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e Original Instructions

Thank you very much for purchasing FANUC Robot.
Before using the Robot, be sure to read the "FANUC Robot Safety Manual (B-80687EN)" and
understand the content.

¢ No part of this manual may be reproduced in any form.
e The appearance and specifications of this product are subject to change without notice.

The products in this manual are controlled based on Japan's “Foreign Exchange and
Foreign Trade Law". The export from Japan may be subject to an export license by the
government of Japan. Further, re-export to another country may be subject to the license
of the government of the country from where the product is re-exported. Furthermore, the
product may also be controlled by re-export regulations of the United States government.
Should you wish to export or re-export these products, please contact FANUC for advice.

In this manual, we endeavor to include all pertinent matters. There are, however, a very
large number of operations that must not or cannot be performed, and if the manual
contained them all, it would be enormous in volume. It is, therefore, requested to assume
that any operations that are not explicitly described as being possible are "not possible".
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SAFETY PRECAUTIONS

This chapter describes the precautions which must be observed to ensure the safe use of the robot.
Before attempting to use the robot, be sure to read this chapter thoroughly.

Before using the functions related to robot operation, read the relevant operator's manual to become
familiar with those functions.

For the safety of the operator and the system, follow all safety precautions when operating a robot and its
peripheral devices installed in a work cell.
In addition, refer to the “FANUC Robot SAFETY HANDBOOK (B-80687EN)”.

1 WORKING PERSON

The personnel can be classified as follows.

Operator:
e Turns robot controller power ON/OFF
e Starts robot program from operator’s panel

Programmer or teaching operator:
e Operates the robot
e Teaches robot inside the safety fence

Maintenance engineer:

e Operates the robot

e Teaches robot inside the safety fence

e Maintenance (adjustment, replacement)

- An operator cannot work inside the safety fence.

- A programmer, teaching operator, and maintenance engineer can work inside the safety fence. The
working activities inside the safety fence include lifting, setting, teaching, adjusting, maintenance,
etc.

- Towork inside the fence, the person must be trained on proper robot operation.

During the operation, programming, and maintenance of your robotic system, the programmer, teaching
operator, and maintenance engineer should take additional care of their safety by using the following
safety precautions.

- Use adequate clothing or uniforms during system operation

- Wear safety shoes
- Use helmet
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2 DEFINITION OF WARNING, CAUTION AND
NOTE

To ensure the safety of working persons and prevent damage to the machine, this manual indicates each
precaution on safety with "Warning" or "Caution™ according to its severity. Supplementary information is
indicated by "Note". Read the contents of each "Warning", "Caution" and "Note" before attempting to use
the robots.

/A\WARNING
Used if a danger resulting in the death or serious injury of the user is
expected to occur if he or she fails to observe the approved procedure.

/N\CAUTION
Used if a danger resulting in the minor or moderate injury of the user or
equipment damage is expected to occur if he or she fails to observe the
approved procedure.

NOTE
Used if a supplementary explanation not related to any of WARNING and
CAUTION is to be indicated.

e  Read this manual carefully, and store it in a safe place.

3 WORKING PERSON SAFETY

Working person safety is the primary safety consideration. Because it is very dangerous to enter the
operating space of the robot during automatic operation, adequate safety precautions must be observed.
The following lists the general safety precautions. Careful consideration must be made to ensure
working person safety.

(1) Have the robot system working persons attend the training courses held by FANUC.

| FANUC provides various training courses. Contact our sales office for details. |

(2) Even when the robot is stationary, it is possible that the robot is still in a ready to move state, and is
waiting for a signal. In this state, the robot is regarded as still in motion. To ensure working
person safety, provide the system with an alarm to indicate visually or aurally that the robot is in
motion.

(3) Install a safety fence with a gate so that no working person can enter the work area without passing
through the gate. Install an interlocking device, a safety plug, and so forth in the safety gate so that
the robot is stopped as the safety gate is opened.

The controller is designed to receive this interlocking signal of the door switch. When the gate
is opened and this signal received, the controller stops the robot (Please refer to "STOP
TYPE OF ROBOT" in SAFETY PRECAUTIONS for detail of stop type). For connection, see
Fig.3 (a) and Fig.3 (b).
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(4) Provide the peripheral devices with appropriate grounding (Class A, Class B, Class C, and Class D).

(5) Try to install the peripheral devices outside the work area.

(6) Draw an outline on the floor, clearly indicating the range of the robot motion, including the tools
such as a hand.

(7) Install a mat switch or photoelectric switch on the floor with an interlock to a visual or aural alarm
that stops the robot when a working person enters the work area.

(8) If necessary, install a safety lock so that no one except the working person in charge can turn on the
power of the robot.

The circuit breaker installed in the controller is designed to disable anyone from turning it on
when it is locked with a padlock.

(9) When adjusting each peripheral device independently, be sure to turn off the power of the robot.

(10) Operators should be ungloved while manipulating the operator’s panel or teach pendant. Operation
with gloved fingers could cause an operation error.

(11) Programs, system variables, and other information can be saved on memory card or USB memories.
Be sure to save the data periodically in case the data is lost in an accident.

(12) The robot should be transported and installed by accurately following the procedures recommended
by FANUC. Wrong transportation or installation may cause the robot to fall, resulting in severe
injury to workers.

(13) In the first operation of the robot after installation, the operation should be restricted to low speeds.
Then, the speed should be gradually increased to check the operation of the robot.

(14) Before the robot is started, it should be checked that no one is in the area of the safety fence. At the
same time, a check must be made to ensure that there is no risk of hazardous situations. If detected,
such a situation should be eliminated before the operation.

(15) When the robot is used, the following precautions should be taken. Otherwise, the robot and
peripheral equipment can be adversely affected, or workers can be severely injured.

- Avoid using the robot in a flammable environment.

- Avoid using the robot in an explosive environment.

- Avoid using the robot in an environment full of radiation.

- Avoid using the robot under water or at high humidity.

- Avoid using the robot to carry a person or animal.

- Avoid using the robot as a stepladder. (Never climb up on or hang from the robot.)

(16) When connecting the peripheral devices related to stop(safety fence etc.) and each signal (external
emergency , fence etc.) of robot. be sure to confirm the stop movement and do not take the wrong
connection.

(17) When preparing trestle, please consider security for installation and maintenance work in high place
according to Fig.3 (c). Please consider footstep and safety belt mounting position.
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Safety fence

Interlocking device and safety plug that are activated if the
gate is opened.

Fig. 3 (a) Safety fence and safety gate
Dual chain

Emergency stop board | Fi——"— — mr e 1
or Panel board | (Note) |
|
EAST | In case of R-30iB, R-30iB Mate i
! | Terminals EAS1,EAS11,EAS2,EAS21 are provided on the :
' EAS11 | emergency stop board. :
| . .
1 EAS2 !
I Refer to the ELECTRICAL CONNCETIONS Chapter :
EAS21 I of CONNECTION of .
i R-30iB controller maintenance manual (B—-83195EN) or :

 R—30iB Mate controller maintenance manual (B—83525EN)
Sing|e chain cor R-30iB Mate controller (Open Air) maintenance manual

|
- (B-83525EN) for details.

Panel board :

i
FENCE1 |
FENCE2 :

Fig. 3 (b) Limit switch circuit diagram of the safety fence
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Hook for safety belt
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Fig.3 (c) Footstep for maintenance

3.1

The operator is a person who operates the robot system.
pendant is also an operator.

OPERATOR SAFETY

In this sense, a worker who operates the teach
However, this section does not apply to teach pendant operators.

(1)
(2)

If you do not have to operate the robot, turn off the power of the robot controller or press the
EMERGENCY STOP button, and then proceed with necessary work.
Operate the robot system at a location outside of the safety fence
(3) Install a safety fence with a safety gate to prevent any worker other than the operator from entering
the work area unexpectedly and to prevent the worker from entering a dangerous area.
(4) Install one or more necessary quantity of EMERGENCY STOP button(s) within the operator’s reach
in appropriate location(s) based on the system layout.
The robot controller is designed to be connected to an external EMERGENCY STOP button.
With this connection, the controller stops the robot operation (Please refer to "STOP TYPE
OF ROBOT" in SAFETY PRECAUTIONS for detail of stop type), when the external
EMERGENCY STOP button is pressed. See the diagram below for connection.

Dual chain
External stop button

Emergency stop board |  _ _ . _ _ . _ . _ . ... -
or Panel board I (Note) |
EES1 : Connect EES1 and EES11, EES2 and EES21 |
: |
‘ | ESi I In case R-30iB, R-30iB Mate i
! | EES1,EES11,EES2,EES21 are on the emergency stop board |

! !
1 EES2 | |
‘ | iRefer to the ELECTRICAL CONNCETIONS Chapter of !
EES21 | CONNECTION of !
|

Single chain

External stop button

Panel board

EMGIN1

—<

EMGIN2

j R-30iB controller maintenance manual (B-83195EN) or
| R-30iB Mate controller maintenance manual (B-83525EN) I
jor R-30iB Mate controller (Open Air) maintenance manual I
j (B-83525EN) for details.

Fig.3.1 Connection diagram for external emergency stop button
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3.2 SAFETY OF THE PROGRAMMER

While teaching the robot, the operator must enter the work area of the robot. The operator must ensure
the safety of the teach pendant operator especially.

(1) Unless it is specifically necessary to enter the robot work area, carry out all tasks outside the area.

(2) Before teaching the robot, check that the robot and its peripheral devices are all in the normal
operating condition.

(3) Ifitis inevitable to enter the robot work area to teach the robot, check the locations, settings, and
other conditions of the safety devices (such as the EMERGENCY STOP button, the DEADMAN
switch on the teach pendant) before entering the area.

(4) The programmer must be extremely careful not to let anyone else enter the robot work area.

(5) Programming should be done outside the area of the safety fence as far as possible. If programming
needs to be done in the area of the safety fence, the programmer should take the following
precautions:

— Before entering the area of the safety fence, ensure that there is no risk of dangerous situations
in the area.

— Be prepared to press the emergency stop button whenever necessary.

— Robot motions should be made at low speeds.

— Before starting programming, check the entire system status to ensure that no remote instruction
to the peripheral equipment or motion would be dangerous to the working person.

Our operator panel is provided with an emergency stop button and a key switch (mode switch) for selecting the
automatic operation mode (AUTO) and the teach modes (T1 and T2). Before entering the inside of the safety
fence for the purpose of teaching, set the switch to a teach mode, remove the key from the mode switch to prevent
other people from changing the operation mode carelessly, then open the safety gate. If the safety gate is opened
with the automatic operation mode set, the robot stops (Please refer to "STOP TYPE OF ROBOT" in SAFETY
PRECAUTIONS for detail of stop type). After the switch is set to a teach mode, the safety gate is disabled. The
programmer should understand that the safety gate is disabled and is responsible for keeping other people from
entering the inside of the safety fence.

Our teach pendant is provided with a DEADMAN switch as well as an emergency stop button. These button and
switch function as follows:
(1) Emergency stop button: Causes the stop of the robot (Please refer to "STOP TYPE OF ROBOT" in SAFETY

PRECAUTIONS for detail of stop type) when pressed.

(2) DEADMAN switch: Functions differently depending on the teach pendant enable/disable switch setting
status.

(@) Disable: The DEADMAN switch is disabled.

(b) Enable: Servo power is turned off when the operator releases the DEADMAN switch or when the
operator presses the switch strongly.

Note) The DEADMAN switch is provided to stop the robot when the operator releases the teach pendant or
presses the pendant strongly in case of emergency. The R-30iB/R-30iB Mate employs a 3-position
DEADMAN switch, which allows the robot to operate when the 3-position DEADMAN switch is pressed
to its intermediate point. When the operator releases the DEADMAN switch or presses the switch
strongly, the robot stops immediately.

The programmer’s intention of starting teaching is determined by the controller through the dual operation of setting
the teach pendant enable/disable switch to the enable position and pressing the DEADMAN switch. The
programmer should make sure that the robot could operate in such conditions and be responsible in carrying out
tasks safely.

Based on the risk assessment by FANUC, number of operation of DEADMAN SW should not exceed about 10000
times per year.

5-6



B-83424EN-1/02 SAFETY PRECAUTIONS

The teach pendant, operator panel, and peripheral device interface send each robot start signal. However the
validity of each signal changes as follows depending on the mode switch and the DEADMAN switch of the operator
panel, the teach pendant enable switch and the remote condition on the software.

Teach pendant Software . .
Mode ) remote Teach pendant Operator panel Peripheral device
enable switch .
condition
on Local Not allowed Not allowed Not allowed
AUTO Remote Not allowed Not allowed Not allowed
mode off Local Not allowed Allowed to start Not allowed
Remote Not allowed Not allowed Allowed to start
on Local Allowed to start Not allowed Not allowed
T1, T2 Remote Allowed to start Not allowed Not allowed
mode off Local Not allowed Not allowed Not allowed
Remote Not allowed Not allowed Not allowed

T1,T2 mode: DEADMAN switch is effective.

(6)
(7)

(8)

3.3

To start the system using the operator’s panel, make certain that nobody is the robot work area and

that there are no abnormal conditions in the robot work area.

When a program is completed, be sure to carry out a test operation according to the procedure

below.

(a) Run the program for at least one operation cycle in the single step mode at low speed.

(b) Run the program for at least one operation cycle in the continuous operation mode at low
speed.

(c) Run the program for one operation cycle in the continuous operation mode at the intermediate
speed and check that no abnormalities occur due to a delay in timing.

(d) Run the program for one operation cycle in the continuous operation mode at the normal
operating speed and check that the system operates automatically without trouble.

(e) After checking the completeness of the program through the test operation above, execute it in
the automatic operation mode.

While operating the system in the automatic operation mode, the teach pendant operator should

leave the robot work area.

SAFETY OF THE MAINTENANCE ENGINEER

For

)
@)

@)

(4)

(®)

the safety of maintenance engineer personnel, pay utmost attention to the following.

During operation, never enter the robot work area.

A hazardous situation may arise when the robot or the system, are kept with their power-on during
maintenance operations. Therefore, for any maintenance operation, the robot and the system should
be put into the power-off state. If necessary, a lock should be in place in order to prevent any other
person from turning on the robot and/or the system. In case maintenance needs to be executed in the
power-on state, the emergency stop button must be pressed.

If it becomes necessary to enter the robot operation range while the power is on, press the
emergency stop button on the operator panel, or the teach pendant before entering the range. The
maintenance personnel must indicate that maintenance work is in progress and be careful not to
allow other people to operate the robot carelessly.

When entering the area enclosed by the safety fence, the maintenance worker must check the entire
system in order to make sure no dangerous situations exist. In case the worker needs to enter the
safety area whilst a dangerous situation exists, extreme care must be taken, and entire system status
must be carefully monitored.

Before the maintenance of the pneumatic system is started, the supply pressure should be shut off
and the pressure in the piping should be reduced to zero.
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(6) Before the start of teaching, check that the robot and its peripheral devices are all in the normal
operating condition.

(7) Do not operate the robot in the automatic mode while anybody is in the robot work area.

(8) When you maintain the robot alongside a wall or instrument, or when multiple workers are working
nearby, make certain that their escape path is not obstructed.

(9) When a tool is mounted on the robot, or when any moving device other than the robot is installed,
such as belt conveyor, pay careful attention to its motion.

(10) If necessary, have a worker who is familiar with the robot system stand beside the operator panel
and observe the work being performed. If any danger arises, the worker should be ready to press
the EMERGENCY STOP button at any time.

(11) When replacing a part, please contact FANUC service center. If a wrong procedure is followed, an
accident may occur, causing damage to the robot and injury to the worker.

(12) When replacing or reinstalling components, take care to prevent foreign material from entering the
system.

(13) When handling each unit or printed circuit board in the controller during inspection, turn off the
circuit breaker to protect against electric shock.

If there are two cabinets, turn off the both circuit breaker.

(14) A part should be replaced with a part recommended by FANUC. If other parts are used, malfunction
or damage would occur. Especially, a fuse that is not recommended by FANUC should not be used.
Such a fuse may cause a fire.

(15) When restarting the robot system after completing maintenance work, make sure in advance that
there is no person in the work area and that the robot and the peripheral devices are not abnormal.

(16) When a motor or brake is removed, the robot arm should be supported with a crane or other
equipment beforehand so that the arm would not fall during the removal.

(17) Whenever grease is spilled on the floor, it should be removed as quickly as possible to prevent
dangerous falls.

(18) The following parts are heated. If a maintenance worker needs to touch such a part in the heated
state, the worker should wear heat-resistant gloves or use other protective tools.

—  Servo motor

— Inside the controller
— Reducer

—  Gearbox

—  Wrist unit

(19) Maintenance should be done under suitable light. Care must be taken that the light would not cause
any danger.

(20) When a motor, reducer, or other heavy load is handled, a crane or other equipment should be used to
protect maintenance workers from excessive load. Otherwise, the maintenance workers would be
severely injured.

(21) The robot should not be stepped on or climbed up during maintenance. If it is attempted, the robot
would be adversely affected. In addition, a misstep can cause injury to the worker.

(22) When performing maintenance work in high place, secure a footstep and wear safety belt.

(23) After the maintenance is completed, spilled oil or water and metal chips should be removed from the
floor around the robot and within the safety fence.

(24) When a part is replaced, all bolts and other related components should put back into their original
places. A careful check must be given to ensure that no components are missing or left not mounted.

(25) In case robot motion is required during maintenance, the following precautions should be taken :

- Foresee an escape route. And during the maintenance motion itself, monitor continuously the
whole system so that your escape route will not become blocked by the robot, or by peripheral
equipment.

- Always pay attention to potentially dangerous situations, and be prepared to press the emergency
stop button whenever necessary.

(26) The robot should be periodically inspected. (Refer to the robot mechanical manual and controller
maintenance manual.) A failure to do the periodical inspection can adversely affect the performance
or service life of the robot and may cause an accident
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(27) After a part is replaced, a test operation should be given for the robot according to a predetermined

A

method. (See TESTING section of “R-30iB/R-30iB Mate Controller operator’s manual (Basic
Operation)”.) During the test operation, the maintenance staff should work outside the safety fence.

SAFETY OF THE TOOLS AND
PERIPHERAL DEVICES

4.1

PRECAUTIONS IN PROGRAMMING

(1)
(@)
3)
(4)

4.2

Use a limit switch or other sensor to detect a dangerous condition and, if necessary, design the
program to stop the robot when the sensor signal is received.

Design the program to stop the robot when an abnormal condition occurs in any other robots or
peripheral devices, even though the robot itself is normal.

For a system in which the robot and its peripheral devices are in synchronous motion, particular care
must be taken in programming so that they do not interfere with each other.

Provide a suitable interface between the robot and its peripheral devices so that the robot can detect
the states of all devices in the system and can be stopped according to the states.

PRECAUTIONS FOR MECHANISM

(1)

(2)
®)

(4)

®)

Keep the component cells of the robot system clean, and operate the robot in an environment free of

grease, water, and dust.

Don’t use unconfirmed liquid for cutting fluid and cleaning fluid.

Employ a limit switch or mechanical stopper to limit the robot motion so that the robot or cable does

not strike against its peripheral devices or tools.

Observe the following precautions about the mechanical unit cables. Failure to follow precautions

may cause mechanical troubles.

e  Use mechanical unit cable that have required user interface.

e Don’t add user cable or hose to inside of mechanical unit.

e Please do not obstruct the movement of the mechanical unit cable when cables are added to
outside of mechanical unit.

o In the case of the model that a cable is exposed, Please do not perform remodeling (Adding a
protective cover and fix an outside cable more) obstructing the behavior of the outcrop of the
cable.

e  When installing user peripheral equipment on the robot mechanical unit, please pay attention
that equipment does not interfere with the robot itself.

The frequent power-off stop for the robot during operation causes the trouble of the robot. Please

avoid the system construction that power-off stop would be operated routinely. (Refer to bad case

example.) Please execute power-off stop after reducing the speed of the robot and stopping it by
hold stop or cycle stop when it is not urgent. (Please refer to "STOP TYPE OF ROBOT" in

SAFETY PRECAUTIONS for detail of stop type.)

(Bad case example)

e Whenever poor product is generated, a line stops by emergency stop and power-off of the robot
is executed.

e When alteration was necessary, safety switch is operated by opening safety fence and
power-off stop is executed for the robot during operation.

e  An operator pushes the emergency stop button frequently, and a line stops.

e  An area sensor or a mat switch connected to safety signal operate routinely and power-off stop
is executed for the robot.
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(6) Power-off stop of Robot is executed when collision detection alarm (SRVO-050) etc. occurs. Please

try to avoid unnecessary power-off stops. It may cause the trouble of the robot, too. So remove the
causes of the alarm.

5 SAFETY OF THE ROBOT MECHANISM

5.1 PRECAUTIONS IN OPERATION

(1) When operating the robot in the jog mode, set it at an appropriate speed so that the operator can
manage the robot in any eventuality.

(2) Before pressing the jog key, be sure you know in advance what motion the robot will perform in the
jog mode.

5.2 PRECAUTIONS IN PROGRAMMING

(1) When the work areas of robots overlap, make certain that the motions of the robots do not interfere
with each other.

(2) Be sure to specify the predetermined work origin in a motion program for the robot and program the
motion so that it starts from the origin and terminates at the origin.

Make it possible for the operator to easily distinguish at a glance that the robot motion has
terminated.

5.3 PRECAUTIONS FOR MECHANISMS

(1) Keep the work areas of the robot clean, and operate the robot in an environment free of grease, water,
and dust.

54 PROCEDURE TO MOVE ARM WITHOUT DRIVE POWER
IN EMERGENCY OR ABNORMAL SITUATIONS

For emergency or abnormal situations (e.g. persons trapped in or pinched by the robot), brake release unit
can be used to move the robot axes without drive power.

Please refer to controller maintenance manual and mechanical unit operator’s manual for using method of
brake release unit and method of supporting robot.

6 SAFETY OF THE END EFFECTOR

6.1 PRECAUTIONS IN PROGRAMMING

(1) To control the pneumatic, hydraulic and electric actuators, carefully consider the necessary time
delay after issuing each control command up to actual motion and ensure safe control.

(2) Provide the end effector with a limit switch, and control the robot system by monitoring the state of
the end effector.
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[  STOP TYPE OF ROBOT

The following three robot stop types exist:

SAFETY PRECAUTIONS

Power-Off Stop (Category 0 following IEC 60204-1)
Servo power is turned off and the robot stops immediately. Servo power is turned off when the robot is
moving, and the motion path of the deceleration is uncontrolled.
The following processing is performed at Power-Off stop.
- Analarm is generated and servo power is turned off.
- The robot operation is stopped immediately. Execution of the program is paused.
Frequent Power-Off stop of the robot during operation can cause mechanical problems of the robot.
Avoid system designs that require routine or frequent Power-Off stop conditions.

Controlled stop (Category 1 following IEC 60204-1)
The robot is decelerated until it stops, and servo power is turned off.
The following processing is performed at Controlled stop.
- The alarm "SRVO-199 Controlled stop" occurs along with a decelerated stop. Execution of the
program is paused.
- Analarm is generated and servo power is turned off.

Hold (Category 2 following IEC 60204-1)
The robot is decelerated until it stops, and servo power remains on.
The following processing is performed at Hold.
- The robot operation is decelerated until it stops. Execution of the program is paused.

/A WARNING
The stopping distance and stopping time of Controlled stop are longer than the
stopping distance and stopping time of Power-Off stop. A risk assessment for
the whole robot system, which takes into consideration the increased stopping
distance and stopping time, is necessary when Controlled stop is used.

When the emergency stop button is pressed or the FENCE is open, the stop type of robot is Power-Off
stop or Controlled stop. The configuration of stop type for each situation is called stop pattern. The stop
pattern is different according to the controller type or option configuration.

There are the following 3 Stop patterns.

Stop Emergency External Servo
Mode stop Emergency FENCE open SVOFF input .
pattern disconnect
button stop

AUTO P-Stop P-Stop C-Stop C-Stop P-Stop

A T1 P-Stop P-Stop - C-Stop P-Stop

T2 P-Stop P-Stop - C-Stop P-Stop

AUTO P-Stop P-Stop P-Stop P-Stop P-Stop

B T1 P-Stop P-Stop - P-Stop P-Stop

T2 P-Stop P-Stop - P-Stop P-Stop

AUTO C-Stop C-Stop C-Stop C-Stop C-Stop

C T1 P-Stop P-Stop - C-Stop P-Stop

T2 P-Stop P-Stop C-Stop P-Stop
P-Stop:  Power-Off stop
C-Stop: Controlled stop
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Disable
The following table indicates the Stop pattern according to the controller type or option configuration.
Option R-30iB/ R-30iB Mate
Standard A
Controlled stop by E-Stop  (A05B-2600-J570) C (*

(*) R-30iB/R-30iB Mate does not have servo disconnect. R-30iB Mate does not have SVOFF input.

The stop pattern of the controller is displayed in "Stop pattern” line in software version screen. Please
refer to "Software version" in operator's manual of controller for the detail of software version screen.

"Controlled stop by E-Stop" option
When "Controlled stop by E-Stop" (A05B-2600-J570) option is specified, the stop type of the following
alarms becomes Controlled stop but only in AUTO mode. In T1 or T2 mode, the stop type is Power-Off
stop which is the normal operation of the system.

Alarm Condition
SRVO0-001 Operator panel E-stop Operator panel emergency stop is pressed.
SRVO0-002 Teach pendant E-stop Teach pendant emergency stop is pressed.
SRVO-007 External emergency stops External emergency stop input (EES1-EES11, EES2-EES21) is
open.
SRV0-408 DCS SSO Ext Emergency Stop | In DCS Safe I/O connect function, SSO[3] is OFF.
SRV0-409 DCS SSO Servo Disconnect In DCS Safe 1/0 connect function, SSO[4] is OFF.

Controlled stop is different from Power-Off stop as follows:

In Controlled stop, the robot is stopped on the program path. This function is effective for a system
where the robot can interfere with other devices if it deviates from the program path.

In Controlled stop, physical impact is less than Power-Off stop. This function is effective for
systems where the physical impact to the mechanical unit or EOAT (End Of Arm Tool) should be
minimized.

The stopping distance and stopping time of Controlled stop is longer than the stopping distance and
stopping time of Power-Off stop, depending on the robot model and axis. Please refer to the
operator's manual of a particular robot model for the data of stopping distance and stopping time.

When this option is loaded, this function cannot be disabled.

The stop type of DCS Position and Speed Check functions is not affected by the loading of this option.

/A WARNING

The stopping distance and stopping time of Controlled stop are longer than the
stopping distance and stopping time of Power-Off stop. A risk assessment for
the whole robot system, which takes into consideration the increased stopping
distance and stopping time, is necessary when this option is loaded.

150216
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1 Prerace

This chapter describes the overview of this manual. Read the following before using the Force Control
Deburring package.

1.1 OVERVIEW OF THE MANUAL

This manual describes how to operate the Force Control Deburring package of R-30iB/R-30iB Mate
Controller.

/A\ CAUTION
This manual is written on the basis of PC software ROBOGUIDE (V8 Rev.J
(7N08/10) edition) which simulates robot operations and R-30iB/R-30iB Mate
Controller software (7DC3/06, 7DC2/20 or 7DC1/26 edition). Depending on the
software edition, there may be functions and setting items that are not described
in this manual or some of the notation may differ.

This manual describes some of the ROBOGUIDE, iRVision and force control functions contained in the
Force Control Deburring package. If you want to know the exact meaning of arguments for individual
setting items and instructions, refer to the manuals listed in Section 1.2, "RELATED MANUALS".

Overview of each chapter in this manual

Chapter 1 How to use this manual
Chapter 2 | Overview of the Force Control Deburring package, the structure of the system, and so on
Chapter 3 | Offline teaching procedure with ROBOGUIDE
Chapter 4 | Online teaching procedure with the robot
Chapter 5 Online running procedure on the robot

Appendix A | Troubleshooting

Appendix B | How to simulate deburring operations with ROBOGUIDE

Appendix C | Sample TP programs automatically generated by ROBOGUIDE and the robot

1.2 RELATED MANUALS

This section introduces other related manuals and online help for reference, which are helpful when the
functions of the Force Control Deburring package are used.

ROBOGUIDE OPERATOR’'S MANUAL B-83234EN
This manual describes the following contents about ROBOGUIDE.
e  Configuration of ROBOGUIDE

Flow of operating ROBOGUIDE

Limitations of ROBOGUIDE

Hardware requirements

Installation and uninstallation

Licenses of ROBOGUIDE

Starting and exiting ROBOGUIDE

How to use the tutorial

How to use the online help

Creating a workcell

Features of ROBOGUIDE
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ROBOGUIDE Online Help
This online help describes the features of ROBOGUIDE, how to use each function, the tutorial, etc.
This can be accessed from the ROBOGUIDE menu "Help" — "Contents".

R-30iB/R-30iB Mate CONTROLLER OPERATOR’S MANUAL (Basic Operation)
B-83284EN

This is the main manual of R-30:B/R-30iB Mate Controller. This manual describes the following items

for manipulating workpieces with the robot:

e  Setting the system for manipulating workpieces

e  Operating the robot

e  Creating and changing a program

e  Executing a program

e  Status indications

e  Backup and restore robot programs.

This manual is used on an applicable design, robot installation, robot teaching, etc.

R-30iB/R-30iB Mate CONTROLLER OPERATOR’S MANUAL (Alarm Code List)

B-83284EN-1
This manual describes the error code listings, causes, and remedies of R-30iB/R-30iB Mate Controller.

R-30iB/R-30iB Mate CONTROLLER Optional Function OPERATOR’S MANUAL

B-83284EN-2
This manual describes the software optional functions of R-30:iB/R-30iB Mate Controller.

R-30iA/R-30iA Mate/R-30iB/R-30iB Mate CONTROLLER Ethernet Function

OPERATOR’S MANUAL B-82974EN
This manual describes the robot networking options such as FTP, RIPE, PC Share, and so on.

R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S MANUAL

(Reference) B-83304EN
This manual is the reference manual for iRVision on the R-30iB/R-30iB Mate controller. This manual
describes each functions which are provided by iRVision. This manual describes the meanings of. the
items on iRVision setup screen, the arguments of the instruction, and so on.

R-30iB/ R-30iB Mate CONTROLLER iRVision 2D Vision Application

OPERATOR’S MANUAL B-83304EN-1
This manual is desired to first refer to when you start up systems of iRVision 2D Compensation and 2.5D
Compensation. This manual describes startup procedures of iRVision 2D Compensation and 2.5D
Compensation system, creating programs, caution, technical know-how, response to several cases, and so
on.

R-30iB/R-30iB Mate CONTROLLER iRVision 3D Laser Vision Sensor
Application OPERATOR’S MANUAL B-83304EN-2
This manual is desired to first refer to when you start up systems of iRVision 3D Laser Sensor
Compensation. This manual describes startup procedures of iRVision 3D Laser Sensor Compensation,
creating programs, caution, technical know-how, response to several cases, and so on.
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R-30iB/R-30iB Mate CONTROLLER Force Sensor OPERATOR’'S MANUAL
B-83424EN
This manual describes how to operate a force sensor controlled by the R-30:B controller. In this manual,

only the operations and the technique of programming for the force control functions are explained
assuming that the installation and setup of the robot have been completed.

R-30iB CONTROLLER MAINTENANCE MANUAL B-83195EN
This manual describes the maintenance and connection of R-30iB Controller.

R-30iB Mate CONTROLLER MAINTENANCE MANUAL B-83525EN
This manual describes the maintenance and connection of R-30:B Mate Controller.

R-30iB/R-30iB Mate CONTROLLER Sensor Mechanical Unit / Control Unit

OPERATOR’S MANUAL B-83434EN

This manual describes the connection between sensors which is a camera or 3D Laser Sensor and
R-30iB/R-30iB Mate Controller, and maintenance of sensors.

1.3 PRECAUTIONS FOR 3D LASER VISION SENSOR

This section describes precautions to be taken for the 3D Laser Vision Sensor before using it.

1.3.1 Safety of Laser Sensor

The 3D Laser Vision Sensor is a visual sensor, which detects the position and posture of an object using
semiconductor lasers.

/A CAUTION
Observe user's safety and fire precautions in accordance with the safety
standards and the regulations, which the country and the region provide when
you use this sensor. Moreover, when the safety standards and regulations are
changed or newly enacted, please follow them.

The laser classification used in the sensor
Semiconductor lasers — Class Illa Laser (cf. FDA 1040.10)
Class 3R Laser (cf. IEC Pub.60825 / JIS C6802)

1.3.2 Laser Beam

The semiconductor laser beam is a visible optical laser with a wave length of 650nm. It is necessary to
pay attention to its operation though the maximum output power is at most 4.5mW x 2. Do not irradiate
the output beam from the sensor directly to your eyes. Moreover, do not look straight at the scattered
light for a long time.



1.PREFACE B-83424EN-1/02

1.3.3 Warning Label

The warning labels which inform the danger of the laser beam irradiation are affixed on this laser sensor.
Moreover, the warning labels in accordance with United States FDA standard are prepared as an option.

Fig. 1.3.3 (a) and Fig. 1.3.3 (b) show the warning labels used.

(D Explanatory label (for 1EC/JIS)

-LASER RADIATION-
AVOID DIRECT EYE EXPOSURE
CLASS 3R LASER PRODUCT

- V-
ERBEEBERNEILLTIRED,
95Z23RV-¥H&

MAXIMUM OUTPUT 4.5m¥W x2
PULSE DURATION Ccw
EMITTED WAVELENGTH 0.65um
LASER MEDIUM SEMICON.

1EC 80825-1:1993 + AMENDMENT 1, 2

Xt h 4.5mW x2

L2 | CwW
E 0.65um
K& ¥3kv-¢

1EC 80825-1:1993 + AMENDMENT 1,2

JIS (general type) IEC (general type)
® Aperture label

VISIBLE LASER RADIATION
[ AYOID EXPOSURE — VISIBLE
[l LASER RADIATION 1S EMITTED
V U-¥kto ; FROH THIS APERTURE.
|

JIS (general type) 1EC (general type) FDA (general type)

@ Warning label

VISIBLE LASER RADIATION
-AVOID DIRECT EYE EXPOSURE.

IEC/JIS

MAXTMUM _OUTPUT | 4.5aWx2.
PULSE_DURAT [ON ]

ENITTED VAVELENGTH | 0.654m
SEMICON.

CLASS lila LASER PRODUCT

FDA

Fig.1.3.3(a) Warning labels (1)
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@ Address label (for FDA)

3580, Shibokusa Aza-Komanba.
Oshino-mura, Minamitsuru-gun,
Yamanashi Prefecture, Japan

® Access panel label

EE—CCEBCEITABRU -
HET.

CAUTION—CLASS 3R LASER

RADIATION WHEN OPEN.
AVOID DIRECT EYE EXPOSURE

EEBESHEEVLILLTIRED,

[EC

DANGER
VISIBLE LASER RADIATION

WHEN OPEN.
AVOID DIRECT EYE EXPOSURE

FDA

® Certification label (for FDA)

-CERTIFICATION LABEL -

*This laser product complies
with 21 CFR 1040.10 and 1040.11.

Fig. 1.3.3(b) Warning labels (2)
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2 FORCE CONTROL DEBURRING PACKAGE

This package, in conjunction with ROBOGUIDE, iRVision and force control functions, automatically
generates robot programs for removing burrs on machined surfaces of castings and the like, and performs
the deburring procedures.

Combined with ROBOGUIDE and iRVision, this package can automatically generate deburring
programs for each actual workpiece. There is no need to teach the robot at multiple teaching points
manually, so the man-hour of teaching processes can be reduced significantly.

2.1 OPERATING PROCEDURE

The operating procedure for this package is as shown below. (Fig. 2.1)

Offline teaching with ROBOGUIDE Online teaching with the robot

& ChamferingPRO - Subscription - (.. | = Ll =

File Edit View Cell Robot Teach

Vision processes

Data files %

Online running on the robot

e

ol ..;';sﬂ""n £ - !
A
(i e '
' : ;
e [
| | -

<«—— Robot

Deburring path

Fig. 2.1 Operating procedure for the deburring package
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Offline teaching with ROBOGUIDE
A workcell is created, edges and targets (feature portions detected by iRVision for calculating the
position of a workpiece to be deburred) are taught, and data files are generated. For details, see Chapter 3,
"OFFLINE TEACHING WITH ROBOGUIDE".

Online teaching with the robot
Vision offset and Deburring Line Output vision processes are taught. For details, see Chapter 4,
"ONLINE TEACHING WITH THE ROBOT".

Online running on the robot
By use of the data files generated by ROBOGUIDE, the vision processes taught with the robot, etc., the
base position and edges on a workpiece are detected and deburring paths are automatically generated.
Then, the edges are deburred with the Force Control Contouring function. For details, see Chapter 5,
"ONLINE RUNNING ON THE ROBOT".

2.2 FUNCTIONS OF THE PACKAGE

This package performs the following ROBOGUIDE, iRVision and force control functions.

ROBOGUIDE

Information required for deburring is set offline and various data files to be loaded into the robot are
generated. First, the deburring tool, 3D Laser Vision Sensor and the like are placed as in the case of the
actual robot system. Next, a CAD model for a workpiece to be machined is imported and edges to be
machined are specified. After the setup is complete, with the data file generation function, various data
files necessary for deburring are generated such as a TP program for detecting the position and orientation
of a workpiece, TP programs for finding edges of a workpiece, and other TP programs. Loading these
data files into the robot can make the robot perform deburring.

In addition, the generated data files can be used to simulate deburring operations on ROBOGUIDE. For
the deburring operation simulation on ROBOGUIDE, see Appendix B, "SIMULATING DEBURRING
OPERATIONS WITH ROBOGUIDE".

iRVision
In this package, iRVision performs the following two functions: detecting target positions and finding
edges.
1  To obtain the position and orientation of a workpiece, three targets on the workpiece are detected by
using the 3D Laser Vision Sensor attached to the wrist of the robot. From the positions of three
targets, the position and orientation of the workpiece are obtained. (Fig. 2.2(a))

Positions of three targets are
measured with the 3D Laser
Vision Sensor

Targets (Machined holes, etc.)

Fig. 2.2(a) Detecting target positions
-7-
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2  On the basis of edge data generated by ROBOGUIDE, edges for a workpiece are found from the
image. By obtaining intersections between view lines passing through found edges on the image and
the plane corresponding to the surface of the workpiece, the positions of the edges in the 3D space
are obtained. This is used for deburring path auto generation for the robot. (Fig. 2.2(b))

Camera O

-
L0
minn
LI
Hrpnm
R
IITEERD

View line passing through

Plane corresponding to the
surface of a workpiece

Intersection (3D position)

Workpiece
Fig. 2.2(b) Finding an edge

Force control
By using the positions of edges found by ZRVision, a program that causes the robot to perform deburring
is automatically generated. In deburring, the Force Control Contouring function is used to control the
pushing force to a specific value in the direction from the tool toward the edges, thereby improving
machining quality. The positions of edges found by iRVision contains a small error, but the impact of the
error can be reduced by monitoring and controlling the force with force sensor during deburring.

2.2.1 Description of Terms

This subsection describes the terms used in this package.

Data files
A group of files generated by ROBOGUIDE for each workpiece. Loading data files generated by
ROBOGUIDE into the robot can make the robot deburr a specified workpiece.

Edge data
Files in which edge shape data and the like are described, which are generated as part of data files. The
iRVision Deburring Line Output Vision Process uses this information to find an edge.

Targets
Features on the workpiece detected by iRVision to determine the position and orientation of a workpiece.
Normally, three targets are detected by the 3D Laser Vision Sensor or a camera. The vision processes
which detect targets should be taught for each type of workpiece. The three targets need not be on the
same plane. For the target setting method, see Section 3.4, "SETTING TARGETS".
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2.3

STRUCTURE OF THE DEBURRING SYSTEM

The system to which the Force Control Deburring package is applied needs the following elements.

R-30iB/R-30iB Mate Controller

Vision sensor (3D Laser Vision Sensor or camera)

Attached to the wrist of the robot (robot-mounted camera) or fixed (fixed camera).

External LED light

Installed on the tip of the vision sensor or its periphery.

Force sensor

Attached to the wrist of the robot (robot-mounted sensor) or fixed (fixed sensor).

For details about the force sensor installation method, see Appendix C, "FORCE SENSOR
ATTACHMENT SETTING FUNCTION" of "R-30iB/R-30iB Mate CONTROLLER Force Sensor
OPERATOR’S MANUAL B-83424EN".

Deburring Tool

Attached to the wrist of the robot to deburr edges.

Only when calibrating the 3D Laser Vision Sensor or a camera, the Calibration Grid is required.

2.3.1 Selecting a Vision Sensor

2.3.1.1 Examples of vision sensor installation

A vision sensor (3D Laser Vision Sensor or camera) can be installed in the following three ways in this
package. Basically, use item 1 below. Other configurations can only be used in special cases.

1

The 3D Laser Vision Sensor is attached to the wrist of the robot and used as a robot-mounted camera.
(Fig. 2.3.1.1(a))

This configuration is supported when the position or orientation of a workpiece is shifted as well as
when there are multiple machined surfaces or the size of a machined surface is large.

A camera is attached to the wrist of the robot and used as a robot-mounted camera. (Fig. 2.3.1.1(b))
This configuration is supported when the position and orientation of a workpiece are fixed, when the
workpiece is shifted only in the translational direction parallel to the machined surface or around in
the direction vertical to the machined surface, or when the size of a machined surface is large.
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3D Laser Vision Sensor
(robot-mounted camera)

Camera
(robot-mounted camera)

Fig.2.3.1.1(a) 3D Laser Vision Sensor is Fig. 2.3.1.1(b) Camerais attached to the
attached to the wrist of the robot wrist of the robot

3 Acamerais fixed and used as a fixed camera. (Fig. 2.3.1.1(c))
This configuration is supported only when the following conditions are all satisfied.
e  There is only one machined surface on the workpiece and its size is small.
e  The position and orientation of the workpiece are fixed, or the workpiece is shifted only in the
translational direction parallel to the machined surface or around in the direction vertical to the

machined surface.
"'ﬁ\'

Camera
(fixed camera)

Fig. 2.3.1.1(c) Camerais fixed

2.3.1.2 3D Laser Vision Sensor and camera

This package uses the 3D Laser Vision Sensor or a camera. Usually, the 3D Laser Vision Sensor is used,
but some applications may use a camera.

For both the 3D Laser Vision Sensor and a camera, a digital camera or analog camera may be used. When
a digital camera is used, the image size can be changed.

-10 -
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3D Laser Vision Sensor
o Measures the positions of targets and edges on a workpiece three-dimensionally.
e  Attached to the wrist of the robot and used as a robot-mounted camera.
e  Functions not only as the 3D Laser Vision Sensor but also as a camera.

Camera
e  Measures the positions of targets and edges on a workpiece two-dimensionally. This can only be
used when the targets are shifted two-dimensionally on a specific plane.
e  Attached to the wrist of the robot or fixed.

2.3.1.3 Robot-mounted camera and fixed camera

The 3D Laser Vision Sensor and a camera can be installed either as a robot-mounted camera or as a fixed
camera. The deburring package usually uses them as a robot-mounted camera, but some applications may
use them as a fixed camera.

Robot-mounted camera
e  The 3D Laser Vision Sensor or a camera is attached to the wrist of the robot.
e By moving the robot, the 3D Laser Vision Sensor or a camera can divide the entire workpiece and
measure it.
. In consideration of the size of the view area, the position and length of an edge, and the like,
ROBOGUIDE automatically determines the robot position and number of images to take.
e  Since the camera cable moves frequently, care must be taken to cable processing.

Fixed camera

e  The fixed camera can be used when the entire workpiece is relatively small to fit in the camera view
area and when the plane of the edge to deburr does not incline.
The coordinate system must be set on the plane of edge to deburr before deburring the workpiece.
The camera is fixed on the stand etc. to detect a workpiece.
The camera always views the same place from the same distance.
The stand of the camera must have enough strength so as not to vibrate the camera or change the
camera position.

2.3.2 Selecting a Light

The iRVision Deburring Line Output function takes advantages of the visual contrast between the
machining plane and the casted surface to find an edge. For that purpose, an appropriate light (a direct
Ring Light or Bar Light is recommended) must be selected with respect to the machining plane to
uniformly light the wide range of the machined surface of a workpiece. Select a light so that a clearly
identifiable image between light and dark can be obtained as shown below.

7 o

Machining plane  ——_| Casted surface
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2.4 REQUIRED SOFTWARE OPTIONS

To use this package, the following software options are required.

ROBOGUIDE
e ROBOGUIDE Basic
e  ChamferingPRO
e  Vision PC option

ROBOT controller
e  Force Control Deburring package

It includes the following functions.

- Force Control Basic function
Force Control Contouring function
Force Deburring function (Deburring Path Auto Generation)
iRVision 2D Single-View Vision Process
iRVision 3DL Single-View Vision Process
iRVision Deburring Line Output Vision Process

2.5 SCOPE

The scope of this package is as shown below.

e  This package can only be used for robot models in which the force control function is supported.
This package can only be used in system configurations without additional axes.

Machined burrs between the machining plane and the casted surface are subjected.

The deburring tool always moves left to its pushing direction.

Burrs themselves are not detected by the vision sensor and deburred, but burrs are deburred in a
batch to a predetermined edge.

e  The following burrs are not supported.
»  Casted burrs
Machined burrs between machined surfaces
Machined burrs having a length of 20 mm or shorter
Machined burrs on the 3D curved surface
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3 OFFLINE TEACHING WITH ROBOGUIDE

Before executing deburring with an online robot, it is necessary to perform an offline teaching with
ROBOGUIDE to generate data files (including edge data and TP programs which detect edges).

This chapter describes the offline teaching procedures by using ROBOGUIGE based on the flow shown
in Fig. 3.

When there are multiple types of parts (workpieces), repeat operations in steps 2 to 5 for each type of
part.

Create a workeell.

Add a part.

Select an edge.

Set targets.

Generate data files and transfer them to the online robot controller.

OB WN P

1. Create a workcell. 2. Add a part (workpiece). 3. Select the target edge for deburring.

% ChamferingPRO - Subscription - Em “° ChamferingPRO - Subscription - Em
/ Edge

File Edit View Cell Robot Teach File Edit View Cell Robot Teach

[ Robot Gontroller|

[ Robot Gontroller|

4. Set targets. 5. Generate data files and transfer them to the controller.

Targets ——

¥ .
i P&
'{)?P[m] B

Edge data

Fig. 3 Offline teaching with ROBOGUIDE

3.1 CREATING A WORKCELL

Create a workecell of a deburring system having a configuration as shown in Fig. 3.1 according to the
following procedures:

-13-



3.0FFLINE TEACHING WITH ROBOGUIDE B-83424EN-1/02

Create a new workecell.

Add a force sensor.

Add a deburring tool.

Set the default values for edge parameters.
Add a vision sensor.

Add a fixture.

OO, WN -

-

“i* ChamferingPRO - Subscription - (%D 1758) - ForceControlDeburringPackage E@g

File Edit View Cell Robot Teach Test-Run Project Tools Window Help
D E o= 42 BLaa - NELAREOT 8
Q Q64 7 @ G 8 B g | - -

-
f&- Cell Browser- ForceC... | 23 |__—Cell Browser

4 =»
Back Fwed 3D|Laser Vision Sensor

N

Toolbar

Robot
Force sensor
Deburring tool

=8 i Fixtures —_
o Fixture1 "~ Fixture
[Ex 1 p—
& Robot Controllers
m Obstacles
@ Profiles

ey | DNMENsions
Targets

ﬁ Target Groups
'E Machines
58 Cables

% External Devices
- {R 40 Edit views
lil:( Sensor Units

A

Robot Controller1 @ 100% ForceCGontrolDeburrinePackage T:E:

Fig. 3.1 Sample workcell of a deburring system

TIPS

1 Place the robot, fixture, deburring tool, force sensor, and vision sensor according
to the actual deburring system.

2 On the toolbar, press the "Show/Hide Cell Browser" button fz-, "Show/Hide
Target Tools" button @&, and "Draw features on parts” button g- to display the
Cell Browser window, Target tool, and CAD to Path Quickbar, respectively.

3 Select "Property" from the right-click menu for an item such as a fixture to
display the property page for the item.

3.1.1 Creating a New Workcell

Create a new workcell according to the following procedures:

1  Start ChamferingPRO and click the "New Cell" button [ on the toolbar. The "Workcell Creation
Wizard" window (Fig. 3.1.1(a)) appears. Enter a workcell name in "Name" and click the "Next"
button.
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Step 1 - Workcell Name

B-83424EN-1/02

Wizard Navigator Enter a name for the new workcell

1: Workcell Name Name: ForceControlDeburringPackage
2: Robot Creation Method

3: Robot Software Version Existing Workcells.

4: Robot Application/Tool HandlingPROZ

E: R ! P HandlingPRO3

Fig. 3.1.1(a) Entering a workcell name

2  On the Robot Creation Method selection window (Fig. 3.1.1(b)), select "Create a new robot with the
default ChamferingPRO config." and click the "Next" button.

Step 2 - Robot Creation Method
Select the method to create a robot.

Wizard Navigator
1: Workcell Name
ForceControlDebunming Package
2: Rebet Creation Method

(@ Create anew robotwith the default ChamferingPRO config.
() Create a new robotwith the last used ChamferingPRO config.

Fig. 3.1.1(b) Selecting a robot creation method

3 On the Robot Software Version selection window (Fig. 3.1.1(c)), select "V8.10" or "V8.20" or
"V8.30" and click the "Next" button.

Step 3 - Robot Software Version

Wizard Navigator

ForceControlDebuning Package

Select the software version to be loaded on the robot
V8.20 - R-30iB, 8.2092.12.11 (V8.20PAM2 7DC2M2)

W8.13 - R-30iB, 8.1322.12.03 (V8.13PM2 7DDOM2Z)

1: Workcell Name ‘

7= Rohant Creatinn Method WE.10 - R-30iB. 8.1085.20.04 NE.10R20 TDCA20Y
Fig. 3.1.1(c) Selecting arobot software version

4 On the Robot Application/Tool selection window (Fig. 3.1.1(d)), select "HandlingTool (H552)" or
"LR HandlingTool(H551)" and click the "Next" button.

Step 4 - Robot Application/Tool
Select the Application/Tool package to be loaded
ArcTool (H541)

Wizard Navigator
1: Workcell Name

ForceControlDebuming Package Flex Tool (H549)
2: Robet Creation Method
LR ArcTool (H574)

Create from scratch

Fig. 3_.1.1(d) Selecting a rorkr)(;t application/tool

5 On the Group 1 Robot Model selection window (Fig. 3.1.1(e)), select a robot model (for example,
Robot H780 M-10iA(Ver.2)) and click the "Next" button.

Step 5 - Group 1 Robot Model

Wizard Navigator

1: Workcell Name
ForceControlDebuning Package

2: Robet Creation Method
Create from scratch

3: Robot Software Version

Select the primary robot model forthis controller

Showthe robot model variation names

Type Order Mum Description
gﬂ Robot  H780 M-10i4 (Ver2)
gﬂ Robot H77S M-10ia10M

Fig. 3.1.1(e) Selecting a Group 1 robot model

6  On the Additional Motion Groups selection window, select no item and click the "Next" button.
7 On the Robot Options selection window (Fig. 3.1.1(f)), select "FC Deburring package (J840)" and

click the "Next" button.
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Step 7 - Robot Opticns

Wizard Navigator Chooserobot software options
1: Workcell Name Software Options | Languages | Advanoed|
ForceControlDebuning Package
2: Robat Creation Method @ Sort by Mame
Create from scratch ) Sort by Order Number

3: Robot Software Version
V.20 FC Deburing package (J840))
4: Robot Application./Tool [C] Fitered Memary Dev. (R545)
Handling Tool {H552) [ Finishing func PKG (J558)

Fig. 3.1.1(f) Selecting a robot option

8  On the Summary window (Fig. 3.1.1(g)), check the summary of the workcell. When the selections
are all correct, click the "Finish" button to generate a Virtual Robot Simulator.

Step 8 - Summary
Wizard Navigator Review your choices before finishing the wizard
I Wokcell Name | -
ForceControl DebumingPackage - the integrity of data exchanged from a |
2: Robot Creation Method - Roboguide robot to any other robot.
Create from scratch
3: Robot Software Verszion - Process: ChamferingPRO
Va.20 - Workecell Name: ForceControl DeburringPackage
4: Robet Application/Tool - Wirtual Rebot Controller: V8.20 A
Handling Tool (H552) ... Application Tool: Handling Tool 3
5: Group 1 Rebot Model --- Robot Model:
M-10iA (Ver.2) (HT20) . Group 1: M-10iA (Ver.2) (H730)
6: Additional Motion Groups = -
{none)
7- Robot Options

See summary page
8: Summary [=1-- 170 Configuration:
L Set up for simulation
-~ Robot Languages:
- English Dictionary (H521)
i MuMi Language (KANA) (H530) i

|:| Userobot library defaults found in group definiion fles

Here are allthe selections you've made inthe wizard. Make sureeverything is correct for your
simulation, then pressFinish to apply them.

FANUC | cancel |[ <Back || nee= || Finisn | [ Hew |

Fig. 3.1.1(g) Checking the summary

9  When a setting window as shown in Fig. 3.1.1(h) appears during the generation of the Virtual Robot
Simulator, set an item according to the actual robot to be used.
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Starting Robot Controllerl: Init Start

wwwkwwww Group 1 Initialization sxvewwwew
wwkwwwwrwrr M-JOihA #vvrrvrrrrerrrrrbbryy

ROBOT TYPE SETTING

1. ARC Mate 1000iC (2kg mode)
2. M=-10i A (10kg mode)
Select Robot Type (1 or 2)->

F1 F2 F3 F4 F&

Prev

Mext

Wirtual Robot Status

E% Creating or recreating Virtual Robot Simulator ...

Fig. 3.1.1(h) Virtual Robot Simulator setting

10 When the Virtual Robot Simulator has been generated, a new workcell is started (Fig. 3.1.1(i)) and a
robot is added to the workcell.

-
“* ChamferingPRO - Subscription -

E=RE=RT)

- ForceControlDeburringPackage

File Edit Wiew Cell Robot Teach Test-Run Project Tools Window  Help
D@ > >~ & ?

RN VR 2

QA Q47 g 80 B g &

LW E S @F o Em-BAFC e 00 A @R

¥ F e B

-

f&- Cell Browser- ForceC... [wi3s|

- B L
Back Fwd

------- m Obstacles

....... @ Profies

....... i Dimensions
....... Targets

....... ﬁ Target Groups
....... 'E Machines

....... SE Cables

....... % External Devices
....... R 40 edit views
....... li(( Sensor Units

Robot Gontroller1

‘ s |

3.1.2

Fig. 3.1.1()) New workecell

Adding a Force Sensor

Add a force sensor (for example, FS-15iA with an adapter) according to the following procedures:

1 On Cell Browser, expand "Tooling" and right-click "UT:5" ("Fixtures" for a fixed sensor). From the
displayed right-click menu, select "Add Link" ("Add Fixture" for a fixed sensor) — "CAD Library"
(Fig. 3.1.2(a)). On the "Image Librarian" window, select "Others" — "ForceSensor" —
"FS-15iA_H614" or another item. (Fig. 3.1.2(b))

-17 -



3.0OFFLINE TEACHING WITH ROBOGUIDE

B-83424EN-1/02

2

-
Back

»

T Fwd

[- cell Browser- ForceControlDeburringP... @

| »

m

% UT:1 (Eoat1)
% UT: 2 (Eoat?)

Rename [none]

Multiple CAD Files

U3 (Euat3| Add Link v || CAD Library
f UT: 4 (Eoatd Add Sensor Unit » CAD File
Clear Eoat5 Values Definition File
Adding a robot-mounted sensor
f=- Cell Browser- ForceControlDeburringP.. [s3s|
- =
Back Fwd | | Add Fixture v CAD Library
Delete [none] Single CAD File

Adding a fixed sensor
Fig. 3.1.2(a) Adding aforce sensor

-
&) Image Librarian

[E

Library Path:

[E

File  Edit

B Others

ﬁ* frc

ﬁs Camera
&5 CameraOld
B&g ForceSenzor

----- B Fs-100iA

----- B FS-100iA_H528
----- B Fs-10ia

----- B FS-10iA_HE 11
----- B Fs-15iA_HE11
----- FS~15if HE 14
FS-15ife_HES |
----- B FS-15ifie HG54
----- B Fs-250iA

----- B FS-250iA_H532
----- B FS-250iA_H53%
----- g Fs-20

----- B FS-30_HE41
----- B Fs-40iA_Hb21

H-87 Light
Hf Mise
Image Selection
FS-15iA_HE14

m

C¥ProgramData¥FAMUC¥ROBOGUIDE¥Image Library

F5-250if

F5-16iA_HE1

FS-15iA_HE14

F5-260iA_HA32

m

[orc

] [ Gancel

Fig. 3.1.2(b) Selecting a force sensor model

A link to the force sensor is added to the workcell (Fig. 3.1.2(c)). The link is displayed by selecting
"Tooling" — "UT:5" ("Fixtures" for a fixed sensor) on Cell Browser.
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Force sensor
(robot-mounted sensor)

Force sensor
(fixed sensor)

Fig. 3.1.2(c) Added aforce sensor

3.1.3 Adding a Deburring Tool

Add a deburring tool according to the following procedures. Specify the tool mounting position according

to the actual deburring system.

1 On Cell Browser, click "Tooling" and right-click "UT:5". From the displayed right-click menu,
select "Property" to open the property page of the tool (Fig. 3.1.3(a)). Select the CAD model of the
tool for "CAD File" on the "General” tab and click the "Apply" button to add the deburring tool to
tool frame "UT:5" (Fig. 3.1.3(b)).

You can change the location of the added deburring tool by specifying a desired location for
"Location" on the "General" tab. When the location of the tool is changed, however, the locations of
all links and vision sensors added to this tool frame are also changed.
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% UT: 5 (Eoats), GP: 1 - M-10iA (Ver2), R... [

Feature Prog Settings | Feature Pos Dfits

FealureApp/Ret |  Feature Pos Offsets

Feature Contouring |

Feature Deburr Path | Collision Avoidance I Calibration

General | Trace | UTOOL | Parts | Simulation
Appearance

Mame Eoats

CAD File |ontrolDeburringPackage\Eoat1.igs
=T Color: @
L%

[] wire Frame

Transparent Opague

Location Physical Characteristics

X 0.000| mm Mass 10.00 kg
Y 0.000 mm - segle

Z 112.325|mm  Scale X 1.00000

W 0.000| deg = Scale Y 1.00000

P 0.000|deg  scalez 1.00000

R 180.000| deg o .
show callisions

Lock All Location Values

[ ok | [ cancel ]| spoy | [ Hep |

Fig. 3.1.3(a) Adding atool and adjusting its location

2 Onthe UTOOL tab (Fig. 3.1.3(c)) of the tool property page, edit the tool frame. Teach the tool frame
so that the tool frame Z axis is normal to the machining plane and the -Z axis is located in a direction

away from the machining plane. (Fig. 3.1.3(c))

Tool frame

Deburring tool

's

Fig. 3.1.3(b) Added deburring tool

% UT:5 (Eoats), GP: 1 - M-10iA (Ver.2), R... [m|

Feature Prog Settings | Feature Pos Dfits

FeatureApp/Ret | Feature Pos Offsets

Feature Contouring |

Feature Deburr Fath | Colision Avoidance | Calioration

General | Trace | UTOOL | Parts | Simulation
uTOOL

X 0.000 mm Edit UTOOL
i 0.000 mm
SR Use Current Triad
Z 580.000 mm Location
W 0.000 deg
p 0.000 deg
R 0.000 deg

Move Robot Normakte-Surface (Cirl-Shift-Click

Formoving therobotto asurface |-Z -
via ctrl-shift-click, selectthe Toal

Frame axis thatmatches the

surface narmal line

ok || cancel || 2ppy | [ Help |

Fig. 3.1.3(c) Setting the tool frame
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The position of the origin of the tool frame (Fig. 3.1.3(d)) changes depending on the setting of

"Orientation Handling" on the "Feature Pos Dflts" tab. For details of "Orientation Handling", see

Subsection 3.1.4.1, "Setting position defaults".

e  When "Fixed tool spin, keep normal” is selected: Teach the TCP of the tool as the origin of the
tool frame.

e  When "Change tool spin along path, keep normal” is selected: Teach the contact point of the
tool and workpiece as the origin of the tool frame.

E Vm Tool spin axis I
I
I
U

& Machined surface

Workpiece /
TCP (origin of the tool frame) Contact point (origin of the tool frame)
"Fixed tool spin, keep normal" "Change tool spin along path, keep normal”

Fig. 3.1.3(d) Position of the origin of the tool frame

3.1.4 Setting the Default Values for Edge Parameters

You can set the default values for edges (features) defined on the CAD model of a workpiece on the
following four tabs of the tool property page:

e  Feature Pos Dflts

e  Feature App/Ret

e  Feature Deburr Path

e  Feature Contouring

/\ CAUTION

1 The values set on the tool property page are used as the default values when an
edge is defined.

2 Be sure to set the items on the "Feature Pos Dflts" and "Feature App/Ret" tabs.

3 Set items on the "Feature Deburr Path" and "Feature Contouring" tabs as
required.

4 This function uses Force Control Schedule [10] by default. Change the schedule
number on the "Feature Contouring" tab when required.

3.1.4.1 Setting position defaults

On the "Feature Pos Dflts" tab of the tool property page, set position defaults in the tool pushing direction
as shown in the figure below. (Fig. 3.1.4.1(a))
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1  Normal to surface: -Z

(% ur:s (Eoats), GP: 1 - M-10iA (Ver.2), Rob...

General | Trace | UTOOL | Parts | Simulation

Feature Pos Offsets | Feature Contouring

Feature Deburr Path | Colision Avoidance | Calibration
Feature Prog Settings | Feature Pos Dftts | Feature App/Ret

Tool Frame Axis <=+ Feature Axis Azsignments

Mormal to surface -2 Right-Hand
Rule

Alongthesegment =Y - X \ /f‘,
1
Acrossthesegment X

Orientation Handling;
(") Fixed tool spin, keep nomal

@ Changetool spin along path, kesp nomal

(") Mo orientation changes, disregard nomal

Default Position Config

Gonfig: NUT, 0,0, 0

TP Point Generation Control

() Standard Generation & Filtefing

Straight Line Detection Circular Mowve Detection

Loose Strict MNever Often

(@ Fixed Distance Along the Feature

Every 10,000 |mm

[ DK ] [ Cancel ][ Apphy ] [ Help ]

Fig.3.1.4.1(a) Setting values on "Feature Pos Dflts"

2  Select an item for "Orientation Handling" according to the tool spin axis. (Fig. 3.1.4.1(b))

Spin axis

"Fixed tool spin, keep normal”
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Fig. 3.1.4.1(b) "Orientation Handling" settings
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/A CAUTION
For all edges of a workpiece, the same value must be set for "Orientation
Handling".

3.1.4.2

Along the segment: Only when "Change tool spin along path, keep normal” is selected for
"Orientation Handling”, and you want to adjust the orientation of the deburring tool using
ROBOGUIDE (Subsection 3.3.2, "Adjusting the Orientation of the Deburring Tool") or to simulate
deburring (Appendix B, "SIMULATING DEBURRING OPERATIONS WITH ROBOGUIDE"), set
a value according to the tool pushing direction in the tool frame as described below. For other cases,
you do not need to set any value for "Along the segment".

e  When the pushing direction is +X, set -Y for "Along the segment".

e When the pushing direction is -X, set +Y for "Along the segment".

e  When the pushing direction is +Y, set +X for "Along the segment".

e  When the pushing direction is -Y, set -X for "Along the segment".

Select "Fixed Distance Along the Feature" and set a distance (10 mm by default) according to the
dimension of the edge. Generally, you do not need to change the distance. When the minimum
curvature radius of an edge corner is shorter than 10 mm, set the minimum curvature radius of the
corner for the distance.

The distance set in this field is used as the distance between points of edge data used by the
iRVision Deburring Line Output Vision Process. The distance does not mean the distance between
teaching points of the generated deburring program.

Setting approach and retreat points

On the "Feature App/Ret" tab of the tool property page, select "Add approach point" and set a negative
value (for example, -10 mm) for Acr under "Approach Point". Set 0 for other than Acr. You do not need
to set "MoType" or any item under "Retreat Point". (Fig. 3.1.4.2(a))

% UT: 5 (Eoats), GP: 1 - M-10iA (Ver.2), Ro... [miim|

General I Trace | uTooL | Parts | Simulation

Feature Pos Offzets
Feature Deburr Path | Collision Avoidance I Calibration
Feature Prog Settings | Feature Pos Dfts | Feature App/Ret

Feature Contouring

Retreat Point

I | Add approach point I

MoType J -

100 %
Term Type FINE

Speed

Add retreat point
MoType L
Speed 2000 mmisec

Term Type | FINE

Offs et from first point Offs et from | ast point
(Feature Relative) (Feature Relative)

Marm 0.000 mm MNarm -100.000 |/mm

Alng 0.000 mm Alng 0.000|mm

| Acr -10.000 mm Acr 0.000|mm

RMarm 0.000 deg RMaorm 0.000|deg

Ralng 0.000 deg Ralng 0.000 |deg

RAcr 0.000 deg Racr 0.000|deg

OK | | Cancel |

Help

Fig. 3.1.4.2(a) Adding a feature approach point
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For this Acr value, the approach point is indicated by an X value in the user frame for the edge. For
example, when the Acr value is set to -10, the approach point of the drawn edge is as shown in Fig.
3.1.4.2(b). For details of how to draw an edge, see Subsection 3.3.1, "Drawing an Edge". For details of
the user frame of the edge, see Subsection 3.3.1.1, "User frame set for each edge".

User frame of the edge

Approach Edge

point

Fig. 3.1.4.2(b) Position of an approach point

For details of other items on this tab, refer to the ROBOGUIDE Online Help.

3.1.4.3 Setting deburr path generation

On the "Feature Deburr Path" tab of the tool property page, set parameters for generating a TP program
(DU_{Part Name} {Edge Index}.TP) with point sequence information of each detected edge. (Fig.
3.1.4.3(a)) For details, see Chapter 5, "ONLINE RUNNING ON THE ROBOT" and Appendix C,

"SAMPLE TP PROGRAMS".
You can use the default values as is on ROBOGUIDE. When an appropriate value is known for the online
robot, you can set the value on this tab.
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% UT: 5 (EoatS), GP: 1 - M-10iA ... [piim|
General | Trace uToOL | Parts | Simulation
Feature Prog Settings | Feature Pos Dflis | Feature App/Ret
Feature Pos Offsets I Feature Contouring
Feature Deburr Path | Coliision Avoidance | Calibration

Deburr Path Generation

Mon Stop When Gen. Fail Disable w
ShapeTolerance 5.0 mm
Distance Threshold 1.5 mm
Angle Threshold 3.0 deg
OrientGhange Thres. 10.0 deg
General Velocity 50 mmisec
Cnt 100
UseCircle Command Disable
UseAngularVelocity Disable +

Angular Velocity 100 degisec
Edge Offset Enablecr

Edge End Extension 10.0° mm
Above Approach Point v 50 %
Leave Point Velocity 50 mmisec
Approach Pnt To First Edge Pnt Dist

Trvl Dir atFirst Pnt 3.0 mm
Push Dir at FirstPnt 1.5 mm
LastEdge Pointto Leave Point Dist

Trvl Dir atLast Pnt 3.0 mm
Push Dir at Last Pnt 3.0 mm
Wrtto Machined Surf 3.0 mm
Pos Record Interval 100 msec

Fig. 3.1.4.3(a) "Feature Deburr Path" tab of the tool property page

Non Stop When Gen. Fail

Set whether the robot stops if the generation of the deburring path for an edge fails.
o Disable: If the generation of the deburring path for an edge fails, an alarm is issued and the robot

stops.

e Enable: If the generation of the deburring path for an edge fails, a dummy path for the edge is
generated and the robot does not stop. If the edge is closed, the dummy path for the edge contains
only the point above the start point of the edge. If the edge is not closed, the dummy path for the
edge contains only the points above the start and end points of the edge.

Default value: Disable

Shape Tolerance

Maximum allowable difference between the actual edge and CAD model shape. When the difference

between the actual edge and CAD model shape is greater than
Output Vision Process cannot detect the edge.
Default value: 5.0 mm

Distance Threshold

this value, the iRVision Deburring Line

Parameter related to the minimum distance between adjacent teaching points for a deburring path.
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e  When "Disabled" is selected for "Use Angular Velocity" described later, this value indicates the
minimum distance between adjacent teaching points for a deburring path.

e  When "Enabled" is selected for "Use Angular Velocity" described later, the distance between
adjacent teaching points for a deburring path may be smaller than this value in a corner.

The smaller this value is, the more teaching points are set for a deburring path in a curve of an edge so

that the deburring path becomes closer to the actual workpiece shape.

When this value is small, the teaching velocity on the automatically generated deburring path may be

lower than "General Velocity" described below.

Default value: 1.5 mm

Angle Threshold
Minimum angle made by three contiguous teaching points for a deburring path.
When this parameter is set, teaching points are set only at both ends in a linear section.
The smaller this value is, the more teaching points are set for a deburring path in a curve of an edge so
that the deburring path becomes closer to the actual workpiece shape.
Default value: 3.0 deg

Orient Change Threshold
Minimum variation between the orientation angles of two contiguous teaching points for a deburring path.
This parameter is valid only when "Enabled" is selected for "Use Angular Velocity" described later.
The smaller this value is, the more teaching points are set for a deburring path in a curve of an edge so
that the deburring path becomes closer to the actual workpiece shape.
Default value: 10.0 deg

General Velocity
Maximum teaching velocity for teaching points for a deburring path. This velocity is used in the
deburring path automatically generated.
When a large value is set for this parameter, the deburring depth becomes small. When a small value is
set for this parameter, the deburring depth becomes great.
When a small value is set for "Distance Threshold", the teaching velocity on the automatically generated
deburring path may be lower than the velocity set for this parameter.
Default value: 50 mm/sec

Cnt
Cnt value for teaching points for a deburring path. This value is used in the deburring path automatically
generated.
When a workpiece edge has an acute angle or the curvature radius in a corner is small (up to 3 mm), set a
small value for this parameter (for example, 85). A too small value may affect the actual general velocity
of the robot, however.
Default value: 100

Use Circular Command
This switch parameter specifies whether to use a circular command in a move statement for a corner.
(This function automatically determines whether a section is a corner.)
e Disabled: Uses a linear command for all teaching points.
e  Enabled: Uses a circular command in a move statement for a corner.
Default value: Disabled

Use Angular Velocity
This switch parameter specifies whether to use an angular velocity in a move statement for a corner. (This
function automatically determines whether a section is a corner.)
e Disabled: Does not use an angular velocity in a move statement for a corner.
o Enabled: Uses an angular velocity in a move statement for a corner.
Default value: Disabled
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Angular Velocity
Angular velocity set in a move statement for a corner. This velocity is used in the deburring path
automatically generated.

When "Enabled" is selected for "Use Angular Velocity" and the orientation of the tool greatly changes in
a corner, use this parameter.
Default value: 100 deg/sec

Edge Offset

This switch parameter determines whether to allow the deburring path move away from the actual
workpiece edge (set an offset).

e  When "Enabled" is selected, an offset is set. The offset amount is the component of "Push dir at First
Pnt" of the "Approach Pnt To First Edge Pnt Dist" described below. (Fig. 3.1.4.3(b))

e  When "Disabled" is selected, no offset is set. The deburring path coincides with the actual workpiece
edge. (Fig. 3.1.4.3(¢c))
Default value: Enabled

Deburring path

® y o
<4— Edge offset amount doe (deburri h
® o— Edge (deburring path) o
Edge
Workpiece machined surface BUEIIEER TTEETEE SUEEE
Fig. 3.1.4.3(b) Edge Offset: Enabled Fig. 3.1.4.3(c) Edge Offset: Disabled

Edge End Extension
Length of the extension from the last edge point of a closed edge. (Fig. 3.1.4.3(¢))
When this length is set to 0 for a closed edge or when an edge is not closed, no extension is added. (Fig.
3.1.4.3(d))
Default value: 10.0 mm

Start point

Tool direction Tool direction

\ End point
Deburring path

x

Closed edge Start (end) point

Machined surface of workpiece

Fig. 3.1.4.3(d) No extension from the end point

Length of the extension from the end point

Start point

Tool direction

A
End point

Closed edge Start point

Machined surface of workpiece

\ End point
Deburring path

=

Fig. 3.1.4.3(e) Extension from the end point
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Above Approach Point Vel
Joint velocity used during the movement to the point above the approach point for contouring. This
velocity is used in an automatically generated deburring path. The linear velocity used during the
movement to the point above the leave point is also calculated from this value.
Default value: 50 %

Leave Point Velocity
The velocity used during the movement to the leave point for contouring. This velocity is used in an
automatically generated TP program.
Default value: 50 mm/sec

Approach Pnt To First Edge Pnt Dist

Trvl Dir at First Pnt
Component in the travelling direction at the first edge point of the distance from the approach point to the
edge start point. (Fig. 3.1.4.3(f))
Default value: 3.0 mm

Push Dir at First Pnt
Component in the pushing direction at the first edge point of the distance from the approach point to the
edge start point. (Fig. 3.1.4.3(f))
Default value: 1.5 mm

Direction parallel to the edge
> N
. Direction normal to the edge
Approach point ®
Edge
° 2 °
First edge point

Workpiece machined surface

Fig. 3.1.4.3(f) Distance from the approach point to the edge start point
Last Edge Point to Leave Point Dist

Trvl Dir at Last Pnt
Component in the travelling direction at last edge point of the distance from the last edge point to the
leave point. (Fig. 3.1.4.3(Q))
Default value: 3.0 mm

Push Dir at Last Pnt
Component in the pushing direction at last edge point of the distance from the last edge point to the leave
point. (Fig. 3.1.4.3(9))
Default value: 3.0 mm

Vrt to Machined Surf
Component in the direction normal to the machined surface of the distance from the last edge point to the
leave point. (Fig. 3.1.4.3(Q))
Default value: 3.0 mm
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Direction parallel to the edge

Direction normal to the edge ¢ @ Leave point
Edge

C @ .
Last Edge point

Workpiece machined surface

Direction normal to the machined surface
(direction away from the machined surface)

Fig. 3.1.4.3(g) Distance from the last edge point to the leave point

Pos Record Interval

Position recording time interval. This interval is used only when the edge data files are updated in the

robot. For the update of data files, see Subsection A.2.1, "If the Shapes of the Actual Workpiece and the

CAD Model Differ Greatly™ in Appendix A.

e When a large value is set for the interval, a small number of positions are recorded for the same
edge.

e  When a small value is set for the interval, a large humber of positions are recorded for the same
edge.

Default value: 100 msec

TIPS
Examples of setting parameters are shown below:
1 When the shape difference between workpieces is greater than 5 mm, set a
large value for "Shape Tolerance".
2 If you want to adjust the tool’s travelling velocity, adjust "General Velocity".
3 When the amount of deburring is insufficient at the end point of an edge, set
a large value for "Edge End Extension".

3.1.4.4 Setting contouring schedule

On the "Feature Contouring" tab of the tool property page, set parameters for a contouring program using
force control (DU_{Part Name}_ {Edge Index}.TP). (Fig. 3.1.4.4) For details, see Chapter 5, "ONLINE
RUNNING ON THE ROBOT" and Appendix C, "SAMPLE TP PROGRAMS".

For details of each parameter on the "Feature Contouring" tab, refer to Subsection 3.5.7.6, "Parameters"
of "R-30iB/R-30iB Mate CONTROLLER Force Sensor OPERATOR’S MANUAL B-83424EN".

You can use the default values as is on ROBOGUIDE. When an appropriate value is known for the actual
robot, you can set the value on this tab.
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¥ UT: 5 (EoatS), GP: 1 - M-10iA ... [wtiim|

General | Trace uTooL | Parts | Simulation
Feature Prog Settings | Feature Pos Dfits | Feature App/Ret
Feature Deburr Path Collision Avoidance | Calibration

Feature Pos Offsets | Feature Conteuring
Contouring Schedule
Schedule Mumber 10
Contact F Threshold 30 N
Approach Velocity 10.0 mmizec
Contouring Force 50 WM
FC Gain (Master Freq.) 050 Hz
Pushing Dir. Vel ocity 1.0 mmisec
Push Dir. Offset Angle 0 deg
Offset Push Dir. With PR] 0]

@ oK Cancel Help

Fig. 3.1.4.4(a) "Feature Contouring" tab of the tool property page

Schedule Number
Set the number of a force control contouring schedule to be used. The specified schedule data must be
“Unused”.
Default value: 10

Contact F Threshold
This force threshold is used to determine whether the machining target is touched by the deburring tool.
Contouring operation actually starts after the target is touched. Set a value not greater than that set for
"Contouring Force".
Default value: 3.0 N

Approach Velocity
The velocity of the deburring tool in the pushing direction until the machining target is touched. When a
large value is set, the time until the target is touched can be reduced, but the target may be deburred too
much as the force at the moment the target is touched may be greater than the preset Contouring Force as
described below.
Default value: 10.0 mm/sec

Contouring Force
Target contouring force for actual contouring operation.
Default value: 5.0 N

FC Gain (Master Freq.)
This parameter determines the responsiveness of force control. When a large value is set, the
responsiveness of force control becomes higher, but vibration may occur. When a small value is set,
vibration can be suppressed, but the responsiveness during force control is lowered, resulting in slow
operation.
Increase this parameter by about 0.1 Hz at a time while checking whether vibration occurs during force
control.
Default value: 0.50 Hz

Pushing Dir. Velocity
Velocity command applied in the pushing direction. Generally, setting 0 for this parameter causes no
problem. When the curvature factor of the workpiece is large and the tool may move apart from the
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workpiece during contouring operation, set a value between 1 mm/sec and 10 mm/sec.
Default value: 1.0 mm/sec

Push Dir. Offset Angle
Specify the angle to be used to change the angle formed by the pushing direction of the tool and the
machined surface. If this value is not 0 deg, "Offset Push Dir. With PR" described below needs to be
specified to a nonzero number.
Default value: 0 deg

Offset Push Dir. With PR
Specify the number of the position register to be used to change the angle formed by the pushing direction
of the tool and the machined surface. This position register is used in the automatically generated
deburring path. If "Push Dir. Offset Angle™ described above is not 0 deg, this position register number
needs to be specified to a nonzero number.
Default value: 0

If the height difference of the workpiece is small, the tip of the deburring tool may come into contact
or collide with the workpiece at the approach point of the deburring path or at the intermediate point
of the edge. This may damage the workpiece surface or apply an excessive force to the tool's tip,
causing the tool to break. (Fig. 3.1.4.4(b))

Tool's leaving direction

Height difference is small

Approach point

Tool's pushing direction Tool's tip

Fig. 3.1.4.4(b) When the tool's pushing direction offset angle is 0 deg

When "Change tool spin along path, keep normal™ is selected, you can specify the angle formed by
the pushing direction of the tool and the machined surface. The approach point of the deburring path
is taught at a position away from the machined surface, and the pushing direction of the deburring
tool becomes diagonal.

If the height difference of the workpiece is small, the tool does not come into contact with the
workpiece at the start point of the edge. Also, if the deburring tool's tip touches the workpiece
surface at the intermediate point of the edge, the tool can escape obliquely upward from the
workpiece surface, preventing an excessive force from being generated. (Fig. 3.1.4.4(c))

5w
N

Push Dir. Offset Angle \E

Fig. 3.1.4.4(c) When the tool's pushing direction offset angle is greater than 0 deg
When "Fixed tool spin, keep normal" is selected, the angle formed by the pushing direction of the
tool and the machined surface is 0 degrees and cannot be changed.
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3.1.5

Adding a Vision Sensor

There are two methods for adding a vision sensor (3D Laser Vision Sensor or camera).
1  Manually add and place a vision sensor.
2 Use camera calibration data to add and automatically place a vision sensor.

3.1.5.1

Manually adding and placing a vision sensor

Manually add and place a vision sensor (3D Laser Vision Sensor or camera) in the workcell according to

the actual deburring system by following the procedures below:

1 On Cell Browser, expand "Tooling" and right-click "UT:5" (“Sensor Units" for a fixed camera). From
the displayed right-click menu, select "Add Sensor Unit" — "Add 3D Laser Vision Sensor" or "Add
2D Camera" — "CAD Library" (Fig. 3.1.5.1(a)). On the "Image Librarian" window, select
"3DL_UNIT" or another item from "Others" — "Camera" category. (Fig. 3.1.5.1(b))

f%; Cell Browser- db3d_v830p04_te... @

- * =
Back Fwd Add

[Sj-#3 ChamferingPRO Workeel o
-3 Fodures
- @ Parts
=B Rovot Controliers
. 1=} H 6:1-Robot Controlert L

© FF GP 110 (Ver2) T

i 5% Tooling

Rename Eoatl

Tooling Library

Fi- Cell Browser- db3d_v830p04_te... [wiim|
- »
Back ~ Fwd Add
[=}--sf; ChamferingPRO Workcell
=) Fixtures
(- Parts
[£3] @ Robot Controllers
) obstacies
AR Workers
[ Q Profiles.
| @ | Dimensions
Targets
£7% Target Groups
3B Machines i .
S8 Cables | Add Vision Sensor Unit
- Delete [none]
Rename [none]
Cut [none]
Copy [none]

Clear Eoatl Values

]

Add Vision Sensor Unit

Load Tooling "Eoatl”

'

’ Sensor Definition File
Add 2D Camera
Add 2D Laser Vision Sensor
Add Light

Add Sensor From Camera Calibration

Sensor Definition File
Add 2D Camera
Add 3D Laser Vision Sensor

== I
Adding a robot-mounted camera

Add Projector
Add Light

Adding a fixed camera

» ‘ Add Digital Camera v
» Add Analog Camera CAD Library
| CAD File
»
> Add Digital Camera > |
v Add Analog Camera » . CAD Library

v I CAD File

Fig. 3.1.5.1(a) Adding a vision sensor
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F B
&1y Image Librarian [E=EER
File  Edit
Library Pathc  C¥ProeramDatasF ANUG¥ROBOGUIDE¥Image Library

»
| »

m

----- F 3D _LaserVisionSensor |-
..... B 3D LaserVisionSensor_ 3DL_UNIT 3D_LaserVisionSensor
----- [ 3D LazerVisionSensor_
----- F 3D LazerVisionSenszor_
----- [ 3D LazerVisionSensor_
----- F 3D LazerVisionSenszor_
----- [ 3D LazerVisionSensor_

----- F iRvision_GameraPacka
----- [ iRVigion_CameraPacka
----- [ SONY #o-56 2D
----- [ SONY KC-56 3D
E]--f Camerald 3D _LazerVisionSenzor_LRMate200iC 30 _LazerVfizionSenzor_MGIB_M1GiE

G5 FoveaSancor

Image Selection
3DL_UNIT [ ok H Gancel

Fig. 3.1.5.1(b) Selecting a vision sensor model

2 On Cell Browser, the vision sensor is added under "Tooling" (SensorUnitl under "Sensor Units" for
a fixed camera) and the property page of the vision sensor is opened. The added vision sensor is
displayed as shown in Fig. 3.1.5.1(c).

“i* ChamferingPRO - S@m “i* ChamferingPRO - SE@Q

File Edit WView Cell Robot File Edit WView Cell Robot

ooy

Robot Gontroller 1 E Robot Gontroller 1

Robot-mounted camera (3D Laser Vision Sensor) Fixed camera (camera)
Fig. 3.1.5.1(c) Added vision sensor

Adjust the position of the vision sensor on the "General" tab of the vision sensor property page. Also
set the focus length and standoff of the camera on the "Setting" tab. (Fig. 3.1.5.1(d))

-33-



3.0FFLINE TEACHING WITH ROBOGUIDE B-83424EN-1/02

¥ 3DSensorl, UT: 5 (Eoat5) (=230
|General|=
Attribute
30Sensorl, UT: 5 (Eoat
* ! ( %) @ Camera Type SONY XC-56
General i ibrati isi i
| Seting | Cabration | Vision | View | Image Size 103" VA (640x480)
Appearance
Vertical Spacin T4 i i
Name DSensord R g (vertical micro)
CADFile C/\ProgramData\FANUC\ROBOGUID Aspect Ratio i
Type CAD Color: -CAD :
Focus Length 12.0 -
[¥] visible : i
Dere FnE Transparent Opagque Laser
400
Location Scale StandOf -
X -130.000 mm | Scale X 1.00000 Offect
Y ST.E00 mm | segley 1.00000 @
X -130.000| mm
= 0,000 frmm Scale 2 1.00000 Inputs an offsetvalueto
i -58.000|mm  translate from theorigin of
w 180.000 deg the cameratothe origin of
Z 72500 mm CAD data.
= 0.000 deg
W -50.000 | de: i
o 180,000 deg . g [] Edit offset
[] Lock All Location Values s 0.000] deg
R -50.000 | deg
Laser function issupported. Test

Fig. 3.1.5.1(d) Vision sensor property page

3 On Cell Browser, expand "Robot Controller" and right-click "Vision". From the displayed
right-click menu, select "Enable Vision Simulation” (Fig. 3.1.5.1(e)) and restart the robot controller.

[=- Cell Browser- ForceControlDeburringP... @

4 =
Back Fwd
= Robot Cantroliers -

S5 GP: 1 - M-10iA (Ver.2) -
H‘" Tooling

14 UserFrames
%] Space Check
Targets

o LT] Files
@ Jobs

[ é Progrg

m

Delete [none]

- Varial Rename [none]
_é Cut [none]
m Obstacles e
E Profiles Copy [none]

Paste [none]

Collapse to C: 1 - Robot Controllerl
Collapse to Worlkcell

| Enable Vision Simulation

Fig. 3.1.5.1(e) Enable Vision Simulation
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4 Open the Vision property page and assign the camera to a port in "Relation of Camera” on the
"General" tab of the Vision property page. (Fig. 3.1.5.1(f))

g | . —e
- Vision, Robot Controllerl [ 23 |
General | Projector | TP Program | TP Pngram(Detail}l
Camera Type
(@) Analog () Digital

Hardware Composition

Multiplexer ﬁ Multiplexera, D4 Cameras [20V or30L]) w

Relation of Analog Camera

Port1 ¥ RobotController! GP:1UT: 5308ensorl  w Robot-mounted camera
Port? B Robot Controller1 GP: 1 UT: 1 Cameral - & Fixed camera

Port3 (Ainong -

Port4 (Ainong -

[ oK H Cancel ][ Apphy ]’ Help ]

Fig. 3.1.5.1(f) Relation of Camera

3.1.5.2 Using camera calibration data to add and automatically place
a vision sensor

By importing camera calibration data of a vision sensor (3D Laser Vision Sensor or camera) of an actual
robot, you can add the vision sensor to the workcell, and automatically place it. While a vision sensor is
placed first and camera calibration data is created in the normal method, already existing camera
calibration data is used to create and place a new vision sensor in this method. In this method, it is not

necessary to perform vision sensor placement operation described in Subsection 3.1.5.1, "Manually
adding and placing a vision sensor".

1  Select "Enable Vision Simulation". For details, see step 3 in Subsection 3.1.5.1, "Manually adding
and placing a vision sensor".

2  Import camera calibration data of a vision sensor (3D Laser Vision Sensor or camera) of an actual
robot into the virtual robot simulator.

3 On Cell Browser, right-click "Tooling" — "UT: 1" ("Sensor Units" for a fixed camera). From the
displayed right-click menu, select "Add Vision Sensor Unit" — "Add Sensor From Camera
Calibration". (Fig. 3.1.5.2(a))

fz- Cell Browser- db3d_v830p04_te... [aim|

- » s
Back ~ Fwd Add

Fixtures -
% Parts
[l] Robot Controliers
(=~ €: 1 - Robot Controliert
2 55 G MRV Add Link >
t M| Add Vision Sensor Unit ~ » Sensar Definition File
- UT: 2 (Foa
% T3 (Eoat Clear Eoatl Values Add 2D Camera 5
T UT-4 (Eoat Rename Eoatl Add 3D Laser Vision Sensor 3
-1 UT:5 (Eoats .
. UT:6 (Eoa Tooling Library Add Light v
- ¥ UT:7 (Eoat Ay O " i ]
¥ s et Load Tooling "Ecatl | Add Sensor From Camera Calibration

Fig. 3.1.5.2(a) Adding a vision sensor from camera calibration data
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4 On the Select Camera Calibration window (Fig. 3.1.5.2(b)), select camera calibration data loaded on
the robot controller and click the OK button.

B Add Sensor From Camera Calibration Lﬁ

Select Gamera Galibration

Robat Cantroller F Rabot Controller 1 -
Camera Calibration [OP.LIEISD V]
[ 0K ] [ Cancel ] ’ Help l

Fig. 3.1.5.2(b) Select Camera Calibration window

5  The vision sensor position is automatically calculated by using the camera calibration data. A new
vision sensor is created and mounted on the tool (“SensorUnitl” of sensor unit for a fixed camera).
(Fig. 3.1.5.2(c))

Fig. 3.1.5.2(c) ~ Automatic placement of a sion sensor

/A CAUTION
When "Enable Vision Simulation" has already been selected, the vision sensor is
also assigned automatically to the same port as from camera calibration data. If
another vision sensor has already been assigned to the port, however, assign
the vision sensor to other port manually. For details, see step 4 in Subsection
3.1.5.1, "Manually adding and placing a vision sensor".

3.1.6 Adding a Fixture

Add a fixture to the workcell according to the following procedures. The fixture is used to put a part
(workpiece) on it.

1  Select "Tools" — "Options" from the ROBOGUIDE menu to open the Options window. (Fig.
3.1.6(a)) On the "General" tab of this window, set the "Object Quality" in the "CAD Import" to the
"Best Quality". Besides, confirm that the “Overlap Length for Closed Loop” on the “CAD To Path”
tab is 0.00 mm.
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Fig. 3.1.6(a) CAD Import Object Quality

' l
% Options B
Teach | Colors | General| CAD ToPath | Robot | Object | System|
TP Program Generation
4 bl I:‘ Generate TP every time feature/segment changes are applied
¥ Optlons M Select TP after generation
| Teach I Colors | General | CAD To Path | Robot | Object | 5y5tern| Include comments and whites pace in all generated programs
D Allow Auto-record of UFrame data at generation time
Default Workcell Path T R — @ 00 g
ethreshold atthe border ofthe segmen - e
Dvworkcells J J 2
Feature Drawing
Default Workcell Backup Path Default projection off-CAD point handling:
Chllzerziko.gika\Documente\WorkcelBackup
Straightto template edge -
Default Image: Library Path Edge Sampling Factor (no unis)
CAProgramData\FANUC\ROBOGUIDEVmage Library r 1
X . Sparse  Default = 600 Dense
Chui World Settings
I:‘Arrowkeys can move objects Edge Maximum Deviation (mm}
g 1
AV R ding Cod
ecordingbodee | (Defautt) L] Strict Default = 0.05 Loose
CAD Import Changing either ofthe above settings from defaults may degrade
ObjectQuality (Chordal Deviation Tolsrancs) T H P T e TR e
3
Best Quality Best Performance Owerlap Length for Closed Loop 0.00 mm

Fig. 3.1.6(b) Overlap Length for Closed Loop

On Cell Browser, right-click "Fixtures". From the displayed right-click menu, select "Add Fixture"
— "Box" or another item to add a fixture (Fig. 3.1.6(c)).

Tz- Cell Browser- ForceControlDeburringp...

4 -»
Back = Fwd
_ | Add Fixture v CAD Library
ChamferingP!
== g Delete [none] Single CAD File

-0 Parts

Rename [none]

Multiple CAD Files

w--FF RobetC

.58 Cables
% External
- {8 40 Edit

l.i(( Sensor Units

Collapse to Workcell

Visibility v

EX[JOI"t 3 | Box
.48 Obstaci o
.58 Profies Cut [none] Cylinder
5" Dimensi Copy [nene] Sphere
Targets Paste [none]
ﬁ Target g
-3 Machine Collapse to [none]

Bt ot 1 AR T G

Fig. 3.1.6(c) Adding a fixture

Fixture

Open the property page of the fixture (Fig. 3.1.6(d)). On the "General™ tab of the fixture property
page, adjust the location and size of the fixture according to the actual deburring system.
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Fixturel (=]
General | Image I Calibration | Partzs I Simulatiunl
Appearance
MName Fixture1
GAD File = &R
Type @ Box = Color: I:I
[7] visible f
.
|:|‘.".|re FrEmE Transparent Opaque
Location Size
X 1000.000 mm Size in X 500.000 mm
¥ 0.O00 mm  sizeiny  500.000 mm
2 300000/ mm  gieinz 300.000 mm
W 0.000 deg
[] Show robot collisions
P 0.000 deg
[] Lock &ll Location Values
R 0.000 deg

Fig. 3.1.6(d) Adjusting the location and size of the fixture

3.2 ADDING A PART

Add the CAD model of the target workpiece (part) to the workcell and place the model on the fixture
according to the following procedures. If you want to place different types of parts in different positions
in the workcell, import CAD data of parts as many times as the number of types of parts.

/N CAUTION
Part copy and paste functions are not supported on Cell Browser for this
function.

1 On Cell Browser, right-click "Parts". From the displayed right-click menu, select "Add Part" —
"CAD File". On the "Browse for Part 3D Model™ window (Fig. 3.2(a)), select the CAD model (IGES
format data) of the workpiece to be machined. In the following description in this manual, a part
named "T201" is used as an example.

f=- Cell Browser- ForceControlDeburringP... @
- =
Back  Fwd
[=5] -
E--uli Chamferin  Add Part » | cAD Library
-3 Foxt
& . Delete PartRack | Single CAD File
ﬁ Rename PartRack Multiple CAD Files
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Fig. 3.2(a) Adding a part

/A\ CAUTION
ROBOGUIDE allows you to input CAD data (IGES format data). The method for
outputting IGES data differs in different CAD software products. Check the IGES
output setting of your CAD software product and select the output options of
general surface and trimmed surfaces. (IGES solid data is not supported).

2

3

The Quality Options window appears. Select "High Quality". (Fig. 3.2(b))

IGES Import Optimization Choice =5

Guality Optiong

Chooze one of follawing options for how thiz GAD part will be optimized

@ High Guality. Required for Edge Detection and Surface Fit Lines.
= Graphice and collizion detection performance may be degraded.

— Mormal Guality. Best eraphics and collizion detection

= performance. But Edee Detection cannot be used on thiz GAD.

You may experience degraded graphics performance.  This
option should be selected only if Edge Detection is required.

[ 6].4 ] [Gancel ][ Help ]

Fig. 3.2(b) Quality Options
Open the fixture property page (Fig. 3.2(c)), select the added part (T201) on the "Parts” tab of the

fixture property page, and click the "Apply" button to assign the part to the fixture. Check "Edit Part
Offset" and adjust the position of the part.
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‘=1 Fixturel (=230

| Generall Image | Calibration | Parts |5imu|ﬂtiun|
Parts The number of Parts

. [W|d@ T201 i

Add

Part Offset
Edit Part Offset

X 0.000 mm

¥ 0.000 mm
z 180.000 mm
W 0.000 deg
P 0.000 deg

R 0.000 deg

(@no Part -

Visible at Teach Time
Visible at Run Time

1 Moot Cormealier1 [ PRGN sEvaLEaeEes s S

Fig. 3.2(c) "Parts" tab of the fixture property page

/A CAUTION

Set a part name by following the rules below:

e A part name can consist of up to 24 characters.

e The configuration rule of a TP program name also applies to a part name.
That is, only alphanumeric characters, underscores, and one-byte katakana
characters can be used for a part name. Any part name cannot begin with a
numeric character.

3.3 SELECTING AN EDGE

Select a target edge for deburring by using CAD to Path Quickbar according to the following procedures.
If you want to select multiple edges on the workpiece, repeat the following steps. Perform steps 2 and 3
when required, however.

1  Draw atarget edge for deburring.

2  Adjust the orientation of the deburring tool.

3 Setedge parameters.

3.3.1 Drawing an Edge

Draw a target edge (feature) for deburring according to the following procedures:
1  Click the "Draw features on parts" button B on the toolbar to display CAD to Path Quickbar.

(Fig. 3.3.1(2))
2  On Cell Browser, click a tool frame that has a deburring tool to select it.

3 Click a part to select it.
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4

5

6

If you want to draw a closed edge, click the "Closed Loop" button on CAD to Path Quickbar. If you
want to draw an open edge, click the "Edge Line" button on CAD to Path Quickbar.
Click points on a target edge for deburring of a part sequentially from the start point so that the tool
moves left in the pushing direction. Double-click the end point. A feature is defined on the edge.
When a closed edge is drawn, the start and end points are defined in the same position. When an
open edge is drawn, the last clicked point is defined as the end point of the edge.

Toolbar

Bl - NS SNEQT 4Bl -8 4 BE

[ Draw features on parts ]

CAD to Path Quickbar

CAD-To-Path (=]

Lines d

E
Edge Line

Freehand
Line

Surface
Fit Line

C%e /

7

Closed
Loop

On Cell Browser, a feature (edge) is automatically added under the part (Fig. 3.3.1(b)). Open the
property page of the feature.

On the feature property page, you can set the orientation of the deburring tool and edge parameters.

Fig. 3.3.1(a) Drawing an edge

f&- Cell Browser- ForceControlDeburringP...

L . »
Back Fwd

o
Ll
(]
-
=]
3
)
=}
w0
=)
e
[=]
=
(=]
=
(v}
3
| »

m

2 T201

=[] FeatureGroups
(-5 Robot Controllers
-} Obstacles

@ Profiles

(| Dimensions L

Fig. 3.3.1(b) Added edge
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/A CAUTION
1 Set an edge name by following the rules below:

e An edge name can consist of up to 32 characters.

e The configuration rule of a TP program name also applies to an edge name.
That is, only alphanumeric characters, underscores, and one-byte katakana
characters can be used for an edge name. Any edge name cannot begin with
a numeric character.

If points are clicked so that the tool moves right in the pushing direction or

multiple edges are drawn, delete the feature from Cell Browser and draw the

edge once again.

When teaching the start point of an edge, do not click any corner of the edge.

When teaching the start point of an edge, consider the range of each axis of the

robot.

3.3.1.1 User frame set for each edge

A user frame is set for each edge as shown below. (Fig. 3.3.1.1)

The user frame having the number set on the "DeburrPathAutoGen" tab of the part property page is
used. The origin of the user frame coincides with the start point of the edge. The XY plane coincides
with the machined surface. The +Y axis in the user frame coincides with the direction of the edge at
the start point. The +Z axis in the user frame is located in the direction away from the machining
plane.

To the edge data file, the offset from the base position of the workpiece to the start point of each
edge (user frame) is output. For the base position, see "Setting of the base position of the workpiece"
in Section 3.4, "SETTING TARGETS".

In the case of an actual workpiece, the user frame at the edge is calculated by using the base position
of the actual workpiece and the offset of the edge.

User frame
. z o

Edge start point

w X

Fig. 3.3.1.1 Relationship between the base position of the workpiece and the user frame of the edge

3.3.2 Adjusting the Orientation of the Deburring Tool

Adjust the orientation of the deburring tool to the edge as required.
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/AN CAUTION

1 The feature TP program (FPRGO1.TP) that is generated by clicking "Generate
Feature TP Program" in the "General" tab of the feature property page (Fig.
3.3.2) is different from the deburring path program generated in this package.

2 To check on the generated deburring path, see Appendix B, "SIMULATING
DEBURRING OPERATIONS WITH ROBOGUIDE".

C Featurel, Partl

EX5

Pos Offsets | Raw Normals | Motion | AdjustPoints

Multi Pass I Contouring I Deburr Path I Collision Aveidance

General | Prog Settings. I Pos Defaults I Approach/Retreat

Fart Feature

Feature Mame Feature 1 I:‘ Wigible
TP Program Mame FPRG1 TP

TF Generation Targets

Parts Part1 on Fixturel -
Ciontraller Fobot Contraller 1 -
Group gs GP: 1= M=1008 Oer 2D -
Group Mazk

UTool # UT: 1 (Eoatl) -

Frame ) LIF: & (LIFrameh) RS

|_| Reverse Generation [ Colligion Avoidance

[ Generate Feature TP Program ]

[ OK ][Cancel][ Apply ][ Help ]

Fig. 3.3.2 Generate Feature TP Program

3.3.2.1 Adjusting the orientation of the deburring tool to the entire

edge

You can adjust the orientation of the deburring tool to the entire edge according to the following

procedures:

1  On the "Pos Defaults" tab of the feature property page, enable "Show the Tool Preview" to display

the tool preview. (Fig. 3.3.2.1(a))

. Featurel, T201

X5

Pos Offsets | Raw Normals | Motion | AdjustFoints

Multi Pass. I Contouring | Deburr Path | Collizion Avoidance
General I Prog Settings. | Pos Defaults |ﬁ\pprnachrRetreat

Tool Frame Axis <=> Feature Axis Assignments

Right-Hand
Rule

Along thesegment =¥ +¥(\A
()

Across the segment =

I Show the Tool Preview

Mormal to surface -2 -

- |

Fig. 3.3.2.1(a) Enabling "Show the Tool Preview"
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2

On the "Raw Normals" tab of the feature property page, enable "Override and Blend raw normals"
and click the "Apply" button. Enter an inclination angle in "Rotate:Along the segment" and
"Rotate:Across the segment” under "Start Normal Offset” and "End Normal Offset" and check the
orientation of the tool. (Fig. 3.3.2.1(b))

. Featurel, T201 [

General | Prog Settings | Pos Defaults |Appruacthetreat
Mulii Pass | Contouring I Deburr Path | Collizion Avoidance
Pos Offsets | Raw Normals | Motion | Adjust Points

Qrientation Offsets
Override and Blend raw narmals

Start Mormal Offset
Rotate: Normal to surface 0.00 deg

Rotate: Along the segment 20,00 deqg
Rnt&te:ﬁcrossthesegmem 0.00 deg

End Mormal Offset
Rotate: Normal to surface 0.00 deg

Rotate: Along the segment 20.00 deg
Rnt&te:ﬁcrossthesegmem 0.00 deqg

@ Blend with respectto each intermediate nomals
() Blend repsectto only start and end point nomals
Tranzlation Offzets
Marmal to surface 0.00 mm
Along the segment 0.00 mm

Across thesegment 0.00 mm

Fig. 3.3.2.1(b) Setting normal offset angles

/A CAUTION
When the edge is closed, the same rotation angles must be set for the start and
end normal offset points of the edge.

TIPS
You can change the feature display mode by clicking the "View" button on CAD
to Path Quickbar. "Show Tooling CAD" allows you to display the tool preview.
"Scale Tooling CAD" allows you to change the size of the preview. (Fig.
3.3.2.1(¢c))
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CAD-To-Path &)

[ Draw ][ Edit " Vie.f.-.r]
Raw Normals

Show raw narmals in all features
@ Scaleline heightto feature length
) Fixed line height = S0 mm

Show Tooling CAD at:
Feature begin/end normals

[7] Generated TP Point
Scale Tooling CAD to: %

Fig. 3.3.2.1(c) Displaying the tool preview

3.3.2.2 Adjusting the orientation of the deburring tool in different
positions

You can adjust the orientation of the deburring tool in different positions according to the following

procedures:

1 Right-click, for example, "Segmentl” under a feature on Cell Browser. From the displayed
right-click menu, select "Split Segmentl1" to split the segment. If you want to adjust the orientation
of the deburring tool in different positions, split the feature into multiple segments in advance.

2  Double-click a segment in which to adjust the orientation of the tool to open the property page of the
segment. On the "Pos Defaults” tab of the segment property page, enable "Show the Tool Preview"
to display the tool preview.

3 Onthe "Raw Normals" tab of the segment property page, enable "Override and Blend raw normals™
and click the "Apply" button. Enter an inclination angle in "Rotate:Along the segment” and
"Rotate:Across the segment™ under "Start Normal Offset” or "End Normal Offset” and click the
"Apply" button. You can check the orientation of the tool. (Fig. 3.3.2.2)

[2- Cell Browser- ForceControlDe... [w£3s] . Segmentl, Featurel, T201 [=]
- . » | General I Prog Settings | Pos Defaults |
Back ~ Fwd Pos Offsets Raw Normals Colision Avoidance
B!c:::u ChamferingPRO Workcell - Orientation Offsets
Fixtures Override and Blend raw normals
Elm] Parts
& A T2 = Start Normal Offset

BC Features Rotate: Normal to surface 0.00 deg
: Rotate: Alongthesegment  20.00 deg

Rotate: Across thesegment  0.00 deg

[| FeatureGroups End Mormal Offs et

. .” Chlormal o o 000 deg
. = Rotate: Along the segment 0.00 deg
. T3 Rotate: Across the segment 0.00 deg

i[5 Robot Controllers -

@ Blend with respectto each intermediate nomals

() Blend repsectto only startand end point nomals

Translation Offsets

Mormal to surface 0.00 mm
Along the segment 0.00 mm
Across thesegment 0.00 mm

Fig. 3.3.2.2 Setting normal offset
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/A CAUTION

1 When the edge is closed, the same rotation angles must be set for the start and
end normal offset points of the edge.

2 The same tool orientation must be set at the end point at which two continuous

segments touch each other. (Tool orientation may differ even when the rotation
angles are the same.)

3.3.3 Setting Edge Parameters

To set different parameters for different edges, set the parameters for each edge on the "Pos Defaults",
"Approach/Retreat", "Deburr Path”, and "Contouring" tabs of the property page of the edge (feature). (Fig.
3.3.3)

For the setting items, see Subsection 3.1.4, "Setting the Default Values for Edge Parameters".
7. Featurel, T201 (===

Pos Offsets | Raw Normals | Motion | AdjustPoints
Multi Pass | Contouring I Deburr Path I Collizion Avoidance

General | Prog Settings |PUSDEfﬂUﬂ5| Approach/Retreat

g === iz Assignments

Normaltosurface  -Z  w | Bl

. Featurel, T201 (==

Alongthesegment -¥ -

Pos Offsets | Raw Normals | Moton | AdjustPoints
Multi Pass | Contouring | Deburr Path | Collisicn Avoidance

Acrossthesegment| %

[F] Show the Tool Preview General | Prog Settings | Pos Defauls | Approach/Retreat
A b Point Retreat Point
Orientation Handling: RCIEACDERN . sireat Foin i
(7) Fixedtool spin, keep nomal Add approach point Add retreat point
@ Changetool spin along path, keep nomal MoType J ~  MoType L
() Mo orientation chanaes, disregard nomal Speed 100 % Speed 2000 | mmisec
= Term Type FINE Term Type | FINE
Feature1 Position Config
Config: N UT, 0, 0,0 Offs et from firstpoirt Offs etfrom lastpaint
(Feature Relative) (Feature Relative)
TP Point Generation Control Marm 0.000 mm Marm -100.000 |/ mm
() Standard Generation & Filtering Alng 0.000 mm Alng 0.000|mm
Straight Line Detection Circular Move Detection Acr 10,000 mm Acr 0.000|{mm
L Strict HEver Often RMaorm 0.000 deg RMorm 0.000|deg
RAlng 0.000 deg RAlIng 0.000|deg
- RAcr 0.000 deg RAcT 0.000|deg
@ Fixed Distance Along the Feature
Every 10.000 E
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1 Featurel, T201 (=2
General | Prog Settings | Pos Defaults | Approach/Retreat
Pos Offsets Raw Normals Adjust Points.
Multi Pass | Contouring i| Collision Aveidance
Deburr Path Generation
Shape Difference 50 mm
Tolerance Distance 15 mm
Tolerance Angle 3.0 deg
Tolerance Rotation 10.0 deg
Velocity E0 mmisec
Cnt 100
Use Circle Command Disablec
Use Angular Velocity Oisablec - ._:‘ Fegturel T201 @
’
AngularVelociy 100 degisec General | Prog Settings | Pos Defaults | Approach/Retreat
Edge Offset Enabled - Pos Offsets I Raw Normals I Wotion | Adijust Points
. Multi Pass | Contouring }| Deburr Path | Colizion Avoidance
Edge End Extension 100 mm
Contouring Schedule
Leave Position Velocity 50 mmisec
Schedule Number 10
Approach ContactF Threshold 30 N
Approach Parallel Distance 3.0 mm ;
Approach Velocity 10.0 mmisec
Approach Vertical Distance 1.5 mm X
Contouring Force 50 N
Leave FC Gain (Master Freq.) 0.50 H=z
L Parallel Dist;
cave marallel istance 3.0) mm Pushing Dir. Velocity 1.0 mmisec
LeaveVertical Distance 3.0 mm
Leave £ Distance 3.0 mm
Pos Record Interval 100 msec

Fig. 3.3.3 Setting Edge Parameters

/A CAUTION
If you want to deburr multiple edges on the workpiece, define and set the feature
in the CAD model as described above for each edge respectively.

3.4 SETTING TARGETS

Set three targets to be used for calculating the base position of the workpiece by using the target tool
according to the following procedures:

1

2
3
4

Click the "Show/Hide Target Tools" button on the toolbar to display the target tool. (Fig.
3.4(a))

Click a part to select it.

Click the "Surface" button on the target tool to select it. (Fig. 3.4(a))

While holding down the Alt+Shift key, click an item such as a machined hole on the machined
surface of the part to place a target at the center of the hole. (Fig. 3.4(a))
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Toolbar
&b - S S8R | 8eF-8 a4 XK

[ Show,/Hide Target tools ]

Target tool
Targets (&)
[ Browser- ForceCon... [wiim|
32 ..

Air / Back ~ Fwd

N [ Fixtures

FH Robot Controllers
m Obstacles

E Profiles
\ - .

e

-, Target Groups
@ 'E Machines
— SS Cables
- % External Devices
Aftach To % 4D Edit Views
(Mone)

li(l: Sensor Units

Fig. 3.4(a) Placing atarget

5  Open the property page of the target (Fig. 3.4(b)), select part "T201 on Fixturel" for "Attached" on
the "General" tab of the target property page, and click the "Apply" button. The target moves under
part T201. As shown in Fig. 3.4(c), set the target so that +Z direction is normal to the machined
surface and away from the machined surface.

6  Repeat steps 2 to 5 above to set three targets at positions as far away from one another as possible on
the workpiece. (Fig. 3.4(c)) The distance between any two targets must be at least 15 mm.

TIPS

In the generated TP program, the orientation of the robot-mounted camera
coincides with the orientation of the target. When the orientation of the target

(around Z) changes, the orientation of the camera at the detection position also
changes.
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@11, T201 el

General | Detail

Appearance
Name Ti Visible

Style Triad - | [[] Wisible atRun Time

Attached i@ T201 on Fixtured -

Location Show Reference
X 42823 mm

71 Workcell Relative

42792 mm

@ T201 Relative

by
zZ 0.000 mm
w

0.000 deg Lock All Location Values

P 0.000 deg

R 0.000 deg

Move Robot

Config: NUT, 0,0,0

Trace

[] Enabled

Relative | &7 WorkCel -]

[ oK ][Cancel ]| Apply H Help ]

Fig. 3.4(b) Target attached to a part

. =
: Back  Fwd

i) ChamferingPRO Warkcel -

Fig. 3.4(c) Setting targets
Setting of the base position of the workpiece

The base position of the workpiece is set as follows. (Fig. 3.4(d))
1 In ROBOGUIDE, the centers of three machined holes on a part are specified as targets. The base
position of the part model is determined based on the positions of the centers of the machined holes.
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2  For the actual robot, vision processes for detecting the centers of the machined holes on the actual
workpiece are taught, the positions of the centers of the machined holes are detected, and the base
position of the actual workpiece is automatically calculated.

Vision process 3 for
detecting target 3

Vision process 1 for Vision process 2 for
detecting target 1 detecting target 2

Fig. 3.4(d) Setting of the base position of the workpiece

3.5 GENERATING DATA FILES AND TRANSFERRING THEM
TO THE ONLINE ROBOT CONTROLLER

Set Deburring Path Auto Generation and generate data files. Export the generated files to a medium such
as a USB memory and transfer them to the controller.

/A CAUTION

This function uses the following registers, user frame, and other items by default.

Change the values on the "DeburrPathAutoGen" tab of the part property page

when required.

e UFrame UF[5], UTool UT[5], and Vision Register VR[5] — For details, see
Subsection 3.5.1, "Setting Deburring Path Auto Generation".

e Register R[51], and User Alarm UALM[5] — For details, see Subsection
3.5.1.2, " Setting edge detection-related items ".
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351 Setting Deburring Path Auto Generation

On the part property page, set the settings of Deburring Path Auto Generation. These settings are reflected
to the generated data files.

On Cell Browser, right-click a part. From the displayed right-click menu, select "Property" to open the
property page of the part. On the "DeburrPathAutoGen" tab of the part property page, set the following
items. (Fig. 3.5.1)

@ 120t E=
- DeburrPathAutoGen

Parameter

UFrame 57 UF: & (UFrames) -
UToaol f UT: 4 (Eoatd) -
&)

+

Find Base Position
First

Target (@) T1 on T201 on Fixturel

Vision Process T201_W1

Second

Target (@) T2 on T201 on Fixturel
Vision Process T201_WV2

Third

Target (&) T3 on T201 on Fixturel
Vision Process T201_WV3

Detection Result VR[ 51

Find Edge

Camera Settings

Camera ! Robot Controller! GP: 1 UT: 1305 W
(&)

+

[ Export Data Files ]

Fig. 3.5.1 "DeburrPathAutoGen" tab

UFrame
Set the number of the user frame set for the machined surface containing the edge.
Default value: 5

UTool
Set the number of the tool frame set for the deburring tool.
Default value: 5

Target
Set three targets used for measuring the base position of the workpiece.
Default value: None
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Vision Process
Set the name of an Z{RVision vision process for detecting each of three targets.
If this vision process already exists when data files are generated, the existing vision process is output. If
this vision process does not exist, it is newly generated and output. Also, if the camera specified on this
screen is already calibrated, the calibration data name is automatically selected in the generated vision
process.
Default value: {Part Name} V1 to {Part Name} V3

Detection Result
Set a vision register (VR) for storing the detection result of the three targets.
Default value: 5

TIPS
Click the [&] button and set the following items as required:
Tool-related items
Edge detection-related items
Camera-related items

3.5.1.1 Setting tool-related items

Set items related to the deburring tool as required. (Fig. 3.5.1.1(a))

i@ 7201 e

General | DeburrPathAuteGen

Parameter

UFrame 1= UF: & (UFrame5) -

UTool f UT: 4 (Eoatd) -
i)

]
=

Pushing Dir.(UT) - hd
Tool Radius at Contact P 2.0 mm

TCP to Machined SurfDis 2.0 mm

Fig. 3.5.1.1(a) Setting tool-related items
Pushing Dir.

e  When "Change tool spin along path, keep normal™ is selected, set the tool pushing direction in the
tool frame at the edge start point for "Pushing Dir.".

e  When "Fixed tool spin, keep normal” is selected, the pushing direction is automatically set, so this
setting is not required.

For details of the tool spin axis, see Subsection 3.1.4.1 "Setting position defaults".

Default value: -X

Tool Radius at Contact P
e  When "Fixed tool spin, keep normal™ is selected, set the tool radius on the machined surface. (Fig.
3.5.1.1(b))
e  When "Change tool spin along path, keep normal” is selected, set the distance between the contact
point of the tool and workpiece on the machined surface and the tool rotation axis. (Fig. 3.5.1.1(b))
Default value: 2.0 mm
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Tool .
Contact point

‘/‘/ Machined surface

Workpiece
P 4
TCP
RPN Contact point
) g (TCP)
Tool radius at the contact point
"Fixed tool spin, keep normal" "Change tool spin along path, keep normal"

Fig. 3.5.1.1(b) Tool radius at the contact point

TCP to Machined Surf Dis
o  When "Fixed tool spin, keep normal" is selected, set the distance between the contact of the tool and
workpiece edge and the TCP. (Distance in the Z direction in the user frame set on the machined
surface containing the edge) (Fig. 3.5.1.1(c))
e  When "Change tool spin along path, keep normal™ is selected, you do not need to set this value. (Fig.
3.5.1.1(c)
Default value: 2.0 mm

Tool

Machined surface
e

Distance from the TCP to )
the machined surface — Workpiece
P 4

TCP

Fig. 3.5.1.1(c) Distance from the TCP to the machined surface

3.5.1.2 Setting edge detection-related items

Set items related to edge detection. (Fig. 3.5.1.2)

Find Edge

Vision Process T201_DB
DeburrPathGen Result Registe  R[ 31 ]
User Alerm 2

Fig. 3.5.1.2 Setting edge detection-related items

Vision Process
Set the 1RVision Deburring Line Output Vision Process name.
If this vision process already exists when data files are generated, the existing vision process is output. If
this vision process does not exist, it is newly generated and output. Also, if the camera specified on this
screen is already calibrated, the calibration data name is automatically selected in the generated vision
process.
Default value: {Part Name} DB

DeburrPathGen Result Register
Set the number of the register to which to output the result of Deburring Path Auto Generation.
¢  When a deburring path is successfully generated, 0 is output to the result register.
¢ When the generation of a deburring path fails, -1 is output to the result register.
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Default value: 51

User Alarm
Set the number of the user alarm used for the edge detection program and others.
Default value: 5

3.5.1.3 Setting camera-related items

Set camera-related items. (Fig. 3.5.1.3(a))

Camera Settings

Camera ! Robot Controller! GP: 1 UT: 1 305e
Valid View Area Width 20 mm

Valid View Area Height 20 mm
Valid View Area Overlap Thres. 20 mm
Camera Rotation (R} 0.0 deg
Light OMN LED_OM -
Light OFF LED_OFF -

how Valid View Area

Fig. 3.5.1.3(a) Setting camera-related items

Camera
Select a 3DL Vision Sensor or a camera in the workcell from the list
Default value: None

Valid View Area Width and Height
Set the width and height of the valid view area of the camera. The valid view area of a camera is available
for detecting an edge. (For details of the camera view area, refer to Subsection 3.2.2.1, "Sensor head (3D
Laser Vision Sensor)" and Subsection 3.2.3.1, "Sensor head (camera)" of "R-30iB/R-30iB Mate
CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR'S MANUAL B-83434EN".) These
values differ depending on how the light is projected to the machined surface and the quality of the
machined surface. Check the images of the workpiece taken in the actual system and determine these
values.
For a robot-mounted camera, the robot position to take an image is calculated basing on the size of the
machined surface containing the edge and the valid view area of the camera as shown below:
e  When the size of the machined surface is smaller than the valid view area of the camera, the edge is
detected only at one place.
e  When the size of the machined surface is larger than the valid view area of the camera, the edge is
detected at multiple places.
For a fixed camera, the image is taken only once.
Default value: 80 mm

Valid View Area Overlap Thres.
Define the upper limit of the valid view area overlap dimension (dimension of the valid view area
overlapped by two continuous measurements by the iRVision Deburring Line Output Vision Process).
This value differs depending on how the light is projected to the machined surface and the quality of the
machined surface.
Default value: 20 mm
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Camera Rotation
Set the camera rotation angle when the edge is detected. (Set this angle when the robot interferes with any
peripheral device during the detection of the edge.)
Default value: 0.0 deg

Light ON
Set a TP program called for turning light on at the start of the detection of the edge.
Default value: No Program

Light OFF
Set a TP program called for turning light off at the end of the detection of the edge.
Default value: No Program

Show Valid View Area
The valid view area of the camera is displayed on ROBOGUIDE. (Fig. 3.5.1.3(b))

Fig. 3.5.1.3(b) Valid view area of the camera

3.5.2 Exporting Data Files

To reflect the result of offline teaching on ROBOGUIDE to the online robot controller, export data files
from ROBOGUIDE and load them onto the online robot controller via a medium such as a USB memory.
Click the "Export Data Files" button at the bottom of the "DeburrPathAutoGen" tab of the property page
of a part. The "Browser For Folder" window is opened. On this window, specify "USB DISK" or another
item for the file export destination. The data files are exported to the specified folder. (Fig. 3.5.2)
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Browse For Folder @@

Select the Folder to assign to this robot's UD1: device

@ Desktop -
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= _é My Computer

£ _% 3142 Floppy (8:)

e Local Disk ()

ik CD Drive (Dt}

e Yalurme (E:)
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e
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5
e
£

[ Make New Folder ] [ oK ] [ Cancel ]

Fig. 3.5.2 Selecting a data file export destination

3.5.2.1 Generated data files

Table 3.5.2.1 lists data files to be generated. For details about generated TP programs, please refer to
Appendix C “Sample TP Programs”.

Table 3.5.2.1 Generated data files

File Description

DM_{Part Name}.TP Main program which automatically generates a deburring path

BG_{Part Name}_T1 to BG_{Part Subprograms which measure the positions of the three targets on

Name} T3.TP the workpiece

DG_{Part Name}_{Edge Index}.TP Subprogram which detects each edge and automatically generates
a deburring path

DS_{Part Name}.TP Main program which performs deburring with contouring operation
under force control

CM_{Part Name}.TP Main program which automatically generates a program for updating
data files

CG_{Part Name}_{Edge Index}.TP Subprogram which automatically generates a program for detecting
each edge and updates data files

CS_{Part Name}.TP Main program which updates data files with contouring operation

under force control

{Part Name}_V1.VD to {Part Name} _V3.VD | iRVision Vision Processes for detecting three targets on a part. If
these vision processes do not exist, they are newly generated and
output. If they already exist, those existing vision processes are
output.

{Part Name}_DB.VD iRVision vision process for detecting an edge. If this vision process
does not exist, it is newly generated and output. If it already exists,
that existing vision process is output.

PTP_{Part Name} EDG.DT Edge data files which contain information including the number,
PTP_{Part Name}_{Edge Index} _MAS.DT name, and shape data of each edge, orientation of the tool at each
PTP_{Part Name}_{Edge Index}_INI.DT position on the edge, and parameter setting for the edge.

PTP {Part Name} {Edge Index} PRM.DT

/A CAUTION

1 Generated data files are automatically loaded onto the virtual robot.

2 After adding a target edge for deburring, click the "Export Data Files" button and
update all data files for the workpiece.
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3.5.2.2 If datafile generation fails

When an attempt is made to generate data files, a check is made to see whether the robot can reach the
target and edge measurement points. If there is any target or edge measurement point that cannot be
reached by the robot, the window like the one shown in Fig. 3.5.2.2(a) appears and the generation of data
files fails. (Fig. 3.5.2.2(b))

ROBOGUIDE P4

Unreachable point exists : T1, T2, T3, Featurel, Feature2,
" Feature3.

B

Fig. 3.5.2.2(a) When an unreachable target or edge measurement point exists

ROBOGUIDE 25 -

0 Exporting Data files had been failed.

Fig. 3.5.2.2(b) Exporting of data files fails

In this case, make the following adjustments and export the data files again.

e  Teach the configuration of the robot's current position to (N,U,T,0,0,0) or some other appropriate
configuration.

o If atarget measurement point (e.g., T1) cannot be reached, adjust the posture of the target (around Z),
or set the target to another feature (e.g., hole). (See Section 3.4, "SETTING TARGETS".)

e If an edge measurement point cannot be reached, change the start point of the edge and teach the
edge again (see Subsection 3.3.1, "Drawing an Edge") or adjust "Camera Rotation".

3.5.3 Loading Data Files

Press the "MENU" — "7 FILE" — "1 File" key on the teach pendant to open the "File" screen. On this
screen, load data files contained in a medium such as a USB memory onto the online robot controller. For
the operation method, refer to Chapter 8, "FILE INPUT/OUTPUT" of "R-30iB/R-30iB Mate
CONTROLLER OPERATOR’S MANUAL (Basic Operation) B-83284EN".

You can also transfer data files generated by using ROBOGUIDE to the robot controller via the FTP, or
PC share. For the transfer method, refer to "R-30iA/R-30iA Mate/R-30iB/R-30iB Mate CONTROLLER
Ethernet Function OPERATOR’S MANUAL B-82974EN".

/A CAUTION

1 When an edge data file (DT file) or vision process (VD file) to be loaded is found
in the online robot controller, the file in the controller is overwritten.

2 If a data file of a version unavailable with the software on the online robot
controller is loaded onto the controller, an error may occur during online running.
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4 ONLINE TEACHING WITH THE ROBOT

Before the online running on the robot, you need to teach the {RVision vision data online. This chapter
describes the procedure for the online teaching with the robot.

Perform the online teaching according to the procedures below.

1  Teaching the iRVision camera setup and camera calibration
Before teaching the iRVision vision process, you need to set up and calibrate the camera
(robot-mounted camera or fixed camera). For information about how to set up and calibrate the
camera, refer to "R-30iB/R-30iB Mate CONTROLLER iRVision 3D Laser Vision Sensor
Application OPERATOR’S MANUAL B-83304EN-2" when using a 3D Laser Vision Sensor, or
"R-30iB/ R-30iB Mate CONTROLLER iRVision 2D Vision Application OPERATOR’S MANUAL
B-83304EN-1" when using a camera.

2 Teaching the target finding vision process
Teach the vision process for finding the target. For details, see Section 4.1, "TEACHING THE
TARGET FINDING VISION PROCESS".

3 Teaching the iRVision Deburring Line Output Vision Process
Teach the vision process for finding edges and outputing deburring lines. For details, see Section
4.2, "TEACHING THE DEBURRING LINE OUTPUT VISION PROCESS".

TIPS
The camera calibration data generated by ROBOGUIDE cannot be applied to
the online robot. For each online robot, the camera setup and camera calibration
data need to be created and the camera calibration needs to be executed again.

4.1 TEACHING THE TARGET FINDING VISION PROCESS

Move the robot to the finding point of each target, and teach the vision process to find the target by using
iRVision 3DL Single-View Vision Process or 2-D Single-View Vision Process. Move the robot to the
finding point by executing subprogram BG_{Part Name} T1.TP to BG_{Part Name} T3.TP, which
finds the base position of the workpiece, in step mode.

Teach the vision processes {Part Name} V1.VD to {Part Name}_V3.VD created by ROBOGUIDE. For
the teaching method, refer to Chapter 4, "2D SINGLE VIEW VISION PROCESS" of "R-30iB/ R-30iB
Mate CONTROLLER iRVision 2D Vision Application OPERATOR’S MANUAL B-83304EN-1" or
Chapter 4, "3DL SINGLE-VIEW VISION PROCESS" of "R-30iB/R-30iB Mate CONTROLLER
iRVision 3D Laser Vision Sensor Application OPERATOR’S MANUAL B-83304EN-2".

/N CAUTION
Make sure that the teaching points of the subprogram to find the workpiece base
position generated with ROBOGUIDE are within the range of the actual robot
motion and that the robot does not interfere with any of the peripheral equipment
as it moves to each teaching point.

When teaching the vision process, note the following two points.
e  Set the offset mode of the vision process to "Found Position (User)" or "Fixed Frame Offset". (Fig.
4.1(a))
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iRVision Setup Main - X201_V1

| m Image W tr: = .- 3DL Single-View Vision Process
Bl g9 B Zoom: |50% ¥ :}:(: Camera Calibration: Trained N
CALIB v
Camera Setup: Trained
CAMERA £
Offset Mode: Found Position (User)
I~ Bml _7"'
Offset Frame: ur |0 ™)
Light Output Type: Not Used + |
- Lean Angle Limit: 30 °
Image Logging Mode: Log Failed Images w
f Image Display Mode: 2D Image ¥
/ A Results i el o
. L =T ¥} E Cob
I LIVE SNAP I FIND | END EDIT I

Fig. 4.1(a) Teaching the target finding vision process

e  Set the origin of the GPM Locator Tool as appropriate for the position of the target set with
ROBOGUIDE (for example, the center of the machined hole). (Fig. 4.1(b))

iRVision Setup Main - X201_V1
@ | _:=Tree |2 GPM Locator Tool 1

B | AR | 53 | >( | | | Input Image: Original Image -
— &*‘BDL Single-View Vision Process
i
b [0 GPM Locator Tool 1 ~
ik Cen Or
’Q 3DL Plane Command Tool 1 />
Training Stability: Loc. G Ang. N Sca. G E
Training Mask: Enable []
Emphasis Area: Enable [
Maodel Origin Bias: None
Model ID: 1 0
Score Threshold: 70.0 %
Contrast Threshold: 50 ¥|v|alR
Area Overlap: 73.0 %
Elasticity: 1.5 pix
/ A Results i
‘ LIVE ‘ SNAP ‘ FIND ‘ END EDIT |

Fig. 4.1(b) Teaching the origin

4.2 TEACHING THE iRVision DEBURRING LINE OUTPUT
VISION PROCESS

The iRVision Deburring Line Output function outputs edges found in a camera-captured image as
deburring lines. Edges are found in the neighborhood of the edge data generated with ROBOGUIDE.

The output deburring lines are used for Deburring Path Auto Generation (see Section 5.1, "DEBURRING
PATH AUTO GENERATION").
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Before teaching the deburring line output vision process, move the robot to the finding point of the
workpiece edge. Move the robot to the finding point according to the procedures below.

1 Execute the three subprograms BG_{Part Name} T1.TP to BG_{Part Name} T3.TP, which find the
base position of the workpiece, till the end.

2  Execute subprogram DG_{Part Name} {Edge Index}.TP, which finds edges and performs
deburring path auto generation, in step mode in order to move the robot to the first point where
vision detection is executed.

After moving the robot to the finding point, teach the vision process and Command Tool of the iRVision
Deburring Line Output function according to the procedures below.

/A\ CAUTION
Make sure that the finding point of the workpiece edge generated with
ROBOGUIDE is within the range of the actual robot motion and that the robot
does not interfere with any of the peripheral equipment as it moves to the edge
finding point.

4.2.1 Teaching the Vision Process

Place the cursor on the created iRVision Deburring Line Output Vision Process (e.g., {Part
Name}_DB.VD ) and press F3"EDIT" to open the screen for editing the deburring line output vision
process. (Fig. 4.2.1(a))

iRVision Setup Main - VPDB

| (53 1mage | = « Debur. Line Output Vis. Proc.
B &5 B3 Zoom: [100% :):(: Camera Calibration:

Not Selected v

Camera Setup:

Mot Selected
Edge Data for Test Run

Use Runtime Settings: v

Part Name: i

Edge Name:

/ 2 Results '_ Image Logging Mode: Log Failed Images %
‘ LIVE ‘ SNAP ‘ FIND ‘ END EDIT ‘ =

Fig.4.2.1(a) Screen for editing the deburring line output vision process

Click the "E=Tree" tab to display the tree view. (Fig. 4.2.1(b)) In this screen, change the values or
settings of the items mentioned below.
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iRVision Setup Main - VPDB

" -
@ | = =Tree « Debur. Line Output Vis. Proc.
J Eac Camera Calibration:
= . ] Not Selected v
i <= Debur. Line Qutput Vis. Proc.
;s Camera Setup:
= i Debur. Line Detect. Tool 1 Not Selected
Edge Data for Test Run
Use Runtime Settings: v
Part Name: ~
Edge Name:
2 Results \ Image Logging Mode: Log Failed Images v
| LIVE SNAP FIND END EDIT =

Fig. 4.2.1(b) Tree view for the deburring line output vision process

Camera Calibration
Select the camera calibration to be used. Grid Pattern Calibration Tool, 3DL Calibration Tool, and
Robot-Generated Grid Cal. Tool are available.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Exposure Time
Set the exposure time of the camera to be used at runtime. For information about the other settings
related to the exposure time and exposure mode, refer to Subsection 3.7.11, "Setting Exposure Mode" of
"R-30iB/R-30:B Mate CONTROLLER iRVision OPERATOR’S MANUAL (Reference) B-83304EN".

Use Runtime Settings
If you check this box, the edge data set in the KAREL program PTPINIT is used when you run a test on
the setup screen, in the same way as at runtime. (For information about PTPINIT, see Section C.1.3,
"DG_{Part Name} {Edge Index}.TP.") If this box is checked, you cannot set the part name and edge
name in the edge data.

Part Name and Edge Name
If you do not check the "Use Runtime Settings" box, select the part name and edge name in the edge data
to be used for the test run on the setup screen. The test run will be performed using the edge data
selected here. Note that the edge data selected here is used only when the test run is performed on the
setup screen. When the vision process is executed from a TP program, the edge data specified by
PTPINIT is used, instead of the edge data selected here.

Image Logging Mode
Specify whether to log images during the execution of the process. Note that, if the iRVision system is
configured not to create vision logs in the Vision Config screen, no images are logged.

e Do Not Log

Images are not logged.
e Log Failed Images

Only failed images are logged.
e Log All Images
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All images are logged.
For information about vision logs, refer to Section 3.3, "VISION LOG" of "R-30iB/R-30:B Mate
CONTROLLER iRVision OPERATOR’S MANUAL (Reference) B-83304EN".

/A CAUTION
The execution of the next vision process cannot be started until the image
logging of the last vision process is completed. The time required for image
logging differs depending on the device used. Check whether there is no
operational problem before using it.

42.1.1 Testrun

Move the camera above the workpiece, uncheck the "Use Runtime Settings" box, and select a part name
and edge name. In the edit screen for the deburring line output vision process, press F4"FIND" to
perform a test run and check whether edges can be found. In "Results", the items mentioned below are
displayed.

iRVision Setup Main - VPDB

‘ @ Image t=_:= <= Debur. Line Output Vis. Proc.

E E @ Zoom: |50% W :):(: Camera Calibration:

Detection result plot

Valid view area \

Edge detection range
Boundary lines (blue) of /

CLB v

Camera Setup:

cam

Exposure Mode: Fixed

Exposure Time: 33333 ms ¥ |v|A|R

Multi Exposures: 1w,

Edge Data for Test Run
Use Runtime Settings:
Part Name:

dge Name:

Found edge (green) / e :
/ A Results ¥ | [image L . ed Images v

Time to Find: 3 ms # Segments Foints Contrast

Edge model (pink) 1 2 612 152

the edge detection range

‘ LIVE ‘ SNAP ‘ FIND END EDIT >

Fig.4.2.1.1 Detection result

Time to Find
The time it took to find the edge is displayed in milliseconds.

Results
The following values are displayed.
e Segments
Number of segments of the found edge
e Points
Number of points extracted from the found edge
e Contrast
Average contrast of the found edge

Detection result plotting
The detection result is plotted on the image. The edges found in the image are displayed in green, the
model (edge data created with ROBOGUIDE) in magenta, and the edge detection range in blue. To
determine which to be displayed, select the result plot mode. For details of the result plot mode, see
Section 4.2.3, "Teaching the Command Tool".

-62 -



B-83424EN-1/02 4.ONLINE TEACHING WITH THE ROBOT

4.2.2 Teaching the Command Tool

If you select "Debur. Line Detect. Tool 1" as the deburring line detection tool in the tree view of the edit
screen for the deburring line output vision process, the setup screen for the deburring line detection tool is
displayed. (Fig. 4.2.2)

The deburring line detection tool extracts all workpiece edges from the camera-captured image. It can
be used only for the deburring line output vision process.

iRVision Setup Main - VPDB

(O] | = =Tree | *.. Debur. Line Detect. Tool 1
A Input Image: Original Image v
- : ) Mini Contrast: 50 ¥|v|alR
= ;S Debur. Line Output Vis. Proc. inimum entras hd d
Min. Seg. Points.: 1 Al R
Width Scale: 100 %
Result Plot Mode: All v
Image Display Mode: Image
/ A Results
LIVE SNAP FIND END EDIT =

Fig. 4.2.2 Deburring line detection tool

Input Image
Select the image which is used for training model and detection. When the vision process has an Image
Filter Tool or a Color Extraction Tool, you can select a filtered image as the input image to this GPM
Locator Tool, instead of the camera snapped original image. For details, refer to Sections 7.25, "Image
Preprocess Tool", 7.26, "Image Filter Tool", and 7.27, "Color Extraction Tool" of "R-30iB/R-30iB Mate
CONTROLLER iRVision OPERATOR’S MANUAL (Reference) B-83304EN".

Minimum Contrast
Specify the minimum permissible grayscale contrast for the search. If you set a small value, this
detection tool will be able to find the deburring line in obscure images as well but take longer to complete
the location process. If this detection tool tends to inadequately find blemishes and other unwanted
edges with low contrast, try setting a larger value. Those image features whose contrast is lower than
the specified value are ignored.

Min. Seg. Points.
Specify the minimum permissible number of segment points to be detected. If the number of detected
segment points is smaller than this value, the segment is considered to have failed to be detected.

Width Scale
Specify the scale used to adjust the detection width (shape tolerance) specified in the edge data.

Result Plot Mode
Select how the detection result is displayed on the image during the execution of the process.
e Edge
Only the detected edge is displayed.
e Edge + Model
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Only the detected edge and edge model are displayed.

e Edge + Bound
Only the detected edge and the boundary lines of the edge detection range are displayed.

o Al
The detected edge, edge model, and boundary lines of the edge detection range are displayed.

Image Display Mode
Select the image display mode for the edit screen.
e Image
Only the camera image is displayed.

e Image + Results
The camera image and detection test results are displayed.

e Image + Edges
The camera image and the edges in the image are displayed.

4.2.2.1 Testrun

In the setup screen for the deburring line detection command tool, press F4"FIND" to perform a test run
and check whether the process is executed as expected.

iRVision Setup Main - VPDB

@ Image t=_:=

‘.. Debur. Line Detect. Tool 1

E“‘,‘ % @ Zoom: |50% ¥ D:c Input Image: Original Image v
Minimum Contrast: 50 ¥[(w|alR
e, Min. Seg. Points.: 50 ¥|wlalR
Width Scale: 100 %
Result Plot Mode: All v
Image Display Mode: Image + Results &
‘.“' A Results ¥
Time to Find: 2ms # Points Contrast
Segments: 2 1 323 168
2 289 134
‘ LIVE ‘ SNAP ‘ FIND ‘ END EDIT =

Fig. 4.2.2.1 Detection result

Time to Find
The time it took for detection is displayed in milliseconds.

Segments
The number of segments in the detected deburring line is displayed.

Detection result table
The following values are displayed.

e Points
Number of points in the segment
e Contrast

Average contrast of the segment
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D

ONLINE RUNNING ON THE ROBOT

In the online running of the robot, the main program for deburring path auto generation is executed, the
base position for an actual workpiece and the 3D point sequence of an edge are detected by RVision, a
deburring path (TP program for deburring) is automatically generated. Then, deburring is performed
through force control contouring.

This chapter describes the procedure for the online running on the robot.

1
2

5.1

Deburring path auto generation
Force control deburring

1. Automatic generation of 2. Deburring by the force control
the deburring path contouring function

b e .
- e ﬂ
o, & "

b

/ Force sensor —
o |

Teaching

+ 4,

Fig.5 Online running procedure on the robot side

DEBURRING PATH AUTO GENERATION

When main program DM_{Part Name}.TP, which automatically generates a deburring path, is executed,
iRVision detects the base position and edges of the workpiece and a deburring program (deburring path)
is automatically generated. For details about the deburring path, please refer to Appendix C “Sample TP
Programs”.

Fig. 5.1 shows the flow of deburring path auto generation.

1

Subprogram BG_{Part Name} T1.TP to BG_{Part Name}_T3.TP, which find the base position of
the workpiece, and subprograms DG_{Part Name} {Edge Index}.TP, which detect each edge and
automatically generates each deburring path, are called from main program DM_{Part Name}.TP,
which automatically generates a deburring path.

Target finding vision processes (e.g., {Part Name}_V1.VD to {Part Name}_V3.VD) are called from
BG_{Part Name}_T1.TP to BG_{Part Name}_T3.TP to find three targets, thus obtaining the base
position of the workpiece.

A deburring line output vision process (e.g., {Part Name}_DB.VD) is called from DG_{Part
Name}_{Edge Index}.TP to detect the 3D point sequence of the actual edge. By use of the 3D
point sequence of the actual edge, the ROBOGUIDE-generated edge data such as shape data, and the
parameters for orientation handling and deburr path generation, subprogram DU_{Part
Name} {Edge Index}.TP), which deburrs an individual edge through force control contouring, is
automatically generated.
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DM_{Part Name}.TP

Target finding vision processes

BG_{Part Name} T1.TP to (e.g., {Part Name}_V1.VD to {Part Name}_V3.VD)
- - are executed.

BG_{Part Name}_T3.TP

JL A deburring line output vision process (e.g., VPDB.VD)
is executed.

) Subprogram DU_{Part Name}_{Edge Index}.TP, which
DG_{Part Name}_{Edge Index}.TP deburrs an individual edge through force control
contouring, is automatically generated.

Fig.5.1 Flow of deburring path auto generation

/AN CAUTION
Make sure that the teaching points of the subprogram generated by
ROBOGUIDE are within the range of the actual robot motion and that the robot

does not interfere with any of the peripheral equipment as it moves to each
teaching point.

5.2 FORCE CONTROL DEBURRING

When main program DS_{Part Name}.TP, which performs deburring through force control contouring, is
executed, deburring is performed through force control contouring. For details about TP programs, please
refer to Appendix C “Sample TP Programs”.

Fig. 5.2 shows the flow of deburring.

1  DU_{Part Name}_{Edge Index}.TP generated in Section 5.1 is called from DS_{Part Name}.TP.

2  Through force control contouring, DU_{Part Name} {Edge Index}.TP moves the Deburring Tool
along each edge while holding it down with the preset force to deburr the workpiece edge.

DS_{Part Name}.TP

Deburr by holding down the deburring tool
DU_{Part Name}_{Edge Index}.TP with the preset force, using the force

control contouring function.

Fig. 5.2 Flow of deburring

/A CAUTIOIN

Make sure that the robot does not interfere with any of the peripheral equipment
as it moves to the deburring path of a machined surface.

5.2.1 Adjusting the Parameters

You can adjust the parameters for deburring path generation and force control contouring, as necessary,
according to the procedures below.
1  Select "MENU" — "1 UTILITIES" — "3 Force Sensor" — "5 Deburring Path Auto Generation™ to

display the "Deburr Path Auto Gen/Part List" screen (Fig. 5.2.1(a)). This screen lists all the part
data loaded to the controller.
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Run [N Frod IC

No. Part name

[T201

Step Hald S| FILE-078 Ruto backup complete ]_DD%
O, - JOIN
3| ov_r201 LINE 0 EGEE ABORTED

Deburr Path Auto Gen/Part List S

1/1

EXIT | OUTPUT | DETATIL |

REMOVE | UPDATE >

Fig. 5.2.1(a) Part List screen

HINT

on the power of the controller.

The part list is created by automatically searching the specified data path for part
data files, only when you open the Part List screen for the first time after turning
Even if you load new edge data to the controller
via a memory card or USB memory device later, the part list is not updated
automatically. Pressing the "F5 UPDATE" button updates the part list. Note
also that the "Part List" screen cannot be displayed during online running.

Function keys
The function keys that are used are as follows.

Key Display name Description
F1 EXIT Returns to the UTILITIES screen of the force sensor.
F2 OUTPUT Outputs the part data.
F3 DETAIL Displays the Edge List screen.
F4 REMOVE Removes the data file (TP program and edge data) of the selected part.
F5 UPDATE Updates the part data list manually.
F6 DATA PTH Displays the data path setting screen.

2  If you select a part on the Part List screen and press the Enter or "F3 DETAIL" key, the Edge List

screen for the selected part is displayed (Fig. 5.2.1(b)).

)

Run (S Frod ICyc

S N | FT.E-078 Auto backup complets

DM _T201 LINE 0 EBE8 ABORTED 100%

Deburr Path Auto Gen/Edge List N
Part [T201 1 1/1
No. Edge name
[FEATURE1 1

EXIT | | DETAIL | |

Fig. 5.2.1(b) Edge List screen
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Function keys
The function keys that are used are as follows.

Key Display name Description
F1 EXIT Returns to the Part List screen.
F3 DETAIL Displays the parameter setting screen for an edge.

3 If you select an edge on the Edge List screen and press the Enter or F3"DETAIL" key, the
parameters for the selected edge are displayed.

- 10 ||| FILE-078 Rute backup complete
_— '%5';0 }hj TC; DM _T201 LINE 0 A]JTOPABORiED 100%
1/28
Part [T201 1
Edge [FEATURE1l 1
Deburr path generation
1 Tol. Shape Difference: mm
2 Tolerant Distance : 1.5 mm
3 Tolerant Angle 3 3.0 deg
4 Tol. Rotation Angle: 10.0 deg
5 General Velocity 3 50 mm/s
6 Cnt : 100
7 Use Circular : FALSE
B8 Use Rotation Vel : FALSE
EXIT | DEFAULT | | | |

Fig. 5.2.1(c) Parameter setting screen

If you change any of the parameter values in this screen, the data file stored in the controller is updated
accordingly. The parameters you can change in this screen are listed below.
name cannot be changed.)

Deburr Path Generation

15
16

17
18
19
20

Non Stop When Gen. Fail
Shape Tolerance
Distance Threshold
Angle Threshold
Orient Change Threshold
General Velocity
Cnt
Use Circular Command
Use Angular Velocity
Angular Velocity
Edge Offset
Edge End Extension
Above Approach Point Vel
Leave Point Velocity
Approach Pnt To First Edge Pnt Dist
Trvl Dir at First Pnt
Push Dir at First Pnt
Last Edge Point to Leave Point Dist
Trvl Dir at Last Pnt
Push Dir at Last Pnt
Vrt to Machined Surf
Pos Record Interval
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Contouring Schedule
21 Schedule Number
22 Pushing Dir.
23 Contact F Threshold
24 Approach Velocity
25 Contouring Force
26 FC Gain (Master Freq.)
27 Pushing Dir. Velocity
28 Push Dir. Offset Angle
29 Offset Push Dir. With PR

Tool Setting
30 UTool
31 Tool Radius at Contact P
32 TCP to Machined Surf Dis

For detailed descriptions of "Deburr Path Generation", "Contouring Schedule", and "Tool Setting", see
Subsection 3.1.4.3, "Setting Deburr Path Generation", Subsection 3.1.4.4, "Setting Contouring schedule",
and Subsection 3.5.1.1, "Setting tool-related items". For information about "22 Pushing Dir." of
"Contouring Schedule", see Subsection 3.5.1.1, "Setting tool-related items".

Function keys
The function keys that are used are as follows.

Key Display name Description
F1 EXIT Returns to the Edge List screen.
F2 DEFAULT Resets the parameter values to defaults.

5.2.2 Automatic Contouring Schedule Setting

During the online running of the robot, the specified force control schedule is automatically taught.

/A\ CAUTION
The specified force control schedule needs to be "Unused" or "Contouring"
previously used by this function.

1 The "Unused" force control schedule specified by ROBOGUIDE (Schedule [10] by default) is
automatically taught as "Contouring”. The comment of the schedule is also set to "!ForDeburrOnly!"
automatically. (Fig. 5.2.2) If the specified force control schedule is already set as another function
(e.g., “Shaft Insertion”) or manually set as the “Contouring” function, an alarm is issued during
online running.

2  If the "Contouring End" schedule does not exist, an "Unused" schedule having the largest number is
automatically taught as "Contouring End". If all force control schedules are set as functions other
than "Contouring End", an alarm is issued during online running. For information about the
Contouring and Contouring End schedule, refer to Subsection 3.5, "Schedule Data" or 3.5.7,
“Contouring Function” of "R-30iB/R-30iB Mate CONTROLLER Force Sensor OPERATOR’S
MANUAL B-83424EN".
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Buay Step Hold || Famlt (1)

o I; 100%
con 2 oo | cs_r201 nIne 0 EEEE 2BORTED
Force Ctrl/Schdl ~

Force Ctrl/Schedule Listl 10/30
No. Function Comment
5 Unused
6 Unused
7 Unused
8 Unused

9 Un
11 Unused
12 Unused
13 Unused

14 Unused

—_ e e

!ForDeburrOEiEE:I>

o B B B B B i B B B |

—_ e

Fig.5.2.2 Automatic Contouring Schedule Setting

3 During the online running of the robot, some of the contouring schedule parameters are
automatically set, as described below. For information about the tool spin, see Subsection 3.1.4.1,
"Setting position defaults”. For information about the contouring schedule parameters, refer to
Subsection 3.5.7.6, "Parameters” of "R-30iB/R-30iB Mate CONTROLLER Force Sensor
OPERATOR’S MANUAL B-83424EN".

In the case of "Fixed tool spin, keep normal”

e  "Control Frame" is set to "User Frame".

e  "User Frame No." is the same as the user frame number specified with ROBOGUIDE.
e  "User Frame Compensation” is set to "OFF".

e  "Pushing Dir Auto Chg" is set to "UserFrame X-Y".

In the case of "Change tool spin along path, keep normal™

"Control Frame" is set to "Tool Frame".

"Tool Frame No." is the same as the tool frame number specified with ROBOGUIDE.
"User Frame Compensation" is set to "OFF".

"Pushing Dir Auto Chg" is set to "OFF".
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A TROUBLESHOOTING

A.l iRVision DEBURRING LINE OUTPUT VISION PROCESS

A.1.1  Measures to Take If Find Edge Fails

If finding edges fails, open the vision log of iRVision, check the image brightness and so on, and
manually adjust the exposure time in the vision process, as well as the imaging position and so on with
the TP program. For information about the vision log, refer to Section 3.3, "VISION LOG" of
"R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR'S MANUAL (Reference) B-83304EN".

A.l2 Vision Override of Parameters

Of the setting parameters for the iRVision Deburring Line Output vision processes or command tools, the
following parameters can be specified for vision override, and be rewritten from the robot program during
execution. For details of vision override, refer to Section 8.1, "VISION OVERRIDE" and Subsection
9.2.2.8, "Override" of "R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR'S MANUAL

(Reference) B-83304EN".

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

Contrast Threshold
Specify a value between 1 and 200.

Segment Points Threshold
Specify a value between 1 and 1000.

Width Scale
Specify a value between 0.1 and 5.0.

A.2 DEBURRING PATH AUTO GENERATION

A.2.1 If the Shapes of the Actual Workpiece and the CAD Model
Differ Greatly

If the shape of the actual workpiece and the CAD model differ greatly, it is recommended to update the

data file for the workpiece with the procedure below.

e  Execute CM_{Part Name}.TP on the actual workpiece, use iRVision to detect the base position and
the edges of the workpiece, and generate a subprogram for updating the data file for each edge,
CT_{Part Name} {Edge Index}.TP, and a subprogram for recording the robot position,
CTRMONIT.TP. Then, reduce the override so that the general velocity becomes 10 mm/s or less,
execute CS_{Part Name}.TP to contour the edges with force control contouring function and update
the part data file.

-73-



A.TROUBLESHOOTING APPENDIX B-83424EN-1/02

A.2.2

If you Want to Fine-Adjust the Orientation of the Tool during
Deburring

If you want to fine-adjust the orientation of the tool during deburring, adjust it while checking the edge
teaching points in CT_{Part Name} {Edge Index}.TP in step mode, then reduce the override so that the
general velocity becomes 10 mm/s or less, execute CS {Part Name}.TP, record the position and
orientation of the tool while contouring the edges with force control contouring operation, and update the
part data file.

A.2.3

Changing the Locations for Saving Edge Data Files and
Vision Data Files

If edge data files or vision data files are so large that they exceed the capacity of the controller, the data
files can be stored to an external unit (Memory Card or USB memory).
The location for saving data files can be changed with the procedures below.

1

2

Select "MENU" — "1 UTILITIES" — "3 Force Sensor" — "5 Deburring Path Auto Generation" to
display the "Deburr Path Auto Gen/Part List" screen.

On the Part List screen, press "F—" — F1"DATA PATH", and the data path setting screen appears.
(Fig. A.2.3)

S | £1iE-078 Auto backup complete 100
o %
mon 200 secq 0| DM_T201 LINE 0 EGEE ABORTED

Deburr Path Auto Gen/Data Path A
1/2
Part Data Path:

FR:\PTPDATA\

Vision Data Path:
FR:\VISION\DATA\

EXIT | DEFAULT | SET | |

Fig. A.2.3 Data path setting screen

Function keys
The function keys to use are as listed below.

Key Display name Description
F1 EXIT Return to the force sensor utility screen.
F2 DEFAULT Return the data path value to the default value (data path shown in Fig. A.2.3).
F3 SET Set a data path value.

3

On the data path setting screen, the locations for saving edge data files and vision data files can be
changed to a Memory Card (MC:¥) or a USB memory (UD1:¥). For example, if the location for
saving edge data files is changed to “MC:¥PTPDATA¥” and the location for saving vision data files
is changed to “MC:¥VISION¥”, and F3"SET" is pressed, the message, "Change data path and move
data?", appears.

If you press "F4 YES", the data path is changed, and the data files are moved to the specified
location. If, however, the saving device is set to other than “FR:¥”, “MC:¥”, and “UD1:¥” or
if the path name is incorrect, an alarm message appears, and the saving location returns to the
original one. If the location for saving vision data files is changed, a message appears asking
to confirm whether to restart the controller.

If you press "F5 NO" or the "Back™ key, the data path is not changed.
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/A CAUTION
If saving edge data files or vision data files to an external storage unit (Memory
Card (MC:¥) or USB memory (UD1:¥)), do not pull out the external storage unit
when the power of the controller is on.

A.2.4  Changing the Location for Saving TP Programs

If the TPP area of the CMOS is not sufficient, the TP program can be saved to SHADOW or FILE
(external storage unit such as Memory Card (MC:¥) or USB memory (UD1:¥)) by using the TP dram/file
storage function.  For details, refer to "29 TP DRAM/FILE STORAGE FUNCTION" of
"R-30iB/R-30iB Mate CONTROLLER Optional Function OPERATOR’S MANUAL B-83284EN-2.

A.2.5  Saving Data Files

If “All Backup” is performed on the controller, the data files for all parts are backed up.

With the procedures below, the data file for a specified part can be saved to a Memory Card (MC:¥) or a

USB memory (UD1:¥).

1 Select "MENU" — "1 UTILITIES" — "3 Force Sensor" — "5 Deburring Path Auto Generation" to
display the "Deburr Path Auto Gen/Part List" screen.

2  On the Part List screen, position the cursor on the part for which the data file is to be output, press
F3"OUTPUT", and the "Output Data" screen appears.

3 On the "Output Data" screen, specify the output location (Memory Card (MC:¥) or USB memory
(UD1:¥)), and press F3"OUTPUT", the data file for the part can be saved to a Memory Card (MC:¥)
or a USB memory (UD1:¥).

5tep Holdl Fault

o 100%
‘% 170 Prod TCye DM T201 LINE 0 AUTO ABORTED [ejeRsipy

Deburr Path Auto Gen/Output Da A

1/1
Part [T201 1
Output to:

EXIT | | OUTPUT | |

Fig. A.2.5 Data file output screen
Function keys
The function keys to use are as listed below.

Key Display name Description
F1 EXIT Return to the Part List screen.
F3 OUTPUT Output data files.
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A.3

DEBURRING WITH FORCE CONTROL

A.3.1  Adjusting Parameters

If some problems occur when deburring an actual workpiece by using the force control contouring
function, adjust the parameters on the "Deburr Path Auto Gen/Parameter" screen. For how to set
parameters, see Subsection "5.2.1, "Adjusting the Parameters".

1

If the point at which the Deburring Tool first touches the edge is far apart from the first edge point,

perform one of the operations below.

e Increase the "Approach Velocity" value of "Contouring Schedule”.

e Increase the value of "Trvl Dir at First Pnt" of "Approach Pnt To First Edge Pnt Dist" of
"Deburr Path Generation™.

e  Decrease the value of "Push Dir at First Pnt" of "Approach Pnt To First Edge Pnt Dist" of
"Deburr Path Generation™.

Approach point
Actual path of the tool

....................... =
—iii, - .

/ T Machined surface

First edge point Point at which the tool first  f the workpiece
touches the edge

Fig. A.3.1 Point at which the tool first touches the edge
If, near the first point of a closed edge, the edge is not cut or the amount of cutting (machined depth)
is small, make an adjustment as described below.
e Increase "Edge End Extension™ of "Deburr Path Generation".

If the Deburring Tool cuts the edge too much near the point at which the tool first touches the edge,
and the subsequent amount of cutting the edge is normal, make an adjustment as described below.
e  Reduce "Approach Velocity" of "Contouring Schedule™.

If the tool already touches the edge at the approach point, make an adjustment as described below.
e Increase the value of "Push Dir at First Pnt" of "Approach Pnt To First Edge Pnt Dist" of
"Deburr Path Generation™.

If the amount of cutting the edge (machined depth) is small throughout the edge, perform one of the

operations below.

e Increase "Contouring Force" of "Contouring Schedule".

e  Reduce "General Velocity" of "Deburr Path Generation".

If the amount of cutting the edge (machined depth) is large, adjust one of the above parameters in the
opposite direction.

If the amount of cutting the edge (machined depth) is small at some portions of the edge (corners,
for example) or if the tool leaves the edge, make an adjustment as described below.

e Increase "FC Gain (Master Freq.)" of "Contouring Schedule".

e Increase "Pushing Dir. Velocity" of "Contouring Schedule™.

If the tool oscillates during deburring, make an adjustment as described below.
e  Reduce "FC Gain (Master Freq.)" of "Contouring Schedule".
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B SIMULATING DEBURRING OPERATIONS
WITH ROBOGUIDE

This chapter describes the procedures for simulating online running (deburring operations) of the robot
with ROBOGUIDE.

Restrictive conditions on simulation
Camera calibration

Teaching vision processes
Simulating deburring operations

A WO

B.1 RESTRICTIVE CONDITIONS ON SIMULATION

B.1.1 Laser Function of the 3D Laser Vision Sensor

If the 3D Laser Vision Sensor is to be used with ROBOGUIDE, the laser function must be supported.
The laser function of the 3D Laser Vision Sensor can be used on a computer on which a graphic board
supporting OpenGL1.5 or later version is mounted. A graphic chip optimized for OpenGL, such as the
Quadro Series of NVIDIA, is recommended.

Checking the laser function
It can be checked whether the laser function is supported or not on the property page of the 3D Laser
Vision Sensor. Press the Test button to check whether the laser is drawn correctly on the workpiece
surface. (Fig. B.1.1(a))

-
45 ChamferingPRO - Subscription - (%1758 - ForceContrelDeburringPackage EIM

File Edit WView Cell Robot Teach Test-Run Project Tools Window  Help

o 3DSensorl, UT: 5 (Eoats) =]

General | Setting | Calibration | Vision | view |

Appearance

MName 30Sensor]

CAD File  CAProgramData\FANUC\ROBOGLUID
Type CAD Color: @
G

[¥] visible

[C] wire Frame Transparent Opaque
Location Scale

X -130.000 mm  Scale X 1.00000

i STS00 mm  gegey 1.00000

z BO00 MM seqiez  1.00000

w 180.000 deg

] 0.000 deg

R 180,000 deg

[] Lock All Location Values

Test Laser drawn on the surface

Laser function issupported.

——
}
Robot Controller1 |( No robot e@ 100% 2DSensor 1 T:Z:_:;

Fig.B.1.1(a) Laser function test
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If the laser is not drawn correctly, perform operations according to the procedures below.

1  Press the "Save ROBOGUIDE system information™ button @ on the tool bar, open the generated
file PCinfo.txt, and check that the version of OpenGL in it is 1.5 or later. (Fig. B.1.1(b)) If the
version of OpenGL is earlier than 1.5, update the graphic chip driver.

I PCinfo - Motepad Q@@

File Edit Format Wiew Help

( OpenGl
provement = True

Depth Butter Bit = 24

stencil Buffer Bit = 0O

Max Elements Vertices = 1048576
Max Elements Indices = 1048576
Aanti-aliasing = EnabTled{32)

< *

Fig. B.1.1(b) Checking the OpenGL version

2 If the laser is not drawn even though the version of OpenGL is 1.5 or later, select "Tools" —
"Options™ from the ROBOGUIDE menu, and try mode 1 and 2 for the 3D Laser Vision Sensor mode
in the "System" tab on the "Options" screen.

3 If the laser is not drawn even though mode 1 and 2 above are tried, it is necessary to replace the
graphic board or use another PC.

B.1.2 Brightness of CAD Models

o If the brightness of the laser-irradiated surface of the CAD model of the part is high, the laser path
cannot be recognized on the RVision side in some cases.

e If the brightness of the machined surface of the CAD model of the part is lower than the casted
surface or if the brightness contrast of the machined and casted surfaces is low, the edge cannot be
found on the iRVision side in some cases, disabling the simulation of deburring operations.

B.2 CAMERA CALIBRATION

To simulate the same operation as that of the actual machine on ROBOGUIDE, including finding edge,
camera calibration must be performed. There are two ways to perform camera calibration on
ROBOGUIDE.

1 Automatically generate calibration data from camera placement information.
2 Perform calibration by using dot patterns.

The first method is explained below.

Automatically Generating Calibration Data from Camera Placement

Information
With the procedures below, automatically create calibration data from a robot-mounted camera mounted
to the robot wrist (or a fixed camera) to complete camera calibration.
To perform camera calibration on ROBOGUIDE, this way is usually used.

1 In the Setting tab on the vision sensor property page (Fig. B.2(a)), set each of the items under
"Attribute”.
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2 In the Calibration tab (Fig. B.2(b)) on the vision sensor property page, press the "Generate Camera
Calibration" button.

¥ 3DSensorl, UT: 5 (Eoats) (=]
| G&neral| Setting | Calibration | Vision | Wigw |
Attribute
Camera Type SONY XC-55
Image Size 113" WGA (640x450)
Vertical Spacing 7.4 {vertical, micro)
Aspect Ratio 1.0
Focus Length 12.0 -
Laser
StandOf 400 v mm

Offzet

X -130.000| mm @

Inputs an offsetvalueto

A -58.000|mm  translate from theorigin of
the cameratothe origin of

z 72.500{mm CAD data.

W -20.000| deg  [] Edit offset

P 0.000| deg

R -90.000 | deg

o® 3DSensorl, UT: 5 (Eoats)

=X

General
Contraoller
Camera
Calibration
Mame

Type

Generate

Generate Camera Calibration

\/

Fig. B.2(a) Setting tab on the vision sensor property page Fig. B.2(b) Generate Camera Calibration

3 On the setting screen for Generate Camera Calibration, specify the Camera Calibration Name,

Camera Setup Name, Robot to be offset, and so on, and press the OK button.
Vision Sensor, select "3D LASER VISION CALIBRATION" for Calibration Type.
For a 2D camera, select "GRID PATTERN CALIBRATION".
"UF:0 (No Framei)".

If using the 3D Laser

(Fig. B.2(c))
For "Application Frame", select

B Generate Camera Calibration

o

Calibration

Calibration Type

(3D LASER VISION GALIBRATION |

Camera Galibration Mame CalLIB3D

Camera Setup Mame CAMERA
Camera Digtance 400 mm
Robot to be offzet gﬁ GP: 1 - M=10iA4 (Ver 2D -
fpplication Frame @UF: 0 (Mo Frame) -

’ 0].4 ] [ Cancel l

.

Fig. B.2(c) Setting screen for Generate Camera Calibration

4  Calibration data is automatically calculated and generated from vision sensor placement information,
and in the Calibration tab of the vision sensor property page, the calibration data name and type

(Object— Camera Calibration) are displayed.
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o 3DSensorl, UT: 5 (Eoats) (25w
General | Setting : Calibration || vision | view |
General
Controller [ Robot Contrallert -
Camera
Calibration CALIB3D
Mame
Type Object -» Camera Calibration
Generate
[ox ] [(Ganca]

Fig. B.2(d) Automatically generating camera calibration data

B.3 TEACHING VISION PROCESSES

On ROBOGUIDE, teach the two types of vision processes below.
1 Vision processes for measuring three targets
2  Vision process for finding edge

Each of the methods is explained below.

B.3.1  Detecting Targets

Teach the vision process for measuring the base position of the part.

1 Open the "DeburrPathAutoGen" tab on the property page of the part, and press the "MoveTo" button

for the first point, and the robot moves to the target of the first point.  (Fig. B.3.1)

@ T201 (3]
General | DeburrPathAutoGen |

Parameter

UFrame 157 UF: & (UFrame5s) -

UTool ¥ UT:& (Eoats) -

Robot-Mounted Gamera

Find Base Position

First
Target (@) T10nT2010n Fixturel
Vision Process T201_W1

Fig. B.3.1 Moving to the found position
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2  Open the "iRVision Setup Main - Camera Setup Tools" screen, with the operation described in
B.2.2.

3 Asdescribed in Section 4.1, "TEACHING THE TARGET FINDING VISION PROCESS", create a
new 3DL single-view vision process or a 2-D single-view vision process, and teach it.

4 Perform above operations for the second and third targets.

/A CAUTION
If the contrast between the target and the surroundings is low, the target cannot
be recognized in some cases.

B.3.2  Finding Edges

Teach the vision process for finding edges on the part.

1 Open the "Vision Setup" screen of iRVision.
2  Create a vision process for finding edges, and teach it. For details, see Section 4.2, "iRVision
DEBURRING LINE OUTPUT VISION PROCESS".

B.4 SIMULATING DEBURRING OPERATIONS

After outputting a data file, perform camera calibration and teach vision processes. By executing the TP
program loaded into the virtual robot, finding edge operation can be simulated.

1  From Programs of Cell Browser, select the main program for automatically generating a deburring
path, DM_{Part Name}.TP. (Fig. B.4(a))

[£- Cell Browser- ForceControlDeburringP... @

* -
Back Fyvd

=J.m}) ChamferingPRO Workcel g
2 Fixtures

B
e
o
=+
n

m

— [ Robot Controliers
=+ €:1-Robot Controlier1

....... @ Jobs

— Programs

....... BS_T201

....... CG_T201_001

------- CM_T201

....... C5_T204

....... DG_T201_004

....... o _T201]

....... D5_T204

....... FCNCH3CTP -

Fig. B.4(a) Selecting a TP program

2 Press the "Show/Hide Run Panel” button ™ on the tool bar to display the Run Panel.
Set "Run-Time Refresh Rate (updates/sec)” to 30 or greater. If the refresh rate on the run panel is
low, the vision-based detection may fail. (Fig. B.4(b))
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Run Panel @
® ) | H | A
Record Run Hold Abort Reset
El d
Silﬁ'lnpuslgtion Time -
[ Simulation Rate -~ ]

Synchronize Time
Synchronize Time

Slow Medium Fast

Run-Time Refresh Rate (updates/sec)

U
1 5 10 30 125
| Display |
| Control |
| Gollection |
| &1 Settings |

Fig. B.4(b) Run Panel

3 Press the "Run" button on the Run Panel, execute the selected TP program, and simulate the
automatic generation of a deburring program by finding edges.

4 When the simulation is completed, the subprogram for deburring each edge with force control
contouring operation, DU_{Part Name} {Edge Index}.TP, is generated.

5 Select the main program for deburring with force control contouring operation, DS_{Part Name}.TP,
and press the Run button on the Run Panel to simulate deburring.

/A CAUTION
With ROBOGUIDE, force control cannot be simulated. On the actual machine,
the Deburring Tool moves to touch the edges, so it moves along a path slightly
apart from the teaching points of DU_{Part Name} {Edge Index}.TP, but with
ROBOGUIDE, the tool moves along the teaching points directly.
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C

SAMPLE TP PROGRAMS

This chapter describes sample TP programs automatically generated by ROBOGUIDE and the robot. It
is assumed here that the part name is T201 and the edge name is FEATUREL.

C.1

TP PROGRAMS RELATED TO DEBURRING

C.1.1

DM _{Part Name}.TP

This is a main program for automatically generating a deburring path. It is generated by ROBOGUIDE.
DM_T201.TP

1:
2
3
4:
5:
6:
7
8
9:
1

0:

C.1.2

IROBOGUIDE Auto-Generated TPP ;

! for FC Deburring Package, ;

1T201 ;

CALL BG_T201_T1;

CALLBG_T201 T2 ;} — Call BG_{Part Name} T1.TP to BG_{Part Name} T3.TP
CALL BG T201 T3;

CALL DG_T201_001 ; t — Call DG_{Part Name}_{Edge Index}.TP
CALL DG_T201_002;

BG {Part Name} T1.TP to BG_{Part Name} T3.TP

They are subprograms for measuring the positions of three targets on the workpiece. They are called
from DM_{Part Name}.TP and CM_{Part Name}.TP and generated by ROBOGUIDE.

For arobot-mounted camera
BG T201 _TL.TP

coNourwN ]

10:J
11:
12:
13:
14.
15:
16:
17:
18:

'ROBOGUIDE Auto-Generated TPP ;
! for FC Deburring Package, ;

17201 ;

ITarget 1 ;

LBL[1];
UFRAME_NUM=0 ;
UTOOL_NUM=1;

P[1] 25% FINE  ;
VISION RUN_FIND 'T201_V1' ;
VISION GET_OFFSET 'T201_V1' VR[5] JMP LBL[2] ;
CALLPTPGTPOS(5,1) iq___|

Convert the found position of target 1 (second argument)
) in VR[5] (first argument) into the world coordinate system,
END ; and store it in the KAREL variable.

LBL[2] ;
UALMI5] ;
JMP LBL[1] ;

For a fixed camera
BG_T201 T1.TP

1

IROBOGUIDE Auto-Generated TPP ;
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C.1.3

! for FC Deburring Package, ;
17201 ;
ITarget 1 ;

LBL[1] ;
UFRAME_NUM=0 ;
UTOOL_NUM=1;

VISION RUN_FIND 'T201 V1'
VISION GET_OFFSET 'T201_V1' VR[5] JMP LBL[2] ;
CALL PTPGTPOS(5,1) ;

END ;
LBL[2] ;

UALMI5] ;
JMP LBL[1] ;

DG _{Part Name} {Edge Index}.TP

This is a subprogram for detecting each edge and automatically generating a deburring path. It is called
from DM_{Part Name}.TP. It is generated by ROBOGUIDE.

For arobot-mounted camera
e DG T201 001.TP

©ONDUORWN

15:

'ROBOGUIDE Auto-Generated TPP ;
! for FC Deburring Package, ;

iTZOl’ T Set a workpiece name and an edge name, calculate the position of
IFeaturel ; the user frame, and set it.
, The first argument is a workpiece name.
UFRAME NUMS=5; The second argument is an edge name.
UTOOL I\_IUle . The third argument is a deburring line output vision process name
- ’ The fourth argument is the number of the register to which to output
! deburring path auto generation results.
LBL[1];

CALL PTPINIT(T201'FEATURE1',"T201_DB’,51) ;

P[1] 25% FINE  ;
CALLLED ON ;
VISION RUN_FIND ’T201_DB’;

; Find an edge

16:L P[2] 500mm/sec FINE ;

17:
18:

VISION RUN_FIND 'T201_DB’ ;

19:L P[3] 500mm/sec FINE ;

20:
21:

VISION RUN_FIND 'T201_DB’ ;

22:L  P[4] 500mm/sec FINE ;

23:
24:
25:
26:
27:
28:
29:
30:

VISION RUN_FIND "T201_DB’ ;

CALL LED_OFF ;
CALL PTPDEBUR; — Generate DU_{Part Name}_{Edge Index}.TP

II,: R[51]<0,JMP LBL[2];

END ;
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31:
32:
33:

LBL[2] ;
UALMI5] ;
JMP LBL[1] ;

For a fixed camera

e DG.T

C.14

©ONDUTRWN

201 001.TP
IROBOGUIDE Auto-Generated TPP ;
! for FC Deburring Package, ;
17201, ;
IFeaturel ;

UFRAME_NUM=5;
UTOOL_NUM=1,

LBL[1] ;
CALL PTPINIT(T201''FEATUREL',’T201_DB’ 51) ;

C,ALL LED_ON ;
VISION RUN_FIND “T201_DB’ ;

C,ALL LED_OFF ;
CALL PTPDEBUR ;

IF R[51]<0,JMP LBL[2] ;
END ;
LBL[2] ;

UALMI5] ;
JMP LBL[1] ;

DS {Part Name}.TP

This is a main program for performing deburring with force control contouring operation. It is generated
by ROBOGUIDE.

e DS _T201.TP

C.1.5

ougswn el

IROBOGUIDE Auto-Generated TPP ;
! for FC Deburring Package, ;
1T201 ;

CALL DU_T201_001 ; — Call DU_{Part Name}_{Edge Index}.TP
CALL DU_T201_002 ;

DU_{Part Name} {Edge Index}.TP

This is a subprogram for performing deburring on each edge with force control contouring operation. It
is called from DS_{Part Name}.TP. It is automatically generated from DG_{Part Name} {Edge

Index}.TP.

e DU_T201_001.TP

1:
2:
3:
4:

IROBOGUIDE Auto-Generated TPP ;
I for FC Deburring Package, ;

17201, ;

IFeaturel ;
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UFRAME_NUM=5;
UTOOL_NUM=5;

e S

9: CALL PTPINIT('T201''FEATUREL',"',0) ; <—Specify a part name and an edge name.
10: CALL PTPSETUF(5,1049.74,(-22.8),317.76,(-.1),(-1.32),(-14.308)) ; <—Set a user frame.
11: PR[10,4]=0;

12: PR[10,5]=90; <—Set "Push Dir. Offset Angle"
13: PR[10,6]=0;
14: CALL FCNCHCFR(1,10) ; <Change pushing direction in contouring schedule

15: ;

16:J P[1] 50% CNT100 ; <—Point above the contouring approach point
17:L  P[2] 100mm/sec FINE ; <Contouring approach point

18. FORCE CTRLJ[10:!'ForDeburrOnly!] ErrorLBL[0] ; «<—Start contouring.

19:L  P[3] 50mm/sec CNT100 ; <—First edge point

20:L P[4] 50mm/sec CNT100 ;
21:L.  P[5] 50mm/sec CNT100 ;

22:L  P[6] 50mm/sec CNT100 ; <—Last edge point

23:L  P[7] 50mm/sec FINE ; <Leave point of contouring

24: FORCE CTRL[30:] ErrorLBL[O0]; <—End contouring.

25:L  P[8] 1000mm/sec CNT100 ; <—Point above the leave point of contouring

If the “Non Stop When Gen. Fail” is enabled and the deburr path generation fails, the following TP
program will be generated.
e Foran open edge

DU_T201_001.TP

1. ! Auto-Generated Deburring TPP ;

2. ! Dby FC Deburring Package ;

3: IPARTL,

4. 1FEATUREL;

5: ;

6: UFRAME_NUM=5;

7: UTOOL_NUM=5;

8: ;

9
10: CALL PTPINIT('T201''FEATUREL','",0); «<—Specify a part name and an edge name.
11: CALL PTPSETUF(5,1049.74,(-22.8),317.76,(-.1),(-1.32),(-14.308)) ; <—Set a user frame.
12: :
13:J P[1] 50% CNT100 ; <—Point above the first edge point

14:L P[2] 1000mm/sec CNT100 ; <—Point above the leave point of contouring

e Foraclosed edge
DU T201 001.TP
. 1 Auto-Generated Deburring TPP ;
! by FC Deburring Package ;
1 PARTL;
I FEATUREL;

UFRAME_NUM=5;
UTOOL_NUM=5;

©ONDU RN

CALL PTPINIT('T201',/FEATUREL'",'',0) ; <—Specify a part name and an edge name.
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11: CALL PTPSETUF(5,1049.74,(-22.8),317.76,(-.1),(-1.32),(-14.308)) ; <Set a user frame.
12: :
13:J P[1] 50% CNT100 ; <—Point above the first edge point
C.2 TP PROGRAMS RELATED TO UPDATING DATA FILES
C.2.1 CM {Part Name}.TP

This is a main program for automatically generating a program for updating a data file. It is generated
by ROBOGUIDE.

e CM_T201.TP

NN WN

C.2.2

IROBOGUIDE Auto-Generated TPP;
! for FC Deburring Package,;
1T201;

CALL BG_T201_T1;
CALL BG_T201_T2;
CALL BG_T201_T3;

CALL CG_T201_001; — Call CG_{Part Name}_{Edge Index}.TP
CALL CG_T201_002;

CG_{Part Name} {Edge Index}.TP

This is a subprogram for automatically generating a program for finding each edge and updating a data
file. Itis called from CM_{Part Name}.TP. Itis generated by ROBOGUIDE.

For arobot-mounted camera
e CG_T201 001.TP

©CONDURWN R

10:
11:
12:
13:J
14.
15:
16:

17:L  P[2] 500mm/sec FINE ;

18:
19:

IROBOGUIDE Auto-Generated TPP;
I for FC Deburring Package,;

1T201,;

IFeaturel;

UFRAME_NUM=5;
UTOOL_NUMS=5;

LBL[1];
CALL PTPINIT(T201, FEATUREL',’T201_DB’,51) ;

P[1] 25% FINE ;
CALLLED ON
VISION RUN_FIND °T201_DB’;

Find an edge
VISION RUN_FIND ’T201 DB’ ;

20:L  P[3] 500mm/sec FINE ;

21:
22:

VISION RUN_FIND 'T201_DB’ ;

23:L P[4] 500mm/sec FINE ;
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24.
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:

VISION RUN_FIND 'T201_DB’ ;

CALL LED_OFF ;

CALL PTPCNTR ; = Generate CT_{Part Name}_{Edge Index}.TP.

IF R[51]<0,JMP LBL[2] ;

END ;
LBL[2] ;
UALMI5] ;
JMP LBL[1] ;

For a fixed camera

e CG_T

C.2.3

©ONDURWN I

201 _001.TP
IROBOGUIDE Auto-Generated TPP;
! for FC Deburring Package,;
1T201,;
IFeaturel;

UFRAME_NUM=5;
UTOOL_NUM=1;

LBL[1];
CALL PTPINIT(T201, FEATUREL',’T201_DB’,51) ;

VISION RUN_FIND *T201_DB’ ;
CALL PTPCNTR;

IF R[51]<0,JMP LBL[2] ;

END ;

LBL[2] ;

UALMI5] ;
JMP LBL[1] ;

CS_{Part Name}.TP

This is a main program for updating data files with force control contouring operation.
ROBOGUIDE.

e CS_T201.7P

ook RE

IROBOGUIDE Auto-Generated TPP;
! for FC Deburring Package,;
1T201;

CALL CT_T201_001; — Call CT_{Part Name} {Edge Index}.TP

CALL CT_T201_002;
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C.2.4

CT_{Part Name} {Edge Index}.TP

This is a subprogram for updating the data files for each edge with force control contouring operation. It
is called from CS_{Part Name}.TP. It is automatically generated from CG_{Part Name} {Edge
Index}.TP.

e CT_T201 001.TP

C.2.5

1: UFRAME_NUM=5 ;
2:

UTOOL_NUM=5;
3: CALL PTPINIT('T201''FEATUREL',"",0) ; «Specify a part name and an edge name.
4: CALL PTPSETUF(5,1049.74,(-22.8),317.76,(-.1),(-1.32),(-14.308)) ; «Set a user frame.
5. P[1] 25% CNT100 ; «—Point above the contouring approach point
6:L P[2] 100mm/sec FINE ; «—Contouring approach point
7. RUN CTRMONIT ; «Start position recording
8: FORCE CTRL[10:!'ForDeburrOnly!] ErrorLBL[0] ; «Start contouring.
9:L P[3]50mm/sec CNT100 ; «—First edge point

10:L  P[4] 50mm/sec CNT100 ;
11:L P[5] 50mm/sec CNT100 ;

12:L  P[6] 50mm/sec CNT100 ; «—Last edge point

13:L  P[7] 50mm/sec FINE ; «—Leave point of contouring

14: FORCE CTRL[30:] ErrorLBL][0] ; «—End contouring.

15: CALL PTPEND; «—End position recording, and update the data file.

16:L P[8] 500mm/sec CNT100 ; «—Point above the leave point of contouring
CTRMONIT. TP

This is a subprogram for recording the robot position. It is called from CT_{Part Name}.TP. It is
automatically generated from CG_{Part Name}_{Edge Index}.TP.

e CTRMONIT

1: CALL PTPMONIT; <—Record the position.
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