work area 128 points
(auxiliary relay)
@ : ON status/
O : OFF status
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No.

Kind

Display

Contents

Note

12

13

14

15

16

17

18

19

20

21

Other I/O Signals

SPIN[x]

Specific input signal 32
points

@ : ON status/

O : OFF status

#n ONEN[x]

Servo power supply
individual control input
signal 4 points

@ : Individual servo OFF
status/

O : Normal status

This signal is shown only
on YRC1000

#n S-ONEN[X]

Servo power supply
individual control input
signal in the safety logic
circuit 4 points

@ : Individual control
group servo OFF status/
O : Servo ON status/
servo ON enabled status

#n SFRON[x]

Servo ON/OFF signal 4
points

@ : Servo ON/

O : Servo OFF

PPESP

Pendant Emergency
Stop signal

@ : Under Emergency
Stop [release]/

O : Not under
Emergency Stop [short
circuit])

PBESP

YRC Controller
Emergency Stop signal
@ : Under Emergency
Stop [release]/

O : Not under
Emergency Stop [short
circuit]

This signal is shown only
on YRC1000

EXESP

External Emergency
Stop input signal

@ : Under Emergency
Stop [release]/

O : Not under
Emergency Stop [short
circuit]

PPDSW

Pendant enable switch
signal

@ : Released [release]/
O : Grip [short circuit]

MANUAL (TEACH)

MANUAL(TEACH) mode
@ : MANUAL (TEACH)
mode/

O : Not MANUAL
(TEACH) mode

AUTOMATIC (PLAY)

AUTOMATIC (PLAY)
mode

@ : AUTOMATIC (PLAY)
mode/

O : Not AUTOMATIC
(PLAY) mode
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No.

Kind

Display

Contents

Note

22

23

24

25

26

27

28

29

30

31

32

Other I/O Signals Cont.

REMOTE

REMOTE mode
@® : REMOTE mode/
O : Not remote mode

Hold

Hold

@ : OFF (Hold signal is
not input.)/

O : ON (Hold signal is
being input.)

PROFISafe

PROFISafe
communication status

@ : Communication OK/
O : Error communication

Appears only when the
optional PROFISafe is
enabled.

SVON

Servo ON/OFF status
@ : Servo ON/
O : Servo OFF

SVONRDYO0

Servo ON ready

@ : Servo ON available
status/

O : Servo OFF

SAFF

Safety fence signal
@ : Open/
O : Close

S-EXESP

External Emergency
Stop signal in the safety
logic circuit

@ : Release/

O : Press (Emergency
Stop status)

S-EXDSW

External enable switch
signal in the safety logic
circuit

@ : ON (servo ON
enabled)/

O : OFF (servo OFF
status)

S-SVON_EN

Servo ON enable signal
in the safety logic circuit
@ : Servo ON enabled
status/

O : Servo OFF

This signal is shown only
when the enable switch
link function is enabled.
For details, refer to
“YRC1000
INSTRUCTIONS
(RE-CTO-A221) chapter
8.26.13 “Enable Switch
Link Function”.

S-SAFF

Safety fence signal in the
safety logic circuit

@ : Close/

O : Open (servo OFF
status)

S-FST

Full speed mode in the
safety logic circuit

@ : Full speed mode/
O : Safety speed

Refer to chapter 11.3.6.3
“Full Speed Mode”
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No. | Kind Display Contents

Note

33 Other I/O Signals Cont. | CSCFG1 Safety data monitoring
Monitoring result of the
safety-related parameter
files

@ : Normal monitoring
(Parameter is not
changed.)

O : Abnormal monitoring
(Parameter is changed.)

Compare the stored
CRC for the safety-
related parameter and
the current CRC for the
safety-related
parameter, and show
whether there is any
change in the data.

This signal is shown only
in YRC1000

34 CSCFG2 Safety data monitoring
Monitoring result of the
Safety Logic Circuit

@ : Normal monitoring
(Safety Logic Circuit is
not changed.)

O : Abnormal monitoring
(Safety Logic Circuit is
changed.)

Compare the stored
CRC for the machine
safety data file and the
current CRC for the
machine safety data file,
and show whether there
is any change in the
data.

This signal is shown only
in YRC1000
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No.

Kind

Display

Contents

Note

35

36

Other I/O Signals Cont.

CSCFG3

Safety data monitoring
Monitoring result of the
functional safety setting
files

@ : Normal monitoring
(Data file is not
changed.)

O : Abnormal monitoring
(Data file is changed.)

Compare the stored
CRC for the functional
safety data file and the
current CRC for the
functional safety data
file, and show whether
there is any change in
the data.

When the functional
safety function is
disabled, it is always
“ON” (Normal
monitoring).

This signal is shown only
in YRC1000

CSCFG4

Safety data monitoring
Monitoring result of all
safety related files

@ : Normal monitoring
(Parameter and the data
file not changed.)

O : Abnormal monitoring
(Either of the parameter
or the data file changed.)

Compare the stored
CRCs for the safety-
related parameter and
the data files of the
machine safety and the
functional safety and the
current CRCs for the
parameter and the data
file. Show whether there
is any change in the
data.

(Equivalent to AND of
CSCFGO01, CSCFGO02,
and CSCFGO03)

This signal is shown only
in YRC1000

n: The number of safety circuit boards (Maximum 8)
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Table 11-4: Output Signals

No. | Kind Display Contents Note

1 Discrete Safety /O #n GSOUTIX] General Purpose output | This signal is shown only
signal 2 points in YRC1000
@ : ON output/

O : OFF output

2 #n FSBOUTIX] General Purpose safety | This signal is shown
output signal (8 or 16 when the optional GP
points) safety I/0O board is
@ : ON status/ connected.

O : OFF status

3 #n S-GSEDM[x] General Purpose Safety | This signal is shown only
Output Monitoring Signal | in YRC1000
2 points

4 #n S-XEDM[X] General Purpose Safety | This signal is shown
Output Monitoring Signal | when the optional GP
(8 or 16 points) safety 1/0 board is

connected.

5 Fieldbus Safety I/0 SFBOUTI[X] Safety field bus output This signal is shown
signal 64 points when the optional safety
@ : ON status/ fieldbus function is
O : OFF status enabled.

6 Safety Logic Signal MSOUT[x] Machine safety output This signal is shown
used in the safety logic | when the functional
circuit (64 points) safety function (option) is
@ : ON status/ enabled.

O : OFF status

7 #n PFLIN[X] Output signal to PFL This signal is shown
board (ASF04-E) when the functional
32 points safety function (option) is
@ : ON status/ enabled.

O : OFF status

8 R[x] Work area 128 points
(auxiliary relay)

@ : ON status/
O : OFF status)

9 Other Signals #n S-ONEN[x] Servo power supply
individual control input
signal in the safety logic
circuit 4 points
@ : Individual control
group servo OFF status/

O : Servo ON status/
servo ON enabled status

10 SVOFF CATO Turns OFF the servo
power supply to the
Robot.

(CategoryO0 stopped)

@ : Robot stop request/
O : Not Robot stop
request

11 SVOFF CAT1 Turns OFF the servo

power supply to the
Robot.

(Category1 stopped)

@ : Robot stop request/
O : Not Robot stop
request
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No. | Kind Display Contents Note
12 Other Signals Cont. S-EXESP External Emergency

Stop signal in the safety

logic circuit

@ : Release/

O : Press (Emergency
Stop status)

13 S-EXDSW External enable switch
signal in the safety logic
circuit
@ : ON (servo ON
enabled)/
O : OFF (servo OFF
status)
14 S-SVON_EN Servo ON enable signal | This signal is shown only
in the safety logic circuit | when the enable switch
@ : Servo ON enabled link function is enabled.
status/ For details, refer to
O : Servo OFF) “YRC1000
INSTRUCTIONS
(RE-CTO-A221) chapter
8.26.13 “Enable Switch
Link Function”.
15 S-SAFF Safety fence signal in the
safety logic circuit
@ : Close/
O : Open (servo OFF
status)
16 S-FST Full speed mode in the Refer to chapter 11.3.6.3
safety logic circuit “Full Speed Mode”

@ : Full speed mode/
O : Safety speed

17 SICFGTRG Safety data monitoring This signal is shown only
in YRC1000

Reset trigger for
Monitoring result
(CSCFG) When this
signal falls (ON to OFF),
each CRC of the safety
related parameter, the
machine safety data file,
and the functional safety
data file is stored. The
safety data can be
monitored by using the
stored CRC.

(For the monitoring
result, refer to
CSCFGO01, CSCFG02,
CSCFG03, CSCFG04.)

n: The number of safety circuit board (Maximum 8)
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When using the GSOUT signal and the FSBOUT signal,
output signal for 20 ms or longer to execute the
confirmation of the machine safety internal diagnosis
function and the verification of wiring.

The confirmation of the machine safety internal diagnosis
function and the verification of wiring is always executed.
Confirm the ON time signal is 20 ms or longer prior to
performing the automatic operation. When the ON time is
less than 20 ms, the following alarms may be detected

@ wrongly.

® + Alarm 4771 M-SAF GENERAL OUTPUT DIAG. ERROR
+ Alarm 4767 M-SAF GENERAL OUT FB DIAG. ERROR
+ Alarm 4926 M-SAF GENERAL OUTPUT UNMATCH

+ Alarm 4772 M-SAF GENERAL OUTPUT DIAG.
ERROR2

+ Alarm 4768 M-SAF GENERAL OUTPUT FB DIAG.
ERROR2

+ Alarm 4927 M-SAF GENERAL OUTPUT UNMATCH2
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11.3.3 Operation of Safety Logic Circuit

11.3.3.1 Display the Screen
Select {MENU} — {Safety Functions} — {Safety Logic Circuit}.

— Safety Logic Circuit Screen is shown.

&  Safety Logic Circuit NEW LOGIC

User System 0 &

There are no configured settings. Press the {NEW
GROUP} button in the top panel to create a new
setting.

For details on using this function, please refer to

Help Info. .

Details

Please select Relay to Edit.
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11.3.3.2 Selecting System and User Circuits

By pressing Tab shown on the pendant and selecting the “User” or
“System”, the display can be switched between user and system safety
logic circuit.

SYSTEM: The system section of the safety logic circuit is shown.

USER: The user section of the safety logic circuit is shown.

In certain cases, system section of the safety logic circuit
% may not be defined at factory setting.

11.3.3.3 Create New Safety Logic Circuit
To create new safety logic circuit, press {NEW LOGIC}.

& Safety Logic Circuit () NEW LOGIC

User System 0 &

A new line is created with one input relay and one output relay as shown

below.

& Safety Logic Circuit (*) NEW LOGIC

User System 0 e
New Logic 1

FSBINO1 FSBOUTO1
-l
Laser S_r Areal Laser S_etting1
(¥) NEW LINE

Each line can have one or more input relays. Each line can have only one
output relay, and the same output signal cannot be set on multiple lines.

When the Safety Logic Circuit has been edited, the {Readback} shows on
top of the screen.
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11.3.3.4 Edit Input Relays
Press the input relay to edit.

— Detail of the input relay will be shown on the detail panel.

test ﬁ

FSBINO1 GSOUT2

o8 i O

Laser Scanner Areal

@,@w LINE

Details "
Input Type : f. ;
Normally Open -| F v

Signa Name

FSBINO1 ~ Laser Scanner Areal

@ If {Input Type} is pressed, the type of the input relay can be changed.
To select “Detect OFF—ON” or “Detect ON—OFF”, the number of Input
relay should be 2 or less.

@ If {Signal} is pressed, the input signal can be changed. Refer to
chapter 11.3.2 for list of available signals and their meanings.

® If {Name} is pressed, the name of the signal can be edited. The name
of the signal is also shown in the line of the Safety Logic Circuit. The name
of the signal also can be edited in the Signal Setting screen. The name of
signals which is not shown in the Signal Setting screen cannot be edited.

Input type can be selected from table 11-5.
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Table 11-5: Input Types

No.

Display

Contents

1

1+

Normally Open contact.

If the signal is TRUE (ON), then
this expression is CLOSED
(ACTIVE).

Yt

Normally Closed contact.

If the signal is TRUE (ON), then
this expression is OPEN
(INACTIVE).

1t

Detect OFF — ON
Detect a rising edge of signal.

If the signal changes from
FALSE (OFF) to TRUE (ON)
then this expression is CLOSED
(ACTIVE) for only ONE cycle of
the Safety Logic Circuit.

Output to far right of this signal
must be a PULSE output type.

ft+

Detect ON — OFF
Detect a falling edge of signal.

If the signal changes from
TRUE (ON) to FALSE (OFF)
then this expression is CLOSED
(ACTIVE) for only ONE cycle of
the Safety Logic Circuit.

QOutput to far right of this signal
must be PULSE output type.
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11.3.3.5 Edit Output Relays
Press output relay to edit.

— Detail of the output relay will be shown on the detail panel.

test

FSBINO1 FSBOUTO1
I ON Delay1 |
100 ms
Laser S..r Areal Laser Scanner Setting1
() NEW LINE
Details N

@N Deiay ST ©) ONl‘Deiay1 @ 100 msec

@éaomm @ Laser Scanner Setting’

@ If {Output Type} is pressed, the type of the output relay can be
changed. To select “Pulse”, the number of Input relay should be two or
less.

@ Timer number for the output relay can be changed. This item will be
shown when the output type is “Pulse”, “ON Delay”, or “OFF Delay”. The
same timer number cannot be used on multiple lines.

® Specifies the timer value. Timer value should be multiple of 4. If the
input value is not multiple of 4, the value will be changed to multiple of 4.
This value can be changed in Timer Setting screen.

@ If {Signal} is pressed, the input signal can be changed. The same
output signal cannot be set to the multiple line. Refer to chapter 11.3.2 for
list of available signals and their meanings.

® If {Name} is pressed, the name of the signal can be edited. The name
of the signal is also shown in the line of the Safety Logic Circuit. The
name of the signal also can be edited in the Signal Setting screen. The
name of signals which is not shown in the Signal Setting screen cannot be
edited.

To use “Detect OFF—ON” or “Detect ON—OFF” for Input

relay, Output relay should be “Pulse”. Also, to use “Pulse”
@ for Output relay, one of the input relay should be “Detect
OFF—ON?” or “Detect ON—OFF".

Number of Input relay should be two or less.
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Table 11-6: Output Types

No.

Display

Contents

1

{:>.

Output signal.

When there is a path of
CLOSED (ACTIVE) signals
connecting the left side to this
output then this expression is
CLOSED (ACTIVE).

Pulsel
100 ms

Pulse

Output signal with a single
pulse.

When there is a path of
CLOSED (ACTIVE) signals
connecting the left side to this
output then this expression is
CLOSED (ACTIVE) for the
specified time.

This output should be used only
when the input signals are
DETECT OFF—ON or
DETECT ON—OFF. Only 8
Pulse outputs may be used.

ON Delayl
100 ms

ON Delay
Turn ON signal after specified
delay.

When there is a path of
CLOSED (ACTIVE) signals
connecting the left side to this
output, this expression will be
CLOSED (ACTIVE) after the
specified delay amount.

Only 4 ON DELAY outputs may
be used.

OFF Delayl
100 ms

OFF Delay
Turn OFF signal after specified
delay.

When there is a path of
CLOSED (ACTIVE) signals
connecting the left side to this
output, this expression will be
CLOSED (ACTIVE) but when
the input path is OPEN
(INACTIVE) the signal wait for a
specified delay amount before
turning off.

Only 4 ON DELAY outputs may
be used.

11-21
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Pulse
Output signal with Pulse.

Up to 8 “Pulse” Outputs can be set.

< When setting the 1 sec to Pulse>

#1 GSINI

#I GSOUT1 -_— l1sec

To use “Detect OFF—ON” or “Detect ON—OFF” for Input

relay, Output relay should be “Pulse”. Also, to use “Pulse”
@ for Output relay, one of the input relay should be “Detect

OFF—ON" or “Detect ON—OFF”.

Number of Input relay should be two or less.

ON Delay
Turn ON signal after timer delay.

Up to four “Pulse” Outputs can be set.

< When setting the 500 msec to ON Delay>

Safety logic output

Output

500msec

\4

A

ON DELAY time
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B OFF Delay
Turn OFF signal after timer delay.

Up to four “Pulse” Outputs can be set.
<When setting the 300 msec to OFF Delay>

Safety logic output

Output

300msec

1
]
T
|
|
I
1
|
|
|
|
|
|
|
g
<
)
|
|
|
1

OFF DELAY time

11.3.3.6 Add Relay

To add a new input relay, press {+} next to the input relay.
New Logic 1

FSBINO1

F{@D

Laser S..r Areal Laser S..etting1

FSBOUTO1

() NEW LINE

New Logic 1

FSBINO1 FSBINO1 FSBOUTO1

-

Laser S.r Areal Laser S..r Areal Laser S..etting1

() NEW LINE

Or, press input relay, then press {+} on the input relay. New input relay will
be added at the corresponding position.

New Logic ﬁ
FSBINO1 FSBOUTO1
+
€ t .0
Laser Scanner Areal Laser S..etting1

@%w LINE

@ Add new input relay on the left side of the selected input relay.

@ Add new input relay on the right side of the selected input relay.
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® Add new input relay on the bottom side of the selected input relay.

When the line has three or more input relays, it
automatically divides the R signal (AUX Relay) internally.
It uses the R signal in descending order from 128 for
dividing.

For example, there is the line which has four input relays
and one output relay.

New Logic 1
FSBINO1 FSBIND2 FSBINO3 FSBOUTO1
Laser S..r Areal Laser S..r Area2 Laser Scanner Setting1

FSBINO4

This line will be divided into 3 lines with R signals. It will be
shown in the YRC Controller.

INFUTI LOGIC  INPUTZ QUTFUT TIMER COMMENT
[l i1 FSBINOT AN 1 FEBINDZ Riza SECI
o0z [ |7 FSRINDS R [f1 FSEINOA R127 SECT
o3 [ |RTza I [#1 FRROOTOT RECT

Because of this, if all of the R signals are used, a new input
relay cannot be added.

Also, R signals are referred in two places, it is not shown as
one line and divided to different line.

11.3.3.7 Delete Relay
Press input relay to select, then press {Trash can} to delete the input relay.
— Selected input relay will be deleted.
O} 52 2O,

@,@w LINE

» Each line must have at least one input relay.

— If all the input relays are deleted, the line is also
deleted.

% » Each line must have at least one output relay.

— Because of this, output relay cannot be deleted. To
delete the output relay, delete the line.
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11.3.3.8 Delete Line
Press the line to select, then press {Trash Can} to delete the line
— Selected line is deleted.
Ne-vl.o‘qim o O
| )

(F) NEW LINE

Each line must have at least one line.
— If all the lines are deleted, the section is also deleted.

B

Press the input relay, and drag to move the input relay. An icon appears

to show where the relay will be placed when dropped.

11.3.3.9 Move Relay
New Logic 1
SN EsaIND2
_I I_l |
LaserS ramal  Lasws -!-r.o S st
FSBIND FSaING2 @ FSBOUTIZ
I I VA
Laser 5.1 Areal Loser 5.1 feoa oo ‘M/ asec s etirgd
MNew Logic 2 1 }
EarlreTec Scannes Areai FEBOUTO3
—1

+ Each line must have at least one input relay.

— If there are input relays in the line after moving the
relay, the line is also deleted.

Each line must have at least one output relay.

— Because of this, output relay cannot be moved.

To cancel the edit, press {CANCEL}. This reverts any current changes.
+) NEW LOGIC

11.3.3.10 Cancel Edit
& Safety Logic Circuit
User System
Mew Logic 1
Esuing FsmOUTDY
|
Laser 31 Areal Laser Scanner Settingl
() NEW LINE
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11.3.3.11 Transferring and Updating Safety Logic Circuit File
@ After creating the safety logic circuit, press {READBACK]}.
— The safety logic circuit file is transferred to the safety circuit board.

— When transferring of the safety logic circuit file is successfully
performed, the readback data from safety circuit board will show.
Button changes to {WRITE}.

& Safety Logic Circuit Comﬁarison Result 5

User System 0] o
New Logic 1
FSBINO1 FSBOUTO1
Laser S.r Areal Laser S..etting1

@ Verify that there is no problem in readback data, then press {WRITE}.

— the file transferred to the safety circuit board is written in the FLASH

ROM.
@ If {CANCEL} is pressed, the file will not update. Edited data is
discarded.

*  When selecting {READBACK]}, all output signals that are
outputted from the safety circuit board are turned OFF
until the writing process is completed.

*  When selecting {WRITE}, all information related to the
safety logic circuit is transferred to the safety circuit
board as the safety logic circuit file and written in the
FLASH ROM of the safety circuit board.

» If the same output signal is used on multiple lines, an “I”
will be shown as following. While “I” is shown,
{READBACK]} cannot proceed until the safety logic
circuit is corrected.

New Logic 1
. Laser S.r Areal Laser S_etting1
FSBIND2 FSBOUTO1
5 O_
Laser S..r Area2 Laser S.etting1
() NEW LINE
Details N
I;‘SBOUTOT ~ ¢ E;;:rScannerSemngW
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11.3.3.12 Execute Safety Logic Circuit

When the write operation completes, the safety logic circuit executes. If
the signal is ON, the relay is “green”. If the signal is OFF, the relay is
“Blank”.

The safety logic circuit always executes except during the write operation.

User System 0 et
New Logic 1
FSBINO1 FSBOUTO1
Laser S_r Areal Laser S_etting1

11.3.4 Setting of Input/Output Signals

Input/Output signals used in safety logic circuit can be named.

These signals are used in both the Safety Logic Circuit and the Functional
Safety Function. Safety Input signals can be referred from both Safety
Logic Circuit and Functional Safety Function. However, Safety Output
signals can only be outputted from one of the Safety Logic Circuit or
Functional Safety Function. This can be configured in the Signal Setting
screen.

To open the Signal Setting screen, press {Setting} — {Signal Setting}.

System |
" I:]
FS8IND1
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Setting of General Purpose Input Signal (FSBIN)

These signals are shown when the optional General Purpose safety 1/0
board (ASF02, ASF03, or ASF32) is connected.

General Purpose Input signals can be named. These signals are always

enabled.
Signal Setting X
Physical Discrete Fieldbus Virtual Discrete Other
Safety /0 Safety I/0 Safety 1/0 1/0 Signals
FSBIN FSBOUT

Signal Status Name Enabled

FSBINO1 ® Laser Scanner Area’l Enabled

FSBINO2 (@] Laser Scanner Area2 Enabled

FSBINO3 @ Enabled

FSBIND4 (@] Enabled

FSBINOS o Enabled

FSBINOG Enabled

FSBINO7 @ Enabled

FSBINO8 (@) Enabled

11.3.4.2 Setting of General Purpose Output Signal (FSBOUT)

These signals are shown when the optional General Purpose safety I/O
board (ASF02, ASF03, or ASF32) is connected.

General Purpose Output signal can be named, and also assigned to either
Safety Logic Circuit or Safety Settings (Functional Safety Function).

Signal Setting

Physical Discrete
Safety I/0

FSBIN

Signal

FSBOUTO1

FSBOUTO02

FSBOUTO3

FSBOUTO04

FSBOUTO5S

FSBOUTO6

FSBOUTO7

FSBOUTO8

Safety I/0

Status

O

g @ Q9 @ g @

S

Fieldbus Virtual Discrete
Safety 1/0

FSBOUT

Name

Laser Scanner Setting1

Laser Scanner Setting2

11-28

Other
1/0 Signals

Output From

Safety Logic Circuit(M-SAFE)
Safety Logic Circuit(M-SAFE)
Safety Logic Circuit(M-SAFE)
Safety Logic Circuit(M-SAFE)
Safety Settings(F-SAFE #1)
Safety Settings(F-SAFE #1)

Safety Settings(F-SAFE #1)
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Table 11-7: General Purpose Output Signal

Item

Description

Signal is not specified

Safety Logic Circuit (M-SAFE)

The signal can be used in the safety
logic circuit.

Safety Settings (F-SAFE #1 to #8)

The signal can be used in the Safety
Settings (Functional Safety Function).
Only the terminal which the safety I/O
board is connected can be selected.

11.3.4.3 Setting of Safety Fieldbus Input Signals (SFBIN (Fieldbus))

These signals are shown when the optional safety fieldbus function is

enabled.

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.

Safety Fieldbus Input signal can be only named.

These signals are always enabled.

Signal Setting X
Physical Discrete Fieldbus Virtual Discrete Other

Safety I/0 Safety I/0 Safety 1/0 1/0 Signals
SFBIN(Fieldbus) SFBOUT(Fieldbus)
Signal Status  Name Enabled
SFBIN(Fieldbus)01 @ PLC Sig1 Enabled
SFBIN(Fieldbus)02 PLC Sig2 Enabled
SFBIN(Fieldbus)03 @) Enabled
SFBIN(Fieldbus)04 @) Enabled
SFBIN(Fieldbus)05 @) Enabled
SFBIN(Fieldbus)06 O Enabled
SFBIN(Fieldbus)07 @ Enabled
SFBIN(Fieldbus)08 @) Enabled

11-29 HW1485509

361 of 493



HW1485509

11 Safety Function
11.3 Safety Logic Circuit

11.3.4.4 Setting of Safety Fieldbus Output Signals (SFBOUT (Fieldbus))

These signals are shown when the optional safety fieldbus function is
enabled.

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.

Safety fieldbus Output signal can be named, also assigned to either
Safety Logic Circuit or Safety Settings (Functional Safety Function).

Signal Setting

Fieldbus irtus
Safety /0 =+

Table 11-8: Safety Fieldbus Output Signal

Item Description

- Signal is not specified

Safety Logic Circuit (M-SAFE) The signal can be used in the safety
logic circuit.

Safety Settings (F-SAFE #1 to #8) The signal can be used in the Safety
Settings (Functional Safety Function).

Safety Settings (F-SAFE ALL) The signal can be used in the whole

safety circuit board where the
functional safety is enabled.

11-30 HW1485509 362 of 493



HW1485509

11 Safety Function
11.3 Safety Logic Circuit

11.3.4.5 Setting of Safety Functions Output signals (FSOUT)

These signals are shown when the functional safety function (option) is
enabled.

These signals allow to use the output signal of Safety Settings (Functional
Safety Function) in Safety Logic Circuit.

Safety fieldbus output signal can be named, also assigned to either Safety
Logic Circuit or Safety Settings (Functional Safety Function).

Signal Setting X
Physical Discrete Fieldbus Virtual Discrete Other

Safety I/0 Safety I/0 Safety 1/0 1/0 Signals

FSOUT MSOUT

Signal Status  Name Output From
FSOUTO1 @' FSOUT Test1 Safety Settings(F-SAFE #1) ~
FSOUTO02 O FSOUT Test2 Safety Settings(F-SAFE #1)
FSouTO3 ot o tput 3 Safety Settings(F-SAFE #1)
FSOUT04 @) : ett _ogical Output 4 Safety Settings(F-SAFE #1)
FSOUTO5 @) ett gical Output 5 Safety Settings(F-SAFE #1)
FSOUTO6 @] : ett _ogical Output Safety Settings(F-SAFE #1)
FSOUTO7 @) e gica t7  Safety Settings(F-SAFE #1)
FSouTO8 O : t o tput Safety Settings(F-SAFE #1)

Table 11-9: Safety Function Output Signal
Iltem Description

- Signal is not specified

Safety Settings (F-SAFE #1 to #8) The signal can be used in the Safety
Settings (Functional Safety Function).
Only the terminal which the safety I/O
board is connected can be selected.
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11.3.4.6 Setting of Safety Logic Circuit Output Signals (MSOUT)

These signals are shown when the functional safety function (option) is

enabled.

These signals allow the use of output signal of Safety Logic Circuit in
Safety Settings (Functional Safety function, PFL function).

Safety Logic Circuit Output can be named.

These signals are always enabled.

Signal Setting

Physical Discrete
Safety I/0

FSOUT

Signal

MSOUTO1

MSOUT02

MSOUT03

MSOUT04

MSOUTO05

MSQOUT06

MSOUTO07

MSOUT08

X
Fieldbus Virtual Discrete Other
Safety I/0 Safety 1/0 1/0 Signals
MSOUT

Status Name Enabled
O MSOUT Test1 Enabled
@) MSOUT Test2 Enabled
@ L gic Circuit Logic ! Enabled
(@] Safi gic Circuit Logic ut Enabled
o L 3 t Lo Enabled
(@] : gic Circuit Logic ut Enabled
Enabled
(@) : gic Circuit Logic ut Enabled
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11.3.4.7 Settings of Specific Input Signals (SPIN)

» SPIN is non-safety data. If a logic (AND, OR, etc.) is performed by
using SPIN and another safety signal, the output result will be non-
safety data.

» If SPIN is used for an application in which safety is required, the
safety function will not be maintained. Thus, make sure to properly
perform a risk evaluation of the Robot system before using SPIN.

The 32 specific input signals (#40780-#40817) are allocated to the
SPIN[01] to SPIN[32] signals.

These signals are available in the safety logic circuit but are not safety-
rated (i.e. they are non-safety data).

Specific Input Signals can be only named.

Signal Setting

Physical Discrete
Safety /0

Signal

SPIND1
SPINO2
SPIND3
SPIND4
SPINDS
SPINO6
SPINO7

SPINO8

Fieldbus
Safety I/0

Status  Name

SPIN Test1
SPIN Test2
Specific Input 3 (
Specific Input 4 (
Specific Input 5 (
Specific Input 6

Specific Input 7 (

g g @ Q9 @ @ ‘@

Specific Input 8

11-33

Virtual Discrete Other
Safety 1/0 1/0 Signals

Non-Safety data)
Non-Safety data)

Non-Safety data)

(Non-Safety data)

Non-Safety data)

(Non-Safety data)
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Table 11-10: Correspondence between the SPIN and Specific Input

40787 40786 40785 40784 40783 40782 40781 40780
Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic
Circuit Circuit Circuit Circuit Circuit Circuit Circuit Circuit
Specific Specific Specific Specific Specific Specific Specific Specific
Input 8 Input 7 Input 6 Input 5 Input 4 Input 3 Input 2 Input 1
SPINO8 SPINO7 SPIN06 SPINO05 SPIN0O4 SPINO3 SPINO2 SPINO1
40797 40796 40795 40794 40793 40792 40791 40790
Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic
Circuit Circuit Circuit Circuit Circuit Circuit Circuit Circuit
Specific Specific Specific Specific Specific Specific Specific Specific
Input 16 Input 15 Input 14 Input 13 Input 12 Input 11 Input 10 Input 9
SPIN16 SPIN15 SPIN14 SPIN13 SPIN12 SPIN11 SPIN10 SPIN09
40807 40806 40805 40804 40803 40802 40801 40800
Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic
Circuit Circuit Circuit Circuit Circuit Circuit Circuit Circuit
Specific Specific Specific Specific Specific Specific Specific Specific
Input 24 Input 23 Input 22 Input 21 Input 20 Input 19 Input 18 Input 17
SPIN24 SPIN23 SPIN22 SPIN21 SPIN20 SPIN19 SPIN18 SPIN17
40817 40816 40815 40814 40813 40812 40811 40810
Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic | Safety Logic
Circuit Circuit Circuit Circuit Circuit Circuit Circuit Circuit
Specific Specific Specific Specific Specific Specific Specific Specific
Input 32 Input 31 Input 30 Input 29 Input 28 Input 27 Input 26 Input 25
SPIN32 SPIN31 SPIN30 SPIN29 SPIN28 SPIN27 SPIN26 SPIN25

11-34
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Safety Function

11.3.5 Setting ON/OFF Status to the Input Signals

1.

GSIN

PPDSW

PPESP

PBESP

EXESP

SAFF

User

Mew Logic 1

FEBING]

Laser 51 Aread

(%) NEW LINE

Status Setting

Signal Name

General Purpose
Safety Input Signal

FSBIN Safety Input Signal

HOLD Pause(Hold)

11-35

tus Setting}

Pendant Enable Switch

Pendant Emergency Stop

Controller Emergency Stop

External Emergency Stop

Safety Fence of Safety Board

Invert

B O

2 [ i [ 0 B )

Active

OFF(release)

OFF(release)

Not Grip(Servo OFF)

Under Emergency Stop

Under Emergency Stop

Under Emergency Stop

Safety Fence is Open

Pause(Hold) signal
is input

The meaning of the ON/OFF status of input signals used in the safety
logic circuit can be switched. For example, the meaning of PPESP
(Pendant Emergency Stop) is usually Active = Under Emergency Stop,
Inactive = Normal. This can be changed to Active = Normal, Inactive =
Under Emergency Stop.

Select {Setting} icon - {Sta

The meaning of the Active/lnactive status of input signals used in the
safety logic circuit can be inverted by pressing checkbox.

Inactive

ON(short circuit)

ON(short circuit)

Grip

Normal

Normal

Normal

Safety Fenceis Close

Pause(Hold) signal
is not input
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Table 11-11: Status Setting

No. | Signal Standard Invert
Name
1 GSIN GP safety input signal GP safety input signal
(ASFO01) (ASFO01)
@ : OFF [release]/ @ : ON [short circuit)/
O : ON [short circuit] O : OFF [release]
2 FSBIN GP safety input signal GP safety input signal
(ASFO02 or ASF03) (ASF02 or ASU03)
@ : OFF [release]/ @ : ON [short circuit)/
O : ON [short circuit]) O : OFF [release])
3 PPDSW Pendant enable switch Pendant enable switch
signal signal
@ : Grip/ @ : Not grip (servo OFF)/
O : Not grip (servo OFF) O : Grip)
4 PPESP Pendant Emergency Stop Pendant Emergency Stop
signal signal
@ : Under Emergency Stop/ | @ : Normal/
O : Normal) O : Under Emergency Stop)
YRC Controller Emergency | YRC Controller Emergency
Stop signal Stop signal
5 PBESP @ : Under Emergency Stop/ | @ : Normal/
O : Normal O : Under Emergency Stop
6 EXESP External Emergency Stop External Emergency Stop
input signal input signal
@ : Under Emergency Stop/ | @ : Normal/
O : Normal O : Under Emergency Stop
7 SAFF Safety fence signal Safety fence signal
@ : Open (safeguarding @ : Close/
opened)/ O : Open (safeguarding
O : Close opened))
8 HOLD Hold Hold
@ : ON (Hold signal is being | @ : OFF (Hold signal is not
input.)/ input.)/
O : ON (Hold signal is not O : ON (Hold signal is being
input.) input.)

3. For example, when the EXESP signal is changed from “Normal Open”
to “Normal Close”, the mark “ @ ” indicates the external Emergency
Stop signal is in the normal state (Normal Close) and the mark “ O ”
indicates the external Emergency Stop signal is being input (Normal

Open).

4. Select {READBACK]} and then {WRITE} to enable changed settings.

When the ON/OFF settings of the input signals are

Qb

changed, outputting the signals that have been output
normally may fail. This may lead to a serious accident.

L d After changing the ON/OFF settings of the input signals, be
sure to confirm the safety logic circuit operates normally.

11-36

Cannot change the ON/OFF status setting of the signal
which is used in System Safety Logic Circuit.
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11.3.6 About Output Signals

11.3.6.1 Correspondence with Hard Wire

The following functions can be controlled either by hard-wire or by the
safety logic circuit.

Table 11-12: Hard-Wire Signal Name

Signal Name

Hard-Wire signal name

Explanation

S-EXDSW

None

* This is the external enable switch signal and functions only
in teach mode.

*  When both the S-EXDSW signal and the enable switch on
the programming pendant are ON, the servo power can be
turned ON.

*  When the S-EXDSW signal is not used in the safety logic
circuit, the safety circuit board regards this as the short-
circuit status.

S-EXESP

EXESP

* This is the external Emergency Stop input signal.

*  When the S-EXDSW signal is turned OFF, the signal
performs the same control as the EXESP signal is turned
OFF.

*  The hard-wired EXESP signal is always monitored. When
either the EXESP signal or the S-EXESP signal is OFF, the
servo power supply is turned OFF.

*  When the S-EXESP signal is not used in the safety logic
circuit, the safety circuit board regards this as the short-
circuit status.

S-FST

None

This is the full speed mode signal.
Refer to chapter 11.3.6.3.

#n S-ONEN[x]

#n ONEN[x]

This signal controls the servo power supply for each control
group.

(n indicates the number of the ASF01 board and xis 1t0 4. 4
points are available for one ASF01 board.)

When the S-ONEN signal is input, the signal performs the
same control as ON ENABLE signal.

When the hard-wired signal (ON ENABLE) is input, the servo
power supply for the appropriate control group is turned OFF.
When the signal is turned ON, the servo ON is enabled.

S-SAFF

SAFF

When the S-SAFF signal is turned OFF, the signal performs
the same control as the SAFF signal. The hard-wired SAFF
signal is always monitored. When either the SAFF signal or the
S-SAFF signal is OFF, the servo power supply is turned OFF.

S-SVON_EN

None

For details, refer to “YRC1000 INSTRUCTIONS
(RE-CTO-A221) chapter 8.26.13 “Enable Switch Link
Function ”.

MSOUT

None

This is the data to transfer the data created in the safety logic
circuit to the functional safety function (optional).

The signals which has been controlled by a hardware are
@ also always monitored. Thus, the safety function, which
turns OFF the servo power supply when the error is

detected, is maintained.
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11.3.6.2 Display of the Message on the Pendant

When the Robot's operation is stopped by one of these signals, the
message on the pendant will recognize and display which signal
(i.e. hard-wired signal of Safety Logic Circuit signal) stopped the Robot.

Table 11-13: Pendant Message

Signal Name

Message on the Pendant

None -

S-EXDSW EXDSW signal is OFF.(Safety Logical Circuit)

EXESP Robot is stopped by external Emergency Stop.

S-EXESP Robot is stopped by external Emergency Stop. (Safety Logical
Circuit)

None -

S-FST Full-speed test mode. (Safety Logical Circuit)

#n ONENIx] Servo ON enable signal (ON-EN) is OFF.

#n S-ONEN[x] | Servo ON enable signal (ON-EN) is OFF. (Safety Logical
Circuit)

SAFF Safety guard is open.

S-SAFF Safety guard is open. (Safety Logical Circuit)

None -

S-SVON_EN Servo ON enable signal is OFF. (Safety Logical Circuit)

NOTERS

The upper line: the message when the manipulator is
stopped by the input of the hard-wired signal.

The lower line: the message when the manipulator is
stopped by the signals input from the safety logic circuit.

None: The appropriate signals do not exist.

HW1485509

11-38

370 of 493



HW1485509

11 Safety Function
11.3 Safety Logic Circuit

11.3.6.3 Full Speed Mode

A DANGER

When using the full-speed test function, the Robot will move at a high
speed. Thus, make sure the operator is in a secure place outside the
Robot's operating range from where he/she can visually check the
Robot's movement and perform operations by using the Smart Pendant
from that place.

Full speed mode can be used to perform a test run or a forward/backward
operation of the job at the full taught speed during the MANUAL (TEACH)
mode.

When the S-FST signal is turned ON during the MANUAL (TEACH) mode,
full speed mode is activated.

When the full speed mode is selected, the servo power is turned OFF, and
then the manual speed setting is automatically switched to the inching
mode. In the same way, when the Enable Switch is released in full speed
mode, the manual speed setting is automatically switched to inching
mode.

The operation speed while the mode is set to full speed test mode is
specified according to the manual speed setting per table 11-14.

Table 11-14: Manual Speed Settings

Manual speed operation Parameter (unit: 0.01%)
speed limit (initial value)
Inching 20% S1CxG60 Limited to
(initial value: 2000) 250 mm/s
Low 50% S1CxG61
(initial value: 5000)
Mid 75% S1CxG62
(initial value: 7500)
High 100% -
(fixed value)

The operation speed limit values in the above table are the

percentages with respect to the manipulator's maximum
@ speed, not with respect to the taught speed. These are

specified in order to control the operation speed so that it
does not exceed the manipulator's maximum speed during
a test run or a forward/backward operation.
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11.3.7 General-Purpose Safety Output Monitoring Signal

11.3.7.1

Activate Signals

General-Purpose Safety Output Monitoring Signal is used for detecting
error (e.g. wire sticking, etc.) by monitoring the feedback signal of the
devices (safety relay, contactor, etc.) driven by the General Purpose
Safety output signal (GSOUT, FSBOUT).

When feedback signal is not monitored, error (wire sticking, etc.) of the
devices (safety relay, contactor, etc.) driven by the General Purpose
Safety output signal (GSOUT, FSBOUT) is not detected. Perform the error
detection (signal mismatch) with the receiving peripheral devices (Safety
PLC, etc.).

Supports the monitoring signal by using the safety logic circuit instead of
the dedicated connection terminal.

If the values of the functional safety general-purpose output
signal and the general-purpose safety output monitoring
signal are judged as NG for 500 ms or more, the following
alarm occurs:

* When the GSOUT signal is NG
Alarm 4767: M-SAF GENERAL OUT FB DIAG. ERROR

* When the FSBOUT signal is NG
Alarm 4768: M-SAF GENERAL OUT FB DIAG. ERROR2

For monitoring of the contact point B, the judgment is made

as follows.

e
Output value of the | Input value of the | Judgement
general-purpose general-purpose
safety output safety output
signal monitoring signal
(GSOUT, FSBOUT) | (GSEDM, XEDM)
OFF Close Ok
OFF Open NG
ON Close NG
ON Open OK

To activate General Purpose Safety Output Monitoring signals, Software
Pendant is required.

For more information on the Software Pendant, refer to chapter 12
“Software Pendant”.

For more information to set the General Purpose Safety Output Monitoring
signals, refer to chapter 11.3.7.2.
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11.3.7.2 Correspondence between General Purpose Output Signals and Monitoring Signals

Table 11-15: Correspondence Between General Purpose Output Signals

and Monitoring Signals.

General-Purpose Safety Output

General-purpose safety output

Signal monitoring signal (Feedback signal)
GSOUT1 S-GSEDM1
GSOUT2 S-GSEDM2

The following signals can be used only in the system where the safety 1/0
expansion board (optional) is enabled. Then number of signals depends

on the circuit board.

Table 11-16: Correspondence Between General Purpose Output Signals
and Monitoring Signals with Safety 10 Expansion Board

General-Purpose Safety Output
Signal

General-purpose safety output
monitoring signal (Feedback signal)

FSBOUT1 (XOUT1)

S-XEDM1

FSBOUT2 (XOUT2) S-XEDM2
FSBOUT3 (XOUT3) S-XEDM3
FSBOUT4 (XOUTA4) S-XEDM4
FSBOUT5 (XOUT5) S-XEDMS5
FSBOUT6 (XOUTS) S-XEDM6
FSBOUT7 (XOUT?) S-XEDM7
FSBOUTS (XOUT8) S-XEDMS8
FSBOUT9 (XOUT9) S-XEDM9
FSBOUT10 (XOUT10) S-XEDM10
FSBOUT11 (XOUT11) S-XEDM11
FSBOUT12 (XOUT12) S-XEDM12
FSBOUT13 (XOUT13) S-XEDM13
FSBOUT14 (XOUT14) S-XEDM14
FSBOUT15 (XOUT15) S-XEDM15
FSBOUT16 (XOUT16) S-XEDM16
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11.3.7.3 Example of Setting for Monitoring Signals

Pendant Emergency Stop Signal (PPESP) is output to General Purpose
Output signal1 (GSOUT1, FSBOUT1). To monitor these signals, use
General Purpose Input signals (GSIN1, FSBINO1).

Example of this setting is as following.

External Device Monitoring

PPESP GSouT1

1 O-
|
GSIN1 S-GSEDM1
1 O-
i
PPESP FSBOUTO1
1 O-
|
FSBINO1 S-XEDM1

| o
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11.3.8 Safety Data Monitoring
This function is works only in YRC1000.

By using the signals for the safety data monitoring (CSCFGO01, CSCFG02,
CSCFG03, CSCFG04, SICFGTRG), the safety data (the safety-related
parameter, the machine safety data file, and the functional safety data file)
can be monitored to detect a change.

Monitoring is performed by comparing the CRC of the safety data, and if
changed, that can be notified by the safety output.

When GSINO1 is the stored CRC updating trigger, the example of the
monitoring results output to MS-OUTO01 - 04 is shown below.

1. Editing the safety logic circuit

— Correspond GSINO1 to the updating trigger SICFGTRG, and
MSOUTO1 - 04 to CSCFGO01 - 04.

CSCFG1(Param) MSOUTO1
CSCFG2(M-Safe) MSOoUT02
CSCFG3(F-Safe) MSOUTO3

CSCFG4(All) MSOUTO4

GSIN1 SICFGTRG

1

?

2. Write the Safety Logic Circuit
— After editing, select {WRITE}.

— When the transfer is done correctly, the confirmation dialog appears.
Then select {YES]}.

Since the CRC for the safety data monitoring are stored by

@ detecting falling edge of SICFGTRG(CRC updating trigger),
the monitoring results are turned OFF (O: abnormal

d monitoring) until the stored CRC is updated by this signal.
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3. Input of the stored CRC updating trigger

— When the stored CRC updating trigger (signal name: SICFGTRG
GSINO1 is set this time) is turned ON (@) to OFF(O), the stored
CRC is updated.

— When the stored CRC is updated, the monitoring result is turned ON
(@: normal monitoring) until the safety data is changed.

— The monitoring result (signal name: CSCFGO01 - 04) can be output to
any signal by using the safety logic circuit.

The monitoring result can be output to the external device by using the
safety output.

CSCFG1(Param) MSOUTO1

P

CSCFG2(M-Safe) MSOUTO2

-

CSCFG3(F-Safe) MSOUTO3

Q

CSCFG4(All) MSOUTO4

Q

GSIN1 SICFGTRG

1

¢
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4. Monitoring the safety data change

— When any functional safety data file is changed, the following status
appears.

— Both CSCGF03 shown the monitoring result of the functional safety
data file and CSCFG04 shown the monitoring result of changing
either safety data (if any) will be turned OFF (O: abnormal

monitoring).
CSCFG1(Param) MSOUTO1
CSCFG2(M-Safe) MSOUTO2
CSCFG3(F-5afe) MSOUTO3
CSCFG4(All) MSOUTO4
GSIN1 SICFGTRG

— Also when any safety related parameter is changed, both CSCFGO01
and CSCFGO04 will be turned OFF (O: abnormal monitoring).

— Also when any machine safety data file is changed, both CSCFG02
and CSCFGO04 will be turned OFF (O: abnormal monitoring).
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— When the CRC updating trigger (signal name: SICFGTRG GSINO1
is set this time) is turned ON (@) to OFF(O) again, the stored CRC
is updated and the monitoring result is turned ON (@: normal

monitoring).

CSCFG1(Param)

CSCFG2(M-Safe)

MSOUTO1

P

MSOUTO2

-

CSCFG3(F-Safe) MSOUTO3
CSCFG4(All) MSOUTO4
GSIN1 SICFGTRG
CSCFG1(Param) MSOUTO1

CSCFG2(M-Safe)

P

MSOUTO2

P

CSCFG3(F-Safe) MSOUTO3
CSCFG4(All) MSOUTO4
GSIN1 SICFGTRG
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The safety parameter and the data file for monitoring are shown below.

Table 11-17: Safety-related parameter monitored by CSCFG1

These files are monitored when functional safety function is enabled.

File File Name for External Memory
Device

Function definition parameter FD.PRM
System definition parameter SD.PRM
Servo parameter SV.PRM
Servo motor parameter SVM.PRM
Robot matching parameter RC.PRM
Coordinate home position parameter RO.PRM
Motion function parameter MF.PRM
Robot control expand parameter RE.PRM
Safety function parameter FMS.PRM
System matching parameter SC.PRM

Table 11-18: Machine Safety Data File Monitored by CSCFG2

File

File Name for External Memory
Device

Safety Logic Circuit

YSFLOGIC.DAT

Table 11-19: Functional safety data file monitored by CSCFGS3.

These files are monitored when functional safety function is enabled.

File File Name for External Memory
Device

Tool data TOOL.CND

Tool interfere data TOOLINTF.DAT

Home position calibrating data ABSO.DAT

Axis range limit data AXRNGLMT.DAT

Axis speed monitor data AXSPDMON.DAT

Robot range limit data RBRNGLMT.DAT

Speed limit data SPDLMT.DAT

Tool angle monitor data

TLANGMON.DAT

Tool change monitor data

TLCHGMON.DAT
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11.3.9 Example of Safety Logic Circuit

The followings are application examples that use safety logic circuit.

11.3.9.1 Example1 (AND)

This is the example of the setting to output from the GP safety output
signal1 (#1 FSBOUT1) while the GP safety input signal1 (#1 FSBIN1) and
2 (#2 FSBIN2) are ON.

1. Create the following Safety Logic Circuit.

Sample AND

FSBINO1 FSBIND2 FSBOUTO1

2. The timing chart is as shown below:

ON
#1 GSIN1

OFF

#1 GSIN1 : ON
ON

#1 GSIN2
OFF

#1 GSIN2 : ON

ON
#1

GSOUT1
OFF

#1 GSIN1 is ON and #1 GSIN2 is ON
So that #1 GSOUT1 is ON

3. Verifying the safety logic circuit.

— Switch ON the GP safety signal “1” and “2”. General Purpose Safety
Output signal1 becomes ON.

Sample AND

FSBINO1 FSBIND2 FSBOUTO1
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11.3.9.2 Example 2 (OR)

This is the example of the setting to output from the GP safety output
signal1 (#1 FSBOUT1) while either status of the programming pendant
Emergency Stop (PPESP), safety fence (SAFF) or external Emergency

Stop (EXESP) is stopped.

1. Create the following Safety Logic Circuit.

Sample OR

PPESP

FSBOUTO1

1

SAFF

EXESP

2. The timing chart is as shown below:

ON(press)
PPESP
OFF(release)

PPESP: press
ON P

#1 GSIN1
OFF

GSIN1 : OFF

NOT

#1 GSIN1
OFF

Setting Value

A

NOT GSIN1 : ON

TM1 ON
DELAY

ON

A

TIMER: start  TIMER: reaching the specified value

#1
GSOUT1

OFF

11-49

PPESP is ON and NOT #1 GSIN1 is ON, and
ON DELAY TIM1 reaches the specified value
so that #1 GSOUT1 is ON
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3. Verifying the safety logic circuit.

— When either the pendant Emergency Stop, safety fence, or the
external Emergency Stop is input, General Purpose Safety Output
Signal 1 becomes ON.

Sample OR

PPESP FSBOUTO1

SAFF

EXESP

11.3.9.3 Example3 (Pulse)

The one-second one-shot output signal is created by the safety logic
circuit. In the following example, the GP safety output signal (#1 GSOUT1)
is ON for one second.

1. Create the following Safety Logic Circuit.

Sample Pulse

GSIN1 GSoUT1

I Pulse1
I 1000 ms

To use “Detect OFF — ON” or “Detect ON — OFF” for

Input relay, Output relay should be “Pulse”. Also, to use
@ “Pulse” for Output relay, one of the input relay should be

“Detect OFF — ON” or “Detect ON — OFF".

Number of Input relay should be 2 or less.

2. The timing chart is as shown below:

#1 GSINI

#1 650011 — | gee
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3. Verifying the safety logic circuit.
When #1 GSIN 1 signal is turned ON, #1 GSOUT 1 is ON for one
second.

When using the “Detect OFF — ON” or “Detect ON — ON”
instruction, the signal status turns to ON only for 2 ms while

@ the conditions are satisfied.

Because pendant display update is slower than safety logic
circuit, seeing the changing status in the display is difficult,
or it may be displayed longer than the actual ON time.

11.3.9.4 Example4 (ON Delay)

In the following example, one second after the emergency button of the
pendant (PPESP) is pressed and the GP safety input signal 1 is OFF, the
GP safety output signal1 (#1 GSOUT1) is turned ON.

1. Create the following Safety Logic Circuit.

Sample ON Delay

PPESP GSIN1 GSoUT1

—/1 oneeer ]

2. The time chart is as following.

ON(press)
PPESP
OFF(release)

PPESP: press

ON
#1 GSINL
OFF

GSIN1 : OFF

NOT

#1 GSINL
OFF

Setting Value NOT GSIN1 : ON

TM1 ON
DELAY

ON TIMER: start  TIMER: reaching the specified value

#1

GSOUT1L
OFF

PPESP is ON and NOT #1 GSIN1 is ON, and
ON DELAY TIM1 reaches the specified value
so that #1 GSOUT1 is ON
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3. Verifying the safety logic circuit.

— Confirm that the signal becomes ON when pressing the pendant
Emergency Stop and switching the GP safety signal ON. GP safety
output signal 1 becomes ON after one second has passed.

Sample ON Delay

PPESP GSIN1 GSoUT1

1 =k

11.3.9.5 Example 5 (Decelerate and Stop the Robot)

In the following example, when the GP safety input signal1 (#1 GSIN1) is
ON under MANUAL (TEACH) mode, the Robot decelerates and stops its
operation.

1. Create the following Safety Logic Circuit.

Sample Stop the Robot

Manual(TEACH) GSIN1 SVOFF CAT1

2. The time chart is as following.

TEACH
MODE
PLAY

ON
#1 GSIN1

OFF ‘
#1 GSINL : ON

ON
Decelerating

processing

OFF \ yy

Starts decelerating processing  Endsidecelerating processing

ON
Servo ON

OFF ’'y
#1 GSIN1 is ON under the teach mode

so that the servo will be turned OFF
after the decelerating processing

3. Verifying the safety logic circuit.

— Change the mode to MANUAL (TEACH) mode, and turn the servo
ON. After that, when the GP safety signal 1 is turned ON, SFOFF
CAT1 becomes ON, and the Robot decelerates and stops its
operation.

Sample Stop the Robot

Manual(TEACH) GSIN1 SVOFF CAT1

I
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If the manipulator stops its operation by the safety logic circuit, the
message “Robot is stopped by safety logic circuit” is shown on the
message area of the pendant.

Controller Message
Robot is stopped by safety logic circuit [Hold/ESP:21]

* For the safety logic circuit of the YRC Controller, even if
the Robot deceleration to a stop (SVOFF CAT1) is turned
ON, the robot stops its operation instantly without
decelerating in MANUAL (TEACH) mode. Under the
AUTOMATIC (PLAY) mode, if the manipulator
@ deceleration to a stop (SVOFF CAT1) is turned ON, the

Robot decelerates and stops its operation.

[ _J
* When the Robot is stopped by the safety logic circuit

signal, “Robot is stopped by safety logic circuit” is shown
on the message area of the smart pendant.

The control status signal #8034 3(Robot stopped by safety
logic circuit) is turned ON.

11.3.9.6 Example 6 (Temporarily Disable PFL for Human Collaborative Robots)

YASKAWA recommends temporarily disabling PFL to perform certain
operations to improve usability/performance. Example scenarios could
include:

— Moving the Robot at full speed
— Moving the Robot near singular positions (see Chapter 11.6.3)

— When the Robot cannot be operated due to an error caused by
recurring external force monitor setting violations

— Automatic estimation of tool load

Follow the steps below to temporarily disable PFL for a collaborative
system in its factory state (i.e. prior to user additions/edits).

1. Navigate to {Safety Settings} > {Safety Logic Circuit}

2. Find the line that contains an output (right side of screen) set to
“‘MSOUT54 (Collaborative Operation Request). (First line at the top of
the circuit for system in its factory state.)

— Select the left-most gate in this line (gate = FSBINO1 in the factory

state)
&  Safety Logic Circuit (*) NEW LOGIC
User System 0
FSBINO1 MSOUTS4

Collaborative operation request
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3. Select the input relay and reverse its Input Type (i.e. change from
Normally Open to Normally Closed) in the Details panel to turn OFF
the MSOUT54 request signal.

Details v
Input Type O]
i > NORMALLY
[ Normally Open { |— ~ ] CLOSED ‘,‘/ i
Signa Name
FSBINO1 ~ Safety Board Input 1

4. Perform Readback > Write process to save changes. MSOUT54
should now be disabled (see below), signifying that PFL is disabled.
The green light on the Robot's wrist should be OFF.

FSBINO1 MSOUT54

1/

5. Perform *desired operation* with PFL disabled.

Collaborative operation request

6. Restore PFL to its original state once the desired operation(s) are
complete!

* Disabling collaborative operation may cause harm to people and
should only be done after thorough risk assessment.

» When presence detection sensor is used, safety distance as per ISO
13855 must be ensured.
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11.4.1 Outline

11.4

Functional Safety Functions

By using the functional safety function, the position and speed of the
Robot and the posture of its tool are monitored.

The power supply to the motor is suspended and the Robot is completely
stopped when an error is detected on safety monitoring data.

With this function, the following items can be improved:
— improving the safety of the Robot’s motion

— minimizing the equipment layout area where the manipulators are
installed

11.4.2 List of Safety Functions

There are six different functional safety functions for monitoring purposes.
@ Robot Range Limit

Monitors the manipulator arm or its tool to be inside the designated safety
area.

@ Axis Range Limit

Monitors each axis angle to be equal to or inside the designated safety
area.

@ Speed Limit

Monitors the speed of manipulator TCP (Tool Center Point) and its FCP
(Flange Center Point) when the Robot control group is monitored.

@ Axis Speed Monitor

Monitors each axis speed to be equal or slower than the designated
speed.

® Tool Angle Monitor

Monitors the manipulator tool angle to be inside the range of limited angle
when the angle is centered on the designated standard posture.

® Tool Change Monitor

Monitors the tool file used in the functional safety function to be consistent
with the user specified tool file.

These safety functions conform to the following safety standards.
— ENISO 13849-1: 2015 Cat.3/PLd
— EN 62061(IEC 61508) SIL CL2

If the Robot has the collaborative operation function, the following
additional function can also be used.

@ External Force Monitor

Monitors the external force applied to the manipulator's TCP and each
joint axis by using PFL function.
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11.4.3 Safety Functions List View

11.4.3.1 List View

Safety functions list view shows the safety function list which is set.
To show this list, select {(MENU} > {Safety Function} > {Safety

Functions}.

&  Safety Function Settings

@Name ¢

Sample Custom

Sample Cubic

Sample Plane

Sample SpeedLimit
Manual(Teach) Mode Speed Limit
Sample AxisSpeedMonitor
Sample AxisSpeedMonitor

Sample AxisSpeedMonitor

(D (© NEW SETTING
(@ Function Type - No. A

Robot Range Limit-01
Robot Range Limit - 02
Robot Range Limit - 03
Speed Limit - 01

Speed Limit - 33

Axis Speed Monitor - 01
Axis Speed Monitor - 02

Axis Speed Monitor - 32

(@ Search by name Q
@ Condition % Result@

Om [
Signal O-
Signal O-

Signal

@ + NEW SETTING

Create new safety setting.

@ Search by Name

Search the setting in the list by name.

® Name

It shows name of the setting.

It can be sorted by name.

@ ID Number

It shows ID Number of the setting.
It can be sorted by ID Number.

® Condition

It shows Enable Condition of the setting.
It can be sorted by Enable Condition.
The color of Enable Condition is changed as monitoring state.
Correspondence between the color and monitoring state is as following

table.
Color Monitoring State
Gray Monitoring is always OFF.
Black Monitoring is OFF.
It does not match as the condition of safety input signal. Or the
setting is temporary disabled.
Orange Monitoring is ON.

11-56

HW1485509

388 of 493



HW1485509

11 Safety Function
11.4 Functional Safety Functions

® Result

It shows the monitoring result.

Color Monitoring Result
White Not safe
Green Safe

11.4.3.2 Create New Setting
The procedure to create new safety setting is as following.
1. Press {+ NEW SETTING}.

¢ Safety Function Settings (+) NEW SETTING Search by name Q
Name % Function Type - No. A Condition § Result
Sample Custom Robot Range Limit - 01 Omn
Sample Cubic Robot Range Limit-02 Signal O-
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2. Select the safety setting type, and press {CREATE NEW SETTING]}.

Safety Setting Types

Select and Create a New Setting

Limit Mation

ROBOT RANGE
LIMIT

AXIS RANGE
LIMIT

Limit/Monitor Speed

SPEED LIMIT

AXIS SPEED
MONITOR

Monitor Force

EXTERNAL FORCE
MONITOR

Monitor Tool

TOOL ANGLE
MONITOR

TOOL CHANGE
MONITOR

CANCEL

Monitors the manipulator arm or its tool to be in the designated
safety area.

Monitors each axis angle to be equal to or in the designated
safety area.

Monitors the speed of manipulator TCP (Tool Center Point) and
its FCP (Flange Center Point) when the robot control group is
monitored.

Monitors each axis speed to be equal or slower than the
designated speed.

Monitors external force to be equal or lower than the
designated force.

Monitors the manipulator tool angle to be inside the range of
limited angle when the angle is centered on the designated
standard posture.

Monitors the tool file used in the functional safety function to
be consistent with the user specified tool file.

CREATE NEW SETTING

X

11-
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11.4.3.3 Delete Setting
The procedure to delete safety setting is as following.
1. Go to {MENU} > {Safety Settings} > {Safety Functions}.
2. Select the safety setting from the Safety Functions List View.
3. Press Trash Canicon.

— The setting will readback.

< Safety Function Settings (%) NEW SETTING Search by name Q
Name § Function Type - No. A Condition § Result
Sample Custom Robot Range Limit - 01 AlwaysON O |
Sample Cubic Robot Range Limit - 02 Signal O-

4. Confirm that the Enable condition is changed to “Always OFF”, and
press {DELETE}.

— Pop dialog shows.

Robot Range Limit #1: : DELETE

Display
. L
Comparison Result ~

5. Press {DELETE}.

Confirm Deletion?

Are you sure you want to delete this setting?
"Robot Range Limit #1: Sample Custom”
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11.4.4 Robot Range Limit

Robot Range Limit function is a function which monitors robot position
using software.

Robot Range Limit define the Robot range of motion with 3 shapes as
following, and then monitors the Robot’s arm or its tool to be inside the
range of motion.

1. Custom
2. Cubic
3. Plane

While Robot is in operation, based on the Robot 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 and the error is notified using an alarm.

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

1. Set the Tool File.
(Before using this function, execute tool file setting by referring to
chapter 6.1 “Tool Settings”)

2. Set the Tool Interference File.
(Before using this function, execute tool interference file setting by
referring to “YRC1000 OPTIONS INSTRUCTIONS FOR
FUNCTIONAL SAFETY FUNCTION (HW1483576)".)

3. Set the Robot Range Limit function.
4. Confirm the safety range.

5. Start the Robot range limit function.
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11.4.41

Condition Setting

Contents are as following.

Robot Range Limit #1: Sample Custom
@Vamn? @ Enable Condition en
Sample Custom Always ON ~
@r’-\[;l‘ur\
Alarm s
@S’nanr:' Type Monitor Type @ Ref. Coord
Custom ~ KeepRobotInside ~ Robot 7
Point X Y
1 1000 mm om © ® B
2 924 mm 383 mm @ @ 0O Define Z value
3 707 70m @ @ B ZTop 1000 mm
4 383 mm 924 mm @ ® 0 Z Bottom -1000 mm
5 0 mm 1000 mm @ @ 0 (B Setting CPU Load: 16%
6 -383 mm 924 mm @ ® 0O
Advanced Settings AV
Setting Activation Signal G
Signal Status Condition
@ signal 1 “ O
() NEW SIGNAL
Output Signal
Signal Status
signal all @)
Robot Jog Panel A

® Name
Set Name of the setting.
@ Enable Condition
Set Enable Condition of the setting.

In order for the change to take effect, it is necessary to complete WRITE.

Value Description

Always OFF Always disable the monitoring by the setting.

Always ON Always enable the monitoring by the setting.

Signal Change the monitoring state by referencing the safety

input signal.
For the details of the safety signal usage, refer to
chapter 11.4 “Functional Safety Functions”.
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@ Action
Select alarm or not alarm (Status) to the monitoring result of the setting.

Value Description

Alarm Servo is turned OFF with an alarm when an error occurs
under the monitoring condition.

Status Although monitoring is performed under the condition,
the alarm does not occur, and the servo is not turned
OFF even if a monitoring error occurred.

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

A DANGER

When “Status” is set to Action, 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 no alarm operation
(risk assessment) and take necessary safety measures.

@ Shape Type
Value Description
Custom Specifies the monitoring volume as a polygon on the X-Y
plane with a height in Z-axis direction.
Cubic Specifies the monitoring volume as a polygon on the X-Y
plane with a height in Z-axis direction.
Plane Specifies the monitoring area as a plane along either XY, YZ or
ZX coordinates.
® Ref. Coord.
Specifies the reference coordinate for the shape.
Value Description
Robot Define the monitoring area on the Robot coordinate system.
World Define the monitoring area on the World (Base) coordinate
system.

® Estimated CPU Load

Displays the rate of CPU load for monitoring.
@ Setting Activation Signal

Specify the safety input signal for enable setting when “Enable
Condition” is “Signal”.
For the details of the safety signal usage, refer to chapter 11.4 “Functional
Safety Functions”.
Output Signal

Specify the safety output signal for output the monitoring result.
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Signal output as following.

Monitoring | Monitoring Result Output
State
Disabled OFF
Enabled Object manipulator or tool is inside the safety range. ON
Object manipulator or tool is detected to be outside the | OFF
safety range
For the object manipulator or tool, the stop positionto | OFF

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

Robot Range Limit as Custom Shape

If Custom is selected in Shape Type, it specifies boundaries within which

the Robot moves or boundaries that prevent Robot from entering with
polygon on the X-Y plane with a height in Z-axis direction.

Pointl

Point2
Point6

Point3
Point5

‘ Z Upper
Y
Z Lower
X

Name

Enable Condition

Sample Custom Always ON  ~
Action
Alarm ~

@f:h.:pt- Type @‘v’c;m tor Type Ref. Coord
Custom ~ Keep Robot Inside ~ Robot b

@Point X Y
1 1000 mm 0 mm @ ® ﬁ
2 924 mm 383 mm @ @ 0 Define Z value
3 707 mm 707m @ @ 0O @ zTop 1000 mm
4 383 mm 924m © @ B Z Bottom -1000 mm
5 0 mm 1000 mm @ @ 0O Setting CPU Load: 16%
6 -383 mm 924am © @ B
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@ Shape Type

To specifies the monitoring volume as a custom, select Custom in
Shape Type.

@ Monitor Type

When selecting the {Keep Robot Inside}, the polygon can be specified
by 3 to 16 points. The space inside the area is defined as the safety
range. When the result of the monitoring is safe, the object arm and the
tool of the manipulator are kept inside the safety range.

When selecting the {Keep Robot Outside}, the polygon can be specified
by 3 to 4 points. The space outside the area is defined as the safety
range. When the result of the monitoring is safe, the object arm and tool of
the manipulator are kept outside the range.

The area specified should be convex.

@ Point (X,Y)

Specifies the points on the X-Y plane to define the polygon.
The points are connected in ascending order like

Point 1 - Point2 > Point3 > ..... - Point1

And the line of these points becomes the wall of the range of motion.
Take this procedures into consideration before specifying the points.

{@}: Set the point as the current TCP position.
{# }: Add new point before selected point.

{1 }: Delete selected point.

{NEW POINT}: Add new point after the list.

@ Z Top, Z Bottom

Specifies the height of the custom shape.
If it is not defined, the height in the Z-axis direction is set to infinite
(polygon prism of infinite height).

Robot Range Limit as Cubic Shape

If Cubic is selected in Shape Type, it specifies boundaries within which the
Robot moves or boundaries that prevent Robot from entering with cuboid
whose diagonal line is specified by the points.

POINT 1

POINT 2
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Name Enable Condition ;

Sample Cubic Signal ~

Action

Status ~
@fll ape Type ®"-.'ur‘ tor Type ef. Coord

Cubic ~ Keep Robot Inside World >
@Paint X Y Z

1 500 mm 501 mm 502 mm @

2 1500 mm 501 mm 500mm @

Setting CPU Load: 9%

@ Shape Type

To specifies the monitoring volume as a cubic, select Cubic in Shape

Type.
@ Monitor Type

When selecting the {Keep Robot Inside}, the space inside the area is

defined as the safety range. When the result of the monitoring is safe, the
object arm and the tool of the manipulator are kept inside the safety range.
When selecting the {Keep Robot Outside}, the space outside the area is

defined as the safety range. When the result of the monitoring is safe, the

object arm and tool of the manipulator are kept outside the range.
The area specified should be convex.

® Point (X, Y, Z)

Specify two points on an 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.

{@}: Set the point as the current TCP position.

11-65

HW1485509

397 of 493



HW1485509

11 Safety Function
11.4 Functional Safety Functions

Robot Range Limit as Plane Shape
If Plane is selected in Shape Type, it specifies the monitoring area as a
plane along either XY, YZ or ZX coordinates.

POINT 2

X-Z plane
POINT 1
Name Enable Condition @
Sample Plane Signal ~
Action
Alarm 7
@Shape Type @Plane Type Ref. Coord.
Plane ~ Perpendicularto X-Y ~ Robot >
@roint X ¥
1 100 mm 200m ©
2 -100 mm 200m Q@
Setting CPU Load: 4%
@ Shape Type

To specifies the monitoring volume as a Plane, select Plane in Shape
Type.

11-66 HW1485509

398 of 493



HW1485509

11 Safety Function
11.4 Functional Safety Functions

@ Plane Type

Specifies the plane type to make.

Value Description

Perpendicular Draw a line on either X-Y coordinate plane, and then,
to X-Y along the line, set a plane (wall) in the vertical direction.

Perpendicular Draw a line on either Y-Z coordinate plane, and then, along
to Y-Z the line, set a plane (wall) in the vertical direction.

Perpendicular | Draw a line on either X-Z coordinate plane, and then, along
to X-Z the line, set a plane (wall) in the vertical direction.

@ Point (X, Y) (Y, 2) (X, 2)

Specify two points to draw a straight line on a coordinate plane.
In case the coordinates of these two points overlapped, the setting is
regarded as an error.

{@}: Set the point as the current TCP position.

11.4.4.2 Confirming the Safety Range and Starting the Robot Range Limit

If “Always ON” or “Signal” for Enable Condition is selected, confirm that
the monitoring works correctly in the safety range as the setting.

When confirming the safety range, move the axes of the object group into
the safety range, and then enable the monitoring of the setting. If “Signal”
for Enable Condition is selected, enable the setting by selecting input
signals.

Move the axes of the object group to confirm that they stop within the
specified safety range.

Confirm by jogging whether the set area is correct.

In the functional safety function, the range of motion is
monitored by calculating the coasting values of the
@ manipulator. For this reason, the manipulator stops just
® before exceeding the safety range in case it moves to the
teaching point near the safety range.

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 does not approach
close to the border of the range.

Decrease the teaching speed near the border of the range.
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Confirming for Custom or Cubic

If the {Keep Robot Inside} is selected for Monitor Type, 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. 11-3: Confirming for {Keep Robot Inside}

If the {Keep Robot Outside} is selected for Monitor Type, to the walls,
move the manipulator toward all the direction where it can make approach
and check that it stops just in front of each wall (test each wall).

Fig. 11-4: Confirming for {Keep Robot Outside}
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Confirming for Plane
To the specified plane, make the manipulator approach to it. And confirm
that the manipulator stops at any three points on the plane.

Fig. 11-5: Confirming for Plane

11.4.4.3 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.

First area

Second area

b o
Area where the switching /" |

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

Fig. 11-6: Simultaneous Monitoring: Multiple Areas (Inside the Monitoring
Area + Inside the Monitoring Area)

Fig. 11-7: Simultaneous Monitoring: Multiple Areas (Inside the Monitoring
Area + Outside the Monitoring Area)
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11.4.4.4 Estimated 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.

Shape Type Monitor Type Number of Points CPU Load

Custom Keep Robot 4 10%
Inside 8 12%

16 16%

Keep Robot 3 7%
Outside 4 8%

Cubic Keep Robot - 9%
Inside
Keep Robot - 6%
Outside

Plane - - 4%

Displays the total {Estimated CPU Load} of the settings for which
monitoring is enabled. Total CPU Load should be below 100%.

Total CPU Load: 0% [gSetting CPU Load: 16%

Robot Range Limit #1: Sample Custom

Namg Enable Conditior iy

Sample Custom AlwaysON v
Action

Alarm v

Shape Type Monitor Type Ref. Coord
Custom ~ KeepRobotInside ~ Robot R

When executing the Robot range limit function even if the
total CPU load has 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 has occurred, reduce the area where the
monitoring is simultaneously validated to avoid the CPU
load from exceeding 100%.

QP
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11.4.5 Axis Range Limit

Axis Range Limit function is a function which sets each axis range of
motion for the Robot, and base 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 axis 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. And the error is notified using an alarm.

(W ' YASKAWA | - yF

Safety range

4 Ar——
Minimum value

Maximum value 2~ l
Maximum movable range/
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11.4.5.1

Condition Setting

Axis Speed Monitor #1: Sample AxisSpeedMonitor

(Name (@ Enable Condition

Sample AxisSpeedMonitor Signal v

—

@Deﬁned @Speed @Posiuon Tolerance

s O

L 30.0 °/sec

N - °/sec

R 90.0 °/sec

B O

T 150.0 °/sec
(®Speed Unit

‘/sec v

Advanced Settings N

(Psetting Activation Signal

Signal Status Condition
signal 1 SFBIN(Fieldbus)o1 ~ ~ O ON ~
() NEW SIGNAL
®output Signal
Signal Status

signal | SFBOUT(Fieldbus)01 ~ O

Robot Jog Panel A

® Name

Set Name of the setting.
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@ Enable Condition

Set Enable Condition of the setting.
In order for the change to take effect, it is necessary to complete WRITE.

Value Description

Always OFF Always disable the monitoring by the setting.

Always ON Always enable the monitoring by the setting.

Signal Change the monitoring state by referring the safety input
signal.
For the details of the safety signal usage, refer to
chapter 11.4 “Functional Safety Functions”.

® Action

Select alarm or not alarm to the monitoring result of the setting.

Value Description

Alarm Servo is turned OFF with an alarm when an error occurs
under the monitoring condition.

Status Although monitoring is performed under the condition,
alarm does not occur, and the servo is not turned OFF
even if a monitoring error has occurred.

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

A DANGER

When “Status” is set to Action, 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 NO alarm operation
(risk assessment) and take necessary measures to them.

@ Defined
Specify Enable/Disable for a target axis.

This setting is referred when the setting is enabled and is not referred
when it is disabled.

Followings show the combination of conditions.

Monitoring Status | Defined Result

Enabled Defined O
Monitoring for the target axis is
enabled.

Enabled Not Defined X

Disabled Defined Monitoring for the target axis is
disabled.

Disabled Not Defined
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® Min, Max

Values for maximum/minimum range of motion can be input for the
object axis.
As their inputting range, the position value limited by the soft limit switch of
the manipulator can be input.
This value can also be entered by jogging the Robot to the desired limit
position and pressing {@}.

Value Description
Min Expresses the minimum limited range in which an axis
moves.
Max Expresses the maximum limited range in which an axis
moves.
® Boundary

Displays whether the range of motion of the axis includes or excludes
the maximum value and/or the minimum value.
The maximum value and the minimum value of each axis can be specified
independently. To include the value in the range, displays < (IN). To
exclude the value from the range, displays < (EX).
This is set “< (IN)” as default. It can be changed by Software Pendant.

@ Reset All to Default

Reset all axes min, max value to soft limit. Range limit for all axes will
be disabled (Defined will be unselected).

Setting Activation Signal

Specify the safety input signal for enable the setting when “Enable
Condition” is “Signal”.
For the details of the safety signal usage, refer to chapter 11.4 “Functional
Safety Functions”.

© Output Signal
Specify the safety output signal for output the monitoring result.

Signal output as following.

Monitoring Monitoring Result Output
State

Disabled - OFF
Enabled All the axes monitoring is validated are inside | ON

the safety range.

Some of the axes monitoring are validated are | OFF
detected to be outside the safety range.

For some of the axes monitoring are validated, | OFF
the stop position to which coasting value is
included are detected to be in error status
when moving close to the border of the safety
range.
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11.4.5.2 Confirming the Safety Range and Starting the Axis Range Monitor

If “Always ON” or “Signal” for Enable Condition is selected, confirm that
the monitoring works correctly in the safety range as the setting.

When confirming the safety range, move the axes of the object group into
the safety range, and then enable the monitoring of the setting. If “Signal”
for Enable Condition is selected, enable the setting by selecting input
signals.

Move the axes of the object group to confirm that they stop within the
specified safety range.

Confirm by jogging whether the set area is correct.

In the functional safety function, the range of motion is
monitored by calculating the coasting values of the
@ manipulator. For this reason, the manipulator stops just
e before exceeding the safety range in case it moves to the
teaching point near the safety range.

After confirming that the object axis moves to reach the edge of the
specified safety range, select {CONFIRM} on the screen. The axis range
limit can be performed.

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 based on
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.

<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.
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11.4.6 Speed Limit

11.4.6.1 Outline of the Speed Limit

Speed Limit function is a function which monitors whether the speed of the
Robot control points do not exceed the limit or not. Monitored Robot
control points are TCP (Tool Center Point) and FCP (Flange Center Point).

Tool Center Point

When “0” is set to the speed limit, it becomes the stop position monitoring.
the stop position monitoring is performed to TCP or FCP to confirm each
point does not move.

When the speed limit function setting is enabled and in case the taught
speed is faster than the limited speed, the speed decreases. The actual
motion speed will be smaller than the limited speed for safety reason.
Once the speed is decreased, then 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 monitoring delay time and this can be set to
the Speed Limit setting.
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Fig. 11-8: Outline of Speed Limit Function

Speed A
P Monitoring Delay Time
Robot <“—>
Speed
Limit
Speed Alarm Monitoring
Period Time
>
Safety Input Signal ON
State OFE
Speed Limit ON
Enable OFE

In case an abnormality is detected, the power supply to the motor is
stopped using the machine safety, and alarm is notified. Press reset
button on the alarm notification once the abnormality is solved.

Fig. 11-9: Abnormality Detected on Speed Limit

Speed A

Limit Speed ___

Robot Speed

Time

>

Along with the above-mentioned monitoring, when it is in the MANUAL
(TEACH) mode, the speed is always monitored to be 250 mm/sec as the

MANUAL (TEACH) mode safety speed.
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11.4.6.2 Condition Setting

Contents are as following.

Speed Limit #1: Sample SpeedLimit

(DName (@ Eenable Condition o
Sample SpeedLimit AlwaysON v -
@ Speed 0.0 mm/sec
(@ Position Tolerance 20.000 mm
(®Detection Delay Time 1.00 sec
Advanced Settings v

(B)Setting Activation Signal

'l '-\
)

Signal Status Condition

signal 1 | —— - O

() NEW SIGNAL

(@output Signal
Signal Status

signal | —. ~ O

Robot Jog Panel A

® Name

Set Name of the setting.
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@ Enable Condition

Set Enable Condition of the setting.
In order for the change to take effect, it is necessary to complete WRITE.

Value Description

Always OFF Always disable the monitoring by the setting.

Always ON Always enable the monitoring by the setting.

Signal Change the monitoring state by referring the safety input
signal.
For the details of the safety signal usage, refer to
chapter 11.4 “Functional Safety Functions”.

@ Speed
Specify the speed limit to the motion speed.

When “0” is set to the speed limit, it becomes the stop position
monitoring.

When limiting speed with low speed (0.1 to 5 [mm/sec] or
0.1 to 5 [%]), even during speed limit, F-SAFETY SPEED

@ LIMIT ERROR alarms may occur due to tiny motions such
as turning ON of the servo.

When required, take measures, such as review the limit
speed, limit section, or use stop monitoring.

@ Position Tolerance

Specify the position tolerance for the stop position monitoring.
This item can be specified when “0” is set to “Speed”.

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, “Position Tolerance” 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.

® Detection Delay Time

Specify a time frame from validating the condition file to start the alarm
detection.

® Setting Activation Signal

Specify the safety input signal for enable the setting when “Enable
Condition” is “Signal”.
For the details of the safety signal usage, refer to chapter 11.4.
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@ Output Signal
Specify the safety output signal for output the monitoring result.

Signal output as following.

Monitoring Monitoring Result Output
State
Disabled - OFF
Enabled Monitored group is normal within the speed ON
limit.
Monitored group is detected the limited speed | OFF
error.

11.4.6.3 Starting the Speed Limit

Specify the speed limit function and press {WRITE]}, the speed limit
function will be enabled.

11.4.6.4 Speed Limit in MANUAL (TEACH) Mode

While the MANUAL (TEACH) mode is selected, the speed is monitored at
250 [mm/sec] for safety under the functional safety function. Unlike other
speed limit functions, this monitoring function cannot be disabled.

However, only when the full speed test is input by the external signal and
when the manual brake is released, this monitoring function will be
disabled. This allows the speed can be higher than 250 [mm/sec] even
during the MANUAL (TEACH) mode.

For the full speed test, refer to “YRC1000 INSTRUCTIONS
(RE-CTO-A221) chapter 8.26 Safety Logic Circuit”.

For the manual brake release function, refer to chapter 9.2 “Brake
Release”.

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

it operating the manipulator.

MANUAL (TEACH) mode speed limit is set in No.33 as “MANUAL
(TEACH) Mode Speed Limit”.
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In the MANUAL (TEACH) mode speed limit setting, editing parameter are
limited as following.

Speed Limit #33: Manual(Teach) Mode Speed Limit

@ @ ()
Manual(Teach) Mode Speed Limit . '
@5" iti

@D@tection Delay Time 1.00 sec

Advanced Settings v
(B)setting Activation Signal @
Signal Status Condition
1 &
() NEW SIGNAL
(Doutput Signal
Signal Status
O

Robot Jog Panel ~\

® Name

It is set as MANUAL (TEACH) Mode Speed Limit”. It cannot be
modified.

@ Enable Condition

This monitoring function cannot be disabled.
But, only when the full speed test is input by the external signal and when
the manual brake is released, this monitoring function will be disabled.

®@ Speed
It is set as 250mm/sec. It cannot be modified.
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@ Position Tolerance
It cannot be modified.
® Detection Delay Time

Specify a time frame from validating the condition of the speed limit 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.

® Setting Activation Signal
It cannot be specified.
@ Output Signal

Specify the safety output signal for output the monitoring resuilt.

11.4.7 Axis Speed Monitor

Axis speed monitor function is a function which monitors whether each
axis does not exceed the limit.

When “0” is set to the speed limit, it becomes the 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 abnormality is detected, the power supply to the motor is
stopped using the machine safety, and alarm is notified.

W YASKAWA | -

J
J

Monitors each axis _',
motion speed }
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11.4.7.1 Condition Setting

Contents are as following.

Axis Speed Monitor #1: Sample AxisSpeedMonitor

@Namr_\ @ Enable Condition (
Sample AxisSpeedMonitor Signal ¥

®efined @ speed ®puosition Tolerance

s O
L 30.0 */sec
u O - o/ se
R 90.0 */sec
8 O
T 150.0 °/sec
@Spﬁed Unit
‘/sec v
Advanced Settings )

(Psetting Activation Signal

,.h

Signal Status Condition
signal 1 SFBIN(Fieldbus)o1  ~ O o
() NEW SIGNAL
(®0utput Signal
Signal Status

signal | SFBOUT(Fieldbus)01 ~ O

Robot Jog Panel A

® Name

Set Name of the setting.
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@ Enable Condition

Set Enable Condition of the setting.
In order for the change to take effect, it is necessary to complete WRITE.

Value Description

Always OFF Always disable the monitoring by the setting.

Always ON Always enable the monitoring by the setting.

Signal Change the monitoring state by referring the safety input
signal.
For the details of the safety signal usage, refer to
chapter 11.4 “Functional Safety Functions”.

@ Defined
Specify Enable/Disable for a target axis.

This setting is referred when the setting is enabled and is not referred
when it is disabled.

Followings show the combination of conditions.

Monitoring Status | Defined Result

Enabled Defined O
Monitoring for the target axis is
enabled.

Enabled Not Defined X

Disabled Defined Monitoring for the target axis is
disabled.

Disabled Not Defined

@ Speed

To each target axis, set the upper limit of motion speed.
When “°/sec” is set as the unit of the speed, “°/sec” is used for a rotating
axis.
When “%” is set as the unit of the speed, calculate and set the upper limit
by considering the maximum speed as 100%. This unit “%” is the same as
the unit of the set value used when the target axis is independently
operated by JointMove Speed=xx%.

® Position Tolerance

Specify the position tolerance for the stop position monitoring.
This item can be specified when “0” is set to “Speed”.

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, “Position Tolerance” is specified. 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.

® Speed Unit

Specify the unit of speed in the setting.
When “/sec” is set, “/sec” is used for a rotating axis.
When “%” is set, percentage is used.
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@ Setting Activation Signal

Specify the safety input signal for enable the setting when “Enable
Condition” is “Signal”.
For the details of the safety signal usage, refer to chapter 11.4 “Functional

Safety Functions”.
Output Signal

Specify the safety output signal for output the monitoring result.

Signal output as following.

Monitoring Monitoring Result Output
State
Disabled - OFF
Enabled All monitoring axes are normal within the ON
speed limit.
Some axes are detected the limited speed OFF

error.

11.4.7.2 Starting the Axis Speed Monitor

Specify the axis speed monitor function and press {WRITE}, the axis
speed monitor function will be enabled.
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11.4.8 Tool Angle Monitor

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.

For details on Tool Angle Monitor, refer to “YRC1000 OPTIONS
INSTRUCTIONS FOR FUNCTIONAL SAFETY FUNCTION (HW1483576)
chapter 4.5 Tool Angle Monitor Function”.

To set the Tool Angle Monitor, use of the Software Pendant is required.
For the details on Software pendant, refer to chapter 12 “Software
Pendant”.

11.4.9 Tool Change Monitor

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 abnormality
when a manipulator operates when these numbers are not consistent.

For details on Tool Change Monitor, refer to “YRC1000 OPTIONS
INSTRUCTIONS FOR FUNCTIONAL SAFETY FUNCTION (HW1483576)
chapter 4.6 Tool Change Monitor Function”.

To set the Tool Change Monitor, use of the Software Pendant is required.
For the details on Software pendant, refer to chapter 12.

11.4.10 External Force Monitor

External Force Monitor function suspends the Robot according to the
external force applied to the Robot when the collaborative operation is
enabled.

External Force Monitor function monitors the external force applied to the
manipulator's TCP and each joint axis. If the external force exceeds the
limitation value that is preset, the Robot stops for protection with a
Category 2 stop. After the manipulator stops, its stopped state is
monitored by the functional safety unit to ensure that there is no motion of
the manipulator. When the collaborative operation is enabled, the
Collaborative Operation LED (green color) lights up.

Also, when the state of stop monitoring is valid, the resume switch (orange
color) which is located below the LED lights up. Press the resume button
to resume manipulator motion from the position at which the manipulator
stopped.
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Collaborative
Operation LED

¢

P

Resume Switch
(Protection stopped
by PFL)

By default, each MOTOMAN-HC10 is shipped with one external force
monitor with 100N to external force limitation value (TCP resultant force
and each X/Y/Z axis direction external force).
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11.4.10.1 Condition Setting

Contents are as following.

External Force Monitor #1: Sample Force Monitor

(DName @) Enable Condition ®

Sample Force Monitor AlwaysON  ~

(@TCP Force Limit
Direction Force

Resultant 100 N (100 - 300 N)
Fx 100 N (50- 100 N)
Fy 100 N (50- 100 N)

Fz 100N (50- 100 N)

Advanced Settings

(@Joint Torque Limit
Defined Torque

S 90.0 Nm (90 - 450 Nm)

L 90.0 Nm (90 - 450 Nm)

- 200 Nm)

- 45 Nm)

— Nm (11

- 45 Nm)

u O | g
[
=

B — Nm (10

i |m) — Nm (10
(B)setting Activation Signal ®

- 45 Nm)

Signal Status Condition

signal 1 | e v O

(®O0utput Signal
Signal Status

signal | e ~| O

Robot Jog Panel A

® Name

Set Name of the setting.
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@ Enable Condition

Set Enable Condition of the setting.
In order for the change to take effect, it is necessary to complete WRITE.

Value Description

Always OFF Always disable the monitoring by the setting.

Always ON Always enable the monitoring by the setting.

Signal Change the monitoring state by referring safety input
signal.
For the details of the safety signal usage, refer to
chapter 11.4 “Functional Safety Functions”.

® TCP Force Limit

Use this to specify the maximum value of the forces on the TCP of the
manipulator in world coordinate frame. When external force exceeds
these values, this safety monitor will get activated and will stop the
manipulator. These forces must be specified in Newtons [N]. The value
specified in {Resultant} must be greater than the maximum of X, Y, and Z
values. Most applications may need the Resultant force equivalent to X,
Y, Z forces. This value is specified as a force and in Newtons [N]
(Allowable range: 0 — 300 [N], though a value below 50N should not be
specified).

Specify Enable/Disable for a target axis.

@ Joint Torque Limit

Use this to specify the maximum value of external torques for each joint
axis of the Robot. When external torque for any of the axes that has been
set exceeds the defined value, this safety monitor will get activated and
will stop the Robot. This value is specified as a moment and in Newton-
Meters [N-m]. (The allowable range varies depending on the type of the
manipulator.)

® Setting Activation Signal

Specify the safety input signal for enable the setting when “Enable
Condition” is “Signal”.
For the details of the safety signal usage, refer to chapter 11.4.
® Output Signal

Use this to specify an output signal that will turn ON when external force
applied to the Robot exceeds the value of external force monitor.

11.4.10.2 Confirming and Starting the External Force Monitor

After the {WRITE}, External Force Monitor requires to confirm. After
confirming, press {CONFIRM}, the axis speed monitor function will be
enabled.
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11.4.10.3 Temporarily Disable All External Force Monitors

11.4.10.4 Daily Inspection

Refer to chapter 11.3.9.6 for the proper instructions to temporarily disable
PFL. Any External Force Monitor settings that are ON will be disabled
when PFL is OFF.

+ Disabling collaborative operation may cause harm to people and
should only be done after thorough risk assessment.

* When presence detection sensor is used, safety distance as per
ISO 13855 must be ensured.

Periodic Inspection of Torque Sensors

MOTOMAN-HC10 torque sensors require periodic calibration, as their
readings can drift due to environmental changes, accidental collisions
between the manipulator and its surroundings, or general misuse of the
manipulator.

One method to verify whether the manipulator’s torque sensors require
calibration is to use the Force/Torque Watch function that is accessible
through {MENU} > {Utility} > {Force/Torque Watch}. This window shows
the current and maximum readings of all joint torques and TCP forces.
Current “Joint Data” (in fig. 11-11 “Force / Torque Watch”) is most
important for torque sensor inspection purposes.
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Fig. 11-11: Force / Torque Watch

Force/Torque Watch 3% X

Current Maximum PFL Violation
[ Resultant 4.0 N 4.5 N O
Fx -2.8 N -3.1 N O
Fy 2.0 N 2.2 N O
Fz -2.2 N -2.6 N O
TCP Data
My 8.0 N-m 2.0 N-m
My 8.0 N-m 2.0 N-m
| Mz 0.0 N-m 2.0 N-m
[ s 1.4 N-m 1.7 N-m O
L 1.6 N-m 1.9 N-m O
u 1.3 N-m 1.5 N-m O
Joint Data
R 0.5 N-m 0.6 N-m O
B| -0.1Nm -0.1 N°m @)
| T 8.6 N°m 8.7 N-m @)
BROWSE USER PFL SETTINGS RESET MAXIMUM VALUE FIELDS

YASKAWA recommends maintaining a log of acceptable torque values for
a MOTOMAN-HCxx or MOTOMAN-HCxxDT installation. Any time the
user makes and verifies a change to the system (e.g. swap a tool), the
{Joint Data} values on the Force/Torque Watch window should be
recorded with the manipulator at a position convenient for the user. The
user can compare this recorded data to the “Current” values during an
inspection.

This comparison between allowable and current torque values is valid
only if the following four conditions are satisfied:

1. Tool number on the screen matches the currently installed tool
2. Accurate physical properties of the current tool are properly set

3. Posture of the manipulator during inspection matches the posture
when the “acceptable torque values” were initially recorded.
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4. Current {Joint Data} (in fig. 11-11 “Force / Torque Watch”) values do
not exceed the data found in table 11-20 “Torque Sensor Torque Value
Inspection” .

If the current joint torques values exceed one or multiple values shown in
table 11-20 “Torque Sensor Torque Value Inspection” , the error in
external force calculation increases (thereby negatively affecting PFL
functionality). Thus, a re-calibration of torque sensor offset data is
required. Refer to“Calibrating Torque Sensor Offset Data” in chapter
11.4.10.4 “Daily Inspection”.

Table 11-20: Torque Sensor Torque Value Inspection

Axis S L u R B T

Value 27.0Nem | 27.0N'm | 12.0 N°m | 3.0Nem | 3.0 Nm | 3.0 Nem

Daily inspection is recommended.

A CAUTION

If any abnormalities related to the operation of PFL function(s) occur,
calibrate torque sensor offset data.

Calibrating Torque Sensor Offset Data
1. Navigate to {MENU} > {Safety Settings} > {Torque Sensor
Calibration}.

2. Prior to performing the calibration procedure, MOTOMAN-HC10 must
be moved to a position where the gravitational torque applied to the
manipulator (e.g. by a tool or other external loads) is near zero for all
axes. The following positions shown in the fig. 11-12 “Torque Sensor
Calibration Positions” are recommended for calibration of all axes
simultaneously.

Fig. 11-12: Torque Sensor Calibration Positions

HC10 Torque Calibration Pos. 1 HC10 Torque Calibration Pos. 2
(Home Position) (U-axis: 180 degrees)
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A button-link is provided to navigate to the Move Robot screen. If the
manipulator is already at a recommended calibration position above, this
button will appear green in color.

If not at a recommended position, the {GO TO “MOVE ROBOT” SCREEN}
will be displayed in blue. Refer to chapter 4.6 “User Variables” for more
detail on how to use the Move Robot screen.

GO TO "MOVE ROBOT" SCREEN

Collaborative Robot (ex. MOTOMAN-HC10) can calibrate
the torque sensor with the tool attached. However, remove
the tool for torque sensor calibration under the following
conditions:

— The Robot cannot reach to the Torque Sensor
Calibration position with the tool attached.

i — The Robot cannot reach to the Torque Sensor

Calibration position due to the workspace limitation.
— The tool is not symmetrical.

— The tool is mounted with an offset.
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3. After moving the manipulator to a recommended position, select one of
the following methods to calibrate torque sensor offset value(s):

A. Standard Option: All Axes Update

Press the {CALIBRATE ALL TORQUE SENSORS AT CURRENT
POSITION} to update all torque sensor offset values. This method is
recommended for most cases.

B. Advanced Option: Single Axis Update

Press a {CALIBRATE AXIS} to update the torque sensor offset
values of a single axis. This method may be used when only a few axes
require calibration.

Example: If a user swaps tools for one with dramatically different physical
properties, the T-axis torque sensor may drift due to the large change of
the attached load. The geometry of this new tool may prevent the user
from moving to one of the recommended positions while attached. Thus,
a single axis calibration for the

T-axis can be performed at its zero-torque position (refer to fig. 11-12
“Torque Sensor Calibration Positions”).

@ “Advanced Options” checkbox must be checked to calibrate

axes individually.
[ _J

C. Advanced Option: Manual Update

Enter offset values manually. This method may be used if the
YRC1000 Controller or its internal boards (CPU or PFL) are replaced and
the previously recorded offset values are available.

Note: “Advanced Options” checkbox must be checked to manually edit
these values.

Fig. 11-13: Torque Sensor Calibration

Comparison Result v
Step 2: Calibrate Robot Torque Sensors
Axis Ch1 Offset Ch2 Offset Advanced Options
C r ™~ 1 B

S 16386 16387 CALIBRATE AXIS

L 16386 16387 “ALIBRATE AXIS

U 16386 16387

R 16386 16387 CALIBRATE AXIS

B 16386 16387 CALIBRATE AXIS

T 16386 1633? CALIBRATE AXIS

L i ——

0]
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11.4.11 Safety Signal

4. Any edit to an offset value will cause a “READBACK” button to appear
that allows the user to read data from both the YRC1000 and PFL
safety board. A “CANCEL” button also appears that allows the user to
abort editing.

5. Press the “READBACK”.
— A“WRITE” button and “Display” Option control will appear.

Display options are provided for viewing the readback data. These
options are:

— Edit value: shows values entered by user.

— Readback Value (PFL): shows temporary values saved on the PFL
board.

— Comparison Result: (default)

6. Check the “READBACK” result. In general, the user should only check
the “Comparison Result” to determine if all values match, meaning the
edit was successful. If the data differs, the value of the “Comparison
Result” will be displayed as “***” instead of the value. At this point, the

operator should check to see which data on which board was not

updated.
7. Press “WRITE”.

— A confirmation pop-up window will appear prompting the user to
finish the process, provided the data was updated correctly.

Functional Safety Function and Collaborative operation function can be
Enabled/Disabled by safety input signal.

Also, these functions can output the monitoring result by safety output

signal.

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

Signal

Signal Point

Note

Functional safety
general purpose

(for JANCD-ASFO02-E)
Input : 8 points/terminal

The functional safety general-purpose signal is
connected per safety circuit board.

signal Output : 8 points/terminal The number of the signals differ depending on the
(for JANCD-ASF03-E) board: e o
Input : 16 points/terminal - when connecting to “JANCD-ASF02-E”, 8 input
Output : 16 points/terminal points and 8 oqtput points .
- when connecting to “JANCD-ASF03-E”, 16 input
points and 16 output points
Safety fieldbus signal | Input : 64 points/system The safety fieldbus signal is connected per

Output : 64 points/system

system.

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

The safety fieldbus is an optional function other
than the functional safety.

Safety logic circuit
extended signal

Input : 64 points/system
Output : 64 points/system

The safety logic circuit extended signal (64 input
points and 64 output points) is connected per
system.

The output of the safety logic circuit (MS-OUT)
can be used as the input of the functional safety.
The output of the functional safety (FS-OUT) can
be used as the input of the safety logic circuit.
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If the safety fieldbus signal and the safety logic circuit signal are included,
up to 144 points can be used from one safety circuit board.

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

Followings are the safety signal available for the collaborative operation
function.

Signal Signal Point Note
PFL function signal Input : 16 points/terminal PFL function signal is connected per PFL
Output : 16 points/terminal circuit board.

11.4.11.1  Allocation of Safety Logic Circuit Extended Signal

The safety logic circuit extended signal can be used as the input signal or
the output signal of the functional safety. The number of the signal points
are 64 input points and 64 output points. These signals are shared by the
whole system and can be used from any board of the safety circuit board.

Regarding the FS-OUT (safety logic circuit functional safety output signal),
allocation of the signal and the board must be performed in advance.

To allocate Safety Logic Circuit Extended Signal, refer to chapter 11.3.4.5.

11.4.11.2 Allocation of Safety Fieldbus Signal

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.

To allocate Safety Fieldbus signal, refer to chapter 11.3.4.4.

11.4.11.3 Enable Condition of Safety Functions Setting

The setting of safety function, it can be enabled/disabled by safety input
signal when Enable Condition is “Signal”.

Judging the safety input signals are explained as following.
Setting Activation Signal

Signal Status Condition
signal 1 MSOUTO1 ~ ON v
signal 2 MSOUTO2 ~ O OFF ~
signal3  MSOUT03 ~ O OFF ~
signal4  MSOUTO04 ~| O OFF ~
signal5 | —— ~ O

The input signal is judged line-by-line.
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When performing a setting as marked with the red square, the condition of
signal 1 line is defined as satisfied. because “ON” is set to {Condition} at
the input signal {(MSOUTO01}, and ® (=ON)} is set to {Status}.

Up to 5 signals can be set to a setting (up to 4 for the tool change monitor
function).

Conditions of the lines from signal 1 line to signal 5 line are judged by the
safety input signal respectively, the setting is enabled only when all the
conditions are satisfied.

The line “----" (undefined) is disregarded for this judgement
Setting Activation Signal 5

Signal Status Condition

signal1  MSOUTO1 v ON v

signal2  MSOUT02 ~ 1O OFF v

signal3  MSOUT03 + 10 OFF v

signal4  MSOUTO4 ~ 1O OFF ~

signal5 —— ~ O

Setting Activation Signal

Signal Status Condition
signal T | MSOUTO1 ~1O ON  ~
signal2  MSOUTO02 ~ OFF
signal 3 MSOUTO3 ~ O OFF ~
signal4  MSOUT04 ~ O OFF ~
signali5 | —— ~ O

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
o 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.
Based on above mentioned judging methods, settings can be enabled/
disabled by the multi signals.

For example, there are following methods when Enable/Disable settings
by 3 signals (MSOUT1, MSOUT2, MSOUT3).

Example 1: Switching one file using 1 signal

Enable/Disable the setting individually by one signal.
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Easy to configure the simultaneous monitoring.

Setting Signal Condition Enable Condition
Setting1 MSOUT1 ON MSOUT1: @
Setting2 MSOUT2 ON MSOUT2: @
Setting3 MSOUT3 ON MSOUT3: @

Example 2: Switching multi files using 3 signals

Select one file out of several files by the condition of 3 signals.

Many files can be managed with less signals. This pattern is effective

when simultaneous monitoring is not necessary.

Setting Signal Condition Enable Condition
Setting1 MSOUT1 OFF MSOUT1: O
MSOUT2 OFF MSOUT2: O
MSOUT3 OFF MSOUT3: O
Setting2 MSOUT1 ON MSOUT1: @
MSOUT2 OFF MSOUT2: O
MSOUT3 OFF MSOUT3: O
Setting3 MSOUT1 OFF MSOUT1: O
MSOUT2 ON MSOUT2: @
MSOUT3 OFF MSOUT3: O
Setting4 MSOUT1 ON MSOUT1: @
MSOUT2 ON MSOUT2: @
MSOUT3 OFF MSOUT3: O
Settings MSOUT1 OFF MSOUT1: O
MSOUT2 OFF MSOUT2: O
MSOUT3 ON MSOUT3: @
Setting6 MSOUT1 ON MSOUT1: @
MSOUT2 OFF MSOUT2: O
MSOUT3 ON MSOUT3: @
Setting7 MSOUT1 OFF MSOUT1: O
MSOUT2 ON MSOUT2: @
MSOUT3 ON MSOUT3: @
Setting8 MSOUT1 ON MSOUT1: @
MSOUT2 ON MSOUT2: @
MSOUT3 ON MSOUT3: @

11.4.11.4 Safety Signal Output Value

The output signal outputs the status of safety or not safety over the

monitoring conditions when the setting is enabled.

A CAUTION

output signals are turned OFF.

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

11.5.1 How to Restart the YRC Controller

& CAUTION

For the human collaborative Robot (i.e. MOTOMAN-HC10), the CPU
reset function is prohibited. To restart the YRC Controller, always use
the main power switch.

To turn off and back on the power to the YRC Controller, always use the
main power switch.

Wait at least 10 seconds after turning off the main power switch until
turning it on.

11.5.2 Check Items before Operating the Manipulator

Before operating the manipulator in any mode, check the following items
carefully:

— Whether collaborative operation is enabled or disabled
Make sure that the collaborative operation enable/disable setting is
correct.

— Operation check of the PFL function
Make sure that the PFL function is correctly configured.
In particular with collaborative operation enabled (i.e., with the
collaborative operation lamp lit in green), make sure in advance that
the PFL function works correctly by adding an external force to the
manipulator.
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11.5.3 About the Behavior near Singularity

With collaborative operation enabled, the behavior of the manipulator near
singularity is limited to operating on an axis by axis basis.

An attempt to operate the manipulator along more than one axis at a time,
in any operation mode, results in AL.6002 “NEAR SINGULARITY (PFL)".

The MOTOMAN-HCxx or MOTOMAN-HCxxDT has the following three
singularities.

Singularity 1: The U-axis is at an angle within the range of 0° or 180° £15°.

Singularity 2: The rotation center of the B-axis (P-point) is near the vertical
line of the S-axis (within 300 mm).

Singularity 3: The B-axis is at an angle within the range of 0° or 180° £15°.

Table 11-21: Example of Singularity Postures

<300mm
' ’ | B-axis

WJ.*‘['

r 0°+15°
| /

® » >

180°+15°

Singularity 1 Singularity 2 Singularity 3
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11.6.1

11.6

Duplicate Data

Data Protection

The data related to the safety function is copied to the safety circuit
board’'s memory or PFL circuit board’s memory for safety.

When the control power is turned ON, check is performed to see that
duplicate data are set the same. If they are different when the control
power is turned ON, the following alarm occurs.

When there is difference in the Safety Circuit Board:

Alarm 0300: “VERIFY ERROR (SYSTEM CONFIG-DATA) [10]”
When there is difference in the PFL Circuit Board:

Alarm 0300: “VERIFY ERROR (SYSTEM CONFIG-DATA) [13]”

In the system with the functional safety function, a message “Select
‘Safety Board FLASH Reset’ in the maintenance mode” is displayed after
the following operations.

Turning ON or OFF causes error without FLASH Data Reset.

» The data related to the safety function is loaded from an external
storage in Software Pendant.

» A parameter related to the safety function is rewrote by setting
operations in maintenance mode.

» The zeroing function is performed.
* Encoder is reset

In case one of the above-mentioned operations is performed, FLASH
Data Reset is required.

In the maintenance mode, there are cases when parameters related to the
safety function are rewritten by several setting operations.

For this reason, the message “Select ‘Safety Board FLASH Reset” may
be displayed. Perform the safety board FLASH reset operation in this
case.

11.6.2 Safety Board FLASH Reset

If the following alarm occurs when the control power supply is turned ON,
Alarm 0300: “VERIFY ERROR (SYSTEM CONFIG-DATA) [10]”
Alarm 0300: “VERIFY ERROR (SYSTEM CONFIG-DATA) [13]”

perform the Safety Board FLASH RESET to reset the data of the safety
circuit board and PFL circuit board. To perform FLASH Data Reset, refer
to chapter 12.4.3.3 “Safety Board Flash Reset”.

When FLASH Data reset is required, Smart Pendant cannot
operate the YRC Controller. Use Software Pendant and
@ perform Safety Board FLASH Reset.

bd For detail on the Software Pendant, refer to chapter 12
“Software Pendant”.
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11.6.3 Verify Safety Settings (CRC)

11.6.3.1

Overview

The Cyclic Redundancy Check (CRC) is an error-detecting code that is
used for storage devices to detect accidental or intentional changes.
Specific to the YRC controller, the a CRC is added to files associated with
functional safety settings. The value for the CRC is computed based on

the contents of these files.

The CRC value, which is created based on the file data, is a fixed value

unless the contents of the file are modified.

By verifying that the CRC value has not changed, the user can confirm

that the data in the associated file has not changed.

Table 11-22: Files CRC Supports

File

File Name for External Memory
Device

Safety Logic Circuit (System)

YSFLOGIC.DAT (System)

Safety Logic Circuit (User)

YSFLOGIC.DAT (User)

Table 11-23: Additional Files CRC Supports with Functional Safety

Function Enabled

File File Name for External Memory
Device

Tool data TOOL.CND

Tool interfere data TOOLINTF.DAT

Home position calibrating data ABSO.DAT

Axis range limit data AXRNGLMT.DAT

Axis speed monitor data AXSPDMON.DAT

Robot range limit data RBRNGLMT.DAT

Speed limit data SPDLMT.DAT

Tool angle monitor data

TLANGMON.DAT

Tool change monitor data

TLCHGMON.DAT

Function definition parameter FD.PRM
System definition parameter SD.PRM
Servo parameter SV.PRM
Servo motor parameter SVM.PRM
Robot matching parameter RC.PRM
Coordinate home position parameter RO.PRM
Motion function parameter MF.PRM
Robot control expand parameter RE.PRM
Safety function parameter FMS.PRM
System matching parameter SC.PRM
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11.6.3.2 Verify Safety Settings (CRC) Screen

Verify Safety Settings (CRC) supports checking the CRC value and the
Last modified date.

File &

@,

@ EXPORT CRE
@ File
Show the setting file name.
@ CRC

CRC value calculated from file data. This value is same value as the file
transferred using the File Transfer screen. If the file has not modified since
the system started operating, “----" will be shown.

The file is usually updated simultaneously when modifying the data.
However, when performing the modification in which the Functional Safety

Board FLASH Reset is necessary, “----" will be shown, and then the value
is shown after resetting the Functional Safety Board Flash.

@ Last Modified

The last modified (edited, loaded, initialized) date and time is shown. If the
file has not modified since the system started operating, “----" will be
shown.

@ Export CRC

Export the screen contents into a text file and a screenshot in to a PNG
file. AUSB drive must be attached to the Smart Pendant for this function.
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11.6.3.3 Change of Condition File by an External Device

When using functional safety functions, the data used for the setting of
safety monitoring must not be modified by an external device. Therefore,
when loading the condition file from the external memory device, loading
is allowed only when it is confirmed that the contents of the saved file have
not been modified.

(e.g.) Tool file

//TOOL 0

///CRC 4294967294 (CRC value)

///NAME standard tool

0.000, 0. 000, O. 000, O. 0000, 0.0000, O. 0000

0.000, 0. 000, 0. 000
0.000.

0.000, 0. 000, 0. 000
0.000, 0O, 1

Since the CRC value has not been added to the file saved
@ in the system in which functional safety is invalid, the file
cannot be loaded in the system in which functional safety is

® valid
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11.7 Setting Example of the Safety Functions

11.7 Setting Example of the Safety Functions

11.7.1

Single Safety Laser Scanner to Pause Robot Motion

This is an example how to setup a single safety laser scanner to pause
Robot motion with a Functional Safety Speed Limit when a person or
object is inside the safety laser scanner area.

1.

Connect the safety output of your safety laser scanner (it is written as
OSSD etc.) to a safety relay then take the two pairs of outputs from the
safety relay and properly connect them to the YRC Controller as per
your YRC Controller's instruction manual. For this example, we will be
using the Functional Safety Board Input #1 (FSBINO1). Note that
wiring diagrams for this input may refer to the two pairs as XIN1_1-/

XIN1_1+ and XIN1_2-/XIN1_2+.

External power

supply

YRC 1000

Power supply (+)
Power supply (GND)

Expansion safety

(IM-YE250/5-80P)

XIN1_1+
XIN1__1-

terminal block board

1
2
3
4

Safety laser

scanner

Power supply (+)

Safety output 1

Safety output 2

Power supply (GND)

Safety relay

Prior to performing any changes to safety related settings, you must be
in Safety level. Press the {MENU} button on the top left and open the
{Security} screen. Select SAFETY level, enter in the current safety

passcode, and press SAVE.

a'i-i'ﬁ}q__‘ Security: Edit

11-1

)

0

{7} Home
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Security Access

@, Please select access level: i)

OPERATION EDIT MANAGEMENT

(current)

SAFETY SUPPORT

Please enter passcode:

& (A A R R R NN NN NN NRNN ]

Safety allows all Management actions in addition to
chaging Safety related settings.

3. Press the {MENU} button on the top left, select {Safety Settings}, and
select {Safety Logic Circuit}.

[_\.B Safety Settings v

Safety Logic Circuit
Safety Functions
Torque Sensor Calibration

Verify Settings (CRC)

4. Press the {Setting} on the top right, select {Signal Setting} to open the
screen.

o &

{:::} Signal Setting

{:::} Status Setting

(i) Help Info.

5. Select the {Physical Discrete Safety 1/0} tab and then select the
{FSBIN} tab. Give the FSBINO1 a relevant name such as “Laser
Scanner Detect Areat1”

Collaborative Operation

FSBINO1 MSOUT54
Laser S..t Areal Collabo..request
Activate Low Speed by Area
FSOUTO1 MSOUTS4 MSOUTO1
Low Sp..ea Out Collabo..request Low Spe...ea Act.
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6.

Once completing the changes press {READBACK]} to readback the
data. Check the readback data is correct, then press {WRITE} to save
your setting.

Press the {MENU} button on the top left, select Safety Settings, and
select Safety Functions.

@ Safety Settings v

Safety Logic Circuit
Safety Functions
Torque Sensor Calibration

Verify Settings (CRC)

Select {+ NEW SETTING]} at the top of the Safety Function Settings
screen, select {SPEED LIMIT} , then press {CREATE NEW SETTING}
to open a blank Robot speed limit

Limit/Monitor Speed

Monitors the speed of manipulator TCP (Tool Center Point) and
SPEED LIMIT its FCP (Flange Center Point) when the robot control group is
monitored.

AXIS SPEED Monitors each axis speed to be equal or slower than the
MONITOR designated speed.

Give the speed limit a relevant name such as “Area Scanner Robot
Pause”, change the speed limit to a speed of 0 mm/sec, then change
the Enable Condition to Signal in the drop-down menu.

Enable Condition ¢

Signal ~

Name

Area Scanner Robot Pause

Position Tolerance 20.000 mm

Detection Delay Time 1.00 sec

10. After changing the Enable condition to Signal, the “Advanced Settings”

screen will pop-up and you can select a signal for your “Setting
Activation Signal” drop-down.

Advanced Settings e

Setting Activation Signal 6

Signal Status Condition

signal1 | —— ~| O !

(1) NEW SIGNAL
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11. Select the “Physical Discrete Safety I/O” tab and choose the input
where your area scanner is wired. For this example, the area scanner
is wired into FSBINO1. After selecting your area scanner input press
the Select button. Please note that depending on your area scanner's
polarity you may have to change the activation condition from the
default “ON” to “OFF” next to the signal name.

Setting Activation Signal : Signal 1 X

Select Safety Signal

Physical Discrete Fieldbus Virtual Discrete
Safety I/0 Safety 1/0 Safety /0
Signal Status Name
FSBINO1 Ll Laser Scanner Detect Areal
FSBINO2 B Resume Switch for PFL

12. Once you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

13. You are now complete and the Robot will stop all motion while
someone is within the area scanner range.

11.7.2 Single Safety Laser Scanner to Activate Collaborative Operation

This is an example for collaborative operation of HC10 Robot where a
single safety laser scanner is used to activate the collaborative operation
mode when a person or object is inside the safety laser scanner area.

1. Connect the safety output of your safety laser scanner (it is written as
OSSD etc.) to a safety relay then take the two pairs of outputs from the
safety relay and properly connect them to the YRC Controller as per
the controller's instruction manual. For this example, we will be using
the Functional Safety Board Input #1 (FSBINO1). Please note that
wiring diagrams for this input may refer to the two pairs as XIN1_1-/
XIN1_1+ and XIN1_2-/XIN1_2+.

External power Safety laser
supply scanner
Power supply (+) Power supply (+)
Power supply (GND) Power supply (GND)
Safety output 1

Safety output 2

YRC 1000

Expansion safety . 4
terminal block board ‘:}J
(IM-YE250/5-80P)

XIN1_1+ 1 =
XN1_1- 2
XIN1_ 2+ 3
XIN1_2- 4

Safety relay
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2. Press the {MENU} button on the top left, select {Safety Settings}, and
select {Safety Logic Circuit}.

@ Safety Settings v

Safety Logic Circuit
Safety Functions
Torque Sensor Calibration

Verify Settings (CRC)

3. Press the {Setting} on the top right, select {Signal Setting} to open the
screen.

o e

§ob  Signal Setting

§3%  Status Setting

I Help Info

4. Select the {Physical Discrete Safety I/O} tab and then select the
{FSBIN} tab. Give the FSBINO1 a relevant name such as “Laser
Scanner Detect Areat”

Signal Setting X
Physical Discrete Fieldbus Virtual Discrete Other
Safety I/0 Safety I/O Safety 1/0 1/0 Signals
FSBIN FSBOUT
Signal Status  Name Enabled
FSBINO1 O Laser Scanner Detect Areal | Enabled
FSBINO2 @) Resume Switch for PFL Enabled

5. Close the signal setting screen by pressing {X} button on the top right.

6. Set the input relay to FSBINO1, and the output relay to MSOUT54.
Please note that this setting is same as factory default. Depending on
your laser scanner's polarity you may have to change the input relay to
“Normally Open”, or “Normally Closed”.

Collaborative Operation

FSBINO1 MSOUTS54
Laser S_t Areal Collabo. request

7. Once you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

8. You are now complete and the Robot will be collaborative operation
mode while someone is in the area scanner range.
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A CAUTION

When switching from collaborative operation disabled (muting) to
collaborative operation enabled, there is a delay of about 1000 ms until
the signal input actually switches.

A DANGER

With collaborative operation disabled, the manipulator may harm
workers. Implement sufficient risk assessment before disabling
collaborative operation.

Whenever you use a presence detection sensor, ensure the safety
distance based on ISO13855.

11.7.3 Reduce the Robot Speed by Robot Position

This is an example to reduce the Robot speed by the speed limit function
when the Robot move into an area which is defined by Robot range limit
function.

1. Press the {MENU} button on the top left, select {Safety Settings}, and
select {Safety Logic Circuit}.

@ Safety Settings v

Safety Logic Circuit
Safety Functions
Torque Sensor Calibration

Verify Settings (CRC)

2. Press the {Setting} on the top right, select {Signal Setting} to open the
screen.

o &

Signal Setting

‘Zé} Status Setting

( i.' Help Info

3. Select the {Physical Discrete Safety 1/0} tab and then select the
{FSBIN} tab. Change {Output From} to “Safety Setting(F-SAFE #1)".

Signal Setting X
Physical Discrete Fieldbus Virtual Discrete Other
Safety 1/0 Safety I/O Safety I/O 1/0 Signals
FSOUT MSOUT
Signal Status  Name Qutput From
FSOUTO1 O Safety Settings Logical Output 1 [ Safety Settings(F-SAFE #1) V|

FSouT02 f 5 | e
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4. Once you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

5. Press the {MENU} button on the top left, select Safety Settings, and
select Safety Functions.

@ Safety Settings v

Safety Logic Circuit
Safety Functions
Torque Sensor Calibration

Verify Settings (CRC)

6. Select {+ NEW SETTING} at the top of the Safety Function Settings
screen, select {ROBOT RANGE LIMIT}, then press {CREATE NEW
SETTING} to open a blank Robot range limit.

Limit Motion
ROBOT RANGE Monitors the manipulator arm or its tool to be in the designated
LIMIT safety area.
AXIS RANGE Monitors each axis angle to be equal to or in the designated

LIMIT safety area.

7. Give the Robot range limit a relevant name such as “Low Speed Area”.
Change the {Action} to “Status” to mute the alarm even if the Robot
move into this area. Change the shape type to cubic for this example.
Change the {Monitor Type} to “Keep Robot Outside”. If you select
“Keep Robot Outside”, outside of the specified will be defined as safe
area, you can detect the Robot entering the area. Change X,Y,Z of the
Point 1 and Point 2 to specify the area for reducing the Robot speed.

Name Enable Condition i

Low Speed Area AlwaysON ~

Action

Status

Shape Type onitor Type Ref. Coord

Cubic . KeepRoEotOutside ~ | Robot ~

Point X Y z
1 500 mm -1000 mn omn |
2 1000 nm 1000 mn 500mn | ©

8. After changing the Action to Status, the “Advanced Settings” screen
will pop-up and you can select a signal for your “Output Signal” drop-
down.

9. Select the “Virtual Discrete Safety 1/0” tab and choose the FSOUTO1.

10. Once you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

11. Confirm the output signal is changed by Robot position as specified
area. After confirmed, press {CONFIRM}.

12. Press the {MENU} button on the top left, select {Safety Settings}, and
select {Safety Logic Circuit}.

13. Select {+ NEW LOGIC} at the top of the Safety Logic Circuit screen.
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14. Give the setting a relevant name such as “Activate Low Speed by
Area”. Change the input relay to FSOUTO01 as Normally Closed, and
the output relay to MSOUTO01. By this setting, MSOUTO01 will be ON
when the Robot enter the specified area.

Activate Low Speed by Area

FSOUTO1 MSOUTO1

/I

Low Sp..ea Out

15. Once you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

16. Press the {MENU} button on the top left, select {Safety Settings}, and
select {Safety Functions}.

17. Select {+ NEW SETTING} at the top of the Safety Function Settings
screen, select {SPEED LIMIT} , then press {CREATE NEW SETTING}
to open a blank Robot speed limit.

Limit/Monitor Speed

Monitors the speed of manipulator TCP (Tool Center Point) and
SPEED LIMIT its FCP (Flange Center Point) when the robot control group is
monitored.

AXIS SPEED Monitors each axis speed to be equal or slower than the
MONITOR designated speed.

18. Give the speed limit a relevant name such as “Low Speed Area Speed
Limit”, change the speed limit to a speed of 50 mm/sec for example,
then change the {Enable Condition} to “Signal” in the drop-down

menu.
Name Enable Condition @
Low Speed Area Signal ~
Detection Delay Time 1.00 sec

i

19. After changing the Enable condition to Signal, the “Advanced Settings’
screen will pop-up and you can select a signal for your “Setting
Activation Signal” drop-down.

Advanced Settings e

Setting Activation Signal 6

Signal Status Condition

signal1 | —— ~| O !

(1) NEW SIGNAL
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20. Select the “Virtual Discrete Safety I/O” tab. Choose the MSOUTO01
which is connected from FSOUTO01 in Safety Logic Circuit.

Setting Activation Signal : Signal 1 X

Select Safety Signal

Physical Discrete Fieldbus Virtual Discrete
Safety I/0 Safety 1/0 Safety I/0
Signal Status Name
MSOUTO1 Ll Safety Logic Circuit Logical Output 1
MSOUT02 B Safety Logic Circuit Logical Output 2

21.0nce you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

22.You are now complete and the Robot will reduce the speed while
someone is within specified area.

11.7.4 Reduce the Robot Speed by Robot Position only when Collaborative Operation Mode

For collaborative operation Robot such as HC10, this is an example to use
safety laser scanner to activate the collaborative operation mode when a
person or object is inside the safety laser scanner area. Also, reduce the
Robot speed by the speed limit function when the Robot moves into the
area which is defined by Robot range limit function. However, Robot will
move at high speed even if the Robot is in the specified area when the
Robot is not in collaborative operation mode.

1. Refer to chapter 11.7.2 “Single Safety Laser Scanner to Activate
Collaborative Operation”, and chapter 11.7.3 “Reduce the Robot
Speed by Robot Position”, to complete the setup.

2. In Safety Logic Circuit,add MSOUT54 as AND in the line that output to
MSOUTO1.

Collaborative Operation

FSBINO1 MSOUTS54

Laser S..t Areal Collabo..request

Activate Low Speed by Area

FSOUTO1 MSOUTS4 MSOUTO1
Low Sp...ea Out Collabo..request Low Spe...ea Act.

3. Once you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

4. You are now complete and the Robot will reduce the speed while
someone is within specified area only when collaborative operation
mode.
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11.7.5 Add the Resume Switch for Collaborative Operation

For collaborative operation Robot such as HC10, this is an example to
add the customer's resume switch in addition to the resume switch on the
Robot.

1. Connect your push button switch to the YRC Controller. For this
example, we will be using the Functional Safety Board Input #2
(FSBINOQ2). Please note that wiring diagrams for this input may refer
to the two pairs as XIN1_1-/XIN1_1+ and XIN1_2-/XIN1_2+.

YRC1000

11
Safety Terminal Block Board

(IM-YE250/5-80P) Push Button Switch

XIN.2 1+ s l

XIN 2 1- ¢ § ]
XIN 2 2+ 7 :
XIN 2 2- g by ]

2. Press the {MENU} button on the top left, select {Safety Settings}, and
select {Safety Logic Circuit}.

@ Safety Settings v

Safety Logic Circuit
Safety Functions
Torque Sensor Calibration

Verify Settings (CRC)

3. Press the {Setting} on the top right, select {Signal Setting} to open the
screen.

o e

§3%  Signal Setting

§3%  Status Setting

I Help Info

4. Select the {Physical Discrete Safety I/O} tab and then select the
{FSBIN} tab. Give the FSBINO2 a relevant name such as “Resume

Switch”
Signal Setting X
Physical Discrete Fieldbus Virtual Discrete Other
Safety I/0 Safety I/0 Safety /0 1/0 Signals
FSBIN FSBOUT

Signal Status  Name Enabled

FSBINO1 O Laser Scanner Detect Areal Enabled

FSBINO2 O I Resume Switch for PFL I Enabled

5. Close the signal setting screen by pressing {X} button on the top right.

6. Select {+ NEW LOGIC} at the top of the Safety Logic Circuit screen.
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7. Give the setting a relevant name such as “Resume PFL”. Change the
input relay to FSBINO2 as Normally Closed, and the output relay to
MSOUTS57.

8. Once you have completed your changes press {READBACK]} to
readback the data. Check the readback data is correct, then press
{WRITE} to save your setting.

FSBINO2 MSOUTS7
Resume...or PFL Resume ..r User)

9. You are now complete and Robot will resume operation by pressing
the push button switch.
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12 Software Pendant

12.1 Introduction

12.1.1 Overview of Software Pendant

The Software Pendant application software provides supplementary
functions for using the Smart Pendant with the YRC Controller. The
Software Pendant application should be installed on a Windows PC.

To connect the Software Pendant, the YRC Controller must
meet the following conditions:

— The communication between the Smart Pendant and
the YRC Controller is disconnected by switching the

YRC Controller mode to REMOTE using key switch
@ on Smart Pendant.

* — When the Smart Pendant is not connected, the Smart

Pendant safety signal short circuit connector is
connected.

LAN interface is set up according to the chapter 12.3
“Connection Process”.

12.1.2 Functions
The Software Pendant should be used for the following functions:
— Variable Allocation
— Functional Safety Unit Settings
* Tool Angle Monitor
* Tool Change Monitor
— Safety Logic Circuit
— Safety board and PFL board flash reset
— Position Limit Setup
— Installation Angle
— 1/O Allocation
— CMOSBK Load (Restore function for CMOS backup)
— All maintenance mode functions

When the Software Pendant is connected to the YRC Controller, jogging
of the manipulator is not allowed from the Software Pendant. Playing a
JOB is also not allowed from the Software Pendant. However, if a JOB is
playing, Smart Pendant can be switched to REMOTE mode and Software
Pendant can be connected. The job will continue to play.

@ The {SERVO ON/OFF} on the Software Pendant is disabled
if the Smart Pendant option installed.
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While the Software Pendant is connected to the YRC Controller,
communication between the YRC Controller and Smart Pendant is
disconnected. Therefore, the manipulator cannot be jogged by the Smart

Pendant.
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12.2 Software Pendant Installation

12.2.1 Export Software Pendant Application from Smart Pendant

The Software Pendant application installer is stored internally on the
Smart Pendant. This installer file can be exported to a USB drive using
the following steps:

1. Navigate to {Menu}>{System Settings}>{General}.

2. Switch operation mode to MANUAL (TEACH).

3. Insert a USB drive with sufficient free space in to the Smart Pendant.
4

. Toward the bottom of the {General Settings} screen is an {Export}
under {Bundled Resources}. Select the check box for “Software
Pendant” Application and then press the {Export} as shown below:

Bundled Resources

[ pocumentation ‘Software Pendant” Application [ Licenses

5. The Software Pendant installer will be copied to the USB drive.
6. Remove the USB drive and then use it to install Software Pendanton a
PC as described in the next section.
12.2.2 Install Software Pendant for YRC Controller on PC
1. Open folder “Pendant\SoftwarePendantinstall\YRC controller”.
2. Select and double-click “setup.exe”.

-;:) setup.exe 8/28/2017 3:05 PM Application

i3 SwpSetup.msi 8/28/20173:05PM  Windows Installer ...

3. Follow the instructions: press “Next”.

) SoftwarePendant YRC

Welcome to the SoftwarePendant_YRC Setup
Wizard

The installer will guide you through the steps required to install SoftwarePendant_YRC on your
computer.

WARNING: This computer program is protected by copyright law and international treaties.
Unauthorized duplication or distribution of this program, or any portion of it, may result in severe civil
of criminal penalties, and will be prosecuted to the maximum extent possible under the law.

Cancel Back Next >
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4. Review the License Agreement: choose “| Agree”, and then select
“Next”.

EJ SoftwarePendant_YRC = 5!
License Agreement (r)

Please take a moment to read the license agreement now. If you accept the terms below, click "1
Agree”, then "Next"”. Othemwise click "Cancel”,

Software License Agreement -

Name of the software : Software Pendant
Licensed number : 1

Please carefully read this Agreement before installing or

using this software.

Yaskawa Electric Corporation ( hereinafter referred to as

“"YEC” ) shall license the non-transferable and non-exclusive -

) | Do Not Agree @ | Agree

Cancel | [ <Back | [ New> |

5. Choose the installation folder and select the user, then click “Next”.

% SoftwarePendant_YRC == Sg
&
é‘b o
_y

Select Installation Folder

The installer will install SoftwarePendant_YRC to the following folder.
To install in this folder, click "Next". To install to a different folder, enter it below or click "Browse".

Folder:

C:\Program Files (=86)\YASKAWANS oftwarePendant_YRC\ Browse...
[ bmcon |

Install SoftwarePendant_YRC for yourself, or for anyone who uses this computer:

@ Everpone

' Just me
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6. Confirm the installation.

1) SoftwarePendant_YRC

Confirm Installation

The installer is ready to install SoftwarePendant_YRC on your computer,

Click "Mext'" to start the installation.
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12.2.3 Network Configuration

To connect the Software Pendant to the YRC1000, communication must
be allowed through the PC’s Windows Firewall.

1. Click “Windows Firewall” from “Control Panel”.

o » Control Panel » All Control Panel hems » Windews Firewall Search Contrel Ponel

Centrol Panel Home

Help protect your computer with Windows Firewall

Allow a program or feature Windows Firewall can help prevent hackers or malicious software from gaining access to your computer
through Windews Firewall through the Internet or a netwark,

® Change netification settings How does a firewall help protect my computer?

!," Turn Windows Firewall on or What are network locations?
Fi ¥ i 3
B Restore defaults 0 or your secunty, some settings are managed by your system administrator.
9 Advanced settings . -
Domain networks Connected (&)
Troubleshoot my netwark a
Metworks at a workplace that are attached to 2 domain
Windows Firewall state: On
Incoming connections: Block all connections to programs that are nat on
the list of allowed programs
Active domain networks: B sdmotoman.com
Metification state: Netify me when Windows Firewall blocks & new
program
l & Home or work (private) networks Mot Connected (¥
. a Public networks Not Connected (%)
See slso
Action Center

MNetwork and Sharing Center

2. Click “Allow a program or feature through Windows Firewall”, and
check “YPP” programs to get through the firewall.

- = - == _ )
M - LS

vl‘ « |WmduwsF|rewalL | | Allowed Programs - |&,' [ Search Control Panet P

3 e e = e —_— _— - =

Allow programs to communicate through Windows Firewall
To add, change, or remove allowed programs and ports, click Change settings.

What are the risks of allowing 2 program to communicate? ¥ Change settings
@b For your security, some settings are managed by your system administrator.

Allowed programs and features:

Name Domain Home/Work (Pri... Public Group Policy *

[ Windows Media Player Network Sharin.. [ o [m] No

[ Windows Media Player Network Sharin... m] a o No

[ Windows Peer to Peer Collaboration Fo... () o m] No

[0 Windows Remote Management m] a [u] Ne

[ Wireless Portable Devices o =] =} No

[ XLRCSRepent(TCP) a =] ) No

[ YppMain =) =] =) Ne

M YppMain = ) Ne E

[ YppMain DNPP_1.00 =] =) No =
[ petsis.. ]

([ Dets. ]
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12.3 Connection Process

12.3.1 Wiring

Use an LAN cable to directly connect the network port on the PC to the
LAN2 ethernet port (CN106) on the YRC1000 or the LAN ethernet port on

the YRC1000micro.

Fig. 12-1: YRC1000 (LAN2 (CN106) Connector)

CPU board .

JANCD-ACPO1-E

(CN107)
LAN3

(CN106)

(

(S1)
Rotary switch

$CN112)
/O I/E

(Communication with optional 1/0)

(CN105)
LAN1
for programming pendant Robot IF board
JANCD-AIF01-cE
7 |Battery
(CN104) (back side)
2 PCleSlots
(CN103)
RS232C/422
(CN102)
USB
(CN101) =L
CPS input connector it 124
(CN111) il
Control communication connector
(Communication with
servo control board/safety circuit board) L o /[
Sensor board slot Ground terminal,
Fig. 12-2: YRC1000micro (LAN Connector)
LAN
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12.3.2 IP Setting

Change the IPv4 address of the computer to match the IP address of the
YRC Controller. The IP address of LAN2 of YRC Controller can be viewed

on the Smart Pendant as described in chapter 8.6 “Network”.

1. Enter “Network and Sharing Center” through the Control Panel

@Ov|# » Control Panel » Network and Internet » Network and Sharing Center

Control Panel Home ’ . : . -
View your basic network information and set up connections
Manage wireless networks .- e q See full map
[ b
Change adapter settings
AXDEMO1 Multiple networks Internet
Change advanced sharing (This computer)
settings 3 . X
View your active networks Connect or disconnect
r METEs Access type: Internet ]
: " ; Connections; «W Wireless Network Connection
Work network L
(MotaoTexas)
ﬁ Unidentified network Access type: No network access
Public network Connections: &7 Loopback

2. Click the “Change adapter settings” on the left and double click the
“Local Area Connection”.

l-h Local Area Connection
ot Network cable unplugged

= N =l Lot h
ﬁ 4~ Realtek PCle GBE Family Controller

3. In the Local Area Connection Properties window, choose “Internet
Protocol Version 4 (TCP/IPv4)”, and click “Properties”.
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;J, Local Area Connection Properties 25

Metworking ]Sharing

Connect using:

li:" Realtek PCle GBE Family Controller

Configure...

%Vinual Machine Network Services -
v %OUS Packet Scheduler

J%I,File and Printer Sharing for Microsoft Networks
< Internet Protocol Version 6 (TCP/IPvE) [
¥ i Internet Protocol Version 4 (TCP/IPv4} |=
< Link-Layer Topology Discovery Mapper IO Driver

This connection uses the following items:

¥ .. Link-Layer Topology Discovery Responder -
« | T | »

Install... I l Uninstall I l Properties
Description

Allows your computer to access resources on a Novell network.

OK I [ Cancel

4. Choose “Use the following IP address”, and change subnet mask to

the value shown on Smart Pendant as described in chapter 8.6
“Network”. For IP address of the PC, use the same first three values
as the YRC Controller. For the fourth value, select a number different
from the YRC Controller. For example, if the YRC Controller LAN2
network setting is:

YRC IP Address: 192.168.255.1
YRC Subnet mask: 255.255.255.0

The PC network settings should be as follows:

PC IP Address: 192.168.255.[2 to 254]
PC Subnet mask: 255.255.255.0

@ The last number of the IP address of the computer must be

different from the last number of the IP address of the
e YRC1000 LAN2 and YRC1000micro LAN.
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=5
&3

Internet Protocol Version 4 (TCP/IPv4) Properties : ba

il

General |

You can get IP settings assigned automatically if your network
supports this capability. Otherwise, you need to ask your network
administrator for the appropriate IP settings.

(") Obtain an IP address automatically

(@) Use the following IP address:

IP address: 192 . 168 .255 . 2
Subnet mask: 255 .255.255 . 0
Default gateway:

Obtain DNS server address automatically

(@) Use the following DNS server addresses
Preferred DMNS server:

Alternate DNS server:

| | Wvalidate settings upon exit Akt

l OK H Cancel I

12.3.3 Startup of Software Pendant

1. Startup the “Software Pendant”. The “Safety Precautions” window
appears, and the user should click “agree” all precautions listed are
agreed upon.

Listed belom safety precautions when uzing a Software pendant. Read this precautions
carefully and be sure to understand its contents before handling the Software pendant,
In order to uze the Software pendant, vou must agree to the following notes.

1 Befare uzing the Software pendant, confirm that no perzon iz prezent in the working -
envelope of the manipulator and that you are in a safe location. Injury may result if
aryone enters the working envelope of the manipulator during operation.

2 Before uzing the Softmare pendant, prepare the emergency stop buttons can turk the | =
zervo power OFF Wire the external emergency stop sienal of YRG 1000 contraller to the |
emergency stop buttons Before operating the manipulator, check that servo is turned off |1
when the emergency stop buttons are pressedWhen the servo power is turned off, the
SERWO OM digplay on the Software pendant is turned off Injury or damage to machinery
may result if the emereency stop circuit cannot stop the manipulator during an

?mergency. The manipulator =hould not be uzed if the emereency stop buttonz do not
unction.

o

agree dizagres
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2. Click “Connect’ in the programming pendant startup window.

Special Mode

Programming Pendant Startup

Press “Conrest” button to establish
communication with the controller.

3. Select the IP Address of the YRC Controller the user wants to connect

to.

B vpp

A

Select Controller

RC Name i

IP Address ! RC Status !Oonneot
YRC1000

15921682551 rormal

connect

(LS

‘ Search ‘ Connect
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4. Change the YRC Controller mode to REMOTE using the physical key
switch on the Smart Pendant.

5. Click “Connect”.
B vpp

(- Ry =™

Select Controller

RC Name | IF Address l RC Status lOonneot
YRC1000 1921682551

rormal conrect

< 1 | 3

‘ Search i ‘Connect ! ‘ Back i

6. Verify Software Pendant is connected on Smart Pendant.
Once Software Pendant successfully connects to the YRC Controller,
the following message will appear on the Smart Pendant.

"Software Pendant" Connected

"Software Pendant" is connected to the controller
and Smart Pendant use has been disabled.

Once the "Software Pendant" disconnects, you can
reconnect Smart Pendant and resume use.
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B SWP Ver.1.4.0.0 : YRC1000

7. The programming pendant screen and the keyboard display will

appear on PC once the Software Pendant has successfully connected

to the YRC Controller.

Main Menu

Please select a Main Meru.

\U&Sl(ﬂﬁﬁhh
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12.4 Software Pendant Function

12.4.1 Screen & Keyboard Function Locations
There are 6 areas on the Software Pendant screen:
— Pendant Switch Area
— Main Menu Area
— Menu Area
— Status Display
— General-Purpose Display Area

— Human Interface Display Area

Pendant

Switch e
Area

Status Displa

Menu Area

:RESET_VARIABLE
0003 FOR 1100 =0 T0 3
0004 CALL JOB:GRASP_WORKPIECE
1005 SFTON P100 RF
0008 CALL JOB:PALLETIZE_WORKPIECE
0007 SFTOF

0008 0002 MOYJ YJ=100.00 N General_PurEose

0009 ACD P100 P101 -

0010 ING 1101 Display Area
Main Menu 0011 IFC 110155 ) THEN

0012 ING 1102

0013 SET 1101 0

0014 SET P100 P106

Human Interface
Display Area

As Software Pendant is typically used for setting values in functions, the
following keys will be used frequently: Cursor Key, Select Key, Enter Key,
and Numeric Keys.

Select Ke
Cursor Key y

Numeric Keys

Enter Key
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12.4.2 Pendant Switch

The Operation Mode of Software Pendant must be selected carefully

when using Software Pendant.

— MANUAL (TEACH) Mode: Editing is allowed on the Software
Pendant.

— AUTOMATIC (PLAY) Mode: Editing is not allowed.
— REMOTE Mode: If Teach Mode is selected on the Smart Pendant,

settings can be edited only on the Smart Pendant (and not Software

Pendant).

& CAUTION

While the Smart Pendant screen displays “Software Pendant
Connected”, the manipulator cannot be stopped by using [PAUSE].
To stop the manipulator's operation, press the Emergency Stop
button.

While the Smart Pendant screen displays “Software Pendant

Connected”, the mode of the YRC Controller cannot be changed by

using the Mode Switch. To change the mode of the YRC Controller,
disconnect the Software Pendant and connect the YRC Controller
and the Smart Pendant. When reconnecting the Smart Pendant,
turn the Mode Switch to the same mode as the YRC Controller, and
then press {RECONNECT} on the Smart Pendant screen.

12.4.3 Settings on Software Pendant

The following examples of Software Pendant use are provided:

— Security Mode Change
— Safety Logic Circuit Editing
— File Transfer

— Safety Board Flash Reset

12-15 HW1485509

463 of 493



HW1485509

12 Software Pendant
12.4 Software Pendant Function

12.4.3.1  Security Mode Change

The security mode setting of Software Pendant independent of Smart
Pendant. To change the security mode through the Software Pendant:

1. Select “SYSTEM INFO” from the Main Menu, and then select
“SECURITY”.

OPERATION MODE
EDITING MODE
WMANAGEMENT MODE
SARETY WODE
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3. Enter the respective password for the target security mode.

SECURITY

MODE l

Current Password-=

The default password for the security mode are:
— Editing Mode: 0000000000000000 (16 digits of 0)
— Management Mode: 9999999999999999 (16 digits of 9)
— Safety Mode: 5555555555555555 (16 digits of 5)

12.4.3.2 Safety Logic Circuit Editing

The Safety Logic Circuit is used to design FSU/PFL function details and to
edit the logical relationship of various safety signals.

1. Change the security mode to Safety Mode, and the operation mode of
the Software Pendant to Teach Mode.

REMOTE

-

PLAY

7o)

2. Select “SAFETY FUNC.” On the main menu, and then select
“SAFETY LOGIC CIRCUIT".

OUTPUT

COoO0Oo0o00oC0o0o0o0
CoO0Oo0o00oC0o0o00

Main Menu
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3. Select the block, and a drop-down menu will appear to allow the user
to choose a signal, condition, or logic relationship. The circle next to
each signal will indicate the signal status: filled circle is ON, and empty
circle is OFF.

SAFETY

LOGIC CIRCUIT STS @ DONE
THPUTT LOGIC
i

I T‘-lF'I___ITE

OuUTPUT

EXESP

#1 GSINLx]

#1 GSOUTLx]
HOLD

MS-0UT xx]

#1 ONENLx]

PBESP
PLAY

PPDSH

PPESP
AUXILIARY RELAY (RLxxx])
REMOTE
S-EXDSH

S-EXESP

S-FST

LoD oD D D D D
SrsEGHs GrlRe s iGne Basg

#1 S-ONEN[x]

The standard expression of the safety logic circuit is:

(Condition) (Input Signal 1) And/Or (Condition) (Input Signal 2) => Output

Signal

: DOME

SAFETY LOGIC CIRCUIT

INPUTZ OUTPUT
001] i O MS-00T8d | @
002 [ NOT|FS-0UT0T | © R0 O
003 [ F5-00T02 | @ RO0Z @
004 [ ROG2 @ i FFLINGZ | @
005 | [[#1 PFLINO2 i O Ws-00T02 | @
008 [ [[#1 FSBINOT FS-00T03__|O 1 PFLINO3 | O
007 | [[#1 PFLINO3 O W-00T03 | O
008 [ @] O

See the safety logic circuit above as an example.

In line 001, “#1 FSBINO2” is the safety input signal 2 from the safety
board, and “MS-OUT54” is the PFL function trigger. So, line 001 means
that when safety input signal 002 is ON, the PFL function will take effect.

For more detail on the Safety Logic Editor please refer to the
INSTRUCTIONS of the YRC Controller
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12.4.3.3 Safety Board Flash Reset

If the following alarms occur when control power is turned ON, perform the
following operations to reset the data of the safety circuit board and PFL
circuit board.

» Alarm 0300: “VERIFY ERROR (SYSTEM CONFIG-DATA) [10]
» Alarm 0300: “VERIFY ERROR (SYSTEM CONFIG-DATA) [13]

The Safety Board Flash Reset can only be performed in maintenance
mode.

1. Inthe Start Window (close the software and restart, if software pendant
is already connected to the YRC Controller), select the “Special
Mode”, and click “Maintenance Mode”.

A

Spedial Mode Japanese

Special Mode

Select startup mode.

Maintenance hMode

2. Select {SYSTEM} under the Main Menu, and then select {SECURITY}
to change the security mode to the safety mode.

(B SWP Ver.1.4.0.0: YRC1000 L= B sEg)

. TING MODE

SECURITY
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3. Select “FILE”, and then “INITIALIZE” under the Main Menu
— The “INITIALIZE” window appears.

JOB

INITIALIZE

H ESYSTEM DATA
BWFunctional Safety Related Files
WSafety Board FLASH Erase
MSafety Board FLASH Reset

4. Move the cursor to the “Safety Board FLASH Reset” in the Initialize
window, and press {SELECT}.

— The dialog box “Reset? displays
INITIALIZE

OJOB

OFILEAGENERAL DATA

CIPARAMETER

OI/0 DATA

CISYSTEM DATA

OFunct ional Safety Belated Files

OSafety Board FLASH Erase
Safety Board FLASH Reset

O30Graphics Robot Model Reset

5. Click “YES” to confirm.
— The data of the safety circuit board is re-set.

— Afew seconds later, a beep sounds, and the data setting is
complete.

Al COF ILE/GENERAL DATA
CIPARAMETER:

Reset?

YES NO
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6. Perform a PFL FLASH Reset (Safety FLASH Reset) if the YRC
Controller supports the collaborative operation function.

7. Turn control power OFF and back ON when the Safety Board FLASH
Reset is complete.

12.5 Changing IP address of the YRC Controller

The default IP address of the YRC Controller must be changed to connect
the YRC Controller to the customer facility network. The YRC Controller
network setting procedure is described in chapter 8.6.4 “Setting IP
Address”.

12.6 Connect the Software Pendant to the YRC Controller
using Wireless (Wi-Fi)

To connect the Software Pendant (PC) to the YRC Controller wirelessly:
1. Set up the Wi-Fi connection to the PC

2. Connect the YRC Controller (CN106) to the Wi-Fi router using a LAN
cable

3. Match the IP address of the YRC Controller and the computer to the
Wi-Fi router setting
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13 External Memory Device

13.1 Memory Device

Memory devices allow operators to save and load data such as jobs and
parameters. The following memory devices can be used with the YRC
Controller.

— USB memory stick to Smart Pendant
(The Smart Pendant is equipped with a connector.)

— USB memory stick to the YRC Controller
(The CPU board (JANCD-ACPO01) is equipped with a connector.)

13.1.1 USB Memory Stick

The Smart Pendant and CPU board (JANCD-ACPO01) is equipped with a
USB connector. Use the FAT16 or FAT32 formatted USB memory stick for
the CPU board, and use the FAT32 formatted USB memory stick only for
the Smart Pendant.

13.1.2 Recommended USB Memory Stick

Refer to chapter 9.1.2 “Device” of the INSTRUCTIONS of the YRC
Controller for recommended external memory devices to use with YRC
Controller.

13.1.3 Notes on Handling USB Memory Stick

— Do not drop or bend or apply any electric shock or strong force to
the USB memory stick.

— Keep away from water, oil, organic solvent, dust, dirt, and other
potential contaminants.

— Do not use or keep the USB memory stick in places where strong
static electricity or electronic noise may occur.

— Do not insert or remove the USB memory stick or turn the power
OFF when reading or writing from the USB memory stick.

— To protect data, back it up regularly on other media. This will
minimize damage to or loss of data due to operation errors and
accidents.

*USB memory sticks have a limited life span, which varies by make and
condition. Normal use of a USB memory stick as an external memory
device for the YRC Controller does not adversely affect USB memory stick
performance. For details, refer to the instruction manuals for each
medium.
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13.1.4 Rules for USB Connectors and USB Memory Sticks

This section contains rules and instructions on how to safely use USB
connectors on the CPU board (JANCD-ACPO01) and memory sticks.

1. Do not insert/remove the USB memory stick on the YRC
Controller when control power is ON
A device recognition process is executed when an USB memory stick
is inserted. Do not insert or remove an USB memory stick when the
control power supply is turned ON. Failure to observe this rule may
affect the manipulator’s cycle time.

2. Do not disconnect control power or insert/remove an USB
memory stick during file access
Failure to observe this rule may result in FAT file system corruption
and data loss.

3. Operating temperature range of USB memory stick
Use a USB memory stick that is guaranteed to function correctly in the
same temperature range as the YRC Controller.

4. USB memory stick’s falling off by the YRC Controller vibration
To prevent the USB memory stick from falling off due to vibrations from
the YRC Controller, consider countermeasures, such as fixing the USB
stick with jigs to keep it in place.

5. USB connector on the front surface of the CPU board
(JANCD-ACPO1)
The USB connector on the front surface of the CPU board
(JANCD-ACPO01) accepts only the USB memory stick. Do not connect
a USB hub or other USB devices.

6. Capacity of USB memory stick
The capacity of the memory stick is up to four Gigabyte in size for the
CPU board, and no limit for the Smart Pendant.
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13.1.5 Inserting a USB Memory Stick in Smart Pendant

When inserting a USB memory stick always position the Smart Pendant
with its back side facing up. Hold the USB memory stick with its top
surface facing up, and insert it into the USB memory stick connector on
the bottom of the Smart Pendant.

Forcible insertion may cause damage to the USB memory stick or USB
connector.

After inserting the USB memory stick, be sure to close the cover of the
connector before starting operations.

13.1.6 Inserting a USB Memory Stick in the CPU Board (JANCD-ACP01)

Make sure to insert the USB memory stick in the right direction: Keep the
USB memory stick with its top surface to the right, and insert it slowly into
the connector on the CPU board.

Forcible insertion may cause damage to the USB memory stick or USB
connector.

A CAUTION

» Disconnect power to the YRC Controller before opening the YRC
Controller door.

Failure to observe this may result in electric shock.

Fig. 13-1: USB Memory Stick Inserting Place (YRC1000 CPU Board
JANCD-ACPO1)

USB Connector

USB memory stick
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Fig. 13-2: USB Memory Stick Inserting Place (YRC1000micro CPU Board
JANCD-ACP31)

If the USB memory stick is not recognized or an error
message is displayed even if it is inserted, remove the USB
™~ memory stick and insert it again slowly.

13.2 Handling Data
For the YRC Controller, data that can be saved externally, and are
classified into six categories.
®JoB
@ GENERAL DATA
® PARAMETER
@ 1/0 DATA
® SYSTEM DATA
® SYSTEM BACKUP (CMOS.BIN)

Data saved on the external memory device can be loaded again into the
YRC Controller.

® PARAMETER, @ I/O DATA, ® SYSTEM DATA, and

® SYSTEM BACKUP (CMOS.BIN) (which contains the
data of the former three data) have its unique information of
each YRC Controller.

If data is loaded by other Controllers, unintended data
overwriting, unexpected operation, or abnormal system

@ startup may occur.

e Do not load those backup data into other YRC Controller.

Even if two YRC Controllers are loaded with the same job,
paths of the two manipulators are different due to the home
positions or mechanical error of the component parts.

Be sure to check the motion of the manipulator before
running the job.
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Table 13-1: Data List (Sheet 1 of 4)

Data Classification File name Save Load
(Saved Data) OPN | EDT [ MNG| SFT | OPN| EDT [ MNG|[ SFT
6. SYSTEM BACKUP (CMOS.BIN) | CMOS.BIN @) @) @) (@) X x X X
1. JOB Single job JOBNAME.JBI @) @) @) 0] X O @) @)
2. GENER | Tool data® TOOL.CND ¢} o} o | o x o o} ¢}
ALDATA  T'User coordinate | UFRAME.CND olo[olo] x]olo]o
data
Zone setting data | CUBEINTF.CND O O O O X O O O
Variable data VAR.DAT @) @) O 0] X @) @) @)
Timer variable TMVAR.DAT O @] @] @) x x x X
data
Shock detection SHOCKLVL.CND @) O O @) X @) O O
level data
Interrupt job” INTJOB.DAT @) @) @) 0] X O @) @)
Tool interfere TOOLINTF.DAT @) @) @) O X @) @) @)
dataV
Axis range limit AXRNGLMT.DAT @) @) @) O X x x @)
dataV
Axis speed AXSPDMON.DAT @) @) @) O x x x O
monitor data’)
Robot range limit | RBRNGLMT.DAT O ©) @) O X X X O
dataV
Speed limit data’ | SPDLMT.DAT o} o} o} o) x x x o
Tool angle monitor | TLANGMON.DAT O O O O X X x O
data®)
Tool change TLCHGMON.DAT O @) O O X X X O
monitor data’)
External force PFLFLMT.DAT O O O (@) X X X @)
monitor data’)
Approval warning | APPRBUZR.DAT O O O O X X X O
buzzer data')
User menu data USERMENU.DAT O O O O X @) @) O
Job registration JET.DAT @) O O O X @] @] O

data

1) Safety level is required to load for FSU supporting manipulators
2) Software Pendant is required to load
O: Can be done, x: Cannot be done
OPN: Operation level, EDT: Edit level,
MNG: Management level, SFT: Safety level
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Table 13-1: Data List (Sheet 2 of 4)

Data Classification File name Save Load
(Saved Data) OPN | EDT | MNG| SFT | OPN [ EDT | MNG| SFT
6| 3. PARAM | Batch Parameter!) | ALL.PRM ol o| ol o x x o | o
ETERS
PARAM | Robot matching RC.PRM O O O O x x O O
ETER parameter”
System definition | SD.PRM @) O @) @) x x @) @)
parameter?)
Coordinate home | RO.PRM O O @) O x x O O
position
parameter?)
System matching | SC.PRM O O O O x x O O
parameter
CIO parameter CIO.PRM @) O O @) x x @] O
Function definition | FD.PRM O O O O X X @] O
parameter”
Application AP.PRM O O O O x x O O
parameter
Transmission RS.PRM O O O O X X O O
(general
parameter)
Sensor parameter | SE.PRM O O @) O X x O O
Servo parameter') | SV.PRM o} ¢} o} o} x x o) 0
Servomotor SVM.PRM O O O O x x O O
parameter?)
Operation control | AMC.PRM O O O O X X O O
parameter
Servo power block | SVP.PRM O O O O x x O O
parameter
Motion function MF.PRM O O O O x x O O
parameter?)
SERVOPACK SVS.PRM O O @) @) x x @) O
parameter
Converter SVC.PRM O O @) @) X X @) O
parameter
Robot control RE.PRM O O O O x X O O
expand
parameter?)
Safety function FMS.PRM O @) O O X X O O
parameter”

1) Safety Level is required to load for FSU supporting manipulators
2) Software Pendant is required to load
O: Can be done, x: Cannot be done
OPN: Operation level, EDT: Edit level,
MNG: Management level, SFT: Safety level
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Table 13-1: Data List (Sheet 3 of 4)

Data Classification File name Save Load
(Saved Data) OPN | EDT | MNG| SFT | OPN| EDT | MNG| SFT

6| 4. 1/0 DATA | I/O name data IONAME.DAT O O @) O x x @) O
External I/0 name | EXIONAME.DAT O O O @] X x O O
data
Register name IOMNAME.DAT O ©) O O X X O O
data
Concurrent I/0O CIOPRG.LST O O @] @] X X O O
program
Pseudo input PSEUDOIN.DAT ©) O O @) x x @) O
signals
Safety logic circuit | YSFLOGIC.DAT O O @) O X X X O
data?)
User group input USRGRPIN.DAT O O O @] x X O O
User group output | USRGRPOT.DAT O @) O O X X @] O

5.SYSTEM | Home position ABSO.DAT O O @) @) x x @) O
DATA calibrating data®)

Work home OPEORG.DAT O O @) @) X X O O
position data
Second home HOME2.DAT O @) O O X X O O
position
Torque sensor PFLORGP.DAT O O O @] x x x O
orgin position
data?)
Variable name VARNAME.DAT O O O @] x x O O
Flag variable FLNAME.DAT O ©) O O X x O O
name
Timer variable TMNAME.DAT O O @] @] X x O O
name
SETTM setup file | SETTM.DAT O O O @) x x @) O
External 10 EIOALLOC.DAT O O O @) x x @) O
allocation data
IP network set IPNETCFG.DAT O O O @) x x @) O
data
High-Speed HISPDLOG.DAT O @) O @] x x x x
Ethernet error log
Ethernet/IP config | EHTERIP.DAT O ©) O O X x O O
data
I/F panel data IFPANEL.DAT O O O O x X @) O
1/0 message IOMSGHST.DAT O (@) O O X x x x
history data
Alarm history data | ALMHIST.DAT O O O O X X X x
Log data LOGDATA.DAT O O @] O x x x x
Robot stop factor | RBSTPFCT.DAT @] O O O x x x x

file

1) Safety level is required to load for FSU supporting manipulators
2) Software Pendant is required to load
O: Can be done, x: Cannot be done
OPN: Operation level, EDT: Edit level,
MNG: Management level, SFT: Safety level
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Table 13-1: Data List (Sheet 4 of 4)

Data Classification File name Save Load
(Saved Data) OPN | EDT | MNG| SFT | OPN | EDT | MNG| SFT
6| 5.SYSTEM | System SYSTEM.SYS @) @) @) @) X X X x
DATA information
YRC Controller PANELBOX.LOG @) @) @) O X x x x
information

Wear detection SGWEARBP.DAT O O O O x x @] O
base position data

Max / Min torque | TRQDAT.DAT O @) O @) x x X X
data

PM (reducer file) | PMTRQDB.DAT O O O @) x x @) O
PM (reducer PMCOND.CND O ©) O ©) X X O (@)
condition)

Inspection record | PMLOG.DAT O O O @] X X X X
file

PM (Hardware file) | PMHARD.DAT O O O @) x x X x
PM time PMTMMNG.DAT O O @) (@) x x x x
management data

User word UWORD.DAT O O O O x x O O
Job monitor data | JOBMONI.DAT O O O O x x x X
Step diagnosis STEPDIAG.DAT @) O @) O x x x X
data

Robot monitor ROBOMONI.DAT O O O O X X x x
data

SV monitor signal | SVMON.DAT O ©) O O X X O O
Arc monitor data | ARCMON.DAT O O O @) x x x x
Encoder ENCHEAT.DAT O O O @) x x x x
Function key KEYALLOC.DAT O @) O O X X @] O
allocation data

Macro definitions | MACRO.DAT O O O O X x O O

1) Safety level is required to load for FSU supporting manipulators
2) Software Pendant is required to load

O: Can be done, x: Cannot be done

OPN: Operation level, EDT: Edit level,

MNG: Management level, SFT: Safety level

13.3 Macro Installation

If macros are enabled, MACRO.DAT is available in the system data file
list.

Copy the macro .JBlI and MACRO.DAT files to the YRC Controller from
the USB.

Once files are copied the macros are available in the command list.
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14 Startup Error

14.1 Startup Errors and Notifications

14.1.1 Startup Error Overview

If an error occurs during startup, startup will stop, a red X will appear next
to the startup step where the error occurred, and the STARTUP ERROR
window will appear with information about the error. The {Export Logs...}
button can be used to save internal logs to a USB storage device to aid
troubleshooting by a local YASKAWA Representative.

Have the following information available when contacting a local
YASKAWA Representative:

— System
— Primary Application
— YRC Controller and Smart Pendant Software Version:

— Smart Pendant Software Version is located on top left corner of
startup screen

— Robot Serial Number (Located on Manipulator data plate)

— Robot Sales Order Number (Located on YRC Controller data plate)
— Warranty Identification Number

— Step that startup failed on

— Active YRC Controller Alarms, if any

— Smart Pendant startup Error Numbers, if any

— Extracted pendant.log file from startup screen

@ The Smart Pendant startup errors are different from YRC

Controller alarms.
[ J

14-1 HW1485509 478 of 493



HW1485509

14  Startup Error
14.1 Startup Errors and Notifications

Fig. 14-1: Startup Error Layout

'YASKAWA

° Create User Interface
° Configure Networking
‘""‘--..."‘

Connect to Controller

Read Files

§ [Error 35] Software pendant is connected. Please
disconnect "Software Pendant” and reboot the controller.

-IP Address of Controller LAN2 Port: 10.7.3.98 [
S\ RESTART APP EXPORT RESOURCES..

EXPORT L0GS.. ©

@ Smart Pendant Software Version

@ Failed Step
A red X appears next to the startup step where the startup error
occurred.

® Startup Error Window
Contains the Startup Error Number in square brackets, a description
of the error, possible causes and remedies.

@ Restart App Button
This button restarts the Smart Pendant application.

@ The Restart App Button will not restart the YRC Controller.

® Export Resources Button
This button saves Smart Pendant documentation to a USB storage
device.

® Export Logs Button
This button saves internal logs to a USB storage device.

@ Scrollbar
If the Startup Error details are too long, a scrollbar will appear along

the right edge of the Startup Error Window to allow the user to read all
content.
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14.1.2 Startup Errors

Table 14-1: Startup Errors

Startup Error Startup Error Cause Remedy

Number Message

10 Pendant network Pendant network Contact a YASKAWA Representative
configuration failed | configuration failed. and provide pendant.log file.

20 Communication Network cable may not be | The Smart Pendant requires a fixed
between pendant connected. P settings network address to communicate with
and YRC Controller | may not be set correctly on |the YRC Controller. Follow these
failed. Smart Pendant. steps to set the IP address:

a)Reboot the YRC Controller and
pendant

b) When "..." appears on the screen,
press a membrane key

c) Select Network and then Ethernet
0

d) Ensure DHCP is not checked

e) Set the entries:
* I[P address: 10.0.0.4
» Mask: 255.255.255.0
» Gateway: 10.0.0.2

f) Press OK to save

g) Use Back and Exit to resume
startup

30 YRC Controller “Smart Pendant Option” Make sure the YRC Controller “Smart
Unresponsive. may be disabled. YRC Pendant Option” is enabled. Use the

Controller may be in “Software Pendant” to troubleshoot or
Maintenance mode due to |contact a YASKAWA Representative.
a YRC Controller alarm.

35 Software pendant is | Software pendantis Disconnect “Software Pendant” and
connected. connected. reboot the YRC Controller.

40 Some of the YRC “Smart Pendant Option” is | Only a YASKAWA Representative can
Controller disabled. enable Smart Pendant Option.
parameters are not Contact a YASKAWA Representative
compatible with and provide pendant.log file.

Smart Pendant.

50 YRC Controller YRC Controller version Contact a YASKAWA Representative
version incompatible |incompatible with Smart and provide pendant.log file. Refer to
with the Smart Pendant version. message in message box, consider
Pendant version. upgrading YRC Controller system

software to minimum required version.

52 Pendant software Pendant software Contact a YASKAWA Representative
incompatible with incompatible with and provide pendant.log file. Only
configured YRC configured YRC Controller | English and Japanese are supported.
Controller languages.
languages.

55 Reading files from Reading files from YRC Contact a YASKAWA Representative
the YRC Controller | Controller for jobs, zones, |and provide pendant.log file and failed
for jobs, zones, or or user frames has failed. |step.
user frames has
failed.

57 Reading files from Reading files from pendant | Contact a YASKAWA Representative
pendant failed. failed. and provide pendant.log file.
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Startup Error Startup Error Cause Remedy

Number Message

58 Manipulator model Manipulator model not Contact a YASKAWA Representative
not supported by supported by Smart and provide pendant.log file.

Smart Pendant. Pendant.

60 Some of YRC “FTP Server Option” is not | Only a YASKAWA Representative can
Controller set. set the FTP Server option. Contact a
parameters are not YASKAWA Representative and
correct. provide pendant.log file.

80 YRC Controller FTP CMOS backup is Only a YASKAWA Representative can
setting is not correct. | disabled. enable the FTP CMOS Backup.

Contact a YASKAWA Representative
and provide pendant.log file.

90 Some of the YRC YASKAWA Mode YRC Setup parameters need to be set
Controller Controller Parameters are | correctly and can only be set by a
parameters are not | not compatible with Smart | YASKAWA Representative.
compatible with Pendant.

Smart Pendant.

95 Some of the YRC Normal Mode YRC Use the “Software Pendant” to set the
Controller Controller Parameters are | parameters listed on the startup
parameters are not | not compatible with Smart | screen to the recommended values or
compatible with Pendant. contact a YASKAWA Representative
Smart Pendant. and provide pendant.log file.

96 Pseudo input signal | Pseudo input signal Use the “Software Pendant” to set the
#87015 (CMD #87015 (Command value to ON or contact a YASKAWA
REMOTE SEL)is not | Remote Selection) is not Representative and provide
compatible with compatible with Smart pendant.log file.

Smart Pendant. Pendant.

110 Initialization of Initialization of versions Contact a YASKAWA Representative
versions failed. failed. and provide pendant.log file.

111 Initialization of Initialization of parameters | Contact a YASKAWA Representative
parameters failed. failed. and provide pendant.log file.

112 Initialization of robots | Initialization of robots Contact a YASKAWA Representative
failed. failed. May have failed to | and provide pendant.log file.

initialize second home
position, work home
position, torque position 1,
or torque position 2.

113 Initialization of zones | Initialization of zones failed. | Contact a YASKAWA Representative
failed. A zone might have been and provide pendant.log file.

configured as a station or
external axis zone.

114 Initialization of tools | Initialization of tools failed. | Contact a YASKAWA Representative
failed. and provide pendant.log file.

115 Initialization of user | Initialization of user frames | Contact a YASKAWA Representative
frames failed. failed. and provide pendant.log file.

116 Initialization of tool Initialization of tool settings | Contact a YASKAWA Representative
settings failed. failed. and provide pendant.log file.

117 Initialization of safety | Initialization of safety Contact a YASKAWA Representative
settings failed. settings failed. and provide pendant.log file.

118 Initialization of Initialization of variables Contact a YASKAWA Representative
variables failed. failed. and provide pendant.log file.

119 Initialization of jobs | Initialization of jobs failed. | Contact a YASKAWA Representative
failed. and provide pendant.log file.

120 Initialization of Initialization of default job | Contact a YASKAWA Representative

default job (master
job) failed.

(master job) failed.

and provide pendant.log file.
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Startup Error Startup Error Cause Remedy

Number Message

121 Final initialization Final initialization failed. Contact a YASKAWA Representative
failed. and provide pendant.log file.

125 YRC Controllerisin | YRC Controller is in If this was not intentionally set, use a

Maintenance Mode.

Maintenance Mode.

“Software Pendant” to troubleshoot or
contact a YASKAWA Representative.
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15 Alarm

15.1

Alarm History

If an alarm occurs during operation, the manipulator stops immediately

and the ALARM pop-up window appears on the pendant. All previous
alarms can be viewed on the Alarm History screen.

Go to {Alarm} under {MENU}.

Table 15-1: Alarm History Information

Item Description

Code Alarm code is shown in 4-digits

Sub code Alarm sub-code is shown

Name Name of the alarm occurred

Date Date of alarm is shown in YYYY-MM-DD format

Time Time of alarm is shown in hh:mm:ss with AM/PM format

Type Type of alarm is shown. For example, Major, Minor, User
System 1/O, Off-line etc.

Table 15-2: Alarm

Detail

Item

Description

Description

Description of the alarm is shown here.

Possible causes

Possible causes of the alarm are shown here.

Solution

Solutions are shown here. Follow the steps to solve the
issue that is causing the alarm.
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Fig. 15-1: Alarm History Screen

& Alarm History

Code Subcode Name Date Time Type

6002 O NEAR SINGULARITY (PFL) 2018-10-24  02:24:57 AM Minor

8006 13 CANNOT START HAND GUIDING (ALL 2018-10-22  08:24:57 PM User

1926 O TRQ SENSOR RECEIVING ERROR 2018-10-21  02:24:57 PM Major

4744 0 M-SAF PP ENABLE SW SIG. ERROR  2018-10-20  08:24:57 AM Minor

9002 O ARC FAILUREAN 2018-10-19  02:24:57 AM User System 10
9001 0 MISSING ARC START CONFIRM:1 2018-10-17  08:24:57 PM User System 10
300 13 VERIFY ERROR(SYSTEM CONFIG-DAT 2018-10-16  02:24:57 PM Off-line

4127 0 U-AXIS TIMING BELT BLOWN 2018-10-16 01:54:57 PM Minor

4000 0 MEMORY ERROR(TOOL FILE) 2018-10-16  01:24:57 PM Minor

Alarm: NEAR SINGULARITY (PFL) N
DESCRIPTION:

If the robot approaches a singularity with PFL enabled, operation will be restricted to single axis moves.
A multiple axis move will cause this alarm to appear. More information on singularities is provided in the
help file (top-right).

1: Reset alarm. In {Teach Mode}, try jogging out . of the singularity using single axis moves and low

speed.

2: If this alarm continues in Teach Mode, disable PFL. to move the robot without alarms.

3: If this alarm occurs in Play Mode, taught points near singularities should be re-taught to avoid
incomplete motion segments.

CAUSES & SOLUTIONS:

Operation mistake (1)Reset alarm.
(2)Confirm the robot is crashed.
(3)Confirm the safety and resume the robot.
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15.2

15.2.1 Alarm Overview

Alarms & Notifications

Alarms will be displayed when an instruction cannot be processed. One
or multiple alarms can occur at once. If multiple alarms exist, all pop-ups
will be shown in a scrollable list. An overview of the alarm layout is
provided below.

Fig. 15-2: Alarm Layout

OUT OF RANGE(ABSO DATA)

The position difference between when the power was tumed OFF and when
the power was turned ON again exceeded the tolerance for the manipulator
or a station,

This can accur when a manipulator 1) is shipped 10 a customer or 2)
experiences a hard stop during operation. Go 10 the Move Robot screen 1o

re-confirm . the robot's position. This procedure is pravided in the help
file (top-right)

See Alamm H\fm possible causes and solutions

-“ TRQ SENSOR RECEIVING ERROR

Alarm 1926

@ Hide Button
Allows the user to hide the alarm to continue performing restricted
operations on the pendant

@ Alarm Title
Contains the alarm title, code, and subcode. The title bar is also color
coded (yellow = minor alarm, red = major alarm). The following
sections contain more detail on alarm types.

® Alarm Details
Contains why the alarm happened and possible solutions.

@ Help Links
Links located in alarm details will direct the user to screen(s) with
actions required to resolve the alarm.

® Alarm History
Directs the user to the Alarm History screen (fig. 15-1 “Alarm History
Screen”).

® Multiple Alarms
If multiple alarms are active, the subsequent alarms will appear
collapsed in list form. Press the alarm title to expand the alarm to view
its contents.

@ Reset Button
Allows the user to reset a Minor alarm. Major alarms cannot be reset.
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15.2.2 Major Alarm

Help Icon
Some alarms require background information to fully understand the
problem. This information will be contained in a help file visible in the
Alarm Title (top-right).

© Scrollbar
If the alarm details are long, a scrollbar will appear to allow the user to
read all content.

There are three types of alarms on Smart Pendant: Major, Minor, and
User alarms. The following sections will explain the differences for each.

When a major alarm occurs, the servo power supply will be turned OFF.

Table 15-3: Major Alarm Code Classification

Alarm Alarm Type Alarm Reset Method

Code

0000 to Off line alarm: Initial It is not possible to reset by pressing the

0999 diagnosis/ Hardware “RESET” button under the ALARM pop-
diagnosis alarm up window or using the specific input

signal (Alarm reset). Turn OFF the main
power supply and correct the cause of
the alarm. Then turn the main power
supply ON again.

1000 to Major alarm It is not possible to reset by pressing the
3999 “RESET” button under the ALARM pop-
up window or using the specific input
signal (Alarm reset). Turn OFF the main
power supply and correct the cause of
the alarm. Then turn the main power
supply ON again.

Major alarms are shown in a red pop-up window.

7\ TRQ SENSOR RECEIVING ERROR
- Alarm 1926

Only one action can be performed on Major alarms:

— HIDE: User can hide the alarm to continue performing restricted
operations on the pendant. Reset operation cannot be performed
for a Major alarm and the YRC Controller restart is required.

Major alarms cannot be cleared until the problem has been solved. For
further information on alarms, read “YRC1000 ALARM CODES
(RE-CER-A600)" or “YRC1000micro ALARM CODES (RE-CER-A601)".
Use the alarm number (which is displayed under the alarm name) to find
the matching alarm information in the document.
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15.2.3 Minor Alarm

When a minor alarm occurs, the operator must reset the alarm after
correcting the cause. This process does not require a restart of the YRC
Controller.

Table 15-4: Minor Alarm Code Classification

Alarm Alarm Type Alarm Reset Method

Code

4000 to Minor alarm After correcting the cause, it is possible
7999 to reset by pressing the {RESET} in the

ALARM pop-up window or the specific
input signal (Alarm reset).

8000 to User alarm After correcting the cause for which user
8999 has specified, it is possible to reset by
pressing the {RESET} in the Alarm pop-
up window or the specific input signal
(Alarm reset).

9000 to I/0O alarm After correcting the cause for which the
9999 specific input signal for the system or
user alarm request turns ON, it is
possible to reset by pressing the
{RESET} in the ALARM pop-up window
or the specific input signal (Alarm reset).

Minor alarms are shown in yellow pop-up window.

Read the notification and follow the solution provided on the screen.
Two actions can be performed on Minor Alarm:

— CLOSE: User can close the alarm to continue performing restricted
operations on the pendant.

* Example 1: If a Zone alarm happens, user can close it and
navigate to Zone screen and change the offending zone to status,
so that the alarm can be reset.

» Example 2: When the manipulator jogged over the Soft Limits,
user can close the alarm. Open the Limit Release window and
disable limits. After this, jogging of the manipulator can be
performed to get it within its allowed position limits. Once this is
done, Alarm can be Reset.

— RESET: This will reset the alarm. An alarm that is Reset may
reappear if the conditions causing the alarm have not been
remedied.

For further information about alarms, read YRC1000 ALARM CODES
(RE-CER-A600)” or “YRC1000micro ALARM CODES (RE-CER-A601)".
Use the alarm number (which is displayed under the alarm name) to find
the matching alarm information.
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15.2.4 User Alarm

15.2.5 Notifications

An User Alarm is an alarm created by a user. The alarm is displayed
shown in a yellow pop-up window. One method to set the User Alarm is
using the SetUserAlarm command in the job. For further information on
User Alarms, refer to YRC1000/YRC1000micro SUPPLEMENTAL
INSTRUCTIONS FOR Smart Pendant (INSTRUCTIONS FOR INFORM
LANGUAGE) (HW1485511).

The Smart Pendant will often display banner messages at the top of the
screen to display notify the user of certain pendant states and guide the
user through incompatible/error conditions. There are two primary types
of notifications on Smart Pendant:

Fig. 15-3: Notification Types

Turn the key switch to change operation mode to Manual (Teach).

Remote Mode Activated

@

Control is restricted from this pendant in Remote Mode.

@ High Priority
Notifies user that a physical action is required to proceed with the
intended action. An image is typically provided to visually detail the
required action.

@ Sstandard
Notifies the user regarding incompatible states (e.g. insufficient access
level), user interactions (e.g. item copied/deleted), or screen-specific
interactions.
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16 Help / Support

16.1

16.2

Take Screenshot

Users can take a screenshot of the current screen’s contents and save the
screenshot as a graphics file in PNG format. Screenshots cannot be
taken without the USB memory stick.

Insert USB memory stick
Select {Help / Support} under {MENU}

Select {Screenshot}

Ao nh =

Message appears {Screenshot Saved Picture of screen saved to
file...}

5. Date and time that the screenshot is taken will be included in the file
name

v A
SLOW  FAST

A screenshot can also be taken by pressing the membrane jogging speed
[FAST] and [SLOW] keys together.

YASKAWA Representative

YASKAWA provides support for its products on a global basis. The
technical phone and email list can be accessed from the Smart Pendant.
Please contact your local YASKAWA Representative. A YASKAWA
Representatives can be found on the back cover of this manual.

The YASKAWA Representatives may request log files from the Smart
Pendant. Logs can be exported to a USB memory stick by pressing the
button {EXPORT LOG FILES...} at the bottom left of the screen.
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17 Maintenance

17.1 Cleaning the Smart Pendant

To clean the Smart Pendant safely and effectively, follow these tips:

— Use only soft, lint-free cloth for cleaning. Do not use scrubbing
sponges, towels, paper towels or similar items that may cause
damage.

— Switch off the power source.

— Use a small amount of water or a diluted neutral detergent as a
washing liquid, if needed.

— Do not spray washing liquid etc. directly onto any surface of the
Smart Pendant.

— Do not get moisture (including washing liquid etc.) or foreign
substances into any openings.

— Pay attention not to adhere chemicals, cutting oil (including coolant),
rust preventive oil, organic solvent etc. to the Smart Pendant.

17.2 Cleaning the Smart Pendant Cable

To clean the Smart Pendant cable, follow these tips.
— Do not submerge any parts of the cable.

— Wipe with a dry cloth.
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17.2 Cleaning the Smart Pendant Cable
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Appendix A

AA1

Open Source License

The Smart Pendant application utilizes some software licensed under
Open Source licenses.

License information is available from the Smart Pendant.

1. Open {General} under {System Settings} from the {MENU}.
2. Check the {Licenses} checkbox under {Bundled Resources}.
3. Tap the {EXPORT...}.

Bundled Resources

EXPORT... [ bocumentation  [] Soft Pendant Application  [] Licenses

To obtain source code for the relevant Open Source licensed software
components, please contact a YASKAWA Representative. For support
contact details for your region, refer to the back cover for the local
YASKAWA Representative.
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INSTRUCTIONS

FOR Smart Pendant

(JZRCR-APP30-1)

For inquiries or after-sales service on this product, contact
your local YASKAWA representative as shown below.

YASKAWA ELECTRIC CORPORATION

2-1 Kurosakishiroishi, Yahatanishi-ku, Kitakyushu, 806-0004, Japan
Phone: +81-93-645-7703 Fax: +81-93-645-7802
http://www.yaskawa.co.jp

YASKAWA AMERICA, INC. (MOTOMAN ROBOTICS DIVISION)
100 Automation Way, Miamisburg, OH 45342, U.S.A.

Phone: +1-937-847-6200 Fax: +1-937-847-6277

http://www.motoman.com

YASKAWA EUROPE GmbH (ROBOTICS DIVISION)
Yaskawastrasse 1, 85391, Allershausen, Germany

Phone: +49-8166-90-100 Fax: +49-8166-90-103
http://www.yaskawa.eu.com

YASKAWA NORDIC AB

Verkstadsgatan 2, Box 504, SE-385 25 Torsas, Sweden
Phone: +46-480-417-800 Fax: +46-486-414-10
http://www.yaskawa.se

YASKAWA ELECTRIC (CHINA) CO., LTD.

22F, One Corporate Avenue, No.222 Hubin Road, Huangpu District, Shanghai 200021, China
Phone: +86-21-5385-2200 Fax: +86-21-5385-3299

http://www.yaskawa.com.cn

YASKAWA SHOUGANG ROBOT CO., LTD.

No.7 Yongchang North Road, Beijing E&T Development Area, Beijing 100076, China
Phone: +86-10-6788-2858 Fax: +86-10-6788-2878

http://www.ysr-motoman.cn

YASKAWA ELECTRIC KOREA CORPORATION

35F, Three IFC, 10 Gukjegeumyung-ro, Yeongdeungpo-gu, Seoul, 07326, Korea
Phone: +82-2-784-7844 Fax: +82-2-784-8495

http://www.yaskawa.co.kr

YASKAWA ELECTRIC TAIWAN CORPORATION

12F, No.207, Sec. 3, Beishin Rd., Shindian District, New Taipei City 23143, Taiwan
Phone: +886-2-8913-1333 Fax: +886-2-8913-1513

http://www.yaskawa.com.tw

YASKAWA ASIA PACIFIC PTE. LTD.
30A Kallang Place, #06-01, 339213, Singapore
Phone: +65-6282-3003 Fax: +65-6289-3003
http://www.yaskawa.com.sg

YASKAWA ELECTRIC (THAILAND) CO., LTD.

59, 1st-5th Floor, Flourish Building, Soi Ratchadapisek 18, Ratchadapisek Road, Huaykwang,
Bangkok 10310, Thailand

Phone: +66-2-017-0099 Fax: +66-2-017-0199

http://www.yaskawa.co.th

PT. YASKAWA ELECTRIC INDONESIA

Secure Building-Gedung B Lantai Dasar & Lantai 1 JI. Raya Protokol Halim Perdanakusuma,
Jakarta 13610, Indonesia

Phone: +62-21-2982-6470 Fax: +62-21-2982-6471

http://www.yaskawa.co.id

YASKAWA INDIA PRIVATE LIMITED (ROBOTICS DIVISION)
#426, Udyog Vihar Phase-1V, Gurgaon, Haryana 122016, India

Phone: +91-124-475-8500 Fax: +91-124-475-8542
http://www.yaskawaindia.in

©2018 YASKAWA ELECTRIC CORPORATION
Published by YASKAWA

YASKAWA

YASKAWA ELECTRIC CORPORATION
February 2020 20-02

MANUAL NO.
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