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1. Overview of Functions Sensor Based Force Crl

1.1. Introduction

Force Ctrl uses the force sensor for real-time reaction to the surrounding environment of the robot.
This technology enables robot position control and flexible motion by keeping certain contact to the
external area in accordance with the settings. This function can improve the operation efficiency for
automated assembly and machining areas.

1.2. Summary

= A force sensor is used to control the robot to keep the defined contact force.

= Tool information is obtained by estimating the load with the sensors or it can even be manually
specified.

= The monitoring window of robot T/B can be used to monitor the force sensor.

= Force Ctrl is applicable to the assembly and machining.

= Software version: Main V40.05-00 or later, DSP SV6.11 or later

HID Hyunpal 1-2
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2. Usage Methods Sensor Based Force Ctrl

2.1. Summary

= |nstallation of force sensor
= Force control configuration setting
([System]-[Application Parameter]-[Force Controll-[Configuration Setting])
= Sensor-based load estimation for the tool data
([System]-[Application Parameter]-[Force Controll-[Force Control Tool Datal)
= Job program development using the force control commands
= Execution of force-sensor data monitoring window

2.2. Installation of force sensor

This section covers general issues regardless of the sensor type. For more details on the installation of

individual sensors, refer to the appendix.

Set the axis R1 and R2 of robot to 0 deg. Then, install the sensor on the robot.

Connect the sensor and the robot controller using the communication cable.

Connect the power to the sensor and the communication module.

Set suitable communication environment for the sensor.

A. Ethernet communication-based sensor (e.g., 6-axis sensor from ATI)
In the TP, set the IP of EN2 (common) as shown in Fig. 1. Enter a number between 2 and
255 in the last section of the IP address.
( F[F2]: Systemy — F2: Control Parameter; — ™: Network,; — T
Configurationg )

®O0OO

Hecprd tanual
condifion - Environment setting  output
[y NS
EMO {Caonper, contral) | EM1 {T/P-main) | EM2 (Fublic) | EN_TP (Public)
Window
Fiun to adjustrnent
gﬂ@ﬂa IP &ddress = 132 . Jieg i B[] D
Subnet Mask = [2BE [2BR [R5, [0
|
Jog Soft
inching Gateway = 13 L fiss i N keyboard
Warning
QuickOpen User key
S - %ou have to set sub-net address of ENO, EN1, EMZ Port to be different each other,
p - &fter change setting reboot robot contraller, A'
Help PREWV/MEXT

&fter selecting the itern and entering the value, press the [EMTER] keyw, [0 - 255]

7

Figure 2.1 Controller network configuration

HID Hyunpal 2-2
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2. Usage Methods

B. Serial communication based sensor (e.g., a load cell from Burster)

Select a serial port for the controller in the following path. Then, set the communication

environment.
( T[F2]: Systemy — F2: Control Parameter; — F3: Serial Port, )

To install, check first the communication setting of the sensor module. For the

communication settings of the sensor module, check the appendix.

(e 201 12 0T TWED s G MANUAL e IS ST AN v
condition Serial port #1 output
|>/ Baudrate = |384DD ~ 1
Character length = ()7 @8
Fun o Window
Stop bit = (@1 e adjustment
m@@ Parity bit = () Disable (7)0dd (@) Even D
Echo = (@) Disable (7)Enable
. _Jog Soft
inching Port usage = ISenSUr o keyboard
|; Communication = (@)HS232 (T)RS422 () RSdeh
QuickOpen Uger key
L A
rElp Select the communication method, RIS
ﬁ? Comm, test Complete g
Figure 2.2 Serial port configuration
-3 H D Hyunoal
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Sensor Based Force Ctrl

2.3. Configuration setting

Set the configuration before using the force control function.

( F[F2]: Systemy; — T4: Application Parameter; — T14: Force Control; — T1: Configuration

Settingy )
Recard Manual
CDI‘IEIIIIIDI'I Application parameter ﬁ L ) BT
F 7 fEystemny | |
et ||
== =
G 1: Spot welding é 16! Joystick mode
Window
Fiun to ] . - ’ adjustrnent
9 4: Sensor synchronization 17, Learning Contral
sm@: 5 Output voltage propotional to speed
u Jog Soft
inchi keyboard
|nlcl " @ Tt Interferance preventian Fynner
&

_4
“U\ 10: Cormmand independent execution

QuickOpen

User key
— 121 Roller Hermming Squeeze Control

p="| } A|F
E 14: Force control rl F
FORCE

Help l— PREW/MEXT

L~

After selecting %He |!em and entering the value, press the [ENTER] key,

Figure 2.3 Force control menu

Recard Manual
CDI‘IEIIIIIDI'I Force control ﬂ L r output
F » Saystern/dpplication pararmetery’ | |
L
i’y 1: Environmment setting
Window
Run to h
IL‘.II 2: Force control tool data B Usment
FORCE D
n Jog Soft
inching keyboard
=
=i
QuickOpen User key
— l'F
Help After selecting the itemn and entering the value, press the [ENTER] key, I PREV/NEXT

7 B .
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2. Usage Methods

Figure 2.4 Configuration setting menu

(M Enable the force control function. Then, it will be possible to use the force control and monitor
the force sensor data.

@ Set the sensor type. If you want to use a sensor other than registered ones, contact us. The
setting is then finished and you can use the force control function.

Fiecord bl Manual
condition Environment setting output
- Function Use = () Disable L
Fun t Sensar Type = |.-5.TI v - |Delta_SIEED—ED(Ethernet) “ Window
'@ — — adjustrment
n Jog Soft
inching kevboard
CQuickOpen User key
il Please select whether to use functions, FREcIES]

Cornplete

Figure 2.5 Configuration setting screen

; HYUNDAI
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Sensor Based Force Ctrl

2.4. Force-control tool data input

The force control tool is an operation tool installed on the sensor, and the force-control tool data includes
the weight and its center. Support for the force control tool data and sensor-based load estimation
depends on the type of sensor, and the menu is only displayed if a compatible sensor has been set.

2.4.1. Force-control tool data

If you use a sensor that supports this function, the items would be as shown in Fig. 7. You would be
required to enter the force-control tool data for accurate force control.

( F[F2]: System; — T4: Application Parameter; — F14: Force Control; — F2: Force-Control
Tool Datay )

HECF‘!’d h_ Manual
CandItIDn o - | H | L , output

SSystern/dpplication parametery —

i

?y 1: Environment setting
Window
Run to i
IEII 21 Force control tool data Dt Usimeni
FORCE D
u Jog Soft
inching keyboard
CQuickOpen User key
= A
ely &fter selecting the itern and entering the value, press the [ENTER] kew, I AREEE

7 s s ——

Figure 2.6 Force-control tool data menu
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2. Usage Methods

i . Manual

Record i
condition - Force control tool data output

r/ L

TO T1 T2 T3 T4 T8 TE T7 T8 T9
Windaw
Fiun to adjustrnent
Step) Weight [Kal = | L] D
0 # elernent % element Z elerment
Jog ] Soft
inching Centerfmm] = | oo 0o | 00 keybnoard
; H Vs
s
CQuickOpen User key
el Enter the additional weight of the selected axis, [0 - 100001 PRSI
‘f? ":_':'-L Ep; Copy B Frev Tab | g Mext Tab Complete i

Figure 2.7 Force-control tool data screen

If you know the exact weight and center of the force-control tool data, you can directly input them. Input
the position of the center based on the coordinate system of the end of the robot attached in the TP. If
you do not have exact information on the force control tool, enter it using the sensor-based load
estimation function. Up to 32 tool data can be saved, and existing tool data can be copied and pasted

into other tool numbers.

PH

HYUNDAI
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Sensor Based Force Ctrl

2.4.2. Sensor-based load estimation

It is used to estimate the weight and center of the force control tool with the force sensor, which is unlike
the existing one. If a sensor that does not use the force-control tool data is set, the force-control tool
data would not be shown. Therefore, sensor-based load estimation would not available. The sensor-
based load estimation can be executed in the following order.

(Press F[F1]: Sensor-Based Load Estimation; at the bottom of force-control tool data screen.)

Recard _ Manual

condition - Sensor-based load estimation  output
Tool number = | ] | —
Present axis angle/starting position/work space ——-—--==——m————m——mee
Window
Run to Ayis angle  Starting position m':.ﬂurk spa;;aax adjustment
5 = | a7 | BT« I g - I LT O D
stcp H = [ -403 [ -H03 ¢ [-703 - [-403 )
= v o= [ @m3 @03 ( [503 - [F303 )
Jog Soft
inching R2 = [ 1073 [ 1o7a ¢ [T079 - [1078 ) keyboard
= B = [ -9 [ =a0 ( [300 - [ 300 )
Rl = [ 1549 0o ([ 00 - [ @70 )
CluickOpen User key

L' Stop Start ready.., AI

Help FREW/MEXT

Enter the tool number, [0 - 31]
Figure 2.8 Sensor-based load estimation setting screen

Enter a tool number to reflect the result of the load estimation.

Enter the working area of axis B and R1. Only axis B and R1 operate for the load estimation so
do not enter the working area for other axes.

Make sure that the robot does not interfere with any object within its periphery when setting
it.

Turn on the motor using the [ENABLE] switch and then press  T[F1]: Executiony key to perform
the load estimation.

The result value is output after the load estimation is finished.

Press the F[F7]: Exit; key to set whether or not it should be reflected.

Check if the result is reflected to the set force-control tool number.

SRS

@06 O

Note: The tool data and load estimation of the robot parameter handles any object attached to the
robot flange as the tool data. Remember that the tool data / sensor-based load estimation exclusive
for the operation tool attached to the sensor is different from the existing tool data / load estimation.

HID Hyunpal )-8
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2. Usage Methods

2.5. Description of Commands

2.5.1. ForceCtrl

Description Sets factors for the force control function and turns it on/off

Input F[F6]: Enter Command; — F[F1]: Motion, I/O; — FForce Ctrl,

Force Ctrl ON, CRD=_,_,T=_BC=_

R Force Ctrl OFF

= Reference coordinate system for the robot
motion under force control
(0: Base, 1: Robot, 2: Tool, 3: U, 4: Un)
= The No. 2 tool is the tool number of the robot
Reference .
CRD coordinate system based on the currently active one.
= The user coordinate system of No. 3 is based on
the currently active one.
= Select No.4 to enter the user coordinate system
number on the right side.
= Select a force-control tool number to which the
Force-control tool tool data is saved.

Parameters

T number (0-31)
= |t is different from the tool number of the robot.
= |nitialize the initial value of sensor to 0.
. (0: Disable, 1: Enable)
BC Bias clear

= Set BC to 1 only if the tool does not come
contact with any external object.

HD rosorics




Sensor Based Force Ctrl

2.5.2. FCset
Description Setting of factors required to execute the force control function
Input F[F6]: Enter Commandy — T[F1]: Motion, /0y — TFCset,
FCset Fd, X=_,Y=_,7=_, Rx=_, Ry=_, Rz=_
Syntax FCset Dmp, Dt=_, Dr=_
FCset FLT, Ff=_, Bf=_, St=_, Ft=_, Sr=_, Fr=_
= Set the size of contact force and direction of contact to maintain
= Reference coordinate system: Coordinate system set with the Force
Ctrl command (CRD)
F = Unit: X, Y, Z — [NI], Rx, Ry, Rz — [Nm]
= Size: X, Y, Z — -5,000-5,000[N], Rx, Ry, Rz — -1,400-1,400 [Nm]
(Set a value within the measurement range of the sensor.)
Ex.) X=-100: To maintain the force of 100 N in the -X direction of
reference coordinate system
= Setting of smoothness of robot
= Size: 1-10 (smaller value means faster and more flexible motion)
Dmp Dt Setting of translation (X, Y, Z) direction value
Paramete
r rs Dr Setting of rotation (Rx, Ry, Rz) direction value
= Setting of filter for force control
Ff Cut-off frequency [Hz] of force data filter
Bf Cut-off frequency [Hz] of bypass filter
FLT St . . .
Variable scale for the translation motion [N]
Ft (Default: 0)
Sr Variable scale for the rotation motion [Nm]
Fr (Default: 0)
H HYUNDAI 2-10
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2. Usage Methods

2.5.3. LIMIT
Description | Function to set max. operation area and robot speed
Input F[F6]: Enter Commandy — T[F1]: Motion, /0y — FLIMIT
Syntax LIMIT POS, +X=_,-X=_,+Y=_,-Y=_,+7=_,-7=_
Y LIMIT VEL, X=_Y=_,Z=_,RX=_,RY=_RZ=_
= Setting of robot operation area under force control, based on the starting
POS position of the force control [mm]
= Reference coordinate system: Robot coordinate system
Parameter
= Setting of max. robot operation speed under force control [mm/s], [deg/s]
VEL = Reference coordinate system: Coordinate system set using the Force Ctrl
command (CRD).
LIMIT POS,+X=500,-X=200,+Y=0,-Y=150,+7=300,-Z=300
LIMIT VEL, X=200,Y=200,Z=200,RX=100,RY=100,RZ=100
Example ForceCtrl ON
DELAY 10.0
ForceCtrl OFF
= The LIMIT command can be repetitively used between the Force Ctrl ON and Force
Ctrl OFF, but the LIMIT POS is used to reset the operation area based on the robot
position with Force Ctrl ON.
= The LIMIT POS and the LIMIT VEL must be set based on the robot coordinate system,
Note while the coordinate system (CRD) must be set with the Force Ctrl command.

= Setting the LIMIT VEL to 0 means unforced control toward that direction.

= The LIMIT VEL can be used to limit the speed to control the flexibility of the robot by
direction. Low speed reduces the flexibility, which is similar to increasing the Dmp.
Therefore, set the Dmp for the direction that requires the fastest response, and control
the remaining directions using the LIMIT VEL.

} HYUNDAI
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Sensor Based Force Ctrl

254. _F*
Describtion Current force sensor data
P A read-only variable
Inout To enter a conditional statement — F[F1]: Variable; — F[F6]: Systemy, —
P PFx, — . — FIF11-IF6],
_F*X X-directional force on the reference coordinate system [N]
_F*Y Y-directional force on the reference coordinate system [N]
_F*7 Z-directional force on the reference coordinate system [N]
Variable type
_F*.Rx X-directional torque of the reference coordinate system [Nm]
_F*Ry Y-directional torque of the reference coordinate system [Nm]
_F*Rz Z-directional torque of the reference coordinate system [Nm]
Wait until the X-directional force
* =
WAIT Rgeu=500 exceeds 500 N.
MOVE L,S=3mm/s,A=1,T=0 UNTIL _F*.Y}=20 Q"%YE e’.(ec‘;t'on stops "(‘j'hgr(') t,:'e
Example irection force exceeds .
If the Z-directional torque is
IF _F*Rz)=-10.0 THEN 3 ELSE 5 bigger or smaller than ~10 Nm,
move to line No.3 or line No.5,
respectively.
Note = The reference coordinate system of _F* is the coordinate system (CRD) set when

entering the Force Ctrl command.

H

HYUNDAI
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2. Usage Methods

255. P*
. Pose variable to obtain the current position of the robot
Description .
A read-only variable
Position in To enter a conditional statement — F[F1]: Variable; — F[F2]:
all directions Pose; — TP*,
Input Position in To enter a conditional statement — F[F1]: Variable; — FIF2l:
individual Pose; — FP*;
directions — . — TR5: PREV/NEXT; — F[F11-[F6],
With items No.8 and 9 of F[F2]: System; — F1: User Interface; , select the
coordinate system and value of P*.
. . P* coordinate Set the reference coordinate system to obtain the position of the
Configuration
system robot.
" . Specify whether to obtain the position of the robot as a command
P* selection ]
or its current value.
px Position of the reference coordinate system in all directions
[mm]
P* X X-directional position of the reference coordinate system [mm]
P*.Y Y-directional position of the reference coordinate system [mm]
Variable type p*.z Z-directional position of the reference coordinate system [mm]
P*.RX RX-directional position of the reference coordinate system [deg]
P* RY RY-directional position of the reference coordinate system [deg]
P*RZ RZ-directional position of the reference coordinate system [deg]
Wait until the difference between
the Z-directional position of set P1
WAIT (P1.Z-P*.2){=0.1
( K and the current one of the robot
becomes less than 0.1.
Example If the RX-directional robot position
and RY-directional one are smaller
han the P2 value, line No.
IF P* RX(P2.RX AND P*RY{P2.RY THEN 9 ; an the P2 value, move to fine No
Move to the next line if the
condition has not been met.
= For the P*, set the P* coordinate system and P* selection in F[F2]: System; —
F1: User Interface; .
Note

= Set the current value to the P* selection to obtain the current position of the
robot

} HYUNDAI
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2. Usage Methods

2.6. Program examples
Refer to the following program examples to develop suitable JOB programs.
2.6.1. Example of part assembly

This example can be used as reference to assemble parts using the force control function. Modify the
parameters and conditional statement according to your conditions.

EE =E O __
Robot:HSTEE-1T, Baxes, Tsteps

=1 MOVE L.P1,5=R0mm/s.A=1.T=0
LIMIT PO, +x=40,-%=5, +%=h,-%=h +£=0,-Z=5
LIMIT WEL,%=5.%=3,£=3.R*=1.AY=1,R<=]
FCset Fd,®=10,%=0,2=0Ax=0,Ry=0,Rz=0
FCset Dmp,Dt=5,Dr=5
FCset FLT, Fi=40, Bf=300,5t=0,Ft=0,5r=0 Fr=0
FarceCtrl OM, CRD=1,T=0,BC=1
WAIT (P2, %-P= = <=0,405

5 ForceCtrl OFF

EMD

Figure 2.9 Example of part assembly program

2-15
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Sensor Based Force Ctrl

Table 2-1 Example of part assembly program

Robot motion

= Moves to the position P1 saved in S1 and then starts the force
control.

= Once the force control starts, it starts to move P2 in order to
reach the force set in the X direction of the robot coordinate
system.

= When the robot reaches P2, it determines that the assembly is
over, so its exits the program.

Max. operation area
(LIMIT POS)

= Sets the force control range based on the robot coordinate
system.
= X=-5-40 [mm], Y=-5-5 [mm], Z=-5-5 [mm]

Max. operation speed
(LIMIT VEL)

= Based on the robot coordinate system (given that Force Ctrl
ON, CRD=1)

= X=5 [mm/s]

=Y, Z =3 [mm/s]

= RX, RY, RZ = 1 [deg/s]

Size of force to control
(FCset Fd)

= |t is controlled to maintain the force of Y, Z, Rx, Ry, Rz =0 :
ON.

= X=10 [N]: A 10 N contact force is maintained in the X direction
of the robot coordinate system. To assemble, set the size of the
force considering the friction between parts.

Robot conditions for force control
(FCset Dmp, FLT)

= Dt=5, Dr=5: 5-step flexibility control in all directions

= FLT: Flexible control with Ff and Bf values. Smaller value results
in smoother motion, but they can be accompanied with the
delay.

ForceCtrl ON, CRD=1, T=0, BC=1

Execution of force control

= CRD=1: Force control operation based on the robot coordinate
system (1)

= T=0: Force control tool data No. 0 is used.

= BC=1: Initializes the force sensor data to start the force control

WAIT (P2.X-P*.X){=0, 40, 5

= The force control is performed until the difference is 0 or less
between P* X (current X-directional position of robot) and P2.X
(X-directional position of the robot with the completed
assembly).

= 40, 5: If the condition is not met within 40 seconds, move to
line No. 5 (Force Ctrl OFF) to exit the force control.

ForceCtrl OFF

End of force control
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2.6.2. Example of machining (deburring and chamfering)

2. Usage Methods

The following is an example of machining (deburring or chamfering) using the force control. Develop the

program for deburring or chamfering with the following example.

ERZ=TJH __

Ell
52

53
54

55

FOVE L5=200mm /5. A=1,T=1

MOVE L, 5=R0mm,/s,8=1.T=1

LIMIT POS, +X=20,-%=20,+¥=0,-¥=0,+2=0,-2=0
LIMIT WEL. ¥=0.%=0.2=0.Rx=0.R¥=0.RZ=0
FCset Fd,x=-10.=0,2=0,Rx=0Ry=0.Rz=0
FCset Dmp,Dt=1,Dr=5

FCset FLT,Ff=40,Bf=300,5t=0,Ft=0,5r=0,Fr=0
ForceCtrl ON.CRD=1,T=0,BC=1

MOVE L, 5=R0mm,/s,8=1.T=1

MOVE L, 5=R0mm,/s,8=1.T=1

LIMIT WEL.¥=5.%=0.2=0.Rx=0.R¥=0.RZ=0
MOYE L, 5=100mm,/s.4=1,T=1

FiZset Fd,®=0,%=0,7=0,Rx=0,Ry=0,FRz=0
ForceCtrl OFF

EMD

I

54 o

a leS2

ss5 o

S3
@51

Figure 2.10 Example program of machining (deburring and chamfering)
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Sensor Based Force Ctrl

Table 2-2 Example program of machining (deburring and chamfering)

Robot motion

= Move from S1 to the starting point of the work, S2.

= Then, turn on the force control but set the LIMIT VEL

to 0 so that the force control would not be applied.

= Move to S3 without the force control.

(Position of S3: Set with about a 10-mm interval from S2.)

= Move S4 with the force control by setting the LIMIT VEL.

= Move S5 with the force control off by changing the LIMIT VEL
to 0. Then, turn off the function to exit the program.

Max. operation area
(LIMIT POS)

= Set the force control working range from the position of S2 to
start the force control based on the robot coordinate system.
X=-20-20 [mml]

= Only allows X-directional force control.

Max. operation speed
(LIMIT VEL)

= Based on the robot coordinate system (given that Force Ctrl
ON is CRD=1):

= 52, S3: 0 [mm/s] = Force control OFF in all directions

= S4: X=5 [mm/s] = X-directional force control ON

= S5: 0 [mm/s] =» Force control OFF in all directions

Size of force to control
(FCset Fd)

= X=-10 [N]: A 10 N contact force is maintained in the -X
direction. = Set the size of the force considering the degree of
machining.

Robot conditions for force control
(FCset Dmp, FLT)

= Dt=1: X-directional 1-step flexibility control
= FLT: Flexible control with Ff and Bf values
Smaller value results in smoother motion but might cause delay

ForceCtrl ON, CRD=1, T=0, BC=1

Execution of force control

= CRD=1: Force control operation based on the robot coordinate
system (1)

= T=0: Force control tool data No. 0 is used.

= BC=1: Initializes the force sensor data to start the force control.

ForceCtrl OFF

End of force control
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2. Usage Methods

2.6.3. Example of machining (finishing)

The following is an example of surface processing (finishing) during machining with the force control. Use
the following example to develop the program to maintain certain contract force while machining along
the shape of the surface.

ERI28 __
ST MOVE L.5=50mm/s.A=T,T=1
LIMIT POS,+X=500,-X=500,+Y=500,-Y=500,+Z=500,-Z=500 Xt
LIMIT VEL,X=0,Y=0,Z=0,RX=0,RY=0,RZ=0
FCset Fd,X=0,Y=0,2=20,Rx=0,Ry=0,R2=0
FCset Dmp.Dt=2,0r=5
FCset FLT,Ff=40,Bf=300,5t=0,Ft=0,Sr=0,Fr=0
ForceCtrl ON,CRD=2,T=0,BC=1
S2 MOVE L.S=5mm/s,A=1,T=1 UNTIL ABS(_F=2)>=5
S3 MOVE L.S=5mm/s.A=1,T=1
LIMIT VEL,X=0,Y=0,2=2,AX=0,RY=0,RZ=0
S4 MOVE L.S=5mm/s.A=1,T=1
S5 MOVE L.S=5mm/s.A=1,T=1
S6 MOVE L.S=5mm/s,A=1,T=1
S7 MOVE L.S=5mm/s,A=1,T=1
LIMIT VEL,X=0,Y=0,Z=0,RX=0,RY=0,RZ=0
ForceCtrl OFF
END

Figure 2.11 Example program of machining (finishing)
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Sensor Based Force Ctrl

Table 2-3 Example program of machining (finishing)

Robot motion

= Move to S1 to turn on the force control. Set the LIMIT VEL to
0 to move without using the force control.

= Teach S2 to contact the work and move until the Z-directional
contact force exceeds 5.

= Move S3 with the force control to S6 by setting the Z-
directional LIMIT VEL.

= Move S7 with the force control off by changing the LIMIT VEL
to 0. Then, turn off the function to exit the program.

Max. operation area
(LIMIT POS)

= Set the force control working range from the position of S1 to
start the force control based on the robot coordinate system.
= X=-500-500 [mm], Y=-500-500 [mm], Z=-500-500 [mm]

Max. operation speed
(LIMIT VEL)

= Based on the tool coordinate system (given that Force Ctrl ON
is CRD=2):

= S2: 0 [mm/s] = Force control OFF in all directions

= §3-56: Z=2 [mm/s] =» Z-directional force control ON

= S7: 0 [mm/s] = Force control OFF in all directions

Size of force to control
(FCset Fd)

= 7=20 [N]: A 20 N contact force is maintained in the +Z direction
based on the tool coordinate system.
= Set the size of the force considering the degree of machining.

Robot conditions for force control
(FCset Dmp, FLT)

= Dt=2: Z-directional 2-step flexibility control
= FLT: Flexible control with Ff and Bf values
Smaller value results in smoother motion but might cause delay

ForceCtrl ON, CRD=1, T=0, BC=1

Execution of force control

= CRD=2: Force control operation based on the tool coordinate
system (2)

= T=0: Force control tool data No. 0 is used.

= BC=1: Initializes the force sensor data to start the force control

ForceCtrl OFF

End of force control
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2. Usage Methods

2.7. Force sensor data monitoring

The force sensor data can be monitored while executing the force control. The monitoring data is
effective with the force control configuration and only updated with the ForceCtrl ON command.
The displayed data include the force and torque values on the reference coordinate system for

the force control.
( F[F1]: Service; — T1: Monitorings; — F23: Force Sensor Data; )

Heclolrd 5 Manual
condiion (] Pragram | <1 Step/Func B Unit:[0] | £ Mech " Crd [g= Man, spd,  TI G1 autput
. /) MR 040 ALL MECH | [DIHS220-02 JOINT  |fl< 280mm/'s ‘ ‘ I'G1R1
[‘ 5; MOVYE P,S=60%.4=3,T=1 CN=1,50=1 CPL | | -
Force sensor data ks
: N Windowe
Run to Program does not exist, Torgue cillusen
u Jog Soft
inching keyboard
m
L':_ B
QuickOpen User key
. Ar
|
Help | [ PRE%/MEXT

; agfvice _" abllsie “ N '
SIS a release input @@ setting

Figure 2.12 Force sensor data monitoring
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3. Error and warning Sensor Based Force Ctrl

3.1. Error

Code Message Cause Action

Network setting of EN2 (IP address, | Set the network of EN2 correctly
Network (EN2) . . .
E0258 . subnet mask, and gateway) is | by referring to the function
setting error ]

incorrect. manual.

Force sensor | The cable is disconnected or the | Check the cable and power
E0259 communication | power is disconnected from the | connection between the sensor
failed sensor. and controller.

Enabled it through the [Force
Force control

E0260 ) The force control is disabled. Control]l-[Configuration
disabled :
Setting].

HID Hyunpal 3-2
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lf 4. Appendix

4.1. 6-axis force/torque sensor (from ATI)

This is about the Ethernet-based 6-axis force/torque sensor manufactured by ATI. Refer to it using the
function manual.

@ Components: 6-axis force/torque sensor, net box, sensor cable, power supply, and LAN cable

@ Measuring ranges of sensors

Table 4-1 Measuring range of 6-axis force/torque sensor
Sensor Delta Theta Omega
Axes S1660-60 SI2500-400 S17200-1400
Fx, Fy(£N) 660 2500 7200
Fz(£N) 1980 6250 18000
Tx, Ty(x=Nm) 60 400 1400
Tz(+=Nm) 60 400 1400

® Attachment of sensor: Attach the sensor in a manner that the coordinate system of the sensor,
as shown in Fig. 1, matches the one (Xs, Ys, Zs) marked at the end of the robot as shown in Fig.
2.

Mounting Adapter Plate
(MAR) Transducer Connector

Tool Adapter Plate
(TAP)

Figure 4.1 Coordinate system of sensor



Yr

Figure 4.2 Coordinate systems of sensor (Xs, Ys, Zs) and robot (Xr, Yr, Zr)

@ Cable connection: Connect the force sensor with the net box, and the net box with the robot
controller using the sensor and LAN cables, respectively.

N oo W,

Figure 4.3 Sensor-net box-robot controller cable connection

® Power connection: Connect the power cable to the net box to supply the power (24 V). Check
the indicators of the net box. If the cables and power were correctly connected, the indicator
would be as shown in Fig. 4. If not, check the cable and power connections again.



Figure 4.4 Checking of power connection to net box and indicators



4.2. Uniaxial load cell (from Burster) and serial communication module
(from Beckhoff)

This section describes the serial communication module (RS232) from Beckhoff and uniaxial load cell from
Burster. Refer to it with the function manual.

@M Components: Uniaxial load cell (amp connected), serial communication module (RS232), and serial
cable (RS232)

@ Measuring ranges of sensors: The model and measuring range of the amp-connected models
are shown in Table 1. Set Fd within the range by referring to this table.

Table 4-2 Measuring range of load cell

Sensor Measurement range
8532-5500 0~500 N
8532-6001 0~ 1KN
8532-6002 0~ 2KN
8532-6005 0~ 5KN
8532-6010 0~ 10KN
8532-6020 0~ 20KN

® Attachment of sensor: To use the uniaxial load cell, install it in a manner that the +Z direction of
the tool coordinate system and that of the uniaxial load cell in Fig. 1:match.

Figure 4.5 Coordinate system of sensor

@ Connection of serial communication module: The serial communication module consists of R$232
coupler (BK8100), bus terminal (KL3100), and bus end terminal (KL9010). Assemble them in the
order of RS232 coupler, bus terminal, and bus end terminal. Then, set the address setting
terminals on the communication module (X1 to 1 and X10 to 0).



Bus end

RS232 coupler terminal
(BK8100) [KL9010)
-
t © 00 o6
08 66 06

o0 oooe

BECKHOFF
BK8100

™KL3001  KL901
BECKHOFF BECKHOFF
wm owom

Bus terminal
(KL3001)

ADDRESS
selector

Figure 4.6 Serial communication module

® Connection of load cell line: Connect the signal and power lines of the load cell to the
communication module by referring to Fig. 2 and Table 2.

Table 4-3 Wiring between the load cell and communication module

Load cell Serial communication module
Signal line (+) White line But terminal 1
Signal line (-) Green line But terminal 2
Power (+) Red line 24 V terminal of RS232 coupler
Power (-) Black line 0 V terminal of RS232 coupler

® Power connection: Connect the power of the serial communication module to the power of the
robot controller in order to supply power to the serial communication module and the load cell.
As the load cell and serial communication module require 24 V, connect the 24 V and 0 V
terminals of the serial communication module to which the load cell is connected to those of the
controller, respectively,

@ Connection of serial cable: Connect the serial port of the serial communication module and serial
port #2 of the robot controller using the serial cable. Use a cross cable with a length of under
15 m as the serial cable.

Checking of indicators: With the signal, power, and serial cables connected, supply power to the
robot controller to check if the green LED of serial communication module would be turned on,

as shown in Fig. 2. If the red LED is turned on with the force control, check the connection and
communication settings of modules.

® Communication setting: Set the communication setting of serial port #2 by referring to section
2.2.B of the function manual and Table 3.



Table 4-4 Serial communication setting

Baudrate 38400
Number of characters 8
Stop bit 1
Parity bit Even
Echo Disabled
Use of port Sensor
Communication type RS232

Command setting: The uniaxial load cell only measures the force (to press the sensor) in the -Z
direction of tool coordinate system, so set the force control commands based on the Z direction
of the tool coordinate system. By referring to the section 2.5 of function manual and Table 4,
set suitable parameters for each command.

Table 4-5 Command parameter

Reference
CRD = Not applicable
coordinate system PRl
Force control tool .
ForceCtrl T = Not applicable
number

= Set BC to 1 if the tool does not come in

BC Bias Clear . .
contact with any external object.
Fd = Set the +Z-directional pressurization.
FCset Dt Set the Z-directional value.
Dmp
Dr Not applicable

= Setting of robot operation area under force control, based on
POS the starting position of force control [mm]
= Reference coordinate system: Robot coordinate system

LIMIT
= Setting of max. robot operation speed under force control
VEL [mm/s]

= Reference coordinate system: Tool coordinate system
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