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CHAPTER
ONE

INTRODUCTION TO END FORCE CONTROL

1.1 functional objectives

The end force control function enables the robot to sense and interact with the external tool through the
force sensor. By choosing to use the end force control function, the end of the robot can make contact
with the external environment according to the force in the specified direction set by the user during the
movement, especially in the case that the absolute position relationship between the robot and its interactive
environment is uncertain. Some typical robot applications for end-force control include precision assembly,
grinding and polishing, force performance testing, and high-precision load identification.
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1.2 Usage restrictions

When users choose to use the end force control function, they need to pay attention to the following re-
strictions:

* A six-dimensional force sensor is correctly installed and configured at the end of the robot or a six-
dimensional force sensor is correctly installed and configured and enabled at the base of the robot.

* The total load borne by the end of the robot, including the weight of the end sensor itself, the tool
and load installed on the end sensor, the sum of the end sensor of the robot, and the contact force
between the tool load and the outside world, shall not exceed the load limit curve specified by the
robot.

¢ When the robot end force control function is enabled, the robot collision detection function will fail,
even if the collision detection function is enabled by the user.
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* When the robot end force control function is enabled, the robot will generate movements in the
direction of force control beyond the user’ s motion instruction, and the user needs to evaluate the
safety of such movements according to the actual situation.

2 Chapter 1. Introduction to End Force Control
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TWO

FORCE SENSOR INTEGRATION

2.1 Sensor mounting

Before using the robot end force control, the user needs to install the force sensor on the robot system.
Users can choose to use the end force control function by integrating an end force sensor or an integrated
base force sensor.

If you choose to use the end force sensor, it is necessary to install the end force sensor on the end
flange of the robot, and correctly connect the communication interface and power supply interface between
the relay sensor and the end flange of the robot, and ensure that the communication line and the power
supply line will not wind, knot, excessive bending and other phenomena affecting the normal work of the
robot and the end sensor.

If you choose to use the base force sensor, it is necessary to correctly install the robot on the base
sensor of the robot, and correctly connect the relay sensor to the robot control cabinet communication
interface and power supply interface, and ensure that the communication safety and power supply line will
not wind, knot, excessive bending and other phenomena affecting the normal work of the sensor.

When both the base force sensor and the end force sensor are integrated in the controller system, the
system preferentially uses the end force sensor data to perform the end force control function.

2.2 Sensor integrated topology import

Before using the robot end force control, the user needs to enter the corresponding sensor integration
topology to take effect the integrated system configuration, as shown in the figure below:
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After obtaining the corresponding sensor integration topology, the user saves the topo file to the USB
flash drive and inserts it into the control cabinet. Click to select the file, select the corresponding target path
and file in the pop-up dialog box, and click “Select” button to import the corresponding topology file, as
shown in the following figure:

4 Chapter 2. Force Sensor Integration
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After the sensor integration topology is imported, you can find the corresponding topology option in
the sensor integration system topology file list to enable the corresponding integration topology.

2.2. Sensor integrated topology import 5
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2.3 Sensor integration topology selection

After importing the sensor integration topology correctly, select the corresponding sensor integration topol-
ogy and enable it to take effect, as shown in the following figure:
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Click the button to select topology file, and the user can see the list of sensor integrated topologies
that have been imported and stored, as shown in the following figure:

6 Chapter 2. Force Sensor Integration
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After connecting the sensor to the system, you need to select the corresponding option in the sensor
integration topology list, and the system topology after the integrated sensor is enabled and takes effect, as
shown in the following figure:

2.3. Sensor integration topology selection 7
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After replacing the sensor model and changing the sensor access interface, you need to import and
select the sensor integration topology option again to enable and take effect the sensor integration robot
system after the change. After the sensor is removed, you can use Restore Default to restore the sensor
integrated topology to the initial topology configuration of the robot arm. After the restoration is successful,
the dialog box “Restore the default topology successfully, need to restart to take effect” is displayed at
the top of the page, and the options for the current active topology file are displayed N/A, as shown in the
following figure:

2.3. Sensor integration topology selection 9
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2.4 Sensor installation position configuration

After installing the force sensor, the user needs to correctly configure the installation position of the sensor,
as shown in the following figure:

10 Chapter 2. Force Sensor Integration
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If the end force sensor is selected, where X/Y/Z is the position offset of the origin of the force surface
coordinate system of the end force sensor in the robot” s end flange coordinate system (unit mm); RX/RY/
RZ refers to the RPY rotation deviation of the attitude of the force surface coordinate system of the end
force sensor in the coordinate system of the end flange of the robot. The rotation order refers to the Z-Y-X
rotation axis order, in unit of degree. If the base force sensor is selected, where X/Y/Z is the position offset

2.4. Sensor installation position configuration 11
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of the origin of the robot base coordinate system in the base force coordinate system of the base sensor, in
mm; RX/RY/RZ refers to the attitude PRY rotation offset of the robot base coordinate system in the load
coordinate system of the base sensor. The rotation order refers to the Z-Y-X rotation axis order, in unit of
degree. After correctly filling in the installation position of the force sensor, click Set Installation Position
to take effect.

2.5 Enable sensor

On the basis of correctly configuring the installation position and port configuration of the robot manpower
sensor and correctly connecting the sensor hardware, you can click the enable button to activate the sensor,
as shown in the following figure:

B his e .. e

TNl HrEltEEtherCatisl =R @D

= e s S

g LT

i J e ek dn @ =iz

I ESHEE therCatis ] =R @D

ZEVE

If the sensor hardware is properly connected and working when the force sensor is enabled, the sensor
activation indicator will be green and indicate that it is connected, otherwise the activation status indicator
will be red and indicate that it is not connected. After the sensor is normally enabled, the user can normally
use the relevant functions and programming programs of the end force control. If the user disconnects the
sensor or the sensor works abnormally during use, the robot will generate corresponding errors. If the user
needs to continue using the end force control function, the sensor needs to be re-connected.

12 Chapter 2. Force Sensor Integration
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END FORCE TRACTION

3.1 Function description

When the user chooses to use the end force control traction, the end of robot can be directly dragged and
moved in Cartesian space. Compared with the robot” s own traction teaching function, the end force control
traction allows the user to control the end of robot to move in a specified direction in a specified coordinate
system and limit the non-traction direction to no displacement. By choosing to use the end force control
traction, users can obtain higher traction freedom and accuracy.

3.2 Function restriction

When using the end force control traction function, the user should pay attention to the following restric-
tions:

* This function is only available when the force sensor is properly configured and enabled.

* Before enabling the function, the user needs to configure the tool load centroid parameters according
to the actual tool installed on the force sensor and the load at the end of robot.

* If you choose to use the end force sensor, after the function is enabled, the user can only drag the tool
and load mounted on the end force sensor to pull, and the drag robot will not cause any movement
in other parts.

* If the base force sensor is selected, the user can drag the robot to any position after the function is
enabled, and the force exerted by the user on the robot will be considered as the force exerted on the
tool at the end of robot.

3.3 Function operation interface

The user can enter the operation interface of the terminal force control traction function in the moving
interface, as shown in the figure below:
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The operation interface contains the function enable button, traction direction switch, and traction
direction compliance adjustment.

3.4 Traction coordinate setup

When using the end force control traction, the user can select different coordinate systems for traction. The
selection of the traction coordinate system is the same as that of the robot’ s Cartesian space movement
function, as shown in the figure below:

14 Chapter 3. End Force traction
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After the user enables the end force control traction, the selected traction translation direction X/
Y/Z and traction rotation direction RX/RY/RZ will refer to the corresponding direction of the selected

coordinate system.

3.5 Traction direction Settings

The user can switch the traction direction in the specified coordinate system according to the actual use
requirements, as shown in the following figure:
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3.5. Traction direction Settings 15
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When the force traction function is enabled, only the activated force traction direction will move
according to the generation, and no displacement will occur in the non-activated direction. When the user
only needs to pull the translation direction X/Y/Z, the translation mode operation button can be used to
automatically open the translation direction and close the rotation direction, as shown in the following figure:
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When the user only needs to pull the rotation direction RX/RY/RZ, the rotation mode operation button
can be used to automatically open the rotation direction and close the translation direction, as shown in the
following figure:
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If you want to define the traction direction switch, you can use the custom mode.

16 Chapter 3. End Force traction
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3.6 Traction compliance Settings

When the user uses the force control traction function, the traction flexibility can be set according to the
demand, as shown in the following figure:
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Increasing the traction flexibility in the traction direction will increase the maximum tractable speed
in the corresponding traction direction during the use of the end force controlled traction, otherwise it will
decrease. The parameters take effect after modifying the end force traction compliance and clicking OK.

3.7 On and off traction

Click the pull button, and the robot will enter the end force control pull mode, as shown in the figure below:
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When the robot successfully enters the end force control traction function, the interface will indicate
that the robot is in traction, as shown in the figure below:

3.6. Traction compliance Settings 17
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When the user completes the traction function, click the exit traction button to exit the traction. In
order to avoid large external force/moment impact on the end of the robot when it exits traction, the robot
should be in a static state as far as possible when it clicks the exit traction button.a

18 Chapter 3. End Force traction
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END LOAD IDENTIFICATION

4.1 Function description

When the user chooses the end load identification function, it only needs to install and fix the tool load
required by the application on the force side of the end force sensor, and by teaching any 4 end posture,
the mass and centroid information of the tool load with high precision can be obtained, and the mass
and centroid information can be used in the subsequent use of the robot, thus improving the function
performance of the robot power control.

In order to ensure the accuracy of the end load identification, the end load identification function can
only be used when the end force sensor is correctly connected and enabled.

4.2 Function restriction

When users choose to use the end-load identification function, they need to pay attention to the following
limitations:

» Use of this feature requires proper configuration and enabling of the end force sensor.

* Before using this function, the load of the tool to be identified must be installed and fixed on the
force side of the end force sensor, otherwise the identification accuracy will be affected.

* During the use of this function, do not use the end force control traction function, otherwise the
identification result will not have reference value.

4.3 Function operation interface

In the robot setting interface - Tool setting interface, you can set the robot tool, add a new tool or click the
modify button of the corresponding tool to configure the name, position, quality and centroid parameters
of the robot tool coordinate system, as shown in the following figure:

19
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After entering the tool configuration page, click the “Load identification” button to enter the mass
center of mass identification function, as shown in the following picture:

20 Chapter 4. End Load identification
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Enter the operation interface of the mass center of mass identification function, as shown in the figure
below:

4.3. Function operation interface 21



Force

i+ B0

i
-]

R

BH

o

ForER L
10 16:55

- . L]
;’\..fr'_' am ot [§ hg [T T = "_'.::-"i % '_-"ﬂ;.: ‘.'L"' L_] e °
Tham TI=ipk e Bt par | il bRzl [ edtd_|
28 R MR
)
C @
Wik Byl
Pis - B L =] T =
1’ FIim ] T
® @ = o
Fim § B

v o

FSHIMELH LAYRICROY

ape s s L] e

The operation interface contains: identification point setting button, identification point setting indi-
cator light, function exit button and identification calculation button.

4.4 |dentify point setting

When using the terminal load identification function, the user should first select 4 identification points, click
the “Teach” button in the operation interface, and the interface will jump to the mobile page, as shown
in the following figure:

22
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4.4. ldentify point setting
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After the mobile robot reaches the target point, click “Record current position” , and the interface
will jump back to the interface of mass centroid identification teaching mark point, and after teaching a
mark point, the red dot after the corresponding mark point will turn green, as shown in the following figure:

24 Chapter 4. End Load identification



Force

- - -
. H progest_1 s ] [ ] defaun Ti% =WEICE T Farms | WL L3 IZ c °

WD ST

R B E SEom LTS SFEm RS MR e

BRSO
L .

I:.'l FE IR P o il T
o PiB i ] Ll
ETed Pla T oo i MEE DL
W 1 @ @

Piw - 1 o T
= [
] ——
&8 ‘
8=
& @ ' @
e

DT RETEe LAETTENne (TRerEya e T

]
i

You can also move the robot directly to the target point by pressing the physical button of teach pendant
and click “Record current point” directly.

After setting all identification points of P1-P4, click the “Next” button to identify the end load, as
shown in the figure below:

4.4. ldentify point setting 25
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The following relationships need to be satisfied between the identification points:

* The end posture rotation offset from point to point must be greater than 10°.

* There can be no coplane between point and point.

During the teaching process, if the current teaching point does not meet the restrictions, the following

message will be displayed:

26
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If all the points are coplane, click the “Next” button to perform the identification function, the
corresponding error will be feedback, indicating that the user’ s identification points violate the above
restrictions, and the user needs to modify the corresponding identification points according to the prompt
information until the point needs of the end load identification function are met.

4.5 indicates that the identification result takes effect

The identification result will be displayed after all identification points are correctly set and clicked to
confirm, as shown below:

4.5. indicates that the identification result takes effect 27
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Users can decide whether to use this set of mass and centroid parameters as the current tool setting
parameters according to the actual situation. If you choose to use, click the “Finish” button, as shown
below:

28 Chapter 4. End Load identification
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FIVE

END FORCE PROGRAMMING

5.1 Function description

The user chooses to use the end force control programming function, which can realize the robot to add
the force control function in the program operation process, so that the robot can adjust according to the
information of the interaction force with the outside world during the movement of the robot, so that the
user can control the robot to maintain a specific interaction force with the outside world in the specified
Cartesian space direction.

5.2 Function restriction

When using the end force programming function, users need to pay attention to the following functional
limitations:

* Properly configured and enabled force sensors are required to use this feature.

* Only the interaction force between the end of robot and the sensors, tools and loads installed on the
end and the outside world will be perceived, and the contact between other parts of the robot and the
outside world will not produce any effect.

* This feature is not supported in threaded programming.

31
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5.3 end force control program

When the user chooses to use the end force programming function, the end force control program can be
added in the robot program programming interface - Advanced program, as shown in the following figure:

End force control procedures include:

» Force

* ForceGuard
* ForceSetZero
* ForceWait

e ForceMove

5.4 Force program
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The user can choose to use the Force program to control the robot to interact with the outside world in the
direction specified in the Cartesian space extended coordinate system during movement, as shown in the

following figure:

32
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If you use the Force program, you need to set force control parameters. The Force program parameter
configuration interface is shown in the following figure:
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Force control direction switch

The user can enable/disable the force control corresponding to the specified direction in the Cartesian
space coordinate system by checking the force control direction switch.

The above direction of Force control is based on the direction corresponding to the reference coordi-
nate system of force control. When the user selects the reference coordinate system of force control as the
tool coordinate system, the force control direction will be carried out along the tool coordinate system con-
figured in the force program. When the user selects the reference coordinate system of force control as the
workpiece coordinate system, The direction of Force control is controlled along the workpiece coordinate
system configured in the Force program.

Force control direction reference force

The user enables the force control backward, and controls the end of robot to generate and maintain the
target force with the outside world in the specified direction by configuring the reference force parameters,
in units of N and Nm. When the user has configured a non-zero target force and the end of robot does
not reach the target interaction force with the outside world, the robot end will continue to move along the
corresponding force control direction until the interaction force reaches the reference force configured by
the user.

The reference force is the description of the force acting on the end of robot in the force control
reference coordinate system configured by the user, so the user needs to adjust the size and symbol of
the target force parameters according to the actual situation. When the target force direction is positive
in the translation/rotation direction along the coordinate system in the force control reference coordinate
system, the reference force value is positive. When the target force direction is negative in the force control
reference coordinate system along the translation/rotation direction, the reference force value is negative.

Maximum speed of force control direction

The end of robot will shift based on the reference force and damping parameters set by the user. The
user can set the maximum speed in the force control direction to limit the maximum speed of the upward
displacement due to the force control, in mm/s and °/s.

Directional damping of force control

The user can adjust the relationship between the error of the actual interaction force and the reference
interaction force between the end of robot and the outside world and the adjustment speed of the stress
control direction by configuring the direction damping of the force control.

The damping d unit N/(mm/s) in the X/Y/Z direction of the force control translation direction. The
actual interaction force and reference force error AF(N) between the end of robot and the environment
in the force control translation direction will generate the force control translation adjustment speed AF/
d(mm/s) for the stress control translation direction.

Force control rotation direction RX/RY/RZ direction damping d unit Nm/(°/s). The actual interaction
torque and reference torque error AM(Nm) between the end of robot and the environment in force control
rotation direction will generate a force control rotation adjustment speed AM/d(°/s) for the stress control
rotation direction.

Force control direction force dead zone

‘When the user enables the force control backward, the detection dead zone of the actual interaction
force between the end of robot and the outside world can be adjusted by configuring the force control
direction dead zone. When the value of the actual interaction force between the end of robot and the
outside world is less than the dead zone range, the end of robot will not produce the corresponding force
control adjustment motion for the interaction force.
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Dead zone unit N in the X/Y/Z direction of the force control translation direction, and Nm in the RX/
RY/RZ direction of the force control rotation direction.

Force control tool coordinate system

The user sets the force control tool coordinate system, and the robot end force control will take the
origin of the force control tool coordinate system as the action point of the actual interaction force between
the robot end and the outside world, and the force control adjustment translation/rotation due to the force
control direction will take the origin of the force control tool coordinate system as the reference point.

When the user selects the force control reference coordinate system as the tool coordinate system, the
force control direction configured and enabled by the user will be translated/rotated along the direction of
the tool coordinate system when the force control is enabled, and the corresponding force control reference
force is described in the tool coordinate system when the force control is enabled.

Force control workpiece coordinate system

When the user sets the force control tool coordinate system and selects the force control reference
coordinate system as the workpiece coordinate system, the force control direction configured by the user
will be translated/rotated along the direction of the workpiece coordinate system, and the corresponding
force control reference force is described in the workpiece coordinate system.

Force control reference coordinate system

When the user chooses to use the end force control function, the final force control effective coordinate
system needs to be determined. The user can select the end force control for force adjustment along the
tool coordinate system or the workpiece coordinate system.

Motion program end force control integration

After the Force program is correctly configured, the user can add the Move program under the Force
program. All the Move programs under the Force program node will perform end Force control based on
the force program configuration parameters during movement. The Move program that is not added under
the Force program node does not have the end force control adjustment function, as shown in the following
figure:
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5.5 ForceGuard program

The user choosing to use the ForceGuard program can be used to activate/disable the interaction force
based on the size of the end, as shown below:
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To use ForceGuard, users need to configure the activation/shutdown state, monitor the force direction,
monitor the force magnitude, monitor the tool coordinate system, monitor the workpiece coordinate system,
and monitor the coordinate system.

Active/Off state

After the ForceGuard program is run and the user selects active safety monitoring, when the robot is
running a program with end force control, if the interaction force acting on the end of robot exceeds the
monitoring force in the direction specified in the monitoring coordinate system, the safety stop Class 1 is
triggered.

After the ForceGuard program runs and the user chooses to turn off force security monitoring, the
monitoring fails.

Safety force monitoring is activated only when the robot is running a program that includes end force
control.

When a user activates safety monitoring using ForceGuard and does not disable force safety monitor-
ing through ForceGuard, the Force safety monitoring feature is continuously monitored with an effective
parameter until the user disables or modifies the force safety monitoring configuration using ForceGuard.

Monitoring force direction

By checking the monitoring force direction switch, the user can enable/disable the force monitoring
for the specified direction in the corresponding Cartesian space monitoring coordinate system.

The above monitoring force directions are based on the corresponding direction of the monitoring
reference coordinate system. When the user selects the monitoring reference coordinate system as the tool
coordinate system, the monitoring direction will be monitored by referring to the tool coordinate system
configured in the ForceGuard program. When the user selects the monitoring reference coordinate system
as the workpiece coordinate system, the monitoring force direction will be monitored by referring to the
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tool coordinate system configured in the Forceguard program. The monitoring direction is monitored along
the workpiece coordinate system configured in the ForceGuard program.

Monitoring power size

After the user opens the monitoring force direction, the monitoring force size can be configured to
adjust the force size assignment that triggers the monitoring alarm to stop, in units of N and Nm.

The user should ensure that the monitoring force in the direction of the active safety monitoring is a
non-zero positive number, so as to ensure the normal operation of the force safety monitoring.

Monitor tool coordinate system

Users configure the monitoring tool coordinate system, and the end of robot safety force monitoring
will take the origin of the monitoring tool coordinate system as the action point of the actual interaction
force between the end of robot and the outside world.

When the user selects the monitoring reference coordinate system as the tool coordinate system, the
monitoring direction configured by the user will monitor the force/moment along the direction of the real-
time tool coordinate system, and the corresponding monitoring force direction is described in the robot
real-time tool coordinate system.

Monitor the workpiece coordinate system

When the user configures the monitoring tool coordinate system and selects the workpiece coordinate
system as the monitoring reference coordinate system, the force/moment monitoring direction configured
by the user is carried out along the direction of the workpiece coordinate system, and the corresponding
monitoring force direction is described in the workpiece coordinate system.

Monitor reference coordinate system

When the user chooses to use the end force safety monitoring function, the final monitoring system
needs to be determined. The user can select the end force safety monitoring control to monitor along the
tool coordinate system or the workpiece coordinate system.

5.6 ForceSetZero program

The user can choose to use the ForceSetZero program to clear the current sensor reading, as shown below:
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After the user uses and the program executes the ForceSetZero program, all current loads acting on
the forces of the end of robot, including the weight of the tool load installed on the end of robot and all
external forces acting on the end tool load, are emptied. Then modifying the tool load installed at the end

of robot or interacting with the outside world will produce the corresponding error force.

5.7 ForceWait program

If the user chooses Force Wait program, the motion program can automatically jump out of the current Force
program segment after the end of robot-force control waiting condition is met, until the new ForceWait
program is executed in the current Force program segment or the current Force program runs out, as

shown in the following figure:
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When the user chooses to use the ForceWait program, the relevant force control waiting conditions
need to be configured. The current user can configure the force control waiting condition parameters,
including position waiting condition, speed waiting condition, force waiting condition and force control
waiting condition activation logic.

Position waiting condition

When the user chooses to enable the position wait condition, the position wait condition parameter
can be set by configuring the absolute position on X/Y/Z/RX/RY/RZ and the offset range relative to the
absolute position.

If the absolute position parameter and offset position parameter are both 0, the position waiting con-
dition is not monitored in this direction.

When the user selects the absolute position waiting condition, the position monitored by the position
waiting condition is the absolute pose of the origin of the Force control tool coordinate system configured
in the force program where the ForceWait program is located in the force control workpiece coordinate
system. When the user selects the relative position wait condition, the monitored position is the relative
pose offset of the origin of the Force control tool coordinate system configured in the force program where
the ForceWait program resides after running the ForceWait program.

By configuring the position waiting condition duration parameter, the user can adjust the duration of
the end of robot position meeting and remaining within the waiting condition range, in ms. When the end
of robot position is out of range, the duration is re-timed. When the duration is set to 0, the location wait
condition is met and the location wait condition is met flag bit is activated immediately.

By configuring the timeout parameter of the position waiting condition, the user can adjust the waiting
timeout time of the end of the robot when the position waiting condition cannot be met. The unit is ms.
When the FoeceWait program is executed and exceeds the position waiting timeout time, the position
waiting condition is met flag bit will be activated directly.

Speed waiting condition

When the user chooses to enable the position wait condition, the speed wait condition parameter can
be set by configuring the absolute speed on X/Y/Z/RX/RY/RZ and the offset range relative to the absolute
speed. When the absolute velocity parameter and the offset velocity parameter are O at the same time, it
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means that the speed waiting condition is not monitored in this direction.

When the user selects the absolute speed waiting condition, the speed monitored by the speed waiting
condition is the absolute speed of the origin of the Force control tool coordinate system configured in the
force program where the ForceWait program resides in the force control workpiece coordinate system.
When the user selects the relative speed wait condition, the speed monitored by the lock is the speed
increment after the ForceWait program is run by the origin of the Force control tool coordinate system
configured in the force program where the ForceWait program resides. Since the robot is always in a static
state when the end force control motion function begins, the absolute speed waiting condition is equivalent
to the relative speed waiting condition for the speed waiting condition.

By configuring the duration parameter of the speed waiting condition, the user can adjust the duration
of the end of robot speed meeting and remaining within the range of the waiting condition, in ms. When
the end of robot speed is out of range, the duration is re-timed. When the duration is set to 0, the speed
wait condition meets the speed wait condition meets the flag bit.

By configuring the speed waiting condition timeout parameter, the user can adjust the waiting timeout
period (unit: ms) of the end of robot when the speed waiting condition cannot be met. When the Foece-
Wait program is executed and exceeds the speed wait timeout period, the speed wait condition is activated
directly.

Force waiting condition

When the user chooses to enable the force wait condition, the force wait condition parameters can be
set by configuring the absolute force size on X/Y/Z/RX/RY/RZ and the offset range relative to the absolute
force. When the absolute force size parameter and the offset force range parameter are both 0, it means
that the force waiting condition is not monitored in this direction.

The reference coordinate system of the Force waiting condition is the same as that of the Force control
reference coordinate system configured in the force program where ForceWait program is located. That is,
when the force control reference coordinate system is configured in the force program as the tool coordinate
system, the force magnitude and direction monitored by the force waiting condition are described in the
force control tool coordinate system. When the Force control reference coordinate system is configured as
the workpiece coordinate system in the force program, the force magnitude and direction monitored by the
force waiting condition are described in the force control workpiece coordinate system.

When setting the parameters of the Force waiting condition, the actual coordinate system configuration
in the Force program where the Force Wait program is located should be referred to the setting, and attention
should be paid to whether the symbol and size can be satisfied by the end force control function caused by
the force program.

When the user selects the absolute force waiting condition, the force waiting condition monitors the
absolute value assigned to the corresponding monitoring force. When the user selects the relative force
wait condition, the force wait condition monitors the increment of the monitoring force after running the
ForceWait program.

By configuring the force waiting condition duration parameter, the user can adjust the duration of the
end of robot force meeting and remaining within the waiting condition range, in ms. When the end of robot
force is out of range, the duration is re-timed. When the duration is set to 0, the dynamic waiting condition
is activated at the moment when the force waiting condition is satisfied.

By configuring the force waiting condition timeout parameter, the user can adjust the waiting timeout
time of the end of robot when the force waiting condition cannot be met, in ms. When the FoeceWait
program is executed and exceeds the force wait timeout, the active wait condition is directly activated to
meet the flag bit.

Force control wait condition activation logic
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When multiple force control waiting conditions are enabled, you can configure the logical relationship
between multiple force control waiting conditions by setting the force control waiting condition activation
logic.

When there is AND logic in the force control wait condition activation logic, all enabled force control
wait conditions need to be activated before the global force control wait condition is activated.

When there is or logic in the force control wait condition activation logic, the global force control wait
condition is activated when any enabled force control wait condition is activated.

When both and logic and or logic exist in the force-controlled wait condition activation logic, any
or logical force-controlled wait condition activation or all of the logical force-controlled wait condition
activation will be considered as the global force-controlled wait condition activation.

Global force control condition activation

When the global Force control condition is met and activated, all Move programs under the corre-
sponding force program will be stopped and adjusted, as shown in the following figure:
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5.8 ForceMove program

The user chooses to use the ForceMove program, which can make the end of robot produce only the end
force control adjustment, without any MOve-like movement, as shown in the following figure:
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The ForceMove program can only be added to the Force program to achieve pure end force control
movement.

When the user chooses to use the ForceMove program, the end force control will continue to adjust the
end of robot position/posture based on force/moment until the conditions of the ForceWait program are met
or the user manually stops/pauses. Therefore, when the user chooses to use the ForceMove program, the
ForceWait program should be added before the ForceMove program and the condition parameters should
be correctly configured, so as to ensure that the ForceMove program can meet the force control waiting
condition during operation and exit the ForceMove program to run the following programs normally.

5.9 Examples of end force control programming

End force control polishing

When the end of robot is designed to polish a certain surface, it is required that the end of robot has
generated 10N grinding force with the surface at the beginning of grinding and continues to maintain Is.
After the grinding force meets the requirements, the end of robot is polished along the curved surface. The
grinding path adopts two branch paths from point A to point B to point C. During the grinding process, the
tool of the end of robot should always be kept perpendicular to the tangent direction of the surface.

Corresponding to the above working conditions, the design of the end force control programming
program is as follows:

1. The end of robot needs to explore in the direction of the grinding surface until the contact Force of
10N is maintained, and force control is carried out by force program and used with ForceMove program;

2. The direction of the contact force in the robot tool coordinate system is negative, the target force
is set as -10N, the maximum speed of force control adjustment is set as the default value of 150mm/s, the
robot is expected to move towards the surface at a speed of 10mm/s, and the damping parameter is set as 1.

42 Chapter 5. End Force Programming



Force

In actual working conditions, if the end of robot cannot reach balance with the outside world, the damping
parameter should be increased;

3. Select the force control tool coordinate system and the workpiece coordinate system as the default
coordinate system, and select the force control reference coordinate system as the tool coordinate system,
corresponding to the set target;
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4. ForceMove program was used for force control exploration, and ForceWait program was used to
monitor the activation of force waiting conditions;

5. only the force direction has waiting conditions, only enable the force waiting conditions;

6. It is necessary to monitor whether the force in the Z direction reaches and maintains - 10N, select
the relatively cheap range as plus or minus 2N, and select the offset range considering the contact stiffness
between the tool and the polished surface in actual working conditions;

7. need to hold force for 1s, that is, 1000ms, set the default timeout time 5000ms;
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8. Execute the ForceMove program and adjust the end of robot force control to move the end of robot
towards the surface without any other direction motion planning. When the robot touches the surface, 10N
force is generated and remains for more than 1s, jump out of the current ForceMove program and execute

subsequent programs;
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9. open the end force control function again, so that the subsequent robot Move movement has the
end force control adjustment;

10. During the grinding process, the robot continues to generate 10N contact force with the grinding
surface, and the direction is Z- in the tool coordinate system. At the same time, in order to ensure that the
end of robot is always perpendicular to the tangential direction of the surface, the force control adjustment
of the rotation direction of RX and RY is enabled, the reference torque is set to ONm, and the maximum
adjustment speed of the optional direction is set to 60°/s. The damping parameters need to be adjusted
according to the curvature of the surface in actual working conditions and the contact stiffness between the
grinding tool and the surface.
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11. The two-line Move program under the Force program controls the robot to move from point A
to point B to point C in A straight line path. Since the tool coordinate system Z is adjusted upward through
force control, it is recommended that the teaching point of point A, point B, point C is the point directly
above the surface in the XY plane, so that the adjustment direction of right-hand control is decouple from
the direction of motion control. As far as possible to ensure the accuracy of both;
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Based on the above programming example, the actual motion condition diagram of the robot is shown

in the following figure:
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