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This publication contains proprietary information of FANUC America Corporation furnished for
training customer use only. No other uses are authorized without the express written
permission of FANUC America Corporation.

This document is based on information available at the time of its publication. While efforts have
been made to be accurate, the information contained herein does not purport to cover all details
or variations in hardware or software, nor provide for every possible contingency in connection
with installation, operation, or maintenance. Features may be described herein which are not
present in all hardware and software systems. FANUC America assumes no obligation of notice
to holders of this document with respect to changes subsequently made.

FANUC America makes no representation or warranty, expressed, implied, or statutory
with respect to, and assumes no responsibility for the accuracy, completeness,
sufficiency, or usefulness of the information contained herein. No warranties of
merchantability or fitness for purpose shall apply.

No part of this manual may be reproduced in any form. The information illustrated or contained
herein is not to be reproduced, copied, downloaded, translated into another language, published
in any physical or electronic format, including internet, or transmitted in whole or in part in any
way without the prior written consent of FANUC America Corporation.
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FANUC conducts courses on its products on a regularly scheduled basis at several locations in
North America as well as on-site. For additional information contact:

FANUC America Corporation
Training Department

3900 West Hamlin Road
Rochester Hills, Ml 48309

A training catalog and schedule may be downloaded from our website www.fanucamerica.com

For customer assistance, including Technical Support, Service, Parts & Part Repair, and
Training Requests, contact us at 1-888-FANUC-US (1-888-326-8287).

Please send your comments and suggestions about this manual to:

training.qroup@fanucamerica.com




FANUC

Customer Resource Center

1-888-FANUC-US, option 1 for Robotics

www.fanucamerica.com

TECHNICAL PHONE
SUPPORT *

Press 1
FAX: 248-377-7832

PARTS & PART
REPAIR *

Press 2
FAX: 248-377-7832

ONSITE FIELD
SERVICE *

Press 3
FAX: 248-377-7832

PRODUCT & SYSTEMS
TRAINING

Press 4
FAX: 248-377-7367

MARKETING, SALES,
& LITERATURE
REQUESTS

Press 5

Technical Phone
Support
Highly-qualified
technical support
specialists.

Staffed 24/7

Automatic Email
Notification and
verification for all
cases open and
closed

Parts/Repair Orders
including quotes,
order follow-up,
Warranty, Repair
and Down Robot.

Robot software and
software options

Down Production
Service

Warranty Service
Operational Audits
Preventative
Maintenance
Services
Programming
Services

Training class

registration

Consultation for
non-standard
training classes or
on-site requests

®  New product sales

®  System solution
sales

®  Product and
application
information

For best call results
have:

F# or serial number
information

Hour meter reading
(if available)

Software type and
edition

For best call results
have:

Part number &
description (if
known)

F# or serial number
information

Method of payment

For best call results
have:

Part number &
description (if
known)

F# or serial number
information

Method of payment

For best call results
have:

Your billing address

Types of courses
needed

Special
requirements
F# or serial number

For best call results
have:

=  Description of your
need

- Any error messages (P.O., credit card, (P.O., credit card, information
and LED displays (if etc.) etc.) - Proposed
applicable) =  Shipping & billing =  Shipping & billing schedules
addresses addresses - Number of peaple
= Repairs — problem = Reason for repair attending
description (any (any symptoms, . .
symptoms, error error codes, or :\t’l;g(aeg:enames i
codes, or diagnostic diagnostic LEDs )
LEDs that were that were identified) | = Method of payment
identified) - Requested Arrival “:'O" credit card,
=  Warranty — serial Time etc.)
number or PO you
placed original
order with.
*NOTES:

A RETURN AUTHORIZATION (“RA”) FROM THE SPARE PARTS DEPARTMENT IS REQUIRED BEFORE ANY MATERIAL IS
SHIPPED BACK TO FANUC ROBOTICS. ITEMS RETURNED WITHOUT PROPER AUTHORIZATION WILL BE SUBJECT TO
RETURN AT CUSTOMER EXPENSE.

ROBOT F# OR SERIAL NUMBER IS LOCATED ON THE ROBOT BASE OR OPERATIONAL PANEL. ROBODRILL SERIAL
NUMBER IS LOCATED ON THE UPPER RIGHT CORNER OF RIGHT HAND DOOR OF REAR ELECTRICAL CABINET.

To register for free online services please visit: http:/robot.fanucamerica.com/Contact-us/Contact-us.aspx




FANUCQC

Customer Resource Center (cRc) Support Services

FREE Web Solutions

The FANUC cRc Website provides Web Chat Support for all our registered customers found on hitps://crc.frc.com. Additionally, the
website provides free access to all product datasheets. Features include the ability to submit parts orders or request parts returns for
new, warranty and certified repair. With the assistance of the parts search engine, customers can access pricing and availability
information. Another key feature is order tracking with automatic email notification capabilities for all parts orders. To take advantage of
our Web Solutions, register at hitps://crc.frc.com then click on the link labeled “Not Registered?”

FREE Technical Phone Support

cRc provides a multilingual, 24-hour telephone support group that possesses advanced troubleshooting skills to quickly resolve
customers’ technical robot issues or to simply assist with normal setup and maintenance questions. If required, we will assist with
dispatching our highly-skilled service engineers to conduct onsite repairs or start-up installation support. Other routine services
provided via our technical phone support include: parts identification, after-hours support, and email based support, FAQ's, error code
lookup and remote diagnostics. The Technical Support Group can be reached by phone or email
technicalsupport@fanucamerica.com

Training Solutions — cR¢'s Training Group provides 22,000+ square feet of laboratory space, current model robots,
ROBODRILLS and 9 classrooms to provide you with the best "THANDS ON" training available. We also conduct —
classes at our regional offices or at your facility. We also offer computer-based elLearn training solutions. To register |A€; ot ET
for a class or inquire about special training needs, please call or visit our website at www.fanucamerica.com/training o g
where a complete product training schedule, course descriptions, online registration form and a wealth of other —
information is available.

Onsite Field Service Support — Service offerings include: local and regional dispatch, after-hours down production support, primary
and resident site service engineers, installation support and programming, operation and performance audits, preventive maintenance,
warranty tracking and repair, root cause analysis, and product reworks. The Field Service Group can be reached by phone or email
fieldservice@fanucamerica.com

Parts — An inventory of over $52 million is available to meet spare part needs. Our staff of customer service representatives are
available 24/7/365 and will promptly assist you with any parts orders or inquiries. Emergency orders can be processed at any time of
the day. Spare Parts can be reached by phone or emailing spareparts@fanucamerica.com, or by sending a fax to 248-377-7832.

Certified Parts Solutions —Certified repair services are available for over 1,300 different components from multiple controller
platforms. Our Rochester Hills facility performs autharized repair for North America using authentic FANUC parts. After the repair is
completed, it is tested to original OEM specifications. Once the repair has passed our testing, it is certified, and the warranty plus repair
data are posted on-line. OEM-specified updates and upgrades are also included during the repair process at no additional cost. Contact
us to obtain a return authorization or log onto the cRc Site and use our easy three-step process. For additional cost savings, core
credits are available on numerous parts.

Note: All certified repairs are backed by the same one-year warranty as a new FANUC America part.

Certified Robots for Reapplication — FANUC America supports your production Robot andfor ROBODRILL for its entire production
life. The following is just a list of services offered to maximize life expectancy and minimize downtime.

- Robot Evaluations

- Recertification Process

- Upgrade Options — (additional auxiliary axes, adding vision hardware/software)

*All enhanced robots are backed by a limited one-year manufacturer’'s warranty.

When contacting cRc Services, please have your serial number available.
The F number tag locations are shown in this drawing.

=L FANUC America Corporation Mississauga, Ontario,
. 3900 W. Hamlin Road Canada
Rochester Hills, Ml 48309-3253 (905) 812-2300
Huntersville, NC 3
(704) 596-5121 Montréal, Quebec,
lﬁ : Canada
' '"i B Hoffman Estates, IL (450) 492-9001
- e (847) 898-6000
| ' “,t Lake Forest, CA Aguascalientes, Mexico
. (949) 595-2700 52 (449) 922-8000
b #¥ | Mason, OH -
) Sao Paulo, Brazil
(513) 754-2400 55 (11) 3619-0599




ROBOGUIDE®

Robot Programming and
Simuiation

ROBOGUIDE is the leading offline
programming product on the
market for FANUC robots. The
ROBOGUIDE family of process
focused software packages allows
users to create, program and
simulate a robotic workcell in 3-D
without the physical need and
expense of a prototype workcell
setup. With virtual robots and
workcell models, offline program-
ming with ROBOGUIDE reduces
risk by enabling visualization of
single and multi-robot workcell
layouts before actual installation.

With ROBOGUIDE, sales, proposal
and application engineers can
import CAD models of parts, create
a workeell including machines, part
transfer devices and obstacles and
teach robot paths to simulate the
operation and performance of a
multi-robot workcell. Reach
verification, collision detection,
accurate cycle time and robot
trajectory and other system
operations are provided in
ROBOGUIDE's graphical virtual
environment.

Virtual Robot Controller
Software

True robot operation is provided
using Virtual Robot Controilers
which are a copy of the real
software that runs on your robots.
The Integrated Virtual Teach
Pendant looks and operates like

a real Teach Pendant. FANUC
robots can be configured in many
configurations with many axes. The
virtual robot supports configurations
including multiple arms, positioners
and auxiliary axes.

The ability to create a virtual robot
copy of your real robot makes it
efficient to model already existing
workcells. A backup of your real

robot can be used to duplicate the
robot in ROBOGUIDE. This feature
can be used for optimization and
debug of production robots.

Cycle Time and Trajectory
Profiling

Accurate cycle time reporting and
trajectory plotting are essential
when optimizing workcell
parameters. ROBOGUIDE’s cycle
time profiler reports cycle time at
the program, routine and motion
instruction level. Robot motion
trajectory tracing displays robot
tool center point traces and can
be plotted showing speed and
accelerations along the trace.

Program Upload Download
/Round Trip

Seamless data transfer between
real and viriual robots. Programs
can be uploaded and downloaded
between real and virtual robots
with no translation. Changes made
in ROBOGUIDE can be directly
loaded {o a robot and changes on
a real robot can be directly loaded
to ROBOGUIDE.

ONNVH

SOHOQGR

Physical iPendant™
Support

Operators can learn real Teach
Pendant operations quickly with

a physical iPendant connection

to ROBOGUIDE virtual robots.
With optional interface hardware,

a real iPendant can be attached
and used with ROBOGUIDE.
Operator training can be performed
without the need for a physical
robot controller and robot arm.

Workcell Modeling and
Machine Building

Complete workcell simulation
can be obtained. Workcells
contain more than robots as
moving devices. Workcells can be
constructed with multiple robots,
positioners, conveyors and other
moving and non-moving fixtures.
ROBOGUIDE supports the
modeling of essentially any robot
configuration including multiple
arm, robot with positioner and a
robot on auxiliary axes.



CAD to Path

Drastically reduce programming
time with comprehensive CAD

to Path programming. Define

a feature line on a CAD model

and quickly generate programs
using the feature line information.
Hours of manual programming

can be eliminated. CAD to Path
supports generation of programs
for coordinated motion, remote tool
center point, multi-arm coordination
and other configurations.

Motion Optimization

Optimize cycle time and motion for
running production robot programs
to reduce cycle time. ROBOGUIDE
can connect to a robot, monitor
robot motion and provide direction
on improving cycle time. The visual
feedback of a robot’s performance
and the easy-to-use interface allows
the robot programmer to pinpoint
performance bottlenecks and take
corrective action.

Process Focused Software

ROBOGUIDE builds on FANUC
Robotics application process
focus. Process plug-ins customize
the ROBOGUIDE interface with
process specific capabilities.

ROBOGUIDE - WeldPRO™

WeldPRO simulates robotic arc
welding process. WeldPRO CAD
to Path programming capability
supports auto generation of multiple
robot group coordinated motion
programs with defined torch angles
and process parameters. Programs
and settings from the virtual
workeell can be transferred to the
real robot to decrease installation
time.

ROBOGUIDE -
HandlingPRO™

HandlingPRO is used for material
handling applications including
load/unload, packaging, assembly
and material removal. Features
of HandlingPRO include CAD to

Path programming, conveyor line
tracking, machine modeling and
programming.

ROBOGUIDE - PalletPRO™

PalletPRO simulation software can
be used to completely build, debug
and test a palletizing application
offline. PalletPRO allows users to
create a workceli layout, infeed
and pallet stations, slip sheet and
pallet dispensers. Hundreds of
unit load pallet configurations can
be created and visualized in 3-D
using PalletPRO’s built-in library
of industry standard patterns. The
data created in PalletPRO can

be downloaded to a real robot
controller containing PalletTool®
software.

ROBOGUIDE - PickPRO

PickPRO lets you simulate and
analyze high-speed picking
processes. Visualize the operation
of multi-robot systems interfaced
to multiple conveyors and related
equipment. It includes utilities

to test the impact of various
application parameters such as
conveyor speed, product spacing
and orientation, workload sharing
among multiple robots, conveyor
flow direction, robot model,
equipment location, multi-tooled
grippers and even exceptions
such as surges and interruptions
in product flow. PickPRO is an
indispensable engineering and
sales tool.

Intelligent Robot Solutions

FANUC Robotics America, Inc.
3900 W. Hamlin Road
Rochester Hills, Ml 48309-3253

For sales or technical information, call:
1-800-iQ-ROBOT

marketing@fanucrobotics.com
fanucrobotics.com

ROBOGUIDE - PaintPRO™

FANUC Robotics PaintPRO
software is a graphical offline
programming solution that
simplifies robotic path, teach and
paint process development. The
operator automatically generates
robot programs by graphically
selecting the area of the part to
be painted and chooses between
several painting methods.

ROBOGUIDE - MotionPRO

MotionPRO is a revolutionary
software which runs on a PC

and when connected to a

FANUC robot can provide expert
assistance in optimizing robot
motion. MotionPRO can potentially
reduce 5-20% of cycle time and a
significant amount of teaching and
touch-up time.

Note: ROBOGUIDE® and
PalletTool® are registered
trademarks of FANUC LTD.

FANUC
Robootics

Charlotte, NC Toronto, Canada

(704) 596-5121 (905) 812-2300

Chicago, IL Montréal, Canada

(847) 898-6000 (450) 492-9001
Cincinnati, OH Aguascalientes, Mexico

(513) 754-2400 52 (449) 922-8000

Los Angeles, CA
(249) 595-2700

Sao Paulo, Brazil
(55) (11) 3619-0599

Toledo, OH
(419) B866-0788

©2008 FANUC Robotics America, Inc.  All rights reserved. FANUC ROBOTICS LITHO IN U.S.A. FRA-8/08
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HandlingTool 1: COU I'se Ovel‘VieW

1 COURSE OVERVIEW

This course is intended for an operator, technician, engineer or programmer who must setup,
record and/or troubleshoot programs on a HandlingT ool software package. The course covers
the Robot Operations outline intermixed with the tasks required to set up the HandlingTool
application, test, run, and refine the program and production setup.

Recommended safety procedures are integrated into all training exercises.

The course consists of lectures, chapter reviews, demonstrations and a series of lab exercises
designed to reinforce what the student has learned.

In addition to lab exercises, a pre-test and a post-test are used to measure mastery of
objectives.

1.1 Course goal

Upon successful completion of this course, the student will be able to perform the following:

» Power up and jog the robot. e Execute production operations.
e Execute Teach Pendant Operations. e Create, modify and execute a material
handling program.
¢ Set Robot Payload. » Edit Programs.
e Perform File and Image Backups. ¢ Monitor, force, and simulate input and
output signals.
¢ Save Individual Files. ¢ Program Branching Instructions.
¢ Recover from common program and ¢ Program Position Register Instructions.
robot faults.
¢ Create TOOL, USER, and JOG ¢ Create and execute Macros.
Frames.

1.2 Prerequisites
None; although it may be easier if the student has taken the Robot Operations class first.

1.3 Course Schedule
e Session 1 (Day 1, Morning)
s Introductions
e Safety
o Pre-Test
» Robot Overview

¢ iPendant

MATAGHANDG318CE 1
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Session 2 (Day 1, Afternoon)
» Jogging

¢ File Manipulation

e Initial Setup

Session 3 (Day 2, Morning)
e Alarms

s Frames

Session 4 (Day 2, Afternoon)
e Frames

o Creating a Program

o Edit Command

Session 5 (Day 3, Morning)
» Motion Instructions

¢ [nputs/Outputs

Session 6 (Day 3, Afternoon)
» Branching

Session 7 (Day 4, Morning)
s Branching

e Macros

Session 8 (Day 4, Afternoon)

s PR Offset and Miscellaneous Instructions

» Final Exercise
s Post Test

o Course Reviews

1.4 Objectives

Students successfully completing this course will be able to:

L

Robot System

¢ Identify the components that make up a Robot System

» |dentify the Major and Minor Axes

¢ Have a general understanding of SERVO Motors and Serial Pulse Coders

e ldentify the controller and components

MATAGHANDO0318CE
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Understand motion groups and extended axes
Understand the role of the robots software
Identify the uses of each item on the Standard Operators Panel (SOP)

Power on the Robot System

¢ Pendant

Receive an iPendant Overview
Learn the functions of the iPendant switches and keys
Learn how to navigate the iPendant screens

Perform iPendant Operations

+ Jogging

Jog the Robot in Joint and World

View Positional Data

¢ File Manipulation

Controller Memory Overview
Understand the Types of Backups
Perform a File Backup and Restore
Perform an Image Backup and Restore

¢ Initial Setup

Setup Robot Axis Limits
Understand Payload
Verify Mastering

e Alarms

Diagnose Faults and Messages

Recover from common errors

¢ Frames

Understand a 3D Cartesian Coordinate System
Learn the different Frame Types

Create Tool Frames

Create User Frames

Create Jog Frames

Save Frame Data

MATAGHANDO318CE
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Creating a Program

[ ]

Understand what a motion program is
Select Screen Overview

Edit Screen Overview

Create a Program

Understand Program Detail information
Record positions in a program

Test a Program

Motion Instructions

°

Elements that describe a motion instruction

Understand differences between Linear and Joint Motion

Positon Information Overview

Understand the difference between a Position and a Position Register
Understand Robot Speed Values

Learn the difference between FINE and Continuous Termination

Edit Command

Inserting blank lines into a program.

Deleting lines from a program.

Copying and Pasting Instructions within a program.
Replacing items within a program.

Renumbering Position ID’s.

Displaying Comments within a program.

Undo commands.

Remarking lines in a program.

Displaying color backgrounds

Displaying I/O status.

Inputs and Outputs

I/O Overview

Types of I/O

Types of I/O Hardware
Configuring I/O
Configure Group /O

MATAGHANDO318CE
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o Monitor and Force I/O

¢ Branching
e Branching Instruction Overview
» Program Unconditional Branching instructions
e Program using Data Registers
+ Program using Conditional Branching Instructions
¢ Program using Wait Instructions
e Macros
e Create a Macro Program
e Assign a Macro
e Use Macro Instruction
o PR Offsets and Miscellaneous
+ Apply Position Register Instructions
* Apply Position Register [i, j] Instructions
s Apply Position Register Offset Motion Option Instructions

e Utilize Miscellaneous Instructions
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HandlingTool 2: Safety
2 SAFETY

FANUC America Corporation is not and does not represent itself as an expert in safety systems,
safety equipment, or the specific safety aspects of your company and/or its work force. It is the
responsibility of the owner, employer, or user to take all necessary steps to guarantee the safety
of all personnel in the workplace.

The appropriate level of safety for your application and installation can best be determined by
safety system professionals. FANUC America Corporation therefore, recommends that each
customer consult with such professionals in order to provide a workplace that allows for the safe
application, use, and operation of FANUC America Corporation systems. -

According to the industry standard ANSI/RIA R15-06, the owner or user is advised to consult
the standards to ensure compliance with its requests for Robotics System design, usability,
operation, maintenance, and service. Additionally, as the owner, employer, or user of a robotic
system, it is your responsibility to arrange for the training of the operator of a robot system to
recognize and respond to known hazards associated with your robotic system and to be aware
of the recommended operating procedures for your particular application and robot installation.

Ensure that the robot being used is appropriate for the application. Robots used in classified
(hazardous) locations must be certified for this use.

FANUC America Corporation therefore, recommends that all personnel who intend to operate,
program, repair, or otherwise use the robotics system be trained in an approved FANUC
America Corporation training course and become familiar with the proper operation of the
system. Persons responsible for programming the system-including the design, implementation,
and debugging of application programs-must be familiar with the recommended programming
procedures for your application and robot installation.

The following guidelines are provided to emphasize the importance of safety in the workplace.
2.1 CONSIDERING SAFETY FOR YOUR ROBOT INSTALLATION
Safety is essential whenever robots are used. Keep in mind the following factors with regard to
safety:

¢ The safety of people and equipment

e Use of safety enhancing devices

e Techniques for safe teaching and manual operation of the robof(s)

e Techniques for safe automatic operation of the robot(s)

¢ Regular scheduled inspection of the robot and workcell

e Proper maintenance of the robot

2.1.1 Keeping People Safe

The safety of people is always of primary importance in any situation. When applying safety
measures to your robotic system, consider the following:
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External devices
Robot(s)
Tooling
Workpiece

2.1.2 Using Safety Enhancing Devices

Always give appropriate attention to the work area that surrounds the robot. The safety of
the work area can be enhanced by the installation of some or all of the following devices:

Safety fences, barriers, or chains
Light curtains

Interlocks

Pressure mats

Floor markings

Warning lights

Mechanical stops

EMERGENCY STOP buttons
DEADMAN switches

2.1.3 Setting Up a Safe Workcell

A safe workcell is essential to protect people and equipment. Observe the following
guidelines to ensure that the workcell is set up safely. These suggestions are intended to
supplement and not replace existing federal, state, and local laws, regulations, and
guidelines that pertain to safety.

Sponsor your personnel for training in approved FANUC America Corporation
training course(s) related to your application. Never permit untrained personnel to
operate the robots.

Install a lockout device that uses an access code to prevent unauthorized persons
from operating the robot.

Use anti-tie-down logic to prevent the operator from bypassing safety measures.

Arrange the workcell so the operator faces the workcell and can see what is going on
inside the cell.

Clearly identify the work envelope of each robot in the system with floor markings,
signs, and special barriers. The work envelope is the area defined by the maximum
motion range of the robot, including any tooling attached to the wrist flange that
extend this range.

Position all controllers outside the robot work envelope.

Never rely on software or firmware based controllers as the primary safety element
unless they comply with applicable current robot safety standards.

MATAGHANDO318CE
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Mount an adequate number of EMERGENCY STOP buttons or switches within easy
reach of the operator and at critical points inside and around the outside of the
workcell.

Install flashing lights and/or audible warning devices that activate whenever the robot
is operating, that is, whenever power is applied to the servo drive system. Audible
warning devices shall exceed the ambient noise level at the end-use application.

Wherever possible, install safety fences to protect against unauthorized entry by
personnel into the work envelope.

Install special guarding that prevents the operator from reaching into restricted areas
of the work envelope.

Use interlocks.

Use presence or proximity sensing devices such as light curtains, mats, and
capacitance and vision systems to enhance safety.

Periodically check the safety joints or safety clutches that can be optionally installed
between the robot wrist flange and tooling. If the tooling strikes an object, these
devices dislodge, remove power from the system, and help to minimize damage to
the tooling and robot.

Make sure all external devices are properly filtered, grounded, shielded, and
suppressed to prevent hazardous motion due to the effects of electro-magnetic
interference (EMI), radio frequency interference (RFI1), and electro-static discharge
(ESD).

Make provisions for power lockout/tagout at the controller.

Eliminate pinch points. Pinch points are areas where personnel could get trapped
between a moving robot and other equipment.

Provide enough room inside the workcell to permit personnel to teach the robot and
perform maintenance safely.

Program the robot to load and unload material safely.

If high voltage electrostatics are present, be sure to provide appropriate interlocks,
warning, and beacons.

If materials are being applied at dangerously high pressure, provide electrical
interlocks for lockout of material flow and pressure.

2.1.4 Staying Safe While Teaching or Manually Operating the Robot

Advise all personnel who must teach the robot or otherwise manually operate the robot to
observe the following rules:

Never wear watches, rings, neckties, scarves, or loose clothing that could get caught
in moving machinery.

Know whether or not you are using an intrinsically safe iPendant if you are working in
a hazardous environment.

Before teaching, visually inspect the robot and work envelope to make sure that no
potentially hazardous conditions exist. The work envelope is the area defined by the
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maximum motion range of the robot. These include tooling attached to the wrist
flange that extends this range.

» The area near the robot must be clean and free of oil, water, or debris. Immediately
report unsafe working conditions to the supervisor or safety department.

o FANUC America Corporation recommends that no one enter the work envelope of a
robot that is on, except for robot teaching operations. However, if you must enter the
work envelope, be sure all safeguards are in place, check the iPendant DEADMAN
switch for proper operation, and place the robot in teach mode. Take the iPendant
with you, turn it on, and be prepared to release the DEADMAN switch. Only the
person with the iPendant should be in the work envelope.

A WARNING

Never bypass, strap, or otherwise deactivate a safety device, such as a limit switch, for
any operational convenience. Deactivating a safety device is known to have resuited in
serious injury and death.

* Know the path that can be used to escape from a moving robot; make sure the
escape path is never blocked.

¢ |solate the robot from all remote control signals that can cause motion while data is
being taught.

e Test any program being run for the first time in the following manner:

A WARNING

Stay outside the robot work envelope whenever a program is being run. Failure to do so
can result in injury.

* Using a low motion speed, single step the program for at least one full cycle.

e Using a low motion speed, test run the program continuously for at least one full
cycle.

¢ Using the programmed speed, test run the program continuously for at least one
full cycle.

¢ Make sure all personnel are outside the work envelope before running
production.

2.1.5 Staying Safe during Automatic Operation
Advise all personnel who operate the robot during production to observe the following rules:
o Make sure all safety provisions are present and active.

o Know the entire workcell area. The workcell includes the robot and its work
envelope, plus the area occupied by all external devices and other equipment with
which the robot interacts.

» Understand the complete task the robot is programmed to perform before initiating
automatic operation.
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Make sure all personnel are outside the work envelope before operating the robot.

Never enter or allow others to enter the work envelope during automatic operation of
the robot.

Know the location and status of all switches, sensors, and control signals that could
cause the robot to move.

Know where the EMERGENCY STOP buttons are located on both the robot control
and external control devices. Be prepared to press these buttons in an emergency.

Never assume that a program is complete if the robot is not moving. The robot could
be waiting for an input signal that will permit it to continue activity.

If the robot is running in a pattern, do not assume it will continue to run in the same
pattern.

Never try to stop the robot, or break its motion, with your body. The only way to stop
robot motion immediately is to press an EMERGENCY STOP button located on the
controller panel, iPendant, or emergency stop stations around the workcell.

2.1.6 Staying Safe During Inspection

When inspecting the robot, be sure to

Turn off power at the controller.

Lock out and tag out the power source at the controller according to the policies of
your plant.

Turn off the compressed air source and relieve the air pressure.

If robot motion is not needed for inspecting the electrical circuits, press the
EMERGENCY STOP button on the operator panel.

Never wear watches, rings, neckties, scarves, or loose clothing that could get caught
in moving machinery.

If power is needed to check the robot motion or electrical circuits, be prepared to
press the EMERGENCY STOP button, in an emergency.

Be aware that when you remove a servomotor or brake, the associated robot arm wiill
fall if it is not supported or resting on a hard stop. Support the arm on a solid support
before you release the brake.

2.1.7 Staying Safe During Maintenance

When performing maintenance on your robot system, observe the following rules:

Never enter the work envelope while the robot or a program is in operation.

Before entering the work envelope, visually inspect the workcell to make sure no
potentially hazardous conditions exist.

Never wear watches, rings, neckties, scarves, or loose clothing that could get caught
in moving machinery.

Consider all or any overlapping work envelopes of adjoining robots when standing in
a work envelope.
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Test the iPendant for proper operation before entering the work envelope.

o If it is necessary for you to enter the robot work envelope while power is turned on,
you must be sure that you are in control of the robot. Be sure to take the iPendant
with you, press the DEADMAN switch, and turn the iPendant on. Be prepared to
release the DEADMAN switch to turn off servo power to the robot immediately.

» Whenever possible, perform maintenance with the power turned off. Before you open
the controller front panel or enter the work envelope, turn off and lock out the 3-
phase power source at the controller.

» Be aware that an applicator bell cup can continue to spin at a very high speed even if
the robot is idle. Use protective gloves or disable bearing air and turbine air before
servicing these items.

+ Be aware that when you remove a servomotor or brake, the associated robot arm will
fall if it is not supported or resting on a hard stop. Support the arm on a solid support
before you release the brake.

A WARNING

Lethal voltage is present in the controller WHENEVER IT IS CONNECTED to a power
source. Be extremely careful to avoid electrical shock. HIGH VOLTAGE IS PRESENT at

the input side whenever the controller is connected to a power source. Turning the main
disconnect or circuit breaker to the OFF position removes power from the output side of
the device only.

s Release or block all stored energy. Before working on the pneumatic system, shut off
the system air supply and purge the air lines.

» |solate the robot from all remote control signals. If maintenance must be done when
the power is on, make sure the person inside the work envelope has sole control of
the robot. The teach pendant must be held by this person.

e Make sure personnel cannot get trapped between the moving robot and other
equipment. Know the path that can be used to escape from a moving robot. Make
sure the escape route is never blocked.

e Use blocks, mechanical stops, and pins to prevent hazardous movement by the
robot. Make sure that such devices do not create pinch points that could trap
personnel.

A WARNING
Do not try to remove any mechanical component from the robot before thoroughly

reading and understanding the procedures in the appropriate manual. Doing so can
result in serious personal injury and component destruction.

12 MATAGHANDO318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool 2 . Sa fetY

+« Be aware that when you remove a servomotor or brake, the associated robot arm will
fall if it is not supported or resting on a hard stop. Support the arm on a solid support
before you release the brake.

o When replacing or installing components, make sure dirt and debris do not enter the
system.

e Use only specified parts for replacement. To avoid fires and damage to parts in the
controller, never use nonspecified fuses.

« Before restarting a robot, make sure no one is inside the work envelope; be sure that
the robot and all external devices are operating normaily.
2.2 KEEPING MACHINE TOOLS AND EXTERNAL DEVICES SAFE

Certain programming and mechanical measures are useful in keeping the machine tools and
other external devices safe. Some of these measures are outlined below. Make sure you know
all associated measures for safe use of such devices.

2.2.1 Programming Safety Precautions

Implement the following programming safety measures to prevent damage to machine tools
and other external devices.

e Back-check limit switches in the workcell to make sure they do not fail.

+ Implement “failure routines” in programs that will provide appropriate robot actions if
an external device or another robot in the workcell fails.

e Use handshaking protocol to synchronize robot and external device operations.

e Program the robot to check the condition of all external devices during an operating
cycle.

2.2.2 Mechanical Safety Precautions

Implement the following mechanical safety measures to prevent damage to machine tools
and other external devices.

¢ Make sure the workcell is clean and free of oil, water, and debris.

¢ Use DCS (Dual Check Safety), software limits, limit switches, and mechanical hard
stops to prevent undesired movement of the robot into the work area of machine
tools and external devices.

2.3 KEEPING THE ROBOT SAFE

Observe the following operating and programming guidelines to prevent damage to the robot.
2.3.1 Operating Safety Precautions
The following measures are designed to prevent damage to the robot during operation.

* Use a low override speed to increase your control over the robot when jogging the

robot.
* Visualize the movement the robot will make before you press the jog keys on the
iPendant.
MATAGHANDO318CE 13
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* Make sure the work envelope is clean and free of oil, water, or debris.

e Use circuit breakers to guard against electrical overload.
2.3.2 Programming Safety Precautions

The following safety measures are designed to prevent damage to the robot during
programming:

» Establish interference zones to prevent collisions when two or more robots share a
work area.
e Make sure that the program ends with the robot near or at the home position.

e Be aware of signals or other operations that could trigger operation of tooling
resulting in personal injury or equipment damage.

» In dispensing applications, be aware of all safety guidelines with respect to the
dispensing materials.

NOTE: Any deviation from the methods and safety practices described in this manual must
conform to the approved standards of your company. If you have questions, see your supervisor

24 WARNINGS, CAUTIONS, AND NOTES USED IN THIS MANUAL

Throughout the student training manual you will notice a number of Warning, Caution, and
Notes. These items are placed to draw the attention of the student to an item that will either
keep them safe, inform or an issue that could be present, or just as a reminder. It is vital that
you take notice of these items throughout the student training guide. If there are any questions
or concerns relating to any warnings or cautions ensure you bring these items to the attention of
your instructor.

2.4.1 Meaning of Warnings, Cautions, and Notes

A WARNING
Warning notices are used in this publication to emphasize that hazardous voltages,

currents, temperatures, or other conditions that could cause personal injury exist in this
equipment or may be associated with its use. In situations where inattention could
cause either personal injury or damage to equipment, a warning notice is used.

A CAUTION

Caution notices are used in this publication where equipment might be damaged if care
is not taken.

E NOTE: Note notices are used in this publication merely to call attention to information that is
especially significant to understanding and operating the equipment.
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2.5 Dual Check Safety (DCS)

Position/Speed Check features check the speed and position data of motors with two
independent CPUs in the robot controller. These functions can detect position and speed errors
immediately and shut down the motor power by two independent channels. Safety data and
processes are cross-checked by two CPUs. Self-diagnosis of safety hardware and software is
executed periodically to prevent potential failure accumulation.

DCS Position/Speed Check features do not need additional external sensors to monitor speed
and position. Only the built-in servo motor sensors are used for this function. (To use the
OPSFTY safety inputs, external electrical circuits are required.)

DCS functions are certified to meet the requirements of International Standard 1SO13849-1 by a
notarized body

Dual Check Safety (DCS) is a feature that consists of the following safety functions:
» Emergency Stop Control (Standard)
e Position / Speed Check (Option)
e Joint Position Check
e Joint Speed Check
e Cartesian Position Check

¢ Cartesian Speed Check
¢ T1 Mode Speed Check q ’

2.6 TRAINING LAB SAFETY F s -1

While working on the robots in the training or the

classroom robots it is vital to heed all safety warning posted on the safety fence or near the
robot, as well as all verbal instructions from your instructor. Failure to follow posted safety rules
may result in your removal from the training course.

2.6.1 Lab Safety Rules
In the training lab:
+ Do not work on any robot unless an instructor is present.

¢ Keep controller doors closed and locked at all times, unless participating in an
Electrical Maintenance class.

e Lock out controllers when not in the lab.

¢ Keep hands clear of tooling.

* When entering the workcell pay particular attention to the following:
e Only one person at a time may enter the workcell.
e The robot controller must be switched to T1 (TEACH) Mode.
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You must have an enabled (turned on) iPendant with you at all times.
Do not place any body part between the robot and a fixed object.
NO ONE is permitted in the work cell when the robot is in Auto Mode.

16
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3 PRE-TEST

Name: Date:

This test is designed to evaluate your knowledge of FANUC America Corporation HandlingTool
Operations and Programming prior to your taking this course. Each question has four possible
answers and a place to indicate, | don’t know. Choose the one that best answers the question.
There is only one right answer. This test tells us a little about you and helps us to tailor the
course to meet your needs. We appreciate you're taking the time to complete it.

Score: ___/100%
1. Enabling the iPendant gives motion control solely to whom?
A The PLC
B The Controller
C The Operator (person with the pendant)
D Andy from accounting
E |don’t know

2. Assuming standard setup, if you jog the robot in World -Y which
direction will the TCP move?

A Straight out front
Up

To the robots right
To the robots Left
| don’t know

m oo W

3. What key is depressed to switch between the different jog methods?
A POSN

MENU

FCTN

COORD

| don’t know

m oo w
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What two buttons display the Jog Menu
A Shift and Display

B Menu and any jog key

C Shift and COORD

D Group and COORD

E 1don’t know

What type of memory is saved when performing an Image Backup?
F-ROM Only

SRAM Only

F-ROM and SRAM

DRAM

| don’t know

m oo | >

Singularity error can be corrected by moving?
Joint 2 (+/-) 10 degrees

Joint 3 (+/-) 15 degrees

Joint 5 (+/-) 10 degrees

Joint 6 (+/-) 15 degrees

| don’t know

Where is the default Tool Center Point?
Intersection of J1 and J2

m oo w >»

Center of the Faceplate

Tip of the default tool

FANUC robots do not use Tool Center Points
| don’t know

m oo w >

What type of I/O handles communication between the controller and the
robot?

A Digital I/0
UOP I/0
Robot /0
SOP 1/0

| don’t know

m o O @

18
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9. Positional data is dependent on what two frames?
A World and User
Jog and Tool

User and Tool
Tool and World
| don’t know

m o O W

10. Which type of instruction defines for the robot how to move, where to
move, how fast to move, and how to stop?

A Move Instruction

B Logic Instruction

C Motion Instruction

D Kinematics Instruction
E [|don’t know

11. Which type of pasting will paste the motion instructions in order and
renumber the Position ID’s based on first available Position ID?

A LOGIC
POSITION
POS_ID
R_POS

| don’t know

m o O W

12. Which Mode limits all Cartesian speed to less than 250 mm/sec and
joint speed to less than 10%7?

A Auto Mode

T2 Mode

T1 Mode

Neither, this is a system variable setting

m oo

| don’t know
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13. Which motion type moves the TCP in a straight line from the start
position to the destination position?

14.

15.

16.

17.

A
B
C
D
E

Linear

Joint
Circular
Spline

| don’t know

Which Position must the DEADMAN Switch be held to enable motion?

m oo ®o >

Released

Centered

Fully Depressed

The iPendant does not have a DEADMAN Switch
| don’t know

Before forcing an input it must be ?

m o O w >»

Simulated

Named

Part of a Group

Inputs can never be forced
| don’t know

What type of memory is saved when performing a File Backup?

mooow>»

F-ROM Only
SRAM Only
F-ROM and SRAM
DRAM

| don’t know

The six point method of defining a Tool Frame defines the Location and

of a Tool Frame.

m oo w >

Distance
Orientation
Operation
Offset

| don’t know
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18. What are the two possible actions of an IF/SELECT statement?

A Select & Set an output
Set an Output & CALL
JMP LBL & CALL
JMP LBL & WAIT

| don’t know

m o O

19. The motion option OFFSET, PR [x] is offset relative to the orientation of
what Frame?

A TOOL

B JOG

C WORLD

D USER

E |don’t know

20. Which Macro Assignments will execute a Macro in Manual Mode?
A DI, RI, Ul, SOP

UK, SU, MF

Macros can only run in AUTOMATIC Mode

FANUC software does not support Macros

m o O W

| don’t know
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4 ROBOT SYSTEM

4.1 Learning Objectives

After completing this chapter you will be able to:
¢ Identify the components that make up a Robot System
¢ Identify the Major and Minor Axes
¢ Have a general understanding of SERVO Motors and Serial Pulse Coders
o ldentify the controller and components
¢ Understand motion groups and extended axes
e Understand the role of the robots software
¢ Identify the uses of each item on the Standard Operators Panel (SOP)

« Power on the Robot System
4.2 Robot System Overview

The robot system consists of the robot (mechanical unit), the controller, and FANUC software.
Due to the variation of robotic applications, FANUC makes a variety of robot mechanical units
that will work with the R-30iB and R30iB Plus controller.

The image below displays an example of a robot system: the robot and controller. Your system
layout might vary depending on the kind of equipment you are using. Each of the items depicted
below described in more detail in this chapter.

Operator
— Panel

Breaker

iPendant

~ Robot
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4.3 Mechanical Unit
A robot is a series of mechanical links

driven by servomotors. The area at t 7 J4
each junction between the links is a J3 0‘1(7\“4

joint, or axis. L | ‘l%b‘)

& Major Axes: Mlnor Axes:
J1(Axis 1) J4(Axis 4)
J2(Axis2)  J5(Axis 5)
J3(Axis3)  J6 (Axis 6)

N

o The first three axes (1, 2, and 3)
make up the major axes.

e The last three axes (4, 5, and 6)
are the minor axes.

s The movements are rotational
twisting, up-and-down, and
side-to-side motions

e Arobotis classified by the
number of linear and rotational
axes.

E NOTE: A variety of FANUC robot models can be used. Contact your FANUC representative
for more information about the kinds of robots you can use.

4.3.1 Motors

Each axis is driven by a FANUC AC servo motor. The motors are driven by a pulse width
modulated (PWM) signal delivered by the servo amplifier. The motor consists of a
permanent magnet rotor surrounded by windings as shown below.

Brake SPC
L "’”‘ {zncoder Disk

— E—_ }Photocell
Windings [
Light
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4.3.2 Brakes

Most, although not all, robots have motors that are equipped with a brake. The brake
typically consists of an armature controlled by a 90VDC brake coil. The mechanical
construction of the brake is shown in below. The brake is built into the motor and cannot be
replaced as a separate unit.

Below are a few items to note as they relate to the motors:

e Can be damaged from improper lubrication.

NOTE: Refer to the specific Mechanical Unit Operators or Maintenance Manual for
lubrication guidelines.

e Brake failure is typically from lack of current at the brake as opposed to failure of the
brake itself.

¢ Internal brake is applied mechanically and released electrically.
e Brake torque is caused by catching friction plate between armature and end plate
with spring force.

(Friction plate and hub are coupled by spline; hub and shaft are bonded by shrinkage fit.)

Bolt Shaft Hub Friction plate
,, P,
/ / / End plat
_ H o A / m - nd plaie
bpacer\l ’ ’/ i ~ .,-]
7 Sy - ./ ra ;.: g
N | L | e A A
I e I B -
U E U " Armature
[ .
1 T Coil
\ -
' \ — Core
! 8 Spring
o Power OFF e Power ON
(Applied Mechanically ) (Released Electrically)
Armature is pushed by spring Armature is pulled toward core by
force, and then friction plate is electromagnet force to exceed spring
caught between armature and force.
end plate. Friction plate is held Friction plate is released and shaft is
and shatt is fixed. allowed to rotate.
A WARNING
DO NOT perform motor maintenance without proper training.
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4.3.3 Serial Pulse Coder

The serial pulse coder (SPC) is a FANUC proprietary encoder used to track position and
speed for each robot motor. The SPC provides its feedback signal by means of a serial
data packet. This data is sent first to the servo amplifier and then to the CPU via the axis
control card. In addition to position/speed data, this data also includes status information
such as the condition of the motor thermal.

In its most basic form the SPC consists of an optical disc, a light source, and a sensor to
detect the light. The light passes through the disc at strategic places as the disc turns and is
detected by the sensor. At any point in time the position of the axis can be determined by
observing this resultant signal.

e Each motor has a SPC

e Encoder pulse counts are stored in robot
memory when the robot is powered down.

PUL SECODER ¢[10004
TYPE AS50-2008 -T301
LY 853  03060%

FANUC LTD | e

e Encoder pulse count is also stored at each
SPC, and maintained by batteries found at
the base of the robot.

4.4 Controller

The controller contains the power supply, operator controls, control circuitry, and memory that
direct the operation and motion of the robot and communication with external devices. You
control the robot using an iPendant or an operator panel.

e Some systems contain an optional user operator panel (UOP) that provides a remote
user interface to the controller.

e The motion system directs robot motion for all robot axes, including any extended axes
and up to seven additional motion groups.

¢ Controller memory stores the software in addition to any user-defined programs and
data.

There are three common styles of controller:

e A-Size Controller e B-Size Controller e Mate Controller

Regardless of the style of cabinet the controller houses all of the necessary items to operate the
standard six axis robot and communicate externally. In some cases there may be an Auxiliary
Control Panel (ACP) attached to the main controller. This houses any extra hardware that is
required for the robot system to operate. An example would be an additional servo amplifier for
an extended axis or additional motion group.
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e Circuit Breaker: If the electric system in the controlier malfunctions, or if abnormal input
power causes high current in the system, the input power is connected to the circuit
breaker to protect the equipment.

e E-stop unit: This unit controls the emergency stop system of the robot controller. It also
has user interface terminals of safety relevant signals, external on/off sighals etc.

¢ Power supply unit: The power supply unit converts the AC power to various levels of
DC power.

e Main board: The main board contains a microprocessor, its peripheral circuits, memory,
and operator's panel control circuit. The main CPU controls servo mechanism
positioning.

e 6-Axis Servo amplifier: The servo amplifier controls servomotor, Pulsecoder signal,
brake control, EE Connector, overtravel, and hand broken.

A WARNING

Lethal voltage is always present at the input side of the circuit breaker whenever the
controller is connected to a power source. Be extremely careful to avoid electrical
shock. DO NOT perform controller maintenance without proper training.
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4.4.1 Motion Groups

A motion group is a group of axes that work together to perform motion. As compared to a
person: your shoulder, elbow, forearm, wrist, and fingers all work together to move your
arm. In robot terms, these items would all be combined as one motion group.

The controller optionally allows you to create up to eight motion groups. By default, the first
motion group is a robot arm. Additional motion groups can be set up to perform tasks that
are executed simultaneously with those of the robot.

Extended axes are the available axes controlled by the controller beyond the standard
number of robot axes. Depending on your system setup, many applications use extended
axes on jobs that require a rotary axis, sliding axis, rail tracking, opening devices, or line
tracking.

Each motion group can contain up to a maximum of
nine axes. The total number of axes cannot exceed
72. Motion groups are independent, but a maximum of
two motion groups can perform Cartesian coordinated
linear or circular interpolated motion within a single
program.

The controller can support:

« Up to four full (9 axes) kinematics devices
(robot mechanical units )

s Up to eight motion groups

* Non-robot motion groups of one to four axes -l PCB
can be defined.
- mounts
e Upto72axes . here

e Up to 36 axes can be supported on the Axis
Control PCB*.

* If needed, up to 24 axes can be supported
on an Auxiliary Axis PCB. Only 2 auxiliary
axis PCBs can be supported.*

o One to three extended axes can be added to a
motion group.

e The extended axes cannot be used
independently of the motion group.

e Each extended axis adds a position data
field (E1, E2, E3) to the motion group data.

e You cannot exceed nine axes per robot motion
group; you cannot exceed four axes per non-robot motion group.

* = NOTE: Refer to the Software Installation Manual Appendix G for information on axis setup
NOTE: Supporting more than six axes will require additional hardware/software.
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4.4.2 Software
The FANUC software works in conjunction with the robot and the controller to allow you to:
» Set up information required for the application
s Program your application
e Test your program
e Run production
» Display and monitor process information

Other tools such as program and file management capabilities help you to maintain your
system before, during, and after the production stage.

The HandlingTool Application software loaded into the robot controller:
o Defines the function of the robot.
e Contains specific fault isolation and diagnostics.
» Defines communication protocols.
There are two versions of material handling software:
¢ LR HandlingTool (lighter version application — installed on all LR Mate robots only)

e HandlingTool for all other material handling robots
4.5 Standard Operator Panel
The Standard Operator Panel (SOP) allows control of certain basic robot functions and provides

indication concerning robot operation. The SOP contains buttons, key switches, and connector
ports and is part of the controller.

FAULT CYCLE

RESET
(blue) (green)

START FAULT LED Power LED
(Red) (White) EMERGENCY STOP
Button

FAULY CYCLE FAULT POWER
RESET STARY

Mode switch Hour Meter
(option)
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tem Description

Emergency Stop | Applies Robot Brakes and Removes power from motors

Mode Switch Selects either Auto, T1, or T2 mode

Fault Reset Clears a fault message from the iPendant Screen after being corrected

Cycle Start Can start prgrams in Auto Mode. When lit indicates that a program is
running.

Fault Indicator Indicates that a fault has occurred

Power Indicator When lit indicats the controller is on.

Hour Meter Tracks Servo On time

NOTE: The Mate Controller SOP only features the Mode Switch, Cycle Start, and
Emergency Stop.

4.5.1 Mode Select Switch

The MODE SELECT switch is a key switch installed on the controller operator panel. You
use the MODE SELECT switch to select the most appropriate way to operate the robot,
depending on the conditions and situation. The operation modes are AUTO, T1, and T2.

<250mm/s =
T1
AUTD 100%
= = a2

fAUTO}  <250mm/
AUTO 50mm/s

1

) -

2 Mode Switch 3 Mode Switch

When you change the mode using the MODE SELECT switch, the robot is paused and a
message indicating which mode is selected is displayed at the top of the iPendant screen.
This message will be overwritten by status or error messages during operation. The mode
that is currently selected is displayed immediately below the first message, and remains
displayed. For example, if T1 mode is selected, you will see a screen similar to the
following:

BYST-U38 Operation mode Tl Selected —— Message Prompt

TESTL LINE 9949 {Tlje PAUSED

UTILITIES Hints JOINT L0 ® Mode Selected
30 MATAGHANDO318CE

FANUC America Corporation © Copyright2020: DO NOT DUPLICATE



HandlingTool

4: Robot System

When choosing an operation mode ensure you have released the DEADMAN Switch.
Changing modes with the DEADMAN Switch in the center position will generate a SYST-042
DEADMAN Defeated. To clear this fault, release the DEADMAN Switch and press reset.

The operation modes that can be selected using the Mode Select switch are described below:

Program Activation:

Robot Speed:

Safety Equipment:

Locking the Mode:

Program Activation:

Robot Speed:

Locking the Mode:

T1 (<250mm/sec): Test Mode 1

Programs can only be activated from an enabled iPendant with the
DEADMAN Switch centered.

During Cartesian jogging, Cartesian speed is less than 250 mm/sec and
joint speed is less than 10% of the maximum joint speed.

During joint jogging, face plate speed is less than 250 mm/sec.

During program test run at 100% override, the robot's speed will be the
program speed if the program speed is below theT1 mode safe speed.
T1 mode safe speed is defined as 250 mm/sec for TCP and 10% of
maximum joint speeds. If the program speed is above the T1 mode safe
speed, robot motion will be executed at the T1 mode safe speed. With
lower overrides, the robot speed is reduced proportionally according to
the override setting.

Safety fence is bypassed.

Remove the key to lock in the mode.

T2 (100%): Test Mode 2

Programs can only be activated from an enabled iPendant with the
DEADMAN Switch centered.

During Cartesian jogging, Cartesian speed is less than 250 mm/sec and
joint speed is less than 10% of the maximum joint speed.

During joint jogging, face plate speed is less than 250 mm/sec.

During program test run, full program speed is allowed, and the
override can be changed from low to 100%.

You cannot lock the switch in T2. You cannot remove the key from the
switch in this mode.

MATAGHANDO318CE
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AUTO: Automatic Mode

Program Activation: You must select AUTO mode and satisfy all other required conditions to
enable the activation of programs from remote devices connected
through the peripheral /0. When the switch is in AUTO mode, you
cannot start programs using the iPendant.

Robot Speed: The robot is operated at the specified maximum speed as defined in the
program relative to the general override.

Safety Equipment: The safety fence is monitored.

Locking the Mode: You can lock the switch in AUTO mode by removing the key from the
switch.
4.6 Starting Up the Controller

Turning on the robot provides power to the robot and controller. There are a number of ways to
start up the controller, of these the most common is a Cold Start.

A CAUTION

Your plant might require additional inspections before turning on power to the robot. To help
ensure safe operation, you should familiarize yourself with the guidelines for your particular
installation before you turn on the robot.

4.6.1 Conducting a Cold Start
During a cold start the controller:
» |Initializes changes to system variables ¢ Initializes changes to I/O Setup

¢ Displays the HMI screen upon successful startup

Procedure 4-1 Performing a Cold Start

1 Visually inspect the robot, controller, workcell, and surrounding area. During the inspection
make sure all safeguards are in place and the work envelope is clear of personnel.

A WARNING

DO NOT turn on the robot if you discover any problems or potential hazards. Report
them immediately. Turning on a robot that does not pass inspection could result in
serious injury.

2 Turn the power disconnect circuit breaker or power switch on the operator panel to ON.
3 You should see a screen similar to the next page after a complete start up sequence.
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FANUC_ACADEMY LINE 0 T2 ABORTED 9%

JOINT

‘iro (8| )
ts
I/0 STATUS
i) H v

oPERATOR | PROGRAM | 4D GRAPH | serur | cousct | >

4.6.2 Cycle Power from a Powered Up Controller

During operations it may become necessary to cycle power on the controller. This can be
caused from a number reasons. For example it may be necessary to clear a fault or to
initialize a setting.

There are two ways to cycle power on the controller:
e Turn off the main breaker and turn it back on or
s Cycle power from the iPendant.

The safer route is to utilize the iPendant to cycle power. When the pendant executes the
operation there is a built in delay to allow residual power to be released before reapplying
power. This will minimize the likely hood of damaging any of the Printed Circuit Boards
(PCB’s) inside the controller.

NOTE: Cycling power from the iPendant is NOT AVAILABLE on R30iB Plus Mate
controllers and R30iB Mate controllers.

Procedure 4-2 Cycling Power from the iPendant

If motion is executing, press hold to pause the motion.
Enable the iPendant

Press Function

Press -0- Next

A HWN -

Select -8- Cycle Power
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PROG_2 LINE O ABORTED

F‘ (=] ;mr“rth 1

o
< FUNCTION 2
FUNCTION (ALL)

FWD/BWD

1 QUICK/FULL MENUS
12 SAVE

3 PRINT SCREEN

4 PRINT }

1 REFRESH Py

4 LIVE/SNAP
i 5 VISION SET|

6 UNSIM ALL 1/0

; g ’a;ggiOSt‘f 8 CYCLE POWER —
i
= ¢ 220 200 ENABLE HMI MENUS |

{0 -- NEXT

6 On the Prompt Menu select Cold
a On the next Prompt select yes

I CY¥CLE PCWER

This will cycle power. Are you sure?

NO YES OPTIONS

7  After a brief pause the system will shut down and then restart.

Procedure 4-3 Cycling Power from the Main Breaker

If motion is executing, press hold to pause the motion.
Press the ON / OFF button (if applicable)

Turn the breaker off

Count to five

A B ODN -

Turn the breaker back on.
4.6.3 Other Start Up Methods

As previously stated there are a number of ways to power up the robot controller. Although
a cold start is the most common, the other methods have specific uses. Refer the chart
below for more information on other start up methods and the procedure to conduct them.
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Start Method | Description - Procedure
Controlled Allows you to set up application | With the Controller ON
start (START specific information e Press FCTN, -0- Next, and select -8-
CTRL) Allows you to install options CYCLE POWER,
and updates e On the prompt menu select CNTRL
Allows you to save specific then verify YES.
information s The controller will power up in the
Allows you to start KCL Controlled Start Mode
Allows you to print iPendant OR
screens and the current robot
configuration With the Controller OFF
Allows you to unsimulated all e Press and hold the PREV and NEXT
e keys
Does not allow you to load Turn on the controller.
iPendant programs On the configuration menu select
Controlled Start.
Hot Start Turns on power to the robot o With controller ON
gr;itc&gt;ciil(lﬁ'r without entering R Pres_s MENU > SYSTEM >
Hot start is useful when you are Config.
| in production and an error e Setup item 1. Hot Start to TRUE.
occurs requiring controller
restart. The controller will o Cycle power on the controller.
restart in the same condition it
‘ was prior to shutdown. - ]
4.7 Powering Down the Controller

When powering down the FANUC controller there are no special considerations needed to save
information to robot memory. As changes are made they are automatically saved to internal
robot memory. However, if you power down the robot controller while in executing a program
power will be removed from the motors causing the brakes to engage, generating an emergency
stop.

Procedure 4-4 Powering Down the Controller

1 If motion is executing, press hold to pause the motion.
2 Press the ON/ OFF button (if applicable)
3  Turn the breaker off

A WARNING
Lethal voltage is present in the controller WHENEVER IT IS CONNECTED to a power

source. Be extremely careful to avoid electrical shock.

Turning the circuit breaker to the OFF position removes power from the output side of
the device only. High voltage is always present at the input side whenever the controller
is connected to a power source.
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4.8 Chapter Review

1. List the major axes: ) , and

2. List the minor axes: , , and

3. Identify the components of the SOP:

4. Which Mode limits all Cartesian speed to less than 250 mm/sec and
joint speed to less than 10%7?

A Auto Mode
B T2 Mode
C T1 Mode
D Neither, this is a system variable setting
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Lab 1 (Optional)
Robot System Introduction

Student Name:

Assignment: The student will:
¢ Receive an introduction to the robot components.
¢ Power on the controller, cycle power, power off the controller.
Condition: Given a FANUC Robot and a controller
Step: 1 Gather around the instructor and a designated robot
2 Receive an overview of the robot axis (major/minor) and an overview of
the components inside the controller.
3 Perform power up/power down:
a Perform a cold start
b Cycle power (from the pendant if available).
¢ Power down the controller.
Completed: [ ]
Instructor:
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5 IPENDANT

5.1 Learning Objectives
» Receive an iPendant Overview
e Learn the functions of the iPendant switches and keys
e Learn how to navigate the iPendant screens
e Perform iPendant Operations
5.2 iPendant Overview

The iPendant is the primary means with which to interact with the robot. The iPendant is the
standard iPendant style that is included with the R30iB Plus or R30iB robot controller.
The iPendant provides:

» iPendant keys designed to make the
FANUC software easy to use.

e An ON/OFF switch, Enabling Devices
(DEADMAN switches), and an
EMERGENCY STOP button.

» Popup menus.

e Multiple screens displayed simultaneously.
e A USB Port.

e A color graphics interface.

e Customized displays.

» A 3D graphics processing engine to
display the robot, tooling, parts and other
cell components in 3D desktop quality
graphics.

DAGD
} i

e User-customized help and web pages.

3
v

ac
[+ =
B=
as
=

¢ Integrated Help and Diagnostics

e Haptic features (option).

e A touch screen interface (option).

e Internet/intranet access (option).

R30iB Plus Specific Features:

¢ Tutorials to teach how to perform basic s iHMI Guides for setting up your robot
functions; Jogging, creating programs, etc.
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5.3 iPendant Switches and Keys

The iPendant includes switches that allows the user to energize the robot arm and enable the
iPendant. There are also a numbers of keys that are used to perform a number of functions
within the software such as:

e Display Menus e Select menu items e Assist in programming

¢ Move the Robot e Perform Specific Functions

5.3.1 ON/OFF Switch (ENABLE / DISABLE
Switch)

The iPendant can either be enabled or
disabled utilizing the on/off switch that can
be found either on the top left of the pendant. A ote 417
The status of the pendant (enabled/disabled)

dictates the functions that are available to
the operator.

=
i
|
|

iPendant On (Enabled): iPendant Off (Disabled):
* Gives motion control solely to the e Set up production operations
operator

e Ability to manually move the robot Configure the application

e Create and edit programs e Edit programs (background edit only)
o Test/ Run programs e Check Status
e Perform manual functions ¢ Monitor Production

5.3.2 Deadman Switch

Two DEADMAN switches are located on the back of the iPendant, and are used as
enabling devices. Each DEADMAN switch is a three-position switch. When the iPendant is
enabled, this switch allows robot motion only while a DEADMAN switch is gripped in the
middle position.

If the iPendant enabling switch were in the ON position and an operator were to release
their grasp of the DEADMAN switch, servo power is removed from the controller and the
robot brakes are immediately applied.

e If the DEADMAN switch is completely gripped or is released, no motion is allowed.
¢ Press the DEADMAN switch in the middle position to run the robot.
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¢ At least one DEADMAN switch must be held in the center position for the duration of
manual motion (program testing / jogging).

s N

X

- e e

DEADMAN
swi tch

R —

5.3.3 Emergency Stop Button

The red EMERGENCY STOP button is located on the
front of the iPendant in the upper right hand corner.
You can press the button to stop the robot immediately
in case of accident or failure.

The EMERGENCY STOP Button will function whether
the iPendant is on or off. To disengage the
EMERGENCY STOP rotate the button clockwise. The
EMERGENCY STOP button should only be pressed in
the event of an emergency.

In a non-emergency situation it is better for the
mechanical unit to utilize the HOLD key. The HOLD key will stop the robot in a controlled
manner, generating less stress on the mechanical unit.

E NOTE: This section in no way is inferring that the EMERGENCY STOP cannot and should
not be used.

A CAUTION

Under certain load/speed conditions it could be possible to damage some mechanical units
when E-stop button is pressed. In non-emergency situations the HOLD button is the preferred
method of stopping the robot.
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5.3.4 iPendant Keys

The iPendant key pad is comprised of a series of keys that are designed to make the
pendant operations and navigation easier and more user friendly.

||

ClEDEe 1§

Standard Material Handling Keypad

5.3.4..1 Soft Keys

Global Symbol Keypad

The iPendant keys are further broken down between hard keys and soft keys. There are
five soft keys on the iPendant, they are keys labeled F1-F5 (function keys). Every other key
on the pendant is designated as a hard key, as their functions do not change.

What makes a key a soft key is the functionality of the key. On the iPendant depending on
the screen displayed and in some cases the position of the cursor on the screen the
function of the soft key will change. Therefore is vital as an operator that you are aware of
function of the F1-F5 keys before pressing. The function of these keys are displayed along
the bottom of the iPendant above the function keys.

1/2
BE: > ep[1] 100% FINE
[End

Cursor Pos

| Soft Key Choices I

SuUB

1:3 ep(fl} 100% FINE

[End]

Soft Key Choices

Enter value or press| ENTER
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iPendant Key Sub Groups

The iPendant keys are divided into the following groups

Navigation and Data Entry Keys

The F1 through F5 function keys are used to make
choices based on the teach pendant display. Each
function key has a unique label depending on the
menu displayed on the teach pendant screen.

recent state. In some cases, the
screen might not retum to the
immediately preceding status.

The PREV key restores the most

5: iPendant

the screen menu.,

The MENU key is used fo display

The i key is a special key. When
you press the i/ key together with
other keys, the special screen is
displayed. When you press i +

displayed.

HELP, the Help for i key screenis

The COORD key selects a jog
coordinate system. When this

is pressed and held down, a jog
menu for changing the
coordinate system is dispiayed.

key is pressed while a SHIFT key

The GROUP key is used to
swilch groups.

The override key adjusis the
feedrate override.

Robot Motion Keys

The next page key is used o
display the next set of funchion keys

The FCTN key is used to display
the function menu

The SELECT key is used 1o display
the program selection screen.

The EDIT key is used ‘o dispiay
the program edit scroen

The DATA kay is uysed to display
the program data screen.

The SHIFT key is used {0 jog the
roboi, teach the position data, and
start a program. The right and left
SHIFT keys have the same
function.

The jog keys are effective while a
SHIFT key is pressed. They are
used fo jog the robot.

These keys are used o jog
extendad axes of Servo gun axes..
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The HOLD key causes a
program to halt

The RESET key is used to
clear an alarm.

Execution Keys

R REY R EYREY &J [ex)
m-_ﬁ_m JET GO DATA| FCTH

The STEP key selects step
or continuous test operation.

The FWD key or BWD key
{+ SHIFT key) starls a
program. When the SHIFT
key is released

during regeneration, the
program haits.

The arrow keys are used to
highlight or select an item on the
screen.

The BACK SPACE key deletes
the character or numeral
immediately before the cursor.

The ITEM key moves the
cursor to a line whose number
is specified.

Material Handling Specific Keys

The SET UP key displays the
SETUP screen.

The /O key displays the 11O
screen.

b,

me Lx L] e L] [ G
- FEEEEE]
C= B B3

The ENTER key is used {o
process and activate the
current information set.

The TGOL 1 or 2 key displays
the tool 1 or 2 screen.

The MOVE MENU key is not
supported for HandlingTool.

The STATUS key displays the

The POSN key displays STATUS screen.
position data.
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5.4 Status Bar Displays

The status bar displays dynamic controller and robot status information.

I Status Indicators—l

|
| - |
SYST-039 Operation mode T2 Selected

MAIN LINE 0 i ABORTED JOINT'

lAlarm Status Line I

Frogram Status i.ine—l [Motion information ] I Speed Override J

Status ltem Description

Status indicators | The iPendant status indicators indicate the system condition when you are
using the iPendant to control the system.

+ Busy indicates that the controller is processing information.

« Step indicates that the robot is in step mode.

+ HOLD indicates that the robot is in a hold condition. HOLD is not on

continuously during a hold condition.

+ FAULT indicates that a fault condition has occurred.

* Run indicates that a program is being executed.

* The last three indicators are application-specific

Alarm Status Line | This item displays the current alarm. Touching the Alarm or Program Status
Line will be the same as pressing the DIAG key, which can be used to
display diagnostics for the current alarm.

Program Status This item indicates the name of the currently executing program, and the

Line current line number and status. It also indicates the mode AUTO, T1, or T2.
Motion This item lists the following information:
Information + Coordinate System

+  Group

»  Subgroup

Speed Override The speed override is a percentage of the maximum speed at which the
robot will move. A speed override of 100% indicates that the robot will
move with the maximum possible speed

5.4.1 LED Indicators
The Two LED Indicators on the iPendant

AT LS ]
are Power and Fault. m MENU | SELECT  eDim = pata | rcm
s« Power: Indicates controller power

is on. _POWER QFauLr

@97 : :
4 ._x
-

o Fault: Indicates that a fault has
occurred.
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5.5 Screen Navigation

There are a number of ways to navigate the iPendant screen.

5.5.1 Touch Screen Feature

HandlingTool

If you have the optional touch screen available on your iPendant, you can select items by
touching them on the screen. The item is activated as soon as you release the touch. You can

touch the screen anywhere to focus the window when the screen is split.

NOTE: Prompt box and Warn windows will not allow touch and release events. These
events are typically shown in yellow on the iPendant screen.

5.5.2 Display Shortcuts

The title bar of the focused window is divided into three parts and can be touched to activate a

shortcut to the MENU, DISPLAY, and FCTN menus.

I Touch hera to display the MENU

m—

1 Horne f i
2 TEST CYCLE |2 iots re e;“’ :\ /10
3 MANUAL FCTNS || 3 RCalbraton [0 0
s MENU 4 ALARM b 4 Robot Condition |-
5 1/0 b|| 5 Prog Adjust rexved
6 SETUP ¥|| 6 Program Shift
7 FILE ¥|| 7 Mirror Image Shif |—— —¢ N
8 Tool Offset ititutes
9 USER 9 Frame Offsat jotected
0 -- NEXT -- Jlo -~ NexT --
— ~po—HEXT -
e
I Touch here to display the DISPLAY MENU I
|
UTILITIES Hints Lo SRl | + [H
VS.10P/ 5 pouble TDF1/10
3 Triple
o DISPLAY . 4 TreeView
Copyright 5 Single Wide Reserved
qugh 6 Double Horizontal R
B 7 Tripte Horizontal tion N

Licensed Soffr 8 Help/Diagnostics ¥ constitutes

your acceptan — 't protected

by several U.-

Y several Uy next -
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[ Touch ners to display the FUNCTION MENU |
1
UTILITIES Hints S T
FUNCTION FUNCTION 1
FUNCTION py QUICK/F CKfFUl 1 ABORT (ALL)
V3.10/; ReFRESH P 12 Disable FWD/BWO
12 SAVE
13 pmmscm—-—-« e
e FUNCTION ; et 4 P Pamﬁ" r————————————
Copyrightl, | e/snap, — -
FaANy EION SE s AL

17 RELEASE WAIT

i se OF——
Licensed So o nostic o

Sy
your accept 8 CYCLE POW
by several 5D DiagLd "o ENABLE HM

- 0 -~ NEXT
|0 - NEXT -~

0 -~ NE

The title bar may also be equipped with additional indicators such as zoom, related view, or
maximize/restore, you can touch the icon to activate the feature.

:.!." 3
°

Allows the user to zoom in on a single screen, you can only
zoom in once, depress this icon again to return to original view.

N
o
o

2

The Related View Menu displays other menu choices that are
available. It can display Related Views or provide a shortcut to
the related iHMI Guide if one is available.

With a split screen configuration this item allows to make the
window selected displayed in single window.

(Related View)

G
. B
°

(Max1m|ze)
@ ¢ Reverts the display back to split screen selected prior to
(Restore) selecting maximize.

5.5.3 Split Screen
Information can be displayed

DISPLAY 1

: , ’ DISPLAY 2
in multiple windows. You can 1S o
. . 1 Single . e e
activate the Display menu to M Dolble = .l_ﬂ_sl'ﬁ:
select the window modes by 3 Triple |2 Menu History 4
. — |3 User Views L4
pressing the SHIFT key and = [2 TreeView B

the DISP key (the Display
key) at the same time.

To select a window mode,
you can either use the arrow
keys to highlight a mode and
then press ENTER, or you
can type the number of the
mode you want.

5 Single Wide

6 Double Horizontal

7 Triple Horizontal
ﬁebﬁDiagnostiEé T

0 -- NEXT -

'5 Related Views |
6 Maximize/Restore |
|7 Zoom

0 -~ NEXT --

The table below shows some of the options available in split screen mode:
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Single Window:

One window is
displayed

Single Wide:

One wide screen
window is
displayed.

Fault SYST D39 Qperation mode T2 Selected
MAIN LINE 0 ABORTED O]

all 689764 bytes free 14/22
No. Program name Comment
10 IRC COUNTER PC [Send Custom Mess]
11 IRC MSG PC [Send Custom Mess]

12 IRC_STATUS PC [Send Status Mess]
13 IRC STLABEL PC [Send Status Mess)
14 [ ]

15 REQMENT MR [Request BC Menu ]
16 RRSDEF PC [ ]
17 RRSTEMP [ 1
18 SENDDATA MR [Send BC Data 1
19 SENDEVNT MR [Send PC Event 1

[ Type ] CREATE DELETE MONITOR [ATTR ]

Fault SYST-039 Qperation mode T2 Selected
MAIN LINE 0 ABORTED S

635784 bytea free 15722

No. Program name Comment

4 COMSET EC i
5 CEMDATA PC [GEM Vars 1
a4 GETDATA HR [Get EC Cata 1
? GET_HOME EC [Get Home Pos 1
£ EICCLREC ¥R [ 1
9 BTIPECL VR [ 1
19 IRC_COUKIER PC [Send Custom Mesz]
11 IRC MS6 PC [Send Custom ¥ess]
12 IRC_SIATUGS PC [Send Status Meaa]
15 IRC_STLABEL PC [Send Status Mess]

14 MBIN L ]

T [Requeat EC Meau ]

BC [ ]
7  RRSTEMP { ]
18 SENDRATA MR {Sead PC Data 1
19 SENDEYNT MR {Send 2C Event |
20 SENDSYSV MR [Jend BC Sy=Var |
21 SWIURDT VR [ 1
22 TIMEBET PC [ 1

[ TYPE ] CREATE OELETE MONITOR [ATTR §
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5: iPendant

Double Window:

Two different
windows can be
displayed at one
time.

Triple Window:

Three different
windows can be
displayed at one
time.

Tree View:

The Tree View
window presents
a hierarchical view
of information.
Each item (often
called a branch or
a node) can have
a number of sub
items. An item can
be expanded to
reveal sub items,
if any exist, and
collapsed to hide
sub items.

A '”Eamt SYST-0Q39 Oparaton mode T2 Selected
MAE LINE O 6BCRTED BlEN

R11  §39614 bytes free 14722

GET_HOWE EZ [Gev Home Pos
HTCOLRZC VR [
B[ 1
EC [Send Cuatom Meaa}
PC [Send Custen Messj
BC [Send Statug Keaa]
P (Send Statua Mesa)
i i
¥R [Requeat FC Menu ]

Ho, Program name Comment

3 BILSETOR WV }
4 TCMSET 300 3
5 GSEMDATA B [GEM Vars 1
& GETDAT2 ¥R [Get IC Data H
¥ i
2 1
b4

1 ¥ B | 1
17 RRITEMP s H
12 SENDDAT2 ER {Send 2C Data 1
12  SENDEVEY MR {Send ¥ Event
2¢ SENDSYSV ¥R [8and 2C SyaVar |
21 SWIDEDT W[ ]
22 TIMEBEF ol i

CREATE OELETE

4

:

IC
srkrearawrrrrRarererr]

e e e L e S ——

MONITOR [ATTR |

Fault SYST-039 Operation mode T2 Selected
MAIN LINE 0 asorres SN

fres i4r22 # SIM SIATUS 17552
Ho. Comment o 3+ HEM: 1
3 7 W 1 £of I} oo i
| 4 COMSET B[ 1 ol 31 > * £ I
5 GEMDATA FC 1GIN Vars 1 DO &) * L 1
| § GETDATA HR {Ger BC Data ] oy 8 % o+t 1
7 GET_BOME FC (G2t Home Poa 1 mi & v ¥ { 1
3 EICOLREC YR ([ 1 BC[ 7] * L 1
9 HITBRCL VR [ 1 PO &) % ¢ ¢ ]
10 IRC_COUNTER PC [Send Custom Meas] oL 9+ * ot 1
11 IRC_MSS FZ {Send Custom Meas)
12 IRC_STATES PC {Send Status Hess)
{Send Status Meas] Fendiiil Gariérsl Sel ._@

13 IRC STLRABEL 3C

1

REQMENT
1£ RRSDEY
17 RRSTEM®
15 SENTTATA
| 13 SENDEVHT
20 SENDSYSV
21 SWIOPET
22 TIMEBEY

ek b e bt et o ek

[ TYPE ] CREATE DELETE

-

MONITOR {ATTR }

TPIF-143 Mus:t}:bm:}!ere aperation first

Auto ERIYE

= UTILITIES -l
% TEST CYCLE

e. Pr

Manual Weld
i .Macros

&= ALARM

&1/0

& SETUP

2. FILE

-USER

-SELECT
EDIT.
& DATA

I? Programs  £0525§ bytea free  1/3

RRETEME 4 1

. DAme Cozmens
= { ]
[5ET AT BCME I-0 ]
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5.5.4 Menu Navigation

The menus associated with the FANUC
software feature fly out menus. This setup
allows the user to preview the sub items
within each top level menu if applicable.

When displaying either the regular MENU
items or the FUNCTION MENU items there
are two ways to navigate the selections;

using the arrow keys or the numerical

keypad.

1 Cursor up or
dawn, then fo the
right to access
sub menu

2: Cussor fo selection or
press the numeric key

Procedure 5-1 Navigating the Menu

Press MENU

2 Cursor up or down to your desired

MENU, notice the items with the block
arrow fly out to display the sub items.

3  Cursor to the right on the desired item to

access the sub menu item

4  Cursor to the item, or press the

associated number from the keypad.

X Y Z Comment
il o.o 040 415.0 [3jaw_Gripper ]
2 0.0 0.0 {[Eoat2 ]
3 0.0 0.0 [Ecatl ]
4 0.0 ‘0 [Boatd ]
5 0.0.0 fRoath 1
6 0.0 0.0 0.0 [Beat$ 1
7 0.0 0.0 0.0 fEoat7 3
8 0.0 0.0 0.0 fEoatB 1
9 0.0 0.0 0.0 [Eoatd 1
10 0.0 0.0 0.0 [ 1

Procedure 5-2 Navigating the Menu

with Soft Keys

Press Menu

2 Cursor up or down to your desired item

and press enter, or depress the

associated number from the keypad.

3 Select F[1] ([TYPE))

1513
L
Choose your desired item from the 2 Press FL(TYPE) | method: o
submenu. 3: Select item from list |
- DISABLED
Ln tolaer.: ENABLED
L e e 1) = BpsasTen
Tool Framse firegt Entry 1/10 ’ jda < 100%: DISABLED
X T Result om—— — ] l < 100%; DISABLED
1l o0 Lo 135aw_GrippdE | et PLENLRD
2 9.0 0.0 0.0 [Eoat2 1 W‘L ...,J. g;s&swn
3 0.0 0.0 0.0 [Boat3 1 R 1 oNexy B SRBLED
4 0.0 0.0 0.0 [Eoatd 1 e
5 0.0 0.0 0.0 [Eoats 1
& 0.0 0.0 0.0 [Eoaté 1
T 0.0 0.0 0.0 [Hoat? 1
8 0.0 0.0 0.0 [Boat® b
g 0.0 0.0 0.0 (Eost9 1
10 0.0 0.0 0.0 [ 1

1 UTILTTIES ¥ Prog Selet

—— - | 1: Cursor up or down and
3 MANUAL POIES 71 press enter on desired item
AAARM L] KRS Iry'=
e 4 +laue —| Depress the associated
; — .| number form the keypad.,
THLE : } ?M then to the right to access sub
9 USER g er ] MENU

Q -- HEXT -~
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5.5.5 Function Menu

The Function Menu gives the user access

to a supplementary menu and items that -l FUNCTION 1
assist with testing, setup, and saving B o 1, 1 \BORT (ALL)
specific information. Bl | REFRESH ‘ngﬁ‘s““ ‘
A number of these items require some » TRy
form of prior setup in order to function ! B uvs/smp[m- _
properly. These items will be covered in B ° V1SN SETG st AL
later sections within this manual. ‘E\'] e O
<8 CYCLE PO
The items listed on the Function Menu are ERESA 1 Del Diag | %9 enaLE s
option and setup specific, your system S -0 - NEXT
may have more or less than shown here. - E -

B JOG ASSIST UTON AL
B e s o o o B =

The below table lists the items that may be found on the Function Menu:

Item

Description

ABORT ALL

This item aborts all running or paused programs.

Disable FWD/BWD

This item allows you to disable the ability to execute program instructions
when the SHIFT and FWD keys or SHIFT and BWD keys are pressed.
The ability to use SHIFT FWD and SHIFT BWD will be disabled until you
press FCTN and select DISABLE FWD/BWD again.

Release Wait

During program execution, wait release allows you to override pauses in
the program when the robot is waiting for 1/O conditions to be satisfied.
Release wait works only when a program is running.

Quick / Full Menu

This item toggles the menu display between a full or a shorter menu list.

Save

This item saves the current program.

Print Screen

This item saves the current iPendant screen image to the default device
as tpscrn.ls.

Print This item saves the current program to the default device as
program_name.ls.

Unsim All /O This item unsimulates all simulated signals.

Cycle Power This option is available on the FCTN menu after a Cold start. This item

toggles the power relay via external /0. The iPendant must be enabled
for this to work. If the iPendant is enabled, a prompt box will be displayed
asking if you are sure. This is not available on an external robot
connection — only from the iPendant.

Enable / Disable
HMI Menus

This item enables (or disables) the optional HMI Menus in both
FULL and QUICK Menu mode.

Refresh Pane

This item refreshes the page in the active window.
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556 iKey

The i key is a special key. When you

press the i key together with other keys,
a special screen is displayed. When you
press i + HELP, the Help screen for the

i key is displayed.

The table below describes the different
views available with the i key.

Item Function

Displays the Top Menu
@ + MENU

Displays the Select menu in the left pane and the 4D node map in
@ + SELECT the right pane for the program which is highlighted by the cursor.

Displays the TPP editor in the left pane and 4D node map in the
@ + EDIT right pane.

Displays the position register data in the left pane and a 4D
@ + DATA display of position registers in the right pane.

Displays the Related View Menu if one is available.
@ + FCTN

Presents a 4D display of the robot using the last selected view.
@ + POSN

Shows you the direction that the robot will move when the jog key
@ +JOG KEY is pressed when the 4D screen is displayed.

Switches the display to the next window if one is available.
@ + DISP

Toggles jog indicators on and off.
+ COORD

5.6 iPendant Functions

There are many operations that the iPendant is capable of performing. Many of these items are
designed to make the software easier to understand, provide shortcuts to menu items, or
provide the user additional assistance in understanding the software.
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HandlingTool
5.6.1 Menu Favorites

Menu Favorites allows you to generate and store a list of menus that you display most often.
You can store up to ten favorites for quick access.

There are two ways to add a menu favorite; using the Menu dialogue box or using the DISPLAY
Menu.

Procedure 5-3 Creating/Adding a Menu Favorite

1  Navigate to the menu item that you would like to make a favorite.
2 Press Menu.

3 Inthe dialogue box at the bottom of the screen depress one of the tiles for three seconds.
The displayed menu name will be added to the box with an icon.

SETUP Frames
Tool Frame

1' SETUP Frames
2 MENU 1
3 1 UTILITIES

g 2 TEST CYCLE | B SETUP Frames
3 MANUAL FCTNS 3]
Navigate B ALARM — 'i = MENU 1
7 — ild | yTILITIES —
| g, ——ile enty S 2
s 5 /o MS[3 TEST CvaLe 2 vhots P g_':.‘"..__d,. ~pripper 1
b SETUP M 8| 3 MANUAL FCTNS |5 RCalibration il S 1
2 |[7FuE ¥ = | !
10 S a4 ALARM ¥4 Robot Condition |- meenef ]
i 18 51/0 ¥| 5 Prog Adjust  I— ....a ]
2 USER 4216 seTuP b 6 Program Shift |- ] 1
g = Ngﬁ“ e e 7 FILE ¥ 7 Mirror Image Shf | —— e j ]
8 Tool Offset |- 1
9 USER 9 Frame Offset =8 ;
O - NEXT -~ 0 -~ NEXT -- i
= i bl 1= 7V G 1

Menu Favornites {press and hold to set)

cr o

Depress and Hold

Favorite Populated

NOTE: You can override an existing favorite repeating the above procedure.
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5.6.2 Software Keyboard

You can use the software keyboard to input a character string. In order to use the software
keyboard, set the cursor to the item that you want to input a character string, then press
ENTER. Set the cursor to the item Options in the menu, then press F5, KEYBOARD.

g TEST LinE ¢ N AscrTEC R

OATA Registers

R[ 13§ 10

R[ 2@ 170

Rl 3: 1.0

RE 4: 120 =
RI 51 =0 e ]
R &: 10 -

RO 7 1+ - -
Rt 8: 1-0

M = = o
RE 1% 1=0

0ld value: Upper Case

| Lower Cose
Purwctuation

OVRSTRK IRSERT CLEAR SPACE KEYBOARD

5.6.3 Quick/ Full Menus

Using the Quick / Full Menu toggle allows the user to display a limited list of menu items as
well as limiting the functions from the select and edit screens.

The Quick / Full Menu toggle is not password or write protected. It is merely a toggle bit.
The procedure to set Quick Menus and revert back to Full Menus are the same.

Procedure 5-4 Toggling Quick / R

Full Menu B eri1pET - ;
[Bnd] § REFRESTE: 1 QUICK/FULL MENUS 1
] - 2 SAVE .
1 PreSS FunCtIOI’I — _.S_FB_I_ET,SCRﬁEN, ___ —_—
: 4p e
2 Press -0- Next. ?4 LIVE/SNAP _
. |5 VISION SEl————————— - _'
3 Select -1- Quick / Full. 2N G UNSIMAL IO |

4  This will toggle from either Full . g:g;‘;sgt';‘a_{;?cnne POWER
Menus to Quick Menus and vice == |9 ENABLE HMI MENUS |
versa. 0 - NEXT -- M_ . R
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Select « =(Hgsus # =[H
b 688124 bytes free 20/23 172
D Ly M) eec1) 1000 FINE
iid ol i abus Maess] [Bndd]
TEST CVOLS 37 e Exchg :xé:us Mass]
MANUAL ICTHS | E _ 'p =
’E” E ‘»4 Before Quick Menu
5 370 e u e ig T
G LETUR Har ol o
7FILC isﬂ .t BysVar j}E
SR | wrgrr—AERT 1
[ TYRE ) CREATE DELETE  MONTTOR  [ATTR ] > I

Select 2 =B

SuUB # SIH

- tes frae 20/23 172
@ name Comment R0 ep[1] 100% FINE
ALAN 8 PC {Send Status Mess] [End}
2 UTILITIES BEL PC [Send Status Mess)
3 TEST CYCLE MR {Request PC Moy .
# DATA — ’\' MR ISend PC Data AftE§' QLHC;( Menu
5 MANUAL FCTNS MR [Send EC Event —]
6 17) ) i ¥R iS&nd PC BysVax ;
7 STATUS v-‘m I ]
BC 1
8 USER Pt 1
0O - MEXT -~
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5.7 Chapter Review

1. Enabling the iPendant gives motion control solely to whom?
A ThePLC
B The Controller
C The Operator (person with the pendant)
D Andy from accounting
2. Which Position must the DEADMAN Switch be held to enable motion?
A Released
B Centered
C Fully Depressed
D The iPendant does not have a DEADMAN Switch
3. How many soft keys are there on the iPendant
A 2
B 3
CcC 4
D 5

4. Which Key Combination is needed to access the split screen display
menu?

A Shift + COORD
B Shift + Display
C Menu, next, Display
D You cannot split the screen on the iPendant
5. Toggling between Quick and Full Menus requires a password.

True False
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Lab 2
iPendant Operations

Student Name:

Assignment: The student will:

Identify Soft Keys
Navigate Menus

Use the keyboard

Split the iPendant Screen
Set a Menu Favorite

Toggle between Quick and Full Menus

Condition: Given a FANUC Robot and a controller

Step: 1

Display the Select Screen. (See Section 5.3.4 iPendant Keys, pg. 42)

a In the space provided write the items found in the soft key fields

2

Using the Menu, navigate to the Data top level menu and display the
Registers submenu. (See Section 5.5.4 Menu Navigation, pg. 50)

a From the register screen, utilizing the keyboard (See Section 5.6.2

Software Keyboard, pg. 54):

b Name R[1] COUNTER and name R[2] OFFSET

Split the iPendant screen into either double view or triple view. (See
Section 5.5.3 Split Screen, pg. 47)

In one of the newly displayed windows (not the left window), navigate to
the top level menu of Setup and display the sub menu item Frames.
(See Section 5.5.4 Menu Navigation, pg. 50)

a Set the Frame screen as a Menu Favorite (See Section 5.6.1 Menu

5

Favorites, pg. 53)

Toggle from Full Menus to Quick Menus. (See Section 5.6.3 Quick/
Full Menus, pg. 54)

What is the benefit of turning on Quick Menus?

Completed: []

Instructor:
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6 JOGGING

6.1 Learning Objectives
¢ Jog the Robot in Joint and World

¢ View Positional Data
6.2 Jogging Overview

Jogging is manually moving the robot axes by pressing a sequence of keys on the iPendant.
Before you add a motion instruction to a teach pendant program, you must first jog the robot to
the position you want. There are a number of items to consider when manually moving the
robot, chief among these are:

¢ Jog speed: How fast the robot moves when jogging
¢ Coordinate system: The way the robot moves when jogging
6.2.1 Jog Speed

The jog speed determines how fast the robot will move when the jog keys are pressed. The
jog speed is a percentage of the maximum speed at which you can jog the robot. The
current jog speed is displayed in the top right corner of every iPendant screen.

A jog speed of 100% indicates that the robot will move with the maximum possible jog
speed. The maximum possible jog speed varies depending on the robot model. The
maximum possible jog speed is defined by the tool center point (TCP) moving at and below
250 millimeters per second.

« A jog speed represented as a percent (%) will move the robot in continuous motion.
e A jog speed of FINE or VFINE indicates that the robot will move in incremental steps.

Care must be taken to ensure that the speed is set to a safe and acceptable level for
jogging before the robot is moved.

Speed Values Joint Cartesian
100, 95, 90, 85, ... 20, 15, | % of jog speed % of jog speed
10, 5,4, 3,2, 1
FINE (incremental steps) | Approx. 0.001 degrees Approx. 0.023 mm
VFINE (incremental steps) | Approx. 0.0001 degrees Approx. 0.002 mm

NOTE: When you use FINE and VFINE speed values, the robot moves one step at a time.
You must release the jog key and press it again to move the robot again.
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Set the jog speed to a value that is appropriate for the conditions in the workcell, the kind of
jogging the robot is doing, and your own experience in jogging a robot. Use a slow jog
speed until you are familiar with the robot. The slower the jog speed, the more control you
have over robot motion.

Pressing the +% or -% keys will move the general override up or down in 5% increments by
default. Holding the Shift key and +% or -% will increment/decrement the general override

in steps of VFINE, Fine, 1%, 5%, 50%, 100%.

P et

NOTE: If you are in T2 mode and you release the DEADMAN switch, the override speed will
revert to a limited value such that the robot cannot move over 250mm/sec. This is to ensure
safety when operation is resumed.

6.2.2 Coordinate System

In jogging, a coordinate system defines how the robot will move. The coordinate systems

are:
e Joint
e XYZ (includes World, User, Jog Frame)
e Tool

= NOTE: XYZ, and Tool coordinate systems are commonly referred to as Cartesian
Coordinate Systems.
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You change the coordinate system by pressing the COORD key on the iPendant. The
coordinate system you choose is displayed in the upper right hand corner of the iPendant
screen.

_EDD&'J

6.2.3 Jogging in Joint

The most efficient method of
jogging is "JOINT" mode. This
is the most efficient type motion
because the processor does not
have to calculate a linear path
or maintain the tool center point
movement along a Cartesian
plane.

Joint jogging refers to the
movement of each specific joint
of a robot, in either a posmve or
negative direction.

Joint 2 movement interacts with
Joint 3 movement to maintain
Joint 3 in the same orientation.

In order to assist operators,
some robots have positive and
negative directional markings
located directly on the mechanical unit for reference
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6.2.4 Right Hand Rule and Cartesian Coordinate Systems

+Z

In mathematics and physics, the right-hand rule is a common
mnemonic to aid in understanding three-dimensional vector
relationships. In robotics, with proper positioning of the hand,
the right-hand rule can also be used in remembering which
direction each frame vector should be pointing.

FANUC's use of the right-hand rule assigns the X-plane to
the index finger, the Y-plane to the middle finger, and the Z-
plane to the thumb as shown to the right.

If the right hand is positioned with the index finger pointing
toward the front of the robot (usually opposite of the base
cables) the X, Y, and Z of the World frame can easily be
recalled.

6.2.5 Jogging in World Frame

The world frame is a default frame of the robot and cannot be changed. It is the basis for all
taught positions and all taught frames within the robot. On most FANUC serial-link robots,
the origin of World frame is typically designated as the intersection of the center of the robot
base with a plane level to the Joint 2 motor.

This origin, along with the X, Y, and Z directions, is illustrated in the image below. Robot
positions that reference the World frame reflect the position of the robot’s Tool Center Point
(TCP)in X, Y, Z, W, P, and R relative to the origin of this frame.

Positive and Negative references dictate
+Z the direction of travel (robots
perspective):

e X+ moves the end of arm straight
forward

e X-moves the end of arm straight
back

e Y+ moves the end of arm laterally
to the left

* Y- moves the end of arm laterally
> X to the right

e 7+ moves the end of arm straight
up
» Z- moves the robot straight down

+Y  While jogging in WORLD the motion is linear.
The robot will coordinate the movement of
each joint to maintain a straight line motion
-Z at the end-of-arm tooling. This movement is
World Frame based on the World Coordinate System
orientation which is squared to the robot.
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Besides straight in-line movements you can also jog about a coordinate axis. You can
rotate the end of arm about X, Y, and Z.

Yaw (W) = Rotation about X \7(‘ 3

Pitch (P) = Rotation about Y

6.3 Jogging the Robot
Prior to jogging the robot ensure the following conditions are satisfied:
¢ All personnel and unnecessary equipment are out of the workcell.
* AllEMERGENCY STOP faults have been cleared.
o All other faults have been cleared and the fault light is not illuminated.
e The MODE SELECT switch is in the T1 or T2 position.

A WARNING
Make certain that all safety requirements for your workplace have been followed;
otherwise, you could injure personnel or damage equipment.

Procedure 6-1 Jogging the Robot

1 Turn the teach pendant ON/OFF switch
to the ON position
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2 Select a coordinate system by pressing
the COORD key on the teach pendant
until the coordinate system you want is
displayed in the upper right hand corner
of the teach pendant

3

pf

Onsaose @ nC

|
;

5

ses0od

3 Select a jog speed by pressing and
releasing the appropriate jog speed key
until the jog speed you want is displayed
in the upper right hand corner of the
teach pendant screen,

4 Hold the iPendant and continuously press and hold the DEADMAN switch on the back in
center position.

A WARNING

In the next step, the robot will move. To stop the robot immediately any time during
jogging, release the DEADMAN switch or press the EMERGENCY STOP button.

5 Tojog, press and hold the SHIFT key
and continuously press the jog key that
corresponds to the direction in which you
want to move the robot. To stop jogging,
release the jog key.

L=y n+ = = =
ODD0eEe

—
=
F-t

5[5

6 When you are finished jogging, turn the teach pendant ON/OFF switch to OFF, and
release the DEADMAN switch.

6.4 Positional Data
The POSITION screen displays positional information in joint angles or Cartesian coordinates.

The positional information on this screen is updated continuously when the robot moves. The
information displayed on these screens is for display only; you cannot change it.
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The positional data displayed below shows joint representation in the upper box and the same
position in Cartesian in the lower box.

To display the Position screen depress the POSN key at the bottom of the iPendant or
access through the Menus (Menu, -0- Next, 4D Graphics, Position Display.)

SYST-178 SHIFT-RESET Pressed
‘Yo SUB LINE 1 pavsen FEEE

POSITION

In Degrees

Ji: =16.820 J2: 17.136 J3: ~12.672
J4: ~31.584 J5. ~34.272 J6: -62.304

J2/33 Interaction: 4.464
'ﬂl..!'!lﬂﬂ.llll.llII.IIII.I.--.--.-.u.---.ﬂli-
s Worl i
. G In mm (x,y.z), degrees (w,p,r) "
* Configuration: NU T, 0, 0, 0 :
" x: 2320.994 y: -507.511 z: 556.943
= w: 48.591 p: 10.990 =r: -93.546:

l!.D---!.--Il"‘-!i‘I....l‘..---‘.II"I.E‘.II.;

USER = WORLD *

“sarunnnn
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6.5 Chapter Review

1. What key is depressed to switch between the different jog methods?

A
B
C
D

POSN
MENU
FCTN
COORD

2. Assuming standard setup, if you jog the robot in World -Y which
direction will the TCP move?

A
B
C
D

Straight out front
Up

To the robots right
To the robots Left

3. If while jogging the robot you release the shift key, or jog key what will
happen?

A

B
C
D

The robot will continue to move to the position | intended.
The robot will execute a controlled stop.

The robot will execute an EMERGENCY STOP.

These keys are not required to jog the robot.
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Lab 3
Jogging in Joint and World

Student Name:

Assignment: The student will;
s Jog the robot to a predetermined point in Joint
e Jog the robot to a predetermined point in World

Condition: Given a FANUC Robot and a controller

Step: 1 Utilizing the reference pointer in the EOAT and the reference pointer
placed in the cell by your instructor, jog the tip of the EOAT reference
pointed to the tip of the pointer in the cell utilizing JOINT Jogging. (See
Section 6.3 Jogging the Robot, pg. 63.)

a Perform the same operation as above utilizing WORLD Jogging and
approach from a different angle.

2 Repeat the lab until you have jogged the robot to reflect each of the
postures shown below.

Completed: []

Instructor:
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7 FILE MANIPULATION

7.1 Learning Objectives
e Controller Memory Overview
¢ Understand the Types of Backups
¢ Perform a File Backup and Restore

s Perform an Image Backup and Restore

7.2 Controller Memory Overview

There are three kinds of controller memory:
e Dynamic Random Access Memory (DRAM)
e A limited amount of battery-backed static/random access memory (SRAM)
e Flash Programmable Read Only Memory (F-ROM)

o DRAM memory is not battery backed up and volatile.

» Memory contents do not retain their stored values when power is
removed.

DRAM .

* DRAM memory is also referred to as temporary memory (TEMP).

e The system software (normal controller operations) is executed in DRAM
memory.

« SRAM memory is battery backed up and nonvolatile as long as the
batteries are working.

+ Memory contents retain their stored values when power is removed.
e Also referred to as CMOS or as permanent memory (PERM).
SRAM ¢ SRAM Memory has two parts:

e The TPP memory pool, which contains the teach pendant programs.

e The permanent (PERM) memory pool, which contains system variables
and KAREL variables.

e A portion of SRAM memory can be defined as a user storage device called
| RAM Disk (RD:).

A CAUTION

Data in SRAM can be lost if the battery is removed or loses its charge, or if new core software is
loaded on the controller. The SRAM memory will last for 30 minutes without the battery when

power is off. To prevent loss of data, back up or copy all files for permanent storage.

F-ROM e Flash ROM (F-ROM or FROM disk) is not battery-backed but is non-volatile
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* All memory contents in F-ROM retain their stored values when power is
removed.

e F-ROM is used for permanent storage of the system software.
e F-ROM is file oriented and all of it is allocated to the flash file system.

e The flash file system contains both system and user files.

o F-ROMis also available for user storage as the FROM device (FR:).

7.3 Types of Backups

File Backup (SRAM):

» Contains all user additions and changes unique to that robot:

e Frames e Variables

e All Register Data ¢ Position Registers
e Menu Settings e |/O Configurations
e Macro Table o TP Programs

e A user can select individual items for restoration if required.

Image Backup (F-ROM and SRAM):

¢ Contains all of the above items plus the Operating System, Maintenance Updates, and
Customization software of the robot.

¢ Animage is an exact copy of the robot memory.

¢ You cannot pick individual files to restore, it's all or nothing

[ FROM ~Core Software .., HandlingTool + v8.10
FlashReadOnlyMemory < Fixes/Enhancements - Auto Updates
“Operating System” e et
s Y e P easilive Tea ef soue Contonis sbons
Image ¢ TP Programs <,
oy
Backup Variables “a 3
(FROM Mastering Vg >t
and SRAM Frames — TCP's s -:'}:'L-:‘% 3
StaticRandomAccessMemory .< Position Registers RN g
SRAM) emo b5,
“User Changes/Additions Number Registers Vo P,
File Backup Macro Table ¥ %,
'
(SRAM /O Configuration
\ only) \. Application Menus
Etc...
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7.4 Preparing to Create a Backup
Performing a File and/or an Image Backup is a fairly simple process, however there are a few
important items to consider prior to saving your information. These items are:

e Setting the Default Device.

+ Formatting the device.

e Creating a directory structure

s Performing the backup.

NOTE: It is not always necessary to perform each of the above depending on the specific
circumstances of the backup.

7.4.1 Setting the Default Device

Setting the default device specifies which device to use when manipulating programs and
files. You must set the default device before you can perform any program or file
manipulations, including formatting a memory card.

You can set the default device to:
¢ Memory Card (MC:) (not available on the R-30iB Mate Plus Controller)
e USB Memory Stick (UD1:/ UT:1)
+ Flash File Storage disk (FR:) - built-in storage for controller system files.

e Memory device (MD:) - treats the controller's program memory as if it were a file
device.

o MF device (MF:) - a composite device that searches the RAM Disk (RD:) and flash
file storage disk (FR:) devices, in that order, for a specified file.

= NOTE: Once you set the default device it remain the active device until changed.

Procedure 7-1 Setting the Default Device

1 Press Menu.
2 Cursor down to File.
a Press the right arrow.
b Select File from the submenu.

3 5/W Instal
*la Auto Backup

MATAGHANDO318CE 7

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



7: F“e ManiDUIamn HandlingTool

3 Press F5[UTIL].
4 Select “Set Device”

5 Move the cursor to the required device and press Enter.

MD:\* * 1/32
it == (all files)
KL, {(all KAREL socurce)

{all command files)
text files)
KAREL listings)

W, KAREL data files)
{all XAREL p-code)

7 USB on TP (UT1:) TP (all

1
1 FROM Disk (FR:)
2 Backup (FRA:)
3 RAM Disk [RD:)
4 Mermn Devace (MD:)
5 Console (CONS:)

MN {all =
EX VR {all vaxriak? Format
11 % 8V  (all systend Format FAT32

Press DIR to generate directsMakeOR

ivee) | qomy [ wom | qesckory || g |f -

6 The selected device will display along the top line of the screen.

UD1 (iit— 5/32
1 =

* {(all f£iles)

7.4.2 Formatting the Device

You must format the FLASH ATA memory card or USB memory stick only before you use
them for the first time. Formatting the Device after the first use will result in losing all of
the data stored on the device. The device may be formatted at FAT or FAT 32.

Format the Device as FAT if:
e The device is less than 2Gbytes
s More than 255 files do not need to be stored in the root directory of the media.
¢ Larger quantities of files can still be stored in sub-directories
e Itis necessary to write files to the media quickly.
Format the Device as FAT32 if:
s There is no limit to the number of files stored in the root directory of the media.
+ If the device is larger than 2.0 GB.
NOTE: USB Memory sticks cannot be formatted when plugged into the USB connector on

the iPendant (UT1:) They must be formatted on a PC or when plugged into the front panel USB
connector on the controller.
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Procedure 7-2 Formatting the Device

HandlingTool

1 Press Menu.
2 Cursor down to File.
a Press the right arrow.
b Select File from the submenu

1 UTILITIES
2 TEST CYCLE
3 MANUAL FCTHS 3 S/W Instal
4 Auto Batkup

t1 Set Device

}3 Format
14 Make DIR

CKUP) || JuTIL | ||

Choose F4 [YES] to complete the format.

FILE Format
UDL:\*.* 1/32

Formatting UD1:
Thkkkkkhkdkhkrdr  WARNING *htddddddkekdirk
ANY DATA ON THE DISK WILL BE LOST!

Format disk?

| | YES no |

Enter a name for the storage device or press enter to finish the format.
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HandlingTool

FILE Format
' UD1:\*. *

Enter volume label: I

Upper Case
Lower Case
Options/Keybd

PG |  wman | sus

UD1:\*. * : 1/32
2 % KL (all KAREL source)
3 * CF (all command files)
4 * TX (all text files)
5 * Ls (all KAREL listings)
6 * DT (all KAREL data files)
T * PC {all KAREL p-code)
8 * TP {all TP programs)
9 * MN {all MN programs)
10 * VR {all variable files)
| 11 * 8V  (all system files)
l Press DIR to generate directory
| (rvee] | qom] | oap | eackuey | wmy | >

7.4.3 Subdirectories

Subdirectories can be used to organize programs or files on the controller. Subdirectories

can be created on the FILE menu.

Procedure 7-3 Creating a Subdirectory

1 Press Menu.
2  Cursor down to File.
a Press the right arrow.
b Select File from the submenu
3 Press F5 [UTIL] and select Make DIR

74

MATAGHANDO318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool 7: File Ma niPU|atiQn

= — o

4 UTIL
¢1 Set Device

k2 Format

p3 Format FAT32
4 Make DIR

{CKUP] JUTIL | >

4 After naming the directory, press Enter. You will automatically be in the new directory that
you created.

UD1:\FANUC ACADEMY\* * 1/33

2 * * {all files)

3 * KL (all KAREL sourca)
4 * CF  (all command files)
5 % TX {(all text files)
6 * L8 {alli KAREL listings)
T * DT {all KAREL data files)
8 % PC (all KAREL p-code)
9 * TP (all TP programs)

10 * MN {(all MN programs)

i1 * VR {all variable files)

{ TYPE | ] for} | toao | (eackur] | [umi | >

To exit a subdirectory highlight “Up one level” and press enter, left arrow, or right arrow.

To enter a subdirectory highlight the subdirectory name and press enter, left arrow, or right
arrow.

7.5 File Backup

When you back up a file, you save it from controllers SRAM memory to the default device
(chosen storage media) so that you have a second copy of the file. When performing a File
Backup you are specifically saving program, system, application, diagnostic, and error log files
to the default device using the FILE screen. Application software (such as HandlingTool,
SpotTool, PaintTool, etc.) will NOT be backed up when using the FILE menu.

Remember from the prior sections you must set the default device and the device should only
be formatted the first time it is used. Also, it is not absolutely necessary to add subdirectories,
however they are a good tool to organize your backup data.

NOTE: This section covers how to create a complete File Backup, individual File Backup will
be covered in later Chapters.
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Procedure 7-4 Creating a File Backup

1 Press Menu.
2 Cursor down to File.
a Press the right arrow.
b Select File from the submenu
3 Set the default device, see 7.4.1 Setting the Default Device.
4 Format the device (if necessary), see 7.4.2 Formatting the Device.
5 Create subdirectories (if necessary), see 7.4.3 Subdirectories.
6 Press F4 [BACKUP].
2 *
3 x
4 * (all 1p programs
5 * TX  (alls appication
6 * L8 (allappic-Tp
7T * DT (allssmroriog
8 » PC  (alls Diagnostc
9 * TP  (all? vision data
10 » MN  (allsAalof above
11 * VR {alld Maintenance data  JEXT --
0 -~ NEXT -
|
(rve] | (om] | oso [BACKUP) wmy | > !
7 Highlight All of Above and press enter, or Press the number 8 on the keypad.
-] <l
1l programs
1 System files . Conf,
2 TP programs
3 Application
4 Applic.-TP
5 Error log
6 Diagnostic
7 Vision data
9 Maintenance data \EXT -
0 -- NEXT --
8 Choose F4 [YES] to delete UD1.

a By selecting YES you are deleting the contents of the directory you have navigated too.
This is necessary because the same File names are saved with each backup. The
same file names cannot exist in the same directory.
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AN s Ll R S Y|

UDL:\FANUC ACADEMY\* ¥ 1733
s {Up one level) <DIR>
2 * * (all files)
3 XL (all EAREL source}
4 * CF (all command files)
5 = T® (all text files)
| & * LS (all KAREL listings)
‘ 7 % DT (all KARBL data files)
l 8 = PC  (all KAREL p-code)
9 * TP {all TP programs)
10 * MN  (all N programs)
11 = VR {all wvariable files}
Delets UDl:\FANUC__ACADM\ and backup al
| [ T = 1 _w ]

9 The backup will start, you will see a scrolling list of what is being saving.

FILE # [H

UD1:\FANUC ACADEMY\* * - 1733

R (Up cona level) <DIR>

2 * * (all files)

3 * Ki. (all KAREL source)

4 * CF {all command files)

5 * TX {(2ll text files)

& * L8 (all KAREL listings)

T ¥ DT {(all KAREL data files)

B * PC (all KAREL p-code)

9 ¥ TF (all TP programs)

i0 *x ME (all MN programs)

11 * VR (2l1ll wvariable files)
Backing up IRVGSEXE.VR { 64/191)

=i | 1 | Sl ]

10 Once complete you see a total number of files saved, similar to below.

UD1 :\FANUC ACADEMY\~*. »* 1733
2 % * {all files)
3 * KI. {all KAREL source)
4 * CF {all command files)
5 > TX¥ {all text files)
& * 18 {all KAREL listings)
T * DT {all KAREL data files)
8 * BC (all KAREL p-code)
9 * TP {all TP prograns)
10 * M {(all MN prograns)
11 * VR {all wariable files)
Total 191 files saved
| [ | T -
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7.6 File Restore

You restore files from a disk when you have previously backed up the files using BACKUP on
the FILE screen. A File Restore overwrites the existing data on the controller.

It is very common that not every file contained in the backup is restored. For example you may
see after the restore 121/135 files restored. The files that were not restored will generally be
System Macros and KCL files that are write protected and cannot be overwritten.

@ NOTE: This section covers how to restore a complete File Backup, individual file restoration
will be covered in later chapters.

Procedure 7-5 Restoring a File Backup

1 Perform a Controlled start. There are two methods to conduct a controlled start.
a If your system is powered off proceed to Step 2.
b If you system is powered up proceed to Step 3.

2 Perform a Controlled Start with system powered off.
a Press and hold, the PREV and NEXT keys on the teach pendant.

b Turn on the controller
¢ At the configuration menu select Controlled Start, you will see a screen similar to below.

oo CORELGUIACION MOWEL ~mmommeeoeerme LINE © »-‘*mg*
% 2;155% 1 Robot No .. WE
2 KAREL Prog in select menu Y
3 Controlled start 3 Remote device Host [
4 Maintenaace 4 Intrinsically safe TP NO l
Select > g
|
[ TY¥PE }
3 Perform a Controlled Start with system powered on.
a Press the Function key
b Press -0- for next
¢ Select -8- Cycle Power or Start Mode
% _FUNCTION 2 751
“ o QUICK/FLLL MENUS RS
2 S5AVE
3 PRINT SCREEN
) 4 PRINT l
4 LIVE/SNAP
5 VISION SE)
'( & UNSIM ALL 1/0 e o
7 Diagnostic '. START MODI
(B Del Diag Loig ey nni e HMI MENUS | |
i 0 - NEXT h
0 NEXT -
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d On the menu select CTRL (Controlled Start).

START MODE

Select a start mode for the next startup. |
This will cycle power. |

CANCEL HOT COLD CTRI:

e [f working on a robot equipped with LR HandlingTool Software you will have to manually
turn the controller off and back on. The controller will boot up in the controlled start
mode.

f If working on a robot equipped with standard HandlingTool software the controller will
shut down and boot up in controlled start mode automatically.

g If you do not see the CTRL option on the menu, your software is not equipped with this
feature. Perform Step 2 to access the Controlled Start mode.

4 Press Menu.

5 Cursor down to File and press Enter.

R
N TENANCE
0 —— NEXT —-

6 Set the default device, see 7.4.1 Setting the Default Device
7 Navigate to the appropriate directory, see 7.4.3 Subdirectories
Press F4, [RESTOR].

a If F4, [BACKUP] is displayed, press FCTN and then select RESTORE/BACKUP to
display F4, [RESTOR].

9 Highlight All of above and press Enter.

MATAGHANDO318CE 79

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool
ZERD LINE O AUTO ABORTED
1D 1 \FANUC_ACADEMY\*x * 1733
| * ¥ {ali flles)
3 % KL (al! KAREL source)
4 x CF {a
5 ¥ TX (a] 1 Bystem fites |
5 ¥ LS (a| 2 TP pragrams |
7 ¥ BT {a| 3 Applicatien {s)
8 * PS Ea 4 Applic ~TP i
9 x TP a| 5 Vision data |
10 QDIR (a
‘rags to ene fmm——— e
[ TYPE { DIE LOAD I|RESTOR]'UTIL 1>
B — e
10 Press F4 [YES] to begin the restore.
ZERC LINE O ALUTO ARBORTED
FILE CTRL STAR
UD 1\
1
2k * (aII rileu-
3 KL f{all KAREL source)}
4 ¥ CF  (all command files)
5 ¥ TR (all text files)
8 ¥ LS (all KAREL 1istings)
7 ¥ DT (aill KAREL data fTiles)
8 PC  (all KAREL p-code)}
9 ¥ TP (all TP programs)
o« MM  (all MN programs)
Restore from UD1: {OVRWRT)?
YES NG
11 Once complete, you will see a number of files that have been restored.
TPIF~218 UD 1T \FANUC_ACADEMY\USERFPAGE | TF
MEMO-006 Protect ion error occuyrrad
= CIRL START
2 % * (all files)
3 KL (al1l KAREL source)
4 » CF  {all command fijes)
S » TR {all texi files)
B x LS <{all KAREL tistings)
7 * DT {all KAREL data files)
8 = PG {atl KAREL p-code)
g ¥ TP €al) TP programs)
oppupcpuecieipjusscppy 3 s )
I Tota! 139/152 Ylle _restored
— R {UTIL ]>
12 To operate the robot, cycle controller power:
a Press FCTN.
b Select Start (Cold).
¢ Press ENTER.
4 Intrinsical | ESELEY
[ TYPE ]
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7.7 Image Backup

The Image Backup feature allows you to make an image of the F-ROM and SRAM controller
memory modules. The image is stored in a number of files (*.img) on a selected destination
device.

Image Backup is available from the FILE menu when the system is in Cold start or Controlled
start mode. After Image Backup is selected from the menu, the actual backup occurs the next
time the controller is powered up.

Procedure 7-6 Creating an Image Backup

1 Press Menu.
2 Cursor down to File.
a Press the right arrow.

b Select File from the submenu

3 Set the default device, see 7.4.1 Setting the Default Device.
4 Format the device (if necessary), see 7.4.2 Formatting the Device.
5 Create subdirectories (if necessary), see 7.4.3 Subdirectories.
6 Press F4 [BACKUP].
7 Onthe second page on choices select Image Backup,
a Either highlight the selection and press Enter or depress the number 2 key on the
keypad.
UD1:\IMAGE\¥*. * 1/33
= {Up one level) <DIR>
2 * (2
3 KL (al
1 System files
4 * CF (al 2 Image backup
2 TP programs =
5 * ™ (alp — 13 Com. Conf.
3 Application
6 * s (al|———
4 Applic.-TP
7 bT (al SAEr)oTlo e
B * PC (al & Dia S’IOSgtIC
9 * TP (al N,gdt
16 & sl T
11 * VR (al -‘_'_Oj.?vf ..............................................................
Press DIR to generat{ ool  NEXT -
0 - NEXT -

[ TYPE ] [DIR] LOAD |BACKUP] [uTIL ]

8 If you are navigated to the correct subdirectory, press enter to select current directory.
See the file path directly above the prompt to view the directory path.
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FILE
UD1: \IMAGE\* . *

'Up cne 1
Destination device 1/1 * (a
1 Current Directory KL (a
2 Ethernet(TFTP:) CF (a
5 % TX (a
A * T.Q {a

9 Press F4 [OK] t complete the power cycle
a If working on a robot equipped with LR HandlingTool Software you will have to manually
turn the controller off and back on. On power up, the image backup starts
automatically.
b If working on a robot equipped with standard HandlingTool software the controller will
shut down and boot up automatically. On power up, the image backup starts
automatically.

10 * MN (all MN iaroérams')
11 * VR (all variable files)
Cycle power?

10 While the image files are written you will see a screen similar to below.

WEITIUG MIZUAFRESHO 2. ING
WRITING MI: FEIMOL.ING
WRITIWG KCTASEAMOZ., IS

11 Once the Image has been successfully written the controller will cycle power again and
you will see screen similar to below. Press F4 [OK] to resume normal operations.

UD1: \IMAGE\* .+ 1/33

Image backup completed successfully.
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7.8 Image Restore

The Image Restore feature allows you to load the saved F-ROM and SRAM controller memory
modules back into the controller. The image is stored in a number of files (*.img) on a selected
destination device.

NOTE: Stored within the image is the hardware serial number of the controller that was
used to produce the image. If this image is restored on a different controller, an OPTN-027
alarm (1D Mismatch) will be posted on every COLD start. To stop OPTN-027 alarms from being
posted, the ID of the image must be changed to match the new ID of the controller. Contact
FANUC America Corporation for full details.

Procedure 7-7 Restoring an Image

1 Press F1 and F5 while turning on the power disconnect circuit breaker.
2 You will see a screen similar to below.
a Select Controller backup/restore and press ENTER.

4 BOOT MONITOR wes yt
Base version VB IOP 13 [Reivase 8]
Ftes ks BMON MENU #ostiss

f. Configiicaton menu

? All snftware nstalistioni®C -

14 Contmiler iaac&up restora
[ Iy -

8. &&anmnmce
T AN software mstaligtion(Ethernst)
8. Al software instalianon(USB)

|
Select

3  Select restore controller as Images.

% BOGT MONITCR +ne T8
Base vers oo YEIP (3 Helvaws 3

Sewmet 4

sasxaww BACKUP KESIORL MEREL seseses
6§ faturn S0 MAIN mera

t Ererzency Bacrun

o paidinant upet

Sainct 3

4 Select the appropriate default device from the list displayed.

ok BOOT MONITOR #2e un
Baze verson VEIOP i3 {Relesce 31
4 Bestatrap to CFG MERL

Salest &

. Deviee selaotitin manu dres
| Memory card(M{)

2 Etherna(TFTR:}

3 usSBidD)

4 us8suTI?

Salect :
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5 You will be prompted to select the appropriate subdirectory if applicable.
a Choose the directory path from the list.
b Once the path shown is properly setup, Press 1 to select current directory.
6 The controller will verify that the target directory F-ROM and SRAM correspond with
controller memory size.
A CAUTION

The following operation erases all of SRAM and FROM. Be sure you are prepared to erase
all of SRAM and FROM before you execute.

a Press 1 for YES when you are ready to begin the restore

7 Restoring will take several minutes (approximately 3—-6 minutes). You will see messages
displayed on the screen stating that SRAM and FROM are being cleared and that files are

being loaded. You will see a screen similar to the following.

kk BOOT MONITOR sk up
Base version V8.30P/13 [Release 3]
Reading FROMS9.IMG . Dane
Reading FROMBO.IMG .. Done
Reading FROM6 { IMG _. Done
Reading FROMB2.IMG ... Done
Clearing SRAM (2M) ...

done

Reading SRAMOO.IMG ... Done
Reading SRAMOT IMG .. Done

~~ Restore complete ——

Press ENTER to return >

8 Once the load has completed Press Enter to return to the BMON screen.
9 From the BMON screen select Configuration Menu.

NOTE: DO NOT choose INIT Start, this will cause all memory to be cleared from the
controller.

wkk BOOT MONITOR #2% U
‘aw version VBI0P 13 [Reisase 3]

3 INIT start

4. Controller backup. restors

§. Hardware diagnosis

8. Maintenanca

1 All software installation(Ethernat)
8. All software installation{US8)

Select :
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10 From the Configuration Menu Screen select Cold Start and resume normal operations.

1§§é%em versior. V830157 3. 10. 2016
e CONFIGURATION MENU ———=——~

| 1. Hot start

1 Z Cold start
& Comirolled start
4. Mzaintenance

Seleet > | ]

7.9 Generating a Directory

A directory is a list of files on a specific storage device. You can display a directory of files on
the default device. Some devices contain hundreds of files, you can display all files, or a subset
of files. When you generate a directory of files, you can choose from among the available file
types by pressing F2 [DIR] or selecting one of the file types listed on the File Screen.

Procedure 7-8 Generating a Directory of Files

1 Press Menu.
2  Cursor down to File.
a Press the right arrow.
b Select File from the submenu
3 Set the default device, see 7.4.1 Setting the Default Device.
Navigate to the appropriate subdirectory (if necessary), see 7.4.3 Subdirectories.
5 Press F2[DIR].

UD1:\FANUC ACADEMY\*, * 1/225
J L R (Up one level) <DIR>
2 FRAMEVAR VR 47481
3 NUMREG VR 746
4 SYSVARS 8V 126437
| 5 SYSSERVO sV 11057
6 SYSMAST 8V 1808
7 SYSMACRO sV 2681
8 DIOCFGSV 10 1985
9 SYSFRAME sV 625
10 STRREG VR 885
11 SYSUIF sV 5372

6 On the popup menu select the required file extension.
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HandlingTool
a Selecting *.* will display all files in the current directory
b Selecting a specific extension will display only the selected file types.
: -y Suhset 3IST Subset 4/5 P}
i ‘ — |1057
47X | 1808
| 5-LS | S 12681
E:E’T L page-- |1995
7 *PC O 625
8 --next page-- [ — VR 885
11 SYSUIF sv 5372
[ DiR } LOAD  [BACKUP]  [UTHL)
7 The selected extension contained within the set directory will be displayed.
UD1: \FANUC ACADEMY\* TP s 1 /57
1_—BCKED2-
2 ~BCKEDS8-~ TP 74
3 -BCKED9- TP 74
4 -BCKEDT- TP 74
5 ABORTIT TP 108
6 DSP_WEBF ® 246
T GETDATA TP 177
8 LISTMENU TF 178
9 MENUTEST TP 371
10 OPERMENU " 179
11 PROMPTOK T® 154
[ TYPE | { DIR | LOAD  [BACKUP}  [uUTL ]
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—

7.10 Chapter Review

1. What must be done prior to executing any type of backup or restore?
A Set the Default Device/Verify the correct device is set
B Make a Directory
C Nothing
D Format the Device

2. What key sequence is depressed and held to access the Controlled
Start Screen while powering on the controller?

and

3. What key sequence is depressed and held to access the BMON screen
while powering on the controller?
and
4. What type of memory is saved when performing an Image Backup?
A F-ROM Only
B SRAM Only
C F-ROM and SRAM
D DRAM
5. What type of memory is saved when performing a File Backup?
A F-ROM Only
B SRAM Only
C F-ROM and SRAM
D DRAM

6. When restoring a File Backup, SRAM files on the controller are
overwritten.

A  True
B False

7. When restoring an Image Backup, F-ROM and SRAM files on the
controller are erased.

A True
B False
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Lab 4
File Backup / Restore

Student Name:

Assignment: The student will:
¢ Create a File Backup
» Restore a File Backup
Condition: Given a FANUC Robot and a controller

Step 1 Place the robot at the ZERO position.

2 Create a File Backup. (See Section 7.5 File Backup, pg. 75)

a You must create a directory and name it “File_BU_(Date Taken)".
Ex: File_BU_061318

3 Restore the File Backup. (See Section 7.6 File Restore, pg. 78).

Completed: []

Instructor:
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Lab 5
Image Backup

Student Name:

Assignment: The student will:

« Create an Image Backup

Condition: Given a FANUC Robot and a controller

Step 1 Place the robot at the ZERO position.

2 Create an Image Backup. (See Section 7.7 Image Backup, pg. 81).

a You must create a directory and name it “Initial_Image_(Date
Taken)”. Ex: Initial_Ilmage_061318

3 Save this image as you will be loading it at the end of the class.

Completed: []

Instructor:
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8: Initial Setup

8 INITIAL SETUP

8.1 Learning Objectives

e Setup Robot Axis Limits

¢ Understand Payload

s Verify Mastering

8.2 Acxis Limits Setup

Axis limits define the motion range of the robot. The operating range of the robot axes can be
restricted because of; work area limitations, tooling and fixture interference points, and/or cable

and hose lengths

There are three methods used to prevent the robot from going beyond the necessary motion

range:

Axis limit
software settings

Axis limit software settings are upper and lower motion degree limitations.
The limits can be set for all robot axes and will stop robot motion if the
robot is calibrated. If the robot is not calibrated, overtravel limit switches or
hard stops are contacted two to three degrees beyond the software limits.
Overtravel switches for axis 1 are available as an option.

Axis limit
switches
(optional)

Axis limit hard
stops

Axis limit switches are overtravel switches that, when tripped, cut power to
the servo motors. These are located two or three degrees beyond the

| software limits. Overtravel switches for axis 1 are available as an option. |

Axis limit hard stops are physical barriers that are located two or three
degrees beyond the overtravel limit switch or software setting on the three
major axes. The robot cannot move beyond a hard stop. Setting the axis
limits software settings changes the motion range of the robot. The axis
limit screen displays the current upper and lower axis limits, for each robot
axis, in degrees.

A WARNING
Do not use axis software limits as the only method for restricting robot motion. Change

the hard stops to match the software modifications; otherwise, you could injure
personnel or damage equipment.

A CAUTION

Changing the axis limits will affect the robot work area, and could change robot motion.
Anticipate the effects of changing axis limits before you change them; otherwise unexpected
results could occur, such as errors in previously recorded positions.
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8.3 Axis Limits Software Settings

As mentioned above, one of the ways to limit the area the robot can travel is axis limit
software settings. When manipulating these values an upper and a lower limit are defined.

Procedure 8-1 Setting Axis Limit Software Settings

1 Press MENU
2 Select -0- Next
3 Cursor to System.
a On the fly out menu cursor down to Axis Limits, you will see a screen similar to below.

AXIS GROUP LOWER UPFER 1/64

1 1 185.00 dg

2 1 ~60.00 76.00 dg

3 1 ~-132.04 180.00 dg

| 4 1 -360.00 360.00 do

| § 1 ~125.00 125.00 dg

[ 1 -36C.00 360.00 dg

7 [+ 0.00 G.00 nun

8 1] 0.00 G.00 mm

] @ 0.00 0.00 pm

10 0 0.00 90.00 rm

Item Description

AXIS This item displays the number for each axis

GROUP This item indicates to which group an axis belongs. A "0" indicates the robot does
not have these axes.

LOWER This item displays the lower limits of each axis, or the axis limits, in a more
negative direction. You can change these values.

UPPER This item displays the upper limits of each axis, or the axis limits, in a more positive
direction. You can change these values.

4 Move the cursor to the axis limit to set.
a Type the new value, press enter

b Repeat for other settings.
NOTE: Positive values are assumed, negative values must be specified.

NOTE: The lower value is not always negative, and the upper value is not always positive.
However, ensure the smaller number is in the LOWER column and the larger number is in the
UPPER column.

5 Turn off the controller and then turn it back on again so the new information can be used.
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8.3.1 Axis Limits Software Settings Faults
Once the limits have been established the robot will not move beyond the limits. If the robot

hits the predetermined limit it will perform JOG -013 Stroke limit (G:1 A:6)
JOG -013 Stroke limit (G:1 A:5)
JOG -013 Stroke limit (G:1 A:4)

a controlled stop and a message (similar
to the right) will be displayed on the

Alarm Status Line of the iPendant. Within  moTH-017 Limit error (G:1, A:2.3)

the message, the affected motion group
(G:[n]) and axis/axes (A:[n]) is displayed.

To recover from hitting an axis limit
simply jog the limited axis in the opposite direction of the limit.

8.4 Payload

It is vitally important that the payload data used by the robot be as accurate as possible.
When setting payload schedules a good thought to keep in mind is, “perfect will be just fine.”

Payload tells the robot:

o What it is moving (mass)
e Where is the mass centered (COG) relative to the faceplate

e How is that load going to affect the robots motions (inertia).

JOG -013 Stroke limit (G:1 A:2)
JOG ~013 Stroke limit

(G:1 A:1)

Item Units Description
Mass kg This item is the mass of the end-of-arm tooling.
COG X cm This item is the up and down offset of the payload
center of gravity from the center of the faceplate.
Positive (+) values are up.
COGY cm This item is the side offset of the payload center of
gravity from the center of the faceplate. Positive (+) e
values are to the right of the faceplate when viewed G .
from behind the faceplate. , \
COGZ cm This item is the offset of the payload center of gravity /
from the center of the faceplate. Positive (+) values +Z
are out from the faceplate. +Y
Inertia | kgfcms? | This item is the moment of inertia of the payload
X around an axis parallel to the X-direction for the tool
frame and through the center of gravity of the
payload.
Inertia | kgfcms? | This item is the moment of inertia of the payload
Y around an axis parallel to the Y-direction for the tool
frame and through the center of gravity of the
payload.
Inertia | kgfcms? | This item is the moment of inertia of the payload
z around an axis parallel to the Z-direction for the tool

frame and through the center of gravity of the
payload.

NOTE: There are 2.21 pounds in a kilogram and 0.39 inches per centimeter.
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The more accurate the values, the more effective features such as Collision Guard and Soft
Float will be. Accurate values will also improve positional accuracy, cycle time, and general
motion performance that are critical for today’s processing.

If you have not set up the proper robot payload during software installation, or if you
need to change the robot payload because you have changed end-of-arm tooling or the
workpiece, you must set robot payload.

NOTE: If payload has not been set, the NOTIFICATIONS icon will flash in the upper right
corner of the teach pendant screen. Click the flashing icon for more information.

You can define up to ten different payload schedules by default, and a maximum of 32. You can
then specify a payload schedule by using the payload setup screens and by using the payload
teach pendant program instructions.

8.4.1 Payload Setup
There are two ways to set up the payload schedule parameters:
¢ Manual entry — Values are known and entered into a schedule
* Provided engineering software or manual calculations.

e Automatic estimation using Payload Ident. (Option J669)

NOTE: Automatic robot payload estimation is available for some robot models. If your robot
model does not have the payload setting feature, the message, "IDENT is not supported to this
robot" will be displayed when you press F2, IDENT. If you change any mechanical parts on the
robot, such as a motor, you need to perform payload calibration before payload estimation.

Procedure 8-2 Manually Entering Payload Data

1 Press Menu
a Press -0- NEXT
b Cursor down to -6- System.

¢ On the System fly out menu cursor down to MOTION and press ENTER, or press the
numeric key listed next to MOTION.

1 SELECT 1 Clock
ﬁ"l_' N _ 2 Variabies
3 DATA ¥|| 3 OT Release
4 STATUS ¥|| 4 Axis Limits
54D GRAPHICS M| 5 Config
7 USER2 7DCS
8 BROWSER )
0 -- NEXT -- —f
Y | MATAGHANDO318CE
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2 On the payload screen cursor to the schedule to define and press F3, DETAIL.

Groupl 1710 1/8

No. PAYLOAD k] Comment Group 1

165.00 ) 1 Schedule Nof  11: [CEREKERKRRREEIEE
2 165.00 1 i l T @ BRYLOAD [ka] 165.00
3 165.00 f 3 4 3 PAYLOAD CENTER X [am] 0.00
4 165.00 { | 4 PAYLOAD CENTER ¥ [om] 0.00
5 16%.00 { S PAYLOAD CENTER Z [om] O.00
& 165.00 f ] & PAYLOADL INERTIA X [kyfoma™Z} G.00
7 165.00 [ 1 | 7 PAYLOAD INERTIA Y [kgfoms~2) 0.00
8 165.00 i ] 8 PAYLOAD INERTIA Z [kgfoms*2] 0.00
9 165.00 4 1

10 165%.00 4 ] ‘

Active PAYLOAD number = (

B {rvee ] GROUF m ARMLOAD  SETIMD > Bt | rvee ) GROUP  NUMBEER  DETAULT @
P

3 Enter the payload data that was provided.
a Press F4, YES when prompted with “Path and cycle time will change, set it?

8.4.2 Payload Instructions

After Payload schedule(s) have been recorded, you can set them by pressing F5, SETIND
from the payload screen and enter the schedule. Another way to set payload is with the
Payload Instruction.

The Payload Instruction will set the payload data as the program executes. This is very
helpful as the robot picks/drops parts or performs a tool change. As noted previously,
payload data should be as accurate as possible therefore when the product the robot is
moving changes so should the payload schedule.

Procedure 8-3 Programming a Payload Instruction

1 Place the cursor on the line in the program to add the instruction.
2 Press F1, [INST]
a If F1 does not display [INST], press NEXT.
b On the second page of items place your cursor on PAYLOAD.
¢ Press ENTER
d Highlight PAYLOAD [...], press ENTER.

PAYLOAD statement 1/1
1 PAYLOAD] ...]

Instruction 1 gy

1 Regrsters

21/0

o 1o - ¥ Y ]

3 IF/SELECT !

T e | 1’.\1-.:1;#» contrm + l

4 Wm I - t{‘{ |

e s i { 5 Program control [ |

5 JMP/LBL [ Z 1 ) — — I—
e 5 MACRC _. : 1

€ CALL [ ‘. |

| 7 FORJENDFOR b | R |

7 Miscellaneoud——— — —{page-- I o

O 1 page o } #

8 --next page-+ TSET; PR ’
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Enter the schedule number for the Payload to set.
[FANUC_ACADEMY

3717

5 J ?R{l] 1003 FINE

6: LBL[1]
| 7:J3 Pl1:Square] 100% CNTSO

I : Offset,PR[5]
8:L P[2] 750mm/sec CNTS0
Offset PR[5S}
9:%, P[3] 750mm/sec CNTS0

8.4.3 Arm Load Information

Arm Load information tells the robot what other mass is attached at J1 and J3. Think of this
as wearing a backpack. As weight is added the backpack would eventually place strain on
you as you walk and must be compensated for. The robot is the same, as more weight is
added at the axis via valve packs, cable management systems, or other peripheral devices
this will impact motion, accuracy, and functionality of certain software options.

To define Arm Load Information perform the following:

Procedure 8-4 Defining Arm Load Information

1 Press Menu
1 SELECT 1 Clock
a Press-0- NEXT 2 EDIT 2 Vanables
3 DATA ¥ 3 OF Release
b Cursor down to -6- System. 4 STATUS e |

¢ On the System fly out menu cursor L

down to MOTION and press 7 USER2 e
ENTER, or press the numeric key 8 BROWSER e
listed next to MOTION. L

0 - NEXT .

2 On the payload screen cursor to the schedule to define and press F4 ARMLOAD

MOTION/ARMLOAD SET
Groupl 1710

Ne. PAYLOAD [kg} Commant i Group 1

165.00 1 J2 BASE LOAD [xgl 0.00
2 165.00 [ 2 J3 ARM LOAD [k} 6.00
3 165.00 [ 3 J3 CASING LOAD [kg] 0.00
4 165.00 [
5 165,00 [
6 165.00 [
ki 165.00 |
8 165.00 [
9 165,00 i

10 165,00 [

Active PAYLOAD number = 0
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3 Enter the ARMLOAD data that was provided.
a Press F4, YES when prompted with “Path and cycle time will change, set it?

8.5 Mastering Overview

When you master a robot you define the physical location of the robot by synchronizing the
mechanical information with the robot's positional information. A robot must be mastered to
operate properly. Robots are usually mastered before they leave FANUC America Corporation.
However, it is possible that a robot might lose its mastering data and need to be remastered.

The robot axes are controlled by a closed loop servo system. The controller outputs a command
signal to drive each motor. A feedback device mounted on the motor, called a serial pulse
coder, sends a signal back to the controller. During robot operation, the controller constantly
analyzes the feedback signal, and modifies the command signal to maintain proper location and
velocity of the end effector at all times.

For the robot to move accurately to recorded positions, the controller has to "know" the position
of each axis. It does this by comparing the serial pulse coder reading during operation with a
reading taken at a known mechanical reference point on the robot. Mastering records the serial
pulse coder reading at'a known mechanical reference point. This mastering data is stored with
other user data in the controller and maintained by a backup battery when the controller is shut
down.

When the controller is shut down under normal conditions, each serial pulse coder's present
reading is maintained in the pulse coder by backup batteries on the robot. (These batteries
might be located in the controller on P-series robots.) When the controller is turned on, the
controller requests the stored reading from the serial pulse coder. When the controller receives
the pulse coder reading, the servo system can operate normally. This process is called
calibration. Calibration occurs automatically each time the controller is turned on.

8.5.1 Verify Mastering

Prior to creating programs and recording points it is necessary to ensure the robot is
properly mastered. If the robot master is off prior to recording positions, when the
mastering values are corrected all of the program points will be off by the change in the
mastering values.

Procedure 8-5 Verifying the Robot is Mastered

1 Utilizing the position screen joint jog each axis to zero degrees
2 Check the alignment marks for each axis to ensure they are aligned.

a The robot will be equipped with one of the styles of alignment marks shown below.
Old Style Scribe Mark Vernier Scale New Style Scribe Mark

LA
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3 If the marks are aligned at zero degrees the robot master is verified.

4 If the marks do not align at zero degrees, mastering must be performed.
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8.6 Chapter Review

1. What must be done after setting Software Axis Limits?
A Cycle Power
B Nothing
C Jog to each extreme of the limit to finalize
D Software Axis Limits are not supported by FANUC
2. How do you recover from violating an axis limit?
A Cycle power.
B Press Reset.
C Jog the opposite direction.
D Change the limit to allow for motion.
3. Robot payload information is comprised of , COG, and Inertia.
A Weight
B Height
C Span
D Mass
4. if arobot loses its master, it will run just fine.
A True
B False
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Lab 6
Axis Limits

Student Name:
Assignment: The student will:
e Set Axis Limits
o Verify Limit Settings

Condition: Given a FANUC Robot and a controller

Step: 1 Display current axis limits and record the information below. (See
Section 8.3, pg. 92)

Axis Lower Upper

1

6

2 Change the axis limits.

A WARNING

Never increase the range of motion from the default values, damage to the robot or
injury to personnel may occur.

3 \Verify the limits have taken affect by jogging into the limit. What
message was triggered when you hit the limit?

Recover from the limit.

5 Reset the axis limits to original values.
Completed: []

Instructor:
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Verify Mastering

HandlingTool
Lab 7

Student Name:

Assignment: The student will:

e Jog the robot to verify correct mastering

Given a FANUC Robot and a controller

Condition:
Step: 1 Jog the robot to align the Vernier Scales / Scribe Marks. (See Section
8.5.1 Verify Mastering, pg. 97)
2 Verify the robot master is correct.
Completed: []
Instructor:
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2

Lab 8
Set Payload Data

Student Name:

Assignment: The student will:
e Create a Payload Schedule
s Set a Payload Schedule
Condition: Given a FANUC Robot and a controller

Step: 1 Directly enter Payload Data for Schedule [1]. (See Section 8.4.1
Payload Setup, pg. 94)

MOTION/PAYLOAD SET * [H
7/8
Group 1
1 Schedule No| 1]1: [Tool Only 1
2 PAYLOAD [kgl 2.50
3 PAYLOAD CENTER X {cm] 0.00
4 PAYLOAD CENTER Y ({cm] -7.50
S PAYLOAD CENTER Z ([cm] 5.10
6 PAYLOAD INERTIA X [kgfoms™2] 1.14
7 PAYLOAD INERTIA Y [kgfcms~2] 1.'1
8 PAYLOAD INERTIA 2 [kgfcms~2] 0.63

2 Directly Enter Payload Data for Schedule [2].

MOTION/PAYLOAD SET + [
2/8
Group 1
1 Schedule Nol 2]:[Tool w/ Part 1
2 PAYLOAD [kg]l 2.5
3 PAYLOAD CENTER X [cm] 0.00
4 PAYLOAD CENTER Y [ecm]) -6.02
5 PAYLOAD CENTER Z [cm] 5.00
6 PAYLORD INERTIA X [kgfoms*2] 1.42
7 PAYLOAD INERTIA Y [kgfams*2] 1.32
8 PAYLOAD INERTIA Z [kgfoms*2] 0.63

3 Using F5, SETIND set Schedule [1] as the active payload schedule.

Completed: []

Instructor:
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9 ALARMS

9.1 Learning Objectives
o Diagnose Faults and Messages

e Recover from common errors
9.2 Fault and Message Diagnosis

Errors occur because of:
e Hardware problems - a broken cable or tooling
o Software problems - incorrect program or data

¢ External problems - an open safety door or an over travel has occurred.

Most errors can be cleared by correcting the problem and pressing the Reset Key on the teach
pendant or SOP. However, blindly pressing reset to clear an alarm may not actually solve the

issue. It is best to gather an understanding of what the alarm means and recommended steps
to correct the issue.

If troubleshooting it is usually best to view the Active alarms in the alarm log or history. This can
aid in determining if there are any other active alarms as well and can aid in sorting out what is
the actual problem.

Another useful tool to determine the cause and remedies of alarms is the diagnostic tool.
Diagnosing an alarm of message gives the user the possible cause and possible remedies to fix
the issue. This can be useful for an operator to determine if they need to notify maintenance to
correct the issue.

9.2.1 Displaying the Alarm Log

The alarm log is an invaluable tool
i i i Faulr ; INTP-105 (ZERO, 1) Run request faled H
;?;:Ini: Ir]rﬁgqtggséﬁnpde'?]gaaritl(\)lgly 4o PROG-040 Already locked by other task
displays the most recent alarm along
the title bar of the pendant, if there
are multiple alarms though they will

not be displayed.

B - er1; 100% EINE

Only most

recent
The alarm screen can be forced to alarm

display all of the active alarms . displayed
whenever an alarm is triggered,
however for troubleshooting
purposes this may not be desirable.

A better alternative is to manually L2
display the Alarm screen as needed. , ) Do L

TOUCHUP
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A benefit of displaying the Alarm screen is to determine if there are multiple alarms active at
one time. As seen on the previous page only one alarm is displayed along the top title bar
of the iPendant, however in the image below we can see there are a number of alarms
active.

Alaxm : Active ~
1/4

Vel cet Hand broken to ENABLE
2@ pac B3 LN (2ZERC, 1) Run raguest faile
PP BAL ready locked by other tas

3 MOTN-017 Limit errox (G:1, A:l)

Determining if there are any other alarms can aid in deciding which alarms needs to be
corrected first. To identify how to fix the issues these alarms can be easily diagnosed.

Procedure 9-1 Displaying the Alarm Screen

1 Press Menu

1 UTILITIES 1 Alarm Log
2 TEST CYCLE 2 Motion Lag
3 MANUAL FCTNS

_?:SysremEog__
2  Cursor down to Alarms and
510
press Enter or Press the ——k
number 4 on the keypad. 7 FILE

9 USER
O -~ NEXT --

3  You will see a screen similar to below.

Alarm ; ACtiVE Geemmm——— < [H

172

BN B EN (ZERO, 1) Run request Ffaile
12300 SO INA 1 raady locked by other tas

Active Alarms will be displayed

] [TYPE] [ VIEW } HIST RES_1CH

104 MATAGHANDO318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool

9.2.2 Displaying the Alarm History

9: Alarms

From the Alarm screen you can view current alarms and also gain access to the alarm
history. The alarm history stores the 100 most recent alarms. These can be used to
determine what has been occurring on the robot system. The history of errors and
messages can also be sorted based on alarm type and show the most recent 50 alarms of

each type.
To navigate the history and sort alarms

refer to the below:

Procedure 9-2 Procedure 9-4
Access Alarm sol:trgce;:::;Qt-: e Return to Active
History: y pe: Alarms:
1 Navigate to the Alarm 1 Navigate to the 1 From a History
Screen. Alarm Screen. Screen.
2 Press F[3] HISTORY 2 Press F[1][TYPE]L 2  Press F3 Active.
3 Choose specific type
from the list.
1/2

There are no active alarms.

Press PI(HIST) to enter alarm
history soreen.

i

[TYPE] [ ViEw ) s 1

9.2.3 Diagnosing a Fault

1/74

3! Run request faile

2 Mobon Log

3 System Log E } Run request fails
4 Appl Log

|5 Comm tog Operatilbn mode T2 Salected

11 A S FEDEADMANE defaated

HHH { VIEW ) CLEAR  DETAIL

* [H

A fault can be diagnosed from multiple locations. If there is only one fault any time you

press Shift and Diagnose it will diagnose the current fault. A better approach is to navigate
to the Alarm and view the faults there. This will allow the operator to ensure they are aware
of all faults and have the ability to diagnose a specific fault.
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From the alarm screen a fault or message can be diagnosed from the active screen as well
as any history screens.

Procedure 9-5 Diagnosing a Fault or Message

1 Navigate to the appropriate screen, active alarms or history if necessary.
2 Place the cursor next to the target fault or message.
3 Press Shift and DIAG together

[ Adarm = Hist *[H
17/80
LN (ZBRC, 1) Run request faile

-

SYST-042 DEADMAN defeated

FEATIOH OO T2 SaTuntas "I

RO Bad g

Cause
] b bie made switch was changed from T or T2 mede ta AUTO mode and the DEADMAN was already
peessed The DEADMAN wmust be redeased when switching to AUTO mode

Remedy:
Release the DEADMAN and press RESET.

WE] | vIEW |

4 To leave the diagnosis screen press PREV.
9.3 Dual Check Safety (DCS) Option

Dual Check Safety (DCS) Position/Speed Check features check the speed and position data of
motors with two independent CPUs in the robot controller. These functions can detect position
and speed errors g -

immediately and shut down
the motor power.

Procedure 9-6
Recover from a DCS
Position violation:

1 Press Shift and
Reset

2 Jog away from the

limit Fault SRY(0-402 DCS Cart. pos, rmut{No.1,G1,M0
ZERO LINE O ABORTED FolY
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9.4 Singularity

Singularity occurs in an X-Y-Z/Cartesian coordinate only. For most six-axis industrial robots,
wrist singularity occurs when the axes of Joints 4 and 6 are aligned. When axis 5 (J5)
approaches 0 degrees, the robot encounters an infinite combination of axis 4 and axis 6
positions to achieve a location.

Said differently, singularity occurs when an infinite number of joint angels generate the same set
of Cartesian data (J4, J5 and J6 on a 6 axis robot). It is important to keep in mind singularity is
not a unique FANUC issue, it is a six axis robot issue.

NOTE: Joint jogging is not effected by Singularity
errors.

Procedure 9-7 Recovering from
Singularity

1 Press the COORD key to select Joint
2 Move Joint 5 “+” or “-“ 10 degrees

3 Return to prior Cartesian Coordinate
motion or continue to jog the robot.

9.5 Chain Failure Detection Error

The robot controller may be equipped with a dual chain Control Reliable safety circuit. The
circuit is designed such that a single component failure within the system does not prevent the
stopping action from taking place but will prevent successive system cycle or movement until
that failure has been corrected.

A Single Chain Failure Detection fault will be set if one safety chain is in an Emergency Stop
condition and the other is not in an Emergency Stop condition.

If this occurs the teach pendant will display one of the following faults:
e SRVO-230 Chain 1 (+24v abnormal)
¢ SRV0-231 Chain 2 (Ov abnormal)

A WARNING
If you reset the chain failure fault without fixing the cause of it, the same alarm will occur,

but the robot can move until the alarm occurs again. Be sure to fix the cause of the chain
failure before you continue. Otherwise, you could injure personnel or damage equipment.

Procedure 9-8 Resetting a Chain Failure Alarm

1 Correct the cause of the alarm.

2 Create and then release a chain failure that is different from the original chain failure. An
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example of this would be to push the EMERGENCY STOP button on the teach pendant
and then press RESET.

3 Press MENU.
Select ALARMS.
5 Press F4 RES_1CH

[TYPE] [ VIEW] HIST RES_1CH

6 Verify YES by pressing F4.

Reset Single Channel Fault? [NO]

7 Press RESET to clear the fault from the Active Alarm screen.

9.6 Version Identification
9.6.1 Robot F-Number

FANUC America Corporation provides an F number
which is a unique number for the robot's
identification. The F number provides information
such as controller type, robot model, installed options
and sale information. The number is located at the
base of the robot and on the controller cabinet.

9.6.2 Version Identification Status

The STATUS Version ID screen displays information specific to your controller. Use this
information when you call the FANUC America Corporation Hotline if a problem occurs with
your controller. You cannot change the information displayed on this screen.

Procedure 9-9 Displaying the Version ID Information

1 Press Menu, -0- Next, and cursor down to Status.
2 On the Status fly out menu cursor down to Version ID and press Enter.

4 STATUS 0 4 Exec-hist
54D GRAPHICS b/ 5 Memory
G SYSTEM a _) 6 Rabot Condition ———
7 USER2 ~ |7pgTmer
8 BROWSER 18 Sys Timer —
|oCondion |
0 -- NEXT - o - nexT - —
- oSS e :'U-‘-'NEXT il |
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3 You should see a screen similar to below.

STATUS Version ID

wowmqmmnwwl

o

SOFTWARE :
HandlingTool

S/W Serial Ho.
Controller ID
Robot No.
Manufacturing ID

iD: 1/23

TDFL/10
DEV_SW
F00000
FOO0000

Default Personality {from FD)

R~2000iC/165F
Baerve Code

vV9.102/10
1234567890

Cart. Mot. Parameter v3.00
Joint Mot. Parameter V3.00

DCs

[TYPE] SOFTWARE CONFIG

v4.2.4

MOTOR SERVO

* [H

4 Pressing NEXT and then F3 ORDER FI (Order Fill) will display specific software features
and options that are loaded on the controller. The screen is similar to below.

STATUS Version 1D SRl Sl D R R R e L
SOFTWARE : In: 1/21
HandlingTool 7DC3/37 ! Generated by PCMCIA 8.3075.603 for F¥00
2 8/W Serial No. DEV_&W t on 153HQ14735.frna.com
3 Controller ID FOO000 1A05B-2600-H552 ' HandlingTool
4 Robot No. FO0000 1A05B-2600-H521 ¢ English Dictionary
5 Manufacturing ID 1A05B~-2600-R764 ! 4D Graphics
6 Default Personality (from FD) 1A05B-2600-R796 ! Ascii Program Loader
7 R-2000iC/210F Vv8.30P/37 1A05B-2600-R507 ! Ascii Upload
8 Servo Code 1234567890 1A05B-2600-R650 ' FRA Params
9 Cart. Mot. Parameter V3.00 1A05B-2600-R641 ! PC Interface
10 Joint Mot. Parameter v3.00 1A05B-2600-J669 ! Payload Ident.
i1 DCs Vv3i.5.13 1A05B~-2600-FVRC ! Virtual Robot
Continue displaying?®
| weomtes || omvere || oemo | 3> | j | ws | wo |
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9.7 Chapter Review
1. When a DCS error occurs, what two keys do you press in order to clear
the fault?
and
2. Robot F Number and Version ID information can helpful for what
reasons?
3. Singularity error can be corrected by moving? (Circle the correct
answer)
A Joint 2 (+/-) 10 degrees
B Joint 3 (+/-) 15 degrees
C Joint 5 (+/-) 10 degrees
D Joint 6 (+/-) 15 degrees
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Lab 9
Diagnosing a Fault

Student Name:

Assignment:

The student will:
» Navigate to the Alarm Screen

= Diagnose a Fault

Condition: A FANUC robot and controller.
{ Step: 1 Navigate to the Alarm Screen. (See Section 9.2.1 Displaying the
‘ Alarm Log, pg. 103)
( 2 Display the alarm history. (See Section 9.2.2 Displaying the Alarm
History, pg. 105)
3 Diagnose any fault listed on the Alarm Screen. (See Section 9.2.3
Diagnosing a Fault, pg. 105)
' a In the space provided write down the cause and remedy of this alarm
Cause:
Remedy:
; Completed: []
Instructor:
{
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Lab 10
Viewing the Version ldentification Information

Student Name:

Assignment: The student will:

e Determine the Version ID Information.

Condition: Given a FANUC Robot and a controller

Step: 1 Display the Version ID information. (See Section 9.6.2 Version
Identification Status, pg. 108)

2 What is the Software Edition Number?

3 Whatis the S/W Serial Number?

4 What is the controller F Number?

5 What is the Robot Model?

Completed: [ ]

Instructor:
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10 FRAMES

10.1 Learning Objectives
= Understand a 3D Cartesian Coordinate System
o Learn the different Frame Types
s Create Tool Frames
¢ Create User Frames
¢ Create Jog Frames

e Save Frame Data
10.2 Frames Overview

As discussed in Chapter 6, the FANUC Application Software utilizes X, Y, Z, W, P, and R to
move throughout the cell and record positional data, this setup is known as a 3 Dimensional
Cartesian coordinate system.

A 3D Cartesian coordinate system is a set of three planes at right angles to each other. The
point at which all three planes intersect is the origin of the system. FANUC typically refers to
such a system as a Frame. In the robot system, the intersecting edges of the planes are the X,
Y, and Z axes of the frame.

N
\\
2 S's
n%
7
e A
/ x\ 4 P:a"'
s - yZ
T
<
T2 Y
<?€'9 ~
o Origin
.
Y
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10.2.1 How are Frames Used

Frames are used to describe the location and orientation of a position in three-
dimensional space. The location is the distance in the X, Y, and Z directions from the origin
of the reference frame. The orientation is the rotation about the X, Y, and Z axes of the
reference frame. When you record a position, its location and orientation are automatically
recorded as X, Y, Z, W, P, and R relative to the origin of the frame it uses as a reference.

The location of a position is expressed as three X3
dimensions, which, in the robot, are measured R TN
in millimeters from the origin in the X, Y, and Z ‘\‘\ .
directions. (1000, 500, 500)‘? i 7
( X, Y, Z) :/ . ﬂe i
As shown in the image to the right, o XW%’Z"PW
1000,500,500 means the position is 1000mm in P v [ $500
the X direction, 500mm in the Y direction, and S “~ ey S !
500mm in the Z direction from the origin. NN
P
“Z
~
457,

The orientation of a robot position is
measured in degrees of rotation about the X,

Y, and Z axes.

(1000, 500, 500, 0, 45, 0)
(x vy, zwpr)

As shown in the image to the left, 0,45,0
means that the position is rotated +45

N A degrees about the Y axis and is not rotated
\f{% about the X or Z axes.

One of the benefits to defining frames is to
establish a reference point on a work piece such as a fixture or pallet and also a reference point
on the End of Arm Tooling (EOAT). Once established, the positional data mentioned above will
be relative to these reference points. If the work piece or tooling moves, the program can be
edited by adjusting the frame rather than adjusting all positional data in each program.

10.3 Frame Types

The robot utilizes five different kinds of frames. Each different kind of frame makes certain
tasks; jogging, offsetting, programming, etc. easier to perform. The kinds of frames are:

¢ World Frame e Tool Frame e User Frame
 Jog Frame e Cell Frame

E NOTE: Cell Frame is used in the 3D graphics and not covered further in this manual.
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10.4 World Frame

WORLD is the default frame used to describe the location and orientation of the Tool Center
Point (TCP). The default location of the TCP is the center of the faceplate. The TCP location
can be changed once tooling has been added to the robot. WWhen recording positional data for a
program the robot measures from the WORLD origin to the tooling and is represented in X, Y, Z,
W, P, and R coordinate values.

e The WORLD Frame is the default frame
of the robot. It cannot be changed by
the user.

e ltis the basis for all taught positons and
all taught frames within the robot.

s The origin of the world frame is located
on the centerline of the J1-axis at the
height of the centerline of the J2-axis.

e The location of this origin never
changes.

¢ The orientation of the WORLD frame
can change from improper mastering.

e When jogging in WORLD, the servo
motors will maintain a linear (straight)
movement with respect to the tool.

10.5 Tool Frames

Tool frame is used to describe the orientation and location of the physical tool on the robot. By
default, the tool frame has its origin at the robot faceplate.
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When you set up a Tool Frame (commonly referred to as the Tool Center Point (TCP)), you
move the origin of this frame from the robot faceplate to the point on the applicator, gun, torch,
or tool at which the painting, welding, sealing, handling, or other application work is to be done.

Once the Tool Frame has been defined the positional data in your programs will now be relative
to the distance from the World origin to the defined center point of the tool. This will make your
programming data more accurate to where the work is actually being performed. Also, when
conducting Cartesian Interpolated motion, the path will be based on the TCP and move the
defined TCP in a linear or circular manner depending on program commands.

The Tool Frame data is the physical distance that the center point of the frame is from the
faceplate of the robot relative to X, Y, and Z. The W, P, and R values of the tool frame identify
the orientation of the frame. From the image above we can see the Tool Frame maintained the
default orientation which is Z+ straight out from the faceplate. As seen below, if we were to add
a positive or negative value in the W, P, and/or R fields of the frame the orientation would have
rotated about the specified plane(s).
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When working with Tool Frames keep in mind:

» When no data is defined the Tool Frame location is the center of the faceplate.
J e The Tool Frame data is a physical measurement back to the center of the faceplate.

e Once defined the Tool Frame is commonly referred to as a Tool Center point (TCP).

» Robots with multiple tools can have multiple TCP’s, default of ten schedules.
+ R30iB Controllers can have up to 29 Tool Frames
» R30iB Plus Controllers can have up to 253 Tool Frames

® Whea_n selecting Tool as the jog method the active TCP becomes the focal point while
jogging.

10.6 Creating a Tool Frame

( There are six standard ways to define a Tool Frame:

o, Two Point +Z This function can set TCP for robpts which cannot tilt their tools to
the XY plane in the world frame (i.e. 4 axes robots).

Three Point Defines the location of the tool frame when the values cannot be

measured and directly entered. See 10.6.1 Three Point Method.

Defines the precise location of the tool frame by utilizing the
¢ Four Point feedback provided by this method on how well the approach
positions are taught. See 10.6.2 Four Point Method.

Define the location and orientation of the tool frame using the X
( e Six Point (XZ) and Z planes when the values cannot be measured and directly
entered. See 10.6.3 Six Point (XY / XZ) Method.

Defines the location and orientation of the tool frame using the X
» SixPoint (XY)  and Y planes when the values cannot be measured and directly
entered. See 10.6.3 Six Point (XY / XZ) Method.

{ The direct entry method provides for direct recording and
e Direct Entry numerical entry of the frame position. See 10.6.4 Direct Entry
Method.

NOTE: The two point +Z is not covered in this manual. Refer to the specific application
software manual for further details if necessary.
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10.6.1 Three Point Method

Use the three point method to define the location of the tool frame when the values cannot
be measured and directly entered. The three approach points must be taught with the tool
touching a common point from three different approach directions.

Procedure 10-1 Defining a Tool Frame using the Three Point Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter
d You should see a screen similar to below.

SETUP Frames [H

/ Direct Entry  1/10
X Y Z Comment

il o.0 c.0 ¢.0 [Ecatl 1
2 0.0 6.0 0.0 [Eoat2 H
3 0.9 0.0 0.0 [Eocat3 1
4 0.0 0.0 0.0 [Ecatd 1
5 0.0 0.0 0.0 [Boats 1
13 0.0 0.0 0.0 [Boat$ 1
7 0.0 g.0 0.0 [Eoat? 1
B 0.0 .0 0.0 [Boat8 1
9 0.0 0.0 0.0 [Boatd 1
10 0.0 0.0 0.0 [Boatll 1

m [ TYPE } DETAIL [OoTHER | CLEAR SETIND

2 Look in the upper left hand corner, if something other than Tool Frame is displayed, press
F3 [OTHER] and select Tool Frame. If OTHER is not displayed press Prev.

3  Place your cursor next to The Tool Frame to define and press Enter or F2 DETAIL.

SETUP Frames . =fH
Tool Frame Direct Entry 1/7
Frame Number: 1

1 Comment:
2 X 0.000
3 ¥ 0.000
4 Z: 0.000
5 wW: 0.000
6 P: 0.000
7 R: 0.000
Configuration: NDB, 0, 0, C

4 Press F2 [METHOD] highlight Three Point and press Enter.
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| Towl Frame Dixect Entry 1/7

Frame Number: I
1 Comment:
X: .000
¥: .000
000

)
]

A 0.

h 1 Thres Point 0.000
0
D

=~ th Ut e N

R|25xPain X2) | -000
Cl3SxPoinl XY} on: NDB, 0,0, 0
(4 TwoPom:+ Z

{5 FoorPon: |

freee |l

Toel Frame Three Point 1/4
Frame Number: 1
X: 6.0 ¥ 0.0 2 0.0 |
W: 0.0 P: 0.0 R: 0.0
Comment.: FEoatl
Approach point 1: UNINIT
Approach point 2: UNINIT
Approach point 3: UNINIT
Active TOOL $MNUTOOLNUM{1l] = 3

i [ TYPE] [METHOD]  FRAME

6 Add a comment to associate the Tool Frame with a specific tool.

7 Record Approach Points, the objective is to record the approach points from three different
angles. The figures below show examples of how the approach points may be recorded
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8

Cursor to the line labeled Approach point 1.
a Jog the robot so that the tool tip touches a fixed reference point

b With the robot properly positioned hold down Shift and F5 RECORD to record the
position.

9 Cursor to the line labeled Approach point 2.

a Jog the robot so that the tool tip touches the fixed reference point but this time approach
the point from a different angle.

NOTE: Large rotations, near 90° but no more than 360°, give the best results. However,
smaller rotations can be used if motion is restricted by cabling or other attachments.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD.
10 Cursor to the line labeled Approach point 3.

a Jog the robot so that the tool tip touches the fixed reference point but this time approach
the point from a different angle.

smaller rotations can be used if motion is restricted by cabling or other attachments.
b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD.

11 After recording the final position the Frame data will be calculated. You should see a
screen similar to below.

SETUP Frames , + =[H
Tool Frame

New position calculated

{TYPE] [METHOD] FRAME MOVE_TO  RECORD

12 With the new Frame calculated proof the values.

a Measure back to the face plate from the newly defined TCP and ensure the numbers
make sense.

13 Test the newly defined Frame by jogging as well.
a Hold Shift and press COORD.
b On the Jog Menu enter the value of the Frame you just created on the Tool line.
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SETUP Frames H=[H
Tool Frame Three Poir [IIIESTINNE
Frame Number: 1 Jog F -

X: 0.0 ¥Y: 0.0 Z o User 0 £

W: 0 . 0 P . O . 0 K: llllll b.m ------- L]
Comment : Eoatl '-:

L]
Approach point 1: NI [N~ RAENLT &
Approach point 2: U&Ii AQE-MEEH _E
Approach peint 3: UNINIT
|

Jog Cosidinale System (press and hold to set)

| T S T

I |
JOINT prd WORLD

¢ Ensure Tool is the selected Jog Method, press COORD until it is displayed.

ZERO LINE 0 [[] ABORTED G 100

d Using the rotation keys, jog the robot about the X, Y, Z coordinate axes. If your frame is
taught correctly the rotational movements of the robot with pivot around the point in
space that you defined for your Tool Frame and not drift away from it.

10.6.2 Four Point Method

Use the four point method to define the precise location of the tool frame by utilizing the
feedback provided by this method on how well the approach positions are taught. This
method requires four approach points to be taught with the tool touching a common point
from four different approach positions.

This method indicates the approach position with maximum TCP error so that user can
correct that position and re-compute the tool frame. This will reduce the effect of user’s
teaching errors incorporated in the computation of the tool frame. Adjust and re-teach the
approach positions that are slightly off iteratively until the tool frame computed is of desired
accuracy on the basis of the TCP error feedback.
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Procedure 10-2 Defining a Tool Frame using the Four Point Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter

d You should see a screen similar to below.

SETUP Frames 21
/ Direct Entry 1/10
i 'l Z . Comment
[Boatl
[Eoat2
[Eoat3
[Boatd
[Ecath
[Ecatb
[Eocat?
[EoatB
[Eoat9
[Ecatl0

o

SOOI Wb WN -
e
OO OOOOOOOO
COOOOOOOOO
COOCOoOODOCOOOO
COQOODOO0OQO
OO0 OO0 O0O0
OCOODOVOTOOLOO
bk ol b bk Bk St bt ool St ok

[y

HH [ TYPE ] DETAIL  [OTHER ] CLEAR  SETIND

2 Look in the upper left hand corner, if something other than Tool Frame is displayed, press
F3 [OTHER] and select Tool Frame. If OTHER is not displayed press Prev.

3 Place your cursor next to The Tool Frame to define and press Enter or F2 DETAIL.

Tool Frame Direct Entry 1/7
Frame Number: 1

1 Comment:

2 X 0.000

3 Y: 0.000

4 Z: 0.000

5 W: 0.000

6 P: 0.000

7 R: 0.000

Configuration: NDB, 0, 0, O
FHH [TYPE] [METHOD]  FRAME

4 Press F2 [METHOD], highlight Four Point and press Enter.
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SETUP Frames #=I[H

Tool Frame Diraect Entry 177
Frame Number: 1
1 Comment:
2 X: 0.000
3 v 0.0600
4 2. 0.000
R METHOD 1| 0.000
€ p i ThreePaint 0.000
7 R 2SxPoint(Xz) | 0.000
C|3 SxPont() bn: NDB, 0, 0, 0
4 Two Point + 2|
| & Direct Ent y

[ TYPE] SMETHOD|:  FRAME

Sessssansnd

5 You should see a screen similar to below.

SETUP Frames # =[H
Tool Frame Four PT Tool 1/5
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment: Eoatl
Approach point 1: UNINIT
Approach point 2: UNINIT
Approach point 3: UNINIT
Approach point 4: UNINIT

Mean Exrroxr: *&%¥&%* mm
Max. Error: *%kx*** mm at point[0]

Active TOOL $MNUTOOLNUM[1] = 1

[TYPE] [METHOD]  FRAME

6 Add a comment to associate the Tool Frame with a specific tool.

7 Record Approach Points, the objective is to record the approach points from four different
angles. The figures below show examples of how the approach points may be recorded

REF. POINT
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REF. POINT

8 Cursor to the line labeled Approach point 1.
a Jog the robot so that the tool tip touches a fixed reference point

b With the robot properly positioned hold down Shift and F5 RECORD to record the
position.

9 Cursor to the line labeled Approach point 2.

a Jog the robot so that the tool tip touches the fixed reference point but this time approach
the point from a different angle.

NOTE: Large rotations, near 90° but no more than 360°, give the best results. However,
smaller rotations can be used if motion is restricted by cabling or other attachments.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD.
10 Cursor to the line labeled Approach point 3.

a Jog the robot so that the tool tip touches the fixed reference point but this time approach
the point from a different angle.

@ NOTE: Large rotations, near 90° but no more than 360°, give the best results. However,
smaller rotations can be used if motion is restricted by cabling or other attachments.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD.
11 Cursor to the line labeled Approach point 4.

a Jog the robot so that the tool tip touches the fixed reference point but this time approach
the point from a different angie.

Eéj NOTE: Large rotations, near 90° but no more than 360°, give the best results. However,
smaller rotations can be used if motion is restricted by cabling or other attachments.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD.

12 After recording the final position the Frame data will be calculated. You should see a
screen similar to the following page.
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SETUP Frames & =MH
Tool Frame Four PT Tool 5/5 |
3 R
X: -1.3 v -0.2 Z: 267.2
W: 0.0 P: 6.0 R: 0.0

) .
Approach point 1] USED
Approach peint 2% USED
Approach point /3: USED

Mean Erxrrox:

Max, Brror: § 10.861 mm at point{d]

/
Hew position caloulated

{TYPE ] [METMOD] FRAME  MOVE_T0r  RECORD

13 You will see the message, “New position calculated” and the tool frame computed will be
displayed along with the mean and max errors of all four approach points.

14 If the mean and max TCP errors are within desired limits, the new tool frame is ready to
use.

A CAUTION

When the mean error is very small, it is possible that three of the four recorded positions are
inaccurate (relatively speaking) resulting in the correct position having the largest deviation from
the mean. Using a precise tool and a reference point for teaching should overcome this.

15 If the user wants better accuracy, correct the approach position corresponding to max
error and re-compute the tool frame.

Move the cursor to the Approach point indicated as having the max error.
Press and hold the SHIFT key and press F4, MOVE_TO.

Adjust the position to correct any positional errors.

Press and hold the SHIFT key and press F5, RECORD.

Tool frame is computed again.

- 0 o 0 T o

Repeat these steps if more accuracy is needed.

[‘% NOTE: If the mean error does not decrease after re-teaching the point with max error, do
not proceed any further. At this point the mean error is attributed to inaccuracies in mastering or
calibration and not due to user error in teaching. If the mean error decreases after re-teaching
the point with max error, it implies that the user error in teaching was corrected in the
subsequent tool frame calculation.

A CAUTION

The TCP errors are calculated based on the recorded positions. It provides a guideline for the
user to iteratively improve the accuracy of the recorded positions. The error measures are
reasonable only when one of the four positions recorded is slightly off. When two or more
recorded positions are inaccurate and deviate more from the reference position, the error
feedback may not be accurate. When the difference between max and mean errors is not
significantly large, more than one recorded positions deviate from the reference position.
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16 With the new Frame calculated proof the values.
a Measure back to the face plate from the newly defined TCP and ensure the numbers

make sense.

17 Test the newly defined Frame by jogging as well.

a Hold Shift and press COORD.

b On the Jog Menu enter the value of the Frame you just created on the Tool line.

SETUP Frames 8 =B
Tool Frame Four PT TofilostulmN :
! Frame Number: 1 « Jog 1 E
X: -1.3 Y: ~0.2 g User 6.
w: 0 . o P: 0 N 0 R:- ----- U.v ------- L]
Comment.: Ecatl .

USED '

ves JOG MENU *

sw:sa-mssa-;uuall‘

Approach point 1:

Approach point 2:

Approach point 3:
pproach point 4:

Mean Error: 5.751 mm

Max. Error: 10.861 mm at point{4d]

Jog Coordnate System {press and hold to set)

% I

=}
KOIRY

¢ Ensure Tool is the selected Jog Method, press COORD until it is displayed.

ZERO LINE 0 [EEY ABORTED R

d Using the rotation keys, jog the robot about the X, Y, Z coordinate axes. [f your frame is
taught correctly the rotational movements of the robot with pivot around the point in
space that you defined for your Tool Frame and not drift away from it.

100
%
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10.6.3 Six Point (XY / XZ) Method

Use the six point method to define the location and orientation of the tool frame when the
values cannot be measured and directly entered. The six point method requires three points
that define the direction vector for the tool, and three points that define the location of the
tool center point.

There are two variations of the six point method — XZ and XY. Use XZ when it is easier for
you to record a point in the +z direction. Use the XY when it is easier for you to record a
point in the +y direction.

Procedure 10-3 Defining a Tool Frame using the Six Point Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter

d You should see a screen similar to below.

SETUP Frames n=3
ool Frame / Direct Entry 1710

Y z Comment

{Boatl

[Boat2

[Eoat3

[Evatd

{Eoath

[Eoatb

[Ecat?

[EoatB

{Boat®

[Boatll

=
L]

QW IHWd N
b

QOO COOODO
GO ooQCOOoODOR
Qoo COooCOoOOoOOO
P
OCOQOOOQOLO O
QOO0 OLOLOC
LOoODIOoOOQOOQ
[ P S P VP P

=

i [ TYPE ) DETAIL  [OTHER ) CLEAR SETIND

2 Look in the upper left hand corner, if something other than Tool Frame is displayed, press
F3 [OTHER] and select Tool Frame. If OTHER is not displayed press Prev.

3 Place your cursor next to The Tool Frame to define and press Enter or F2 DETAIL.

SETUP Frames _
Tool Frame Direct Entry 177
Frame Number: 1

1 Comment:
2 X 0.000
3 ¥: 0.000
4 2Z: 0.000
5 W: 0.000
6 P: 0.000
7 R: 0.0600
Configuration: NDRB, O, 0,0
|
E] [TYPE] [METHOD]  FRAME
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4 Press F2 [METHOD] highlight Six point (XY) or Six Point (XZ) and press Enter.

SETUP Frames
Tool Frame
Frame Number:
Comment :

~S MG D W R
fod

3 Six Paant(XY)

3 Four Pow .

6 Direct Ent y

£

r |35 :
§ M52 1*

1

. 000
.000
.000
.000
. 000
.000

Direat Entry 177

Cooocooo

] [TYPE | T|METHOD| S FRAME

# =[H

B, 0, 0,0

5 You should see a screen similar to below.

SETUP Frames
Teol Frame
Frame Number:

X: 0.0
W: 0.0
Comment:

L [TPe]  [METHOD]

1
Y:
P:

Approach point 1:
Approach point 2:
Approach point 3:
Orient Oxigin Point: UNINIT
X Direction Point: UNINIT
Z Direction Point: UNINIT

Active TOOL $MNUTOOLNUM[1] = 3

FRAME

6 Add a comment to associate the Tool Frame with a specific tool.

7  Record Approach Points, the objective is to record the approach points from three different
angles. The figures below show examples of how the approach points may be recorded

128
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8 Cursor to the line labeled Approach point 1.

a Jog the robot so that the tool tip touches a fixed reference point

b With the robot properly positioned hold down Shift and F5 RECORD to record the
position.

9 Cursor to the line labeled Approach point 2.

a Jog the robot so that the tool tip touches the fixed reference point but this time approach
the point from a different angle.

NOTE: Large rotations, near 90° but no more than 360°, give the best results. However,
smaller rotations can be used if motion is restricted by cabling or other attachments.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD.
10 Cursor to the line labeled Approach point 3.

a Jog the robot so that the tool tip touches the fixed reference point but this time approach
the point from a different angle.

[% NOTE: Large rotations, near 90° but no more than 360°, give the best results. However,
smaller rotations can be used if motion is restricted by cabling or other attachments.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD.
11 Move the cursor to Orient Origin Point.

a Jog the robot so that the tooling orientation aligns with the WORLD coordinate planes.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD
12 Move the cursor to the X Direction Point.

a Jog the robot in the direction that you want to set as the +X direction.

b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD

13 Move the cursor to Y Direction Point or Z Direction Point (Dependent on the method
selected).

a Jog the robot in the direction you want to set either +Y or +Z.
b With the robot properly repositioned hold down the SHIFT key then press F5 RECORD

14 After recording the final position the Frame data will be calculated. You should see a
screen similar to the following page.
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SETUP Frames =
Tool Frame Six Point (XZ) 471

Fr.
X ~0.0 Y: .0
~1806.0 P: -SQ 0
2y B Eo

Approach point LA USED
Approach point #£:

m

Orient Origin/
X Direction Foi

CNew position caloulated

[TYPE] [METHOD) FRAME MOVE_TO  RECORD

15 With the new Frame calculated proof the values.

a Measure back to the face plate from the newly defined TCP and ensure the numbers
make sense.

16 Test the newly defined Frame by jogging as well.
a Hold 3hift and press COORD.

b On the Jog Menu enter the value of the Frame you just created on the Tool line.
SETUP Frames ,

Tool Frame
Frame Number: 1 < Jog 1 :

X: -0.0 ¥: -0.0 gzfUser 0 i
W: -180.0 P: -90.0 R: 0.0
Comment: Eoatl E
Approach point 1: USE ........"...n-u.

Approach point 2: USER JOG MENU &

plpraa{:h palnt 3 SEEﬂ’lﬁﬂﬁ‘!ﬂllﬂlﬂll’
Orient Origin Point: USED
X Direction Point: USED

Z Direction Point: USED

log Coarndmate System {press and hold to set)

) r I x

KoFRa4

17 Ensure Tool is the selected Jog Method, press COORD until it is displayed.

ZERO UNE 0 [[F] ABORTED — 109‘ |

18 Using the rotation keys, jog the robot about the X, Y, Z coordinate axes. If your frame is
taught correctly the rotational movements of the robot with pivot around the point in space
that you defined for your Tool Frame and not drift away from it.
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19 Using the X, Y, Z keys, test the new orientation of the Tool Frame. Ensure the robot
moves in the directions that you taught with the frame.

A WARNING
When using Tool Frame Offsets with programs, the offset direction is relative to the

orientation of the Tool Frame. Ensure you remember how the orientation of the Tool
Frames so you apply proper offsets. Failure to comply may result in injury to personnel
or damage to equipment.

10.6.4 Direct Entry Method

The direct entry method provides for direct recording and numerical entry of the frame
position. For TCP dimensions, refer to the manufacturing specifications of the tool.

Procedure 10-4 Defining a Tool Frame using the Direct Entry Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter
d You should see a screen similar to below.

1]

SETUP Frames ®=(8B
/ Direct Entry 1/10
4 Contmeant

fEoatl 1

{Boatl 1

[Boat3 i

[Ecatd i

{Eoath )]

{Boatf 1
]
1
1
1

X

e

[Eoat?
[Ecat8
[Eoat®
[Boatll

DO W I ;U W N
RO ODO0DO OO
DOWROQDOVOO0
DD DOooOO0n
WMODLDOOROoOOLO
DODDOOVLWOOO
R IR
DLDOOLOOLOOOCO

ok

E [TYPE ] DETARL [OTHER | CLEAR SETIND

2 Look in the upper left hand corner, if something other than Tool Frame is displayed, press
F3 [OTHER] and select Tool Frame. If OTHER is not displayed press Prev.

3 Place your cursor next to The Tool Frame to define and press Enter or F2 DETAIL.
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4 Press F2 [METHOD] highlight Direct Entry and press Enter.

SETUP Frames % =[H
[ Tool Frame 8ix Point (XZ} 477
Frame Number: 1
X -0.,0 b 48 -0, 0 %: 270.0
W: -~1860.0 P: =90.0 R: 0.0
Comment: Eocatl
Appr j w10 USED

2: USED

1 Thres Pomt

Orie'ﬁ' Six Pamnt{XZ) _?oint: USED
X Di[3SxPontXY) |nt: USED

Z Di_aTwo Port +Z nk: USED
5 Four Poiat

Jessanasnay

{TYPE ] {METHOD) ® FRAME  MOVE_JO  RECORD

5 You should see a screen similar to below.

SETUP Frames ® =
Tool Frame Diract Entry 177
Frame Number: 1

1 Comment:
2 X: 0.000
I 4 0.000
| 4 Z: 0.000
| 5 W: 0.000
' 6 P: 0.000
| 7 R: 0.000
Configuration: NDBRB, O, 0, 0

Active TOOL $MNUTOOLNUM[1] = 3

e [TYPE] [METHOD]  FRAME

6 Add a comment to associate the Tool Frame with a specific tool.
7  Set each position component:

a Move the cursor to the component.

b Enter the numeric value for the component.

¢ Press the ENTER key to set the new value

SETUP Frames A= (8

Tool Frame Direct Entry 777

Frame Number: 1
1 Comment: Eoatl
2 X 0.000
3 y: 0.000
4 2 270.000
5 W: 0.000
6 P: 0.000
7 R:

Configuration: NDB, 0, 0, 0
B [ TYPE ]} [METHOD]  FRAME
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8 With the new Frame calculated proof the values.

a Measure back to the face plate from the newly defined TCP and ensure the numbers
make sense.

9 Test the newly defined Frame by jogging as well.
a Hold Shift and press COORD.

b On the Jog Menu enter the value of the Frame you just created on the Tool line.

SETUP Frames
Tool Frame Direct Ent i il :
Frame Number: 1 v Jog 1 :
Comment : : User o

270.000 ¢

ERNEEESEAEETE RN A Ry

X
¥
2
W 3 ™
P : JOG MENU ;
R
Co

nfiguration: NDBRB, 0, 0, O

Jog Coordinate Systemn {press and hold to se

I

OINT YR WORLD L= ¢}

10 Ensure Tool is the selected Jog Method, press COORD until it is displayed.

ZERO LINE 0 [{F] ABORTED — Iog

11 Using the rotation keys, jog the robot about the X, Y, Z coordinate axes. If your frame is
taught correctly the rotational movements of the robot with pivot around the point in space
that you defined for your Tool Frame and not drift away from it.

12 If you changed the orientation of the frame, ensure you test the directions using the X, Y,
and Z jog keys. The robot should respond by moving the newly defined directions.
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Lab 11
Creating Tool Frames

Student Name:
Assignment: The student will:
¢ Create a Tool Frame Using Direct Entry
e Create a Three, Four, or Six Point Tool Frame

Condition: Given a FANUC Robot and a controller

Step: 1 Create a Tool Frame using Direct Entry. (See Section 10.6.4 Direct
Entry Method, pg. 131.)

2 Create a Tool Frame using either
» Section 10.6.1 Three Point Method, pg. 118,
» Section 10.6.2 Four Point Method, pg. 121
e Section 10.6.3 Six Point (XY / XZ) Method, pg. 127

3 Test each Frame to ensure accuracy.

Completed: []

Instructor:
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10.7 User Frames

User frame is the reference frame for all recorded positional data in a program. As the name
suggests, user frames are taught by the robot programmer, or user. More than one user frame
can be taught, but only one can be active at a time. You can define a user frame is any location
and orientation.

User framev
is this ofisetin
+X 5 ,\(,Z’W,P,H

TRy

+Y
User Frame World Frame

If you do not set up the location and orientation of the user frame before you create a program,
the user frame will use World frame’s location and orientation

SETUP Frames

User Frame
Frame Numbe

The User Frame data is the physical distance that the origin of the frame is from the origin of the
robot relative to X, Y, and Z. The W, P, and R values of the user frame identify the orientation
of the frame. From the image above we can see the User Frame maintained the default
orientation which is X+ forward, Y+ to the left, and Z+ up. As seen below, if we were to add a
positive or negative value in the W, P, and/or R fields of the frame the orientation would have
rotated about the specified plane(s).
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User Frame iL tion Val rnt
Frame Numbe ocation values

!

Y: -546.8

: Orientation Values

When working with User Frames keep in mind:
¢ When no data is defined the User Frame location is the origin of World Frame.
s The User Frame data is a physical measurement back to the origin of the robot.

» The controller allows you to set up many different user frames for each robot, default of
nine schedules.

¢ R30iB Controllers can have up to 61 User Frames
» R30iB Plus Controllers can have up to 253 User Frames
e When selecting User as the jog method the active User Frame orientation defines how
the robot will jog.
10.8 Creating a User Frame

There are three standard ways to define a User Frame:

e Three Point Regording three points defines the user frame. See 10.8.1 Three

Point Method

Use the four point method when you need to define a frame that

o Four Point has its origin at a position other than the reference of the frame.
See 10.8.2 Four Point Method

Use the direct entry method when you know the coordinates of the

* Direct Entry user frame. See 10.8.3 Direct Entry Method

10.8.1 Three Point Method

Recording three points defines the user frame. The three points are the origin, a position
along the +X-axis of the user frame, and a position on the X-Y plane of the user frame
(defines the X-Y plane and the Y-Z plane).
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Procedure 10-5 Defining a User Frame using the Three Point Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter

d You should see a screen similar to below.

SETUP Frames 53]

/ Dirvect Entry 1/10
Y z Commant
[Eoatl 1
[Ecat2 1
[Boatld )]
[Enatd 1
[Boats 1
[Eoaté 1
1
1
1
1

[Eozt?
[Ecatd
[Boakl
{Boatll

€A Wl AR s WA e
b
QOO OoODOOCO
CLOOQLQLDLOQ
GOODODIOBUHOO
N
Do COoOQQQOoO0O0
CODOOTODOO
[~~~ - R~ -~

s

s [ TYRE | OETAR [OTHER | CLEAR SETIND

2 Look in the upper left hand corner, if something other than User Frame is displayed, press
F3 [OTHER] and select User Frame. If OTHER is not displayed press Prev.

Tool Frame / Direct Epntry 1/10
X Y 4 Comment
i o.0 0.0 270.0 [Eoatl 1
2 0.0 0.0 0.0 [Eoat2 1
3 .0 -.0 180.0 [Pointer 1
4 ¢.¢ G.0 0.0 fEoatd 1
5 0.0 Q.0 Q.0 [Boatd 1
6 0.0 ¢ [Boaté 1
7 0.0 0 f[RBoat? 3
8 0.0 0 fEoats 1
] 0.0 0 {Eoat9 1
10 0.0 {Bocatll i

i | TYPE|  DETAR 3 OTHER |5 CLEAR  SETIND

farnnnand

3 You should see a screen similar to below.

User Frame / Threse Point 1/%
¥ 2 Comment
[UFramel
{UFrama?
{UFrama3
[UPramed
fUFramel
{UFPrames
[UGFrame?7
[UFramed
{UFramed

[ B R R M
]
L]
[=T~ 20w e R N R )
OO0 O
[~ R I - e~ ]
BRI
LI
O TOTDOO D
DO TOOOO0
bd ond okt ek Sk Sk S o

Aotive UFRAME SMNUFRAMERUMIL] = 2

i [ TyvE | DETAN.  |OTMER]  CIEAR  SETIND

4 Place your cursor next to the User Frame to define and press Enter or F2 DETAIL
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5

Within the frame setup screen press F2 [METHOD] and select Three Point from the list.

SETUP Frames + =[H
User Frame Direct Entry 1/7
Frame Number: 1

Comment

: .000

.000

L0000

. 000

Q06

000

B, 0, 0, 0

N ;O W N e

X:
X:
a:
w:
P
R.

Uoooocoo

METHOD 1 | . N
1 Thres Pont

6 You will see a screen similar to below.

SETUP Frames H=3H
Usex Frame Three Point 1/4
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P 0.0 R: 0.0
Comment : I TTTTS!
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT

Active UFRAME $MNUFRAMENUM[1l] = 2

] [TYPE] [METHOD]  FRAME

7 Add a comment that describes the use of the frame.

8 Cursor to the line labeled Orient Origin
Point.

a Jog the robot so that the tool tip
touches the point to be set as the
origin of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

NOTE: This point defines the origin of the frame relative to the origin of World Frame.
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Cursor to the line labeled X Direction
Point.

a Jog the robot so that the tool tip

touches the point to define the X
Direction of the frame.

b With the robot properly positioned

hold down Shift and F5 RECORD
to record the position.

10 Cursor to the line labeled Y Direction
Point.

a Jog the robot so that the tool tip

touches the point to define the Y
Direction of the frame.

b With the robot properly positioned

hold down Shift and F5 RECORD
to record the position.

NOTE: The X and Y directions establish the orientation of the User Frame.

11 After recording the final position the Frame data will be calculated. You should see a
screen similar to below.

SETUP Frames

# = [H
Usexr Frame Three Point 474
Frame Numbexr: 1

Comment : UFramel

Orient Origin Pofnt: USED

[TYPE] [METHOD)

FRAME MOVE_TO  RECORD

12 With the new Frame calculated proof the values.

a Measure from the origin of the User Frame back to the origin of World Frame and ensure
the numbers make sense.

13 Test the newly defined Frame by jogging as well.
a Hold Shift and press COORD.
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b On the Jog Menu enter the value of the Frame you just created on the User line.

SETUP Frames
Uzer Frame Three PoinToof(.-10} 3

Frame Number: 1 *Jag 1 9
X: 875.0 ¥: -446.3 2Z: -1a.8
W: 0.0 P 0.0 R 0.>

[
»
Comment : U?I‘?ﬁ"unll;l‘l:ns:;u:.

Orient Origin Point: UsR JOG MENU b
USE s

X Direction Point:

ABEEERAEERBERE X RER WY

Direction Point: USED

log Conrdinate System (press and hold to sa

i Rk

¢ Ensure User is the selected Jog Method, press COORD until it is displayed.

/0 ZERO LINE 0 fP] ABORTED —— 102

10.8.2 Four Point Method

Use the four point method when you need to define a frame that has its origin at a position other
than the reference of the frame. You can also use it to define multiple frames with parallel axes.
The four points are the reference of the frame (called orient origin point), a point along the +x-
axis of the frame (defines the x-z plane), a point on the x-y plane of the frame (defines the x-y
plane and the y-z plane) and the origin of the frame (called system origin).

| | want the origin point
| of the User Frame
here, but have no
reference to define

| the frame.

1 Use the table to

| define the orientation.

WCR System Origin

ction '

| QOrient |
Origin §
| Point |

Y Dire
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Procedure 10-6 Defining a User Frame using the Four Point Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter
d You should see a screen similar to below.

SETUP Frames =
/ Direct Entry 1/10
2 4 2z Commant
[Eoatl 1
{Epat2 1
fEoat3 b
{Ecatd i
{Eoath 1
{Ecats 1
i
1
i
)

I
&

{Boat?
{EcatB
{Ecatg
{Eoatll

GO OU e WM
DSOS DODOODDR
DTOOROoLOoODO
RO OLOOOO0D
COOQOQOOO00OD
SO OODOGOn
GOLLOLLO00

| g

b [ T¥pE | DETARL  |OTHER ) CLEAR SETING

2 Look in the upper left hand corner, if something other than User Frame is displayed, press
F3 [OTHER] and select User Frame. If OTHER is not displayed press Prev.

SETUP Frames =« =[H
Taol Frame 7 Direot Entry 1/10

X Y Z Comment

0.0 270.0 [Ecatl
0.6 0.0 [Boat2
0

|
oo

2 180.0 [Pointer
0 0.0 [Eoatd
[Boats
[Ecaté
{Ecat?
[Boats
[Boaty

0 [Ecatld

D W ) A e N
SO COC
IR
ek Ad b N ot ek f B okt

CTOCAOOs 0D
;‘T z
0318 w § =t
L] . W
fa
. Ty
in @
3
J a
DO ooD

CLEAR SETIND

asnnnnad

3 You should see a screen similar to below.

SETUP Frames + =[H
User Frame [ Three Point 1/9
b 4 4 Commant
{UFramel
{UFzame2
[UFxame3
{UFramed
[UFramab
{UFramaé
[UFrames?
[UFramaB
{UFrame%

AW~ U e L B
H]
DSDOODTODOO
DO TOOD
SCOQTOLLO0O0
SO0
DLOODODRHDR
[T g W W TR N W Y

Active UFRAME S$MNUFRAMENUMIL] = 2

ITYPE]  DETANL  [OTMER]  CLEAR  SETIND
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4 Place your cursor next to the User Frame to define and press Enter or F2 DETAIL

5 Within the frame setup screen press F2 [METHOD] and select Four Point from the list.

SETUP Frames + =B
User Frame Three Point 1/4
Frame Number: 1

X: 0.0 Y: 0.0 Z:
W: 0.0 P 0.0 R:

Lo e}
< O

Comment :

Orient Origin Point: UNINIT

X Di ] oint: UNINIT
int: UNINIT

6 You will see a screen similar to below.

SETUP Frames * =B
User Frame Four Point 1/5
Frame Number: 1

Xx: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : UFramel
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT
System Origin: UNINIT

1= [ TYPE ) [METHOO] FRAME

7 Add a comment that describes the use of the frame.

8 Cursor to the line labeled Orient Origin
Point.

a Jog the robot so that the tool tip
touches the point to be set as the
origin of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

NOTE: This point defines the origin for the orientation of the frame.
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9 Cursor to the line labeled X Direction
Point.

a Jog the robot so that the tool tip
touches the point to define the X
Direction of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

10 Cursor to the line labeled Y Direction
Point.

a Jog the robot so that the tool tip
touches the point to define the Y
Direction of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

NOTE: The X and Y directions establish the orientation of the User Frame.

11 Cursor to the line labeled System
Origin Point.

a Jog the robot so that the tool tip
touches the point to define the Y
Direction of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

NOTE: The system origin point establishes the origin point for the user frame. This is the
position that all data will be measured from using this frame. This will also establish the
distance of the frame relative to the world origin.

12 After recording the final position the Frame data will be calculated. You should see a
screen similar to below.
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User Frame Four Point
Frame Numbex: 1

[TYPE] [METHOD] FRAME MOVE_TO  RECORD

13 With the new Frame calculated proof the values.
a Measure from the origin of the User Frame (system origin point) back to the origin of
World Frame and ensure the numbers make sense.

14 Test the newly defined Frame by jogging as well.

a Hold Shift and press COORD.
b On the Jog Menu enter the value of the Frame you just created on the User line.

SETUP Frames
User Frame
Frame Number: 1 i Jog 1 :
L
X: 1186.3 ¥: 60.2 Z: 561.%
W: 0.0 B 0.0 R 0.9
I.ﬂil!ll‘llllll'ﬂ-
Comment : UE‘razt JOG MENU =
Orient Origin Point US nam-'t.lllunaulnn!
X Direction Point: USED
¥ Direction Peint: USED
System Origin:

log Coordinate System (press and hold to set)

¢ Ensure User is the selected Jog Method, press COORD until it is displayed.

100
%

ZERO UNE 0 ABORTED G

10.8.3 Direct Entry Method
Use the direct entry method when you know the coordinates of the user frame. The direct
entry method allows you to designate the origin with values for X, Y, Z, W, P, and R.

Procedure 10-7 Define a User Frame using the Direct Entry Method

1 Press Menu
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a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter

d You should see a screen similar to below.

1]

SETUP Frames “* =[H

/ Direct Entry 1/10
Y 2 Comment
{Boatl i
{Eoat2 1
[Boat3 1
[Boatd 1
{Evath 1
1
)]
1
i
H

{Boats
{Ecat?
{Eoat8
{Ecat9
[Ecatll

(RT3 - R - R S PR
=
COLOOOOOO
[~~~ R R 3
[o R« I = e« J« o8]
DOoOGLOO0OOoS0
COVL LoD OO
COUOOOTOOOO

oy

i [ TYPE | DETAIL  [OTHER | CLEAR SETIND

2 Look in the upper left hand corner, if something other than User Frame is displayed, press
F3 [OTHER] and select User Frame. If OTHER is not displayed press Prev.

SETUP Frames % =1H

Tool Frame / Direct Bntry 1/10
X Y 4 Comment

0.0 270.0 [Ecatl

0.0 0.0 {Ecat2

-.0 180.9 [Pointex

0.0 0.0 {Ecatd

{Eoats

[Boaté

iEcat?

{Boat8

[Ecat9

{Ecatll

oo
Vo

O DWWl D WA
OO TOO OO
- E

CLOOoOO0OoOO0DOLOo
bt Do hvad Band fd o Bt Fd ) Nt

COVTCOO
PPN

s

e wew,

i1 [ TP} DETAR % JOTHER |+ CAFAR SETING

Basssases

3 Place your cursor next to the User Frame to define and press Enter or F2 DETAIL
4  Within the frame setup screen press F2 [METHOD] and select Direct Entry from the list.

SETUP Frames . =H
Usar Frame Pour Point /5
Frame Numbhsz: 1

x: 6.0 ¥ 9.0 % 0.0
w: 0.0 P 9.¢ R 0.0
Connent : EETTT™YS)

Orient Origin Point: UNINIT

X Da oint: UNINIT
Y Di, pint: UNINIT

SY!E! 1 hise Dy UNTNIT

C fesssssan

w [ TYVE | o [METHOD| 3 FRAME
. -

5 You should see a screen similar to below.
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~N o

SETUP Frames
User Frame

X
3 Y
4 Z:
5 W:
6 P
7T R

Configurati

= [TYPE | [METHOD]

Add a comment to associate the Tool Frame with a specific tool.

Set each position component:
a Move the cursor to the component.
b Enter the numeric value for the comp
¢ Press the ENTER key to set the new
With the new Frame calculated proof th

Diract Entry 1/7

$.000
0.008
0.000
0.000
0.000
0.000

on: NDB, O 0,0

FRAME MOVE_TO  RECORD

onent.
value

e values.

+

=

a Measure from the origin of the User Frame (system origin point) back to the origin of
World Frame and ensure the numbers make sense.

Test the newly defined Frame by jogging as well.

a Hold Shift and press COORD.

b On the Jog Menu enter the value of the Frame you just created on the User line.

SETUP Frames
User Frame

X
¥
-
w:
I
R

Configuration: NDBEB, 0, 0,

0

+=1H
Direct Entiariiiligimm:
3 lsg 1 .

¢ Ensure User is the selected Jog Method, press COORD until it is displayed.

Vo ZERO UNE 0 [[F] ABORTED e 102
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10.9 Jog Frames

Jog frame is a frame that you can set up in any location, with any orientation. Jog frame
provides a convenient way to move along a part when the part is oriented differently from the

world frame.

WORLD Frame Jog Frame

You can set up jog frame so that the coordinates of jog frame correspond to the coordinates of
the part. You can then jog along X, Y, and Z to teach the positions on the part.
When working with Jog Frames keep in mind:

s Before you use jog frame, you must set up its location and orientation.

* You can set up as many as five different jog frames for each robot.

« You can select one jog frame to be active at a time per robot group.

e You can jog the robot in jog frame.

¢ Positional data is not dependent on a Jog Frame.

10.10 Creating Jog Frames
There are two standard ways to define a Jog Frame:

Recording three points defines the user frame. See 10.8.1 Three

* Three Point o int Method

Use the direct entry method when you know the coordinates of the

* Direct Entry user frame. See 10.8.3 Direct Entry Method
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10.10.1 Three Point Method
The three point method allows you to define a jog frame by recording three points: the

origin, a point along the +x-axis of the user frame, and a point on the x-y plane of the user
frame (defines the x-y plane and the y-z plane).

Procedure 10-8 Defining a Jog Frame using the Three Point Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter

d You should see a screen similar to below.

/ Direct Entzy
Z Comment
[Boatl
[(Boat2
{Boat3
[Boatd
{Boats
{Eoaté
[Boat?
{Boats
{Boat9
{Boatll

"3

DIP ORI e W N e
G TOOCOOT DO
COOODOOOCO =
= B~ I = 0 - = B = B < - 3%~ 3 o)
COoOCOQO0O0OCOO
OOV OoTOO
CROCHDOCO T D
[ NP P W

[

QETARL foTHER } CLEAR SETIND

2 Look in the upper left hand corner, if something other than Jog Frame is displayed, press
F3 [OTHER] and select Jog Frame. If OTHER is not displayed press Prev.

SETUP Frames % =H
Usexr Frams / Dizmaot Entry 1/9
X ¥ 2 Conment
111500 0.0 550.0 (UFramel 1
2 ¢.0 0.0 0.0 [U¥rameZ b
3 6.0 0.0 0.0 [UPramal 1
& 6.0 6.0 0.0 [Uframed 1
5 ¢.o .0 [UFrameS 1
& G.0 0 [UFrameb 1
7 0.0 1
8 0.0 ]
9 0.0 1

3 You should see a screen similar to below.

| Joy Frame / Diract Entry 1/8
X ¥ g Commant
| i} oo 0.0 6.0 )
2 6.0 9.9 6.0 i
| 3 0.0 0.0 0.0 1 1
4 0.0 0.0 0.0 [ 1
5 0.0 0.9 6.0 [ ]

Aative JOG PRAME[1] = 1

] [TPE]  DEAL  foTeeR] CLEAR SETRID
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4  Place your cursor next to the Jog Frame to define and press Enter or F2 DETAIL
5 Within the frame setup screen press F2 [METHOD] and select Three Point from the list.

SETUP Frames

Jog Frame Direct Eatry 277
Frame Numbex: 1

1 Comment: [ Ty Y T )
2

3 0.9000

4 .000

5 0.000

6 0.900

7 o

MOVE_TO  RECORD

6 You will see a screen similar to below.

SETUP Frames # =18
Jog Frame Three Point 1/4
Frame Number: I

X: [+
W: 4

.0 Y 0.0 Z:
.0 P: 0.0 R:

<O
oo

Commeant : LR ER B R e T
Orient Orxrigin Point: UNINIT
X Diraction Point: UNINIT
Y Direation Point: UNINIT

Aative JOE FRAMEI[L] = 1}

{ TYPE | [METHOD] FRAME

7 Add a comment that describes the use of the frame.

8 Cursor to the line labeled Orient Origin
Point.

a Jog the robot so that the tool tip
touches the point to be set as the
origin of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

E NOTE: This point defines the origin of the frame relative to the origin of World Frame.
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9 |

Cursor to the line labeled X Direction
Point.

a Jog the robot so that the tool tip
touches the point to define the X
Direction of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

10 Cursor to the line labeled Y Direction
Paint.

a Jog the robot so that the tool tip
touches the point to define the Y
Direction of the frame.

b With the robot properly positioned
hold down Shift and F5 RECORD
to record the position.

l:%] NOTE: The X and Y directions establish the orientation of the User Frame.

11 After recording the final position the Frame data will be calculated. You should see a
screen similar to below.

[SETUP Frames =
! Jog Frame Thres Point 4/4
' Frame Number: 1

X: 875.0 ¥: -446.3 Z: 123.8

W: 0.0 P: 6.0 R 0.0

Orient Origin Pgint: USED
X Diraction Pofnt: USED
Y Direction BOint

New position caloulated

[ TYPE [METHOD] FRAME  MOVE_TO RECORD

12 With the new Frame calculated proof the values.

a Measure from the origin of the Jog Frame back to the origin of World Frame and ensure
the numbers make sense.

13 Test the Newly defined Frame by jogging as well.
a Hold Shift and press COORD.
b On the Jog Menu enter the value of the Frame you just created on the Jog line.
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SETUP Frames
Jog Frame Three Poin T
Frame Number: 1 ] 1

Comment: #*s¥xreksrrrarwrss |y MENU E
Orient Origin Point: USED..sscsssmsssnazes ¥
X Direction Point: USED

Direction Point: SED

Joq Conrdinate Systern (press and hold to set)

% I i I I Hel

JOWT N wWonLD o useR

1o sussuB LINE O [l ABORTED [HEH] <

10.10.2 Direct Entry Method

The direct entry method allows you to designate the origin with values for X, Y, Z, W, P, and
R. This method provides direct recording and numerical entry of the frame position.

Procedure 10-9 Defining the Jog Frame using the Direct Entry Method

1 Press Menu
a Cursor down to SETUP
b Press the right arrow and cursor down to Frames
¢ Press Enter

d You should see a screen similar to below.

SETUP Frames = =@
/ Direct BEntry 1/10

b 4 2 Comment

[EBoatl

{Eoat2

fBoat3

[Eoatd

[Eoats

{Boacé

[Eoat?

[Boat8

[Eoatd

[Eoatl0

W~ N bWy
Ed
SCODOCCOOOOO
COLDOTOCDDO
OO0 00000
MO GO O0O o
COOCOoOOoOOD OO0
RO ODOCO
el e Gt bk el A Gt Dok owd

b

H I Teee ) DETALL  [OTHER |

2 Look in the upper left hand corner, if something other than Jog Frame is displayed, press
F3 [OTHER] and select Jog Frame. If OTHER is not displayed press Prev.
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SETUP Frames
User Frame

X
1fJ1150.

/
Y

DO UN RN
COQORDOOOO
COCOOCOO0

3

Direct Entry 1/9

2 Comment

550.0 [UFramel
0.0 [UFrame2
0.0 [UFrame3
0.0 {[UFramed

0_[UFramea7

‘2)ogfr-me b
e —————

0 [UFrame5
0 [UFrameé

[ W R S S W RPNy

CLEAR

SETIND

Place your cursor next to the Jog Frame to define and press Enter or F2 DETAIL

4  Within the frame setup screen press F2 [METHOD] and select Direct Entry from the list.

SETUP Frames

s =[H

Jog Frame Three Point 1/4
Frame Number: 1
X 0.0 Y: 0.0 4: 0.0
W: 0.0 P: 0.0 R: 0.0

Cormment LEESEEEEELEE S AL EES S L

UNINIT
UNINIT
UNINIT

Orient Origin Peoint:
X Direction Point:

¥ Direction Point:
METHOD

FRAME

5 You should see a screen similar to below.

SETUP Frames + = [H
Jog Frame Direct Entry 2/7
Frame Number: 1

1 Comment: Tkhk kb kkkkhhkkhkhdkdt
2 x:
3 Y: 0.000
4 Z: 0.000
5 wW: 0.000
6 P: 0.000
7 R: 0.000
Configuration: NDB, 0, 0, 0

[ TYPE )

[METHOD] FRAME MOVE_TO  RECORD

6 Add a comment to associate the Jog Frame with a specific tool.
7  Set each position component:

a Move the cursor to the component.
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b Enter the numeric value for the component.

¢ Press the ENTER key to set the new value
8 With the new Frame calculated proof the values.

a Measure from the origin of the Jog Frame (system origin point) back to the origin of
World Frame and ensure the numbers make sense.

9 Test the newly defined Frame by jogging as well.
a Hold Shift and press COORD.
b On the Jog Menu enter the value of the Frame you just created on the User line.

SETUP Frames
Jog Frame  Tox
Frame Number: 1 1 Jog 1
1 Comment: deddok koo ok ok o User H
2

87510y .
—445 000 :

X
3 v
4 Z:
5 W:
6 P:
7 R:

Configuration: NDB, O 0,0

log Coardinate System (press and hold to set)

I & i

oy MER womn

10.11 Saving and Restoring Frame Data

Once Frames have been created the data will automatically be saved to internal controller
memory (SRAM). It is a good idea to ensure this data is also saved to the default device.
Having this information as a backup will be handy in case the data on the controller is changed,
become corrupt, etc.

Frame data can be saved as a part of a complete file backup (7.5 File Backup) or just the
individual files that store frame information. The data can also be restored as part of complete
file restore (7.6 File Restore) or restored via the individual files.

The files that make up your frame data are:
¢ FRAMEVAR.VR: Jog Frame data and comments for all frames.
e SYSFRAME.SV: Tool Frame and User Frame data.

E NOTE: This sections contains steps to save and restore just the frame data only. If you
require a complete file backup or restore refer to Chapter 7.
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10.11.1

Saving Frame Data

Procedure 10-10 Saving Frame Data

1 Press Menu.

2 Cursor down to File.

a Press the right arrow.

b Select File from the submenu

3

4

5 Display any frame screen.
6 Press FCTN.

7 Select SAVE.

SETUP Frames

User Frame

X
1fj1150.

LU- - B T I R PV &
OO0 COQ

ODOOOODOoOO0OOO

FUNCTION
|1 REFRESH §

3 PRINY SCREEN

1 QUICK/FULL MENUS |

Set the default device, see 7.4.1 Setting the Default Device.

ALL)

-4 PRINT

4 LIVE/SNAP,

3 VISION SE[6"ns1m ALL /0

—_
7 Diagnostic
8 Del Diag Lot

!

{0 -- NEXT -~

Q -- NEXT --

CETAIL

[OTHER ]

CLEAR

{8 CYCLE POWER
|9 ENABLE HMI MENUS |

SETIND

E WAIT

FWD/BWD

{WRIST 10G |
|

Navigate to the appropriate subdirectories (if necessary), see 7.4.3 Subdirectories.

8 Both of the files, FRAMEVAR.VR and SYSFRAME.SV will be saved to the default device.

SETUP Frames

User Frame

X

1r1150.
0

W3 iomn
(== = - 3 — B = = }

ODOOoCOODLDOO

/ Direot Entry
Y Z Comment
{UFramel
[UFrame2
[{UFrame3
[UFramed
[UFrama5
[UFrama6
[UFrame?
[UPrameS8
[UFramed

0
D
(=]

COCOOOOCOoOOD
COO0OODODOLHO
SO0 O0O0O0OC

DO O OO0 0O

{ TYPE )

etup saved to SYSFRAME.SV FRAMEVAR.

OeTAl {OTHER | ClEaR

# =[H

L N I T I T Y WP PR

SETIND >
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10: Frames

Procedure 10-11 Restoring Frame Data

1 Press Menu.

N

Cursor down to File.
a Press the right arrow.
b Select File from the submenu

3 Set the default device, see 7.4.1 Setting the Default Device.
4 Navigate to the appropriate subdirectories (if necessary), see 7.4.3 Subdirectories.
5 Press F2 DIR and select .VR.

— -y Gubset 445 i)

: ;) 345
1 Directory Subset 2/5
Darectary Sub,

l *: ‘* -

2 * KL

3 *'CF F- |- -

4T T T— |2681

sl 1995

T, s — o 623
. | 8 --next page-- 95;7 885

8 --nextpage-——F 8V 5372

11 S8ECLOG DG 186

i [rvee) | LOAD  (BACKUP]  [UTIL]
b

6 Highlight the file named FRAMEVAR.VR.
7 Press F3 LOAD.
8 Press F4 YES to verify you want to load the file.

FILE * [H

1

2 viL

3 SYSVARS sV 126437
4 SYSSERVO 5V 11087
5 SYSMAST sV 1808
6 SYSMACRO sV 2681
7T DIOCFGSV Io 13995
8 SYSFRAME sV 625
9 STRREG VR 885
10 SYSUIF sV 5372
il SECLOG DG 186

Load UDI1:\FRAMEVAR.VR?

9 You will see a prompt indicating that the file has been loaded.
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10 SYSUIF 8V 5372

ﬂ DG
Loaded UD1:\FRAMEVAR.VR

[ TYPE ] [DIR ) LOAD  [BACKUP]  [UTIL]

10 Follow Steps 5-9 to load the SYSFRAME.SYV file.

NOTE: You must load both the FRAMEVAR.VR and the SYSFRAME.SYV files to recover the
frame data and frame comments.
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10.12 Chapter Review
1. Where is the default Tool Center Point?
A Intersection of J1 and J2

B Center of the Faceplate

C Tip of the default tool

D FANUC robots do not use Tool Center Points
2. What two buttons display the Jog Menu

A  Shift and Display

B Menu and any jog key

C Shift and COORD

D Group and COORD

3. The six point method of defining a Tool Frame defines the Location and
of a Tool Frame.

Distance

Orientation

Operation

Offset

4. Positional data is dependent on what two frames?
A World and User

o R B v+ i

B Jog and Tool
C User and Tool
D Tool and World
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Lab 12
User Frames

Student Name:
Assignment: The student will:
e Create a User Frame Using Direct Entry.

e (Create a Three or Four Point User Frame.

Condition: Given a FANUC Robot and a controller

Step: 1 Create a User Frame using Direct Entry. (See Section 10.8.3 Direct
Entry Method, pg 144).

2 Create a User Frame using either
e Section 10.8.1 Three Point Method, pg. 136
» Section 10.8.2 Four Point Method, pg. 140.

3 Test each Frame to ensure accuracy.

Completed: []

Instructor:
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Lab 13
Jog Frames

Student Name:
Assignment: The student will:
s Create a Jog Frame.

Condition: Given a FANUC Robot and a controller

Step: 1 Create a Jog Frame using either:
Section 10.10.1 Three Point Method, pg. 148.

Section 10.10.2 Direct Entry Method, pg. 151.

2 Test each Frame to ensure accuracy.

Completed: []

Instructor:

159
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Lab 14
Saving Frame Data

Student Name:
Assignment: The student will:
e Save Frame Specific Files

Condition: Given a FANUC Robot and a controller

Step: 1 Create a Directory on your Default Device named “INDIVIDUAL. FILES”.
(See Section 7.4.1 Setting the Default Device, pg. 71 and Section

7.4.3 Subdirectories, pg. 74)

2 Save the files that contain Frame Data. (See Section 10.11.1 Saving
Frame Data, pg. 154)

Completed: []

Instructor:

160 MATAGHANDO318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool ll: creating a Prog 'aim

11 CREATING A PROGRAM
11.1 Chapter Objectives

+ Understand what a motion program is

e Select Screen Overview

e Edit Screen Overview

e Create a Program -

o Understand Program Detail information
+ Record positions in a program

s Testa Program
11.2 Motion Program Overview

A program is used to tell your robot what to do and how to do it. You must first create a
program, and then you can add instructions to it that your robot can follow to perform a task. For
example, a program can direct the robot and controller to:

+ Move the robot in an appropriate way to required locations in the workcell.

o Perform an application-specific operation

e Send output signals to other equipment in the workcell.

* Recognize and respond to input signals from other equipment in the workcell.

e Keep track of time, part count, or job number.

.

11.3 Select Screen Overview All 685812 bytas free 1/21
Ho. Program nama Comment

, . 1 [ ]

The Select Screen is the location that all of the 2 ARVMMAIN BC [ ]

3 ATERRJOB VR { i

stored programs are located. Programs are 4 BICSETUP VR [ 1

. . . 5 COMSET BPC [ 1

listed in alphabetical grder and can also be . oy 56 ‘TETarE ]

sorted by type. The first column displays the 7 GETDATA MR [Get PC Data 1

H 8 GET_HOME PC [Get Home Pos 1

program name and the second column is the o HPCons v I ]

attribute field. 10 HTTPKCL VR [ 1

To access the Select Screen press the Select B (7er)  cRear omEre mowok (ATR] D
Key, you will see a screen similar to the right.

11.3.1 Select Screen Soft Keys

The Select Screen has two pages of soft keys that perform a number of different user tasks
as they relate to programs. Press the Next key to toggle between soft key pages.

[TYPE]  CREATE  DELETE MONITOR  [ATTR] Page 1
copy DETALL LOAD  SAVEAS  PRINT Page 2
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The function of each soft key is as follows:

e [TYPEL]: Allows to display programs by subtype.

e CREATE: Displays the Create Teach Pendant Program Screen to create new programs.
o DELETE: Will delete selected program.

« MONITOR: Monitors the program that is currently being executed.

e [ATTR]: Brings up the menu to select different attributes to display.

e COPY: Copies the selected program to another file name.

e DETAIL: Displays the detail of the selected program.

+ LOAD: Allows loading saved programs from the default device.

e SAVE AS: Saves selected program to the default device.

¢ PRINT: Saves the selected program to the default device as .LS extension (readable
file).
11.3.2 Selecting a Program
From the Select Screen to choose a program for execution, testing, or editing simply
highlight the target program and press Enter. This will display the program in the edit

screen, you will also see the program name populate the active program field along the top
of the teach pendant.

o ..s;: [ZERC Jine o B ARORTED
nooyln g 1/5
b _:-?r b UFRAME NUM=0
$oesmnstennenaa) ] 2: UTOOL NUM=1
% 4 3:
; 4:J P[1] 100% FINE
kY (End]

W R T N RS WA ETER

11.4 Edit Screen Overview

The Edit Screen is the location that you can display your programs for editing, testing and
reviewing. As shown in the image above, the name of the selected program will be displayed
along the top left hand side of the screen as well as in the top title bar of the iPendant.

e Adding instructions or editing the program is accomplished with the soft keys.
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11.4.1 Edit Screen Soft Keys

The Edit Screen has two pages of soft keys that allow you to record positions, touch up
positions, add program instructions, and edit. Press the Next key to toggle between soft
key pages.

Page 1

£ Page 2

[INST | [EDCMD]

The function of each soft key is as follows:

» POINT: Pressed with Shift, records the current positon of the robot.

e TOUCHUP: Pressed with shift with overwrite the positional data of a previously recorded
point with the current positon of the robot.

» [INST] (Instruction): Gives access to programming instructions for logic and branching
operations.

o [EDCMD] (Edit Command): Gives access to editing functions.

11.5 Creating a Program

Prior to viewing or editing a program, obviously it must be created. As mentioned in the
previous sections, programs are created and listed on the Select screen.

Procedure 11-1 Creating a Program

( 1 Press the Select key.
2 Press F2, CREATE. If CREATE is not displayed press the next key.

l

-—-— Create Teach Pendant Program ---
Program Name:
-- End ~--
{ Alpha nput 1
L quds
Upper {ase
Lower Case
Enter program name Options/Keybd
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Enter the name of the program, the program name should be something descriptive of
what the program is to do.

BEINOTE: The program name cannot include @ (at), * (asterisk), or spaces. You can
utilize the _ (underscore); it must start with a letter, and can have a maximum of 36
characters.

a Utilize the preformed words, by depressing the applicable soft key.

Alphs input 1
~ Words

Upper Case

Lower Case

Enter program name Options/Keybd

b Or, cursor down to Upper Case, utilize the Upper Case letters displayed on the soft keys
and type the program name.

Alpha input 1

Lower Case

Enter program name Options/Keybd

ABCDEF GHIJKL MNOPQR  STUVWX YZ_@*.

¢ Or, cursor down to Options/Keybd, press F5 KEYBOARD and type in the program name.

Alpha mput 1

Words
Upper Case

Lower Case

Enter program name Options/Keybd

OVRSTRK INSERT CLEAR SPACE  KEYBOARD

@ NOTE: The program name will default to upper case after creation, so typing case sensitive
is not necessary.
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4 Once named, press either F2 DETAIL or F3 EDIT.
a Pressing DETAIL will display the program detail information.
b Pressing EDIT will allow you to immediately begin adding instructions to the program.

--—- Create Teach Pendant Program ---

Program Name:
FANUC ACADEMY

Select function

DETAIL

11.6 Program Detail Information

Program detail information, also known as program header information, is specific information
that identifies and classifies the program. Once a program has been created, the program detail
information can be reviewed and/or changed.

The items that can be viewed from the program detail screen are:

e Creation Date e Modification Date e Copy Source = Positions
e Program Size e Program Name e Sub Type e Comment
e Group Mask o Write Protect « Ignore Pause e Stack Size

Program Detail information is displayed only the first time you create a program by pressing F2
DETAIL after you have named the program.

If you want to view the Program Detail information again after the program has been created,
you must display it by pressing the SELLECT key and then press the soft key F2 DETAIL
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11.6.1 Creation Date, Modification Date, Copy Source, Positions, and Program Size

The Creation Date, Modification Date, Copy Source, Positions, and Program Size detail
information is automatically populated in the Program Detail once the program is created or

modified.
; . ] ' 1/8__
o Creation Date: Creation date is the Creation Date: 28-Jun-2018
Modification Date: 28~Jun~2018

date on which the program name
was created.

1]

i

1

i
Copy Bouroce: =
L]

¥
Positions: FALSE Size: 132 Byte |
1

e e =1

e Modification Date*: Modification

Program name:

date is the date, according to the PFANUC ACADEMY

calendar in the controller, when the 2 Sub type: [None 1
) . . . 3 Comment: L ]
file was last displayed in the editor. & '‘Group mask: [1,%, %, %, %, % %, ]

¢ Copy Source*: Copy source is the
name of the file from which the file was copied. This field is empty if the file is an original
file.

¢ Positions: The positions item indicates whether the program contains recorded robot
positions. When you first create a program, positions is always set to FALSE.

* Program Size*: Program size is the size of the program in bytes.

*This information can be displayed using the [ATTR] function key on the SELECT menu.
11.6.2 Program Name

A program name identifies the program. When you create a new program, you must give it
a unique program name. The program name differentiates the programs stored on the
controller.

¢ Length: The name can be from one

to 36 characters in length. e - = [H
Creation Date: 28-Jun—-2018
s Characters: All numbers and letters Modification Data: 28-Jun-2018
are allowed, however the name e
cannot start with a number. Positions: FALSE Size: 132 Byte

e Symbols: _(underscore) only; do
not use @ (at), * (asterisk), or space.

3 Comment: [
4 Group mask: (1, %, % ® % & & &

¢ Content: The name should be
descriptive and it should tell you what
the program does.

You can change the program name from the Program Detail page by placing your cursor on
the existing name, press enter and rename as needed.
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11.6.3 Sub Type
Sub type identifies the kind of program you want to write. These are:

None: If you select none, the program will be created as a .TP program, which can
include any instructions in your teach pendant program.

Macro: A macro program is created as a .MR program and can contain any instruction
and function as a normal .TP program. However, only macro programs can be set up to
be executed in a variety of ways including from operator panel buttons, teach pendant
keys, and the Manual Functions menu. They can also be assigned a nhame in the macro
table and be called with this name in a program.

Cond (Condition Handler): A condition handler program is created as a .CH program.
This type of program monitors the condition of an I/O signal, register value, or alarm
status, during teach pendant program execution. As soon as the condition is triggered,
the condition handler program calls a specified teach pendant program to executed and
interrupts the current program.

Collection: Collections are used to organize programs together to simplify program
maintenance and are created as a .CO. These are not executable programs, however
they are used to organize existing programs. A good use of a collection would be to
organize all of the subroutines called in a MAIN.TP program.

Program detail ®=[H
2/8

tion Date: 28-Jun-2018

fication Date: 28-Jun-2018

:Source:

2 Collecton

23 Macro tions: FALSE Size: 132 Byte
:|4 Cond :

ram Dame !

éNHC_“ALL\BM

$ub type: Wone
1| Comment : [ ]
B husnumnsanas E....éroug msk: {1!*’*,*’5&’*’*’* }

2

NEXT  [CHOICE]:

You can specify the sub type of program by placing your cursor of the Sub Type line, press

F4 [CHOICE] and choose the appropriate sub type from the list
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11.6.4 Program Comment

When you create a new program,
you can also add a program
comment to the name. A program
comment includes additional
information that you want to further
identify the program.

This information can be displayed
using the [ATTR] function key on
the SELECT menu, and also from
the DETAIL function key.

To add a comment place your
cursor on the comment line, press
ENTER, and type in the comment.

HandlingTool
Program detail = [H
3/8
Creation Date: 28-Jun-2018
Meodification Date: 28~-Jun~2018
Copy Source:
Positions: FALSE Size: 132 Byte
Program name:
1 FANUC ACADEMY
--2__Sub type: ______ [Noug. . oS
("3 Comment: f ————
L TTGEGS WASKT T R e

Comments must be between one to 16 characters in length. All numbers, letters, symbols,

and special characters are allowed.
11.6.5 Group Mask

When you create a program, you
define the group mask that identifies
the group of axes, or motion group,
that the program will control. Motion
groups define different groups of
axes that can be used for
independent pieces of equipment,
positioning tables, opening devices,
and other axes.

There are eight motion groups
available. The controller can have a
maximum of 72 axes, however, only
nine axes can belong to a single
motion group.

Program detall # =[8
4/8
Creation Date: 28-Jun-2018
Modification Date: 28~Jun-~2018
Copy Source:
Positions: FALSE Size: 132 Byte
Program name:
1 FANUC ACADEMY
2 Sub type: [None ]
o e COEBEDE S e N L.
I 4 Group mask: (R %, %, %, % % % % ] |

PREV

HEXT

If a system has only one motion group, the default motion group is 1. An asterisk indicates
the group is not used. You can specify a single program to use all eight motion groups, but
only two motion groups can perform Cartesian interpolated motion within that program.

If you disable all groups, you cannot add motion instructions to your program. You cannot
change the group mask after you have added motion instructions to your program. You will
not be able to select group mask in the program DETAIL screen.

11.6.6 Write Protection

Write protection allows you to specify whether the program can be modified.

* When write protection is set to ON, you cannot add or modify any element in the
program. When you have finished creating a program and are satisfied with how it
works, you should set write protection to ON so that you or someone else does not
inadvertently modify the program.
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+ When write protection is set to OFF, you can create the program and add or modify any
element in the program. By default, write protection is set to OFF.

NOTE: This information can be displayed using the [ATTR] function key on the SELECT

menu.

Program detatil

Program name:

2 Bub type:
3 Comment:

PREV

Positions: FALSE 8Size:

1 FANUC_ ACADEMY

Ao Group . maskc .. UL L P UL UL LS
! 5 Write protect:
7 Stack size:

8 Collection:

5/8
132 Byte

[Hone 1
[ 1
J

[2)3

NEXT

11.6.7 Ignore Pause

If the program type has been set to NONE, you can use ignore pause to specify whether
the program will continue to run even when an error occurs, a command is issued (such as
pushing EMERGENCY STOP or HOLD), or the teach pendant is enabled. Ignore pause
only works in programs that do not have motion groups specified, such as an I/O
monitoring program. This can be set in any program, however you will only see the

effects in a non-motion program.

¢ When ignore pause is set to ON,
the program continues to run even
when an error occurs, a command
is issued, or the teach pendant is
enabled. This allows the program
to continue any monitoring
function, such as monitoring 1/O.

o When ignore pause is set to OFF, .

the program pauses when an error
occurs, a command is issued, or
the teach pendant is enabled.

6/8
Positions: FALSE Size: 132 Byte
Program name:
1 FANUC ACADEMY
2 Sub type: [None 1
3 Comment: { 1
4 Group maSk: {1!*t*f*l*l*1*l* ]
--o=-Hrite profect: (IOFF ____________ -
{5 lwmorepause: (NG i}
7T BEASRTEIES&T T 500 T
8 Collection: { H
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11.6.8 Stack Size

When a program is executed, a stack of [FEEErT * =[H
500 long words (2000 bytes) is allocated " . 129 7/8
unless you specify a stack size. The Positions: FRLSE Size: Byte
stack is allocated from available user Program name:
RAM. 1 FANUC_ACADEMY

2 Sub type: [Nonea h]
If a stack overflow alarm occurs, the Z gmnenﬁ . El e e e s i

. roup mask: PR Rl S S A

program needs more stack. O_ptlons 5 Write protect: [OFF ]
such as TCP Mate and Cell Finder 6 Ignore pause: [OFF 1
require that teach pendant programs Z Stack size: L 500] )
have increased stack size. A : !
The minimum and default stack size is o PR AL -

500. The maximum stack size is 4000.
To increase or decrease stack size highlight the value and enter the new amount using the
numeric keypad.

11.7 Adding Motion Instructions to a Program

Once a program has been created, instructions must be added to tell the robot how to perform a
task. Instructions that tell the robot where to go, how to move there, at what speed to move,
and what to do when you get there are called motion instructions.

A motion instruction includes:
* Motion Type — How the robot moves to the position.
e Positional Data — Where the robot moves.
e Speed — How fast the robot moves to a position.

s Termination Type — How the robot ends the move to the position.

The image below is an example of a motion instruction:

Motion Type Speed (How
(How to move) fast to move)

|
JIP[1][100%]|FINE
N\

Paositional Data Termination
(Where to move) (What to do when you get there)
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As discussed in the Frames Chapter, Frames are used to describe the location and
orientation of a position in three-dimensional space. When you record positions in a
program via a Motion Instruction, this positional data is relative to the active Tool Frame

and User Frame.

» Tool Frame Data: Tells the controller where the Tool Center point is relative to the

center of the faceplate

o User Frame Data: Tells the controller where the origin of the User Frame is relative to

the origin of the robot.

+ Positional Data: Tells the controller where the Tool Frame is relative to the User Frame.

You must set the active Tool and User Frame that will be used when teaching points. You
can manually set the frames using the Jog Menu or via a program instruction. A program
taught in one User Frame and Tool Frame combination will not run if a different User
Frame and Tool Frame combination is active.

Procedure 11-2 Manually Setting the User Frame and Tool Frame

1

Press and hold SHIFT and COORD.

2 On the jog menu enter the correct value for the Tool Frame or User Frame on the

3

applicable line.

FANUC ACADEMY

[End]

Tool (=10} 1
Jog 1

Enter frame value
using numeric keypad,
repeat for other frame
as necessary.

Repeat for the other frame as necessary.

MATAGHANDO318CE
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Procedure 11-3 Setting the User Frame and Tool Frame as a Program Instruction

1 Place the cursor on the line you want to add the instruction.

E NOTE: If the cursor is on a line with instructions already they will be overwritten when you
add the frame instruction.

2 Press F1, INST (press NEXT if not displayed).

s —ane 353
PEn 21 tmtemsinn 273 =

Instruction 1/3 set

1 Registers ———REG |

210 - R/MON. END |

- {Frames = 1

3 IF/SELECT - |

+ controt — ]

4 WAIT i ISE |

— n control —

5 IMP/LBL J. |
6 CALL — -

o ke NDFOR i

7 Miscellareou — page- |
——lpage--

3 Select Offset/Frames on the second page of items.

Instruction 5{,@ ot
1 Skip oo AN

1 Registers | ——REG

< 2 Payload : ————
2Y6 IR/MON. END
E FISELECT 3 Offset/Frames :

IF/SEL
———— 1 4 Multiple control R —
4 WaAIT JSE
————— 5 Program control — -
5 IMP/LBL —————

——1 &6 MACRO ——

& CALL

S |7 FORJENDFOR 1
7 Miscelangoud—————————|page--

8 --next page--
T

4 Select UFRAME_NUM=... or UTOOL_NUM=...
a Select the variable type of CONSTANT.

8 --next page-

Offset/Frames 1/}
1 OFFSET CONDITION

Offset/Frames 1f1

2 Constant
3AR[ ]

3 UTODL_NUM=..,

4 UFRAME[ )=...
5 UTOOL[ ]=...

5 Enter the value of the frame being used.

172 MATAGHANDO318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool 11: Creating a Program

1: UFRAME NUM=SEIYITTa
L

[End]

1/2

With Constant displayed enter
value using numeric keypad
|FANUC_ACADEMY Tk

6 Repeat for the other frame setting as necessary.

NOTE: Adding these instructions will not set the desired frames, the lines either need to be

executed or the frames manually set on the JOG MENU. Prior to recording motion instructions
ensure the correct frames are set in the JOG MENU.

11.7.2 Default Motion Instructions

A list of default motion instructions is provided for your convenience. There are four default
Motion Instructions predefined by the software, however these instructions can be modified

according to your needs at any point. This section will specifically focus on selecting a
default Motion Instruction.

NOTE: Modifying the items in the Default Motion Instructions will be covered in the next
Chapter.

Anytime you record a position in a program you are doing so utilizing one of the four default
Motion Instructions. The instruction that is populated in the program is dependent on the
last default Motion instruction that was selected from the list.

Procedure 11-4 Setting the Default Motion Instruction and Recording Positions

1 Press the SELECT key.

a Choose a program to edit from the list or create a new program.

2 Place your cursor on the line in the program you want to add your Motion Instruction.
3 Press F1 POINT.
4

If you do not want to record the current position of the robot, skip to the next step. If you
want to record the current position of the robot continue with these steps.

a On the default Motion Instruction pop up menu place your cursor on the desired motion
instruction and press ENTER. This will record the current position of your robot in the
program and set the default Motion Instruction.

b Skip to Step 6.

NOTE: Once you press ENTER you will record the robots position, if there was pre-existing
instructions on the line of the cursor they will be overwritten.
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5 To select a default Motion Instruction without recording the position of the robot.
a With the defaults pop up menu displayed press F1 ED_DEF.
b Place your cursor next to the desired default Motion Instruction.
¢ Press F4 DONE.

6 The default Motion Instruction has been set. Until changed this is the instruction that all
positions will be recorded with.

Pressing Enter at this screen will
record the current positon of the
A robot using the selected Default
Motion Instruction

FANUC ACADEMY

FANUC ACADF 4Y

ppflsxauunnnan
E Select Monos /1
B 1) P Yoo Fine

5 |23 P[} 100% CHTEO0
3 LP{] 100min/sec FINE

= |[4LP(] 100mmisec THT100

_______________ ~
B (1 100% FINE I
:J P{] 100% CNT100 :

I

100mm/asc FINE
:L P{] 100mm/sec CNT100

B LN
o
o
s
—

Pressing F4 DONE at this screen
will set the selected Default Motion
Instruction and not record the
current position of the robot.

Tn e o s o o

7 Torecord a position using the current default motion instruction:

a Jog the robot to the location in the workcell where you want to record the Motion
Instruction.

b Press and hold in the SHIFT key and press F1, POINT. The instruction will be added to
the program automatically.

11.8 Testing a Program

Prior to executing any type of program in automatic mode they must be tested. FANUC offers
two ways to test the program; STEP Test and Continuous Test. The benefit of testing the
program allows the operator to verify the taught positions and paths, identify any interference
points, and test the program logic.
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While testing programs do not forget how the mode select switch impacts the motion:
T T2

Program playback at 250mm/sec or less Program playback at programmed speed

11.8.1 Single STEP Testing a Program

Single STEP testing a program is when you test the program only one line at a time. This
allows the operator to proof the motion and the logic that makes up the program with more
control. Each line is executed one at a time and does not continue execution until
prompted from the teach pendant.

In order to enter STEP Testing mode you must locate and press the STEP key on the teach
pendant. After pressing the STEP key you will see the STEP status indicator change to
yellow.

While testing you can test forward or you can also test the program backward. To move
forward through the program you press the FWD key, to execute backward in the program
press the BWD key.

e STEP mode off

yo FANUC_ACADEMY LINE 0 [[B] AsorTeD [ L

Press STEP key to toggle STEP mode on and off

—

; IS
STEP| FANUC_ACADEMY LINE 0 [l AsoRTED IEEIE = 100

STEP mode on

Procedure 11-5 Executing a STEP Test

Enable the Teach Pendant

Select T1/T2 Mode

Choose the program to be tested

Place the cursor at the point to start testing

Press the STEP key (ensure you are in STEP mode)
Center the DEADMAN Switch

Press and hold Shift and press FWD (will execute just selected line)
NOTE: Shift must be held for the duration of motion, FWD should be pressed and released
to execute the line.

O 0N A WON -

8 When ready press FWD again to execute the next line
NOTE: At any time during testing you can release the shift key to perform a controlled stop,
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or release the DEADMAN switch to perform an EMERGENCY STOP.

When the teach pendant FWD and BWD keys are disabled and the teach pendant is
enabled, "FBD" (Forward/Backward/Disabled) is displayed in the upper left hand corner of
the teach pendant screen to indicate that you cannot use the teach pendant to run the
program.

DISABLE FWD/BWD allows you to disable the ability to execute program instructions when
the SHIFT and FWD keys or SHIFT and BWD keys are pressed. To use DISABLE
FWD/BWD, press FCTN and then select DISABLE FWD/BWD. The ability to use SHIFT
FWD and SHIFT BWD will be disabled until you press FCTN and select DISABLE
FWD/BWD again.

11.8.2 Continuous Testing

A continuous test gives the operator the ability to test the program without stopping. This
can give the operator a better understand and more accurate representation of each motion
path.

You may see the programmed paths execute differently from the STEP test to the
Continuous test. This is because of how the controller interprets the termination type with
each type of test. In a STEP test every termination is treated like a Fine termination. This
means the robot moves to the programmed position and pauses. However, in a continuous
test each motion statement is executed based on how it is programmed. We will discuss
termination types in the next chapter.

Procedure 11-6 Executing a Continuous Test

Enable the Teach Pendant

Select T1/T2 Mode

Choose the program to be tested

Place the cursor at the point to start testing

Check the STEP status indicator, ensure the controller is not in STEP mode
Center the DEADMAN Switch

Press and hold Shift and press FWD

D N AW N =

NOTE: Shift must be held for the duration of motion, FWD should be pressed and released
to execute the program

NOTE: At any time during testing you can release the Shift key to perform a controlled stop,
or release the DEADMAN switch to perform an EMERGENCY STOP.

11.8.3 Aborting a Program
If a previous program was tested and the [END] statement of the program was not

executed you may need to abort this program in order to execute a different program. You
will see a fault similar to below.
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Fault INTP-105 (ZERO, 1) Run request failed
PROG-040 Already locked by other task

Yo

All aborting a program does is end the ey e 100
previously selected program and set the ' 5
newly selected as the current active program.
You will not erase any program data or delete

any programs when aborting. o e
[End}

Procedure 11-7 Aborting a
program

1 Press FCTN
2 Select -1- ABORT (ALL).

11.8.4 Running a Program in AUTO

After conducting the STEP Test and Continuous test on the program from the Teach Pendant,
running a program using the CYCLE START button allows the robot to run solo without any
assistance from the user.

A WARNING

Prior to executing a program in AUTO, ensure a successful STEP and Continuous test
have been executed. For the first AUTO execution you should start the program at a

lower general override speed and slowly approach the final general override speed.
Failure to safely execute the program in AUTO Mode may result in injury to personnel or
damage to equipment.

Procedure 11-8 Running a Program in AUTO

Disable the Teach Pendant

Select AUTO Mode

Choose the program to be tested

Place the cursor at the point to start the program

Check the STEP status indicator, ensure the controller is not in STEP mode
Press Reset to clear any faults

N OO O AW -

Press Cycle Start
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NOTE: When changing from T1/T2 to AUTO Mode there will always be a fault. Either;
Teach Pendant Enabled in AUTO or Teach Pendant Disabled in T1/T2. This makes it
necessary to press reset.

11.9 Touching Up a Point

While testing programs or running production it may be necessary to change positional
data. This is referred to as touching up a point. When you touch up a point only the
positional data is changed; the motion type, speed, and termination remains unchanged.

By changing only the positional data the path should remain largely unchanged. However,
this does not preclude you from testing the change to ensure accuracy. Failure to properly
test the change in the program may result in a crash or other undesirable outcomes.

Procedure 11-9 Touching Up a Point

Select the program that requires the edit.

Place the cursor on the line that needs to be touched up.
Manually jog the robot to the new position.

Press and hold Shift and press F5 TOUCH UP.

| FANUC_ACADEMY K= |B

6/11

B WO N =

1 UFRAME NUM=1
2 UTOOL NUM=1
3 .

4:

J P[l] 100% !’INE
NE

:7_P(3] 100% E‘INE

8 J  PE5] 100% E‘INE

9:J P[2] 100% FINE

10:0 P{1] 100% FINE
[End]

_umu 2 o o O 11_

5 A successful touch up will display the @ symbol next to the position.

FANUC ACADEMY

UFRAME_NUM=1
UTOOL_NUM=1

1:
2:
3:

4:3 P{l] 100% FINE

G0 ePi3] 100% FINE
o Fga) LUUs za
8:J P[5] 100% FINE
9:J P[2] 100% FINE
10:3 P{1] 100% FINE

I Position bas been recorded to Pi3} I
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11.9.1 Set New ID

If you see the message Set New ID along the bottom of the teach pendant when touching
up a point this is the software alerting you that multiple instances of this Position ID exist

FANUC_ACADEMY

1:
2:
3:
m
5:
6:
T:
8:
9»

PAUSED 4/11
UFRAME_NUM=1
UTOOL,_NuM=1

P[1] 100% FINE
P[2] 100% FINE
P[3] 100% FINE
P[4] 100% FINE
P[5] 100% FINE
P[2] 100% FINE
P[1] 100% PINE

-

10:

ndl]
[S!-Et new id? |

Ll gy

The options are:

FANUC_ACADEMY

1: UFRAME_NUM=1
2: UTOOL_NUM=1

F[4] YES: B o er(e] 1008 FOE

Positon 1D of the current line will

: 6:J P[3]1 100% FINE
change to the next available ID and the 7:3 P[4] 100% FINE
point is touched up. 8:J3 P([5] 100% FINE
9:J P[2] 100% FINE
10:F P[1] 100% FINE
[End]
Position has been recorded to P[6].
[FANUC AcADEMY  «=[H
4/11
| 1: UFRAME NUM=1
. 2: UTOOL NUM=1
| i
F[5] NO: | (B:5 ep[1] 100% FINE |
Paosition 1D of the current line will not | 6:3 P[3] 100% FINE
change, all positon data with the same ’ 7:3 P[4] 100% FINE
2 . 8:J P[5] 100% FINE
ID within the program will be touched 9.3 PI21 100% PIKE
up. | 10:5 epr1] 100% FINE |
|End]
Position has been recorded to P[1l].
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11.9.2 Enter UTool / UFrame

If the message “Enter UTool or Enter UFrame” appears along the bottom of the teach
pendant when touching up a point, this is the software alerting you of a frame
inconsistency. When touching up a point, the USER Frame and TOOL Frame numbers in
the Jog Menu must match the frames numbers used inside the program.

+ = [H FANUC_ACADEMY

FANUC_ACADEMY

Tool (=100 S Tool (.~10) 5 !
Jog 1 Ji 1
‘ User 5
1 UFRAME NUM=1 1: UFRAME NUM=]
2 UTOOL _NUM=1 2: UTOOL NUM=1
3: 3:
4:3 P[1] 100% FIp= Frame initial 4:J P[1] 100% FI Frame initial
| . Frame that position was . Frame that position was
. g g Eg; igg: Ei is active recorded with -? g g:gi igg: gi is active recorded with
‘ 7:3 P[4] 100% FINE 7:3 P[4] 100% PINE
Enter utcol no. (GP:1|$UT:5) : Enter uframe no. (GP:1|$§UF:5) :

Procedure 11-10 Touching Up with the Enter UTool No. / Enter UFrame No. Prompt

1 Verify the correct frame to set
2 Type the value on the prompt line at the bottom of the screen.
3 Press Enter.

11.10 Saving and Restoring Program Files

Once a program is created, a file with the program name and a . TP extension will be saved to
internal memory. For example, the program we have been using in this chapter was named
FANUC_ACADEMY, the file name for this program would be FANUC_ACADEMY.TP.

11.10.1 Saving Program Files

As previously covered in the File Manipulation Chapter, a complete File Backup will save all
of SRAM to include each individual program. However, it is also possible to save just the
individual program itself. When you save the program they can be saved as a .TP file
and/or as a .LS file.

There are two ways to save a program as a .TP file or a .LS file; using the function menu or
the Select screen.

Procedure 11-11 Saving Individual Procedure 11-12 Saving Individual

Programs as a .TP file using the Programs as a .TP file using the Select
Function Menu: Screen:
1 Set the Default Device, see Chapter 1 Set the Default Device, see Chapter 7.4.1
7.4.1 Setting the Default Device. Setting the Default Device.
2 Format the card (if necessary), see 2 Format the card (if necessary), see
Chapter 7.4.2 Formatting the Device. Chapter 7.4.2 Formatting the Device.
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3 Create a Directory (if necessary), see 3 Create a Directory (if necessary), see
Chapter 7.4.3 Subdirectories. Chapter 7.4.3 Subdirectories.
4 From the Select screen highlight the 4 From the Select screen highlight the
program to save and press ENTER. program to save, do not press ENTER.
5 With the program displayed on the 5 With the program highlighted on the
EDIT screen. Select screen.
a Press FCTN. a Press Next.
b -0- Next. b Press F4, SAVE AS
¢ On the second page highlight ¢ Verify the path to save of the screen
SAVE. d If the path is correct press F1,
d Press Enter. DO_SAVE.
Procedure 11-13 Saving Individual Procedure 11-14 Saving Individual
Programs as a .LS File using the Programs as a .LS File using the Select
Function Menu: Screen:
1 Set the Default Device, see Chapter 1 Set the Default Device, see Chapter
7.4.1 Setting the Default Device. 7.4.1 Setting the Default Device.
2 Format the card (if necessary), see 3 Format the card (if necessary), see
Chapter 7.4.2 Formatting the Device. Chapter 7.4.2 Formatting the Device.
4 Create a Directory (if necessary), see 3 Create a Directory (if necessary), see
Chapter 7.4.3 Subdirectories. Chapter 7.4.3 Subdirectories.
4 From the Select screen highlight the 5 From the Select screen highlight the
program to save and press ENTER. program to save, do not press ENTER.
6  With the program displayed on the 7  With the program highlighted on the
EDIT screen. Select screen.
a Press FCTN. a Press Next.
b -0- Next. b Press F5, PRINT
¢ On the second page highlight ¢ The program name will populate the
PRINT. name field, change if necessary (not
d Press Enter. recommended).
d With the appropriate name entered,
press ENTER..
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11.10.2 Restoring Program Files

There are two ways to Restore a .TP File; using the File menu or the Select screen.

Procedure 11-15 Restoring a .TP File Procedure 11-16 Restoring a .TP File
from the File Menu: from the Select Screen:

1 Set the Default Device, see Chapter 1 Set the Default Device, see Chapter
7.4.1 Setting the Default Device. 7.4 .1 Setting the Default Device.

2 Navigate to the Directory that contains 2 Navigate to the Directory that contains
the file (if necessary), see Chapter the file (if necessary), see Chapter 7.4.3
7.4.3 Subdirectories. Subdirectories.

3 Sort the Directory by .TP Files | 3 From the Select screen press NEXT

a Press F3, LOAD.

4 Place your cursor on the program to 4 Type in the name of the program to be
restore. loaded.

a Press F3, LOAD. a Htis not necessary to have the correct
b Verify to load by pressing F4, YES. ngree,c?owever the spelling must be

¢ You will see a prompt confirming the

file load. b With the name typed in, press ENTER.

¢ The program will be loaded.
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11.11 Chapter Review
1. To display a program the user must first navigate to which screen?

A
B
C
D

Edit Screen
Select Screen

‘Setup Screen

Program Screen

2. Which type of instruction defines for the robot how to move, where to
move, how fast to move, and how to stop?

A
B
C
D

Move Instruction
Logic Instruction
Motion Instruction
Kinematics Instruction

3. How many default motion instructions can be defined using Handling
Tool software?

A
B
C
D

1
2
3
4

4. What type of test should be performed prior to running the program in
continuous?

A

B
C
D

Auto Test

Step Test

Constant Test

Running in continuous is fine
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Lab 15
Creating a Simple Program

Student Name:

Assignment: The student will:
e Create a Handling Tool Program
o Verify Program Header Information
» Reference User Frames and Tool Frames
e Record Positons in a Program
» Step Test, Continuous Test, and Run a Program in Automatic Mode
Condition: Given a FANUC Robot and a controller

Step: 1 Create a program called A_BOX. (See Section 11.5Creating a
Program, pg. 163)

2 Inthe program detail, add your instructor’s first name in the comment
field. (See Section 11.6 Program Detail Information, pg. 165)

3 Reference your User Frame and Tool Frame at the beginning of the
program. (See Section 11.7.1 Motion Instructions and Frames, pg.
171)

NOTE: Ensure the correct User and Tool Frames are set in the Jog Menu as well. Your
Frame values may be different than the example. Use the frames that were created from the
previous chapters. Below is an example of the code.

A_BOX:
1: UFRAME_NUM=1
2: UTOOL_NUM=1
4 From the default motion instructions, set the “J P[] 100% FINE”

instruction as the active default. (See Section 11.7.2 Default Motion
Instructions, pg. 173)

5 Create a simple path that follows the shape as defined by your
instructor.

a Ensure the program beings at a start position and returns to the initial
position upon completion. The start position can be any position
that is above the workpiece. We will change this in the next
chapter.

b An example of the program is on the following page.
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1: UFRAME_NUM=1
2: UTOOL _NUM=1
3:J P[1] 100% FINE
4:J P[2] 100% FINE

P1

P2 P5
5:J P[3] 100% FINE
6:J P[4] 100% FINE
7:J P[5] 100% FINE
. 0,
8:J P[2] 100% FINE o3 "

9:J P[1] 100% FINE

= NOTE: The above path is to describe the direction the program should flow, the robot
motion will arc due to the Joint motion type used. Different motion types will be discussed in
the following chapter. '

6 With the program created perform a STEP Test. (See Section 11.8.1
Single STEP Testing a Program, pg. 175)

7  After a successful STEP Test perform a Continuous Test. (See Section
11.8.2 Continuous Testing, pg. 176)

8 After a successful Continuous Test run the program in Automatic Mode.
(See Section 11.8.4 Running a Program in AUTO, pg. 177)

Completed: []

Instructor:
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Lab 16
Touching Up Points

Student Name:

Assignment: The student will:
e Touch Up a Point with Multiple Position ID’s
e Touch Up a point and Set the Correct User Frame and Tool Frame
Condition: Given a FANUC Robot and a controller

Step: 1 Display the program A_BOX that was created in the previous lab.

2 Touch Up both P [1]'s to be in a different location above the box. (See
Section 11.9 Touching Up a Point, pg. 178)

3 Bring up the Jog Menu and change both the TOOL and USER Frame
values to a different number.

4 Touch Up only the first P [2] to be located approximately two inches
above its current location.

5 With the program modified perform a STEP Test.
a |If the program ran without faults continue to the next step.
b If there was a fault what was it?

¢ Correct the issue and test again.

6 After a successful STEP Test perform a Continuous Test.

7  After a successful Continuous Test run the program in Automatic Mode.

Completed: []

Instructor:
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Lab 17
Manipulate Program Files

Student Name:
Assignment: The student will:

e Save the Program as a .TP File.
e Save the Program as a .LS File.
s Delete the Program File.

» Restore the Program File.

Condition: Given a FANUC Robot and a controller

Step: 1 Set the default device.
a Set the path to the Directory named “INDIVIDUAL FILES”.

2 Save A_BOX as a .TP File. (See Section 11.10.1 Saving Program
Files, pg. 180)

3 Save A_BOX as a.LSFile.

4 From the Select Screen highlight A BOX
a Press F3, Delete
b Verify YES to delete by pressing F4, YES.

5 Restore A_BOX. (See Section 11.10.2 Restoring Program Files, pg.
182)

Completed: []

Instructor:
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HandlingTool 12: Motion Instructions
12 MOTION INSTRUCTIONS

12.1 Chapter Objectives

s Elements that describe a motion instruction

¢ Understand differences between Linear and Joint Motion

* Positon Information Overview

¢ Understand the difference between a Position and a Position Register
¢ Understand Robot Speed Values

¢ Learn the difference between FINE and Continuous Termination

12.2 Motion Instruction Overview

Instructions that tell the robot where to go, how to move there, at what speed to move, and what
to do when you get there are called motion instructions.
A motion instruction includes:

+ Motion Type — How the robot moves to the position.

« Position indicator symbol — Indicates that the robot is at the taught position

¢ Positional Data — Where the robot moves.

e Speed — How fast the robot moves to a position.

« Termination Type — How the robot ends the move to the position.

FPosibonal Infoomation

P,
Po;tam Type h Termunation Type
P: Position FINE: FINE
PR: Positon ngistEr CNT Continuous 0-100
Posiion i1
Number { '
1 32787 7
%P [1150% FINE ACC100
G Mobhon Ciption
1 106‘55
»oc”
nen/min”
L: Uineuw deg/sec®
C: Cuouior mim/gec”
amnin®
Can ba spacsfiad wit Rf]

NOTE: Motion Options will be covered in a later Chapter.
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HandlingTool

12.3 Motion Types

The Motion Type defines how the robot will move to the destination position. It is specified in

the program not by how the robot was jogged to the point,

but the motion type specified on the

motion instruction. Depending on the controller and software there may be as many as four

motion types: Joint, Linear, and Circular.
12.3.1 Joint Motion

e Causes the robot to move all required
axes to the destination position
simultaneously. The motion of each axis
starts and stops at the same time

s |s programmed at the destination

e Speed is specified as a percentage of the
total default speed, or timed; milliseconds
or seconds. The actual speed of the move
is dependent on the speed of the slowest

P[2]50% FINE

DESTINATION
POSITION

axis
12.3.2 Linear Motion

[? N

P[2] 100mmi/secFINE

DESTINATION
POSITION

3N
NI

i

i
y

START POSITION

12.3.3 Changing Motion Types

Procedure 12-1 Changing A hoet

FANUC_ACADEMY

Motion Modify 1/1

o |

¢ Causes the robot to move the TCP in a
straight line from the start position to the
destination position.

* |s programmed at the destination.

e Speed is specified in velocity; millimeters
per second, centimeters per second,
inches per minute, degrees per second.
Or can be timed; milliseconds, seconds.

.-.
6/11

?[1] 100% FINE

[; 6:1L P{ 3000mm/sec FINE

Motion Type

3 Circt_xlar I 3 !
4 Circle Arc

1 Highiight the motion type to

)[ I
’[3 Line after change to linear motion
2 [

?{1] 100% FINE

change.

Line before motion type change

Press the F4, [CHOICE] key.

Choose desired motion type
from the popup menu.

A
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12.3.4 Circular Motion

s Causes the robot to move the tool center point in an arc from the start position through
an intermediate to the destination paosition.

¢ Is programmed at the intermediate position.

o Speed is specified in inches per minute, millimeters per second, and centimeters per

minute.
When you add a motion instruction that has circular motion type, the following appears on
the screen:
C B[ -
P[3] ldimm/fz=se FINE

The first position, P [2] in the example above, is the intermediate position. The intermediate
position is automatically recorded as the current robot position when you add the motion
instruction. The second position, P [3] in the example, is the destination position. You must
record the destination position, after you add the circular motion instruction, using the
TOUCHUP function key, F3.

When creating a circle the programmer must teach two half circles. Each half circle
consists of an intermediate position and destination positon. Below is an example of what a
programmed complete circle should look like.

 PI3] 100 mmJsec FINE

J DESTINATION
\\; ’rf POSITION

TRAVEL PATHS 1&-\\
\ | \\x
/ o / I \
4‘ l \
| W
u*{ ,a( ) { Pi2] | \
INTERMEDIATE | \
| POSITION | P4] ﬁ
| paspeoaTe
Sample program | FORFULL /
instructions { CIRCLE /
for a full circle: ™ | /}.’
J P[1] 100mm/sec FINE i j -
CP[2] O
P[3] 100mm/sec FINE
C Pl4] PI1]
P[1] 100mm/sec FINE START POSITION
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Procedure 12-2 Programming a Circle

1 Move the robot to starting point of the circle.
a Record this position as a Joint or Linear move.

b This first position will move the robot from wherever it is in the cell to the starting point of
the circle.

2 Move the robot to the first intermediate position of the circle.
a Record this position using the same default motion instruction as the first position.
b Highlight the motion type of the intermediate position.
¢ Press F4, [CHOICE].
d Select Circular.

e The instruction will change to the circular instruction.

CIRLCE # ={H
2/3

=% l'[l:start Pos] 100% FINE
e e 12 Intermediate Pos] 100% FINE

1 Joint
2 tinear

3 Crentar

[z:Intermediate Pos]
[...] 3000mm/sec FINE

LCircie Instruction ]

2:§ 8P[2:Intermediate Pos] 100% FINE | Enter value or press ENTER
2 HCHOICE] m:s;r.mm

3 Move the robot to the destination position.

a Place your cursor as shown below.
b Touch up this to record the destination position.

2/3

1:J P[l:8tart Pos] 100% FINE
:C RP[2:Intermediate Pos]
Pl[...] 3000mm/sec FINE

I Place Cursor Here ]

Teach the ciroular end position

4 Repeat Step 2 and Step 3 for the second half of the circle if necessary.
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12.4 Position Information

Positional information describes the Gonfiguration

location, orientation, and configuration of 1, [conF:NUT 000
the tool center point when a motion mm | W -173.501 deg
instruction is executed within a program. P -16.312 deg
All of the positional information is recorded R 55.544 deg
when the motion instruction is added to the

[Crientaton ]

HLARE_NUM
Location =1

program.

3: ‘
4:7 Iy} 100% FINE

Item Description
UF (User Frame) | References the User Frame the positon was recorded with respect to

UT (Tool Frame) | References the Tool Frame the positon was recorded with respect to

Configuration References the posture of the robot upon arrival at the position.
Location Describes the three-dimensional location of the position.
Orientation Describes rotation about X (Yaw), rotation about Y (Pitch), and rotation

about Z (Roll).

12.4.1 Configuration Jt J4 Ja
(F. LU T 0. 0.0}
Joint Placement  Turmn Number
The configuration component Joint Placement
describes the condition of the axes FLIP Upward and downward placement
R NOFLIP of the wrist
when the robot arrives at the

. . " . . LEFT Right and left placement of the arm
destination position. Orientation of RIGHT For horizontally articulated robots only
the wrist axes at the destination uP Upward and downward placement
position remains the same, but the DOWN of the arm
orientation of the other axes might FRONT Backward and forward placement
change_ BACK of the arm
Turn number The robot arm can reach the same TCP with the arm

1: 180° ~ 539° bent differently, a configuration identifier is needed to
{ o 179" ~ 179° specify the joint placement. The joint placement varies
wt: 539 - ~180° for full articulated robots (4 vs 6 axes robots)

N, F - Non Flip, Flip (J5) U, D - Up, Down (J3) T, B-- fronT, Back (J1)

e Wrist: N, F - Non Flip,

Flip
e Elbow: U, D- Up,
Down
e Robot: T, B - Front,
Back
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12.5 Position Types

There are two types of positions that store the position information.
e Position: Local e Position Register: Globally Accessible

In the motion instruction, positional information is represented as a position command, P[n], or
position register, PR[x]. The n is the position number. The x is the position register number. A
position command stores positional information with the motion instruction in the program. A
position register stores positional information in a storage location separate from the motion
instruction.

Both types of positions contain the same information as annotated in Section 12.4 Position
Information. The difference between the two is how they are used and where the information
is stored within the software.

12.6 Position

When a program point is recorded, by default, it is recorded as a position and identified with
a “P” and an associated ID Number, it will show in the program as P [1]. A position is
referred to as Local, meaning it is defined locally within the current program.

Itis possible to have multiple positions identified within the same program by the same ID
number. In this case all positions within the same program contain the exact same
positional data.

It is also possible to have the same position ID across multiple programs. In this case the
positional data will be different. This is because a position only exists within the program
that it is recorded in (Local). There is no direct correlation between P [1] in one program
and P [1] in a different program.

12.7 Position Registers

Position Registers can be used to store globally accessible positions. These positions are
predefined on the Position Register Data Screen and can be shared for use in many
programs. Generally a Positon Register is used for positions that will be used multiple
times within a routine such as Home, Pick Positons, Drop positions, etc.

A Positon Register is identified within the program with a “PR” designation and an ID
Number, it will appear as PR [1] for example.

Position Register Data is globally accessible, this means that the positional information*
will be same anywhere that the same Position Register ID Number is seen within any
program.

A CAUTION

Position Register data is shared between all programs that contain the specified Position
Register. Although the positional information will be the same, depending on the frames
referenced the physical location may vary.
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Procedure 12-3 Accessing Positon Register Data

1 Press DATA
2 Press F1,[TYPE]L
3 Choose Position Registers

DATA Registers

R 1 =(}
R 2 =0
R 3: =0
RI 4: B DATA Position Reg
5:
> erR{ 1 : [ -
PR] 2: 1=*
PRI 3: ]=%
PR[ 4: 1=*
PRI §5: 1=
PRI 6 Ju=te
PRI T: 1=*
PR[ 8: =%
PRI &: 1E
PRI 10: =%
PR[ 11: 1=*
Press ENTER

{ TYPE ] MOVE_TO  RECORD  POSITION CLEAR

12.7.1 Example of Position Registers

The home position is a position away from the workpiece transfer area.
HOME Position: Program the robot to move to home before the first position, between
cycles, and any time the robot must be away from workcell activity.

The repair position is a position where robot repair operations are
performed. Program the robot to move to the repair position any time
repair operations must be performed. Record the repair position away
from other equipment and the transfer area.

Repair Position:

The safe position is away from fixtures and the workpiece transfer area.
Safe Position: Program the robot to move to the safe position any time it is necessary
to move the robot away from other workcell activities.

You can define any other positions to be predefined positions. Define

Other any position that the program uses more than once as a predefined
Positions: position. This minimizes the time it takes to create and modify your
program.
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12.7.2 Creating Position Registers

Position Registers are stored and recorded from the Position Register Data Screen.

Procedure 12-4 Creating a New Position Register

Move the Robot to the positon to record
Highlight the PR to record

Name the Position Register

Press Shift and F3, RECORD

You will see an “R” on the PR line

DATA Position Reg £ =Z[H

1/100

A bW N A

PR[
PR[
PR{
PR[
PRI
PR
PRI
PRI
PRI
PR[ 10:
PR[ 11:
Position has been recorded to PR[1].

T Gt bl bt Sd bt bd ek Sl Gt Soad

[ O O
»

7

* * ¥

WE SO U s WN e
* % % *

*

:E [ TYPE } MOVE_TO RECORD  POSITION CLEAR

NOTE: Ensure the correct frames are set prior to recording Position Registers.

12.7.3 Viewing Position Register Data

Procedure 12-5 Viewing Position Register Data

1 Highlight the PR to be viewed
2 Press F4, POSITION

DATA Position Reg

DATA Position Reg

PR[1] UF:F UT:F CONF:NUT 000
X mn W ~173.501 deg
Y 582.046 mm P ~16.312 deg
7 -433.242 mm R 55,544 deg

PR{ 1:

=R
" BPR[{ 2: =

=%

{ TYPE | MOVE _TO  RECOR(Y POSITION CLEAR
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12.7.4 MOVE TO a Position Register

Procedure 12-6 Using MOVE TO a Position Register

Highlight the PR to move to.
Set the Mode to T1

Enable the Teach Pendant
Center the DEADMAN Switch
Clear any faults

Press and Hold Shift

Press F[2] MOVE TO

N O R WON =

DATA Position Reg

17100
PRI
PRI
PR|
PRI
PR{
PRI
PRI
PRI
PR[
PR{ 10:
PRI 11:
Prass ENTER

I
:
o
@
1

Wl Ut e
ot
it
* % % % *

P S R R )

*

e Cl-FEEEETT=)

A CAUTION

Before executing a MOVE TO, and during the move, ensure the robot does not collide
with any obstacles. The robot WILL take the most direct path to the recorded position.

12.7.5 Adding a Position Register to a Program

When recording program points, the default recording is a position. If you want to add Position
Registers to an existing program or a new program they must be manually added by altering the
existing motion statement.

Procedure 12-7 Adding a Position Register to a Program

1 Record a bogus motion statement.

a The physical location of the position is arbitrary as we will overwrite this data with the
data stored in the Position Register.

2 Highlight the position field.
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3
4

5

Press F 4, [CHOICE].
Choose PR [ ] from the list.

FANUC_ACADEMY

Motian Modify 1/1

2 PR[]

- FRAME NUM=1
| POOL_NuUM=1

| JEW] 100% FINE

_ ?[2] 100% FINE
8--nextpage-  D[3] 100% FINE
7:3 P[4] 100% FINE
4:7 100% FINE

=

il
fCHOICE]

Manually enter the ID of the Positon Register.

12.7.6 Position Register Representation

As previously discussed a Position Register is a globally accessible position. It is important
to note the verbiage used to describe a position register, again globally accessible. This
does not mean that the physical location of the Position Register for any given ID will
always be in the same spot.

PR[1] UF:F UT:F CONF :NUT 000 P[1] UF:1 UT:1 CONF:NUT 000

A EEEREE w W -173.501 deg X BEREERYE] ™o W ~173.501 deg
¥ 582.046 mm P -16.312 degy ¥ 219.046 mm P ~16.312 deg
2 -433.242 mm R 55.544 deg %z ~433.243 amm R 55.544 deg

Position Detail

PRE

Position Detail

1: UFRAME NUM=1
2: UTOOL NUM=1

3:

4:3 100% FINE

Notice, on the left in the image above, the frames associated with PR [1] are UF: F and UT:
F. However, on the right, the frames associated with P [1] are listed as UF: 1 and UT: 1.
How frames are used with Position Registers allow them to become more versatile and
globally accessible. It also explains why a Position Register may not always be in the same
physical location all the time.

The USER frame, UF:F, and the TOOL frame, UT:F, will be set to 15 (FHex), which
indicates that the currently active USER frame and TOOL frame will be used. What
this means is that the controller will apply the position data of the Position Register
to whatever frames are currently active and move to the stored position.

In essence Position Registers are not restricted by setting a specific frame in order to utilize
them. This also means that if the incorrect frames are active utilizing a position register
may result in a crash or undesirable outcomes.
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The relationship between Position Registers and Frames is illustrated below. As previously
stated, a Position register will use the active USER and TOOL Frame combination and
apply the data to those references.

Below we can see two USER Frames with their respective origins annotated. The Position
Register data is applied to the USER Frame origins and the robot position would be as
seen. Notice, the same Position Register is used however the physical position differs.

UF:1 Y+ UF:2 Y+
¢ . & =
(Workpiece)
!
X+
® X+ Py
PRI10] Localion PR Locati
' with UF-1 Active ERI10] Location |
TER[10] GE:F UT:F CORF:NUT 000
X 50.000 = W EEEEE de
¥ 50.000 o P -3.048 dag

1 ¢.00¢ om R 81.817 deg

12.7.7 Creating a Truly Global Position Register

If there is a requirement for a Position Register to be in the same physical location all the
time, regardless of active USER and/or TOOL Frame combination, this can be
accomplished by changing the positional representation. If the positional data is
represented in degrees this makes the position an absolute position. With this
representation, regardless of the set USER and TOOL Frames the controller will send the
Robot to the same location every time because the position is based on degrees at each
joint.

Procedure 12-8 Changing Position Register representation

1 Access the Position Register positional data
2 Press F5, [REPRE]
3 Select Joint
4 Select Continue from the prompt box
DATA Fosition Req % =1 DATA Position Reg ¢ =B
PR{1] UF:F UT:F CONFINUT 000 PR{1] UF:F UT:F
X 50, 000 . 162.542 deg 31 deg J4 .367 deg
Y 50.000 mm P -3.048 deg J2 -32.619 deg J5 ~73,343 deg
% 0.000 mm R 81.817 deg 33 1.053 deg J6 78.726 dey
Position Detail Fosition Datail
PR 1 oBEeE 1=R PRI 1=R
PRI 2: = PR{ 2 Jex
PR[ 3: J=x* PR{ 3: =
PR[ 4: J=x PR{ 4: =k
PR[ 5: 1=% PR{ 5: =¥
PRI & Il REFRE 1 PR[ 6 Jemw
PRI T: LA | Curtewa PRL 7: Juk
Enter value 2 loint | Enter valus
CONF DONE  [REFRE - DONE  {RIPRE]
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12.8 Speed

Speed dictates how fast the robot will move while executing motion. Speed can be manipulated
in two ways; as part of the motion statement or from the general override.

12.8.1 Motion Statement Speed Values

Speed must be specified as part of the motion statement. When assigning speed in the
motion statement the available units are reflective of the motion type selected.

JOINT Motion Type LINEAR/CIRCULAR Motion Type
Motion Modify 1/1 Motion Modify 1/1
2 sec 2 cmjmin
3 msec 3 inch/min
- |4 deg/sec

5 sec

& msec

Procedure 12-9 Changing Speed Values

1 Highlight the speed
2 Type in the new value
3 Press Enter

Procedure 12-10 Changing Speed Units

1 Highlight the speed
2 Press F[4] CHOICE
3 Choose the new unit from the list

12.8.2 General Override

The general override is located at the top right corner of the teach pendant in the green
box. The general override identifies the percentage of speed available for motion. To
manipulate the general override utilize the “+%" and “-%” keys located on the bottom of the

teach pendant.
Can change speeds while running with the “+%” and “-%" keys, changes are 5%
increments by default.

e Speeds range from .01% (VFine: Incremental) to 100%.

o Is a percentage of speed allowed.

An example of how the General Override impacts speeds is if the motion statement is
programed to run at 100% and the general override is set to 75%, the robot will operate at
75% of the programmed 100%. For linear speeds, if the motion statement is programmed
to execute at 1000 mm/sec and the override is set to 75%, the robot will operate a 750

mm/sec.
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12.9 Termination Type

Termination type specifies the robots action as it approaches the end of the motion and is
programmed at the destination. Termination type can be specified as Fine and Continuous.

12.9.1 Fine Termination

Fine termination type causes the robot to stop at the destination position before moving to
the next position. The robot’s tool tip accelerates to the defined speed, and then
decelerates as it approaches the recorded position and comes to a complete stop, before
continuing to the next recorded position

P1 |
0 P2

J P[1] 100% FINE
L P[2] 2000 mm/s FINE
L P[3] 2000 mm/s FINE

p3

12.9.2 Continuous Termination

Continuous (CNT) termination type allows the robot to decelerate as it approaches the
destination position but does not stop at the recorded position before it accelerates toward
the next position. In the examples shown below, a value from 0 to 100 defines how close
the robot comes to the destination position. At CNTO the robot is closest, with maximum
deceleration while at CNT100 the robot is farthest, with minimum deceleration.

P1 "\\.

e — P2
N
[P P 1

{CNT50 |7 L P[2] 2000 mm/s CNTO
/ L P[2] 2000 mm/s CNT100
/ L P[2] 2000 mm/s CNT75
L P[2] 2000 mm/s CNT50

[enta00 ]

Cps

A WARNING

There may be inconsistencies between the T1 test and running in Auto. Run the
programs in Auto at slow speeds at first to verify the path.
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The severity of the directional change at each taught position and the speed of the program
determine how the Continuous rate will affect the path. As the angle increases the distance

from the taught position increases as well.

Assumption:

General Override Speed:100% (Production) PO (= 250mm/
J P[1] 100% FINE | T1 <250mm s]
L P{2] 2000 mm/s CNT100 i
L. P[3] 2000 mm/s CNTx

P1
= P2

3P2

Ap2

Hps

E NOTE: The Constant Path software option (R663) allows the robot to follow the programed
path regardless of override rate. The far right above example shows the robot path in T1

compared to Auto Mode without Constant Path.
If corrections are required for the path there are three main approaches for correction; lower

the termination rate or the speed on the position (left), add a positon and touchup the old
position (middle), or touchup the affected positon farther away from the current point (right).

General Override Speed:100% (Production)
J P[1] 100% FINE

J P[1] 100% FINE J P[1] 100% FINE
L P[2] 2000 mm/s CNTE0 ADD P[4] L P[2] 2000 mm/s CNT100
OR L P[4] 2000 mm/s CNT100 L P[3] 2000 mmvs FINE
L P[2] 1200 mm/s CNT100 L P[2] 2000 mm/s CNT100
L P[3] 2000 mm/s FINE L P[3] 2000 mm/s FINE &
l’l P2
P4 | S
| B P2 Lo
' N / :

P1 . P

P3 Hp3
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12.10 Chapter Review

1. Which motion type moves the TCP in a straight line from the start
position to the destination position?

A Linear
B Joint
C Circular
D Spline
2. What is the name of the position in the square below?

clr(]
F[3] l00mm/ssc FINE
A Start Position
B Intermediate Position
C Destination Position
D First Position
3. Fine termination type causes the robot to at the

destination position before moving to the next position.
A Slow down to 50%

B Accelerate
C Stop

D Bypass
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Lab 18
Creating Position Registers

Student Name:

Assignment:

The student will:

e Create a Position Register for Home, Repair, and Safe.

Condition: Given a FANUC Robot and a controller
Step: 1 Create a Position Register for a Home Position (PR [1]). (See Section
12.7.2 Creating Position Registers, pg. 196)
2 Label the new Positon Register with an appropriate name.
3 Convert the data to Joint Representation. (See Section 12.7.7
Creating a Truly Global Position Register, pg. 199)
4 Move the robot away from the position.
a Using the MOVE TO key, move the robot back to the recorded
Position Register. (See Section 12.7.4 MOVE TO a Position
Register, pg. 197)
5 Perform Steps 2-4 to create a Repair Positon (PR [2]) and a Safe
Positon (PR [3]).
Completed: []
Instructor:
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Lab 19
Modify a Program

Student Name:

Assignment: The student will:

» Modify Motion Instructions

Condition: Given a FANUC Robot and a controller

Step: 1 Display the program A_BOX.
2 Modify the Motion Instructions to change how the program operates.

a The only rule, you cannot use the same speed value or termination
value more than once.

E NOTE: Below is an example, you can follow the example or make your
own changes.

1. UFRAME_NUM=1

2: UTOOL_NUM=1

3:J P[1] 100% FINE

4:J P[2] 88% CNT1

5:L P[3] 250mm/sec CNT50
6:J P[4] 50% CNT100

7:L P[5] 1000mm/sec CNT40
8:L P[2] 1988mm/sec CNTO
9:J P[1] 100% CNT75

3 STEP test the new path
4 Continuous Test the new Path

5 Run the modified program in Automatic Mode

Completed: []

Instructor:
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Lab 20
Create a Shapes Program

Student Name:

Assignment: The student will:
e Create a Program that traces three distinct shapes.
¢ Become familiar with Motion Instructions

Condition: Given a FANUC Robot and a controller

Step: 1 Create a new program and name it “A_SHAPES”. (See Section 11.5
Creating a Program, pg. 163)

2 Program the robot to trace the square, circle, and triangle from the
template provided by your instructor.

a Ensure you reference the USER and TOOL Frame combination at the
top of the program. (See Section 11.7.1 Motion Instructions and
Frames, pg. 171)

b The robot MUST start and end each shape at the HOME Position
Register.

3 For the Square portion create a Default motion instruction as follows:
(See Section 11.7.2 Default Motion Instructions, pg. 173)
L P[] 750 mm/sec CNT50

4  For the Circle portion create a Default motion instruction as follows:
(See Section 11.7.2 Default Motion Instructions, pg. 173)

L P []1000 mm/sec CNT100

5 For the Triangle portion create a Default motion instruction as follows:
(See Section 11.7.2 Default Motion Instructions, pg. 173)

L P []500 mm/sec CNT 75

NOTE: For cycle time considerations, the move from HOME to the shape and from the
shape to HOME should be JOINT motion, 100% Speed, with a USER defined termination.

6 See the following page for complete program syntax.
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1: UFRAME_NUM=1
2: UTOOL_NUM=1
3:J PR[1:HOME] 100% FINE
4:J P[1:Square] 100% CNT50
5:L P[2] 750mm/sec CNT50
6:L P[3] 750mm/sec CNT50
7:L P[4] 750mm/sec CNT50
8:L P[1:Square] 750mm/sec CNT50
9:J PR[1:HOME] 100% FINE
10:J P[5:Circle] 100% FINE
11:C P[6]

:P[7] 1000mm/sec CNT100
12:C P[8]

:P[5:Circle] 1000mm/sec CNT100
13:J PR[1:HOME] 100% FINE
14:L P[9:Triangle] 500mm/sec CNT75
15:L P[10] 500mm/sec CNT75
16:L P[11] 500mm/sec CNT75
17:L P[9: Triangle] 500mm/sec CNT75
18:J PR[1:HOME] 100% FINE

7 STEP Test, Continuous Test, then run the program in Automatic Mode.

Completed: []

Instructor:
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Lab 21
Manipulate Individual Files

Student Name:

Assignment: The student will:
e Save A SHAPES as a .TP File.
s Save A_SHAPES as a .L.S File.
¢ Save Position Register Data.
Condition: Given a FANUC Robot and a controller

Step: 1 Set the default device.
a Set the path to the Directory named “INDIVIDUAL_FILES".

2 Save A_SHAPES as a .TP File. (See Section 11.10.1 Saving
Program Files, pg. 180)

3 Save A_SHAPES as a .LS File. (See Section 11.10.1 Saving
Program Files, pg. 180)

4 Navigate to the Position Register Screen
a Press FCTN.
b Press -0- Next.

Highlight SAVE.

d Press ENTER.

5 View the Directory from the file screen and verify POSREG.VR is
present.

(2}

Completed: [ ]

Instructor:

208 MATAGHANDO318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool

13 EDIT COMMAND
13.1 Chapter Objectives

e Inserting blank lines into a program.

e Deleting lines from a program.

« Copying and Pasting Instructions within a program.

» Replacing items within a program.

« Renumbering Position ID’s.

¢ Displaying Comments within a program.

¢ Undo commands.

e Remarking lines in a program.

e Displaying color backgrounds

+ Displaying I/O status.

13.2 Edit Command Menu

The Edit Command Menu allows the programmer access to items to change motion and non-
motion instructions. Edit Command is located on the second page of items from the EDIT
screen under the F5, [EDCMD] key.

The items within Edit Command consist of the following:

ltem Description

Insert Adds blank lines to the program. Must be used when adding positions or
instructions to a program. Otherwise you will overwrite.

Delete Removes line(s) from a program

Copy/Cut Can copy a range of lines and paste them in the same or another program

Find Allows searching for an instance of an instruction

Replace Allows search and replace of instructions or variable items

Renumber Renumbers positions (not PR’s) sequentially from start to finish in a program

Comment Hides or displays comments from other tables on the EDIT Screen

Undo Allows an undo of the latest edit only

Remark Masks out in instructions in a program

Color Highlights remarks with a yellow background and 1/O Status with Red (OFF) or
Green (ON).

I/O Status Displays or masks current status of /O utilized in a program
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13.2.1 Accessing the Edit Command Menu

There are two ways to access the items on the Edit Command menu, either though the Icon
Editor or the F5, [EDCMD] soft key. Regardless of the method to access the items on the
Edit Command menu the options are the same.

e To access the Edit Command menu using the Icon Editor press F5, [EDCMD]. You
should see a screen similar to below.

FANUC_ACADEMY

B vrseoz_ROe:
23 TIDOL IADExi

37 3:d ER{ISHOME] 20§ TINS P
4:3 Pil:Rgoare] 160 £NTS5G 457 BlisSquars} 1+O¥ INTS

SiL BI2} Timm gec INIS) s TOUCHP ik Pi2Y ¥Srmmiaec (WISC

6L P33 Tiimmvsec TWIS) POINY €15, FI3] 75.mm swe CHTSQ

L Fl4Y TS weswra (NTST Tl B14) FS)weiwes JHYRG o

1L FlliSqeare] TiCmmssme RIS: $:L Bfi:Squezel TE0wmia o CHIE:

930 PRELHOME] .09 FINE G PRILOAOME] 1008 PR

lcon Editor

(3]
[ | £ B; 8
TOGGRLE  IWUT  custon  Toguee

» [f the Icon Editor is not displayed, press F5, [EDCMD] and choose lcon Editor from
the menu. You should see a screen similar to below.

FANUC ACADEMY + = [H FANUC ACADEMY
1/10 B oo ke
BEl: UFRAME NUM=1 ER L S—
2: UTOOL NUM=1 m I Fean Editor (A Hifkfur;{ 1748 TS0
3:7 PR[1-HOME] |11t Ezc"k" g R rinbig ki
4:J7 1’(1:Square]jzmmte 310 Stats i iii’:}i:’;‘,‘é&i:- curse
5:L P[2}] 750mﬁ3§_ﬂ_p¥f€ut ) s m:;a ER{I:HONE] La0% RINE
6:L P[3] 750mm/*f )
T:L P[4} 750mmx4|5m‘m )
8:L P[l:Square]|¢Rerumber
9:J PR[1:HOME] |7 Comment 3 '
[End] 8 Undo |
2 Remark 1 e — ‘
O“W 9.« NEXT -

*®
(EDUMD! i {EDCHIY]

¢ If you prefer to use the Edit Command fly out menu simply press F4, EXIT ICON and
navigate the menu as shown in the above image at the left.

NOTE: Both R30iB PLUS and R30iB software feature the Icon Editor, the only difference is
how they are displayed. The above procedures will work for either software.

13.3 Inserting Blank Lines

Inserting blank lines into a program accomplishes two objectives; provides some eye relief to
the programmer/operator by breaking up line(s) of code and provides space to add code.

On FANUC robots, when you add instructions to a program it does not automatically insert the
new instruction, it will overwrite whatever was on the existing line.
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f Adding blank lines to a program does nothing to affect cycle time as these lines are not
executed by the processor. It is highly recommended to use this feature to break up your
program to make easier to read.

When you insert blank lines, you insert above the cursor position. It is possible to add just one
line or multiple lines.

Procedure 13-1 Inserting Blank Lines

1 Place the cursor on the line below the spot to add blank line(s).
2 Press F5, [EDCMD]

a If F5 does not display [EDCMD] press NEXT.
3 Select INSERT

FANUC ACADEMY

UTRANE_HUM«)
TE00L UM -

FROLHOME] .Guy FINE
?{1:3quare] .00% CWTSC
F[2] TS0w=ms¥es (NYSO

P{3} TEOwm/sec ONTS0

B{41 TSomm/mec CNTS0

ikt Squaze]l THCmmssec TWIC
PR{IIBOME} 100 FINE

—
mvy.\o:.‘q:lww

LERRELG

{ {£na

4 Enter the number of lines to add.
a Press ENTER.

HBow many line to insert 7 =

! R

NOTE: If you wish only add one line you can just press enter without entering the number

one.
FANUC_ACADEMY ,
3/12
] 13 UFRAME_NUM=]
i 2 00T HijMa1
[ +. Inserted Lines
510 PR|L:ACME] 140% ELE
| 6:J Pli:Square] Lo0% CHISO
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13.4 Deleting Lines

When you delete line from a program, you can either delete one line or a range of lines.

Procedure 13-2 Deleting Line(s)

1  Place the cursor on the line or first line of the range that you want to delete.
2 Press F5, [EDCMD]

a If F5 does not display [EDCMD] press NEXT.

3 Select DELETE

FANUC_ACADEMY

.MF

DO B M W ke
LRl ol P

-

4 If you want to DELETE just one line press F4, YES

UFRAME_NUkwl
UTCOL_NUMal

FRII:ECHME] 107% FINE
Bli:Soquare] 100% CHISO

P12} TS0um/esc [HISO

B3] 75Qmmsanc CNISO

B(4] 7S0mmfaec (NT5Q
Bil:Square] T80uw/sec JNISH
PRIL:HCME) 10CY FINE

iz

EDIT COMMAND X

EXIT ICON

| [EDCMD]

5 If you want to DELETE a range of lines cursor up or down to select the range, then press

F4, YES.

FANUC ACADEMY

13 UFRAME MWOMe1
2: UTCCL_HUMeL

*3 FRI1:BOMED 100% FINZ
2 PiliSgpaere] 100 CHIZ0
LRI Towmssre CHTSG
8:L P{3] Ti0mm/snz CNTSO
@3 P{4] T50mmsmec CHTSS
10k Pil:Square] 230mmszec CKTS)
Fiid BRM:HOME] 100% FINE

3/7
L: UFRAME_KUMe=]
2: UIOOL_NUMel
IE:. 213} 7stsvsec CHTSO
435 PE4] 7S0mm/wec CHISO
5:1 P[l:Square] 7S0me/ssc CNTSO
£:3 ER{1:HOME] 100% FINE
{End}
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13.5 Copy and Paste

13: Edit Command

When you copy and paste, you select a group of instructions, make a copy of the group, and
insert the group at one or more locations in the program.

13.5.1 Pasting Options

There are eight different ways to paste the lines that have been copied. Refer to the table
below for a description of each type and an example of the pasted instructions using the
lines provided below.

Copied program instructions:

1: J P [1] 100% CNT100

2: L P [2] 500mm/sec CNT80

3: DO [1]=ON
4: J P [3] 50% CNT50
5: L P [4] 10mm/sec FINE

6: CALL HOME
Method Description Pasted Instructions
+ Pastes the lines exactly as they 7:J P[...] 100% CNT100
were copied 8: L P[...] 500mm/sec CNT80
LOGIC (F2) | ¢ Does not record positions 9: DO[1] =ON
e Leaves the position numbers blank 10: J P[...] 50% CNT50
11: L P[...] 10mm/sec FINE
12: CALL HOME
» Pastes the lines exactly as they 7: J P[1] 100% CNT100
were copied 8: L P[2] 500mm/sec CNT80
POS_ID e Retains the original position 9: DO[1] = ON
(F3) numbers 10: J P[3] 50% CNT50
11: L P[4] 10mm/sec FINE
12: CALL HOME
e Pastes the lines exactly as they 7: J P[5] 100% CNT100
were copied 8: L P[6] 500mm/sec CNT80
POSITION |e Renumbers the copied positions 9: DO[1] = ON
(F4) with next available position 10: J P[7] 50% CNT50
numbers
_ _ N 11: L P[8] 10mm/sec FINE
e Retains copied positional data 12: CALL HOME
CANCEL Cancels the paste and retains the copied lines so you can paste them
(F5) elsewhere
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Method Description Pasted Instructions
Pastes the lines in reverse order 7: CALL HOME
Does not record positions 8: L PL..]10mm/sec FINE
R-LOGIC - 9: J P[...] 50% CNT50
(NEXT+F1) Leaves the position numbers blank 10: DO[1] = ON
11: L P[...] 500mm/sec CNT80
12: J P[...] 100% CNT100
Pastes the lines in reverse order 7: CALL HOME
Retains the original position 8: L P[4] 10mm/sec FINE
R-POSID numbers 9: J P[3] 50% CNT50
(NEXT+F2) 10: DO[1] = ON
11: L P[2] 500mm/sec CNT80
12: J P[1] 100% CNT100
Pastes the instructions in reverse | /- CALL HOME
order 8: L P[8] 10mm/sec FINE
R-POS Renumbers the copied positions 9: J P[7] 50% CNT50
(NEXT+F4) with the next available position

numbers

10: DO[1] = ON
11: L P[6] 500mm/sec CNT80
12: J P[5] 100% CNT100

13.5.2 Reverse Motion Pasting

Reverse motion pasting will redistribute the motion instructions that were pasted to maintain
the path. If you remember from Chapter 10 and 11 when recording positions and executing
a motion instruction everything is recorded at the destination.

If you were to copy and paste lines in reverse, as seen above, you are simply flipping the
instructions upside down. This will result is a completely different path.

Reverse motion pasting will ensure that the path that followed to a specific spot will be
maintained on the way out. A good example would be moving to a part to pick up. The
path is defined on the way to the part. It stands to reason that following the exact path back
out will be safe as well. Reverse motion pasting can accomplish this.

Refer to the table on the following page for a description of each type of reverse motion

pasting.
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Method Description Pasted Instructions
RM-POSID 15t
(NEXT+F3) Pastes all instructions except motion .
instructions in reverse order J P[i] 100% CNT100,
Motion instructions are created using Offset,PRIx]
the current (first) and next (second) 2
MOUERNnSITEEHOn: L P[j] 50 mm/sec FINE ACC150
Motion type, speed, and motion- PTH
related options are used from the Result:
second motion instruction L P[j] 50mm/sec FINE ACC150
Positional data, termination type, and | | p[i] 50mm/sec CNT100
non-motion-related options are used
from the first motion instruction Offset,PR[x] ACC150
The bottom motion instruction in the
copied area is pasted as is
Retains the original position humbers
Modal instructions, such as |/O, are
pasted in reverse order, but the states
are not changed (ON to OFF, or OFF
to ON); you must modify these after
the paste
UTOOL and UFRAME change
instructions and position register
instructions are pasted in reverse
order, but the frame numbers and
register numbers are not changed,
you must modify these after the paste
RM-POS qst:
(NEXT+F5) Same as RM-POSID except, .
renumbers the copied paositions with J P[k] 100% CNT100,
the next available position numbers Offset,PR[x]
2,
L P[] 50 mm/sec FINE ACC150
Result:
L P[] 50mm/sec FINE ACC150
I. P[k] 50mm/sec CNT100
Offset,PR[x] ACC150
MATAGHANDO318CE 215

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE




13: Edit Command HandlingTool

13.5.3 Execute a Copy and Paste Operation

Procedure 13-3 Copy and Paste

1 Place the cursor on the line or first line of the range that you want to copy.
2 Press F5, [EDCMD]

a If F5 does not display [EDCMD] press NEXT.
3 Select COPY/CUT

FANUC_ACADEMY iR
£/12

1 UFRAME NUMw)
2i OTOOL Fhel EDIT COMMAND X
2.
4
5:5 FR{L:HOME] 1)0% FINE

BE:: ®ii:squars} 100% CHTSC
TiL P2 TEimavass ONTSC
JrL B3] 7Siam/sac CHISO
4:L P{4] TSOmmswen CHRISO -]
18:L  P{l:Square] 730mw/zec {NISO a8
11:J BR{L:HCME] 100% FINE I .

{Ead]

| »
exricon | CJ
] {EDCMD] |

4  With the cursor positioned on the line to copy or first line in the range to copy, press F2,
SELECT

5 Move the cursor up or down to select the range to copy if necessary.
Press F2, COPY or F3, CUT.

FANUC ACADEMY

1
B

18212
by DFRAME NUMmL
¢ UIDOL KUMsL

FR{L:EOME] 100% TIRE
Fil:Square] 100% INTHQ

Bi2] 7SUmm/wec CHTS0

B3] 7Stmmsxec CHTSO

Pi4] 50mmssec (HISO
$il18quare] 750mmisec THIST
FR{LGROME} EOCY FINE

o

g,*.‘-

B ]
R ke Ry

. b4
COPY cut
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7 Navigate to the line below the location you wish to paste.

E NOTE: Just like with INSERT, when you paste you paste above the cursor position.

8 Press F5, PASTE.
i -
PASTE

9 Select the appropriate paste method.

& o >

R-LOGIC R-POSID RM-POSID R-POS RM-POS

13.6 Replacing Instructions

When you perform a replace operation, you find specific instructions and replace those
instructions with new instructions. This function is useful, for example, when setup information

that affects the program is changed.
The replace operation searches from the current position of the cursor to the [END] command.

Procedure 13-4 Performing a Replace Operation

1 Move the cursor to the line number of any instruction.
2 Press F 5, [EDCMD]

a If F 5 does not display [EDCMD] press NEXT.
3 Select Replace.

FANUC_ACADEMY _ =@
€22
5 [t EDIT COMMAND X

EH
4t

T OFRILCEOME] : 0% EINE
B 0 pil:squaxe] @ oo% CNISG
T F(2) TSCnmsec ONIST
il BL3] USEn san ONISD
&L B4y TSOmwlzec INIES
133L Bilssquace] ¥50way sec (WIS

1323 BUCLHOEE] 1703 FINE
[End?
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4 Select the instruction you want to replace from the list of instructions. Follow the
information on the screen to specify the instruction

Select Replac menu X

5 You will first be prompted to find an occurrence of the instruction.
You will then be prompted to enter the replacement information.

The system searches forward from the current cursor position for the item you want. If it
finds an instance of the item, it highlights it on the screen.

8 Decide how to replace the item

a To replace the existing instruction with a new instruction in all instances, press F2, ALL.
The system will prompt you to confirm that you want to replace all instances of the
instruction.

b To replace the existing instruction with the new instruction, press F3, YES. The system
will prompt you to search for the next one.

¢ Toignore this instance and find the next, press F4, NEXT, and the system will find the
next instance, if there is one.

d To cancel the replace operation, press F5, EXIT.

13.7 Renumbering Positions

When you add positions in a program, the first available position number is assigned to the
position, regardless of its place in the program. When you delete motion instructions, all
remaining positions keep their current numbers. Renumbering reassigns all position numbers in
the program so that they are in sequential order.

Procedure 13-5 Renumbering Positions

1 Move the cursor to the line number of any instruction.
2 Press F5, [EDCMD]

a If F5 does not display [EDCMD] press NEXT.
3 Select Renumber.
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FANUC_ACADEMY

GERAME NUM»1

13,81

DICOL_HUM=} EDIT COMMAND

PRILIHOME] 0% FINE

#lS:Syuaze] Iuob JHTS

B{4] T50mm/ser CHTSG Insert E Delete
P[7] "SOmm/sec THIS

md AN e B b

o b i St

Fi3} TEomwm/sec CHTSD
P{3:Square] 750mm/sec INISD
PRIJIBOME] 100% FINE

1
[

i
7 3

4 Renumber the positions:
a If you do not want to renumber positions press F5, NO.
b To renumber positions press F4, YES.

FANUC_ACADEMY  llFaNuC_ACADEMY

11741 RVENY
1: 0 FRA.‘(E“NUH-I 1y UFRAME HM=]
Z: TUTCOL_HUM=i 21 TTIOOL NiMel
3 3
4r7 PR[1:HOME] 100% FIKE 4:7 FR{1:HOME] 100% FINE
5:F P[&:Sguare] 100% CHNTI:=O 5:J P[l:Square] 100% CUISG
€:L P4} TS0mm/sec CNISO £:L P[2] 750w/ sec THISO
7:L P[T] 750mm/s=c CNTSO 7:L P[3] 757mm/sec CNI5D
sl PI41 750mm/sec CNTSC 2:L P{2] 750mm/3ec CNTS0
5:L P[3%:Square] 750mm/sec CNITu »:L Pll:Square] 750mme sec THIIL
S1d PR{1:HOME] 103% FINE 19:J PBR{1:HCME] 100% FINE

Before Renumber |

| After Renumber

= NOTE: Like Position ID’s will be alike 1D after the renumber is performed.

@ NOTE: Renumbering has no effect on Position Register ID’s.
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13.8 Displaying Comments

This function displays comments of /O and registers on the teach pendant program screen.
This gives you the ability to confirm comments while you edit a teach pendant program, without
having to display another screen. Enabling and disabling comments is a global setting.

You can only display comments for the following instructions while you are editing a teach
pendant program. You cannot change the comments on the teach pendant program screen.

¢ |/O instructions (DI [:COMMENT])

o Register instructions (R [i: COMMENT])

e Position register instructions (PR [: COMMENT])

¢ Position register element instructions (PR [i, jCOMMENT])

NOTE: Comments associated with a Position (P [ ]) are stored within the program and
cannot be disabled.

The display of the comments is turned on and off when you press F5, [EDCMD] and
select [Comment].

FANUC_ACADEMY ~ [FANUC_ACADEMY

11711
L:  UFRAME NUM=1 lr  UFRAME NUM=l
23 UTOOL_NUM=1 2:  UTOOL NUM=l
3z 3z
4:J PR{L:HOME] 100% FINE 4:J PBRI1] 100% FIHE
5:J P{l:Sguare] 100% CNISO $:J P{l:Sguare] 100% CNISO
€:L PI2] 750mm/sec CNISH €L P[2] 750mm/asc CHISO
F:L P[3] 750mm/sec CNTS0 7:L F[3] 750mm/sec CNTS0
g:L P[2] 750mm/sec CRISO 8:L P[2] T50rm/ssc CTHISO
8:L P{l:Squarse] 750mm/sec CHISD 9:L P[l:Square] T50mm/sac CNI50
10:J PR{I1:HOME] 100% FINE 10:d PR[1] 100% FIRE
i
i
Comment Enabled Comment Disabled

13.9 Undoing Operations

You can undo an operation to recover from the last incorrect or faulty operation. You can undo
the previous operation to edit the program, and you can redo the last Undo operation. Several
modifications for one line can be recovered with a single Undo operation if you have not
modified any other line in between modifications.
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Procedure 13-6 Undoing an Edit

1 Press F5, [EDCMD]
a If F5 does not display [EDCMD] press NEXT.
2 Select Undo.

FANUC_ACADEMY =18

3 JERAME NiM=X

2 UTCOL Fusel EDIT COMMAND
‘.

|

4 |
5:7 PRIL:BOME] loyd FINE
£:J ©{1:Squarel 102% CHISO B wen g " Delote
7L B(2) 750mm/sec CNTSC
3L B3} T50mn/ sec CONTS

L

L g copcx §F

et E{4} TROmm/aes INTS
3! BilrSquarel T80mm sec CNTSO
s BRILGHOME] 100% WINE

£

[ INST ]

3 Undo the operation. The recovered operation is displayed.
a If you do not want to undo the operation, press F5, NO.
b To undo the operation, press F4, YES.

4 To cancel the undo operation, press F5, [EDCMD] , select Undo. Press F4, YES, to redo
the operation.

13.9.1 Undo Limitations
You cannot Undo an operation when any of the following conditions exist:
¢ The controller has been turned off and turned on
* Another program has been selected
+ You are using a keyboard
¢ The teach pendant ON/OFF switch is OFF
e The program is write-protected
o The teach pendant does not have enough available memory

Also, you cannot Undo an operation in HandlingTool when any of the following
conditions exist:

¢ Modifying palletizing command
« Deleting program lines that include palletizing instructions.
¢ Copying program lines that include palletizing instructions.
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» Pasting lines that include palletizing instruction.

¢ Replacing or re-numbering at the place in the program that has palletizing
instructions.

In addition, Undo will not work if you have executed any of the following instructions
in a program:

« Palletizing instructions (HandlingTool)
e Line tracking instructions

¢ On-line touch up

NOTE: If power fails in the process of performing an Undo operation, unexpected results
can occur, and the desired modification is not guaranteed to have taken effect when power is
restored.

13.10 Remarking Instructions

When you remark an instruction, you disable the instruction by commenting it out (“//” is shown
at the beginning of the instruction). You cannot remark just a portion of the instruction. You wili
not be able to edit the instruction until you unremark it. You can perform other modifications on
the instruction such as delete, copy and paste, find and replace, and renumber.

Procedure 13-7 Remarking (disable) / Unremarking (enable) Instructions

1 Move the cursor to the line number of the instruction you want to remark or unremark. If
you want to change several instructions in consecutive order, move the cursor to the first
line to be changed.

2 Press F5, [EDCMD]
a If F5 does not display [EDCMD] press NEXT.
3 Select Remark.

EDIT COMMAND X EDIT COMMAND X |

exricon  (J >
{EOCMD]
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4 To remark/unremark a range of lines, move the cursor to select the lines to be changed.
a The line number of each line to be changed will be highlighted as you move the cursor.

§ Remark or unremark the line or lines:
a Toremark the selected line(s) press F4, REMARK
b To unremark the selected line(s) press F5, UNREMARK

FANUC ACADEMY FANUC_ACADEMY

11711 /il

11 UFRAME NUM=_ it UFRAME NUM=l
2: UIOOL_NUM=1 2: UTOOL_HUM=1
3: 3z
4: /3 ER[1] loox FINE B - ey Loot FINE
B /J E{l:Square] 100% CNIS. 5:J Pll:Square] 100% IHI5C
éx  J/L P[2] 750w/ sec (TS £3L  E{2] 757mm/aec CNTRD
Ty /L P[3} 750mm, sec "NTSO T:L BI3] 750mmyaec CWISO
L S FL2Y 750mm, sec CNISO “sL F2] 7%Cmm/sec THTSO
9: /L Pll:Square] T50mm/sec CHIS0 $:L P[liSquare] TSomm/sec (HISG
& LdsJ PR[1] 100w FIHE
: //7 ER[1] 100% FINE {End]

Lines Remarked Lines Unremarked

13.11 Displaying Instructions in Color

The application instructions and the remark instructions can be displayed in color. The
application instructions are displayed in red. The remark instructions are black on a yellow
background.

The use of color can be turned on or off by pressing F5, [EDCMD] and selecting [Color].

EDIT COMMAND EDIT COMMAND

: o

ﬂ]
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13.12 Chapter Review

1.

4.

Which type of pasting will paste the motion instructions in order and
renumber the Position ID’s based on first available Position ID?

A LOGIC

B POSITION
C POS_ID

D R_POS

Which type of pasting will redistribute motion information so that the
path is maintained in reverse and maintain Position ID’s?

A R_POS

B R_POSID
C RM_POS
D RM _POSID

Which EDCMD feature would allow the programmer to change all FINE
termination type to CNT termination type?

A COMMENT

B REPLACE

C UNDO

D FIND

If a line is remarked it can be edited?
A True

B False
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Lab 22
Utilize EDCMD

Student Name:

Assignment: The student will:
« Copy an entire program.
e Copy individual program lines.
s Delete program lines
¢ Insert blank lines in a program

» Replace motion variables

Condition: Given a FANUC Robot and a controlier

Step: 1 Copy the entire A_SHAPES program and rename it A_SQUARE. (See
Section 11.3.1 Select Screen Soft Keys, pg. 161)

a Delete all of the lines that are not part of the square. (See Section
13.4 Deleting Lines, pg. 212)

b Insert a blank line between the frame instructions and the home
position. (See Section 13.3 Inserting Blank Lines, pg. 210)

¢ Utilizing REPLACE, change all Linear speeds from 750 mm/sec to
6000cm/min. (See Section 13.6 Replacing Instructions, pg. 217)

2 Openthe A_SHAPES program, copy all of the lines that trace the circle.
(See Section 13.5.3 Execute a Copy and Paste Operation, pg. 216)

a Create a new program called A_CIRCLE.
b Paste the lines into A_CIRCLE.

¢ Copy the frame instructions from A_SHAPES and paste them at the
top of A_CIRCLE.

d Insert a blank line between the frame instructions and the home
position.

e Utilizing REPLACE, change all CNT termination to FINE termination.

Copy only the instructions that trace the circle and paste them in
reverse.

3 Openthe A_SHAPES program, copy all of the lines that trace the
triangle.

a Create a new program called A_TRIANGLE.
b Paste the lines into A_ TRIANGLE

¢ Copy the frame instructions from A_SHAPES and paste them at the
top of A_TRIANGLE.
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d Insert a blank line between the frame instructions and the home
position.

e Utilizing REPLACE, change all CNT 75 termination to CNT 50
termination.

f Utilizing REPLACE, change all Linear motion speed from 500mm/sec
to 1000mm/sec.

4 Test all of the newly created programs

Compieted: [ ]

Instructor:
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14 INPUTS AND OUTPUTS (I/O)
14.1 Chapter Objectives

s |/O Overview

e Types of /O

* Types of /O Hardware
e Configuring I/O

s Configure Group I/O

¢ Monitor and Force I/O

14.2 1/0 Overview

Inputs and outputs (I/O) are electrical signals that enable the controller to communicate with the
robot, end-of-arm tooling, and other external devices such as a PLC (Programmable Logic
Controller, HMI (Human Machine Interface), sensors and actuators. When properly programmed
and properly setup these signals allow for communication between the robot controller and
other devices. This is similar to how humans speak (output) and listen (input), but for machines
the signals are electrical.

In modern manufacturing there are many ways to interface devices and FANUC America
Corporation offers many solutions depending on a user’s preferred /0O communication method
or application. This chapter is intended to be an introduction to some of these communication
options.

¢ The controller core software views I/O as signals
¢ Qutputs can be turned off/on, or set to a value if supported.
e Inputs can be read, their values stored, and decisions made.
¢ |/O Signals are identified by kind and number, for example:
e DI [1]=DIGITAL INPUT 1
¢ GO [2] = GROUP OUTPUT 2

14.3 Types of /1O

The following kinds of I/O are available. The amounts and kinds vary depending on the kind of
I/O hardware you use:

¢ Digital /O e Group I/O

¢ Analog I/O , e User Operator Panel (UOP) I/O

¢ Standard Operator Panel /O ¢ Robot /O
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14.3.1 Digital

A digital I/O signal (DI or DO) is a control signal sent to or from the controller. Digital signals
can have only one of two possible states: ON or OFF. Digital signals provide access to data
on a single input or output signal line.

14.3.2 Group

Group I/O signals (Gl or GO) are made up of a sequence of digital I/O signals. These are
interpreted as a binary integer.

A group signal is a group of up to 16 ones (1) and zeros (0), indicated ON or OFF. Each bit
in group input or output is a single digital input or output line. Unused bits are assigned a
“O-”

If you group your digital I/O signals, you can control or monitor the sequence of I/O signals
within your program by setting or reading a single group using the group I/O instructions.

14.3.3 Analog

An analog /O signal (Al or AO) is an input or output voltage that has a value within the
range of the 1/0 board or module used.

Analog input devices convert external analog signals into numeric signals for use by the
controller. Analog output devices allow analog signals to be sent out to external devices.
Typical values of analog inputs and outputs are from -10 volts to 0 volts, or from 0 volts to
+10 volts. These values depend on the particular device used in your controller.

14.3.4 User Operator Panel I/O

The User Operator Panel (UOP) provides 18 input signals and 20 or 24 output signals (four
are optional), that can be connected to a remote device or a remote operator panel, to
control the robot.

Most UOP I/O signals (Ul or UO) are active when the robot is in a remote condition. Signals
that affect safety are always active.

For systems with a process I/O board, the UOP signals are configured by default to
dedicated ports.

14.3.5 Standard Operator Panel (SOP) I/O

SOP /O signals (Sl or SO) correspond to internal controller software panel digital input and
output signals that control the operator panel on the controller. You cannot change SOP I/O
assignments, but might find it to be useful to display them during troubleshooting.

14.3.6 Robot I/O

Robot 1/O signals (Rl or RO) consist of the input and output signals between the controller
and the robot. These signals are sent to the EE (End Effector) connector located on the
robot. The number of robot input and output signals may vary based on application
software.

e Handling Tool Application software has eight Robot Inputs and eight Robot Outputs.

e LR Handling Tool Application software has up to six Robot Inputs and six Robot
Outputs
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14.4 1/O Hardware

The type of I/O hardware that is used will dictate the type of I/O available as well as the number

of ports.

14.4.1 Model A I/O

14.4.2 Model B I/0

14.4.3 Other Types

Discrete I/O modules

Communicates with CPU
through interface module

Requires backplane in controller
Digital infout
e 8/16/32 inputs

Analog in/out

s 2/4 channels

Discrete 1/0 modules

¢ Can have both inputs and outputs
on same unit

Digital Only
24v DC or 120v AC

Serial communications with CPU via
interface module

No backplane required

DeviceNet

ControlNet (legacy)

Profibus

Profinet

Ethernet IP /
z e

EtherCat iia o

."" '

L e

Profibus

[
v

NOTE: These types of /O hardware will require software options and possibly additional
hardware to configure.
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14.5 Setting Up I/O (Configuring)

When all appropriate I/0O hardware has been installed and connected, you must configure the
I/0. Configuring I/O establishes the correspondence between the signal number and the
physical port. Each signal, or signal-sequence must be configured to a rack, a slot in the rack,
and the starting point or channel number (analog). You can change this configuration
depending on the kind of I/O you are using. Model “A” /O is unique, in the fact that some
FANUC America Corporation software will be automatically configured, similar to the PC-world’s
“Plug and Play”.

NOTE: After configuring I/O or changing I/O configuration, you must turn OFF the controller
and then turn it back ON to make the change take effect.

14.5.1 Rack

Rack assignment lets the robot software know the type of I/O communication that will be
used. To simplify things, the Rack assignment is similar to how humans communicate using
different forms such as talking, e-mail, texting, paper notes, etc. For a robot the Rack
assignment lets the software know how the communication will be done.

The rack is the first part of the address for an I/O signal, it is the physical location where the
module or board is mounted

The following ground rules apply to assigning I/O rack numbers:

Model A or Model B I/0 Starts at rack 1
¢ Racks are numbered sequentially
Devicenet uses rack 81-84

EtherNet uses rack 89

Profibus uses rack 66/67

FL-net uses rack 68

PMC uses rack 33

Mate Controller uses rack 48

14.5.2 Slot

The slot is the 2™ part of the address for an I/O signal. The slot number distinguishes
individual I/O modules on a rack. ldentifies space on the rack where the individual module
is connected.

The following rules apply to slot assignment:

Valid numbers are 1 through 10, no letters
Slot numbers are assigned sequentially
The first process 1/O board is always assigned slot 1

Slot numbers cannot be used twice in the same rack
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14.5.3 Starting Point (Digital) / Channel (Analog)

The last part of the assignment is the Starting Point (Digital 1/0) or the Channel (Analog

/O). This is the physical position on the I/O module or process I/O board that identifies the

first port in a range
14.5.4 Configuring I/O

As discussed above, to configure I/O you must have the Rack, Slot, and Start Point for the

range to set up. This section will walk you through how to configure Digital 1/0 using a

FANUC model A I/O rack.

Procedure 14-1 Configuring Digital

1o

change the configuration
1 Press MENU.
2 Highlight 1/0.
a On the flyout menu cursor down to Digital.
b Press ENTER.

CETE ey
1 UTILITIES #] 1 e nin SIM STATUS 1/512
2TESTCYCLE  l2cosom K0S Dof 11 u { 1
3 MANUAL FCING | e DO{ 21 U [ i
GALARM bl 4 Anslog S— pol 31U [ 1
m&smnp O pof 4] U [ 1
6 SETUP ¥l 6 Robot ; I Dot 51 U [ 1
7 FILE »*map ! Do{ &1 U { 1
—_— ] T I | De{ T U { 1
9 USER _ - 915:_e_cc5n'n~—c?_—JL-—-—-—n ! boif 81 U { 1
a--Nexr-- 13_ NEXT - L | bo{ 2] © [ 1
B T P, v -~ NEXT -~ DG 10] U [ 1
Do{ 11] U [ 1

Sorted by port number.

3 To configure digital signals press F2, CONFIG

1/O Digital Out
1/8
# RANGE RACK SLOT START STAT.
1 DO[-— 8] 0 1 21 F
2 Dol 16] 0 1 29 i
3 Dot 17- 203 o 1 37 §
4 pof 21- 24) 0 0 0 UNASG
5 DO[ 25~ 64) 0 2 A CT TV
6 DO[ 65- 104] o 3 A CTT
7 DO[ 105- 144] 0 4 SR CT TV
8 DO[ 145- 5121 0 0 0 UNASG

Davice Name : Unknown

[ TYPE | MONITOR NOUT DELETE

III [TyPE] cowac  twour U '

= NOTE: Analog and digital I/O is configured automatically by the system at Cold start when
the system variable $I0_AUTO_CFG is set to TRUE. Use this procedure only if you want to
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4 You can toggle between Inputs and Outputs by pressing F3, IN/OUT.
5 Configure the /O
a Set the range of the assignment.

b Move the cursor to RACK, type the value, and press ENTER.
¢ Move the cursor to SLOT, type the value, and press ENTER.
d Move the cursor to START, type the value, and press ENTER.

e To delete the assignment for a range of ports, either set the RACK, SLOT, and START
values to zero, or press F4, DELETE, and then confirm the deletion. After a deletion,
the range of ports will be merged with the UNASG lines immediately above or below it
automatically.

6 Verify the assignment is valid.
a A valid assignment will list as PEND (pending)

b Cycle power to enable changes.

1/0 Digital Out

1/8
# RANGE RACK SLOT START STAT.
1 DOo[ 1- 8] 0 1
2 DO[ 9- 16] 0 1
3 Dol 17- 20] 0 1
4 DO[ 21- 24] 0 0
5 DO[ 25- 64] 0 2
6 DO[ 65- 104] 0 3
7 DO[ 105- 144} 0 4
8 DO[ 145- 512] 0 0

Power OFF then ON to enable changes.

14.5.5 Digital I/O Comments, Complimenting, and Polarity

With the I/O properly configured the signals can be commented, complemented, and
polarity changed. The use for these items will be directly related to the intended use within
the automation system. All of these items are set at the signals DETAIL screen.

Procedure 14-2 Commenting, Complimenting, and/or Changing Polarity

1 Press MENU.

2 Highlight I/O.
a On the flyout menu cursor down to Digital.
b Press ENTER.

3 Cursor to the required signal.
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4 Press NEXT
5 Press F4, DETAIL

I/0 Digital Out + [H
Port Detail 1/3
Digital Output [ 1]
1 Comment: [N ST VIEVET &)
2 Polarity: NORMAL
3 Complementary: FALSE[ 1 - 2]

6 Toadd a comment place the cursor on the comment line and press enter.
a Type in the name of the signal.
b Press ENTER.
7 To change Polarity cursor to polarity.
a For Inverse Polarity press F4, INVERSE
b For Normal Polarity press F5, Normal

NOTE: Polarity is NORMAL by default.
¢ Cycle power for this setting to take effect.
8 To make a complimentary pair cursor to Complementary.

a The numbers in the bracket define the two signals that will be complimented.

NOTE: You can only set an odd output complimentary with the corresponding even output.
b Press F4, TRUE to compliment the pair
¢ Press F5, FALSE to uncompliment the pair

EE] NOTE: All signal are uncomplimented by default.

d Cycle power for this setting to take effect.
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14.6 Group l/O

Group Inputs and Outputs are very helpful when programming your robot. Group /O allows the
user to “Group” Digital Inputs or Digital Outputs to help the robot understand the signals as an
integer (aka: number).

Group Inputs are a user defined “team” of Digital Inputs used to provide the robot a numeric
value. This is useful for program selection from a PLC for example. Likewise, Group Outputs
allow the programmer to turn ON any combination of Digital Outputs with one easy program
instruction using a numeric value.

Group I/O’s numeric value is based on a series of binary bits which sequence as 1, 2, 4, 8, 16,
32, 64, 128, etc. This number will represent which Inputs are being received or which Outputs
are ON. The example shown below uses a GO (Group Output) value of 17 to turn on DO[1] and
DO[5] based on their binary bit value. Group Outputs are also useful to turn OFF any Outputs
which may have accidentally been left ON. (Example program instruction: GO[1] = Q)

DO[5] DO[@4] DO[3] DO[Z] DO[1]

|
@ ® 00 O |

I

16 8 4 2 1 «— Binary Bits
GROUPED INPUT
e S N -
Binary Integer
DI6] DI[5] DI[4] DI{3] DI[2] D1}  count  Value
32 T8 8 4 2 1
0 0 (] G 0 4] 0= ]
i Q 0 G 0 1 1= 1
9 0 0 G 1 [y 2+0= 2
0 U 0 [ 1 1 2+1= 3
0 g 0 1 0 0 4+0+Q= 4
0 G 0 % O 1 4+0+1= 5
0 0 0 1 1 4] 4+2+0= 6
0 Q 0 1 1 1 4+2+1s 7
Q g 1 ] ¢ 0 8+0+0+0= 8
¢ 0 % 0 ¢ 1 B+0+0+1= g
0 Y 1 Y] 1 0 8+0+2+0= 10
1] 0 1 0 1 1 B+0+2+1> 1
U] 0 1 1 0 0 B+4+0+0m 12
0 o 1 i 0 1 8+4+0+1= 13
0 0 1 1 k] 0 B+4+2+4= 14
0 ¢ % k] 1 1 B+4+2+1= 15
INPUT STATUS
1 =N
0 =0QFF
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14.6.1 Configuring Group I/O

Configuring Group I/O is the same as configuring Digital I/O. The programmer must tell the
controller which Digital /O will be part of the group. This means providing the robot the
Rack, Slot, Starting point, and Number of points for the I/O used in the Group (not to
exceed 16).

Procedure 14-3 Configuring Group 1/O

Press MENU.
2 Highlight I/0.
a On the flyout menu cursor down to Digital.
b Press ENTER.

1/O Digital Out

1 UTILITIES b | 1 Celt Intface h SIM STATUS 1/512
2 TEST CYCLE 12 Custom Link Devic pof 11 U [ ]
3 MANUAL FCTNS o ! Do 23 U [ 1
T e DO 31 U [ 1
Group ! | DO 41 U { 1l
DO 51 U [ ]
v 7 uor  LN— bo{ 61 U { 1
mw ‘asar 1 bof{ 71 U { 1
9 USER 9 Interconnect f e gg% g; g § i
'G ':‘—"“Nrﬁwwxxx.'rcx;t?‘ - LY :vrr g NE;T - DO t 10} U [ }
— por 111 U [ i

Sorted by port number.

i [ Tyee | CORFIG inour O

3 Display either the Digital Outputs or Digital inputs by pressing F3, INJOUT
With the correct type of Digital Signal displayed press F2, CONFIG

1/0 Digital Out *[H
1/8
# RANGE RACK SLOT START STAT.
1 no[-— 8] 0 1 21 T
2 DO{ 16] 0 1 29 risky
3 DO{ 17— 207 0 1 37 hLlsyis
4 DOf 21~ 24] 0 0 0 UNASG
5 DO[ 25~ 64] 0 2 FACTI
6 DO{ &5~ 104] 0 3 b ACTI
7 DO[ 105~ 144] 0 4 kA CTI
8 DO{ 145~ 512} 4} ¢} 0 UNASG
Device Name : Unknown

[TYPE| MOMITOR  INJOUT DELETE

5 Determine the Digital signals that you intend to group.
a Find the Rack, Slot, and Start point for the first signal in the group.

b Determine how many digital signals will be in the group.
E NOTE: The group must contain 2-16 signals, be sequential, and on the same rack and slot.
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6 For example, these procedures will group DO [2-6]. Using the image after STEP 4 we can
determine the configuration data needed.

a The data needed for the group is as follows: Rack: 0, Slot: 1, Start Point: 22, Number of
Points: 5.

NOTE: These values are for demonstration purposes only, your configuration data may be
different.

7 With the configuration data determined, press F1, [TYPE]
a Cursor to Group and press ENTER, or press the number on the keypad corresponding
with GROUP 1/0.

1/O Group Out +* [H

# SIM VALUE 1/300
cof KN * 1 ]
Go[ 2] * * 0 1
Gof 3] * * ]
GO[ 4] * * 0 ]
GO[ 5] * * ]
GO[ 6] * * ]
GO[ 7] * * 0 ]
GO[ 8] * * 0 ]
Go[ 91 * + 1
GO[ 10] * * 1
GO[ 11] »* * ]

8 From the Group Output screen press F2, CONFIG
a If you are configuring Group Inputs press F3, IN/OUT to toggle to Group Input.

1/0 Group Out

GO # RACK SLOT START PT NUM PTS

1
2
3
4
5
6
7
8
9
0

OOQQOOOOQ!

COO OO OO
OO0 O OO0 OC0Q
CCOCOO0OOOOCOOOQ

[TYPE] MONITOR  IN/OUT
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9 Enter the Rack, Slot, Start Point, and Number of Points that was determined from the
Digital I/O screen.

I/O Group Out

1/300
GO # RACK SLOT START PT NUM PTS

1 o 1 . 22

2 0 0 0 0
10 With the values entered verify the assignment.
a Press NEXT.
b Press F2, VERIFY.
¢ A correct assignment will show, “Port assignment is valid”.

d An incorrect assignment will show, “Port assignment is invalid”.

NOTE: If your assignment is invalid, verify the configuration data is correct and was entered
correctly.

1/O GroupOut

1/300

GO # RACK SLOT START PT NUM PTS
1 0 1 22

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

6 0 o 0 0

7 0 4] 0 14

8 0 0 0 0

9 0 0 0 0
10 0 0 4] 0

|?ert: asgignment is wvalid. I

11 With a valid assignment made, cycle power to enable changes.
14.7 Controlling I/0

Controlling I/O allows you to test the I/O in your system for proper function during testing
operations. Controlling I/O includes:

e Monitoring
s Forcing

+ Simulating
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14.7.1 Monitoring I/O

Monitoring I/O is simply viewing the status of the specific I/0O on the iPendant. As the
signals change the user can see the state change to ensure the signals are operating

properly.
e To monitor I/O simply navigate to the I/O menu and select the type of I/O to monitor.

e You can switch between Outputs or Inputs with F3, IN/OUT.

e You can sort by comment or signal number by pressing NEXT, and either F2, NUM-
SRT or F3, CMT-SRT.

14.7.2 Forcing I/O

Forcing outputs is turning output signals on or off. Outputs can be forced in two ways; from
the I/0 screen or forced within a program using 1/O instructions. Only outputs can be forced
because these are signals sent by the controller, if you need to force an Input it must first
be simulated (see next section).

A WARNING

Forcing digital outputs causes connected devices to function. Make certain you know
what the digital output is connected to and how it will function before you force it;
otherwise, you could injure personnel or damage equipment.

Procedure 14-4 Forcing a Digital Output from the I/O Screen

1 Press MENU.
2 Highlight I/O.
a On the flyout menu cursor down to Digital.
b Press ENTER.

Digitsl out %8
1 UTILITIES ¥ 1 Celtintfoce [ - #  SIM STATUS 1/512
2 TEST CYCLE | |Link Devigs T pof 11 U [ 1
3 MANUAL FCTNS : Do[ 2] U [ 1
bpof 31 u £ 1
- pof 41 U { ]
nor 53 u { ]
DO{ 6] U [ 1
per M u [ 1
DOL 8} U [ 1
DO 91 U [ ]
o NEXT .u.-u@f:ﬂ:u;%nmexru B DO[ 10] U [ 1
— pOf 111 U [ I

Sorted by port number.

[TYPE] CONFIG  myoutT | ttaq oFF
Ram X )

3 Display the Digital Outputs.
a If Digital Outputs are not displayed press F3, INJOUT
4 Move the cursor to the STATUS of the output you want to force.
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5 Press the function key that corresponds to the value you want.

a Press F4, ON

b Press F5, OFF

NOTE: For forcing a group output navigate to the Group I/O screen, enter the group value in
the value column. Verify at the Digital Output screen the correct Outputs turned on.

Procedure 14-5 Forcing Outputs using Program Instructions

1 Place your cursor on the blank line in a program you intend to add the instruction.

2 Press F1, [INST]

a If F1 does not display [INST] press NEXT.
3  On the instruction menu cursor down to I/O or press the corresponding number on the key

pad.

4 Choose the desired instruction.
NOTE: This demonstration will program the gripper to open using RO [1].

1 Registers

| g R NP O | e ¢ 1 2/3
Instruction 1/3

-~e-c-ion 3/3

F@nA1 vin ~ehtement 2/2
/O statement 1/2

1DO[ =

— OR/MON, END 2R[ J=0I ]
Frames p——
3 F/SLLECT = : |
— » control — ;
4 WALT e {SE 4 R[ J=RI ] N
= i control [ |
5 IMP/LBL — . 5 GO 1=.. e
& CALL &l 1= I |
—NDFOR -—-| [ J=GIl ] ‘_ _
7 Miscellaneous page-- |7 A0[ I=... _—
page-- y I Xt page--
g --next page-- | 8 --next page-- }7

5 With the desired instruction chosen the software will prompt you to fill in the needed
information to complete the instruction.

GRIPPER _OPEN

| 1: 'Eﬂ

[End]

Enter value l

(P

B

[EHOICE] jism

i =md

INDIRECT
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6  With the signal number identified, enter the desired status.

GRIPPER_OPEN

=Yy 1
/O statement 1/1 (1] =-
1 On

2 Off
3 Pulse {,width}
4R(]

GRIPPER_OPEN

1: ROI1}=ON
[End]

F;—-] NOTE: On the training robots, the output to open and close the gripper must be
complemented for the above program to open the gripper. The RO signals to open the gripper
may not be RO [1].

[% NOTE: To program a Digital Output or Group Output into a program the steps are the same
as above, only you specify DO or GO when you choose the instruction.

14.7.3 Simulating I/O

Simulating inputs and outputs is forcing inputs and outputs without signals entering or
leaving the controller. This can be used to test program logic and motion when /O devices
and signals are not set up. You can simulate digital, analog, group, and robot I/O only; you
cannot simulate UOP or SOP I/0O. When you are finished simulating a signal you can reset,
or unsimulate it.

Procedure 14-6 Simulating I/O

3

Press MENU.

Highlight 1/0.
a On the flyout menu cursor down to type of I/O to simulate.
b Press ENTER.

If you simulate a signal, you can force the status by setting it to a value. When the signal is
unsimulated, its actual status is displayed.
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4 Move the cursor to the SIM column of the signal you want to simulate.

a U means the signal is not simulated or unsimulated.
b S means the signal is simulated.
5 Simulate or unsimulate the signal.
a To simulate, press F4, SIMULATE.
b To unsimulate, press F5, UNSIM.

# i 1/512 # SIM. ST5 4 1/512
pI{ 1 1 DIl 1
DI( 21T b DI{ C 1
DI[ 33U 1 DI{ U i 1
DI[ 43 U i DI U [ 1
DI{ 51 U 3 DI U [ ]
DI[ 6] U 3 DIy U [ 1
DIf 71 U 1 pI{ (1] f 1
DI[ B8] U 1 DI{ u H 1
DI[ 9] U ] DI{ U H 1
DI[ 101 U 1 DI{ 101 © e ]
DI 1ij © 1 DIy 11} U t ]

CONFIG INOUT

CONFIG INOuT I SIMULATE '

6 Tounsimulate all simulated signals, press FCTN and then select UNSIM ALL 1/O.

IM STATU

ALL)

UICK/FULL MENUS | '
| 1 REFRESH I-'-'I : / ENUS FWED/BWD |
I -2 SAVE |

I'3 PRINT SCREEN : -

— 4 pRINT | |
4 LIVE/SNAP| | WRIST JOG |

35 VISION St

- WAILT ‘

7 Diagnostic
8 Del Diag L

8 CYCLE POWER ——]
9 ENABLE HMI MENUS |-
0 -~ NEXT -- 1

O -~ NEXT -~

14.8 Saving l/O Configuration Data

When all /O is configured, save the information to the default device so that you can reload the
configuration data if necessary. Otherwise, if the configuration is altered, you will have no
record of it.

Procedure 14-7 Saving I/O Settings

1  Set the Default Device, see Section 7.4.1 Setting the Default Device
a Create a subdirectory if necessary, see Section 7.4.3 Subdirectories

2 Navigate to the Digital I/O Screen

3 Press FCTN, -0- NEXT, SAVE

4 The file DIOCFGSV.IO will be saved.
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14.9 Chaptér Review
1. To configure group l/O all of the signals must be on the same rack and

o0 w >

?
Start Point
Slot
Hardware
Analog

What type of /0 handles communication between the controller and the

robot?

A
B
C
D

A
B
C
D

A

B
C
D

Digital /O
UOP I/O
Robot I/0
SOP I/O

Before forcing an input it must be ?

Simulated

Configured

Part of a Group

Inputs can never be forced

The item UNSIM ALL 1/O can be found at which menu?

I/O Menu

Main Menu
Function Menu
Cell Setup Menu
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Lab 23
Create a Group Output

Student Name:

Assignment: The student will:

» Configure a Group Output

Condition: Given a FANUC Robot and a controller

Step: 1 Determine the Rack, Slot, Start Point, and Number of Points to create a
group output of DO [3-9]. (See Section 14.5.4 Configuring I/0, pg.
231)

a Rack:

b Slot:

¢ StartPoint.

d Number of Points:

2 Enter the data into the Group Output screen to configure GO [1]. (See
Section 14.6.1 Configuring Group 1/O, pg. 235)

3 Force GO [1] to a value of 97. (See Section 14.6.1 Configuring
Group I/O, pg. 235)

4  Go to the Digital Output screen and verify the DO signals that are on.

5 In the image below darken in the outputs that are on and note their bit
value on the line provided.

6 Do the outputs represent the correct forced value?

SIDISISISID

7 Save your new I/O configuration to the Individual Files directory of the default device.
(See Section 14.8 Saving /O Configuration Data, pg. 241)

Completed: []

Instructor:
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Lab 24
Create an I/O Program

Student Name:

Assignment: The student will:
s Create a Program to Open the Gripper.
s Create a Program to Close the Gripper.
Condition: Given a FANUC Robot and a controller

Step: 1 Ensure the Robot Outputs that control the gripper are complimented.
(See Section 14.5.5 Digital /O Comments, Complimenting, and
Polarity, pg. 232)

a Ask your instructor which signals control the gripper.
2 Create a new program called A_GRIP_OPEN.

3  Go to the program detail and make this a non-motion program,
meaning disable motion group one. (See Section 11.6.5 Group Mask,

pg. 168)

4 Add the instruction: RO [ x] = ON. (See Section 14.7.2 Forcing 1/O,
pg. 238)

NOTE: [x] is the sighal number that opens the gripper.
5 Create a new program called A_GRIP_CLOSE.
HINT: Use the copy feature.

6 Go to the program detail and make this a non-motion program,
meaning disable motion group one.

7 Add the instruction: RO [ x] = OFF.
8 |_—£j NOTE: [x] is the signal number that opens the gripper.

Completed: []

Instructor:
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Lab 25
Create a Material Handling Program

Student Name:

Assignment: The student will:

» Create a program that moves a part

Condition: Given a FANUC Robot and a controller

Step: 1 Create a new program called A_PICK_PART.

2 Place the cylinder provided by your instructor in the ring marked “PICK
POS 1.

3 Starting at HOME.
a Jog the robot to a positon above the part.
b Record that point as a local position.
¢ Name this positon “Above Pick”.
4 Jog the robot down to the part.
a Record that point as PR [6].
b Name this PR “Pick Pos”.
5 Add an I/O Instruction to close the gripper to pick the part.

6 Return the robot to the “Above Pick” position.

7 Jog the robot to a positon above the part drop position.
a Record that point as a local position.
b Name this positon “Above Drop”.

o

Jog the robot down to the positon to drop the part.
a Record that point as PR [7].
b Name this PR “Place Pos”.
9 Add an /O Instruction to open the gripper to drop the part.

10 Return the robot to the “Above Drop” position.

See next page for program syntax.
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11 The syntax will be similar to below
1: UFRAME_NUM=1 ;
2: UTOOL_NUM=1
3. ;
4:J PR[1:HOME] 100% FINE
5:J P[1: Above Pick] 100% CNT50
6:L PR [6:Pick Pos] 250mm/sec FINE
7. RO[1:Grip Open]=OFF
8:J P[1: Above Pick] 100% CNT50
9:J P[2: Above Place] 100% CNTS50
10:L PR [7:Place Pos] 250mm/sec FINE
11: RO[1:Grip Open]=ON
12:J P[2: Above Place] 100% CNT50
13:J PR[1:HOME] 100% FINE

12 Test the program.

Completed: []

Instructor:
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15 BRANCHING
15.1 Chapter Objectives

¢ Branching Instruction Overview

e Program Unconditional Branching instructions

e Program using Data Registers

¢ Program using Conditional Branching Instructions

« Program using Wait Instructions
15.2 Branching Instructions Overview

Branching instructions cause the program to branch, or jump, from one place in a program to
another. In other words, a branching instruction controls where the cursor will go next, by
controlling the cursor you control how the program will execute.

There are three kinds of branching instructions:
e Label definition instruction
e Unconditional branching instructions

s Conditional branching instructions
15.3 Label definition instruction

A label marks the location in a program that is the destination of a program branch. A label is
defined using a label definition instruction.

ILBL[x: comment]
Direct: _| As many as 16 numbers, letters, blank
Label number spaces, the punctuation ;, :, ", (,and ),
and the characters *, ,and @

A comment can be added to describe the label. After a label has been defined, it can be used
with conditional and unconditional branching instructions.

15.4 Unconditional Branching

Unconditional branching instructions branch from one place in a program to another any time
they are executed.

There are two kinds of unconditional branching instructions:
e Jump instructions (JMP LBL [x]) — Cause the program to branch to a named iabel.

e Sub program call instructions (CALL) — Cause the program to branch to another program
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15.4.1 Jump Instruction

The JMP LBL[x] instruction causes the program to branch to the specified label. This
instruction can cause the program to jump up or down within the current program.
Generally, when used as an unconditional branch instruction, the JMP LBL. [x] instruction
will jump up in the program.

The label instruction defines the destination that the cursor is to “jump” to. The label
instruction must be contained within the current program and have the same ID as the
Jump Instruction.

Procedure 15-1 Programming a Jump Instruction

1 If necessary, place a blank line in the program at the point to add the Jump Instruction.
2 Press F1, [INST]

a If F1 does not display [INST], press NEXT
3  Cursor down to JMP/LBL, press ENTER.

~~~~~~ “ion 3/3

Lt DY

Instruction 1/3 ffset
1 Registers REG
210 R/MON. END
: Frames
| 3 IF/SELECT
| = control
4 WAIT DSE
RN
6 CALL
NDFOR
7 Miscellaneous page--
| page--
|8 --next page--
4 Choose JMP LBL[]
JMP statement 1/1
1 IMP LBL[ ]
2LBL[ ]
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5 Enter the value for the label using the numeric keypad.

FANUC_ACADEMY + = (H|FANUC_ACADEMY
11/13 12/13
2: UTOOL_NUM=1 3:
3: 4:3 PR[1:HOME] 100% FINE
4:J PR{1:HOME] 100% FINE 5:
5: 6:J Pll:Square] 100% CNT50
6:J Pll:Square]l 100% CNT50 T7:L P[2] 6000cm/min CNTS50
7:1, P[2] 6000cm/min CNTSO 8:L P[3] 750mm/sec CNTS0
8:L PI3) 750mm/sec CNTHG 9:%L P[2] 750mm/sec CNTHO
9:L P[2] 750mm/sec CNT50 10:L P[l:Square] 750mm/sac CNT50
16:L P[l:Square] 750mm/sec CNT50 11: JMP LBLI1}
11: omp LBL{fE) %0 PRI1:HOME] 100% FINE
12:J PR[1:HOME] 100% FINE {End]
Enter value

6 Add the corresponding Label (LBL [ ]) Instruction at the destination.
7 Follow the same procedure as adding the JMP LBL, but choose LBL.
a Define the LBL value as the same as the JMP LBL value.

FANUC ACADEMY

:J PRI1:HOME] 100% FINE

4
5: LBL[1] }
6 P[1:Square] 100% CNT50

J
7:L. P21 6000em/min CNT50
8:1. P[3] 750mm/sec CNT50
9:L

L

PI[2] 750mm/sec CNTS0
P[1l:Square] 750mm/sec CNTS0
11: JMP LBLI11}
12:J PRI1:HOME] 100% FINE
[End]

15.4.2 CALL Instruction

The CALL Instruction, causes the program to branch to a remote program or sub-routine.
The program is executed then the motion control returns to the main program on the line
immediately following the CALL instruction. It is not necessary to add a call statement in
the second program to return back to the first program as it will automatically return when it
reaches the program END.

Procedure 15-2 Programming a Call Instruction

1 If necessary, place a blank line in the program at the point to add the CALL Instruction.
2 Press F1, [INST]

a If F1 does not display [INST], press NEXT
3  Cursor down to CALL, press ENTER.
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FTm T Yo s el

Instruction 1/3

1 Registers REG

21/0 R/MON. END
Frames

3 IF/SELECT
¢ control

4 WAIT OSE

1 control

5 JMP/LBL

= DFOR

7 Miscellaneous page--
page-- |

8 --next page--

4 Choose CALL program.

CALL statemnent 1/1
1 CALL program
2 END
5 Select the program to call.
MAIN H =[H

1/2

[ ADEMY
| GRiFeER cEER
HAIN

ER3

ZERS

nn

s=s PROGRAM MACRO COLLECT INDIRECT  STRINGS
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6 The instruction will be added to the program.

1: cauL FaNuc _acapEmylilil
[End]

15.5 Data Registers

A Data Register is a storage space for a number. What that number is used for is completely
dependent on the programmer. The Data Register can be used to track part counts, speed
values cycle counts, timers, etc. The number can be a real number or an integer.

Up to 999 Data Registers are available for all the programs in the controller combined, the
default number is 200. Much like Positon Registers, Data Registers are globally accessible and
identified by R [x], where “X” is the number of the Data Register.

Many instructions employ direct or indirect addressing techniques. When direct addressing is
used, the actual value is entered into the instruction. For example, if the Data Register
instruction R[3]= 0 is used, the current contents of Data Register 3 is replaced with the value of
0.

You can also perform mathematical operations using Data Register instructions. These
instructions are useful to manipulate a value that has been entered into a Data Register. For
example, if the Data Register instruction R [3] = R [3] + 1 is used, the current contents of the
Data Register R [3] would be increased by one. Each time the instruction is executed the
contents would increase.

15.5.1 Direct Addressing Data Register

Instructions R [X] = [Value'
Many instructions employ direct or indirect L
addressing techniques. When direct Direct (120 s B N o
addressing is used, the actual value is —
entered into the Data Register instruction. | constant
For example, if the Data Register Value o
instruction R [3] = 2 is used, the current
contents of Data Register 3 is replaced . %? ol 4 rRM
with the value 2. w
NOTE: Indirect addressing using data 4 Sa | [ ™=
registers will not be covered in this training v
manual. | | ROk o OVElRFLOW
RIK X
SO
1 s
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1

Procedure 15-3 Programming a Data Register Instruction

2 Press F1, [INST].

a If F1 does not display [INST], press NEXT

3 Select Register
‘ Sty ion 3/3
el s B
Instruction 1/3 __ffset
'/REG
210 - OR/MON. END
Frames
3 IF/SELECT
control —
4 WAIT ~ DSE
- n contro}
5 IMP/LBL C
6 CALL [—
NDFOR
7 Miscellaneous f— page--
= page--
8 --next page—- 57 7oumm/sec CNTS
4 Choose the first template (... = ...)

5 Chose Data Register (R []) as the register type.

6

a The software will prompt you to fill in the necessary items.

REGISTER statement 1/1
1=

2 .=t

3 .=

4= %

5..=./.

6 ..=..DIV. ]
7 ...=...MOD

8 ..=(...)

| REGISTER statement 1/1
1R[]

2PR[ ]

3 PRI

4 SRE ]

8 --next page--

Input the value of the register to use.

If necessary, place a blank line in the program at the point to add the Data Register
Instruction.
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4: R(MI=...

7 Choose the variable type that the register will reflect.

a |If setting the register to reflect a number select CONSTANT.

neoTOTED otaternent 3/3
] DY CTT Y ntatement 2!
REGISTER statement 1/

FRFLOW —

6 RI[ ]
760[ ] i
8 --next page-- ~ [T7oummysec CNT50

8 Enter the value that the register will reflect.

4: R[1] bRl —4: R[1]=0

9 When the program executes R [1] will be set to reflect a zero.

FANUC ACADEMY

B Rri11=0
5:
6:J PRI[1:BOME] 100% FINE
7: IBL[1}]
8:J P[1l:8quare] 100% CNT50
9:L P[2] 6000cm/min CNTS50
10:1I. P[3] 750mm/sec CNTS0
11:L. P[2] 750mm/sec CNT50
12:L P[1l:Square] 750mm/sec CNTS50
13: JMP LBL[1]

15.5.2 Performing Arithmetic Operations with Register Instructions

The R[x] = [value] [operator] [value] instructions store the result of an arithmetic operation in
a Register.

The arithmetic operations are:

¢ Addition e Subtraction e Multiplication
¢ Division e Whole Number Division e Remainder Division
(DIV) (MOD)
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I_ ) = A0 x| O + AO X U [x
Direct (1-200 - o [xi
et At Uiy ™ Addition [ am M1 uiw
Constant -
s’gls‘;n | PREcy] b | Subtraction C\O"’;ﬂ;;m ™ PRxy]
GO - L} GO [« 2
| om i) Multiplication = o [E(_e] Ri
| | DOp — TIMER il DO = TIME
Di ] il ™ owision H o TIMER []
TIMER oiv TIMER
| | rom | OVERFLOW | | whoe ] RO ove‘ugm.ow
RIx] ! gpmper RIx] -1 i
S O
] 30i MOD SO X
Sifx] =~ Remainder Sif]
Division

You can use multiple arithmetic operators in a single instruction. However, there are the
following limitations:

You can mix + and — in the same instruction. Arithmetic operations within an
instruction that mixes + and — will be performed from left to right. You cannot mix * or
{ in an instruction that already contains + or -.

You can mix * and / in the same instruction. Arithmetic operations within an
instruction that mixes * and / will be performed from left to right. You cannot mix + or
—in an instruction that already contains * or /.

The maximum number of arithmetic operators you can have in the same instruction

is 5.

Procedure 15-4 Program Data Register Instructions with Arithmetic Operations

1 If necessary, place a blank line in the program at the point to add the Data Register

Instru

ction.

2 Press F1, [INST].
a If F1 does not display [INST], press NEXT
3 Select Register

[

Instruction 1/3

e ——re

ton 273

fset

1 Registers " 'J@ I
210 ————————[DR/MON. END
fFrames S |
3 IF/SELECY =
| controf —
4 WAIT ISE |
A T control
5 IMP/LBL I }
& CALL 1l |
{DFOR |
7 MisceBianeous page-- |
page--
8 --next page-- 3] iaumm/sec CNTS

MATAGHANDO318CE
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4 Choose the desired arithmetic operation template.
a The software will prompt you to fill in the necessary items.

b If you choose the incorrect arithmetic operator it can be changed at any time by
highlighting the operator and pressing F4, [CHOICE].

REGISTER statement 1f1

i

.MOD...
=)

5 Chose Data Register (R [ ]) as the register type.

| REGISTER statemnent 1/1
1R[]

2PR[ ]
3 PR[Ij]
4 SR[ ]

8 --next page--

6 Input the value of the data register to use.
13: RI[(EWI=...+...

7 Choose the variable type that the field will utilize.
a If using the instruction as a counter select the same register.

NEAICTEN ~tatement 3]
nesteveEn ~tatement 2/3

REGISTER statement 1/3
1R[]

2 Constant

3D0f ]

|4 DI ]

'5RO[ ]

_6 RI[ ] FRFLOW
'7 GO[ ]

'8 --next page-- THOUMET 100% FINE

MATAGHANDO318CE
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8 Enter the value that the register will reflect.

13: R[1]=R[1f}] 1+...

9  Select the variable to increment the instruction.
a If incrementing by a set value, choose CONSTANT.

nooreTeEn ~tatement 3/
nesIeTEN ~tatement 2/
REGISTER statement 1/3

2 Constant
3DO[ ]

401 ]
5RO[ ]
6RI[ ]
7 GO[ ] 0

8 --next page-- THOME]T 100% FINE

10 Enter the value for the selected variable.
13: RI11=R[1]+3ELTIX1—13: R[1]=R[1]+1

11 When the program executes the number of cycles will be counted.

FANUC_ACADEMY

Set R[1] to Zero 5/16

‘ |4: R[1]=0

6:J PR[1:HOME] 100% FINE
I "'7: LBL[1] |
8:J Pl[l:Square] 100% CNT50
9:L P[2] 6000cm/min CNT50
10:L P[3] 750mm/sec CNT50 herefemts R iy,
one each cycle

11:L P[2] 750mm/sec CNT
12:L P[l:Square] 750mm/sec CNT50

13: R;EQ ,'—'R[l}+1 ! Jumps to Labkel 1
14: JMP LBLI[1l] and runs the
program again
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15.6 Conditional Branching

Conditional branching instructions branch from one place to another within a program or éend

program flow to a subroutine, depending on whether certain conditions are true. There are two
kinds of conditional branching instructions:

e |F instructions — Branch to a specified label or program if certain conditions are true.
¢ Can base conditions on a Data Register, I/O, or System Variables.

e SELECT instructions — Branch to one of several jump or call instructions, depending on
the value of a register.

¢ You can only look to the contents of a register with a SELECT instruction.
15.6.1 IF Instructions

An IF Instruction compares the value contained in a register, an input, an output, or system
variable with another value and take an action if the comparison is true.

» There are only two possible actions when the IF Instruction is true.
e CALL program
e JMP LBL.
o When the condition specified in the IF Instruction is satisfied, the action is executed.

» When the condition specified in the IF Instruction is not satisfied, the action is not
executed and the program continues on the next line.

15.6.2 Types of IF Instructions

e The variables available when programming an IF Instruction are dependent on the
specified condition.

e The software will only allow the programmer to select items that agree with the
specified condition.

IF /0 [operator] [ [value] ] [action]
— S s i i e
=l T??[:] noi::ual l | g SS?[E;] St

00K Uo[x
- SO Ol {x} Ul
Siix]
L UO Bg
Ul
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IF | [value] [operator] [value] [action] |
fr—
= <=
B RI o equal =] lessthanor R IMPLEL X
equal
GO [x] - e - >
T not equal greater than Constant value CALL program
| | aow || < L | >=
AN fess than ngagljha’an or
SEEE——
Parameler
=1 ($-System
Vanable)

NOTE: Items available for the IF instruction are dependent on the first variable item
selected.

15.6.3 IF Instruction Limitations
For an IF instruction, conditions can be connected using AND or OR, as follows:

e AND operator
e |F [cond1] AND [cond2] AND ..., [action]
e Forexample,1: IF R[1]=1 AND R[2]=2 AND DI[2]=ON, JMP LBLJ[2]

¢ OR operator
s |F [cond1] OR [cond2] OR ..., [action]
o For example,1: IF DI[10]=ON OR R[7]=R[8], JMP LBL[2]

You cannot mix the AND and OR operators in the same operation. When you replace the
operator between AND and OR, any operators taught in the same line are also replaced
automatically and the following message is displayed.

e TPIF-062 AND operator was replaced to OR
e TPIF-063 OR operator was replaced to AND

The maximum number of logical conditions that can be taught in the same operation is 5.
15.6.4 Programming an IF Instruction

Procedure 15-5 Programming an IF Instruction

1 Place the cursor at the location in the program to add the IF Instruction.
2 Press F1, [INST].

a If F1 does not display [INST], press NEXT
3 Select IF/SELECT
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s b

p L - —e—- ~vign. 2/3
Instruction 1/3

1 Registers _I—I I-‘REG
210 [ OR/MON. END |
- Frames I 1

JIFfSELECT —
| £ —; contrel f— {
4 WAIT = pSE |
— —m controf f—— 1
S IMP/LBL — o
6 CALL : !

NDFOR i
7 Miscellaneous t 19595“

‘page-- i
B ~-next page-- TLBLTI]

4 Choose the desired operation template.
a The software will prompt you to fill in the necessary items.

b If you choose the incorrect operator template it can be changed at any time by
highlighting the operator and pressing F4, [CHOICE].

¢ The condition for this example is if the robot has completed less than the desired
number of cycles.

' —atement 2/2
IF statement 1/2

1IF = =
2TF <> =
1F
ECTR[ I=... |
41F ..<=,.. | i Bl
glect> =, |
51F ...>.. I
elect>FLSE
6IF ..>=... -
7IF{.) —
ext page--
8 --next page-- PR [ 1 THUM

§ Chose the variable type to set the condition.

a This IF Instruction condition will be based on number of cycles completed. The count is
stored in R [1].

*F —“atement 3/3
4T ~satemnent 2/3
If statement 1/3 |

2p0] ] — —I

30 1 =] [
4R0[ ] I '
(SR}
T I

7 GI{ i
e ! —ext page--

i--next page-- BN aial
6 Input the value of the data register to use.

14: 1F RIEI=... ...

7 Choose the variable that the condition specified above will compare.

———ameter —

[] -

|ext page--

a For this example set the number of cycles the robot should complete.
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IF statement 1/1
2 Constant '
3AR[ ]
4 SR[ ]

8 Enter the value required.

14: IF R11<Eoe .——14: IF R[11<§ ...

9 Select the action.
IF statement 1/1 |
1 IMP LB |

2 CALL program

3 CALL program()

4 AND
5 OR

10 Specify the JMP LBL number or the program to call.
14: IF R[1]1<5,JMP LBL[1]

11 The program will execute five cycles and then end.

FANUC_ACADEMY + = [B|
5/16 |

,
4 R[11=0

5

6

:J PR[1:HOME] 100% FINE
—{7: LBL{1] |

. 8:J P[l:8quare] 100% CNT50

9:L P[2] 6000cm/min CNTS50

10:1L. PI[3] 750mm/sec CNTS0 g‘ncéee’ggr"“iy'zlglby

11:L PI[2] 750mm/sec CNT

12:L P{X:Square] 750 Jumps to Label 1 and

13: R{1l1=R[1]+1 runs the program

i 14: IF R[1]<5,JMP LBL([L]} | againfor five cycles

then stops.

1]

PR =Y

260 MATAGHANDO318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



HandlingTool 15: Bl‘a nChing

15.6.5 SELECT Instructions

A select instruction compares the value of a register with one of several values and takes
an action if the comparison is true:

» If the value of the register equals one of the values, the jump or call instruction
associated with that value is executed.

e If the value of the register does not equal one of the values, the jump or call
instruction associated with the word ELSE is executed.

Constant value
R[x] register value

SELECT R[x] = [valuel], [action]
Direct: [value2], [action]

[valueN] , [action]

ELSE [action]

. Indirect: JMP LBL[X]
R[x], register number =

contents of R[x]

CALL program

FANUC_ACADEMY

. | 1 IF (..} THEN
SIF .. zrsi.«: j2ELsE |
BlF 22 Har <. ooworf i 1F {...) THEN
Ty [T ey e P ey
B onext page 20 =2y enorr
aa_z | _SIF e _-4 é‘%ﬂé“{j‘“‘“ 1
Initial Select 4IF = = 0] 100% FINE
Instruction. This e e [[5IF .
item specifies the Extends the original G1F..> | re] 100% CNT50
register. instruction to check gg;‘g%w& 8-nexpaly _ Pom/min CNT50
. =R pa g s g g - = -
the register for . .
additional values Extends the original instruction and
. used when the value of the register
is not one of the specified values.
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15.6.6 Programming a SELECT Instruction

Procedure 15-6 Programming a SELECT Instruction

1 Place the cursor at the location in the program to add the SELECT Instruction.
2 Press F1, [INST].

a If F1 does not display [INST], press NEXT
3 Select IF/SELECT

= —a

1/3

Instruction

1 Registers I TREG
H | -
210 —— OR/MON, END |
control —
4 WAIT DSE
11 cantral
5 IMP/LBL
6 CALL - |
i NDFOR ——————
7 Miscellaneous page--
page--
8 --next page-- [[LGBLGTIT
4 Choose SELECTRI[]= ...
iF statement 2/2
IF statement
' 11F (...) THEN
1IF .= I
+ 2 ELSE
2IF <>, |
| 1 3 ENDIF
3IF ...<... I
4 1IF . <=,
5 <select> =,
SIF.>..
—— & <select>ELSE
GIF ..>=...
7IF{...)
8 ~-next page--
8 --next page- [ET3T 73

5 Specify the Data Register.
2: SeELEcCT R([fI=... ...

6 Select the variable to check the register for.

IF statement 1/1

2 Constant

4 SR ]

7 Quantify the value.
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2: SELECT R[1]=-[frartts —— 2: SELECT R[1]=fl ...

8 Choose the action.

IF statement 171

2 CALLprogram
3 CALL program{}

9 Specify the JMP LBL destination or the program to CALL.

1: LBL{[1}
2: SELECT R[1]=1,CALL SQUARE
[End]

10 To check the Data Register for another value and specify another condition Press F1,
[INST]

a Choose IF/SELECT
b Choose <select>

= NOTE: This instruction means check the Data Register specified above.

% IF statement 2/2
IF statement -

1IF {..) THEN
1IF = e
2 ELSE
2IF ..«<> -
3 ENDIF
3IF ...<... —
4 SELECT R 1=...

S5IF..>.

6 <select>ELSE

b 8 --next page--
8 --next page-- ]

11 Specify the next value to check the Data Register for.
=S PR N

ELECT R[1]=1,CALL SQUARE

{ =

IF statement 1/1
2 Constant
3 AR[ ]
4 5R[ ]
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12 Quantify the value.

13 Choose the action.

IF statement 1/1%

2 CALL program
3 CALL program()

14 Specify the JMP LBL destination or the program to CALL.

1: IBL[1]
2: SELECT R[1]=1,CALL SQUARE
3: =2,CALL CIRLCE

[End]
15 Repeat STEPS 10-14 to continue specifying more conditions and actions.
16 To check the Data Register for any values not specified Press F1, [INST]
a Choose IF/SELECT
b Choose <select> ELSE

[% NOTE: This instruction means check the Data Register for every value not specified.

IF statement 2/2
IF statement
1IF (...} THEN

11F .=
2 ELSE
2 <> T
poor |
3IF..<... 4 SELECTR( ]-...
S P 5 «<select> =...
S © <5coct>ELSE |
BIF..>=..
7IF (.} B —retibane—
8 --next page-- |
17 Choose the action.
IF 1/1 .
- statement ;
s LECT R[1]=1,CALL SQUARE
1IMP LBL[ ] =2 ,CALL CIRLCE
, |
2 CALL program =3 ,CALL TRIANLGE
3 CALL program()} ELSE-
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18 Specify the JMP LBL destination or the program to CALL.

19 The program will execute a called program based on the value of the Data Registered
specified.

a If none of the conditions are true the program will continue to loop.
b If one of the programs are executed it will be ran one time and then the program will end.

6/6
LBL[1] |
SELECT R[1]=1,CALL SQUARE
=2 ,CALL CIRLCE || Executes as one
=3 CALL TRIANLGE ! instruction
ELSE,JMP LBL[1]

Jumps fo Label 1if any
other value is in R [1] and
repeats the program.

15.7 Wait Instructions

Wait instructions delay program execution for a specified time or until a specified condition is
true.

When a wait instruction is executed, the robot does not execute any motion instructions. There
are two kinds of wait instructions:

o  WAIT time — delays program execution for a specified time.

« WAIT condition — delay program execution until specified conditions are true.
15.7.1 WAIT time

The WAIT time instruction delays program execution for a specified time. The time in a
WAIT time instruction is specified in seconds, with a minimum unit of 0.01 seconds.

WAIT time

Direct: Time in seconds, with a minimum unit of 0.01 seconds
Indirect: R[x], where time in seconds = contents of R[x]
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15.7.2 WAIT Conditions

WAIT condition instructions delay program execution until specified conditions are true or
until an amount of time elapses (a timeout occurs). The timeout can be specified as one of

the following:
e Forever — the program will wait until the condition is true, this is specified by default

e TIMEOUT, LBLJ[i] — the program will wait for the time specified in Timeout. If the
condition is still not true, the program will branch to the specified label.

[i:é] NOTE: WAIT with TIMEOUT, LBL [ ] will not be covered further in this manual.
»  WAIT Instructions can contain multiple conditions using “AND” or “OR” operators.
e The limitations and rules are the same as an IF Instruction.

» The items available to specify when programming a WAIT Instruction are dependent
on what sets the condition.

WAIT | [item] J [operator] ' [ [value] [time]
RO [x]
Told - _— Ri _— . ;; Forever
=1 DI X equal
TIMEQUT.
| g"ﬁ — Z?[gl LBL[x]
RO x| =
_l RI{x} not equal
| o || uom
Of- Ul
—_— )
=l SO{x]
SI[x] DO [x]
| o
U0 [x}
o Ul[x]
—
WAIT | [item] [operator] [ [value] ] [time]
= <=
=1 R(x ™ equal =1 less than or R[{ Forever
equ
 — ——
| %?[Z] 1 not equal | grea1e>rlhan Constant value TE&i{J{:T,
—
—
AO [ || < >
B Al fess than ] greagf;[an o,
Parameter
=1 (5-System
Vanable)
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15.7.3 Programming a WAIT Instruction

Procedure 15-7 Programming a WAIT Instruction

1 Place the cursor at the location in the program to add the WAIT Instruction.
2 Press F1, [INST].

a If F1 does not display [INST], press NEXT
3 Select WAIT

--s—-—tjon 3/3

SR ion 2/3
Instruction 1/3 ffset
1 Registers " "REG
210 R/MON. END
Frames
3 IF/SELECT
control
: n control
5 IMP/LBL ¥
6 CALL -
NDFOR
7 Miscellaneous page--
page-- -
8 --next page-- ZzT suuvucm/min CNT
4 Choose the type of WAIT Instruction.
Wait statements 1/1
2 WAIT ..=...
3 WAIT <>
4 WAIT ...<...
5 WAIT ..<=...
& WAIT ..>...
7 WAIT ...>=...
8 WAIT (...}
5 Specify the condition for the WAIT Instruction.
1R[]
2 DOI ]
4 RO
5K - N
[1] e er
6 GO[ ]
7 Gi ] page--
page-- i
8 --next page-- Z7 suuvuem/min CNT.
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6 Quantify the selected variable.
8: WAIT DI[[li=...

7 Select the condition to be satisfied.

S i ~s~rements 2/2
Wait statements 1/2

3 Off

4 On+
5 Off-
6 DOJ ]
7DIf ]

page--
8 --next page-- Z] BuuUUTt

8 The instruction will be added to the program.

8: WAIT DI[1]1=ON|j}

9 The program will wait for the condition specified in the WAIT instruction is satisfied.

a For this example the program will wait at line 6 until the DI is turned on.

LBL1] e

WAIT DI[1:Machine Ready] =ON |
P[1l:Square] 100% CNT50

-

FANUC_ACADEMY Will only execute if the Machine
' Ready Dl is received. 14 /1 5

P[2] 6000cm/min CNTS50 | incrementsR[1]by

P[2] 750mm/sec CNT50

Pl[l:Square] 750mm/s¢c CNT50
R[1l:Cycle Count]=
g R{l:Cércle Count]+1

J
L
:L P[3] 750mm/sec CNT50 one each cycle
L
L

: IF R[l:Cycle Count]<5
BEY:0 PR[{1:HOME] 100% FINE

Jumps to Label 1
and runs the
program again
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15.8 Chapter Review
1. What instruction will send program flow to a sub-program
A JMP LBL
B CALL
C IF
D SELECT
2. What are the two possible actions of an IF/SELECT statement?

A Select & Set an output

B Set an Output & CALL

C JMPLBL & CALL

D JMP LBL & WAIT

3. Which instruction would increment Data Register 10 (R [10] by two (2)?

A R[10]=2

B RI[10] ++

C R[10]=R[10] +2

D R[10] +2
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Lab 26
Program with Branching

Student Name:

Assignment: The student will:

e Create a program that calls a group of programs in a specified
sequence utilizing conditional branching instructions.

Condition: Given a FANUC Robot and a controller

Step 1 Create a new program called MAIN1. This program will:

a Loop forever until a specified input has been received. (See Section
15.6.4 Programming an IF Instruction, pg. 258; Section 15.7.3
Programming a WAIT Instruction, pg. 267; and Section 15.4.1
Jump Instruction, pg.248)

MAIN1

1: LBL[1]

2: |IF DI[2]=ON, CALL A_SQUARE
3: WAIT 1.00(sec)

4: IF DI[3]=ON, CALL A_CIRCLE

5: WAIT 1.00(sec)

6: IF DI[4]=ON, CALL A_TRIANGLE
7: JMP LBL[1]

[END]

b Once one of the specified inputs is turned on, the associated program
will execute until the input is turned off or another specified
condition is true.

2 Verify the program executes as expected.

Completed: []

Instructor:
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Lab 27
Programming with Branching

Student Name:

Assignment: The student will:

e Create a program that calls a group of programs in a specified
sequence utilizing conditional branching instructions.

Condition: Given a FANUC Robot and a controller

Step: 1 Create a Group Input using DI [5-7]
2 Create a new program called MAIN2. This program will:

a Loop forever until a value within a specific range has been entered on
the program select register. (See Section 15.6.6 Programming a
SELECT Instruction, pg. 262)

MAIN2
1: LBL[1]

2: R[5]=GI[1]

3: SELECT R[5]=1,CALL A_SQUARE
4: =2,CALL A_CIRCLE

5; =3,CALL A_TRIANGLE

6: ELSE, JMP LBL[1]

[END]

3 Once the program has captured a valid humber, it will execute this
program once and then it will move on to the next instruction

4 Verify the program executes as expected.

Completed: []

Instructor:
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Lab 28
Register Instructions

Student Name:

Assignment: The student will:

e Create a program that runs a specific number of cycles and then
stops utilizing conditional branching instructions.

Condition: Given a FANUC Robot and a controller

Step: 1 Copy A_SQUARE and name the new program A_ COUNTER.

2 Modify this program to cycle a predefined number of cycles and then
end program.

3 To accomplish this you need to:

a Assign a Data Register at the DATA screen as your counter register.
(See Section 15.5.1 Direct Addressing Data Register
Instructions, pg. 251)

b Initialize the Data Register outside the main loop within the program.

¢ Increment Data Register within each loop. (See Section 15.5.2
Performing Arithmetic Operations with Register Instructions,
pg. 253)

d Use a conditional branching instruction to monitor the number of
cycles executed while the program runs. (See Section 15.6.4
Programming an IF Instruction, pg. 258)

A_COUNTER

1. UFRAME_NUM=1

2: UTOOL_NUM=1

3:

4: R[1]=0

5:

6:J PR[1] 100% FINE ;

7. LBL[1]

8:

9:J P[1:Square] 100% CNT50
(PROGRAM CONTINUES ON NEXT PAGE)
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10:L P[2] 6000cm/min CNT50

11:L P[3] 750mm/sec CNT50

12:L P[4] 750mm/sec CNT50

13:L P[1:Square] 750mm/sec CNT50
14

15: R[1]=R[1]+1

16: IF R[1]<5,JMP LBL[1]

17:

18:J PR[1] 100% FINE

4  Verify program runs as expected.
Completed: []

Instructor:
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16 MACROS

16.1 Chapter Review
¢ Create a Macro Program
e Assign a Macro

¢ Use Macro Instruction
16.2 Macro Overview

A macro is typically an easily initiated, concise program used to perform an often repeated
function.

Macro programs can be executed from:
» Specific teach pendant keys:
+ Specific Standard Operator Panel buttons:
e SOP4andSOP5
[E NOTE: SOP macro assignments can only be made on RJ3iB and older controllers
» The MANUAL FUNCTIONS macro screen
» lIssuing an input signal:
e DI RI, and Ul
e Within a program using the MACRO COMMAND instruction

To use a macro, you must
¢ Write the macro program
* Set up the macro to define how it will be executed
e Execute the macro

NOTE: System level macros are application-specific instructions that are predefined and
cannot be changed by the user. These macros are identified with the letter “s” at the far right
side of the Macro SETUP screen. You cannot change instruction name or program for system
level macros on any screen.

16.3 Creating a Macro
You can create your own Macros for repetitive tasks or any purpose you want. Any program

can be assigned as a Macro. Therefore, creating a Macro is very similar to creating a regular
Teach Pendant program.
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If you press F2, DETAIL from the Select menu, you will be able to modify the program'’s subtype
to designate as a Macro.
¢ If you create a program from the Select menu with F1,[TYPE] set to Macro, the
created program will automatically be given the subtype Macro

e When setting up the Macro Table, any program you place into the Table will
automatically be given the subtype Macro.

Procedure 16-1 Creating a Macro Program

1 Press the Select key.
2 Press F2, CREATE. If F2 is not displayed press the next key.

-== Create Teach Pendant Program ---

Program Name:

-- End —-

Alpha nput 1
| Words
| Upper Case

[ Lower Case
| QOptions/Xeybd

Enter program name

3 Enter the name of the program, the program name should be something descriptive of
what the program is to do.
ENOTE: Naming conventions are the same as previously discussed.
Once named, press F2, DETAIL.
Cursor to the sub type line and press F4, [CHOICE]

Select MACRO from the list.

Program detall =B
2/8
“tion Date: 13-Jul-2018
\fication Date: 13-3ui-2018
ihone | gourea:
2 Colection |
| 132 Byte
dCord . |
Bone |
- :Comment [ 1
‘ Group ma‘Sk: [11*5‘*'*!*?*’*l* l

7  With the assignment set to Macro, press F2, END
a Add instructions to the newly created Macro program as necessary.
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16.4 Macro Assighnments

Before a Macro can be a “fully functioning” Macro, it must be assigned on the Macro table.
There are a number of different assignments that can be allocated to a Macro program. They
are generally broken up between Manual Mode Assignments and Automatic Mode
Assignments.

e Manual Mode Assignments:
e Teach Pendant User Keys
o User Key 1-7
« Shift User Key 1-7
¢ Manual Functions
e Automatic Mode Assignments
e Issuing an input signal:
e DI, RI, and Ul
e Specific Standard Operator Panel buttons:
e SOP 4 and SOP 5

NOTE: SOP macro assignments can only be made on RJ3iB and older controllers
16.4.1 Teach Pendant User Key Assignments

You can set up a macro command to run when a teach pendant user key is pressed alone
or with the SHIFT key. If you want to execute a program that contains robot motion when a
user key is pressed, you must set it up to run when the SHIFT key is pressed.

A CAUTION

Make certain that your application has not already assigned functions to the teach
pendant user keys; otherwise, execution problems can occur.

e You can define up to seven macro commands to runwhen UK (1 an
the user key is pressed alone (UK [1] — UK [7]). | TooL | i

¢ You can define up to seven macro commands to run when o
the user key is pressed with the SHIFT key (SU [1] - SU | TOOL | UK[2and

! SU 2
[7]). N
¢ The macro commands that require the user key to be "MOVE | UK (3] and
pressed alone (UK [1] — UK [7]) cannot contain any MENU | SUB1
instructions that move the robot, and the group mask ——
must be set to [*,*,*,*,*] in the program header information. EETUP UK 8 and
N N TN
(POS I ﬂo I ’STATUS
S AN e . /F
UK 71 UK [6] UK [5]
and and and
su(7] SU 5] sU 5]
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16.4.2 MANUAL FUNCTIONS Assignments

You can set up a macro command program to be executed from the MANUAL FCTNS
Macros screen. After you set up a macro command to run from this screen, you can then
select the MANUAL FUNCTIONS menu item and press SHIFT and F3, EXEC to execute
the macro command

e The assignment for a MANUAL FUNCTION is MF

MANUAL Macros + [H
172

T S ; Instruction
Lurumes » 1
2 TEST CYCLE 2 Close hand 1

Prass SHIFT-EXEC(F3) to run program

B (e exec

16.4.3 Input Signal Assignment

You can set up a macro command program to be executed when the input signal you
specify is received. You can assign a macro command to a digital input (D), robot input (RI)
and, in some cases, a user operator panel input (Ul).

NOTE: By default, you can assign up to ten macro commands as input signals, or UOP

input signals. You can change the number of signals by modifying the value of the
SMACROMAXDRI system variable.

« For digital input signals, indexes 0 through 999 (or the number of digital input signals
configured on your system) are available.

e For robot input signals, indexes 0 through the number of robot input signals
configured on your system are available. In some cases, this is limited to a maximum
of 24.

o |f UOP input signals are available, indexes 0 through the number of UOP input
signals configured on your system are available.

e For all signals, an index of zero indicates that no Macro is assigned

= NOTE: Input signals must be properly configured for the Macro command to execute.
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16.4.4 Assigning the Macro

16: Macros

As previously stated, a Macro is not a truly functioning Macro until it has been assigned to
the macro table. As noted above, there are a number of assignments available. Any one
program can be assigned to multiple Macro execution methods. For example, you can map
the Home program to run in Manual Mode with a SU [x] assignment, and execute in

Automatic Mode with a DI [x] assignment.

NOTE: Prior to assigning a Macro, the program must first be created.

Procedure 16-2 Making a Macro Assignment

1 Press Menu.
a Cursor down to SETUP.

b On the fly out menu cursor down to MACRO and press ENTER.

Macro Command

[Open hand 1
[Cloxe hand 1
[Relax hand 1
[Open hand 2
[Close hand 2
[Relax hand 2
t

W W

i
[
[

it

Instrucstion name Program Assign

+ (B
1/150
1O 1)
1 IMFL 2]
1 IMF[ 3]
11 IMF{ i1
18 IMF[ 12]
1t IMF[  13)
1t 1--[ 0]
1 1--f 0]
1t 1--[ 0]
1 1--{ 0]

2 There may be default items listed on the Macro Command Table, if the Program column is

blank, these are unassigned.

a These can be assigned by associated a program in the program column.

€] NOTE: If there are already assignments made on the Macro Table and you change them,

you may change how your system functions.

3 Place your cursor on an open line in the program column.

4 With the cursor on the line to make the Macro assignment, press F4, [CHOICE].

a Select the program from the list.

b If your program is not listed, press F2, MACRO to display Macro designated programs.

¢ With the cursor highlighting the target program, press ENTER.

MATAGHANDO0318CE

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



16: Macros HandlingTool

—— e e,

Macro Command * [H

7/150

rgram Assign
IMF ([ 11
IMF[ 2]
IME{ 3]
IMF[ 111
IMF[ 12]
IMF[ 13}
- 0]
1--1 0]
1--1 0]
1--1 01

PROGRAM MACRO KAREL

5 The name of the selected program will appear in the program column and will also fill the
Instruction Name column

NOTE: If you place the same program on the Macro Table multiple times and the name
already exists in the Instruction Column, this field will be left blank. You will see a prompt on the
bottom of the Teach Pendant “the same macro name already exists”.

Macro Command + [H

7/150
Instruction name Program Assign

[Open hand 1 IME[ 1}
[Close hand 1 IMET 21
[Relax hand 1 TME [ 3]
[Open hand 2 IMF( 11}
[Close hand 2 1MF[ 12}

[Relax hand 2

HGRIPPER OPEN

[
f
[

GRIPPER>] -~ [ 0]
1--1 01
1--t 0]
I--1 0]

CWD~ITnHWN -

f
[
[
[
[
[ IMF[ 13}
[
[
[
{

[ R R e R W U S WP P )

[

6 You should make the instruction name very descriptive as to the function of the program.

a There are no naming convention rules when creating an instruction name

NOTE: Instruction name is displayed on the MANUAL FCTNS table as well as when using
the MACRO Call instruction.

Macro Command % [H

7/150
Instruction name Program Assign

1 [Open hand 1 ] TME[ 1) I
2 [Close hand 1 ] IMF[ 2] ‘
3 {Ralax hand 1 ] IMF{ 3]
4 [Open hand 2 ] IMFE 11} [
5 [Close hand 2 )

R JMF[  13]

GRIFPER>] ~~[ 0]
1--I 0]

9 q
10 [
>Gripper will open |

t
[
[
{
[ IMrp 12}
[
{
[
[
f
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|

7  Cursor to the Assign column.
a This is a two part assignment.

8 Place your cursor in the first Assign column
a Press F4, [CHOICE]

b Choose the assignment type.

NOTE: If making a UK assignment ensure the Group Mask is [*,*,*,*****

Macro Command + [H

77150
name Program Assign
1t 1MF [ 1]
1t IMF[ 2]
1 IMF[ 3]
1L IMF[ 11}
4 MF 2 1t JME'[ 12}
o= T2 11 - IMF[ 13]
6or ~ 11 >] [GRIPPER>] Q[ 0]
7 BL L next page— 1[ 1--10 0]
8 --next page-- I 1--1 0]
10 [ 1t 1--1 0]
HH [ TYPE ] CLEAR [CHOICE]

9 Place your cursor in the second Assign column

a Enter the assignment number.

Macro Command + [H

77150

Instruction name Program Assign

3 [Relax hand 1 I IME| 33

4 [Open hand 2 I JMFE[ 11]

5 [Close hand 2 11 IMF[ 12]

6 [Relax hand 2 11 1MF [ 13]

7 [Gripper will >][GRIPPER>]UK!([JE!

8 [ 1l 11 0]

91 10 I-=[ 0]

10 [ 1l 1--1 0]

11 | 1t 1--1 0]

12 | 1t 1-—-1 0]

] { TYPE ] CLEAR
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16.5 Macro Command Instruction

Once a Macro assignment is made on the Macro Table, the Macro can also be called in a
program via the macro command instruction. The macro command instruction specifies the
macro command to be executed when the program is run. A macro command is a separate
program that contains a series of instructions to perform a task. This instruction executes the
same way as a regular CALL program instruction covered earlier. The only difference is how

the line appears in the program.

Procedure 16-3 Programming a Macro Command Instruction

Press F1, [INST].

W N =

A PICK _PART

Instauction 1
1 Skip

........

Instruction 2/3

If F1 does not display [INST], press NEXT.
On the [INST] menu cursor to page 2, and select MACRO.

10/13

REG

1 Registers

210 2 Paylead
3_1 F/SELECT 3 Offset/Frames
———————— 4 Myltiple control
4 WAIT -
—— —| 5 Program control
S IMP/LBL
6 MACRO
6 CALL
7 FOR/ENDFOR
7 Miscellaneouy
- 8 --next page--
8 --next page-* ITT=UN

OR/MON. END

/sec FINE
ISE

/sec FINE
Ipage--

11:J P[3] 100% CNT50

{EOCMD)

Place your cursor on the line in a program you wish to add the instruction.

Regpuest Menu
Sznd Data
Send Lvent
Send Sysiar

T

10/13

mm/sec FINE

Jm/sec FINE
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|

6 The instruction will be added to the program.
a This line executes the exact same as a call.

A_PICK_PART

10/13
UTOOL NUM=1

:J  PRI1] 100% FINE

:J PI[1) 100% CHT50

:L @P[2:Pick Pos] 250mm/sec FINE
RO[1)=0FF

J FI3] 100% CNT50

:L @PI4:Place Pos] 250mm/sec FINE

Lo -dn U wk

MATAGHANDO0318CE 283

FANUC America Corporation © Copyright 2020: DO NOT DUPLICATE



1 6 . M d CI‘QS HandlingTool

16.6 Chapter Review.

1.

Which Macro Assignments will execute a Macro in Manual Mode?

A
B
C
D

DI, RI, Ul, SOP

UK, SU, MF

Macros can only run in AUTOMATIC Mode
FANUC software does not support Macros

When using a Macro Command Instruction, the program is called by
what name?

A
B
C
D

Instruction Name

Program Name

Macro Command Instructions do not exist
Comment

In order to assign a Macro to a User Key (UK), the group mask must be
set to what?

A

B
C
D

Any assignment

[*******
[ I I |

[********
I A e |

[1,1,1,1,1,1,1, 1]
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Lab 29
Macro Assignments

Student Name:

Assignment: The student wiil:
¢ Create a Macro

¢ Assign Macros

Condition: Given a FANUC Robot and a controller

Step: 1 Create three Macro Programs: (See Section 16.3 Creating a Macro,
pg. 275)

a HOME
b REPAIR
¢ SAFE

2 In each respective program record the applicable PR that was created
during Lab 18.

Assign HOME as:

a A MANUAL FUNCTION (See Section 16.4.2 MANUAL
FUNCTIONS Assignments, pg. 278)

b A Digital Input. (See Section 16.4.3 Input Signal Assignment, pg.
278)

4 Assign REPAIR as:

a A Shift User Key. (See Section 16.4.1 Teach Pendant User Key
Assignments, pg. 277)

b A Digital Input.
Assign SAFE as:
a A Shift User Key.
b A Digital Input.

w

(3,1

6 Assign A_GRIP_OPEN as UK [1], with an instruction name of ‘Gripper
will Open’. (See Section 16.4.4 Assigning the Macro, pg. 279)
7 Assign A_GRIP_CLOSE as UK [2], with an instruction name of ‘Gripper
will Close'.
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8 Test all assignments.

Completed: []

Instructor:
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17 PR OFFSETS AND MISC. INSTRUCTIONS
17.1 Chapter Objectives

e Apply Position Register Instructions

¢ Apply Position Register [i, j] Instructions
¢ Apply Paosition Register Offset Motion Option Instructions

o Utilize Miscellaneous Instructions
17.2 Position Registers Overview

Position registers can be used to store global positions, such as a home or a maintenance
position which contains X, Y, Z, W, P, and R, positional data.

Position Registers allow positions to be predefined for shared use by many programs. Without
additional software options you can define up to 372 Position Registers on an R-30iB PLUS
controller.

NOTE: If the controller contains multiple motion groups the number of PR’s per group may
be less depending on how many motion groups are present.

17.3 Position Registers Instructions

Position Register instructions can be used to manipulate the robot position or to store and set
position values. These instructions include assignment, addition, and subtraction functions.

As stated earlier, a Position Register stores positional information (X, Y, Z, W, P, R, and
configuration). The position information can be a location where the robot moves when used in
a motion instruction, or Position Registers can also be used as a storage bank for X, Y, Z, W, P,
R values, frame data, joint angles, and offset data. Position Registers are identified by numbers.

There are two kinds of position register instructions:
» Instructions that manipulate position registers, PR[x]
« Instructions that manipulate position register elements, PR][i, j]
If your system is configured to have more than one group, you can set the group mask when

you create any position register instruction. The group mask allows you to use function keys to
specify:

 Whether the group mask will be used. If the group mask is not used, the position register
instruction affects the default group only.

« The group or groups that the position register instruction will affect.
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17.3.1 PR[x] Position Register Instructions

PR [x] position register instructions manipulate the position register. They include
assignment and arithmetic instructions.

An assignment instruction is below. In this instruction the value of the item on the right is
set to the PR identified on the left.

PR[GRPn:x]=[value]
Group number (1-3) - LPQS the current Cartesian coordinates
Direct: in (x.y,2,w,p,r, config)
Position register number — JPOS the current joint angles
(1-32) — PR[x] , Contents of PRIx],
Indirect where x = Position register number
Position register number = — P[x] , Contents of P[x],
Contents of R[x] where x = Position number
. UFRAME []
— UTOOL []

An arithmetic instruction is below. In this type of PR Instruction you are able to add or
subtract the contents of two items and place the outcome into a Position Register.

PR{GREI‘I : ‘T‘t] = [value] [operator] [value]

Group LPOS + addition ~ LPOS
number Current — - subtraction Current
(1-3) Cartesian ~ <cr> Cartesian
coordinates in carriage return | coordinates in
Direct: (x,y,2,w,p,r,config) to terminate (x.y,z,w,p,r,config)
o i JPOS — without adding |- gpos
g Current joint a operator Current joint
register | angles
number angiss
(1-10) UTOOL [x] — PR [_;r:] ‘
Indirect: | Tool frame Position register
Position UFRAME [x] — - plx]
register User frame Position
number = PRIx]
contents of Position register
R[x] Px] -
Position
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17.3.2 PR [i, j] Position Register Element Instructions

Represents specified
Position Register

PR [i, j] position register element instructions manipulate a \ .
specific position register element. A position register P R [I J]
element is one element of a specified position register. In 3

the designation PR [i, j], the “i” represents the position I

register numbgr and tljej represent_s the pqsitiop register P——————
element. Position register element instructions include element within the
assignment and arithmetic instructions. Fosition Register
PR[1, j]
Direct: — Indirect
Positin Position register element number=contentof RIx]
register Direct: Position register element number
element For Cartesian positions: For joint positions:
number — 1 =x — 1 =joint 1
(1=49) —2=y — 2 =joint 2
Indirect | —3 =z — 3 =joint3
Position register {__ g W — 4 =joint 4
number= P ;f — S=joint5
contentsof R[x] — 6=joint6
—n=jointn

An assignment instruction is below. In this instruction the value of the item on the right is
set to the PR element identified on the left.

PR[i,j]=[value]
T | Al[x] , Analog input signal
Position

register — ADI[x] . Analog output signal
number

Constant value

Position .
register Gl , Group input signal

element — GO[x] , Group output signal
number DI[x] , System digital input signal
— DOI[x] , System digital output signal
— RIx] , Robot digital input signal
RO[x] , Robot digital output signal
— Sl[x] .SOP input signal
—  S8O[x] , SOP output signal
— UIEq |, UOP input signal
UOIx] , UOP output signal
PRxy] , Position register element
— R[x] , Register
— TIMER][x] , Timer value
| TIMER_OVERFLOWI[x] Timer overflow flag
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An arithmetic instruction is below. In this type of PR Instruction you are able to perform
arithmetic operations and place the outcome into the specified element of a Position

Register.

PR[i,] [value]

Direct:
Register
number
(1—32)

Indirect:
Register
number =
contants of
RIxj

number division

- MOD remainder
division

- <cr> carriage
return to terminate
without adding a
operator

- Gllx]
Group input

— GO[x]

Group output
- D [x]

System digital
input

- RIx]

Robot digital
nput

- DO
System digital
output

— RO[X]
Robot digital
output

- R[x]
Reqister

- PRIx,y]
Position register
element

~ Sl[x]

SOP |nput
- SO[x]

SOP Output
— Ul[x]

UQCP [nput
— UO[x]

UOP Qutput
- TIMER[x]
Timer value

~TIMER_OVERFLOWIx]
Timer overflow flag

[operator] [value]
- Al _ + addition — Al[x]
Analog input | _ g ptraction Analog input
- AO[x] —* multiplication |- AO[X]
Analog output | ¢ division Analog output
— Constant value - DIV whole — Constanrt value

- Glx]
Group input

— GO{x]

Group output
— Difx]

System digital
input

~ Rlx]

Robot digital
input

— DO[x]
System digital
output

~ RO[x]
Robot digital
output

- R[x]
Register

- PR[x.y]
Pasition register
element
 Sl{x]

SOP Input
- S0[x]

SOP Qutput
~ Ulix)

UCP Input
— UO[x]

UOP Output
- TIMER[x]
Timer value

-TIMER_OVERFLOW({x]
Timer overflow flag
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17.3.3 Position Register Element Instruction Limitations

You can use multiple arithmetic operators in a single instruction. However, there are the
following limitations:
e You can mix + and — in the same instruction. Arithmetic operations within an
instruction that mixes + and — will be performed from left to right. You cannot mix * or
/ in an instruction that already contains + or -.

¢ You can mix * and / in the same instruction. Arithmetic operations within an
instruction that mixes * and / will be performed from left to right. You cannot mix + or
~ in an instruction that already contains * or /.

* The maximum number of arithmetic operators you can have in the same instruction
is 5.
17.3.4 Programming a Position Register Instruction

Whether programming a PR [ ] or PR [j, j] instruction, the steps are very similar. You will be
prompted to choose the type of Position Register for the instruction. Once the type is
chosen the options that agree with that type of PR will be available.

Procedure 17-1 Programming a Position Register Instruction

1 Place a blank line in the program at the point to add the Position Register Instruction.
2 Press F1, [INST].

a If F1 does not display [INST], press NEXT
3 Select Register

essecion 33
remimition 2/3
Instruction 1/3
20 B — R/MON. END
e —— Frames ————mx
3 IF/SELECY
——= control - 1
4 WAIT ISE |
i control 1
5 IMP/LBL |
6 CALL — = |
" UDFOR E— |
7 Miscelaneous r page--
= page-- -~
8 --next page-- 37 rosumm/sec CNTS:

4 Choose the desired arithmetic operation template.
a The software will prompt you to fill in the necessary items.

b If you choose the incorrect arithmetic operator it can be changed at any time by highlight
and pressing F4, [CHOICE].
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REGISTER statement 1/1

5 Chose the required type of Positon Register; either PR [] or PR [i, j].

REGISTER statement 1/1

1R[]
2PR[ ]

3 PR3]

4 SR ]

8 --next page--

S—

6 Input the value of the Position Register to use and if necessary, the element of that

register.
14: PR{."‘%]”%‘Q‘F)%Q

7  Choose the next variable type that the field will utilize.

REGISTER statement 3f

CRE TP —ta

REGISTER statement 1/ 1AR[ ]

[1Rl] —{ 2 AQ[ ]

2 Constant — 3AI[ ]

3000 -
401 ] —{5SR[ ]

5RO[ ] =

7GO[ ] — 8 --next page--

8 --next page-- R"—m—,r:—‘

8 Quantify the values required by the selected variable.
14: PRE5’3JWPR[-!QQD]+DQO

9 Choose the next variable, if necessary.
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necreTen tatermnent 34
REGISTER statement 1/

2 Constant
3p0[ ]
4 01 ]
5RO{ ]

6 -
=g ———FRFLOW SE—
7 GO[ ] ———————

8 --next page-- i-(’[ TIIT+L

10 Quantify the selected variable.
14: PR[5,31=PR[5,3]1+s0rins ——14: PR[5,31=PR[5,31+50

NOTE: When manipulating values with a Position Register, the data will be relative the
active User and Tool Frame.

11 When the program executes, each cycle will add 50mm to the Z element of PR [5].

FANUC_ACADEMY =
8/19
7: LBL[1]
SH Will add 50mm to
9:J P[l:8quare] 100% CNT50 g‘s {Zﬁf‘emem of
10:L P[2] 6000cem/min CNT50
11:L. P[3] 750mm/sec CNT50

12:L P[2] 750mm/sec CNTS
13:L P[l:Square] 750mm/gec CNTS50
14: PR[5,3]1=PR[5,3]1+50
15: R[11=R[11+1

Increments R [1] by
one each cycle

_{16: IF R[1]<5,JMP LBL[1] Jumos 1o Label 1 and
BYE \ runs the program
again for five cycles
then stops. ||
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17.4 OFFSET, PR Motion Option Instruction

The Offset, PR [x] motion option alters positional information by the offset amount specified in
the position register PR [x]. When the robot is moving to the stored X, Y, Z, W, P, and R values
known as P[1] it also checks the contents of the Offset, PR[#] option for any changes the
programmer may want to make to P[1]’s original X, Y, Z, W, P, and R values.

Motion Option

9:J P[1l:Square] 100% cm*s{-

FANUC_ACADEMY * =(H
8/19

se-siom Modify 3/3

s Modify

2/3
Motion Modify 173  pessmumn ]=..
i N 5 Offget, PR[ —
OoPIon __ lseFoRe = arsoil

2 ACC 50

I BL,PR

i Z:p,Lﬁlr;U P -0

,Set/ Sl NCE BEFORE 50

OfitPRG | = ' ec CNTS50

6 Incremental B

7 Tool_Offset : t page-- - '
8 --next page-- 11 MP LBL[1] Maotion OptIOI’]

e

(]
[CHOICE)

9:J P[l:Square] 100% CNT50
: offset,PR[5]|}

In this case, a Position Register is being used as a storage bank for X, Y, Z, W, P, and R
values, joint angles, and offset data. In the program shown above and the positional data

shown below P [1] had a Z value of 400mm, with the addition of the 50mm Z value stored in PR
[5] the new Z value for P [1] will be 450mm.

P[1] UF:1 UT:1 CONF :NUT 000
X 26.000 mm W 180.000 deg
Y  180.000 mm P 0.000 deg
Z  400.000 mm R 0.000 deg
PR[5] UF:F UT:F CONF:NDB 000
XN o w 0.000 deg
Y 0.000 mm P 0.000 deg
2 50.000 mm R 0.000 deg
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The values stored in the Position Register can be pre-set in the program or manipulated using
program instructions (see previous section). Also, as seen in the previous section specific
elements of taught points can be manipulated from within the program using a Position Register
Element instruction PR [i, j].

For example the program instruction PR[5, 3] = 100 would change the Z value found in PR [5] to
now equal 100mm instead of 50mm in the previous example.

This offset affects only the motion instruction where it appears. It does not apply to any
other motion instructions. The offset USER frame number is the currently selected USER frame

number.

The OFFSET calculation depends on the position register representation specified in the
OFFSET motion option:

e If PR [x] is Cartesian representation, the system adds each element of the position
register to each element of the position to yield the position that is offset. If the position
does not have Cartesian representation, the system internally converts the
representation of the position to Cartesian before the offset is calculated.

e If PR [x] is JOINT representation, the system adds each element of the position register
to each element of the position to yield the position that is offset. If the position does not
have JOINT representation, the system internally converts the representation of the
position to JOINT before the offset is calculated. If PR [x] is JOINT representation, an
offset user frame is not used.

17.4.1 Programming an OFFSET, PR [x] Instruction
When programming OFFSET, PR [x] Instructions it is important to remember the following:

» The offset data in the Position Register is relative to the active USER Frame
orientation.

e The offset data is only applied to the motion instruction where it appears.
» If only offsetting in one direction the entire Positon Register must be quantified.

e No elements of the Position Register can be uninitialized.

Procedure 17-2 Programming an OFFSET, PR [x] Motion Option Instruction

1 Place your cursor on the motion instruction to add the OFFSET, PR [x[ motion option.
2 Press F4, [CHOICE]
3 Choose OFFSET, PR [x] from the menu

NOTE: Choosing TOOL OFFSET, PR [x] will offset the position relative to the Tool Frame
Orientation.

MATAGHANDO318CE 295
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FANUC_ACADEMY

9/19

- sio Modify 3/3
se-vine Modify 2/3

Motion adlfy 13 Offset, PR ‘I:

} No option EFORE =... iTSO.

. AC,C BL,PR >0

3 Skip,LBL]] AFTER 50
e as NCE BEFORE 50

S Offset,PR[ ] -~ 1L Bea CNT50
& Incremental w

7 Tool_Offset \ t page--

8 --next page--

{CHOICE]

4 Quantify the Position Register that is to be used.

9:J3 P[l:Square] 100% CNT50
: Offset,PR[5]1|}
5 Repeat for other Motion Instructions, if necessary.

6 This program will run five cycles and each cycle will offset in the +Z direction by 50mm.
FANUC ACADEMY

1/15

BE: urraME NUM=1

2: UTOOL NUM=1
3 R[1]=0
4:J PR[1] 100% FINE
—{ 5: LBL[1] |
6:J__Pfl:Squa 00% CNT50

: | Offset,PR[5]

7:L P[2] 7150mm/sec CNT
[o£fset, PR[5] }—

8:1L P[3] 750mm/sec
Pffset , PR[5)

9:L P[2] 750mm/sec

[offset, PR[S5]

OFFSET each position with the
value found in PR [5].

Increments PR [5] by
50mm each cycle

12; RI1]=R[1]+1 Juznps totlr_]abeH
3 and runs the
1 13: IF R[1]<5,JMP LBL[1] ||‘ program again

14:3 PR{1] 100% FINE
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17.5 Miscellaneous Instructions

There are miscellaneous instructions for timer setting, speed override, program remarks, and
message handling. All miscellaneous instructions can be programmed by accessing
Miscellaneous from the [INST] menu.

FANUC_ACADEMY

Instruction 1/3

! Registers i 2 UALM[ ] e
210 i
Fram {
3 IF/SELECT ; .
: cogll 4 OVERRIDE
4 WAITY t — :
— mgfol] 5 Remark ]
5 IMP/LBL g
— ] & Message I E—
& CALL
DFQ | 7 Parameter name s
‘page | 8 --next page-- __FOUBTEINE

? ~-next pagd T

17.5.1 Timer Instruction

Timer instructions allow you to start, stop, and reset up to 20 different timers in a program.
Timers allow you to determine how long a routine takes to execute, or how long your entire
production program takes to execute. Timers can be started in one program and then
stopped in another.

TIMER[x] = [action]

Direet: START - staris the timer
Timer number {1 - 20) .
Indirect : 8TOP - stops the timer
R[x]. where timer number = RESET - rescts the dmer

contents of R[x|
17.5.2 OVERRIDE Instruction

The OVERRIDE instruction sets the speed override to a percentage value of the
programmed speed.

OVERRIDE = x %
L speed override, 0- 100%
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17.5.3 Remark Instruction

The remark instruction allows you to annotate the program. Remark information does not
affect the execution of the program. When you add a remark instruction, you enter the
message to display within the program. The remark instruction can be from 1 to 32
alphabetic, numeric, punctuation, and blank space characters. The first character of a
remark instruction is an exclamation point (!).

remark text

The remark instructions can be displayed with a yellow background color to help clarify the
program content. The use of color text in the editor can be turned On or Off using the Color
command available under the EDCMD function key.

17.5.4 Message Instruction

The MESSAGE instruction displays the specified message on the USER screen. The
message can be from 1 to 23 alphabetic, numeric, punctuation, and blank space
characters. If you want a blank line between messages, leave the message content empty.

When the MESSAGE [message content] instruction is executed, the user screen is
displayed automatically.

MESSAGE [message content]

Contents of message, from 1 to 23 characters long
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17.6 Chapter Review

1. In the Instruction PR [i, j], what does the “i” represent?
A The Positon Register to use
B The specific element of the Position Register
C The value to increment the Position Register
D PRI, j] is not a valid instruction

2. The motion option OFFSET, PR [x] is offset relative to the orientation of
what Frame?

A TOOL
B JOG
C WORLD
D USER
3. How many Program Timers are there?
A 5
B 10
Cc 15
D 20
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Lab 30
Position Register Offsets

Student Name:

Assignment: The student will:

e Use OFFSET, PR [x] Instructions
e Use the PR i, j] instruction

Condition: Given a FANUC Robot and a controller

Step: 1

Copy A_COUNTER and rename the program A_OFFSET. (See
Section 11.3.1 Select Screen Soft Keys, pg. 161)

Modify the program to offset a specific distance above the current path
and run a specific number of cycles.

Assign a position register to store the positional offset and manually
enter a value of zero in all six elements at the DATA screen.

Initialize both registers (counter and offset — use same counter register
from previous program) outside main loop.

Increment counter register within each loop. (See Section 15.5.2
Performing Arithmetic Operations with Register Instructions, pg.
253)

Increment the Z element of offset register by 15mm on each cycle.
(See Section 17.3.4 Programming a Position Register Instruction,

pg. 291)

Use a conditional branching instruction to monitor the number of cycles
executed while the program runs. (See Section 15.6.4 Programming
an IF Instruction, pg. 258)

The program syntax will be similar to below.

UFRAME_NUM=1 ;
UTOOL_NUM=1
PR[5,3]-0 ;
R[1:Cycle Count]=0 ;

O 9 kDN

7:J PR[1:HOME] 50% FINE ;
8:
9: LBL[1];
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10: ;

11:L P[1:Square] 1500mm/sec CNT25 Offset, PR[5] ;
12:L P[2] 1500mm/sec CNT88 Offset, PR[5] ;

13:J P[3] 50% FINE Offset, PR[5] ;

14:L P[4] 1000mm/sec CNT100 Offset, PR[5] ,

15:L P[1:Square] 1500mm/sec CNT25 Offset, PR[5] ;
16: ;

17: PR[5,3]=PR[5,3]+15 ;

18: R[1:Cycle Count]=R[1:Cycle Count]+1 ;

19: ;

20: IF R[1:Cycle Count]<5,JMP LBL[1];

21 ;-

22:J PR[1:HOME] 50% FINE ;

Completed: []

Instructor:

MATAGHANDO318CE
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Lab 31
Final Exercise

Student Name:

Assignment: The student will:
» Apply all of the concepts discussed in the course

Condition: Given a FANUC Robot and a controller

Step: 1 CopyA_PICK_PART and rename it A_ MULT _PICK.

2 Create a Position Register to hold offset data that will position the robot
directly above the pick position (PR [6]) and/or place position (PR [7]).

NOTE: The offset data is relative to the active USER Frame

i

|

DATA Position Reg [H

PR{10] UF:F UT:F CONF :NDB 000
X 0.000 mm W 0.000 deg
Y 0.000 mm P 0.000 deg
4 50.000 mm R 0.000 deg
PRI 5: 1=R

PR[ 6: Y=k

PRI 7: j=*

PR[ 8: ]=%*

PR 9: 1=%*

R R Above Piok/Place]l

PRI 11: J==

Enter value

3 Replace both of the existing “Above Pick” local positons with PR [6:
Pick Pos]

a Add the offset motion option to these lines, referencing the PR you
established in Step 2.

Replace both of the existing “Above Place” local positons with PR [7:
Place Pos]

fS

a Add the offset motion option to these lines, referencing the PR you
established in Step 2.

5 Based on the template provided by your instructor, relative to your
USER Frame orientation, determine the distance and direction (X, Y, or
Z) to offset the first pick positon (PR [6]) to the second part.

6 Do the same for the drop position with PR [7].
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HandlingTool

7 Addthe PR i, j] instruction after each pick/place to offset the next
pick/place.

8 Replace the existing I/O instructions that either open or close the
gripper with your gripper open and / or gripper close programs.

a Utilize the MACRO Command Instruction to accomplish this.

9 Set payload schedules as needed.

a When a part is picked set payload of “tool w/ part”.

b When a part is placed set payload of “tool only”.

10 Add a PR i, j] Instruction that will set the initial value of the pick and
place PR that will be adjusted. Example, if you must offset in the X
direction set the initial X value in the PR [i, j] instruction.

11 This program will run for three cycles.

a Add a Data Register to count the three cycles.

b Add a conditional instruction that will end the program after three
cycles.

12 Track the cycle time for the entire program.

a Set a Data Register to hold the total cycle time.

13 Add remarks where necessary to describe what the program is
performing.

14 Utilize your existing Group Output to reflect the part number being
picked and placed.

a For example, if part 1 is being picked set the group output to a value
of 1. When part two is being picked set the group output to a value
fwo.

15 A template is provided on the following page, if needed.

Completed: []
Instructor:
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1: UFRAME_NUM=1
2: UTOOL_NUM=1
3:
4: TIMER [1]: RESET
5: TIMER [1]: START
6: PR [6, 1] = (Initial X Value)
7: PR [7, 1] = (Initial X Value)
8: R[5: Cycle Count] =0
9: PAYLOAD [1]
10:
11: J PR[1:HOME] 100% FINE
12: LBL [1]
13:
14: J PR [6: Pick Pos] 100% CNT50 Offset, PR [10]
15: L PR [6:Pick Pos] 250mm/sec FINE
16: Gripper will Close
17: PAYLOAD [2]
18: R [5: Cycle Count] = R [5: Cycle Count] + 1
19: GO [1] =R [5]
20: J PR [6: Pick Pos] 100% CNT50 Offset, PR [10]
21: PR [6, 1: Pick Pos] = PR [6, 1: Pick Pos] + 65
22:
23: J PR [7: Place Pos] 100% CNT50 Offset, PR [10]
24: L PR [7:Place Pos] 250mm/sec FINE
25: Gripper will Open
26: PAYLOAD [1]
27: J PR [7: Place Pos] 100% CNT50 Offset, PR [10]
28:
29: PR [7, 1: Place Pos] = PR [7, 1: Place Pos] + 65
30: IF R [5: Cycle Count] < 3, JMP LBL [1]
31:
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32: TIMER [1]: STOP

33: R[10: Cycle Time]= TIMER [1]
34:

35: J PR[1:HOME] 100% FINE
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HandlingTool 18: Post Test
18 POST TEST

Name: Date:

This test is designed to evaluate your knowledge of FANUC America Corporation HandlingTool
Operations and Programming after taking this course. Each question has four possible answers,
choose the one that best answers the question. There is only one right answer. We appreciate
you're taking the time to complete it.

Score: /1 100%
1. Enabling the iPendant gives motion control solely to whom?
A ThePLC
B The Controller
C The Operator (person with the pendant)
D Andy from accounting

2. Assuming standard setup, if you jog the robot in World -Y which
direction will the TCP move?

A Straight out front
B Up
C To the robots right
D To the robots Left
3. What key is depressed to switch between the different jog methods?
A POSN
B MENU
C FCTN
D COORD
4. What two buttons display the Jog Menu
A Shift and Display
B Menu and any jog key
C Shift and COORD
D Group and COORD
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10.

What type of memory is saved when performing an Image Backup?
A F-ROM Only

B SRAM Only

C F-ROM and SRAM

D DRAM

Singularity error can be corrected by moving?
A Joint 2 (+/-) 10 degrees

B Joint 3 (+/-) 15 degrees

C Joint 5 (+/-) 10 degrees

D Joint 6 (+/-) 15 degrees

Where is the default Tool Center Point?

A Intersection of J1 and J2

B Center of the Faceplate

C Tip of the default tool

D FANUC robots do not use Tool Center Points

What type of I/O handles communication between the controller and the
robot?

A Digital /10

B UOPIO

C Robot I/0

D SOPI/O

Positional data is dependent on what two frames?
A World and User

B Jog and Tool

C User and Tool

D Tool and World

Which type of instruction defines for the robot how to move, where to
move, how fast to move, and how to stop?

A Move Instruction

B Logic Instruction

C Motion Instruction

D Kinematics Instruction
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1.

12.

13.

14.

15.

Which type of pasting will paste the motion instructions in order and
renumber the Position ID’s based on first available Position ID?

A LOGIC
B POSITION
C POS_ID
D R _POS

Which Mode limits all Cartesian speed to less than 250 mm/sec and
joint speed to less than 10%?

A Auto Mode

B T2 Mode

C T1 Mode

D Neither, this is a system variable setting

Which motion type moves the TCP in a straight line from the start
position to the destination position?

A Linear

B Joint

C Circular

D Spline

Which Position must the DEADMAN Switch be held to enable motion?
A Released

B Centered

C Fully Depressed

D The iPendant does not have a DEADMAN Switch
Before forcing an input it must be ?
A Simulated

B Named
C Part of a Group
D Inputs can never be forced
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16. What type of memory is saved when performing a File Backup?
A F-ROM Only
B SRAM Only
C F-ROM and SRAM
D DRAM

17. The six point method of defining a Tool Frame defines the Location and
of a Tool Frame.

Distance
Orientation
Operation
Offset
18. What are the two possible actions of an IF/SELECT statement?
A Select & Set an output
B Setan Output & CALL
C JMPLBL & CALL
D JMPLBL & WAIT

19. The motion option OFFSET, PR [x] is offset relative to the orientation of
what Frame?

A TOOL
B JOG
C WORLD
D USER
20. Which Macro Assignments will execute a Macro in Manual Mode?
A DI, RI, Ul, SOP
B UK, SU, MF
C Macros can only run in AUTOMATIC Mode
D FANUC software does not support Macros

oo w>
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