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APPLICATION SUMMARY

1. Power & Force Limiting (PFL) Function Example 5. Clamping Prevention
3 Broadly describes what PFL is and how it can be used in a 3 Describes how to configure a zone to stop the robot before
simple Pick & Place application a clamping scenario occurs

2. Tool Setting

3z Describes how to properly configure a tool for a PFL-enabled

application
3. PFL Modules

3 Details each step for properly configuring a PFL-enabled

application with multiple zones

4. PFL Application with No Zones (Example)

3 Highlights the differences (configuration, settings) between a

PFL application with and without zones
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1. POWER & FORCE LIMITING (PFL) FUNCTION EXAMPLE

Pick: Place:

Zone 2

A The PFL Function detects external forces using embedded sensing in the robot
A If an externally detected force exceeds a user-defined limit, the PFL Function will stop the robot
A To successfully program a Pick & Place application, two conditions must be met:
1. The normal external force produced by part contact (gripping or releasing) should not stop the
robot
2. {External Force Limit} and {Speed Limit} in Zones 1 & 2 should be lowered to avoid clamping

dangers
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1. PFL FUNCTION EXAMPLE

Pick: ‘ Part Contact & Impact Avoidance:
‘ A Tool # Change (Example: MOVx Tool 0 -> MOVx Tool 1)

A A Tool # Change command will disable the PFL function for the
first 5mm of a progr ammedi nmpoavcet O

Zone 1 due to intended contact with a part (see more detail on Page 10)

External Force & Speed Limits:

Place:
'_ PFL Setting Other Space Zone 1&2
N - PFL Input Signal  PFLINO1  PFLINO2
\f\ External X (N) 100 50
/ * Force Y (N) 100 50
‘ L\ Ijl Limit Z (N) 100 50
- ' Zone 2 Resultant (N) 100 50
F Speed Speed Input Signal MS-OUT01 MS-OUTO02
Limit ~ Speed Limit (mm/s) 250 100
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2.1 BASIC TOOL SETTING 1T MANUAL INPUT

TOOL
TOOL MO,
HAME ISTANDARD TOOL NAME [STANDARD TOOL

Tool O X 0.000[m  Rx [ 0.0000]des. Tool 1 X 0.000[mn  Rx [ 0.0000] dee.
¥ 0.000{mm Ry 0.0000| dee. ¥ 0.000{mm Ry 0.0000 dee.
Z 200.000)mm Rz 0.0000]| dee. z 200,000 mm Rz 0.0000] dee.
W 2.000 ke W RN -
He 0.000] mm [x 0.000|ke.m2 He 0.000] mm [x 0.000] ke, m2
IS 00,000 mm [y 0.000] ke, m2 e 0.0001 mm [y 0.000|ke.m2
‘g min Iz 0.000] ke, m2 ‘g 220.000] mm Iz 0.000] ke.m2

A For a simple Pick & Place application to work properly, two different tool states must be considered
1. Gripper without part (Tool 0) 2.  Gripper with part (Tool 1)

A In the current implementation for PFL, these states are treated as separate tools on the YRC1000
pendant (each with their own set of properties)

A Therefore, the weight of Tool 1 above should be the sum of the gripper & the part

Reference Material: YRC Instructions (178642-1CD) 8.3.1 Tool Data Setting
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2.1 BASIC TOOL SETTING T AUTOMATIC MEASUREMENT

&

L 1 Sk > A TheAn Aut omat i ¢ Me farstiom cambe mséddo automatically calculate tool

settings
! A On the Top Menu, select {UTILITY} -> {W.GRAV.POS MEASURE} to use the function
W [ o.000lke 1. Press [FWD].
Xs 0.000]mn  Ix[___0.000|ke.n2 — Press [FWD] once, and the manipulator moves to the home position
s T AL g (U-, B- and R-axes: horizontal to the ground).
2. . Press [FWD] again.
— Press [FWD] again, and measurement starts. Keep the button

= pressed until measurement is completed. *Note T At th I S time, Yl
The manipulator moves in the order listed below. Once measurement is
completet ‘0" changas to 8" recommends manually

configuring tool

(1) Measurement of the U-axis: U-axis home position +4.5 degrees >

-4.5 degrees Settlngs using accurate
LOAD SETTING ON U-ARM WENSSNSINES H
RER  seslacsume) (2) Measurement of the B-axis: B-axis home position +4.5 degrees > CAD data for a given
i imm 0T o Bb o 4.5 degrees end effector
oormm S0 o (3) First measurement of the T-axis: T-axis home position +4.5 degrees
Ix ek kg2 T(2) : O T 6D
ly  xoee kead - -4.5 degrees
Iz X, 66k kg.m2
(a) Second measurement of the T-axis: T-axis home position +60

degrees - +4.5 degrees = -4.5 degrees

REGISTER CANCEL

Reference Material: YRC Instructions (179531-1CD)
8.3.3
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2.2 TOOL INTERFERENCE SETTING

140

25

A PFL function uses the {Robot Range Limit} module to
detect whether the entire robot body, including tool
interference (not the TCP position) enter a user-defined
zone

Robot — -
' Model 2
/{ Point 1
5 A
Tool coodinate origin |~ \-..-/ \L ®
(flange surface) | \ [ =
| — 1R /F
Model 1 H
Point 1
\ %
Model 1 \___/ ™
Point 2
\—Tool
Model 3
Point1 ] %Model 2
Point 2
Model 3
Point 2
zy

YASKAWA

These zones can be used to slow down or stop the robot

Y x

85
To

Tool Interference must be defined to use the {Robot

Range Limit} module

350
T

To enter the function:
{Main Menu} -> {ROBOT} -> {TOOL INTERFERE}
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2.2 TOOL INTERFERENCE SETTING

140
POINT2 (mm} RADIUS (mm ) Robot 25
ug 70| R — =
— ' Model 2
Point 1
o~
Tool coodinate origin ™~ \\_.../ J/ ® X
(flange surface) ‘\ ~ S >
\ ] ’ e
Model1\_A H T
Point 1 1
\ o
—— Model1\_/7 &
== Point 2 \_ 2
| Tool @
Hain Menu | Simple Menu |
i i Model 3
Window Details Model 3~ | %Mom
. . Point 2
1. Up to 5 models (cylinders & spheres) combined as the tool shape (5
Model 3
2. iPoint 10 and APoint206 coordinate val *ﬂriﬂés:zvt he position o
3. iRadiuso: radius of the cylinder and the sphere

Reference Material: YRC1000 Options - Arm Interference with Specified Cubic Area Check Function (178679-1CD) 1.2.2 Tool
Interfere File
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2.3 TOOL NUMBER T HOW TO PROGRAM

ick: Use Together
PICk' MOVL| P0O01 [ V=100 |(Tool 0) g
l T MOVL P00 [ V=100 |(Tool 1) | Update the tool information on controller (same
H position)
. _E« ? DOUT OT#(x) ON Turn the gripper ON
MOVL PO01 V=100 (Tool 0) MOVL P001 V=100 (Tool 1) MOWVL PO02 V=100 (Tool 1) . . .
DOUT OT#(x) ON MOVL P002 V=100 (Tool 1) PFL is OFF during the first 5 mm move
5mm

Place:

Notes:

A Tool No. information can only be updated during a motion command
T (MOVX)

? <_l.._> H. ARAMOVx (Tool Update)odo and ADOUTO ar

conjunction to achieve the Tool # change for the controller and the

MOVL P003 V=100 (Tool 1) MOVL P003 V=100 (Tool 0) MOVL PO04 V=100 (Tool 0) grlpper
DOUT OT#(x) OFF A ATool No. Change command (MOVx Tool 0 -> MOVx Tool 1) will disable
the PFL function for the first 5mm of a programmed move to prevent a
Apseutpact o due to intended contac
approved)
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2.3 TOOL NUMBER T HOW TO PROGRAM

How to change Tool #: Currently Selected Tool No.

TOOL NO. SELEC

I E7-TEACH TOOL 0
: EZ-TEACH TOOL 1
s 10_KG_TEST
: 0.85_KG_TEST
: PMAT EMPTY
: EZ-TEACH TOOL 5
: SMART HUB YEC
: API-
: 99
: PMAT+WHPOOL _PANE
: EMPTY-NO-TOOL

— OO0 OO WM —

{INTER . $TESTA
SHIFT LOCK V v START, SHIFT
i=n (G O @
Smm o 2 o) o
= E000E=
° .
=l =l T
i) G

1. Press [SHIFT] + [TOOL SEL] to open the tool list

Tool No. Select Window

2. Jog the cursor to the desired used Tool No.
3. Press [SHIFT] + [TOOL SEL] again to finalize the

selection
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2.3 TOOL NUMBER T HOW TO PROGRAM

00 MOYJ YJ=0.78
0002 OUT OTHC1) OM
0003] 01 HOVJ VJ=0.78
0004 D

N

Tool No. Column

A Check all commands with Tool No. before executing the program
A The Tool No. for a selected line in the INFORM Editor can be read from the job header (see left)
AAn easier way to check Tool No. for the entire

A How to Enable: {Top Menu} -> {DISPLAY} -> {ENABLE TOOL NO}

job is to

A 1f a Tool No. is wrong, jog the cursor to a specific line, select the intended Tool No., and overwrite the line ([MODIFY] +
[ENTER])
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3. PFL MODULES

PFL Modules in {Safety Func.} Menu
1. {SLC EXT. Signal Allocation}

2. {Robot Range Limit}

3. {External Force Limit}
4. {Speed Limit}
5. {Safety Logic Circuit}

Reference Material: YRC1000 Options Instructions for Functional Safety Function (178949-1CD) for Details of Functional
Safety Function
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3. PFL MODULE SUMMARY CHART

Robot PFL Force PFL Speed
Position Limit Limit

|

External Force Limit

] Input Input

— Signal: PFLINxx » Signal: MS-OUTxx

Allocate ] Link

SLC EXT. Signal Allocation Safety Logic Circuit
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3.1 {SLC EXT. SIGNAL ALLOCATION}

A The {F-Safety Signal Allocation} module is used to
designat e &OUBxxog masl thFeS out put
of the {Robot Range Limit} module (this alerts the
system when the robot enters a zone)

A {Main Menu} -> {SAFETY FUNC.} -> {F-SAFETY
SIGNAL ALLOC}

A Jog cursor to the specific FS-OUTxx signal, and
press fisel ec3AFE#10 choose F

[\

MOT USED

FS-0UTO05 [NOT USED

FS-0UT06 [NOT USED
3l FS-0UT07 NOT USED

! FS-0UT08 [NOT USED

FS-0UT09 [NOT USED
1l FS-0UT10 NOT USED
FS-0UT11 [NOT USED

FS-0UT12 [NOT USED
1l FS-0UT13 [NOT USED
FS-0UT14 [NOT USED

Sinele Menu |/F Pane ‘_@ ed value Operating time of  ERSY

O0O0000000O00OJe

NOTUSED O ->F-SAFE#1 @

For an application with 2 zones, define 2 FS-OUTxx signals:

FS-OUTO01 Zone 1
FS-OUTO02 Zone 2
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3.2 {ROBOT RANGE LIMIT}

{Robot Range Limit} can be used to define a 3-dimensional area as a specific zone, where
the user can customize PFL settings (speeds, allowable forces, etc.)

Choose any 2 files (pg. 16) to save robot range limit data:

Robot Range
Signal X (mm) Y (mm) Z(mm)
Zone 1 FS-OUTO1 400/600 -600/-300 0/300
Zone 2 FS-OUTO1 400/600  400/600 -100/0

YASKAWA

© 2017 YASKAWA CONFIDENTIAL INFORMATION

&

“«

.

/‘ Zone 2
!
Note
A The definition of inside the cube is not the TCP, but the
Ar ob otandfotdoyodl i nterferencebo

A This example is based on ROBOT coordinates
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3.2 {ROBOT RANGE LIMIT}

D Settings (bottom-left)
il A A File Valid Cond: VALID
= % i ig@%}gii A Alarm: OFF (Only Output Signal, Does Not Stop Robot)
E, % E% A Monitor Target: OUTSIDE (Keep Normal Working Under Monitor)
=i I A Coordinate: ROBOT (Suggested for This Example)
A Shape Type: CUBOID
A Pointl / Point2: Coordinates (mm) of Cube Vertex for Zone 1 & Zone 2
" A Output Signal: FS-OUTO1 for Zone 1, FS-OUTO02 for Zone 2
< iee ] el [0 A Output Signal FS-OUTxx should be defined in the {F-Safety Signal Allocation}
i oo * module before it is used. Otherwise, the signal will not be available for selection
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3.3 {EXTERNAL FORCE LIMIT}

{External Force Limit} is the module used to define and save
force limit settings

INVAL ID(SIGNAL)

s Choose any 2 files to save external force limit data:

INVALID(FILE)

ég%g(ﬂm External Force

SETTING Signal Situations X (N) Y (N) Z(N) ResultaniN)
CETTING PFLINO1 Factory Default 100 100 100 100
o PFLINO2 Lower in Zond&2 50 50 50 50
SETTING

SETTING

A PFLINO1 is the factory default setting of PFL Function
A PFLINO2 are the settings to lower the limits in Zones 1 & 2

Note

A The maximum external force allowed for setting is 300N
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3.3 {EXTERNAL FORCE LIMIT}

COMMENT
FILE SET STATUS [COMPLETED
FILE VALID COND

CTRL GROUP

LIMITCEACH AXIS)

AXIS SETTING  EX.FORCE LIMIT[Nn]
S [IWALTD
L [TWALID
U [INVALTD

R [TNVALID |

B

T

[TNVALTD
INVALID

.0
.0
.0
.0
.0
.0

ol ol oo oo

PAGE

DIRECTION EX.FORCE LIMITIN]
RESULTANT 1
X

Y 100
z | 100

INPUT STGNAL SET

bit0 PFLINOTGET) | OFF
bitl [T

bit2 3
bit3 [

bitd

OUTPUT SIGNAL

PAGE

Settings
(top-left)
A File valid Condition: SIGNAL (gets signal from {Safety Logic Circuit})
A Control Group: R1
A Limit (Each Axis): INVALID for all
(bottom-left)
A External Force Limit: Force Threshold in XYZ Direction & Resultant
Signal bitO: APFLINO106, AONO (b
APFLI NO2Oo, AONO (bit 1,2,3,4 | ea

A I nput

A Output Signal: *Leave blank*

Note

ory default se
o NnSI GNALO for
| ot her fil es

YASKAWA
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3.4 {SPEED LIMIT}

{Speed Limit} is the module used to define
and save speed limit settings

v | fulzlofl S el fh

SPEED LI (S

TEACH STANDARD
| INVALE?QIENAL) e
2 R [FALIDGIGED . - . .
o Choose any 2 files to save speed limit data:
5 TNVALID(FILE)
§ IWALID(FILE) o L
7 INVALID(FILE) Speed Limit Signal Situations Speed (mm/s)
8 SETTING
9 SETTING MS-OUTO1 Factory Default 250
ETTT .
- e MS-OUTO02 Lower in Zond.&2 100
12 SETTING
SETTING

o | e Note
A PFLINO1 is the factory default setting of PFL Function
A PFLINO2 are the settings to lower the limits in Zones 1 & 2
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3.4 {SPEED LIMIT}

or | o | o [RZME @O B B :
: ‘ FILE SET STATUS |COMPLETED (tOp'left)
FILE VALID £l . . - . . .

l chcor T — A File Valid Condition: SIGNAL (Get signal in Safety Logic Circuit)

STEGTic pLAv 1 (o) o e A Control Group: R1

ACCEP. RNG [exxxexsx pm

| "0 w5 o A Limit Speed: *Enter the desired speed limit*

"""""""" A Detection Delay Time: 0 (+1) sec

(bottom-left)

A lnput Sign@QUTOiLid0: AOGNE (bit 1,2,3,4 leav
AM®UTO020, AONO (bit 1,2,3,4 |l eave b

A Output Signal: *Leave blank*

Note

A The {Speed Limit} module will slow the robot down to a user-defined speed limit (if
active speed is higher). If the robot speed is still higher than the limit after the user-
defined delay time, the PFL function will stop the robot. Minimum delay time is 0 (+1)
seconds.
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