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1. Overview

Cooperation Control

1.1. Introduction of robot cooperation function

Robot cooperation function is the function to execute an operation using several robots to complete an
operation that would not be possible with one robot.

This function can be applied to the following cases.

B When handling the work object through a cooperation of two robots with a simple hand.

B When handling work object of which the volume exceeds the possible range one robot can
handle

B When the master robot is handling the work object and at the same time the slave robot is
executing a jigless operation such as arc welding or sealing.

You can synchronize the cooperation work among a maximum of 4 robots.
Each robot can execute an independent operation and a cooperation operation from one program.

--nn/

Network Cable Network Cable

Network Cable Network Cable

Figure 1.1 Robot cooperation function
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1. Overview

1.2. Major function

1.2.1. Major function specification

Table 1-1 Major function specification

Major function specification Remarks
Number of cooperation robots Maximum of 4
Communication method Exclusive for Ethernet (HiNet™)
Communication speed 100MBPS
Possible number of master robot 1 robot
Possible number of slave robot 3 controllable slave under 1 master
Main axis Main axis cooperation is possible
HiNet I/O 32 output point per robot
Jigless cooperation Robot and positioner jigless cooperation support

Figure 1.2 Jigless cooperation
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Cooperation Control

1.2.2. Functional characteristics

Communications
The cooperation control function can control up to 4 robots in an interlocked manner through
HiNet (Exclusive Ethernet).

Easy setting of the common coordinate between robots

This function is to locate the relative positions between robots. The setting of the common
coordinate between robots is to be acquired through the teaching of 3 identical points on the
work range.

Manual mode cooperation

The user can perform teaching in the manual mode easily. After individual robots are set for
the master and slave roles, the teaching will be made possible only by operating the master in
case of the application of handling, while, in case of jigless operation, the support should be
provided in a way that the teaching of the position of the slave is performed on the work object
of the master.

Positioner master support

Cooperated control can be made possible by setting the positioner of the robot that is set as
the master robot as a master. For a positioner, 4 robots can operate in a cooperative manner
at the same time.

Teaching

Each control unit requires its own independent program. In one program, the part for the robot
to operate independently and the other part for it to operate cooperatively can be separated,
allowing programming to take place easily and without restriction.

Playback cooperation

According to the command (COWORK) for the cooperative operation, counterpart robots are
made to stand by, and, when all the cooperative robots are already, the cooperative operation
will start.

HiNet 1/0

This is to provide a function that allows the input and output of signals between robots to occur,
without an additional control panel for the interlocking between roots, through the use of an
exclusive Ethernet network developed for the cooperative control.

/A HYUNDAI ROBOTICS 1-4



1. Overview

1.3. Operating sequence

This explains the sequence of using the cooperation robot function. Details are as follows.

Robot calibration
Set the axis and tool constants correctly for collaborative control.
- Refer to automatic constants setting function.

Hardware installation
Connect the hardware necessary for controller communications.
- Connect the network card and the communications cable.

Cooperation control parameter setting
Set the whether to apply cooperation control and set each robot number for the robots connected to
the network

Cooperation robot coordinate setting
Do the calibration operation that notifies the position of cooperation robots.

Teaching
Allocate the function key for cooperation teaching and designate the robot roles of master and slave.
Then teach the master robot.

Check operation
Check the cooperation operation in manual mode.
Operate the cooperation robots to step forward at the same time.

Continuous operation
Switch to auto mode. Set the program to head position and press all the operating switches of the
controller designated for cooperation robot.

1-5 /A HYUNDAI ROBOTICS
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2. System Setting

Cooperation Control

2.1. Hardware installation

2.1.1. Emergency stop line connection

When there is an emergency stop during cooperation operation, the corresponding robot is also
supposed to stop because it monitors each other through communication. But because the hardware
signals have higher priority, the position of the cooperation robots is misaligned. To minimize this
misalignment during an emergency stop, make the connections for external emergency stop.

An external emergency stop function for user is prepared in the Hi5 controller. The connection diagram
of the external emergency stop is as follows.

When the robot cooperation function is to be used, an additional emergency stop switch needs to be
installed at the same time to allow the input of emergency stop to be made into each control unit. It is
required to combine the external emergency stop wire connections, prepared for the user, into one
single emergency stop system and use it, which will minimize the misalignment in the cooperation
position when the emergency stop occurs.

N - - -
15t ROBOT CONTROLLER wiy  meoma L | Emerneney stow Suttictin |
BEQUENCE BOARD " § /:; I g tascriey i
— Ervirpany

‘I’ 4 ///”L________,___HH,_"_,__,HHH__,__,._,._,._,___.JI
2nd ROBOT CONTROLLER amne mem )
BEQAENCE BOARD _I.\m_'llm_w
v TeETe L
|
nth ROBOT CONTROLLER e mem )
Mpn  mer: X
BEQUENCE BOARD Swme ey L
_Pipwn e %

Figure 2.1 Emergency stop connection for cooperation robot

Caution

® There can be a misalignment of relative cooperation position in case of an emergency stop
during cooperation.

® \When applying the handling function, you must install the floating equipment to absorb the
cooperation misalignment (emergency stop error, synchronization error, calibration error, trace
error).

® When applying the handling function and installing the floating equipment, it is recommended
to install at least 1 for 2 cooperation robots.
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2. System Setting

2.1.2. Network composition

(1) Requirements

Components Specification
BD510 Main CPU board
UTP cable -
Network Hub Specification p(rsov\;:?;?ntéyhllﬁslndai Robotics

(2) Connecting method

® The one end of the network UTP cable (Direct) needs to be connected to a socket located
at the top among the BD510 board network cable sockets, and the other end needs to be
connected to the network hub. In this manner, up to 4 units can be connected to the hub.

® [fitis required to connect two robots without using the hub, the network UTP cross cable
needs to be connected to the socket located at the top of BD510.
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2.1.3. Network connection check

(1) Check for network error in the following cases.

(2) Check points

Caution
°

® Initial installation
® When a network error is detected during cooperation control

Cooperation Control

® Check the mode of the network cable connection. A green light should be turned on at the
BD510 socket.

® Check the cable.

® Canuse f[F2]: System; — [2:Control Parameter; — 79: Network; — T2: Ethernet
status; to check the mode of the network.

Fecard

Run to

Stop
u Jog

inching

QuickOpen

Help

i

Manual

condiion - Fthernet status

EMO(Cooper, controld | ENT (T/P-main)

Connect *

Speed
MAC
T=

Packet :

Size

Miss

Errar

EMZ2 (Public)

output
[

‘tindow
adjustrnen

[Connected

:+ [100MBps(Full Duplex)

¢ [BA-50-04-05-00-20

e
o
o g
N

A=

Packet : [ O000000319
Size [ OO00O0TOT40
Miss ¢ Im
Error  : [ DOOODOOO00

(3

Soft
keyboard

User key
Af

PREY/MEX

The HiNet for cooperation control is an exclusive network for controlling the cooperation
between robots of Hyundai Robotics .
The cooperation control network should be configured independently and separately from the
general network.
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2. System Setting

2.2. Controller setting

This sets the communication and robot number etc. for cooperation control of the controller.

(1) Select T[F2]: System; — [2: Control Parameter; — '9: Network; —

F3: Service;
in the manual mode.

Fecard W‘ s Manual
condition Service ﬂ L ) output
ASustem/Control parameter/Metworky | | |
==
Ll\'__' 1! Cooperation contral e
‘tindow
Run to ;
(1o 2HR-RPC adjustmen
D WY .
3 HRMS
u Jog Soft
inching keyboard
QuickDpen User key
& b e
o After entering the item selection value, press the [EWTER] key, PREV/HEX

(2) Select T1: Cooperation Control; .

Fecard = S Manual
condition - Cooperation control output
' Cooperation control = () Disable (@)Enable; |
iy
Fobot number = T
‘Window
funte adjustrmen
u Jog Soft
inching keyboard
QuickOpen User key
=) b8
el Please select whether to use functions, PREV/NEX
? .

(3) The above parameter is to be used for the following purpose.

B Cooperation control function <Disable. Enable>: Select whether to use the cooperation
control function.

B Robot number: Set the robot number. <1~4>
The robot number is a number for recognizing its controller on the network connected
through the cooperation control. In case of the Hi5 controller, up to 4 robots can be

configured in the cooperation network. Be careful not to allow the robot number not to be
duplicated while setting.
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Cooperation Control

Caution

® \When it comes to the cooperation control functional, only the HINET communication should be
applied for special robots and the robots whose degree of freedom is 6 or lower, the
COWORK command can not be used.

® The cooperation control is an optional item. In order to use the control COWORK command,
the license key should be registered. While the temporary key can be used for one month, it is
required to contact the company if you have any question if you want to use the key for a
longer period than that. (T[F2]: System; — [2: Control Parameter; — [10: Register license
key of option functiony )

Fecord m Manual
candition Control parameter ﬂ L ) output
Soystemn, | | ol .
?y 1 Control environment setting ‘y 8! Reserved program execution
Windowr
Run to N
|= 2: Input/Output signal setting ﬁ 3 Metwork el
StC o - = D
S8 3 Serial port n 10: Register license key of option function
u Jog Soft
inchi keyboard
ST / 4: Robot ready condition & 11: Autormatic backup and restoration e
) ﬁ 5! Registration of home position
QuickOpen User key
— —D| B: Shift limnit
: ‘r
i
IZ w7 Coordinate registration
L=l After entering the itemn selection value, press the [EMTER] key. FREGAE:

R 201108 Tmany s M AN D AL s s A -

condiion - Register license key of option function oulput
License key ER 57005455 ] ==>MNG I
Systern setial number = W10-1005-002
Aun ) X Window
i & ‘Whether to purchase option function adjustmen
Ve ; 1, Welding line track by arc sensing = (@) Disable (7)Enable D
2. Welding line frack by LW3 = (@) Disable () Enable
| . .
Jog 3, Cooperation control of multiple robats— _ . Soft
inching iRoboLink = (DDisable (@) Enable keyboard
=} 4, Tool data automatic calibration (ATDC) = (@) Disable  (7) Enable
33, Embedded Fieldbusi{DeviceMet) = (@) Disable (7)Enable
QuickOpen User key
E I Remaining days of ternporary—key {30 AF
=L Enter the license key, FIREGNE
C? emporary
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2. System Setting

2.3. Common coordinate setting among cooperation robots

2.3.1. Introduction to common coordinate setting

For cooperation operation, the installed position among robots must be accurately known. The robot
controller calculates the position of the end of the tool based on the base coordinate, and the
information of the counterpart robot should be registered additionally. The information regarding the
positions of the robot is to be made through the setting of the common coordinate.

Set the common coordinate to mutually identify the position of robot 1 and robot 2. (Figure 2.2) It can be
set by teaching 3 same points in the area for each robot.

(0)
N
ﬂk
1&
o
x
P < Common
n ( N Coordinate
X
_ﬁ_—l_\/ Y-Axis R
) Q
-Axis +
T > % Ny
—.‘:,\7 ) i
%
Robotl 1‘
A0
2
N
_I"“’"L
"' -Axis .
7
—

Figure 2.2 Common coordinate setting among cooperation robots
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Cooperation Control

2.3.2. Setting common coordinate for 2 or more robots

The common coordinate for the cooperation robot must be set with same points among the robots.
Therefore make sure all the robots are pointing to the same point. Therefore if the robots are far spread
out, it is impossible to set a common coordinate. For such cases, you can create a separate tool to
teach the same points to the robots.

ROBOT2 ROBOTS

Figure 2.3 Setting common coordinate for 2 or more robots

Caution

® Prior to the setting of the common coordinates, the calibration (Auto integer setting) of the
robots should be performed first.
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2. System Setting

2.3.3. Traverse axis system

When composing a traverse axis system for cooperation control, the traverse axes with same
specification must be installed in parallel as possible.

Install as parallel
as possible

Bmfaosa SN L

RODOULR

coordinate

Robot2 Robo!

coordinate ‘

X

Figure 2.4 Measures to be taken when the external emergency stop for P-Com input is not used

Caution

® For system with a main axis, set the specification of the traverse axis to ‘arbitrary’ and use it
after traverse axis calibration.

® The traverse axes need to be installed in parallel to each other as much as possible.

® |f the synchronization error increases as the robot moves along the traverse axis, this can be
from inaccurate calibration of traverse axis.

® For details on the traverse axis calibration function, please refer to  THi5 Controller operating
manual; .

® Traverse axis calibration must be set for both master and slave.
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Cooperation Control

2.3.4. Common coordinate setting

The common coordinate setting is only possible when the accurate position of the cooperation robot
tool end is known. At this time, the robot calibration must be done. If there is not a 3-dimensional
positioner available, the Hi5 controller provides the auto constant setting function that calibrates the
axis constant and the tool length ( T[F2]: System; — [6: Auto Constant Setting; — T1: Optimize
Axis Constant And Tool Lengthy). If a 3-dimensional positioner is available, correct calibration based on
kinematics will be possible. Use '9: Calibrate Robots And Tools.

For more details please refer to the "Hi5 Controller operation manual; . Set the common coordinate
after setting the most delicate automatic constant.

The common coordinate setting is explained in an environment involving two robots, Robot 1 and
Robot 2.

B Teaching method
(» Select the program to record in the applicable controller for Robot 1 and 2.
Ex) When registering the cooperation coordinate system programs of both robots 1 and 2

to 100

(@ By using each jog of Robot 1 and 2, record the 3 points to step 1, 2 and 3 in order to
create a triangle, as large as possible.

20 2 5] Manual 201 2 » 5] Manual
tion | (B Program | <71 5/F [ unitio | E"mech  Tcrd 5= Manual s T0 AGFIE tion | (B Program | «715/F Gl unitm | E"Mech | 15 crd 5= Manual s T Uz
0100 170 ALL MECH | [01HAD06-04 | CART W< z00mrgsl ——— | — ‘ VAT | 0302 30 ALLMECH | [0HADIOL-03)  CARTIG|E< 200mm/s TAz
MOVE P,5=60%. A=1.T=0 i e L MOVE L§=60% 4=1.T=0 TFT L
Fiobot program — 4 Fiobot program -
Aun ta RObOI:HAO06-04, Saxes, 3steps s Run to Robot:HAOT0L-03, 6axes, 3steps Windo
adjustment adjustment
s1 MOVE P.5=60%, A=1.T=0 51 MOVE P,5=60%, A=1.T=0
Rep 52 MOVE P,S=60%,A=1,T=0 D Cad 52 MOVE P,5=60%,A=1,T=0 D
S3  MOVE P.S=60%,A=1.T=0 53  MOVE P.S=60%,A=1.T=0
B g Seft B g Seft
inching keyhoard inching keyhoard
= S =
= By = By
QuickOpen User key
I 3
=
Help } I PREV/NER

Robot1l Robot2

At this time the record position is to be recorded at the same location in the space, and,
when it comes to the tool number, the tool that was used when setting the common
coordinate needs to be used, independently the interpolation method and the speed.

Caution

® [For the tool data for common coordinate setting, enter the accurate tool specification or
calculate the tool data through automatic constant setting.

® Itis recommended that the robot position of each point is recorded in the same way.

® Records should be kept by carrying out the teaching in a way that the 3 set points create a big
triangle as much as possible. If the distance among the points is close, or if the 3 points are
forming a straight line, an error will occur.

® If the common coordinate is not set, the manual cooperation jog operation or the cooperation
replay will be made impossible.

® |t is recommendable to carry out the work in a full scale after checking, through the
cooperation jog operation, whether the common coordinate setting among the cooperation
robots are carried out correctly.
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2. System Setting

Coordinate{M} \ L

7

= :

Nl Coordinate{S}
S3

47 !
e

Figure 2.5 Teaching method of common coordinate setting
(@ Execute the cooperation coordinate setting for each robot (robot 1 and 2).

@ Select T[F2]: System; — [6: Automatic constant setting; in manual mode.

Rocord | L~ Bl

Manual
condion T Automatic constant setting ® t output
/Systemy | |
% 11 Optirnize axis constant and tool length v 8 Autornatic setting of gravity direction
Window
Fun to .
& 2: Positioner calibration ; 9: Robot and tool calibration adjustmer

e (3

(@ 3 LVE coordinate calibration

L Jog Soft
inchin keyboard
¢ ¥ 4 Load estimation function &
5:' E: Common coordinate of cooperate robots
S
QuickOpen User key

— B Baze axis calibration
K Ar
g ¥ Coordinate calibration far OLP

LED After entering the itern selection value, press the [ENTER] key, PREV/MES

BT R————————
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Cooperation Control

® Select '5: Common coordinate of cooperate robots

Record m Manual
conditon - Common coordinate of cooperate robots output
Fobot number = [ [
(S
Program number = i
Window
Fiun fo N
Paosition and posture of the common coordinate systermn BEJusien
9{)@@ Position Posture D
L xoo= 600,000 RX = [ @0m Soft
inching ¥ = [ Enom RY = 0,000 keyboard
= 7 = [mom Az = [ -mom
QuickOpen User key
: Ar
il Enter program number, [1 - 9399] PRI
? 2

*¢ The meaning of the above parameter is as follows.
B Robot number: The robot number set in cooperation control parameter.
B Program number: The program number for cooperation robot coordinate registration

® Press the ' "[F1]: Executey = key. The results will be displayed in the screen through
position and position of the common coordinate from robot base. Relative positions are in
X, Y, Z and relative positions are in Rx, Ry, Rz.

@ Pressthe T[F7]: Complete; key to complete the setting.
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2. System Setting

2.3.5. Common coordinate check

When the common coordinate of the cooperation robot is set, you can always check the setting from
the screen of TCommon coordinate of cooperation robot; .

Caution
® Checking is possible only when the cooperation control is in the <Enable> mode.

® The relationship of the position Rx, Ry and Rz of the common coordinate to the robot
coordinate is as follows.

(» Rotate its robot (No. 2) coordinate (ref) to X axis direction by y angle.
(@ Rotate its robot (No. 2) coordinate (ref) to Y axis direction by B angle.
(® Rotate its robot (No. 2) coordinate (ref) to Z axis direction by a angle.

ZI‘.. Zret ‘ Zet A Zret 4Y'
! Z Y' v 2 a )
W b )
O J >
-~ Yref Yret
Y
X'
Xret Xref X'

0 @ e
Figure 2.6 Common coordinate position conversion

(@ The position in the common coordinate is the position rotated by y,8 and a from the its
own robot (No. 2) base coordinate.
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3. Manual Mode Cooperation Operation

Cooperation Control

3.1. User key (F-Key) registration
This sets the user key for cooperation control in the manual mode.

(1) While the Shift key is being pushed on the teaching pendant, the User key at the side bar
menu needs to be pushed.

Recard = & Manual
condiion  User key setting output
= _F1(547) [ F2(548 [i0
- f}' . N 1)
Cancel sefting Window
v @ | adjustrmen
Fast entry of DO signal output staternent D
ﬁ Fast entry of WAIT DI statement
|
iniaigng Cooperation condition conversion of manual mode kefhn;[ard
= i
{_:_ [&rc] Supplementary point entry
[&rc] Current, voltage change
el B [#rc] Gas check Userkey
l:_, [&rc] Wire inching AF
[Arc] Wire retract
Hel PREY/MEX
e [&rc] Fast entry of ARCOMN cammand 4 i
:? Complete

(2) The [Cooperation condition conversion of manual mode; item needs to be assigned to one
of F1~F7 keys. The F7 key needs to be used to complete the process.

Hecprd = Manual
condition (B program | <71 8/F Gl unitm B Mech | 124 Crd [ Manual g T0 output
. ? mao 150 pLLMECH | oiHaoos-0sl  ceRT B 20ommis] — | —— | AT [i1
- MOVE P.8=0% A=l T=D o= P e s Ly
Robot program __ )
Fun to Robot:HAQ06-04, 9axes, 3steps ac\llj\tns?roﬂv;ﬂ
51 MOVE P,5=60%,A=1,T=0
Tep 52 MOVE P,5=60%,A=1,T=0 D
53 MOVE P,5=60%,A=1,T=0
u Jog Soft
inching keyboard
m
=
QuickOpen User key
2 X
Help ‘ I PREV/MEX

(3) You can switch between manual individual mode and manual cooperation mode by using the
allocated F key in manual mode. The manual cooperation mode displayed on the left top
changes to the cooperation mode (Master/Slave < Indivisual).
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3. Manual Mode Cooperation Operation

3.2. Individual/Cooperation Switch

B Function switch by key operation

There are two ways to switch the cooperation control operation in manual mode; method
using the allocated key or method using the R code. Details are shown in the table below.

Table 3-1 Function switch by key operation

Key operation

Function switch

User key

Manual individual mode (Indi visual) < Manual cooperation mode
(MASTER/SLAVE)

SHIFT + User key

Applicable only for SLAVE
SLAVE manual cooperation mode <> CMOV record mode

R351,0 Manual individual mode

R351,1 Manual cooperation mode, designate master
R351,2 Manual cooperation mode, designate slave
R351,3 CMOV record mode, designate SLAVE jog mode
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B Manual mode individual condition

Cooperation Control

Record RO
condiion | (5] Program < 5/F Bl Unit:[00 | & Mech 14 Crd B Manual 5| TO
[; 1S 0100 :3/0 ALL MECH | [0]HAD06-04 | caRT, |@< 0emens|
& MOVE P 5=608% A=1. T=0 Pl
Fobat program
Run to Robot:HADOG-04, 9axes, 3steps
51 MOVE P,S=60%,A=1,T=0
ﬂkﬁ[ﬁl 152 MOVE P,S=60%.A=1,T=0
53 MOVE P.5=60%.,A=1,T=0
u Jog
inching
=S .
QuickOpen
L

S eern | i VEAVOH | AT

Robot number 2 in the
independent mode

In this condition, each robot can be individually controlled with jog.

B Manual mode cooperation condition (master designation)

Fecord .
condiion | [®) Pragram | =] S/F [ Unit: (00 < | 57 Mech l’-_’.Crd @ Manual 5| | TO
LD 0100 A0 AL MECH, | 01HANG-04 | \UCARTS |B<-200mm/s|
& MOVE P,5=60%,471,T=0 CPl
FRobat program
Run to Robot:HAODE-04, 9axes, 3steps
51 MOVE P,S=60%,4=1T=0
Hep 52 MOVE P,5=60%,A=1,T=0
S3  MOVE P.5=60%.A=1.T=0
B og
inching
=
QuickOpen
=
Help |

3=!rr- 2 WEAVON | Ch—

Robot number 2 in
the master mode

This mode is to operate in a synchronized manner following the movement of the master while

in the mode that the slave is set.
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3. Manual Mode Co

B Manual mode cooperation condition (slave designation)

operation Operation

Green colored for the
robot number 2 in the
slave mode

Fecord OIS, =
condiion | (B Program | < &/F [ Uni:[0) | E™Mech | 1LCrd & Manual 5| TO
3 0100 30 ALL MECH | (0] HAOD6-04 CART, B« 200eniny/s
[ & CMOV RI0L.S=60% 4=1.T=0 Pl
Robat program -
Run to Robot:HADO6-04, 9axes, 3steps .
S1 MOVE P,5=60%,A=1,T=0
Hizp 52 MOVE P,S=60%.A=1.T=0 D
53  MOVE P,5=60%. 4A=1.T=0
B og St
inching keyboard
QuickOpen
H ral':.g:e : lnp II ‘-

This is the condition to designate the slave to follow the movement of the master.

B CMOV record mode, SLAVE jog mode condition

Record W06 fmon] ANUA]
condifion | () program | < 5/F [ Uniti [0 (E"Mech L% Crd B+ Manual5p  TO
=% 0100 A0 ALL MECH || (01H4006-04) \WEART. |ﬁ<mﬂws
- CMOV R10.LS=60% 4=1,T=0 CPl
Fiobot program — v | GT2Y colored for the
Fun 1o Robot:HADDG-04, 9axes, 3steps oy :
N |\ (OVE P SeB0%, A1, o sdustmeft] robot number 2 in the
Jyep (52 MOVE P,5=60%,A<1.T=0 []}|slave CMOV record
S3  MOVE P.$=60%.A=1,T=0 mode
B g Sah
inching keyboard
— [zeeg
QuickOpen User key
£ A
: Im.\ II ‘

This is the condition to record CMOV, check the teaching position by moving the step of
CMOV command forward/backward and jog control the slave based on the master robot’s end
effecter coordinate.

Caution

® \When the common coordinate is not set, it is impossible to switch the cooperation role

between master and slave in the individual condition.

In manual cooperation condition switch through R code, the R351,3'CMOV record condition’

can only be done in ‘manual cooperation condition (slave designation mode)’(R351,2).

® To change the ‘CMOV record condition’ using the allocated F key, first change the robot role to
slave using the F key and then use the SHIFT+F key to change the condition.
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Cooperation Control

3.3. Manual mode cooperation operation

B Setting master and slave robot
Set the robot roles of master and slave using the set User key (or R351, R352 code). At this
time, the role of the robot has nothing to do with the robot number.

Robotl
=

@

4

N
S!t \ SLAVE
MASTER

Figure 3.1 Manual mode cooperation operation (Setting master robot and slave robot)

Check if both master and slave robot are in ‘manual mode’.

Keep both the master and slave robot in operation ready ON condition.

Use the Enable switch of the slave robot and maintain it to operation ready ON condition,
and also check if the master robot is in operation ready ON condition.

When you control the master robot, the slave robot will follow in a relative position.

®» @O
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3. Manual Mode Cooperation Operation

[ ==Ir=r=r=r=1s)|

m

E=rrrry|

m

A

A
r
V
Press Enable
switch

JOG operation of
MASTER

Figure 3.2 Manual mode cooperation operation (Master robot operation / Slave robot follow)

Caution

® Manual collaborative job is not possible in the following cases.
(»  When operating two or more master robots
(@ When operating the slave robot
® When the Enable switch for master or slave robot is not pressed
@ When the collaborative coordinate among robots is not set

® Jog operation is not possible for the slave robot during manual mode cooperation function. For
jog function of the slave robot, you must change the robot role to individual.

® \When the cooperation control is set to <Disable>, I:R#/S:R#/M:R# will not be displayed on the
top part of the screen in manual mode and the setting will not be in effect. Therefore, manual
cooperation jog is also not possible.
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Cooperation Control

3.4. Cooperation Traverse Axis Jog

Cooperation traverse axis jog is the same operation as the general cooperation jog. If you operate the
master robot on the traverse axis in cooperation jog condition, as shown in Figure 3.5, the slave robot
will adjust and move to the relative position of the traverse axis.

Slave: traverse
axis follow in
relative position

Hub
[Cooooooo

traverse axis

operation

Master

N

Figure 3.3 Cooperation traverse axis jog

Caution

® The traverse axes of the master and slave robot for cooperation control system must be

installed in parallel, as possible.

® Cooperation control traverse axis system only supports one axis.

® [or cooperation traverse axis function, the main axis calibration function must be used prior to

the operation.

/A HYUNDAI ROBOTICS
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3. Manual Mode Cooperation Operation

3.5. CMOV record mode jog (SLAVE)

(1) CMOV record mode is the mode to teach the slave position for jigless cooperation operation.

(2) Select the robot role as Slave to set the CMOV record mode.
(After entering the R 351,2 code, allocate the cooperation condition switch F key and use the
SHIFT+F key to change the robot role. S:R2 will be displayed with the robot role and number
on the top right side of the screen.)

(3) Set the master robot to manual cooperation condition. (R351,1)

(4) When the operation is carried out in the orthogonal coordinate jog mode, the orthogonal
coordinate jog will take place based on the tool End Effector coordinate of the mater.

Master tool end
effectercoordinate

Z direction
jog

O

Master robot Slave robot

Figure 3.4 CMOV record mode jog
Caution

® \When the slave is in CMOV record mode, jog operation for master robot in manual
cooperation condition is not possible.
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Cooperation Control

3.6. Arm interference and soft limit detection among cooperation
robots

In the cooperation activity, the slave moves in line with the movement of the maser. At this time, while
the user is carrying out the manual operation of the cooperative robot by using the master, if soft limt or
arm interference angle error occurs at the slave robot, stopping will occur while the relative position for
the cooperation is maintained.

3.6.1. Error detection
When one of the robots stops from an error caused from an arm interference error or soft limit, the robot

stops keeping its current position. Even when the error is caused by the slave, the master also stops
the operation.

MASTER

Arm interference Maintain relative

error iti
o position
Exceed soft limit Stop

Generate error

MASTER

Detect slave
error location
Stop
Maintain relative
position

Arm interference
error
Exceed soft limit
Generate error

Figure 3.5 Error detection
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3. Manual Mode Cooperation Operation

3.6.2. Error cancel

To cancel the error, you can press the operating key of the master robot to the direction where it does
not generate an error. And when you press the operating key to the direction where it does not generate
an error one more time, you can proceed the operation.

MASTER

Arm interference erroc MASTER/SLAVE

Exceed soft Iimit‘
Operate in cancel
direction

Can be operated

Figure 3.6 Error cancel
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4. Cooperation operation Teaching

Cooperation Control

4.1. COWORK function

4.1.1. Function parameter

COWORK function is recorded in the program as a function and indicates the start and end of the
cooperation control. This function also designates the master and slave of each robot.

COWORK

{parameterl},{parameter2},{parameter3},{parameter4} {parameter5} Start cooperation

(Cooperation program)

COWORK END End cooperation

. Designates own robot role (MASTER/SLAVE)
. Designates end of cooperation operation
arameterl . .
P M: Designates itself as master COWORK M,S-=...,
S: Designates itself as slave COWORK S,M=...
END : End cooperation operation COWORK END

The ID number of the manipulator to be designated by the master robot controller as
the master.
If it is the master itself: COWORK M, ID=1,S
ID =0 is the robot manipulator
ID =1 is the positioner group 1 registered as the additional axis
(If the positioner group is set as the additional axis at the master)

Parameter2

.Designates other robot number

When designated itself as master : COWORK M,S=2,3,4

Others become the slave and designates the slave robot number (maximum of 3)
When designated itself as slave : COWORK S,M=1

Other robot becomes the master and designates the master robot number

Parameter3

. Manipulator ID number designated as master from the master robot controller

if it is the slave itself: COWORK S,M=1,ID=0

ID = 0 is robot manipulator

ID = 1 is positioner group 1 registered as additional axis
(When the positioner group is set as additional axis to master axis)

Parameter4

. Collaborative corresponding robot standby time (Sec) < 0 ~ 120 > When not
designated, it is infinite standby

Parameter5 | When designated itself as master : COWORK M,S=2,T=30
Standby time until slave returns to collaborative reference position
When designated itself as slave : COWORK S,M=1,T=30
Standby time until master returns to collaborative reference position
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4. Cooperation Operation Teaching

4.1.2. Method of using COWORK function

(1) For the master robot, the operating command in the zone between COWORK and COWORK
END becomes the collaborative zone command. The slave cannot insert an operating

command.

(@)

is the COWORK MOVE command.

3)

The slave cannot use the general move command and must use the CMOV command which

For handling operation, which is for the slave to follow the master robot, the slave moves with

the master while keeping a relative position even though the CMOV command is not inserted,
as shown in the below example.

MASTER ROBOT
MOVE P,S=100%,A=0,T=0
MOVE P,S=100%,A=0,T=0
MOVE P,S=100%,A=0,T=0
D01=1 (HAND ON)
COWORK M,S=2,Tq
0 ~5=800mm/sec, A=0
QMOVE L, S=500mm/s&

N

SLAVE ROBOT

S1  MOVE P,S=100%,A=0,T=0
S2  MOVE P,S=100%,A=0,T=0
S3  MOVE P,S=100%,A=0,T=0
D01=1 (HAND ON)
COWORK S, M=1
COWORK END

D01=0 (HAND OFF)
MOVE P,S=100%,A=0,T=0

Cooperation START

Cooperation operatjon
Cooperation END

4-3
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Cooperation Control

(4) You can insert a CMOV command to the slave based on the master end effecter coordinate,
and the recording position of CMOV is based on the master tool end effecter coordinate. If
taught as shown in the below example, the cooperation operation is done in the
COWORK~COWORK END zone. In this operation, the slave follows the master robot on the
CMOV trace recorded in the master end effecter coordinate. (Jigless cooperation control is an

option.)

MASTER ROBOT
S1  MOVE P,S=100%,A=0,T=0
S2 MOVE P,S=100%,A=0,T=0
S3  MOVE P,S=100%,A=0,T=0
COWORK M,S=2,Tm=30
S4 MOVE L,S=100mmysec,A=0,T=0

WAIT DE4=1
DE1=0

MOVE L,S=100mm/sec, A
o

OV
COWORK <END
S7 MOVE P,S>1Q0%,A=0,

|
Cooperation START
Cooperation operatio

ooperation END

Caution

SLAVE ROBOT

S1
S2
S3

4

S5
S6

s/

MOVE P,S=100%,A=0,T=0

MOVE P,S=100%,A=0,T=0

MOVE P,S=100%,A=0,T=0
COWORK S, M=1

CMovV R10,L,S=100mm/s,A=0,T=0
DE4=1

WAIT DE1=1

OE4=0

CMov R10,L,S=100mm/s,A=0,T=0
CMov R10,L,S=100mm/s,A=0,T=0
COWORK END

MOVE P,S=100%,A=0,T=0

® At the end position of the cooperation operation, a COWORK END command must be

inserted.

® For the slave robot, the MOVE command cannot be inserted within the cooperation zone. For
the master robot, the CMOV command cannot be inserted.

/A HYUNDAI ROBOTICS
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4.2.

(1)

(@)

3)

4. Cooperation Operation Teaching

Program Teaching and Preparation for Cooperation Handling

You need the same number of operators as the number of cooperation control units. Therefore
you need as many operators as the robots.

Check whether the common coordinate of the cooperation robot is set. Allocate the f key
necessary for cooperation control.

Move the master and slave robot to the starting position of the cooperation operation and
record the starting position based on the reference position.

MASTER ROBOT SLAVE ROBOT

S1 MOVE P,S=25%=O,T=O S1 %E P,S=25%,A=0,T=0

Record position step based on cooperation
operation start

Recording location step
based on col laborative
S1 operation start

(4)

()

Figure 4.1 Recording position step based on cooperation operation start

Set the master and slave robot to cooperation status using the f key. The robot roles can be
set by entering the R351 code.

Check if the master robot is set to master and slave robot to slave and also check whether the
operation ready is ON. Set it to jog on for master and jog off for slave.
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Cooperation Control

(6) Register the COWORK M/S command and record the step. COWORK command designates
the master/slave recognition and designates the slave/master number.

MASTER ROBOT

S1 MOVE P,S=25%,A=0,T=0
COWORK M,S=2,T=30

SLAVE ROBOT

S1 MOVE P,5=25%,A=0,T=0
COWORK S,M=1,T=30

(7) Control the master robot with jog. At this time the slave follow the master robot's movement in
relative position at the tools end position. At this time, the Enable switch must be pressed for
the slave. The step is recorded only to the master from record position. It is not recorded in the

slave robot controller.

MASTER ROBOT

S1 MOVE P,S=25%,A=0,T=0
COWORK M,S=2,T=30
S2 MOVE L,S=500mm/s,A=0,T=0

SLAVE ROBOT

S1 MOVE P,S=25%,A=0,T=0
COWORK S,M=1,T=30

.

/

Master: Cooperation
position recorded

/

Slave: Not recorded

Slave
follow

Master

Figure 4.2 Master robot operation
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4. Cooperation Operation Teaching

(8) Cooperation operation step is recorded to the master. Set the interpolation type and speed of

the master. Use the general move command within the cooperation operation function.
(SMQV cannot be used.)

MASTER ROBOT SLAVE ROBOT
S1 MOVE P,S=25%,A=0,T=0 S1 MOVE P,5=25%,A=0,T=0
COWORK M,S=2,T=30 COWORK S,M=1,T=30

S2 MOVE L,S=300mm/sec,A=0,T=0
S3 MOVE L,S=300mm/sec,A=0,T=0
S4 MOVE L,S=300mm/sec,A=0,T=0

(9) When the cooperation operation is done, the COWORK END command is inserted to the
master and slave.

MASTER ROBOT SLAVE ROBOT
S1 MOVE P,S=25%,A=0,T=0 S1 MOVE P,S=25%,A=0,T=0
COWORK M,S=2,T=30 COWORK S,M=1,T=30

S2 MOVE L,S=300mm/sec,A=0,T=0

S3 MOVE L,S=300mm/sec,A=0,T=0

S4 MOVE L,S=300mm/sec,A=0,T=0
COWORK END

COWORK END

Caution

® Manual cooperation robot role and COWORK robot role must be the same. For example, if the
manual cooperation condition is set to set to slave, COWORK M cannot be executed.

® Do not set to Enable switch of the slave to OFF during manual cooperation operation.
Because the hardware signal is processed prior to the communication speed, a misalignment
between the robots can occur. In this case, it can damage the work object or robot hand in
severe cases.
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Cooperation Control

4.3. CMOV command

CMOV {parameterl}, {parameter2}, {parameter3}, {parameter4}, {parameter5}

.Manipulator identifier of master system
R(#1)(#2)
arameterl ~
P #1 : Master robot system number (1 ~ 4)
#2 : Master manipulator identifier of robot system
(0: Robot, 1: Positioner Group 1, 2: Positioner Group 2)
.Interpolation
2 . . . . . .
parameter Designs the slave robot’s interpolation method. Only applies to straight line or arc.
(L: Linear, C: Circular)
.Interpolation speed
parameter3
Designates the relative speed compared to work object
parameter4 .Accuracy (0~3)
parameter5 .Tool number (0~7)

R11 =

Positioner 1
R21 o)
< Positioner A
control
Robot ositioner 1
1 Positioner
control

Positioner

Ethernet Cable Ethernet Cable
control

Figure 4.3 Method of distinguishing ID identifier
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4. Cooperation Operation Teaching

4.4. Teaching for Arc Welding and Sealing (Jigless Cooperation

Control: Option)

(1) After setting the manual cooperation robot role of master and slave to ‘individual’, teach the
COWORK start step for the individual step and insert the COWORK command.

MASTER ROBOT

S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,S=100%,A=0,T=0
COWORK M,S=2

SLAVE ROBOT

S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,S=100%,A=0,T=0
COWORK S.M=1,ID=0

Step target position

Step start position

Figure 4.4 Step start and target position

(2) Change the role of master and slave to its role in manual cooperation condition.

MASTER ROBOT

S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,S=100%,A=0,T=0
COWORK M,S=2

>R351,1

SLAVE ROBOT

S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,5=100%,A=0,T=0
COWORK S.M=1,ID=0

>R351,2

4-9
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Cooperation Control

(3) Operate the master with jog operation and the slave will follow. Record the master step in the
desired recording position.

MASTER ROBOT SLAVE ROBOT

S1 MOVE P,S=100%,A=0,T=0 S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0 S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,S=100%,A=0,T=0 S3 MOVE P,S=100%,A=0,T=0
COWORK M,S=2 COWORK S.M=1,ID=0

S4 MOVE L,S=100mm/s,A=0,T=0

(4) The slave needs to be turned into the CMOV record mode by using the Shift+User keys or the
R351,3 command. The robot role displayed at the top right of the screen turns from green to

grey.

MASTER ROBOT SLAVE ROBOT

S1 MOVE P,S=100%,A=0,T=0 S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0 S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,S=100%,A=0,T=0 S3 MOVE P,S=100%,A=0,T=0
COWORK M,S=2 COWORK S.M=1,ID=0

S4 MOVE L,S=100mm/s,A=0,T=0

> >R351.3

(5) Jog operate the slave robot to the target position and press the ‘REC’ key.

Step target position
CMOV record (S4)
(600,200,700)

Figure 4.5 Step target position CMOV record
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4. Cooperation Operation Teaching

MASTER ROBOT

COWORK M,S=2
S4 MOVE L,S=100mm/s,A=0,T=0

>

SLAVE ROBOT

S4 CMOV L,R10,5=100mm/s,A=0,T=

>

CMOV is recorded to the slave. The recording position of CMOV is based on the master tool
end effecter coordinate. Press the QUICK OPEN to check and edit the recorded coordinate

position.
Recard = S Manual | Recard = 8 Manual
condition | (8] Pragram | 1 5/F [ Unit(0] | E"Mech | L5 Crd = Manualsf  T1 output condition  Current step location output
[ ooo1 3/0 ALLMECH | [0JHADIOL-02  CART.  |[< 200mmys SH2 =) Unit= [T
L& MOVE L.S=60%,A=1, T=0 # v
7 8=60% =1, CP1 X = [ 33046 mm 1
Fiobot program —_
flunto WAIT GE1=0 Window ¥ o= [ 188H mm Windaw
adjusigs adustment
GEb=0 z = BEREE mm D
c = =1.T=
0d 52 MOVE L.5=60%,A=1,T=1 Y S ol
- COWQRK, M=11D=1 fx 15855 dea
([= Jog WEAVON WEV#=1 o= BI063 deq S
inching 153 CMOV R11,L,$=20mm/s, A=1,T=1 = [ AT e kevboag
= COWORK WITH By
= ARCON ASF#=1,J0B#=1 Coordinate Master end OEne
,ﬁs4 CMOV R11,C.5=20mm/s, A=1.T=1
QuickOpen |55 CMOV R11,C,5=20mm/s, A=1.T=1 User key QuickOpen User key
= COWORK WITH F3 = 3
s s6 CMOV R11,L.5=20mm/s, A=1,T=1 =
Hel l PREV/NEX Hel PREV/NER
El [ I i o Ater selecting the item and entering the value, press the [ENTER] key, [-33339 339 - $9999,999] f

The coordinate recorded at this time is to be displayed as ‘Master end’.

(6) Multiple CMQV steps can be recorded by moving the slave while applying the same manner.

S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,S5=100%,A=0,T=0
COWORK M,S=2

S4 MOVE L,S=100mm/s,A=0,T=0

SLAVE ROBOT

S1 MOVE P,5=100%,A=0,T=0

S2 MOVE P,5=100%,A=0,T=0

S3 MOVE P,S=100%,A=0,T=0
COWORK S.M=1,ID=0

S4 CMOV L,R10,5=100mm/s,A=0,T=0

S5 CMOV L,R10,S=100mm/s,A=0,T=0

(7) But because the moving plan for recording step is executed individually between the master
and slave, the time reaching the target position is different. Therefore, in order to align the
timing of master MOVE position and slave CMQOV start position in the collaborative zone,
mutual interlock method is used with HiNet I/O.

(8) For example, to synchronize the starting point of step 5 (S5) of master and slave, method of
checking whether they arrived with GE or DE parameter is used.

4-11
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Cooperation Control

S1 MOVE P,S=100%,A=0,T=0 S1 MOVE P,S=100%,A=0,T=0

S2 MOVE P,S=100%,A=0,T=0 S2 MOVE P,S=100%,A=0,T=0

S3 MOVE P,S=100%,A=0,T=0 S3 MOVE P,S=100%,A=0,T=0
COWORK M,S=2 COWORK S.M=1,ID=0

S4 MOVE L,S=100mm/s,A=0,T=0 S4 CMOV L,R10,S=100mm/s,A=0,T=0
WAIT GE5=1 GEb5=1
GEl1=1 WAIT GE1=1

S5 MOVE L,S=100mm/s,A=0,T=0 GE5=0

S5 CMOV L,R10,S=100mm/s,A=0,T=0

% If the above method is used, the master and slave robot checks each other whether they
have arrived at step 4 (S4) and moves to step 5 (S5).

(9) When the cooperation operation is completed, the COWORK END command is inserted to
both master and slave to complete the cooperation control teaching.

S1 MOVE P,S=100%,A=0,T=0 S1 MOVE P,S=100%,A=0,T=0
S2 MOVE P,S5=100%,A=0,T=0 S2 MOVE P,S=100%,A=0,T=0
S3 MOVE P,S=100%,A=0,T=0 S3 MOVE P,S=100%,A=0,T=0
COWORK M,S=2 COWORK S.M=1,ID=0
S4 MOVE L,S=100mm/s,A=0,T=0 S4 CMOV L,R10,S=100mm/s,A=0,T=0
WAIT GE5=1 GE5=1
GE1=1 WAIT GE1=1
S5 MOVE L,5=100mm/s,A=0,T=0 ARCON
WAIT GE5=0 S5 CMOV R10,L,S=50mm/sec,A=0,T=0
S6 MOVE L,S=100mm/sec,A=0,T=0 S6 CMOV R10,L,S=50mm/sec,A=0,T=0
COWORK END ARCOF
GE1=0 GE5=0
COWORK END

The whole program explained above can control the timing such as @, ® and © to control
the timing of cooperation control, as shown below.

MASTER ROBOT1 SLAVE ROBOT2

S1 MOVE P,S=100%,A=0,T=0 S1  MOVE P,S=100%,A=0,T=0
S2 MOVE P,S=100%,A=0,T=0 S2 MOVE P,S=100%,A=0,T=0
S3 MOVE P,S=100%,A=0,T=0 S3 MOVE P,S=100%,A=0,T=0
DO1=1 D01=1
COWORK M,S=2,T7=30 (Cooperation START) COWORK S,M=1,1D=0 (Cooperation START)
S4 MOVE L,S=100mm/s,A=0,T=0 @/, S4 CMOV R10,L,S=200mm/sec,A=0,T=0
- GE5=1
WAIT GE5=1 (wait slave)
El—— |®
S5 MOVE L,S=100mm/sec,A=0,T=0 ——— WAIT GE1=1 (wait master)
ARCON

S5 CMOV R10,L,S=50mm/sec,A=0,T=0

© S6  CMOV R10,L,S=50mm/sec,A=0,T=0
WAIT GE5=0 (wait ARCOF of slave)<\ ARCOF

S6  MOVE L,S=100mm/sec,A=0,T=0 —f GE5=0
COWNORK END (Cooperation END) COWORK END (Cooperation END)
GE1=0 S7 MOVE P,S=100%,A=0,T=0

S7 MOVE P,S=100%,A=0,T=0 .
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4. Cooperation Operation Teaching

% Programming method using COWORK WITH command

The COWORK WITH command is to be used to synchronize the positions between the master and
slave while the cooperation control (Between COWORK~COWORK END) is in progress.

If the COWORK WITH command is met in the middle of the cooperation control, it is required to wait
until all the cooperating robots reach the COWORK WITH condition. Accordingly, the above program
can be changed according to the following method.

MASTER ROBOT1 MASTER ROBOT2

S1 MOVE P,S=100%,A=0,T=0 S1 MOVE P,S=100%,A=0,T=0
S2 MOVE P,S=100%,A=0,T=0 S2  MOVE P,S=100%,A=0,T=0
S3 MOVE P,S=100%,A=0,T=0 S3 MOVE P,S=100%,A=0,T=0
D01=1 D01=1
COWORK M, S—2 T=30 (Cooperat ion START) COWORK S,M=1,1D0=0 (Cooperation START)
=0 = c,A=0,T=0
COWORK WITH
ARCON

S5 CMoV R10,L,S=50mm/sec,A=0,T=0
=100 =0, S6 CMOV R10,L,S=50mm/sec,A=0,T=0
COWORK END (Cooperatlon END) ARCOF
GE1=0 ¢ COWORK WITH
S7 MOVE P,S=100%,A=0,T=0 COWORK END (Cooperation END)
. S7 MOVE P,S=100%,A=0,T=0

You can easily synchronize the starting position of cooperation between master and slave by using the
COWORK WITH command as shown above.

¥ Reference

® Mutual interlock in cooperation control using HiNet can be composed in different ways from
the above method.

® You can check the CMQOV record position of slave according to the master position by using
the step forward/backward function.

® [or the contents on HiNet I/O, please refer to chapter 6.

Caution

® To use the weaving operation of CMQOV, reference PREF setting must be recorded within
cooperation control zone (COWORK~COWORK END).

® CMOV trace seam-tracking function using the laser vision sensor is not supported.

® COWORK WITH command must be used for same number for both master and slave in the
cooperation control zone (COWORK~COWORK END).
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4.5.

Cooperation Control

CMOV record position check

CMOV step is a useful function to check the teaching position during CMOV record mode using the
step forward/backward function. Because CMOV step records position and position of master end
effecter coordinate, the tool position of the master must be checked before executing.

(1)
(2)
3)
(4)

Caution

Set the master robot (COWORK M) to the master condition for manual cooperation. (R351,1)
Set the slave robot (COWORK S) to CMOV record condition. (R351,3)
Move and stop the master robot to the step position for cooperation.

Select the CMOV step to move and press the step forward key to move the slave to the
recording position on master end effecter. For example, if the CMOV recording position is at
the zero point of master end effecter coordinate (0,0,0), the master CMOV step position will
move the zero point of master end effecter coordinate irrelevant of whether the master robot is
in the solid line or dotted line.

HYUNDAI

Master robot Slave robot

Figure 4.6 CMOV record position check

In CMOV record condition (R351,3 condition), it moves to the applicable step position
irrelevant of whether the COWORK command is executed or not.

Master jog cannot be used in CMOV record condition.

Because real time cooperation operation does not work in CMQOV record condition, keep the
master stopped and not operate it step forward/backward.

After changing the master position of the CMOV record, stop the robot. If you move the CMOV
step forward it will move the renewed position.
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4.6. Positioner master system

4. Cooperation Operation Teaching

This function allocates the collaborative master to the positioner so that the slave robot can collaborate
with the master positioner. The positioner groups 1~2 are supported.

4.6.1. Positioner master jog

1)

(@)

3)

(4)

()
(6)

This executes the positioner group setting and positioner calibration for positioner

synchronization.

The robot, for which a positioner is set as the master, needs to be set as the manual
cooperation master (M:R#) by using R351, 1 or the user key.

The ‘Mechanism’ key needs to be pushed to select the positioner mechanism.

Record
condition

(Bl Program | &1 5/F

[ Unit:[o)

h 0oz 241 ALL MEC
- CMOY R10,L,5=R02%, &=1,T=0

Crd
TOOL

IEE— Manual g
B+ 250mm,/s

Fecord —
condition B Program | < 5/F

= ooz 21
- SMOV 51,1 S=R0% A=1 T=0

[ Unit:[0]
ALL MECH

(¥ Crd
| | Sync/&l |

Manual
output

The slave robot needs to be set for the slave role (S:R#) by using R351,2.

If you execute the positioner synchronized jog operation, the robot 1 and 2 will be

synchronized to the positioner.

4-15
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Cooperation Control

4.6.2. Positioner master teaching and playback

(1) You can teach the master and slave using the COWORK command. Set the ID=1 for the slave
to select the master positioner to master.

(2) While the positioner is set as the master (Master robot side coordinate ‘Synchronize S1’), the

position of the slave needs to be recorded. At this time, this position is recorded based on

positioner end effecter coordinate.

Master robot

Slave robot

MASTER ROBOT1
COWORK M,S=2

SLAVE ROBOT2
COWORK S.M=l

(3) For the master side to collaborate with the positioner, teach SMOV step in the same way as
the existing positioner. If the step is recorded for the slave when the master positioner is set to
master (Master robot side coordinate ‘Synchronize S1’), the robot number reflecting the

master ID is recorded.

Master robot

Slave robot

MASTER ROBOT1

COWORK M,ID=1,S=2
S1 SMOV S1,L,S=100mm/s,A=0,T=0

SLAVE ROBOT2

COWORK-S§.M=1,ID=1
S1 CMO L,S:lOOmm/S,A:O,TZO

The master is the same as the positioner synchronization function. The slave is recorded in

R11.

(4) Teach the master and slave in the above method in (3) and finalize with COWORK END.

MASTER ROBOT1

COWORK M.ID=1, S=2

S1 SMOV S1,L,S=100mm/s,A=0,T=0
S2 SMOV S1,L,S=100mm/s,A=0,T=0
S3 SMOV S1,L,S=100mm/s,A=0,T=0
S4 SMOV S1,L,S=100mm/s,A=0,T=0
COWORK END
END

SLAVE ROBOT2

COWORK S.M=1,ID=1

S1 CMOV R11,L,5=100mm/s,A=0,T=0
S2 CMOV R11,L,5=100mm/s,A=0,T=0
S3 CMOV R11,L,5=100mm/s,A=0,T=0
S4 CMOV R11,L,5=100mm/s,A=0,T=0
COWORK END
END
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4. Cooperation Operation Teaching

(5) Check the operation in manual mode and operate in auto mode.

Caution

® In the jigless cooperation control, the positioner groups 1~2 are supported. You must select
positioner group number 1 or 2 for positioner jog and CMOV.

® Ifthe value setin COWORK S,M=#1, ID=#2 for slave is different from the CMOV R#1#2 value,
an error is generated saying "E1365 CMOV master No. ID is inappropriate. ; .
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5. Cooperation Operation Playback Cooperation Control

5.1. Introduction of Cooperation Playback

Individual operation is the general control method as same as the individual operation method, and the
cooperation operation is the COWORK ~ COWORK END part in which the program position of the
master decides the slave operation.

(1) Cooperation operation part is the COWORK ~ COWORK END part and the when the
COWORK command starts all collaborating robots standby until COWORK is executed.

Reaching reference position for
cooperation operation start

QT
COWORK M.S=2

<<Robot cooperation During individual
standby>> operation

| ROBOT #1 Automatic cooperation Automatic cooperation ROBOT #2
MASTER condition: standby condition: individual SLAVE

Figure 5.1 Cooperation playback 1
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5. Cooperation Operation Playback

(2) When the collaborating robots are all in COWORK position, the cooperation operation starts.

Cooperation operation start  Cooperation operation start
Standby in refefence position  Reach reference position

COWORK S,M=1

<<Robot cooperation <<Robot cooperation
standby>> standby >

ROBOT #1 Automatic cooperation Automatic cooperation ROBOT #2
MASTER condltinjﬁandby conditiop: standby SLAVE

COWORK M.S=2

COWORK END

. . <<Robot cooperation
Cooperation operation standby>>

Automatic cooperation : :
condition: cooperation Automatic cooperation

condition: cooperation

Master

Figure 5.2 Cooperation playback 2

(3) If the collaborative zone operation is completed, master reaches the COWORK END
command to end the cooperation condition.

Step position when cooperation
operation is dgne

COWORK END COWORK END

Cooperation operation <<Robot cooperation
done standby>>

Autom_atic coouerat_ion Automatic cooperation
condition: cooperation condition: goneration

< e

Figure 5.3 Cooperation playback3
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Cooperation Control

(4) When the cooperation operation is completed, each individual operation is resumed.

MOVE ... MOVE ...
Automatic Automatic §
cooperaton | |  cooperation
condition: individual condition: individual

Figure 5.4 Cooperation playback 4
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5. Cooperation Operation Playback

5.2. Program check in manual mode

(1) In the manual mode, the manual cooperation mode needs to be set as I(Indiv.) or M(Master)
for the master robot, and it needs to be set as I(Indiv.) or S(Slave) for the slave robot.

(2) The preparation for the operation needs to be on and the ‘Step forward’ keys on both sides
need to be pushed.

(3) To check the synchronized operation of the master and slave, press the step forward key of
the slave until the cooperation operation is completed.

MASTER ROBOT1 SLAVE ROBOT2

S1 .MOVE P,S=25%,A=0,T=0 S1 .MOVE P,S=25%,A=0,T=0
.COWORK M,S=2,T=30 .COWORK S,M=1,T=30

S2 .MOVE L,S=300mm/sec,A=0,T=0

S3 MOVE L,S=300mm/sec,A=0,T=0

S4 MOVE L,S=300mm/sec,A=0,T=0
COWORK END

S2 CMOV R10,L,S=50mm/sec,A=0,T=0
S3 CMOV R10,L,S=50mm/sec,A=0,T=0
COWORK END

ROBOT #1 ROBOT #2
SLAVE

movement

CMOVR1,L,...

Operate step forward Press step forward key

Figure 5.5 Program check in manual mode
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Caution

Cooperation Control

If you set the slave to CMOV record mode (R351,3), cooperation operation in manual mode
with the master will not work. Always set to | (Indiv., R351,0) or S (Slave, R351, 2).

If you release the TStep forward; key during cooperation operation, the robot will stop and
FStop request of opponent robot; message will be displayed. To restart at this time, move
forward the slave side first then the master side.

If you do not set the master and slave to ‘manual’, an error saying “Cooperation operation start
error” will be generated and the playback will not start.

When executing step forward/backward, the condition must be set to "Function during step
fwd/bwd = On; .

The master and slave robot check the execution position only when executing the COWORK
command, and step position synchronization of master and slave is not done in other work
zones. Therefore, the relative position checked with step forward/backward function can
change during auto mode playback.

In order to synchronize the specific positions of the two robots, the COWORK WITH command
needs to be used.
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5. Cooperation Operation Playback

5.3. Playback in auto mode

(1) Switch all collaborating robots to auto mode.
(2) Check if the operation ready condition is ON for all the collaborating robots.
(3) Start the program from the beginning.
(4) Operate all the collaborating robots.
(The operating sequence of master and slave can be either way.)

Caution

® Do not execute the COWORK M (or COWORK S) in any arbitrary position that is not the
reference position for cooperation playback. You must calculate the relative position of master
and slave in COWORK M (COWORK S) position and always operate it in the collaborative
reference position.

® Set the collaborative standby time appropriately. An error will be generated if one of the
master or slave arrives to the collaborative reference position and the other does not within
the ‘collaborative standby time’. Set the collaborative standby time to 0 to make it standby
infinitely.
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5.4. Cooperation Playback Stop/Restart

Cooperation Control

(1) If the user enters the stop command (external stop, internal stop) during cooperation operation,

all the robots in cooperation stop.

Record i - 5 Manual
condion | (8] program | 1 5/F G Unie(0] | B Mech | L5 Crd E:Play spd | T1 R
oot 30 ALLMECH | [mHAOIOL-0:  JONT | 100% FEAT
MOVE L.§=60% A1, T=0 T L
Fiobot program —
Cycle type Robot:HAO10L—03, 9axes, 7stepq ~ am!?r';‘:”
. ‘'master test 51
[S1 . MOVE P,5=25%,A=1,T=1 D
. GE1=25
. WAIT GEB=2 Soft
inching _GE1=0 keyboard
= 52 . MOVE P.$=25%.A=1.T=1 By
— . COWORK M,ID=1,8=2
. WEAVON WEV#=1
CQuickOpen 1S3 >SMOV $1,L,5=20mm/s,A=1,T=1
e COWORK WITH =
{4’ IS4 SMOV $1,C,S=20mm/s, A=1,T=1 S
[
Help [ I Playback PREV/NER

Record

Cycle type

inching

i - 5| Manual
condtion | (] program | 1 6/F G Unim) | B Mech | 15 Crd E:Play spd | T1 i
00l 30 ALLMECH | (DHADIOL-0:  JOINT | 100% AT
MOVE LS=60%.4<1.T-0 TR
Fiobot program — _
Robot:HAO10L-03, 9axes, 7stepq advj/"g‘:r”n‘;‘/m
. ‘'master test S1
51 . MOVE P,5=26%,A=1,T=1 D
. GE1=25
. WAIT GEB=2 Soft
. GE1=0 keyboard
52 . MOVE P.5=25%.A=1.T=1 By
. COWORK M,ID=1,$=2
- WEAVON WEV#=1
53 >SMOV $1,L,5=20mm/s,A=1,T=1 User key

54

COWORK WITH

SMOV S1,C,S=20mm/s.A=1.T=1

A\

PREV/NEX

(2) When restarted after being stopped, the slave robots need to be started first before the master

robots are restarted. An error will be generated is the slave robot is not in collaborative
standby condition.

(3) After stopping during cooperation operation, changing the step number and restarting the
robot is only possible if the cooperation playback condition is disabled. In this case, the
system requires the user to enter the R353 code as a warning.

Fecord 2 . . & Manual
condition | [B) Program | =1 8/F U Unit: 0] | B Mech | T2 Crd 2 Play spd | T G
oot 140 ALL MECH | [0JHAOIOL-0Z  JOINT 100% MERT
MOVE L, 5=60% A=1,T=0 CPI s 2
FRobot program __ |
Cycletype 01 . MOVE P,5=25%,A=1,T=1 aml?r?'\gn
. GE1=25
. WAIT GEb=2 D
. GE1=0
oy, 52 . MOVE P,5=25%,A=1,T=1 Soft
inching . COWORK M, keyboard
= . WEAVON WE By
53 >SMOV S1.L.S=
COWORK WITH
Quickdpen 5.4 SMOV $1.C,5=20mm/s,A=1,T=1 -23,025 deg ) User key
o _ 1 T 57 452 deg -13
{: N1 SMOV S$1,C,$=20mm/s,A=1,T=1 e e 7w A‘
i/ COWORK WITH — B
\
Help ‘ ‘ Playback PREV/NEX]

(4) When you enter the reset command (R353) for cooperation control condition, the operation
resumes with the cooperation condition canceled. To operate with the cooperation condition
maintained, designate the stop step number and execute the operation.

/A HYUNDAI ROBOTICS
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5. Cooperation Operation Playback

5.5. Robot Lock Function(Robot Lock Playback)

(1) Setthe T[F7]: Condition setting; — 5: Robot Lock; to <Enable>.

T

4: Plavback speed ratio = |1DD % D
(Gnd 5: Robot lock = ()Disable  (@)EriEl
O Jog E: Interpolation base = (@) Robottool () Stationary tool Soft
inching T: Select user coordinate = [i keyhoard

(2) When the Robot Lock option is selected, the Mechanism window on the top of the screen will
show a lock icon.

Record ae TTOTMeNL 2 Manual
condition  [B] Program | < &/F G0 Unit[o) | 5" Weah |15 Crd [ Manual 5| T1 output
B} 0001 370 aLLmecH | 01107 JONT B asommes] —— | | @R |

£ MOVE L.5=60%,4=1,T=0 120 R — Ly

(3) If you set the robot lock playback to <Enable> for the master robot and execute playback, the
slave will execute cooperation operation and the master robot will not operate. The axis data
monitoring changes.

MASTER

Robot lock
<Enable>

Robot lock
<Disable>

Execute program

Execute program

Figure 5.6 Robot lock function (Master Lock)
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Cooperation Control

(4) If you set the robot lock playback to <Enable> for the slave robot and <Disable> for the master
robot, the master robot will operate normally and the slave robot will stay stopped with only
monitoring data moving.

Master

MASTER

Robot lock Robot lock
<Disable> <Enable>

Execute program Execute program

Figure 5.7 Robot lock function (Slave Lock)

(5) If you set the robot lock playback to <Enable> for both master and slave, both will execute the
program while stopped.

MASTER

Robot lock Robot lock
<Disable> <Enable>

Execute program Execute program

Figure 5.8 Robot lock function (Master, Slave Lock)

Caution

® Because the robot that has been set to <Enable> with robot lock playback function does not
move, move the robot to a position where it will not interfere with other robot and then execute
the program.

® If you change the robot lock playback back to <Disable>, the position of the robot and the
position of the step will not correspond. Therefore you must execute the program from the
start.
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6. Hinet I/O Function

Cooperation Control

This function shares the I/O through the HiNet connected to the collaborative network. Each controller
monitors the signal between cooperation robots and allocates the shared signals to I/O so that they can
be freely flow. The output size each controller can use is 4 bytes.

Because this function can not only be used to detect the 1/O signal by using the robot language

(HR-BASIC) but also be used as a parameter, there are various applied methods to meet the various
needs of the user.

ROBOT1 ROBOT2 ROBOT3 ROBOT4

GEyp~8
DE 33~64

GE §~12
DE 64~96

GE 8~16
DE 96~128

Figure 6.1 HiNet I/O

Table 6-1 1/0O Zone by robot number

GE (OUT) GE (IN) DE (OUT) DE (IN)
Robot no.
Output allocated Input allocated Output allocated Input allocated
zone zone zone zone
Robot 1 1~4 5~16 1-32 33~128
Robot 2 5~8 1~4,9~16 33~64 1~32, 65~128
Robot 3 9~12 1~9, 13~16 65~96 1~64, 97~128
Robot 4 13~16 1~12 97~128 1~96
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6. Hinet 1/O Function

6.1. DE command

DE command inputs and outputs the self area in 1 bit unit to the HiNet I/O function.

DE[{Script}]={parameter}

.1/0 output signal designation (1~128)
Script 0 : Select all I/O bit
1~128 : Select applicable /O bit
.On/Off setting
parameter 1:0n
0: Off

6.2. GE command

GE command inputs and outputs the self area in 1 byte unit to the HiNet 1/O function. 128 bit is
allocated for HiNet shared 1/0 area and it is possible to output self area in 32 bit units.

GE[{Script}]={parameter}

.1/0 signal group designation (1~32)
Script 0 : Select all 1/0 group
1~32 : Select applicable 1/0 group

parameter .1t designates 1byte of I/O signal.(0~255)
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6.3. Application example

Cooperation Control

The following is a simple applied example to help you better understand the application of robot
language. Because DE and GE can also be used as a parameter, it has an advantage in terms of
flexibility of application.

S9

08:09:05

MOVE P,S=100%,A=0,T=0
MOVE P,S=100%,A=0,T=0
MOVE P,S=100%,A=0,T=0
WAIT GE5=6, 1

**x%x M AN UAL ***

A:0 S:3

MOVE P,S=30%,A=0,T=0
MOVE L,S=500mm/sec,A=0,T=0
MOVE L,S=800mm/sec,A=0,T=0

v

DE1=1
MOVE P,S=100%,A=0,T=0

v

DE3=0
MOVE P,S=50%,A=0,T=0

IF DE2=1 THEN S9 ELSE S10
ENDIF

MOVE P,S=50%,A=0,T=0

S10 MOVE P,S=50%,A=0,T=0

v

v

Standby until data in group 5 becomes 6

Turn on no. 1 bit

Clear no. 3 bit

If no. 2 bit is on, jump to step 9. If not jump
to step 10

/A HYUNDAI ROBOTICS
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7. Service Function _
4 Cooperation Control

7.1. Cooperation control condition monitor

(1) Select [[F1]: Service; — "1:Monitoring; — "10: Cooperation control data

20N BE05 mand 22 MANUAL ] SGT M e
Manual spee.  Monitoring ﬁ L : I
2, JOINT /Services | | |
—_— ‘ . . el
—+ | Data of each axis y 12: Woark prograrn HotEdit
Window
Fiun fo N
|.__’ 2 Input/Cutput signal l]J:z 13: arc welding data AU
B & 3 Fieldbus signal @ 14: Operating information
= Jog Soft
inchi keyboard
e E[] 2 PLC relay data % 15 Embedded fieldbus nade condition ERITEY
=
@ 8: Analog data Q 16: Systemn characteristic data
QuickOpen = User key
—_ -_’ 10: Cooperation control data U 17 &rc welding operating infornation
N S AF
[
@ 11: Yarious data I : 18: Multitasking state
el After entering the itern selection value, press the [ENTER] key, PREHANE:

(2) "11: WO CIOIEH,; E HdEELICH

1 Ianual
Manual spee.  Cooperation control data ot
1 JonT /3ervicey/Monitoring £ | ﬁ | t ‘
S

- 1: Cooperation contral status

Window
Run to i
W & 2 Hinet 10 [GE1~GE1E] adjustment

(3) Cooperation control condition will be displayed as follows.

Rocord | o Bl Manual
condition | (8] pragram | <7 5/F CE Unit:[o) | 5™ Megh i Crd [EE Manual 5 T1 output
D) i} 30 ALL MECH | [11J7 | somt  |Bezsommgs| —— | — | R [

- MOVE L 5=60%.4=1.T=0 T T

Funto (91 . MOVE P,5=25%,A=1,T=1 :
CGE1=25  uEEte on | on | — | —-

Cad . WAIT GE5=2 T ——
. GE1=0 PR Master | Slave | -—— | -——
B o4, [S2 . MOVEP.S=25%.A=1,T=| [GSKEEE Sop | Sop | ——-  -—-
Tl . COWORK M.ID=1,5=2  |EeEE —— | —— | ——
L_‘: . WEAVON WEV#=1
= 133 >SMOV S1,L,S-20mm/s,A=1,T=1 e
s
COWORK WITH e
Quickdpen [S4  SMOV S1,C.S=20mm/s,A=1,T=1 28,025 des 48] | wserkey
~ |5 SMOV S1.C,S=20mm/s.A=1,T=1 57,452 dg a3
F .55 ¢ T2
= COWORK WITH 74,526 deg 1y A
[
Help | I Playback PREV/NE

input
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7. Service Function

(4) Each condition of monitoring function has different meanings as follows.

Caution

Motor ON : This shows whether each robot is ready for operation. (ON/OFF)
Man./Auto : This shows whether each robot is set to manual or auto mode.(Manual/Auto)

Manual cooperation :
This shows the cooperation condition of each robot in manual mode.

Indiv. : Individual jog condition
Master : Cooperation jog condition, designated as master
Slave : Cooperation jog condition, designated as slave

Auto cooperation: This shows the cooperation condition during robot playback.

Stop - Robot is not in operation

Indiv. . Individual robot playback

Wait : Standby for collaborating robots to be in position for COWORK command
Cowork : Playback during cooperation

Error: This shows the recent error condition of each robot and it is cleared when operation

starts.

Recard
condition

=
&

Run to

()

u Jog
inching

2

& tanual

[Pl Program | =1 5/F

o1

I Weth
L1107

[ Unit:[0]

:0/0 ALL MECH

MOVE L.5=60%.4=1.T=0

1 Crd
JOINT

gl Manual 5
< 250mmy/s

| T1 autput

d 5l aff G

51

Robot:HAO10L-03, 9axes, 7stepd

‘master test S1

MOVE P.S=256%,A=1,T=1
GE1=25

WAIT GES=2

GE1=0

MOVE P,5=25%,A=1,T=1
COWORK M,ID=1,5=2
WEAVON WEV#=1

SMOV 51,L,5=20mm/s,A=1,T=1
COWORK WITH

SMOV 51,C,5=20mm/s,A=1,T=1

Cooperation control status

Robot 1| Rob:

Window
adjustrnent

(3

Soft

keyboard

EE)y

User key

A.

FREY/MEX

If the cooperation control is set to <Disable> in cooperation control, the monitoring information
will not be displayed.
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7.2. HiNet I/O monitor

Cooperation Control

(1) Select [[F1]: Service; — "10: Cooperation control data; .
Record A el Manual
condition . output
Cooperation control data )
JService/Monitoring | ﬁ | L !
_PI_’ 1t Cooperation contral status
Window
Cycle type )
% & 2 Hinetl/0 [GE1~GE1E] adjustment
- — I'_—Li
(2) This displays the overall range of the HiNet I/O on the screen. The Input/Output information is

displayed on the most right column. When each signal is on, it is displayed in binary,

hexadecimal and decimal numbers.

MOVE P,5=25%,A=1,T=1
COWORK M.ID=1,5=2
WEAVON WEV#=1

=i 52

QuickOpen |53
COWORK WITH

SMOV 51,L,5=20mm/s,A=1,T=1

SMOV 51.C,5=20mm/s,A=1,T=1

100000 oo | 000 | In

a00aaooa oo 000 | In

00000000 oo | oo | in

00000000 oo | oo | in

00000000 oo | oo | In

] oo | oo | in

] oo | oo | in

nonooooa oo [ ood | In

00000000 00 | 000 In

Record
condition (B program | =1 5/F G Unit:(o] B mMtegh 1 Crd [5 Play spd T
[ 001 070 ALLMECH | 11147 JOINT | 100 ‘ — ‘ — ‘ =
MOVE L,5=60%, 4=1,T=0 oer | | —
Hinet /0 [GE1~GETE] X
Cyele type Robot:HAOQT10L-03, 9axes, 7Tstepfelhai=gelll: Bit Hew |Dec, | 170
. [ O000ooon ]| oo | 000 | Out
master test 51 00000000 | 00 | 000 | Out
S1 MOVE P,S5=25%,A=1,T=1 00000000 | 00 | 000 | oot
GE1=25 00000000 | 00 | 000 | Out
_ D0000000 | 00 | 000 | In
B g WAIT GEB=2 B0000000 | 00 | 000 | In
inching GE1=0 B0000000 | 00 | 000 | _In

sefting

Manual
output

I

Window
adjustmenty|

P4

Soft
keyhoard

User key
A.

PREY/MEX]
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7.3. Manual output function (R352)

7. Service Function

You can manually send out the HiNet I/O signal for cooperation control.

Operation

Output signal

R352, group no. (1~32), output signal (1~128)

Output signal corresponding to group no.
Ex) R352,14,255

Ex) R352,1, 255

First its own robot number has to be able to output GE1. From GE1 to GE4 is the output allocation area

for robot 4. It is impossible to set other range than that.

Fecord _ Manual
condition (B Program | & 54F 15, Crd T output
[ 00 0/ JOINT ‘ — ‘ o ‘ T
MOVE L.5=60%.4=1,T=0 (o] FS— — g
Hinet /0 [GE1~GEIE]
Cycle type Robot:HAO10L—03, 9axes, 7stepfe adjustent
‘master test 51
51 MOVE P,5=25%,A=1,T=1
GE1=25 ) 00| 000 | oot
[

_ WAIT GES TR Soft
inching GE1=0 oo n keyboard
- g 00 [ 000 | In

= 52 MOVE P, RRTR
: COWORK o0 | 000 | In
WEAVON 00 [ 00 [ In

Quicky I 1 T— 0o0oonoo 00 | 000 | In User ki
uickOpen 153 SMOV 51,L,5=20mm/s,A=1,T=1 it i T ser key
) COWORK WITH OOA0AOOD | 0| oo | In A‘
Lr 54 SMOV 51,C,5=20mm/s, A=1,T=1 00000000 [ 00 [ 000 [ In

00000000 | 00 | 000 [ In
Help } | PREW/MEX
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Cooperation Control

7.4. R code

This is the R code used in cooperation control.

Table 7-1 R code used in cooperation control

Operation #1 #2 Content
Robot role Robot role 0 = Indiv
1 = Master
R351,#1
2 = Slave

3= CMOV record mode

R352,#1,#2 Group no. Output value Manual output of group no.

R353 Cooperation playback condition clear
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8. Error Code

Cooperation Control

8.1. Warning
B Code:

WO0016 Improper use of GE or DE signal No
B Cause:

The specified values for GE or DE variable are incorrect. The values are out of range.
B Action:

- It is different from coworking robot number.

- GE: Min.=(robot #-1)*4+1, Max.=( robot #-1)*4+4

- DE: Min.=( robot #-1)*32+1, Max.=( robot #-1)*32+32

m Code:
WO0123 Stop input from partner robot
B Cause:

Stop instruction is received from the partner robot during cowork control operation. In this
case, the above message is output, and the robot stops.

B Action:
Start running a master to resume a program after starting the robot on the part of slave.

B Code:
WO0124 Slave is Impossible to jog
B Cause:

It is set as salve in the condition of manual cowork control. The robot set as slave is
impossible to operate separately.

B Action:
To operate each robot individually in a manual mode, change the condition of manual
cowork. To change the condition of manual cowork, users need to use F key or R351 code.

m Code:
WO0131 Jog Prohibited - Master overlapped

B Cause:
Among robots connected to HiNet are more than two robots set as Master in their manual
cowork.

B Action:

Only one Master for manual cowork is possible to set. Change the setting.
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8. Error Code

Code:

WO0132 Jog Prohibited - No slave selected

Cause:

Jog operation is attempted for Master robot without setting the Slave robot to be available to
cowork.

Action:

Check if Slave robot is selected, and get it ready to be available to cowork before
operating(Jog Off/Enabling Switch On).

Code:

WO0133 Slave jog status are changed-Stop

Cause:

A robot changed its manual cowork is detected among the coworking Slave robots Master
during cowork jog operation with robot.

Action:

Double check the cowork condition of Slave before operating.

Code:

W0134 Master Tool Coord. isn't selected

Cause:

It occurs when attempting to operate jog for Slave robot in a CMOV recording
mode( R351,3). Master robot is not specified.

Or it may occur when using forwarding function of CMOV step. The currently set number of
Master is different from the recorded Master number in CMOV.

Action:

Set a correct master robot for manual cowork Master..
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Cooperation Control

8.2. System Error

B Code:
E0200 (axis 0) Speed over while cooperating
B Cause:

An instruction in excesses of robot maximum speed is input during cowork operation.

B Action:
Change the robot posture, cowork record position, or lower the record speed in a standard
position of Slave which has the cowork operation.

B Code:
EO0201 Start time mismatch
B Cause:

There is an error in receiving/sending signals between cowork robots. It was playback in
different modes.

B Action:
Check the communication condition. Match the modes between cowork robot before
operating.

B Code:
E0203 Partner robot is Emergency

B Cause:

Partner robot motor is OFF during cowork operation. It turns motor OFF to stop.
B Action:
Take necessary actions to the cause of partner robot. Turn motor ON and re-start it.

B Code:
E0204 Rbt#1 Communication is not working
B Cause:

Communication with the corresponding robot is disconnected during cowork, jog, and play.
B Action:

Check if the connection between communication line and communication card is good.

Error can be detected by Hint diagnostic.

B Code:

E0205 HiNet is not working
B Cause:

Hinet communication for cowork is not working.
B Action:

Check if connection between communication line and communication card. Error can be
detected by Hinet diagnostic.
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8. Error Code

B Code:
E0227 Seq. error of Cooperative control
B Cause:

There is a difference in instruction sequence between master robot and slave robot during

cowork control.

B Action:
Check the connection of network for cowork control. Check if slave is executing power

saving function. Set the power saving function of slave robot as Disable.
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Cooperation Control

8.3. Operation Error

B Code:

E1340 Disable condition for co-work run
B Cause:

Controller is inadequately set to execute COWORK instruction.
B Action:

Check if communication is normal, if partner’s common coordinate system is set, and if the
manual coworking is identical with COWORK robot’s role.

B Code:
E1341 Cooperation wait time is over
B Cause:

All the coworking robots are not ready to cowork for the set standby time after meeting with
COWORK instruction.

B Action:
Set the standby time taking the reaching time for all coworking robot to the position into
account. If 0 is set, it would continue to standby until all robot could reach.

B Code:
E1342 Invalided COWORK or common coordi.
B Cause:

COWORK instructions cannot be executed because robot coworking is disable or common
coordinate system is not set.

B Action:
Set the common coordinate system after setting <enable> in a system setting/control
parameter/cowork control parameter.

B Code:
E1343 COWORK execution mismatch

B Cause:
COWORK instructions are executed repeatedly, or program END is executed without
COWORK END

B Action:

Program to make COWORK instruction and COWORK END instruction in pairs. Double
execution by step change is prohibited.
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8. Error Code

Code:

E1344 COWORK Para.(M/S,robot No.) error

Cause:

Partner robot’s number is incorrectly set, indicating my robot’s number in COWORK
instruction.

Action:

Change it because the robot’'s number corresponding to COWORK M(S),S(M)=robot
number cannot be set to my robot.

Code:

E1345 The slave already executed COWORK.

Cause:

Slave robot’s cowork is already working in the position of COWORK END, or it stops.
Action:

For normal coworking of Master & Slave, do not change step artificially.

Code:

E1347 Coord. system not supporting shift.

Cause:

Base / Robot / Tool / User coordinate shift is addable to Base / Robot / Encoder / User
coordinate system pose, and other shift calculation in coordinate system is not allowed.
Action:

Check the coordinate system of pose or shift variable/constant, and convert it to the
allowable coordinate system. [QuickOpen]

Code:

E1355 Partner robot is error stopped

Cause:

Partner robot stops during Cowork so that it is impossible to cowork any longer. It stops
because cowork is impossible.

Action:

Check if the operation mode is identical between robots. Restart Slave first before restarting
Master if restarting after stop during cowork.

Code:

E1356 Duplicated robot number is set

Cause:

Overlapping robot number makes it impossible to control COWORK.

Action:

Check the robot number connected to Hinet to change the overlapping robot number, and
apply power again.
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Cooperation Control

B Code:
E1360 ROBOT.COO file is damaged.
B Cause:
ROBOT.COO file structure is damaged.
B Action:
Initialize the memory with a support of our A/S staff.
TEL: 053-670-7115
E-Mail : robotas@hyundai-robotics.co.kr

B Code:
E1361 ROBOT.COL1 file is damaged.
B Cause:
ROBOT.COL1 file structure is damaged.
B Action:
Initialize the memory with a support of our A/S staff.
TEL: 053-670-7115
E-Mail : robotas@hyundai-robotics.co.kr

B Code:

E1362 ROBOT.COO file is read only.
B Cause:

Impossible to record a data in ROBOT.COO file.
B Action:

Change the property of ROBOT.COO file.

B Code:

E1363 ROBOT.CO1 file is read only.
B Cause:

Impossible to record a data in ROBOT.CO1file.
B Action:

Change the protect of ROBOT.CO1 file.
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