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1. Overview .
Multi tool change

1.1. What is multi (servo) tool change?

It refers to an activity in which a robot changes tools, which are equipped with more than two servo
motors (Such as jigs, positioners, and servo guns), automatically by using the tool changer (ATC)
when it comes to the tools

Sl L
fg%%, (arc]

Figure 1.1 Servo Tools and Robot

In this manual, the explanation will be given based on the following system. Considering that the
systems to be provided on individual sites could be different form this system, the operator on each
site is required to refer to this manual in a way that is suitable for the system on the given site.
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1. Overview

Specification of the system to handled in this manual

1. Pitch variable 2. Jig 3. Servo gun
two-head servo gun

Additional axis specification and index: Imaginary name
[[Ti] Additional axis number

[cNT] Change parameter number

Wi | Spot welding number

Figure 1.2 Kinds of Servo Tool Handled in the Manual

Essential manuals

(1) Hi5 Controller Operation Manual

(2) Hi5 Controller Additional Axis Function Manual

(3) Hi5 Controller Positioner Synchronization Function Manual
(4) Hi5 Controller Spot Welding Function Manual
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Multi tool change

1.2. Key specifications

Table 1.1 Servo Tool Change Specifications

Item Specification
Max. number of motors that can be changed 16
Specification of the change axis Servo gun, Positioner, Jig
Max. number of simultaneous change 4

1.3. Operation sequence

S Initialize the system
System initialization ([F2]: System / 5: Initialize /1: System format)
* Refer to the Hi5 Controller Operation Manual

Robot type selection and registration of the number of additional axes
([F2]: System / 5: Initialize/ 2: Robot type selection)
* Refer to the Hi5 Controller Operation Manual

Robot type selection

v [ Number of additional axes =3 ]

o o ) Additional axis information registration
Additional axis integer setting [F2]: System / 5: Initialize/ 5: Additional axis constant)
* Refer to the Hi5 Additonal Axis Registeration Function Manual

v [ Set T1=G1, T2=G2 and T3=J1 for initialization ]

Setting of the usage for work, and initialization for input and
Usage setting output signals as well as for user key allocation

([F2]: System / 5: Initialize/ 3: Usage setting)

* Refer to the Hi5 Controller Operation Manual

v Number of gun changes = 0
(Impossible to use the previous gun change function simultaneously)

Power-up again

v
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Encoder offset

v

Axis integer setting

v

Setting of the tool number and gun type
corresponding to the gun number

v

Setting for the servo tool change

1. Overview

Encoder zero-point registration
([F2]: System / 3: Robot parameter /4: Encoder offset)
* Refer to Hi5 controller operation manual

Axis integer compensation, Automatic integer setting
([F2]: System / 3: Robot parameter/ 2: Axis constant)
* Refer to Hi5 controller operation manual

Setting of tool numbers and gun types corresponding to gun
numbers in case of the spot welding

([F2]: System / 4: Application parameter / 1: Spot welding / 1: Tool
No. corresponding to Gun No., and gun-type set)

* Refer to Hi5 Spot Welding function manual

[ Refer to the following J

Diverse settings for the function of servo tool change
(IF2]: System / 4: Application parameter / 11: Servo tool change)

v

Tool data setting

v

Positioner calibration executing

v

Program preparation

v

Auto operation

{ 2. Refer to the user interface }

Use of the load data estimation function

([F2]: System / 6: Automatic constant setting/ 4: Load estimation
function)

* Refer to the Hi5 controller operation manual

Performing the load estimation in line with the
disconnection and connection of a tool.

In_case of changing servo tools using positioners, calibration
programs need to be prepared for individual positioners
*Refer to the Hi5 Positioner Synchronization Function Manual

Execution of connection/disconnection using the TOOLCHNG
command

When a positioner is connected, the PosiCal command needs to be
carried out to execute calibration for each connected positioner.
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Multi tool change

% Setting of the tool number and gun type corresponding to the gun number (To be set only in case
of spot welding)

Designate all the tool numbers, additional axis numbers and welding machine numbers
corresponding to individual gun numbers.

Hecprd 2 s Manual
condiion - Set tool number and gun—type ; output
Welder Mo, Gun Mo, Tool Mo, Gun type Additional axis
i
TO = Moload
Run to W Gl T[T = (DEs (OEagess (Sud (DServogun T[T al:\l'rillja?r%‘gnt
i |2_ G2 T|1_ = (B (JEgess (J5td (O Servo gun T|2_ D
% W G3 TR~ = (DEs (OEaess (O)Swud (7)Servo gun T
u Jog Wiz G4 T~ = (DEs (DEaess (OSwud () Servogun TR -
inching W G5 TE = (OB (DEgkss (Ostud (DSerogun T[T keyboard
= W 513 TE = @Es (OEaess (OSwud () Servogun
W Id_ G7 TI?_ = (@En (DEgless (OSwud () Servogun
QuickOpen W |4_ G3 T IB_ = ([@Es (JEgess (O5ud () Servo gun User key
. AI
el Enter welder number, [1 - 4] PIREHIEET

? el

Figure 1.3 Setting of Tool Numbers and Gun Types Corresponding To Gun Numbers

Table 1.2 Examples of Setting of Tool Numbers and Gun Types Corresponding To Gun Numbers

Welding machine Gun number Tool number Gun type Additional axis
W1 Gl T1 Servo gun T1
W2 G2 T1 Servo gun T2
W1 G3 T2 Servo gun T1
W2 G4 T2 Servo gun T2
W1 G5 T3 Servo gun T1
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2. User Interface Multi tool change

2.1. Setting of usage conditions
Set the change conditions for the additional axes.

"[F2]: System; — T4: Application parameter; — "11: Servo tool change; — "1: Use environment
setting

Record e Manual
condition I Jse environment setting output
Pl
T
‘Window
Run to adjustment
3 ) Servo Tool Change function = (@) DigaklE () Enable D
Servo Tool connection status = (@0 Oon
- Jog . . Soft
inching Encoder power supply insert output signal = [0 keyboard
= Encoder power supply insert input signal = |0 [ .!':'["
QuickOpen User key
= X
= -

Help PREY/NEXT

Select whether to use Servo Tool Change or not,
[ R ————
Figure 2.1 Setting of Servo Tool Change Usage Conditions

(1) Servo tool change function
Set whether to use the change function for the additional axes.

(2) Servo tool connection status
Monitors whether the servo tool is connected or disconnected currently.
When the servo tool is connected currently, it is possible to separate it forcibly. In order to
separate it, it is required to shift to <Off>, while the motor is off, and supply the power for the
controller again. However, when the servo tool is disconnected, it is impossible to connect it
forcibly.

(3) Encoder power supply insert output signal
Allocate the output signal for the encoder power control during the connection or
disconnection. When the signal is ON, the relay that controls the encoder’s 5V power cable
will be activated.

(4) Encoder power supply insert input signal
Allocate the input signal for checking the encoder power control status during the connection
or disconnection. Check the status of the relay that controls the encoder’s 5V power cable.

Information)

® The logic of the input and output signals can be set by going through f[F2]: System; —
F2: Control Parameter; — [2: Input/Output signal setting; — T1: Input signal
attribute; / T2: Output signal attribute .
® The BD530 TBIO signals can be set in the number ranging 4097~4100.

® The TBIO signals of the robot program corresponds to SI[101~104]/SO[101~104]
individually.

/ HYUNDAI -

HEAVY INDUSTRIES CO.,LTD.



2. User Interface

2.2. Servo tool constant setting

Manages the axial specification, the number for it, and the number of the additional axis number for
the change, for individual servo motors.

"[F2]: System; — [4: Application parameter; — "11: Servo tool change; — 2: Servo tool
constant setting

1)

)

3

(4)

Heclnrd i E Manual
conditon 1, Servo tool constant setting D
i ificati = Base Servo gun Positioner, Ji Servo hand
xis specification O qun (@) P Olig [ W
Auxis configuration = |Circu|ar - |Any "
Fun 1o indow
Positioner Nurnber = P | 1 Murnber of additional axis = 1 adjustment
% Reduction ratio = |+ - oo/ 100 [deg/rev] D
~ Soft limit = Min [ -7ad.000 Max [ BS6.000 [deg]
Jog Soft
Iefing wator spec : PEW ) - [EERGAEAT keyboard
=, Maximum speed tocel ime
poo/ec param - [T 400 [geq/s] [ 1000 [ms]
QuickOpen User key
K AI
Help PREY/MEXT

Select the specification of axis,

P
‘-/? evious REE Complete

Figure 2.2 Servo Tool Constant Setting

Axial specification
Selects the specification of the change axis. Currently, support is provided for servo guns,
positioners and jigs.

Axial configuration
Selects whether the configuration of the axis for the change is “Linear” or “Circular”

Servo gun/Positioner/Jig Numbers

Sets the numbers for the axis specification. There should be a 1:1 correspondence between
the servo tool integers and the servo gun/positioner/jig numbers. Accordingly, the same
numbers for the servo guns/positioner/jig numbers can not be set for mutually different servo
tool integers.

Additional axis number

Sets the additional axis number for the connection/disconnection process. If the axial
configuration is for the servo gun, the additional axis number set at the ‘Tool No.
corresponding to Gun No., and gun-type set’ will be set automatically. Users need to carry out
the setting in case of positioner/jig axes.
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Multi tool change

When it comes to the servo gun/jig numbers in the following settings, it is required to set the individual
additional axis numbers for the change. In other words, G1 is the tool to be changed for the additional
axis #1 and J1 is the tool to be changed for the additional axis #3.

Table 2.1 Examples of Servo Tool Integer Setting Results

Axis AXis Servo gun/Jig Additional
To be changed e X . :
specification configuration numbers axis number
1. Servo tool integer setting Servo gun Linear Gl 1
2. Servo tool integer setting Servo gun Linear G2 2
3. Servo tool integer setting Jig Linear J1 3
4. Servo tool integer setting Servo gun Linear G3 1
5. Servo tool integer setting Servo gun Linear G4 2
6. Servo tool integer setting Jig Linear J2 3
7. Servo tool integer setting Jig Linear J3 3
8. Servo tool integer setting Servo gun Linear G5 1

/ "HYUNDAI 0.4
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2. User Interface

2.3. Axis Constant
Managers the axis constants of individual servo motors.

"[F2]: System; — T4: Application parameter; — "11: Servo tool change; — '3: Axis constant;

Record s E tanual
condifion  Axis constant autput
[ ] Carrected encoder Current encoder Current axis position
Gl = [ TGN [hex] [~ 00400000 [hex] | 0000 [mm] e
. G2 = [ O0G00000 [hex] [~ 00400000 (hex] | 0,000 [rm] Windaw
un to JU = [ OOEmO00 [hex] [ ODAWND [hex] | 0[] adjustment
Tep G3 = [ DM00000 [hex) [ 00400000 [hex] | 0000 [mm) D
G4 = [ 0000000 [he:x] [ 00400000 [hex] | 0000 [rmm]

B g Je = [ 0000000 [hex) [ 00400000 [hex] | 0000 [mm] Soft
inching keyboard
. J3 = [ (0400000 [hex] [ O0A00000 Chex] | 0000 [mm)

— G5 = [ 00400000 [hex] [~ D0400000 Chex] | 0,000 [rm]
QuickOpen User key
£ X

Help PREV/NEXT

After moving the selected axis with the jog key, press the [apply] key,

Figure 2.3 Setting of Servo Tool Axis Constant

When the servo tool is connected, the axis constant of the relevant additional axis will be updated as
the axis constant of the servo tool for the change. In other words, the set values of f[F2]: System; —

"4: Application Parameter; — 11: Servo Tool Change; — "3: Axis Constant; will be updated as
the values of T[F2]: System; — [3:Robot Parameter; — [2: Axis Constant;

In addition, the same management process that is applied for the above mentioned axis constants will
take place for the management of the soft limit, encoder offset, servo parameter and
acceleration/deceleration parameters
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Multi tool change

2.4. Monitoring
Helps the user monitor the state related to the servo tool change.
"[F1]: Service; — T1:Monitoring; — "19: Servo tool change;

PSSR 00120131 [TUET . & MANUAL s (E=a el
cond{lwn (B Program | < Step/Func G2 Unit:[0] | £~ Mech 1 Crd [ Man, spd] T2 G2.1 output

= ) 0010 072 ALLMECH | [0JHA006-04!  CaAT, B znumm/s{ " | AT
L& MOVE P,5=60%,4=1,T=2 W01 S:01 it L Ry
Robot program __ )
Fun'to TOOLCHNG ON,C=G1,DI=1,WT=3.0,MC=G2,J1 indosy
DELAY 5 adjustment
_()Q@@ CALL 5 [:I
DELAY 5
" TOOLCHNG OFF,C=G1,MC=G2,J1 Soft
inching TOOLCHNG ON,C=G3,DI=1, WT=3.0,MC=G4,J2 keyboard
T2 T3 Gesag
] G2 J1
D02 D03
DI2 DI3 User key
. F
BSelect F button menu.
Help ‘ ‘ PREV/NEXT

»

Figure 2.4 Servo Tool Change Monitoring

(1) Servo tool change function
Indicates whether the servo tool change function for the additional axis will be used

(2) Servo tool connection state
Indicates the connection/disconnection states of the servo tool for the additional axis. If it is
connected, the item for the change will be displayed and if it is disconnected, “--"will be
displayed.

(3) Encoder power supply output
Indicates the state of the output, together with the output signal for the encoder power supply

(4) Encoder power supply input
Indicates the state of the input, together with the input signal for the encoder power supply

Information)

® The logic of the input and output signals can be set by going through [F2]: System; —
F2: Control Parameter; — [2: Input/Output signal setting; — T1: Input signal
attribute; / T2: Output signal attribute .
® The BD530 TBIO signals can be set in the number ranging 4097~4100.
® The TBIO signals of the robot program corresponds to DI [4097~4100]/ DO [4097~4100].

/ HYUNDAI ot

HEAVY INDUSTRIES CO.,LTD.



2. User Interface

2.5. Connection/disconnection commands (TOOLCHNG)

This is a servo tool change function in line with the execution of the work program.

Table 2.2 TOOLCHNG Command Parameters

TOOLCHNG ON/OFF,C=<Item for the change>,DI=<Connection completion signal>,
WT=<Connection completion waiting time>,MC=<Item for the change>

ON Servo tool connection
ON/OFF
OFF Servo tool disconnection
The numbers of the welding guns to be
G1-G8 .
connected/disconnected
" Connection/disconnecti
Item for the change | P1~-P16 The numbers of the positioners to be on of the relevant
connected/disconnected . .
additional axis
The numbers of the jigs to be
J1~-J16 .
connected/disconnected
Mechanical connection The numbers of the mechanical
completion 1~4096 connection completion confirmation
confirmation signal signals
Connection completion| <0~5.0> ORnegn BN R
Iy . (Infinite waiting if there is no parameter
waiting time (sec) -
oritis 0) Parameters to be
The numbers of the welding guns to be | ignored during the off
G1-~-G8
connected state
Item for the change
(Simultaneous The numbers of the positioners to be
. . .| P1~P16
connection/disconnecti connected
on) The numbers of the welding jigs to be
J1~J16
connected
/ HYUNDA|



Multi tool change

2.6. Manual connection/disconnection functions
This is a function to connect/disconnect servo tools. The connection/disconnection of the spot gun can
be carried out by entering ‘[R..]+358’. The connection/disconnection of other servo tools including
jigs/positioners can be implemented by entering ‘[R..]+365’
(1) Manual connection/disconnection of a spot gun

This can be used only when the mode is manual and the spot welding is ‘Enable’.

Enter [R..]+358.

358: Spot gun manual connectionfdisconnection E]

Enter connection/disconnection, [disconnection=0,

Connection=1]

Enter ‘0’ for disconnecting and ‘1’ for connecting the spot gun.

When connecting a spot gun needs to take place, the spot gun number for the change needs
to be entered.

358: Spot gun manual connectionfdisconnection E]

Enter spot gun number to change, [1 - 16]

—

The connection/disconnection of a spot gun will take place.

ACaution

If the motor is not in the ‘ON’ mode, the following message will be produced, while the
connection/disconnection will not be carried out.

'IE This can only be executed while rmotor on,
L]
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2. User Interface

(2) Manual Connection/Disconnection of Servo Tools

This can be used only when the mode is manual and the servo tool change function is
‘Enable’.

Enter [R..]+365.

365: Ser¥o, tool manual connectionfdisconnection E]

Enter connection/disconnection, [disconnection=0,

Connection=1]

Enter ‘0’ for disconnecting and ‘1’ for connecting the spot gun.

Select the kind of the servo tool for the connection/disconnection [Servo Gun=1, Positioner=2,
Jig=3]

365 Seryo tool manual connectionfdisconnection E]

Input the axis specifications of connecting seryo tool,

[Servo gun=1, Positioner=2, Jig=3]

—

When connecting a servo tool needs to take place, the servo tool nhumber for the change
needs to be entered.

365 Seryo tool manual connectionfdisconnection

Enter Positioner number, [1 - 16]

The connection/disconnection of a servo tool will take place.

ACaution

If the motor is not in the ‘ON’ mode, the following message will be produced, while the
connection/disconnection will not be carried out.

"'_'. This can only be executed while maotar an,
]
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Multi tool change

2.7. Connection/disconnection timing

Connection timing Disconnection timing
Disconnection
Connection 4—1Y A processing
rocessin
ON p 9
Connection completion signal input —|
(Mechanical connection) OFF
ON
Servo tool encoder power supply OFF
ON
Connected
Servo tool servo output Qfg state P
Lt Y
——Y A
ATC connectio / ) / ] ;
started / ATC Disconnegtionistdrted

ATC connection

completed ATC Disconnection completed

Figure 2.5 Servo Too Change Connection/Disconnection Timing

(1) Connection
While the connection command (TOOLCHNG ON) is being executed, if there is a mechanical
connection between the robot and the servo_ tool, the connection completion signal will be
received and the processing for the connection will be carried out internally by the controller.
In addition, the encoder power supply and motor-on activities will be added to run the servo

tool axis.

(2) Disconnection
The disconnection command (TOOCHNG OFF) will be carried out according to the reverse

sequence of the connection process.

/ HYUNDAI 510
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2. User Interface

2.8. Positioner calibration command (PosiCal)

This command is for executing the positioner calibration necessary for the positioner to move in a
synchronized manner with the robot. Generally, the positioner calibration is carried out through a
setting dialogue box. However, when the positioner needs to be changed to a servo tool, the
calibration needs to be changed during the robot operation. For the purpose of executing such activity
on the program, the positioner calibration command (PosiCal) is used.

(1) PosiCal command

Table 2.3 PosiCal Command Parameter

PosiCal Prog=<Calibration Program No.>,Station=<Station No.>

Calibration Program No 1~9999 Positioner calibration program number

Station No. S1~S3 No. of the station to be calibrated

(2) Example of the use of the positioner calibration command
- Connect between the positioner that needs to be calibrated and the robot.
- Prepare the positioner calibration program.

Robot:HAO006-04, 7faxes, 3steps
‘Positioner 1 calibration
MOVE P.S=60%.A=1,.T=0
MOVE P,5=60%,A=1,T=0
MOVE P,5=60%,A=1,T=0
END

Sl
52
S3

Figure 2.6 Axis Positioner Calibration Program

- Execution can be carried out by selecting "Command input; — FfArc; — TPosiCal,
and inserting the PosiCal command. Another way is to enter T[F2]: System; — T76: Auto

Constant Setting; — [2: Positioner Calibration; dialogue box and carry out the
positioner calibration using the prepared program.

Robot:HAO06-04, 7axes, 3ste] i

‘Positioner 1 calibration Automatic constant setting
51 MOVE P,5=60%,A=1,T=0 faystern/
52 MOVE P,5=60%,A=1.T=0 % 1: Optimize axis canstant and too
53 = =11=

PosiCal Prog=9995, Station=51 o

END or

Figure 2.7 Execution of Positioner Calibration

— Check whether the positioner synchronization occurs normally, by operating the jog for
the synchronized operation of the additional axis.

o1 / HYUNDAI
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Multi tool change

[B] Program | & Step/Func Gl Unit:[0] § &7 Mech Crd == Man, spd
9995 070 aLL MECH @ [11J7 Sync 51 < 200mmys

SMON S1.L.5=60%.4=1.T=2 W01 501

Fobot program
Robot:HAD06-04, faxes, 3steps

. "Positioner 1 calibration
51 . MOVE P,5=60%.,A=1,T=0
52 MOVE P,5=60%,A=1,T=0
53 MOVE P,5=60%.,A=1,T=0
PosiCal Prog=9995, Station=51
END

Figure 2.8 TP Screen When Positioner Synchronization Occurs

Check whether the robot operates in an accurately synchronized way when the positioner
rotates.

Figure 2.9 Checking Positioner Synchronized Operation

In an actual work program, Change of a positioner occurs through the TOOLCHNG
command, and then PosiCal is executed.

Robot:HAO06-04, 7axes, 1steps
81 hA L) [ RS A= —|

TOOLCHNG ON,C=P1.DI=1 1

PosiCal Prog=9995, Station=51

Figure 2.10 Example of Positioner Calibration Executed After A Tool Is Changed
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¥ 3. Work Examples

Multi tool change

3.1. Sample programs

Table 3.1 Examples of Usage of Servo Tool Change

Disconnectio onnectio Definition of the Signal
Remarks . ;
progra commands direction
Step __(sevotool ROBOT ATC
B disconnection position)
Servo tool
TOOLCHNG OFF,C=G1 disconnection
execution
DO11=1 ATC cam opening .
output
WAIT DI11 ATC cam opening Signal -
completion confirmation| check
MOVEL, ... |
MOVEL, ... Robot moving
MOVEL, ... |
Step (Servo tool connection
K position)
WAIT DI12 Check_ whgther the Signal -
connection is possible check
DO11=0 ATC cam closing output —
TOOLCHNG ON,C=G1,DI1 Mechanlcal_ cor_mectlon -
completion input
Servo tool connection
handling
i
MOVE L, ... Robot moving

/ HYUNDAI -
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3. Work Examples

3.2. Example of Connection/Disconnection of Positioners

Figure 3.1 2 Robots and 3 Positioners

(1) Components of the positioner change system
- System components: 2 robots + 3 positioners
- Necessary equipment: ATC (Auto Tool Changer) for connecting individual positioners and
robots. A Servo gun changer for the company’s robot.

(2) Work content

- The robot #1 is connected with the positioner A and then carries out work. The robot #2
carries out work with the positioner C. The operator needs to mount the work object to
the positioner B.

- When the work at each positioner is completed, the connection between the robot and
the positioners need to ended.

-  When work at #3 is completed, the overall positioner system will rotate 120 degrees
counterclockwise.

- The robot #1 is connected with the positioner B and carries out work. The robot #2
carries out work with the positioner A. The operator mounts the work object to the
positioner C.

- The work needs to be repeated afterwards.

(3) Caution
- Itis recommended to separate/connect each positioner at the same position if possible.
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Multi tool change

B |s it possible to change a pneumatic gun?

If a gun needs to be changed and the gun is pneumatic, the connection/disconnection
process will be carried out for the pneumatic gun.
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