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FREFACE

This lab manual is written as a companion piece to

the text FUNDAMENTALLS oF ROBOTICS; THEQRY AND
AFFLICATIONS. Both of thesze publications are dsigned +or
the beginning student in robotics and industrial

L -

automation. AL L
B e

T i

These materials are meant to be used in a survey
course  in secondary or postsecondary schools, industrial

training or universities. Im this class the student " is
introduced to the basics of robotics such as the
mechanical instructwes of different robots, robotic

programming, BASIC programming, auxillary eguipment use

and workcell operation. Once these basice have been,

¥plored, the student will be ready to study the topics in
more detail. The survey class, offered before in-depth
study, allows the students to get a feel for each subject
and devoting large amounts of time to the topic, . .If
properly implemented the swvey class will - provide the
students with a effective introduction to the field of
robotics.

In line with +the philosophy ouwtlined above, the
wor kbook includes a great daal of ° step-bv-step
instructiaon. Many studerts will not need the amount of
detail given. They should be able o complete the
material rapidly and try more challenging experiments for
each lab. Students wha have had no computer experience
before starting the course will appreciate the cdetailed
instructions and the many visual aids. The material does
not require prior competency in mathematics or
programming.

It is important to realize that although FRhino has
npumerious versions and possible configurations of

equipment along with its many optional accessories, it is.

impaossible to address each of these within the space of
this lab manual. For this reason, the major differences
and conepts are addressed in each lab. To gain the full
benefits of this manual, you should use the owners’ manual
for each piece of equipment in conjuction with this
manual .

The labs in this manual can be done in  several
different sequences. First, of cowse, the labs can bhe
presented in their existing order. In industirial training
situations were there is limited time and the students may
already have considerable background, instruction might
begin with Unit Three: EACH PEMDANT FROGRAMMING. In a
university, considerable emphasis might he placed on Unit
Four: OFF-LIME FROGRAMMING. If this is done, Chapter 2 of



the text will also need to be amphaslzed. Alsa by
stiressing the mathematics involved in locating thae
position « of the robot and the tool center point, the
studerts will:® be prepared to generate raw ltanguages and
cantrol dystems for other types of configurations.

Unit 1, INTRODUCTION TO COMPUTERS AND ROEOTS - This
set  of labs introduces the student to computer concepts,
set-up and operations. The student first learns to use

selected” DOS commands, save a praogram an disk and load
amd run a program. These concepts are therm related to the
robot - with procedures for installation of the intarface
cards and Rhino-Apple Ile hook-up.

UNMIT- 24 ROBOT OFERATIOM ~ Rhino has developed various
software programs to operate the XR Series robotic system.
Several of these are explained in detail in this section.
By learning these introductory programming techrniques, the
student - will be able to more easily adapt to the
programming of industrial robots.

UNIT =, TEACH FENDANT FROGRAMMING — In this set of
labs, the ‘=tudent is introduced to the advantages and
applicationd 6f teach pendant programming. This knowledge
is then applied with procedures +{or writing, editing,
saving, ~and loading teach pendant Drogi-ams.

UNIT X, OFF-LINE FROGRAMMING - Some of the ideas and

concepts -necessary  {for  this emerging technology are
explored in " fhis unit. To apple these concepts, the

student learns to operate a demonstration program  that
calculates the coordinates of moves for each axis of the
LR arm, set the Rhino XR default values, aoperate the Rhino

XYZ program, and Wwrite & program using the XYZ
caordinates.

UNIT 5, EASIC FROGRAMMING ~ Here, the student is
introduced to programmiing with BASIC using specified BASIC
commande, branching commands and arrays. These labs will
nelp  the student to have a much better udnarstanding of
robotic programming. Imcluded in this unit is imstruction

©n the Rhino Com Language Card, which allows the
implementation of some special BASIC commands. Arncther

special feature of this secticn i3 a piragram that  allows
teach pendant programs to be converted to BASIC data lines
ard theretfore used in  conjuction with the full
capabilities of BASIC.

UNIT &, END-OF-ARM  TOOLING - Some of ne  Rhino
optional finger attachments are used in this set of labs
to explore various end effector concepts and applications.,
Yacuum and magnetic pick-up deviceszs are e«plained in
detail.



UNIT 7, WORKCELLS - All of the skills and knowledge
learned in  the earlier units is drawn upon here asg the

student completes the final labs. The procedura in
thess labs introduce the student to dlldlEI”lng
operations with the convevaor, workcell - design and

programming, and workcell interfacing.

Fear the main supplementary teaching materlal
students and instructors should refer to the AR . Dwner’ 5
Manual , the XR Teach Fendant Manual and the XR  Software
Idnual, the XR Owner s Manual includes an auplanation of
the karnal commands  that reside in  the XK Controller
oparating vyai@m. These commandz can be used to de;ign-a

variety of softwars for special robot applications

The Teach Pendant Manual cortains a lengthy section
on strategies and principles of teach pendant pProgramming,
aiong  with tutorial examples and a full discussion. of
teach pendant capabilities and feedback dizplavs.

The Software Manual includes a comprehensive giide to
RoboTalk (THM), Rhino's new robotic control language, as-
well  as details concerning obther Rhino software prragrams,
The RoboTalk (TM) language provides an ideal vehicle Ffor
design and operation of work cell configurations. It
integrates teach pendant with host computer programming

and  gives Lhm user contiraol over the eight encoded . mot@r*.

ports, the two DC auxiliary motor ports, and the 8 non-
designated input and output lines. The RaoboTalk,, . CTMD
manual  contains  two complete tutorials and manu partlﬁb

demonstratian pirrograms  to  illustirate RaboTalk (TMLf-‘

commands.

From the above, it.zhould be clear that the %Student
Workbook and Instructor s Guide are only ane part of the
total Rhino courseware program, Other Rhino documentation
provides an important extension of the courseware. Since
the KR  was designed as an educationaltraining robotic
retem, &ll documentation has a strong eductional focus.
Educators will find that Rhino offers a truly  integrated
package consisting of many hardware, software and
caurseware =21lenents, all contributing to its instructional
and training function.







LABORATORY 1

INTRODUCTION TO THE COMPUTER

NTRODUCTIGN

The computer is the element that has made the
industrial robot possible. Apple computers are one af the
mast popular brands of computers and are used as one of
two primary computers for operating the Rhino AR series
robotic system. The Apple computer iz easy to operate.

In this lab, vou will be introduced to the operation of
the computer and some commands.

Figure 1.1 Apple computer with monitor and
gdisgk drive.

A comouter has to be told what to do to comtrol a
robot. The computer plans each move of the robot and
keeps track of where it iz at all times. This is a
complar task since many rcbots have five or more axes
moving simultanecuslyv. A computer program is used to



do this. A Rrogram is a list of things for the computear
to do, which it follows to the letter. To save time, the
program is usually stored on a device from which it can
later be retrisved. The most popul ar devices today for
storing programs are Cassette tapes and floppy disks.
Industrial robots use tapes and disks, while most
personal computers use disks.

OBJECTIVES
When you finish this lab, you will be able to:
1. Start the computer,
Z. Use szelected DOS commands.

a. LIST

b. SAVE
CeBATALOG
d. LOAD

e. RUN

{. DELETE
g. NEW
h. FR#&

R
3. BaVe a program on the disk,

t
4. Leoad and run a RIragram fram the dish.

LIST OF EQUIFMENT

1. Apple Ilile computer with disk drive and monitor
(hereinafter referred to as Apple Ile computer
system) ,

RELATED INFORMATION

A computer system consists of a computer, disk drive,
monitor, and peripherals if desired,

Starting a computer causes several things to cccour.
As the computer cones on, it checks +o see what equipment
is connected to it and then responds in a pPreset way Yor
2ach device. When You turn on the Abple, it starts in the
BASIC language mode. Bince a disk drive is connected to
the computer, the Computer also starts a Progiram called s
Disk Operating System or DOS. The DOS Program manages the
Fecording and reading of information on the disk.



I

@ Floppy disk is similar to both a record and .
cassette tape. It ig like & record because it is round.
It i3 like a cassette tape because it is coated with a
magnetic material. The disk is zealed in a protective
cover which contains both lubricants and cleaners to help
prolong the life of the diskette. It is sometimes
referred to as a floppy disk because the disk itzelf is
flexible as opposed to a hard disk which resembles a
record even more.

You must use cautiom when handling a disk because it
iz fragile. Take care not to bend it and do not touch the
bBrown or gray surface that is exposed. When vou are not
using a disk, put it back in the paper pocket that it came
in so that it will not collect dust. When you write on
the label, always use a felt tipped pen. A floppy disk is
shown in Figure, 1.2,

Figure 1.2 Disk

Youw will notice a notch cut in the left sid
i this i1s the write protect notch. It is similar to
the tab on a cassette tape. Mhern the notch iz o



disk can have new data stored on it. When covered with
tape, information from the computer can rnot be stored on
the disk. kKeep this in mind if you have a disk you do not
want erased or written on.

Eefore the computer system can be used, you must get it
running. Thig is called bootstrapping, or “booting! the
camputer. There are three ways of accomplishing this.

i. You can boot the computer by turning the
power on with a disk in the drive. If there is nok a
disk in the drive, the drive will keep running until
you press the RESET key. On the Apple [le
computer, you will have to press the CONMTROL key at
the same time.

2. The way to get DOS started when the computer
iz already on is to enter "PR#6" with a disk in the
drive.

I On the Ile, you can simultanecusly press the
CONMTROL, RESET, and the OFEN AFFLE keys, releasing
the RESET key first.

DISKE QPERATING SYSTEM (DAS) COMMANDS

Once vou have the disk operating system running, you
can save and run programs that are on a disk. Here are
the commands, called DOS commands, that vou will use and a
brief suplanation of each. These commands function with
the BASIC language that is operative in the computer.

LIST - Gives a listing of the BASIC program in
memaoiy .

SAVE 'filename’ - Stores the program that is
cuwrrently in memory on the disk and calls it by the
name that you give it. It iz good practice Lo gl
files names that describe what the programs Jdo.

CATALDE -~ Bives a lizting of all the programs on &
disk.

LOaD “$ilename’ — Takes a program called filename
fram the dizk and loads it in the compuher. @Any
program in computer memory at the time 185 srased.

BUN - Executes the program that is in the computer
memory .

DELETE 'filename’ — Erases the file on the disk.

fanl
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MEW - Erases memory without restarting the disk
dirive.

FR#& — Starts the disk drive and clears the memory of
the computer.

To use these commands, all you have to do is type
them and press RETURN. Other DOS commands are listed in
your DOS manuwal. You can look them up if you are
interested but these are all vou need to know for most of
the labs in this book. Other DOE commands will be
explained as they are needed.



FROCEDURE

You are dgoing to boot the computer, enter a simple
program and save it on the disk. You will then view the
catalog to make sure the program was saved, reload the
program, and run it.

1. [Get the lab disgk and slide it into the disk
drive by holding the disk in youwr right hand with
your thumb over the label. Carefully insert the
disk all the way and close the door; then turn on
the computer. A blinking cursor will appear in the
lower left corner of the monitor.

2. Type the following program.
10 INFUT"WHAYT IS YOUR NMAMET "j3MN#
20 PRINT: "HELLD "jMNE
IO END

Use the LIST command, typing the word LIST and then
pressing the RETURN key, to check your typing. The
program listing should appear on the monitor bdust like it
is above.

, _3« Run the program by typing the word RUN and
pressing the RETURN key. Be sure to type in youwr
name when the guestion mark appears to see how the

pragram operates.

__________ 4. Save the program, giving it the filenanme
LAR 1. You do this by typing:
S5AVE LAER 1

The disk drive should start to whirl. I+ not and you
get & "SYNTAX ERROR" message, it means DOS has not been
hooted correctly. If it starts to whirl but stops and you
gaet an "I/0 ERROR" message, check to see if the drive door
is closed.

e 8. Use the CATALLS command toc see i+ vouwr
program is on the disk. The name vou gave vour
program, "LLAB 1," should be one of the programs

listed.



—===&, [Reboot the computer using the FR#& command.
This will clear the memory of the computer. EBefore
yvou do anything else, type RUM. Notice that the
computer does nothing. This proves that there iz not
a pragram in the computer. Load the program you just
saved using the LOAD command.

LO0AD LAR 1

The disk should act like it did in step 3 when wvou
saved your program. When the drive stops, see if vour
program was loaded by wusing the LIST command again.

—=—=7.  Next, type RUN and the program in memory will
run. This program is the same program vou loaded in
step &.

~—==8. Another way to load a program from memory is
to type "RUN filename’ . This loads anmd runs the
program in one step. To demonstrate this idea, type
MEW. The MEW command clears the memory without doing
the PR#S erercise. Check that the memory is really
clear by again typing RUN. Once vouw ara sure the
mamory is clear, enter RUN LAE 1. The program should
opsrate as it has before.

e 2 The +fimal command vou will learn i this lab
is DELETE. DELETE removes a file fram the disk.
Enter DELETE LA 1. To make sure the file has been
removed from the disk, enter CATALOG. LAR 1 should
not be on the list of programs now on the displavy.
REFEREMCES:
Apple Ilz Reference Manual

Apple DOS Manual

Fundamentals of Robotics: Theory and Applications, Chapter
8, "Microcomputers".

Pt
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MNAME

DATE

CLASS

INSTRUCTOR

QUESTIONS

1. T F All programg are stored on floppy disks.

2. fi notch on the left side of the dizk in the
drive means:

. The disk is defective.

b. Information can not be stored on the disk.
Ca Information can be stored on the disk.

d. The disk iz in the drive upside down.

3. What does it mean to “"boot" the computer?

4, List the DOS commands used in this lab and
axplain each.

5. T F You must always load a program hefore
YOW can run it.
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LABORATORY 2

INTERFACING WITH THE COMPUTER

INTRODUCTION

Computers have become very usaful partially because
it is possible to connect them to many differemt devices.
he connection process is called "interfacing.”
Interfacing the computer to any extermnal device reguirass
matching the technical features of the computer with
operation of controlled equipment. By connecting the
Apple computer to the Rhino XR robot system, it is
possible Lo operate the robot and use the full
capabilities of the computer for the control process.

A great deal of information has to be collected and
processed in oarder to control a robot. The computer is
parfect for this task. This information includes step by
step instructions for the robot and detailed information
an ail the actions of the robot. This is true for both
industrial robots such as the Unimate Fuma 200 and
educational robotic systems such the Rhino XR Series.

In this lab, you will become more familiar with the
Appla - Ile computer. You will see how the circuits that
connect the computer and the robot sysztem are installed
and adjusted for proper operation. Thisz is critical for
the correct functioning of the robot system.

OBJECTIVES
After completing this lab, you will be able to:
1. Recognize a 7710A Serial Card, an Apple
Super Serial Card and the Rhino Com Language
Card.
2. Inmstall an interface card in the computer.

e Explain what the term "EAUD rate" means.

4. Set the BAUD rate on an interface card.



[»

LIST OF EQUIPMENT

1. rApple lle .- computer system
2. 7710A Berial Card FGO393), Apple Super Serial Card

(FGOE%4) or Rhinog Com Language Card (FGEO702).

RELATED INFORMATION

To exchange information, computers use a code called
the AECII code. The ASCII code is a numerical
representation of letters, numbers, and special svmbols.
Each letter has an eight bit birnary representation. For

sample, the letter "A" is 100 0001 im ANSII.

Signals sent between two conputers or between a
computer and some external device, such as a robot, are
usually sent aer1ally. Serial communication is the
transmission of information sent one piece after another.
To send the letter "A", a O would be sent, the a 1, then a
string of 5 zeros and finally a 1. This transmission of
data is done very fast so the comunication does not take
all davy. '

Information can also be zent from cne place to
anather in parallel. Farallel transmission of the binarwv
data is usually done inzide the computer or between the
computer and the disk driwve. Farallel data transmission
reguires & separate wire for each data bit. Motice the
Wide cable conmnecting the disk drive to vour fppls
computer. To send the ASCII code, eight parallel lines
are used and are usually called a DATA RUS.

To send information to an external device from a
camputer, the information iz frequently converted from a
parallel to a serial format. Canvertlng the data from
parallel to serial is done by an electronic circuit card
that fits inside the slots at the back of the Apple
COmpLter ., This card is called an interface card and has
two major functions:

i. It comnverts the data from parallel to zerial.

Za Tt sets the rate at which thse data will be

Just as there are differznt manuwfactursrs of
camputers, thare are different manufacturers of interfaca
cards, The three that are recommended {for usze with the
Rhino %R svstem and the Apple [le are the 77104 Serial
Card (made by California Computer Products), the Apple
Super Serial Card and the Rhino Com Language Card.



The rate at which the computer sends and receives
information is called the BAUD rate. The BAUD rate is
user cantrolled by setting the proper switches on the
interface card. The settings used in this manual for the
77108 and the Apple Super Serial cards are shown in Figura
I below. The BAUD rate on the Rhino Com Language Card is
set in software.

Formatting the data so it is sent and receivead
properly is done by a standard developed by the
“lectronics Industry Association. This standard is
designated as the "RE-Z2I2" contfiguration. he RS-2T2
standard defines what voltages represent 1s and Os and
axactly how the data will be sent. To read more about
interfacing and BAUD rates, refer to chapter 11 in
Fundamentals of Raobotics: Theory and Applications.

Settings for CCS 77104 Serial Card

SWITCH 1 2 A 4 1 2 A 4
FOSTTION OFF ON OFF OFF IN Om an OFF
BAUD F00 Q&0

Settings for Apple Super Serial Card
(Only the first four switches are used.)

SWITCH 1 2 ) 4 i 2 3 4
FOSITION 0N QFF  OFF ON OFF  OQFF CFF  ON
BAOUD Z00 PEQ0

Figure 2.1 BAUD rate zettings for interface cards



The Apple Super Serial Card, 771048 Card, and Rhino
Com Language Card all accomplish the data communication
function; however, thers are zome differences between
tham. The Rhino Com language Card also inplements some
special instructions that make it easier to program the
Rhino XR. The details of these special instructions are
#plained in Lab 19. PBoth the Rhino Com Language Card and
Buper Serial Card are phvysically larger than the 7710A
Card and have two sets of switches. Also, both the 7710A
Card and Super Serial Card have their names printed on the
compounent side of the board.

In the computer, the interface card iz inserted into
sockets called I/0 ({input/ocutput) slots, It is through
these slots that the computer exchanges information with
the interface card. There are =2ight slots in the Apple,
and some of these are designated for specific cards. For
example, slot six i3 the standard slot for a disk drive
card. 8Slot.one is usually where a printer interface card
is inserted. The RE-Z232 for the Rhino XA i=s wsuwally in

slot two.

18



FROCEDURE

In the following procedure, you will examine the
inside of the computer and also an interface card to
determine the BAUD rate. Alwavs treat this equipment with
care and consideration. The eguipment is delicate, hard
to replace and expensive. Your cooperation will help make
the eguipment last longey.

SFECIAL. MOTE — This lab calls for vou to ramove cards from
the caomputer. The work that is to be done can also be
done with the cards still in the computer. Ask vour
instructor if you are to remove the cards or change the
switches with the cards still inm the computer, bhefore
procaeeding.

You will probably have access to the 7710A card, the
Super Serial Card or the Rhinao Com Language Card,
but not. all three. Since the BAUD rate of the Rhino
Com Language Card is set through software and thizs is
covered in Lab 19, it is preferable that you usez one of
the other two cards in this lab.

—-—~-1. EBEe sure that the computer is turned off.
Clear the top of the computer and remove the cover by
lifting the back corners until the fasteners poo
apart, Now slide the cover to the back. Notice the
numbers above the slots. In the Apple 1I+, the
numbers are from ¢ to 7. In the Apple I[le, the
numbers are from 1 to 7. A picturz of the slots in
the Apple Ile is shown below in Figure 2.2

I

-
-l
)
-t
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.
-4
-

rre=wme=m

i

Figure 2.2 Apple IIe
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2. I+ there ie a card alre=ady in slot 2, remove
it (if told tao) by gently rocking it back and forth
while pulling up on the card. You may have to
disconnect the cable from the card. Be sure to note
its orientation zo that youw can replace it properly.
If there is no card in your camputar, ask vour
instructor for a card.

) ZFe  Determine which RS-272 card youw have by
campalring it with the pictures of the cards in Figure
Za3. NMNote that the Super Serial Card has two sets of
switches. 0On the Super Serial Card, you only need to
be concerned with the first four switches on the
left. It is important that vou not change the other
switches. Youw will not change any switches an the
Rhino Com Language Card.
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Figure 2.3c Rhino Com LLanguage Card

3. Determine the EBAUD rate by examining Figure

2.1 and selecing 2&00 BAUD. Set the switches with a
sharp pencil. 0On the Rhino Com Language Card, simply
note the features and compare them to the picture zo

vou will recognize the card.

_ <. Replace the card carefully (if you removed
it)y., Make sure it fits zecurelv in the slot.
Reconnect the cable if necessary.

H. FReplace the cover of the computer and set up
the monitor and all other varts of the computer as
they were when you started the lab.

MOTE: If in later labs, the raobot does rot seem to be
respanding when vou first turn it on, vou should check the
BAUD rate. Someona may have used the computer far

something else and not reset the BAUD rates when they
finlizsned.

REFERENCES

fpzle Ile Reference Manual
Aople DOS Manwal

Anple Supsr Serial Card Manuwal

Manual far 77108 Card

Manual far Rhino Com Langauge Card
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LUESTIONS

NAME

DATE

CLASSY

INSTRUCTOR

1. What is the difference between serial
transmission and parallel transmission?

2, Definme BAUD rate.

Z.  Name the mest common tyvpe of serial

interface.

4. Describe the differences between a
77104 Serial Card, a Super Serial Card and the
Rhino Com Lamguage Card.

5. What are the slot numbers for the Apple I[I+
and the Apple Ile?






LARORATORY =

IMTRODUCT IOM

COMNMECTING THE RHIMNO SYSTEM

O0f all the components of a robot system, the
controller is probably the most complex. It also varies a
grreat deal +rom one type of robotic sy:tem to the next.
The contreller, which is essentially a special purpose
caomputer typically has all the elements found 1n computer,
zuch as a microprocessor, memory, and input/output

capabilities.

The Rhino XR Seriss robot is controlled by both the
AR controller and a personal computer (for our
discussions, an Apple Il=). It ig the XR controller that
actually tells the robot to execute the commands sent Lo
it by the Apple. The Apple computar doess all the
calculations and keesps track of moves as well as storing
programns.

Inside the latest XR controller, the Mark I1II, there
is a 8302A microprocessor. (Older XR controllers have 8743
microproceggorr ! The program burned into the
microprocessor congists of a scanning routine.  The
function of the scanning routine is to constantly monitor
the output of the computer at the RE-2I2C interface, and
also to scan the opsration and 1ocat10n of the eigh
optical ehcoders on the motors of the AR robot.

The computer and the XR controller do all the
tasks for the Rhino YR system that the industrial robot
contiroller doese for the industrial robot.

Cmnnactimns between the XR contreoller, the R3-232
interface in the Apple computer, and the motors on the XK
robolt are made by means of various connectors and ribbon
cables. The purpose of this lab iz to identify the proper
hardware and procedures necessary connect these
componsnts. You will alzo experiment with the XR motors
to see haw they stay in place and retuwn to that location
ag you turn the motor power on and off.

To read more about haow robot systems are put
together, read Chapter | of Fundamentals of Robotics:

Theory and éoplications.

sy



ORJECTIVES
When yvou finish thiz lab activity, vouw will hbe abie

tos

1. ldentifv the connector and ribbon cable
going to the controller from the Aople comouter.

]

openings on the controller.

2 Identify and locate all switches and port

on the Rhino XR robot, and the corresponding
cables and connectors.

i Identify and locate each of the six motors

4. List all hardware necessary to cannect the
Apple computer to the contorller, and the
controller to the Rhino XR robot,

S Connect each of these comporents to each
other.

6. Demonstrate how the controller keeps the
motors in a specific position.

LIST OF EQUIFMENT

1 Rhino XR Series raobot and controller.

2. Apple Ile computer system.

J.  Rhino/Apple (RE-23Z2) cable.

RELLATED INFORMATION

Whether vou are dealing with an educational robot
such az the Rhino XR, or a very complex industrial rohot
such as one of the Prab robot models, proper set-up and
installation are critical. For example, the Frab FC has

A

lifting capacity of up to 2000 pournds. For this reason it

is critical that the robot be securely fastened to the
floor. Remember that a robot follows a predeterminad
program which depends heavily cn being held in a fixed
position so that when it finishes its cveole, it returns t©
its starting position.

I the robot moves from its mounted base even 0.1
inch in any direction, it will throw the whole program of
by exactly that amount, rendering it useless until
repositioned. Repositioning time means down time for

=]
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whatever process the robot was doing. " Even if the robot

was just one small link in a mlch larger aszssembly line, it
might mean shutting down the entire !ina. Usuwally down
time for any reason is very expensive and severely frowned
wpon by an industry. Therefore, proper set-up is arucial
to attain consistency and accuracy in robotic performance.

In addition to the set-up of a robot, it is important
to understand the normal opetration of the robot. The
Rhino XR controller manipulates data that is collected
from the motors and keeps track of how many steps the
motors have moved. It uses this data to determine whether
or not the robot is in the proper position and how far it
needs to move, in either direction, to get to the
programmed position. In this lab, you will see how the
Rhino XR controller does this.

A
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I!HIHQ e i || XA SERIES MaRK I1f CONTROLLER

TEACH PEND ANT

MOTOR RoRTe
i :
- o

Figure Z.la Mark III Controller with optional teach
pendant port and teach pendant.



Figure Z.lb XR Series robotic arm, FMark III controller and
teach pendant, fully comnected.



Briefly study the controller vouw will e using,
comparing it with the Mark III centroller shown in Fi

igurs
Guela. He Mark TII controller can be distinguished by the
I/70 panel at the right. I vou are using a Mark III
controller, most likely vowr controller will be a combo,
with the teach pendant system built in, zhown fully
connected in figuwe Z.1 b.

MOE: The following procedure refers to the Mark IIX
cantroller. If vou are wusing an older version controller,
consult its Owner ' s Manual for hook-uwp instructons and ask
vour teacher for supervision.

in Figure Z.1la, notice the reset zwitch., power
indicator light, and motor power switch on the right side
of the contoller. The main power switch for the Mark II1
controller is on the back panel of the controller cabinet.
A% a precavtion against possibly damaging the controller
make it a habit to turn this switch OM first and OFF last.
he switch on the fromt of the Mark III controller labeled
MOTOR FOWER controls aonly the power going to the motors.
Both sewitches must be ON for the robot to operate. The
function of the push button switch labeled RESET is to
reset the microprocessors in the controllar. It should be
used when the robot starts to do anything that might be
harmful to it. The main power light indicates whan the
power: 13 on.

T



FROCEDURE

The first step in making the proper connections
batwean the Apple Computer, the AR controllier, and the
Rhino %R raobot is to become fully acquainted with the
various port openings and switches which are located on
the front of the XA controller.

1. There will be a round gray cable coming from
the Apple computer with a twenty—-five pin connector
on the end. This is the RS5-23Z2 cablea. In some cases
vou will have a cablez with connectors on both ends.
One end will go to the Apple computer and the other
end to the XR controller.

24 Referring to Figure Z.ia, on the left hand
corner of the controller there ie a twenty-fiva pin
part opening labeled RB-2Z2C. This is

where you plug the connector coming from the Apple
computer into the controller.

5 Atter completing this connection, the hoolk-up

between the controller and the computer is done, and
vou will no longer have to be concerned with the
computer at this time.

4. With the Rhimo XR robot in front of vouw,
trace back sach of the six ribbon cables to their
carresponcding connectors, from the motor on the
robot. Do this by examining the robot and carefully
tracing from where the cable attaches to a circuit
card, through the cable bhundle, to the snd caonmnector.

0



Figure 2.2 XR Series Reobotic Arm, with Motors and Cables
in the {foreground.



af these motors correctly, it may be uzeful to label
@ach of the vables, if theyv are not alreadv labeled.
Far example, the motor which operates the opening and
closing of the gripper iz motor A, The motor which
oparates the revolution of the gripper iz motor B,
ete.

Tia Becausge it iz an absolute must to athtach each
3= b=

b fter each of the six motors has been
ident 1{A@d and its cnrre"rcndinq cable lettared, vou
must o bm&ﬁ Lo the controller and identifv the

proper port openings for @ach motor.

— . Referring back to Figure Z.la, vou will
notice there are eight port openings, labeled A
through H and designated MOTOR PORTS

MOTE: Youw will need to concarn vourseld with gorts
A-F only.  The G and H ports will be connected to
auxiliary motors in later lab activities.

——8. Starting with the cablie you labeled A, coming
from the Rhino XR robot, plug it ints the
rorrespanding port opening on the controller, also

labeled A. Carefully look at the motor port openings
on the controller. You will see two rows of pine:
one has five pins and the other has four. The same
applies to the commectors gaming from the robot. A
plug has been pull in one of the holes, so vou must
make zura yvou line up the five pinzs from the
cantroller port with the five cpenings in the
connector. Otherwise, the controller will be damaged
whern it is tuwned on. Be especially caraful that the
cable comnector fits over both the upper and lower
rows of pins.  Continue plugging each cable into its
corresponding port opening in the controller. F
should be the last connector vyouw plug in. After vou
have nlugged the corresponding cablese into motor
ports G-F, the Rhino XR robeot wiil be completely
comnected to the controller.

and controller connectad.
S O

Me ocontroller ars in

"\ i
turn the encoder wheel
esncoder wheel should

e oy
il



1y, Fotate the 2ncoder wheel on mobtor A until
the gripper is closed.

11, Turn both switches on the cantral

&
ON position. What happened to the gripper? Thare
should have been no change in its position.

3=

12, Bently try to move the encoder wheel on

motor A one guarter of a twn. Did the it move
freelyv? When the controller detects a change in the
position of the motor, it tries to ratuwn the motar
to its original paosition. You should have felt the
motor resisting your attempt to move it. You may
want to try this same acticn on one of the motoars
mounted on the baze of the robot since thay have more
prcoder slots and are more sensitive to moves.

Ll

13, Turn the motor switch off and rotates the
ancader wheel on motor A until the jaws on the
robot are open.

. 14. Turn the motor switch on and riotice what
happens to the gripper. Why do you think this
happens?

15, Repeat the process yvou did in steps 13 and
14 for motor D that controls the elbow. Turn the
motor power switch OFF: move the motor sevaral
rotations by hand and then turn the mohor power back
OM.

Thisg action occurs because the microprocassor iz
counting the numher of encoder slots the motors arse.
rotated. This iz dome throuwgh the electronic circuitry
that is mounted on the optically encoded servo motors.
The counting happens even when the motor power is tuwned
OFF. When the motor power is turned back on, the
controller returns the motor to its criginal position by
maving the motor until the count ig zera. Tha motor
location count is stored in the controller by the &3I0L
computer.

REFERENMCES:

Fundamentals of Robotics: Theory and Applications. Chapter
1, "Introduction to Roboticcs," and Chapter 11,

4
"Interfacing.”

Fhino XR Jwner s Manoal

e
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CUESTIONS

MAME

DATE

CLASS

INSTRUCTOR

l. How many connections are necessary to attach
the Apple Computer to the Rhino controller?

£+  How many connections are necessary to attach
the Rhino robot to the Rhino controller?

Ha Through what device does the fFpple computer
communicate with the Rbhino robot?

4. What kind of routine is burned into the 8748
microprocessor in the controller?

F. How do vou know that the motor count for
@ach motor in the controller is zero?

e
it
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CABORSTORY 4

IRTRODUCTION TO THE RHING SYSTEM FROGRAMS

Lo this lab, vou will be introduced to four different
programs that can be used with the Rhinc XR Series robot.
Thesae are MHEYBOARD MOVES {(Lab 3), MOVE aAlLL JOINTS (Lab 8},
TEACH Frogram (Lab 9, and XYZ Frogram (.abs 14 and 15).
Tach program introd uces a different corncept in robotic
programming, but at the same time builds upon the one vou
praviously studied. For this reason it is important to do
2ach of the five labs in the order in which they asre
numbered.

Because of the variety of orograms available on the
l.aby Digk, we are using this lab just to familiarize vou
with the screens and options available. In labs ©,7,8,14,
and 13, you will learn to operate esach program

zpeciftically.

The different types of programs that Rhino XR has
developed help you explore different aspects of robok
rogramming.  One of the most interesting ideas that is
just now being developed by the industrial robot
manufacturmr’ ig the simulation of a robot on & computer
soirean Lo allow the design of robotic workcells. By
igning the system on the zcoreen of the computer, rather
than buying the sauipment first, the company can check the
full operation of the system before investing the monavy.

This type of programming capahility goes along with
Computer Aided Design, CAD; Computer Aided Mamufacturing,
CaMy and Computer Integrated Manufacutring, CIM. CIM is a
combination of both CAD and C# M with heavy emphasis on the
use of robotics. CiM iz what the manu.ﬁLLuang industey
s meving to, an antire factory controlled by a computer.

i 2 K4
This wowld include robots, diffarant types of machine
tocls, conveyors, linear tables, and mobile transporters.

e AYZI program sinulates a robotic worbcell by
YOL move the rabot through a defined work arsa,
teach pendant srogramns
robnt pendants. s
.1 prebably think of many

2Nt programming Lec



OBRJECTIVES

Whern vou finish this lab activity, you will be able
T

1. ldentify each of the four different programming
technigues discussed.

P, Give a basgic sxplanation of the programs.

I, Access all of the programs on the lab disk.

4., Identify the major uses of the different
programming technigues.
LIST OF EQUIPMENT
1. Rhino XFR Series robot and controller.
2. Apple Ile computer system.

3. Rhino Lab DIsk for Apple Ile.

RELATED INFORMATION

In this activity, yvou will first learn how to access
the different programs on the Rhimo Lab Disk. You will
then e introduced to the basic characteristics of and
prompts for each program. It is critical that you
uwnderstand the material in this lab before trying to Qo on
to the next lab.



FROCEDURE

KEYROARD MOVES FROGRAM

The first of the four programs we are going to look
at is the KEYROARD MAVEE orogram. In this program, you
will be introduced to the basic operation of the Rhino XR
through the use of varicus keys on the computer.

uuuuuu 1 Insert the Lab Disk into the computer disk
di-ive. To access these programs from the computer,
vou must have the complete robot system cannected and
turned ON. I¥f necessary, refer back to the
directions in Lab 3 for connecting the Rhino system.
First, vou will be asked to indicate which interfsace
card vou are using. Do o and press the return kevy.

NOTE: The controller must be ON:

2. The first prompt to appear will be the Main
Menu for the Lab disk. The programs you will be
working with are labeled as Rhino Frograms, selection
1. Type in 1, and press return. The screen shoula
look like Figure 4.1.

RHINGO SERIAL #UFDT
40 Z0 DEFAULTS

A0e=100
70=310

CHAMBE THESE MALUEE™ (Y/N)
Figure 4.1

Tvpe M, and press the retuwn key.

T. The next arompt will look like Figure 4.XZ.

FRESS R OR F UNTIL THE
TWO RBASE HALVES LINE UF

Figure 4.2

Reset the %R system by pressing the RESET button
on the controller. The robot should go through its
hard home routine. If vou have a Mark II1



sontroller, make suwre that the mode select switch 12
st for computer operation. Type X to @it

fow come to the Main Menu, this will

4.3,

MaInN HMEMU
Low . INSTRUCTIONS
2. .. RUN PROGAMS
Te .. END PROGRAMS

YOUR CHOICET (1-730
Figure 4.3

ChHoose the first selection. Instructions, by typing the
number 1, and pressing return.

5. The screen should now leook like Figure 4.4.

INSTRUCTIONE AVAILAEBLE

l...KEYBOARD MOVES
2...MOVE ALLL JOINTS
Tewa. TEACH FROGRAM
4. ... X¥Z PROGRAM

TYFE X TO EXIT

Mow type in the number 1, for HKeyboard Moves instructions,
and press return.

___&. A paragraph of instructions should now appear
e the screen. Read them carefully, and proceed To
the rnext zet by praszing the space bar on the
computer. There should be ten separate screens of
instructions in all. Upon pressing the space bar
aftar the last screen of instructions, vouw will

=

encounter the same screen you did in Figuwre 4.4,

_______ 7. Type in X, and press ceturn. This will bring

vou back to the Main Menu, Figure 4.35. This tii
byme in che Aaumber 7 for Run Frograms, and press the

=2
4]

raturn kay.

P 4 prompt shown in Figura 4.9 should now be
prasent. This prompt is asking you Wiiich program you
would like to load. Since we are working with the
fevbaoard Moves program, you should respond hera by

PN



typing the numbeer 1 and pressing return.
FROGRAMS AVAILARLE

« « KEYBOARD MOVES
<L WS MOVE AL JOINTS
we o« TEACH FROGRAM
«e e AYZ PROGRAM

Bl b o

TYPE X TO EXIT

YOUR CHOICE? (i-4)

=

Figure 4.5

You will row see the operations screen for the
EEYBOARD MOVES program, Figure 4.4. Since vou turned the
controller off earlier in this activity, the robot will not
respond to any commands at this time. This screen
identifies which key on the computer controls which axis
on the robot. For example, keys R and F on the computer
contirol the base movement of the robot, and kevs T and G
control the movement at the shoulder. All this R~ Ggtr-am
allows you to do iz move the robot using specific keys on
the keyboard. Through he use of this program, you should
gain & good understanding of how <he robot moves and how
the movement of one axis affects the others. Figure 4.5
shows the keys which operate the Rhino XR.

H MOTOR KEYS W,5

B MOTOR KEYS 2,D

BAEE REYS R, F
SHOULDER KEYS T,06
ELEOW FEYS Y,H
HAND  UF/DOWN U,J
FINGER ROTATE I,k
FINGER o/C 0O,L

FRESS “REFT" FOR LLONG MOVES
TYFE X TO EXIT

Figure 4.4

e’ To exit this szcreen, press X and the return
kay. This will bring vou to the Frogirams Available
menu, Figure 4.3, Fress ¥ and return again. This

will bring vou to the Main Menuw, Figure 4.3,
MOVE ALL JOINTS FROGRAM
In the MOVE ALL JOINTS program, you will expleore a

differerit way of moving the robot other than wsing

41



speEcitic kevs o move each axis. Im this program, t
movaemnant of the robot is determined v sntering & valus
ar & specific asix of the rabet. This value iz actual
Ml number of motor steps vou want to move an axis
wample, i+ vouw wanted to move the base of the robot, vou
would have €0 entér a value for that movement.

i et~

In order to accurately determine how far to mvoa a
particular motor on the robot, vou would have to determine
how manu motor stepg are egual to one motor revolution,
and then how far one motor revolution will actually move
the i~chbaot. I¥ vou had moved the robot base 300 motor
steps and you then wanted to move it back to where it was,
yvou would need to enter a value of —-300 foar the motor
steps. '

This is the way all of the axes on the robot work in
this program. The advantage of this type of program over
a program like the FEYROARD FOVES is that yvou can
determine exactly how far to move each axis,

10O, Load the instructions for this program by
tirst typing in a 1, at the Main Menu, to get the
Instructions Menu and then a 2 which indicates vou
want instructions for the MOVE ALL JOINTS program.
FRaad all of the instructions for this program
carefully: there should be ten scresns in all.

________ 1. After reading the instructions for the FOVE
Al JOINTS program, press X twice to get back to the
Main Menuw.

120 Mow select option #2Z to RUN the program and
HE again to load the operations screen of the MOVE
ALL JOINTS progeam.

13, You should now see the MIOVE AL JOINTS

prrogram operations screen, Figure 4.7,

P
i



! MOTDOR STERS
G MAOTOR STEFS
BASE STERS
SHOULDER STEFS

ELEOW STEFS
HAND UF/DOWN
FINGER ROTATE
FINGER 0/C

FORMAT I8 (+/-) O.....2000 STEFS
TYPE X TG EXIT
Figure 4.7

Do not enter any values or concern yourself with
motars H and G at this time.

14, What vou would do now is enter a valus next
to the axis which vou wanted to move. fAfter typing
in this value, you can enter it and move to the next
axise by pressing the return key. After entering the
lagt value, press return again, and the robot will
move through the moves you just programmed. and then
stop, until vouw enter more wvalues. In this prcgram,
the robot moves in relation to its last ending
position, meaning that there is no fixed home
poasition.

ke Type X and press return twice; this will
bring you back to the Main Menw again.

TEACH PROGRAM

The next program we will be discussing is the TEACH
program. The TEACH program will enable yvou to do quite a
it mors with the robot than either of the other two
programs we have discussed. In this orogram. you will

have to set a Home position. You will alsoc be able Lo
crEate a program, save thatlt program, modify ar make

additions to it, and fhen yrun 1t.

In the TEACH program, thers are four separate modes
availabhle. They are:

i. Create A Move Seguence
2. Modify A Move Sequence
e Save A Move Sequence



4, Fun A Move Sequences,

A7 This time when vou zee the rnames of the

pirograms, choose #3 for the TEACH program.

18. When vou hnave finiszshed reading inztructions,
exit back to the main menu and then select the RUN
FROBRAM OFTION (#32)

(3 N I

This will bring you to the screen which

laooks like Figuwe 4.4, Tvpe in the number I for
TEACH program, and press return.

o 20.  The scr=en should now look like Figure 4.8.
Type in the number 1, for Create A Move Sequence, and

prass rekturn.

0 YOU WANT TO

1...CREATE A MOVE SEQUENMCE
Z2...MODIFY A MOVE SECQUENCE
e BAVE A MOVE SEGCUENCE

« o RURN A MOVE SEQUENCE

YOUR CHOICE (1-4
TYFE X TO EXIT
Figure 4.8

I+ you notice, the onerations screen for the Create A
Move Sequence is identical to that of the EKEYBOARD MOVES
Drmqr M. It also ovperates in the zame fashion, except for
FOMme minor additiansu In this program vou will make a
gmri@ﬁ of moves, callad a zeguences. Upon antearing wour
last move of tne seguence, yvou will have to type the
letter A to save the zeqguencsa Then a prompt will ask vou
i wvouw would Iike to gro qram-anuther sequence of moves or
staop ("More mnoves Y/M") .

Mow:  Fespond with M for Mo and vouw will return to
bhe main menu (Figure 4.2). Choose option #4 to RUN
A SecusncH.

R 5 R Tirn the controll FOWER switch ON. Lzave
the MOTOR switch QFF, Frass the RESET kev on tha
computer, type RUM, and press RETURN. You need to do

this in arder to use this portion of the program. If
vou were actually using this program, the controller



would nave already been on, so thiz step would nmot
Mave besn NeEcessary.

220 Mow press a few of the kevs. Nothing will

happen ta the robot because it is tuwrned off.
However , the computer and controller ares remembering
vOUr antries,

e ®E. Press the A key and you should get a prompt
which reads as shown below. Type in N and press
return.

MORE MOVES {Y/N)

This is how a sequence is @ntered. Now that would be
only one sequence. I¥ vou wanted another, you would have
neaded to type in a ¥ for Yesz, more maves. Then vou
could just keep entering more and more moves until you
have completed your program.

24 Type in the number 2 for Modify & Move
Bequence (as shaown in Figure 4.9%9) and press retuwn.

1...MOBIFY A SEQUENCE NOW ON DISK
2. . MODIFY THE CURRENT SECUENMCE ONLY
TYFE (X) TO EXIT
YOUR CHOICE (1-2)
Figure 4.9

—_—__ 23, he first choice would be used to modify a
sequence of moves that you have already storad on
disk. The second choice would be used to modify a
sequence which vou just created. For example, let us
say that vou really did enter some noves in the
nravious step. You would want the second choice,
because that sequence has not bgen ztored on a disk
vet, Tvpe X to exit.

_26. Tvpe in the number . for Save & Move
Segquencsa. The screen shouwld rmow lock like Figura
4,10,

£ =
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Loa.BavE WITH & SEQUEMCE NOW OM LISK

v

E G

Za.cBAVE WITH

i.l

CURRENT SECUEMNC

—m e o
I 7 Ak

" ITET T
Ui lea H

el
—r

TO

(W

s

YOUR CHOICE? (1-2)
Figqure 4.10

The first choice would be used i+ wvou had a program
stored on a disk. and vou wanted to add another program
onto it. hiz is different from modifyving in that when
you modify, vouw can change the moves you have, but vau
cannot add any. With this selzction, you can add an
entiraely separate program onto one that vou previously
saved. The zecond choice is used to save a seguence of
moves that yvouw have jusht created. As an added saftety
precaution, you should always save your prodiram as sSoon as
vou finish creating it. This gives you a copy on disk,
which vou can always refer to. I+ vou do not save right
away, thsrs is always the possiblity that yvouw might
acclidently eraze it or lose it from the computer memory.

_27. Tvpe X to exit, and then type the nunber 4
to enter the Run A Move Sequence, as shown in Figurea

.11,
Lo RUN A& SEQUENCE NOW ON DISE
2. RUN THE CURRENT SEQUENMCE OMLY
TYFE (X)) TO EXIT
YOUR CHOICKET (1-2)
Figure 4.11

Again vou have two choices. Choice nunber 1 would be
to run & move sequence which you previously stored on a
dislk, and would naow like Lo run. (I+ vou followed the
suguestion previously mentioned, this should be vour
choice.) Remember to alwa WS Save a seguence bhefora wou
try to run it. I+ vouw trigd to run one bhefors cvimg o it
the computsr would muan it perftectly, but only onces
then that seqguence would be automatically purged and lost
foraver. Cholce number 2 would be used 1§ you just
wanted to run the program onoe. This selection would mun
it, then purge it from the computer memary.

28.  Type X and press return three times to get

back to the Main Menu.

46



XYZ FROGRAM

For the next program the contorller must be tuwrned
On.  RBE VERY CAREFUL TO FCOLLOW DIRECTIONS. DO NOT FREES
ANMY KEYSE OR ENTER ANY VALUES WHICH ARE NOT LLISTED IN THIE
FORTION OF THE LAB. D[DOING SO MAY CAUSE DAMAGE TO THE
ROBQT. The XYZ praogram is designed such that it allows
the robot teo be positioned anvwhers in a coordinate system
based on XYZ coordinates. This is in referenca to an
imaginary zero point on the robot where the three
coordinates axes meet (Figurs 4.12). As in the IMOVE ALL
JOINTS program, all positional entries are made in
numerical values. The base or wrist movement, the
shoulder movement, and the elbow are all recorded in
millimeters. This means that if you wanted the waist to
move a pradetermined distance, vou would have to measure
that distance in millimeters and anter the value far that
coordinate. A

+Z

P

e

r/’

KIS POINT 0

+X
+Y

-7

Y

Flgure 4.12 Cartesian Coordinate Diagram

The hand movement and gripper revolution ars
measured in degrees. For example, if you wanted the
gripper to revolve one guartsr of a fturn, yvou wounld have
to enter a value of 70 degrezes. The gripper opening and
closing action is measured in motor steps. This 135 ©Lhe
zame value ussd in the TEACH pragram.

The XYZ program uses the same four operation modes as

the teach progam, although with some minor differences.
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fdgain thesze modes ared

i Create A Move Sequences
2. HModify A Move Seguencea

e Save A Move Sequence
4, Run A& Move Zeaguence

differances as we go through this

f'ﬂ

We will cover thes
2 T AM .

The advantages of being able to program iy &
coordinate system are guite signiff Ficant. It is aentirely
possible to lay out on the cumputcr the exact path you
want the robot to follow, simply by making measuw-ameniis in
millimeters and determining certain angles in degreas.

The robot would not even have oy ba present. AS wWas
mentioned earlier, this is extremely helpful because an
antire assembly line could be designed and tested at the
computer terminal before buving any equipment. The
savings pssible with this type of programming check system
are extremely attractive to most industries

29, Type 1! for instructions and then 4 to
indicate you want instructions for the XY¥YZI program.
Read all of the instructions

__WMTQ. Type X to exit the instruction screen and
then a 2 to run programs.

=, Since we arz discusszing Yhe XVI program, vou
Wwill want to tvpe in a 4, which will load ohe
program.

52 This screen display should be identical to

! i o

the screen display which you encountered in Figurs
4.8. Type in the number 1 and press retuwn to enter
the Create A Move Zequencea

Once yow enter the Create mode, tihe robot will move
into a HARDWARE HOME position. This will be discussaed in
morFe detail in & later lab, but basically a M ROWARE HDME
im a pre—-set position of the waiz=t., shoulder, and slbhow
@z, Whenever vouw enter the Ureate mode, the robot will
Mome ibseld.

=TT, The screen on the computar should now look

like Figuwrs 4.135. @ cursor showld aliso be “lhnﬁ.ﬁg
across from the 1 coordinate. meaning it is waiting
for an entiy. I+ vou were programming the robot, v
would enter a value for X and press returnu oo oWNaT
ENTER ANY VALUES. Fressing return baoth enters the
value and moves the cursor down to the next
coordinate. After studving the screen and the

2
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diagram, type in X o exit hhis node.
X =350
Y
Z
HAMD ROT {C=—-3&0)

NG ROT (=360
(

arc Q=150

I
-
=
()]

TYFE (X) TO EXIT
Fligure 4. 13

B Now let us take a look at the modify portion
0f this program. Type in 2 and press retuwn, for
Modify A Move Sequence. The robot should again go
through its HARDWARE MHOME routine. Youw should sees
the same two choices that you encountered in the
madify portiocn of the TEACH program.

The modify mode will enable you to make changes in a
program vou have just desigmed, o one that is alraady on
digk. What the computer does when you indicate that vl
want to modify is to rum the robot move by nave,
displaying the value for that move, and giving vou the
oppartunity to change itk. Values are changed the same wav

hey are entaered. Youw just type over the old value and
press raturn to enter the new value. The modi+fy mode als
offers you the opportunity to add two programs together.
Mis is called “"Apoending". We will cover this portisn of
the program in more depth in a later lab.

_ A5, Fress X to exit modify and then press 3 to
entar the Save mode.

The SAVE mode operates in the same manner as in the
TEACH program. Remember it is always a goond idea to save
a8 s0on as vou finish creating a file. This will help vou
avoid the possibility of losing a valuable program. It i=s
also & good idea to use a simple, easily remembered name
when creating a file in the SAVE mode. For axample, vou
might usze the First three laetters in YOUr name oF vour
initials.

» I6. Fress the X key and return to exit the ZAVE
mode.  Then tyvpe in 4 and return to enter the SJUN
mode.,

-~

The RUN mode in the XYZ program operates identical
Lo the RUM mode in the TEACH prsgram. Rgain, if you an
the RUN mode befors you save the program, you will lose
that program after the computer runs it once.

3
K4

il
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~ A7 . Youw may now remave the lab disk from the
disk drive and turn the computer and controllier off.

When vou have finished this lab, he zurs to store the
disk properly and turn all the eguipment OFF.

REFERENCES:

Fundamentals of Robotics: Theory and Applications.,
Chapter 2, "Operating Robots" {(pp. 29-50) and Chapter I,
"Aff-Line Programming” (Introduction anly).
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INSTRUCTOR

questions may have moras thamn one

correct response. Circle all Correct answers.,

1. OFff-Line Programming is only possible with which
of the following pProgramss

a. KEYBOARD MOVES
b. MOVE ALL JOINTS
=5 TEACH program
d. XYZ program

2. With the MOVE ALL JOINTS program, it is possible

Aw Create a move sequence
B Modify a move sRqUence
C. Save a move saguence
d.  All of the above

@. None of the above

3. How many Keys are used to cperate the robot when
using KEYBOARD MOVES Program?

Ra 12
bh. 10
C. 1=
d. 11

4. The T and 3 kavs an the computer operate what
aras of the robat in the EEYBOARD MOVES program?

A Waist or base,

. Elbow

C. Shoul der

de  Grioper Favolution

3. In the MOVE ALL JOINTS prrogram, all entries aras
made in units of:s

A inches.
b.  PMotor Steps.



Coa Millimetaers.
d. Degrees.

& If vou are at the Main Menuw and vou want to
load the MOVE ALL JOINTS proogram, how many commands
do you have to give the computer?

(=™ =
b. 2
c. 4
d. 1
7. T F In the TEACH program, it is not necessary to

identify a Home position.

8. List the fouw modes used to operate the TEACH
progeam.

9. In which of the fouwr modes do you actually
pragramn the robeot?

o Command mode.
. Run mode.

C. Create mode.
d. Modify mode.

10. What should vou do after creating a program?

11, In the XYZ program, all entries are made in
units of:

R Millimetars

b Centimeters

c. Degreaes
d. HMotor =z=teps

ap
W
1

bRt

fX]

Zo T F When is using orogram such as the
rogeam, it not possiblae fto design a program
or the robot without having the robot prasent.

a I+ vou enter the Run mode directiv afier
creating & program, what will happen atter the robot
completes the sgguence?



: ! 4 Y e de FIRE =l gy YRS
ame given Lo the Home positiocn in the XYI

soEltilan.
o Lware home.,
oooncme,

o Hardware home.

il 4

13, T ¥ In the Modify mode of the XYI program, you
FLN Y OLT pEOgeam.
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RUMNING THE REYEDARD FHMOVEES FROGRAM
IMTROZUCTION

Tha RBhino XR Serizs robot has five separate icints
axas (plus q.xmu”") which are capabla of maving
independently of each other. Im this particular activit
wol o will bﬁaam@ mora familiar with the different parts o
the robot and learn to identify which motor iz rezponsib
For each movament. Youw will alse learn Lo operate the
KEYEOARD MOVES program of the Lab Disk; this designates
speci fic kevs on the computer kavboard to operatzs sach o
the zix robot motors. The HEYEROARD FMOVES prmaram i3
structuwrad s the operator can mnre hoth short and
continuous moves with the robot, to any of itz possible
locations.
OQRJECTIVES

When you finish this lab activity, vou will be able
ta

1. Identify a&ll five axes and gripper of the Rhine

AR Beriss robot.

o Describe the function of each of the six motors

o the rabob.

. Operate the KEYBOARD FMOVES program.
LIST OF EQUIPMENT
1. Rhino XR Series robot and controller.
Z. Apple Iie computer system.
Jwo Mhing Lab Disk for apple Ilie.
A Thirze two inch (S0.8 nm) sguarz wocden blocks,
b One szheet of notebook paper.
EELATED IMFORMATION

Whether you arz using industrial robots or
sducational robots, there are specific operating

procedures which vou must be followed. The uvperation

+



robots must be shtudied carefully and mastered before vou
Will Fully understand how to uze tham, Al though al
robots are different, once YGU have gained a basic
understanding of the operation of one, learning to use the
wthaers will be much s1mpler.,

e

The Rhino is constructed so that when ARy one axis is
moved, it does not change the relative orientation of the
parts connected to it. Thiszs means the XR is A
"articulated" arm. For example if the shoulder is moved
with' the gripper in a vertical position, the gripper will
travel along at an equidistance from the shoulder axis and
always remain vertical.



FROCEDURE

In the ftirst part of this lab, vou will Iocad the disk.
ter steps, vou will operate the program.

______ 1o Load the Lab Disk, which vour instructor

will provide for youw, into the disk drive. KEYBOARD
MOVES is one of the RMHINDO FROBRAMS.

. 2 The computer will aszk if you want to change
some values., Fress the N key and then the RETURN
ey,

“a The next prompt to appear will be:
FRESS R OR F UMTIL THE TWO BASE HOALVES LINEZ UF

Zven though you are not vet familiar with the components
of the Rhino AR, press either one of the above kaevys,
located on the computer keyboard, and vou will see the
bagse portion of the Rhino XR move. Continue to press one
or the other hkey, until the two halves of the base are
suare with each other.

4, You will then usze the following prompt at the

botton of the screen.,
TYRE X TO EXIT

Fress the X key. You do not have to press the RETURN
kev.

—o« The screen will now digplay the Main Menu.
Fress the 1 key and then the RETURN key to get the
Instructions menu.

_____ &, The screen will now show the Instructions
menu.  You want the first choice, for KEYEJOARD MOVES.

ot e  The screen will now display instructions for
using the EEYBOARD MUOVES program. Read these
instructions carefully and proceed to the next zat
of instructions by oressing any key except B or X.
There are ten sets of instructions in all.

irmng the insgtructions vou will be
back at the Instructions menu.
7 Enter ¥ to exit the Instructionz= menu and

7 u

raturn to the Main Menu.

) 1000 You now want to run the HKEYROARD MOVES
program so pick the second choice, f+or Run Frograms.

T



il Since wa ars wantin

MOVES, twvpe in the number 1

12, You are now in the HEYSBOARD HMOVES srogram.
The rest of thae procedurses in this Lab will be

concerned strictly with the operation of the robot

itselt.

Figure 3.1 is a piecture of the computer keyboard.
The highlighted kevs are the ones that operate thea robot
i the KEYBOARD MOVEES program.

Figure 3.1 Computer Revboard

=7
e
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S Frrass latter- O on the kevboard. He wiou
car see. this k Sperates t%a coening ot the
gripper of the robot. The gripper is controlled bv
motor A

R Fress letter L on the kevboard of the
computer. As youw can see, this key operates the

£

closing action of the gripper. Motice this closing
action is also controlled by mnotor A This ooening
amd closing of the gripper iz Jbtalncd by running DC
currant through the motor firet in one direction to
apen, and than in the other direction to cloze the
QL PPEr

The ogening and closing of the gripper is not

considered to be a raobot "awis“. The next five robhot
moveaments discussed are considersd o be axes and will be
identified as such.

e AT Next press the 1 kev on the computar. This
Lﬂv rotates the gripper in a clockwise direction.
Fressing the K key will rotate the gripper in a
counter clockwise direction. Motor B is responsible
for this movement, gripper rotation.

_l&e Fress the U key to move the robot’'s

hand in an upward direction. By pressing the J key,
You can move it in the downward direction. Motor C
iz responsible for this movement, the wrist flex.

_____ 17. By pressing the Y key, you can move kthe
forearm of the robot in an upward direction. It can
be moved in a downward direction by pressing the H
key. This iz the 2lbow axiz and is moved by motor D.

18y The T key controls the E motor, which moves
the shoulder joint in an upward direction. The G key
moves it in a downward diraction. Thi= axis is also
cajlad the bicep axis.

llmd bv the R and ¥ kevs which move

1
: 1, A gy o - - N U T
Letth, ﬂﬁmuctlve;yu Motar F controls this

th last of the aves iz the waist axis. It
t

Mow make a chart whi
with motor A, and identifi
3t and | joint.

e



Mow that vou have a basic understanding of how to
operate the KEYROAORD MOVES program, we will use the
program o move somse blocks around.

e 2le Tape a piece of notebook paper in front of

the robol. Now line wup the tihree wooden blocks in a

raw about six inches in front of the robot and brace

around theam.

ez Using the FEYBOARD MOVEESE program, stack the

blocks one on top of the other off to one zide.

2X. Now unstack the blocks and retuwn them to

their aoriginal location.

REFEREMIES:

Fundamentals of Robotics: "ﬂgors and fApnlications,
2, "Operating Robots", pp. S2-59.

Chapter



MAME

DATE

CLASYH

INSTRUCTOR

GUESTIONS

1. What is the mame of the program you used to move
the robot?

g When yvou read the instructions for the HEYRBOARD
MOVES program, what is the command to move om to the
next set of ingtructions?

e What motor on the robot iz responsible for the
movemnent of the shoulder?

4. Which motor opens and closes the gripper?

9. T F The opening and closing of the gripper is
considered to be an axis.

& Mow many motors are there on the Rhino XR robot?

7. How is it possible for motor C to move the wrist
in both an upward and a downward direction?

8. How many different axes does the Rhino XR have?

&1
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Two major aspects of
First and foaremost is
machines; they do no
for people. Warnming ¢
means pnossible %hmuld

robotic work area.

The second safe
This may seem a 1ittle

& machine s safety?
represents a majar

@AITMLNG MOre noney,
Mores impactantly than

critical role +he

procoss, I+ the re

manufactwing procs
these concarns the

product and the expenses
you can guickly understand th

Robot zafety

robots like the Rhlmo systaem
vary unhapoy

robots., You will

5 v and mais
laast exciting topica
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30 inches par second,
or robotic safely principles,
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Lo THINK

et
f
==
H

B

et iniursd. The most important rule of a
BEFORE aCTInG.

In this lab yvou wiil read thirough some safety
suggestions (Rules) and then Lawv out the wark anve
the Rhino robot svstemn. You will also learn some about
robotic maintencence by adjusting the R arm.

,.d
G
(w]}
P

ARJECTIVES

When vou complete this 1ab activity, vou will be able

ﬂ_
c

1. List several (at least +ive) satety precavtions
that need to be followed when working with the Rhino
XR Beries robotic svestem.

2. Demonstrate good safety practices while wWor liing
with the Rhino XR Seriss robotic system.

e lay out the aperating area of a robot system.
4. Adiust sach of the axes of the robot to the proper
position.

LIST OF EQUIFMENT
fpple Ile computer system.

Rhino XR Series robot amd controller.

set of Allen wrenches (tool kit).

Three pieces of Papar approximately X7 x Z°(.%14m X
«?14m) .,

~e

Fazlt tipoped marker,

RELATED INFORMATION

L]
Robots never aperate in isolation. They ars used in
canjuwrction witk Lonveyors, machining cenmtars, and
&l1l either kinds of @quipment. Because of this systemn complexity,
the zafety concerns maust take into consideration the aparatiocn of
AlL the machines that interact. with the robot. not just the

The Rhino robot syetem simulates the industrial



systans by having addibtional mohor
for use wilh accessories

the roftary carousel and the conveayor Lo
Lar to simulate a workcel satety concaerne,
tha total arsza of the workcall must be considered az off
iimites to any unauthorize i

o

u]
e’
[ie
o
a]
0]

It iz a standard industrial practice to have fances
around workcells. These usually have zsafety interlocks
that disconnect the paower when ANYONE enters. HMaintenance
peoplae usually have lock out tags on power panels. These
ge warn other pecples not to tuwn the power on Decauss
somecna iz working on equipment and that would be
darngerous to the repalirmen.

i

A owell designed workcell will have safety sensors
irmdicating that the product is properly placed and ready
to be handled by the robot. I+ the parts are mnot aligned,
and could damage the robot or fixtures, then the process
will automatically shut down and mall bthe attention of the
maintenance people.

The following suggestions for safe operation af the
Rhino system are listed to help vou focus on specific
ideas that will protect vou and the robots.

Robot Safelby FPrecautions

1. Al though the Rhino is relatively small in
size. it is verv stong and fast.  You must respscth

its power and guickness.

2. FHeap the robobt work area free of debris and all
foreign obiects. Everyvthing that is not part of a
lab actiwvity or workcell should be removed.

Se Make swe the robot is in good operating
condition at &ll times. Report any unusual sounds,

smoka, heat, or damaged components to vowr instiructor
immediately.

S Ba aware that it is possibls for the robot to
OVE LINEY iPLuLd1“ any time it is operating.

Unpradicted movemenrnt can be caused by the control
oirogram, human ercar. or system malfunction.

A
D
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. Do . @misi ) !
CGﬁJJﬁWHi’ of bthe Rhino system
caily authorized o do s
= Frotective devices must be
place befors yvou aperate the Rhi

7. Observe edbtrame care when oo
dizconnecting electrical plugs
~obot system.  ALWAYE turn all

changing any electrical comnect

the eguipment +rom being damage
8. If for anmy reason the roboth
an amerdency stop can be mada by

razat Dutton on the front of th

an, o adiust
i lomes ol A
o by ycur instructor.
connectad and in
ino systam.
nnecting or
and componants of bthe
nowear OFF before
fons. This will keep

ol

goes ouwt of control,
pushing the red

2 controllar.

?. Maver exceed the maximum lifting capacity of

the rabot which is I pounds (Z2.27 kilograms!.

1. Do not stick vour fingers DW other items liksa

clothing, pens, or pencils into the workings of the

robot. It is desigoed to be op2n so tnat Yo  can

see what ie going on.

1i. Do not perform any maintaenance on the robot

wntil yvou have received adthorization Lo do so from

vour instructor.

12, Do not leave your robot unattended while it is

oparating.

13, Turn the robot system off before cleaning the

robot or worlk area.

14. Bhut off power to the robot system when you

leave the work area and at the end of vour class.

i ¥ vou do not know the proper prceduras +or &

particular lab activity, ask yvour instructor for

assistance.

These satety ideas are suggested for stariters. ST
ol worl with the ~shots and youw bEhink of gthesr ideas. be
zwre o mention them to vour instructor.



FROCEDURE

You

second activiity involves making sewv

This lab haszs two major activitis Maes
lay ocut the safa=ty lir foar o a single
zaveral adiustments to the

the

cams and gears of the robot.

SAFETY ACTIVITIES

]

1. Flace a large sheet of paper (at least 37 by

Lhe

A or cardboard wnder bthe robok and outline
work area with a marker. To dao this vou will need to
have the Rhino robot and controller with the Apple
computer all connected and rzady to operate. Locate
the robot in the center of the table with the paper
between the table and the robot. Use the HEYEBOARD
MOVES program to extend the robot arm into fully
horizorntal positicon. Slowly move the Rhino through a
260 degree motion and use the marker to scribe a

I inches larger than the actual rzach of the

a line around the base of the robot
Figure é&.1

circle
Fobot. Mlso draw
to indicate exactly where it is placed.
shows the lavout of bthe safety line.

Figuwre 4.1 FRobot Safety Line



“n Label this paper SINBLE ROEQT SAFETY LINES.

T Remove the paper and store it away where
you can wse it for any labs that have vou set up
3ingle robot Lo do some worl.

fix

— A Draw similar outlines for a complete
workeell. Do this by placing the rotary carousel and
conveyar on a new piece of paper along with the robot
system. Flace the tablie and conveyor s=o you

cowld move a part from the conveyor to the table

with the robot. Use the EEYBOARD MOVES program

to take the robot through the potantial moves.

To make the carousel and conveyor operats, plug them
into slots G and M of the controller.

T When vou have finished making the outlines,
label the paper WORKCELL SAFETY LINES, and then
store it for later use.

MAINTENANMCE ACTIVITIES

In the following exercisze vou will have yvou maka four
adjustments on the robot. Your ~abot should be properly
adjiusted before vou start, zo in each case vou will loosen
& Ssorew, move the alement to see how it would move whan
looge and then ratuwn it to the original condition.

Set screws that are adjiusted with allen wrenches are
uzed in the construction of the Rhino robot. Allen
wirenches do not have the sizes printed on them so you must
look at the screw and then by trial and arror, select the
PropeEr wWreench. Allen wrenches are six sided pisces of
nardensd steel that arsa usually bent in an ‘L shape. Thies
shape gives you the leverage to twist the wrench with vour
fingers.

Selacting the proper allen wranch is very important
You have the right one when the wrenct Zi
Lato the zoraw. & loose fit will sirig

if i
the sebt screw and also be didficult o use.

n
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he hand.
@ zystem a++ and then remove the
caplas from the controller.
Pt
R Lol

e
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L on
motors
Led the

a table in fromt of vou
alre closest Lo vou
"hack" 3

of the robot).
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Figure 4.% shows the back
of the allen wrenches

to

gt the robot and how
adiust

YOI
the axis.

Figure 6.2
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Adjusting an Axis
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fhe four  adjustments  vow are to make can all be
eazily accomplished with the robolt in this pozition.

1. The first adiustment is to the htension cam for the
hand "zluteh™ cable. Notice the blue cable that connects
the hand to a set of gears at the elbow. The cam in the
middle of the forearm controls how tightly the blus cable
i gtretched.

2. The three large meptors (C, D, and E) at the back of
the robot drive the shoulder, elbow and wristh. here are

twe motors on the left and one on the right side af the
robot. The right motor (D motor) drives the gear train up
the right side of the robot to move the forearm.

J. Wrist motion is caused by the gears and chains located
on the left side of the robot that ars closest to the
center of the machine. These wrist gears are driven by
the top left motor (C motor).

4. The bhottom left motor (E motor) powers the shoulder motion.

2. Move each of the axes of the robaot by
rotating the encoder wheels that are on the ends of
the motors. These disks interrupt a light beam

s the controller can count locations to know

exactly where each axis is located. The emcodar
wheels are sometimes called "optical choppers”
because they are ‘chopping’ the light beam. Move
@ach disk 4 or 3 rotations to view the motion of each

Al B

N (T Hold the forearm of the robot with one
hand and the hand of the robot with vouwr othew
hand.

1i. Rotate the hand of the robot and notice

fow hard vou have to push and puil.

2. Select the allen wrench that fits the set

Boraw an bhe cable tansion cam. LLoosen thae cam;

O
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when move the hand again nocicing the ancunt of
=

che cam wn

BT
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aura reeded. Fimal

I

iginal position.

il id the bar across the bDack o
with one hand and tioy to move the uppsar ausm and
the forearm of the robot with @ othar hand.
DON'T USE TOO MUCH FORCE. YOU SHOULD NOT BE ABILE

-! ot b et b
TO MOVE THE ARM F&RTS.

. " " omy e
Trie iSnon

LT U

14 Loosan the set screw that connects the
dirive gear to the motor shaft on the right hand motaor

(U motor that drives forwsarm). Carefully move the
%mraarw and notice that the motor doee not turn.

Mave the arm back and $forth three or- four tines to
see that the arm moves while the motor does not. MNow
tighten the set screw and check that yvou again cannot
move it using reasonable presszure.

R T Repeat step 14 for the two lett hand motors.
(C and E). Be careful to not apply excessive force!

Make sure that all the set screws that vou loosensed
are tignht bhefore vou guit. Do not tighten the screws s
muech that other people will not be able to loosen them,
not a test of vow strength! In normal operation,
st zcrews tend tao work loose. Therefore. you will
o check all the screws on the Rhino routingly so as
0 achiave the best repsatabiliby possible.

-k






NEAME

DATE

(0]

CLASS

INETRUCTOR

RUEETIONS

Flease answer the following questions to demonstrata
vour mastery of the material inm this lab.

1. What is the lifting capacity of the Rhino?

2. T F Robot safety is just as important
with the Rhino Robot as it is with an
industrial robot.

S0 List five specific safety precautions
that need to be followed while working with
the Rhino robotic system.

4.  Why would you want Lo provide zafety
measuraes to protect a robot?

e What twvpe of system is usually used to
keep people away from an operating robot?

o

7
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LABORATOR V7

ACVE Al

INMIRG THE

FROGRAM

INTRODUCTICN

Thers are several differaznt waves of programming the
Fhino R robot. Teach pendant Progranming is one ;&thmd
amd will be discussed in a later lab activity. Computer
Pprogramming is & more versatils method. Compuker Hrugramg
can simulate different types of robot operations. PFMOVE
ALL JOINTS is a program available with the Rhino Lab Disk.

allows
a gpecitic

This program
robots motors

BEJECTIVES

the operator to move all of the
rmumber of

Rhinea
sheps.

When vou complete this lab activity, you will bBe able
Lo
1. Determine the number of motor zteps
reguired to move the robot to a
specific pozition.
2. Operate the MOVE AlLL JOINTS D ogram.
LIST OF EQUIFMENT
i. Rhino XR Series robot and controllear
2o Apple Ile computer system
i« Rhino Lab Disk for Apple Ile.
4. Three Z inch (30.8 mm) squars wooden blocks.
. A sheet of notebook paper.
RELATED INFORMATIGCN
Tha Rhino AR Serise robot usas optically encodaed DI
s@rvo motors to move its joints and achieve fecdbach.
Feedback allows a system to indicate the current position
t ihes moving parts. This current position can alwavs be
compared to the target pozition to see if the diffarsnce
is rerag. Whern the differsnce is zara, the targel position

Nas been reached.

Optical encoders are the

feedback system used on the

il o

rhino



erncodars tell how far sach motor nas novead
~tion the motors are rotating. Each optical
of btwo light emititing diodss, LwWo
and an encoder whael .
The light emitting diocdes provide a light sowce which
is detected by the phohtotranmsistors. The ancodar wheel
is a disk on the end of the motor that has six sets of

siots {(on the wheels thait ars dused on the large motors: or
two sets of slots (on the wheels that are used on the
small A and B motors? cut in it nesar the edge. The
phototransistor senses when the light beam is interupitsd
by the wheel, The slots are off-set making it possible to
count in binpary; 9,1,2,2%. Each number representsz on step
of the motor. The controller can tell the direction each
motor is moving by the way the numbers change.
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- I is wery imporitant to realize when
operating the MOVEDS &Ll JOINTE program that the
mow“menls of the robot arg all relative o where
he robot was located when the data was entarad.
Thus, ths HAME position of the robot must be
defined and the data entered in accordance to
thie HOME pozition. For Lh;a 1 ain aLh'v1tv. the
Rhino XR robot will be locatasd in the vertical
position, shown in Figure 7.1.

4. Use the HKEYBOARD MOVES program to move the

'
-

oot inta the vertical position. Then =xit the
LEYBOARD MOVES program.

e Se Exit the Frograms menuw by pressing X and
then RETURN. The Main menu will now be displaved
on the computer screen. Type 1 and press
RETURN, for Instructions ‘

& Next the Instructions menu will be
Eain ]

diﬁplay@d on the computer screen. Type 2 for
MOVE ALL JOINTS and press RETURN,

7. The screen will now display ingtructions
for using the MOVE ALL JOINTS orogram. Read
these instructions carefully and proceed to the
naext set of instructions by pressing any key
axcapt B or X. Thers are ten sets of
instructions in all.

By After reading the last set of
instructions, again press any key. This will
bring vouw back to the Instructions menu. Type X
and press RETURN to go back to the Main merau.

7. The computer scraen will now display the
Main menu. Type in the number 2 for Run Programs
and press RETURN.

_____ 10, The computer screen will display the
Frograms menu for edecution. Type 2 for MOVE ALL
JOINTE and press RETURK, This will allow vou to
enter the operating phase of the MOVE Al JOINTS
PEOGE am.

~
o



dramen wWiili o display The

HoMOTOR 8T
3 MOTOR STEF
BASE ST
SHOULDER  STEFS
BOW STEFS

HAMND LiF s
FINGEP =0
INGER /0

FURMAT IS (+/=3 G..2000 STERS

TYRFE (X)) TO EXIT

L2 T operate this program, vyou must enter
a valug or press RETURN and the curszor will move
down to the next line. After the last value has
peen entsred and you press RETURN, the motors
will mach move their respective number of steps.

135, In thiz lab activity, yvou will mot hbe
nsing the H or O motors. To indicate this, pgress
the RETURN key twice.

A The blinking cuwrsor should now be on line
Lhree, BRase Steps. Enter the value &670.

Fress the RETURN key until the cursor disappears.
After a brief delay, the robot base will rotate

P dagreses in the counterclockwise direction.
RETURM to lime three as before. dow enter the
value of —&70 and press RETURN as done

pravionsly, ﬁ%ter a brief delav, the robot base

rEchlcn.

will rotate 90 degrees in the clockwiszse
The robot Enuuld Mow be back to its vertical HOME
position Mow reverss the values and observe bthe

rEsLL TS,



ijd‘.ll]r "Lll_l

St al)

d\— —jl

e robotl

RETURMN kew until the Dlinking
wly] i five, Elbow Steps. Enter the
D £ TFRET palye = o 5 s ey e g H S ey o
Vad ue o SOl Fl - Ll"(-.:.‘ RETURN loe i untii the

blinking cuwsor disappears. After a brief delav,
the robot elbow will move 20 degrees backward.

Mow ertar the value of ~730: this will reaturn the
robot to the HOME position.

17. Press the RETURM key until the blinmbking
wrEor is on line six, Hand Up/Down. Enter the
valug of 800, Press the RETURM key witil the
Ly cursor dizappears.  The robot kand will
move 0 degrees backward. Return the robot to
the HOME position by entering the value of ~800.

@

«  lLocate the blinking cursor on line seven,
Firnger Rotate. Enter the values 0. PFress
the RETURN kaey until the blinking cursor
o nears. The robot gripper will rotate
70 d“] eu% in the counterclockwize divrection.
Enter the value —-280 and robobt gripper will
rotate ?O degress i the clockwise direction.

1%, l.ocate the blinking curscr om line eight,
ger 9/C. Enter the wvalue 0. Siress Lhe
RETURN ey until the biinking curszor disappears.
The robot fingers will close. Enter the value
=50 and the robot fingers will open to their
ariginal positian.
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MEME .

DATE

CLABS

INSTRUCTOR

CIUESTIONS

Answer the following questions to demonstrate that
vou have mastered the MOVE ALL JOINTS program.

1. Which of the following are menu driven software
programs that operate the Rhino XR robot?

&, The teach pendant
B MOVE ALL JOINTS
¢. Your host computer
d. KEYROARD MAVES

2. What type of motors are used on the Rhino XR
robet?

3. T F The Rhino XR's motors can rotate in only one
directiaon.

4. How many motors can be operated with the MOVE ALL
JOINTS program?

g
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IMTRODUCTION
In industry there may be many robots on one azsembly
line. The actions of all of rabots can be

controlled by one computer. This is made possiole by the
ract that computers are capable of exchanging larges
amounts of information and can process information

wary gquickly.

Industries are now working on development of
factories that are completely controlled hy computers.
Thiz is called Computer Integrated Manuwfacturing., or CIM,
Due to this and sother developments, it is important
to be able to program & robot entirely from the kevhoard
aof a computer. Thizs lab develops the ideas and
techniques of programming a robot from a computer
terminal , through discussion and operation of the Rhino

TEACh program.
ORJECTIVES

When vouw fimish this lab activity, vou will be able

Lis

vplain the importance of defining a HOME

pasition for the robot.
Z. Operate the TEACH program.

Ge Write a program for the Rhino AR Seriss robot.

" Store the program for the Rhino XR Series robot
on oa disk.
] Modify the program which vouw stored on the disi.

b

Se Run hihe program that vou weite.

LIST OF EQUIRPMENT

. L TR S, 3 Lo JYFURI. 4 . .-, P i ) e [Py 1

i Fivino XA Series robot and controller.
o2 \ - i Tfe o o e an s semb oo

S HMOPLE L Lle Compucar WS TTEM .

T . I . [ P | & U S B o

D Fhino Lab Disk for spple lie.
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STED IMNFORMATION

avi by ovow will be La

TEACH program. The ; thie
the ooerator to —each blie rabot & sesgusnce
Ly thaose Btana_ save the orogram, and «wn
=, the TEACH program has fouwr majicr

' £

L= i
Dar sy the create mode , thﬂ mG-L‘V mode, tne save node,
and the run nmods. A short axplanation of =ach is given
el owe

Mode 1, CREATE A MOVE SEQUENCE, displavs the zame
menu as the KEYRBOARD MOVES program. Im thiz mode, the
keyboard of the computer iz used as a means of
manipulating the Rhino iR robot. Thiz will be the stage
of the program where vou will put the Rhino (R thirough a
aﬁquﬂnLﬂ of nmowves and have the computer remembsr them by
pressing the A ey on the computsr kevboard.

1ode 2, MODIFY A MOVE SECUENCE, iz used to =ithar
modify or change the program you just creatad in mode ona.
This is not done by actually repositicning the robot, b
rather by changing numerical values which reprasent muto
revolutions for each anes.

Mode T, SAVE A MOVE SERUEMCE, is use save the
saqguence vouw designed in mods one, It ally a gctr
idea to skip mode 2, modify a saguenca, atter vou
have saved vouwr program. You can always go back and

modify atter vouw have saved, but there iz a chance that iF
vau dorn 't save right away, vou might lose vouwr grogram.

Mode 4, RUN A MOVE SERUENCE, iz uzed to rum the
program which you designed. saved, and modified in the
pravious thres modes.

Before vou start moving the Rhino XR through a desired
sequence of moves, it will be necessary bto de “1unatu A
HOMEE ﬂumltimnz There are bwo different tvoes o HOME

[EYak:y g e is oa HARDMARE HOME, the other 13 a Z0FTHARE
HOME . ically & HOME position is & predetermined

zach ot the robots axes.

e R DHAME
roboth

e ohanoged:
sl tion far

=
[
i

rubut L osmbhiwon Lo

The SOFTWARE HOME §= be changed by the



FHEme

P

b=

¢

of

SR

¢

.
i

L0 @Al

¢

Mt

-

mounted




A5
[

Sy

i
i

(5
L

=2

- g
\d




4t a HOME position, 1t wld not be sossibls to
“obot o go through amy sequencs of moves mor:
Yol manually repositiconed the robot
arting or HIOME position.  For axample,

unless
that aSxact same 5
iet’s say vou wanted a robot to pick up a part which wa
assing on a conveyor and put it in a2 box. Without a

P [
designated HOME position, the robot would do this job
perfectly once. But &5 ZOON A= it let go of the part it

deposited in the box, it would try to start the exact same
3rmgr@m 1t just ran, $rom & different starting position.
Obviously the robot would be way off when it went Lo reach
for that second block on the conveyor. This is the reas
for having to designate a HOME position, to enable the

robot to repeat itsels.
In this activity, it will be vour job to designate a

HOME pogition for the robot, by actually marking on the
robot the position of each axis when you start.

a9



[l it anl sl e R ol ey
FROCEDURE

Em . vzt wiil learn bto wse
packags w i mnablea Yt o progeam the Rhino 2R
oot Frmm thes \QW‘L*LF kavhoard. Thiz program will have
vl #@nter the numizer uf a‘ 2E vou want aacn metor o mowve

and then record the moves into a program to be run again
latar. You will also became learn to set a HOME position
to which the robot can retuwrn.

Tow Tuwrn Lhe 2R contirollser on. Load the LLabh Disk

into the computer disk drive.

2. Call wp the TEACH program.

s The following prompt will appear:

CHANGE THESE VALUES? (Y/K)
Tyme in N and prese the RETURM kev.
4 The next prompt to appear will be:
FRESS R OR F UNTIE THIE TWO B2ASE HALVES LINHE UP

Sfter lining up the base halves of the Rhing %R, preass ths

¥ Misg will brimg vouw to the Main menu. Tvne
I and preess RETURN, 2o gelt INSTRUCTIONS. Mow tvpe
T oand press RETURN again.

B The screen will now display ingtructions far
wsing the TEACh program. Fead these instructions
carefully and proceed to the next set of
instructions by pressing any key exceot B or X.
There are ten sets of instructions in all.

Gfter reading the last sat of instructiocns,
@ss any kev, which will bring vou back to hthe
soreen display as vouw sncounteared in step 5.

vae X oand prases the RETURN kev, This
Dack to the MAIN menu.

irothe number 2, which will gives vouw a
ograms avallable.

_if Since we will only be conceraed with
Jrogram, tvpe in the numbesr I oand presz bhe
Tha display which is in front of vou should

choices.
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this program, position the robeodf as
SMI0WN L0 I

Figure 8.3
oy e 4 A

position.

Fhino XR Series Robotic Arm,

G



u
i

4 -
i

e

et e Now exilt the HEVRBORAD MOVEE program arnd oet
Dack ey the TEACH agram, at the | e wou
wara at SBhep 190 of t procedu-s,. This shouwld be the

screan displaving the fouwr mode choices.

Se Type in the number 1 and press RETURN +for
CREATE A MAVE SERQUENMCE. You will now zee thm
zame scraen yvou encountsred in the KEYROARD MOVES
[~ QI AN .

14. &t the bottom of the computer scrzen, you
will see the prompt:

TYFE (A TO ENTER HMOVE

Typa in the letter A. By tyvping in A4, vou tell the
robot that this iz the first au;11¢o| wou want to
enter. This is not a HOME position, but rather a
firat location the robot should return to in order to
complete a loaop of moves

at. the bottom of the computer scrzen
the following crompt:

MORE MOVES (VAN

Type in Y and press the RETURN, which means vou want

to entar more moves.

18. MNow type in key R fifteen times. This will

move the base to the right fifteen steps of the

mohor. Do this with letters T,YV.0 and I.

t saguence of mnoves, S0
tter & Lo enter tham. and
M, o tell the computa

1%, This was vaur fir
iobhe 1d

VOl must
then the

vl wonld like to

&
e TR
angd RETUR

=10 YRy 4= -
bl g NGW Y5

¥ mst now byvpe wn bthe Lattsr & agsin ©
the second ssguencs oOf nOVes. fds tdmne
JH%thd of typing in ¥, tyvpe in M and RETURN, which
indicates ta the computer that this was also your

Lo



: You will rmow want Yo save the program wou
Cwﬁatﬁﬂg 50 type 10 bthe numbar 3 oand press

which will put you in the ZAVE & MOVE

23 The computer screen should now display two

mare prompitsi

o SAVE WITH A& SECUENCE NOW OM DISC.
SAVE WITH THE CURRENT SEGUERNCE QRLY

g o

Since we just want to save the cuwrrent sequence, type

e

in the number 2.
24,  The next prompt to appear will read:

SAVE TO YOUR FILE OR SYS FILE? (Y/N)
You will be saving this proagram on the system filg,
o the disk that is now in the disk drive. So type
i the lesttsr 8 and RETURM.

i The compubtsr prompt will now read:

YOUR FILE?T

It iz asking vou Lo designate a name +far the file wvouw
amEm saving. Type in a name, of no more than thrase
lettars (usually the firsht thrae letters of vour name
iz the sasiest to remember) and prass the RETURN hkey.
It vou choose the 5Y3 File ophtiaon (2) as in Skep 24
but do not designate a name for the file, yvouwr file
will be overwritten the next time vou save to 3Y5

file.

_______ 2. Thizs will again bring vouw back to the four
mode choices. Type in the number 4 and press
AETURM to access the RUN A FMOVE SEQUENCE.

27 Twa mor: proampts Wwill now appear:

CEONGW ON DISE
SERUENCE ObMLY

-,

Since wa Just Tinishaed e
disk, the only correct =] guestion
wouid bhe numoaer 1 and preses the TEY .

28, Youw will again be confronted with the



PDImQmp T

READ YOUR FILE OR SYE FILED (¥Y/8:
mE owas stated sarlisr since you storsd this program
on the lab disk, vowr answer would be 3. Twpe in
Z and press the RETURN kev.
e The computer will now ask for vowr il
rame . Tvpc in yvouwr file name and again press the
RETURN kav.

_____ 0.

prroampts

The computer i
vl want the r
five times:
ke .

=
the compu
mode choi
R EgE Em

t y

The computer will row come up with the

REFETITION FACTOR?
s asking vou to indicate how many times do
obot to repeat the program. Lets start with

‘pe in the number 3, and press the RETURRM

After the robot has completsed the program,
ter screen will again RETURN to the four

RETURN kay

s

should re

1.

ces. Mow we are golng to modify this
Fraess the number 2 key, and then press the
The prompts that are now on the scroen

a

ads

MODIFY A SECQUENMCE NOW OM DISE

2. MODIFY THE CURRENT SEQUENCE DMLY
fAgain, since we storad the program on the master
disk, the only correct choice would be number 1, so
tyma in the number 1, and press the RETURN kewv.
e EE. You must again press the 5 key and than
raturn, indicating to the computsr to rzad off the
master disk.
e Fd. Entar youwr file name and oress RETURRN. Thea
modifving sequence is done net by repositioning the
Rnino ¥Rk with fthe keyvboard cemmands, bhut rather by
changing & nunerical value for zach robot motor.
This numerical value corrssponds with the mumber of
motor rotations. Ir wvou folicwed this procedure
caretully, the computer screen should now look 1ike
Figure 8,2,

SEGQUEMNCE #1



DO

Figure 5.2 Screen Disolay
.......... S8.  Upon pressing the RETURMN key in step 24, the
rabot will move into its Ffirst seguence. O0Ff course
the first sequence was actually just a starting
position, 0 the reobot will not make any movements.
On this same screen vou will also see the following
prompt:

MODIFY THIS HWMOVE? (Y/h

voe in the letter M and press RETURM, to indicate

i

T
that you do not want fto modifv this seguence of

Ad. After pressing the ARETURN kav, the rabot will
move inta the ssccnd =seguence of moves. Yoy will
again e LunF"antﬂd with tha mod1+v pra mpEt. Tiis

cime vouw will bwps FURM to indicate
that vou would like to mod: Fy Lrl saguenca

B

—_ A7 The cuwrsar will now move to the tonp
calumn, across from ths letter H. Fresszs the
ey wntil the cuwrsor iz across from the lette
The valus for F shouwld be +022%. You aren 't going to
change the numerical value but rather just change the + or
=~ value, which denotes a positive robot direction or

a negative robot direction. S0 in front of the F

salue on the screen type -0225, and oress the

RETURMN ey which wi poth anter Lhat value and

1
acdvance vou to the next position. Do this for the

5

ramaining valuss through B. Refer to Figure S,

#1  SBEQUENCE #2

NEZE #1
IMAL

5] i [ Y ST TS 16

& J & +3{300

:_ :" o -,'_-.Hr_—

s i

2 o ;
C i :

B +0R25 B 0225 B 0229 2 +0O22E

8 #0000 A Q000 A 0000 2 +00C00

A=)



After wou have nodified seguence #1, as
., press thea nufbﬂh ey fhe scraen

will mow display ssquence #2.

ing the same pgroceduwwra, now modify

o
=

. alsa shown in Figurs 5.

S, Y

-l
I’

saguence #

=

=]
=
e

&0, Sfter meoditving the last value 1 sequenca
#2, press the RETURN key. The caomputer will row ask:

SAVE THIS SEWUERNCE (Y/N)
Typa in Y, and press RETURN.

41. The computar will now ask:

SAVE TO YOUR OR SYS FILE? (Y/S)

o

Type in S.
A2 Enter your file name and press RETURMN.

You have just completed the modifving sequence.

What vyou have done by changing the plus and minus
values is to reverse the order in which the Rhino %R
will run its moves. Instesad of leaning backwards and
Lhan righting iteeld, the Rhino ¥R will rnow lean
forwards and then right itselq.

A, Get into the rmun mode and run the Rhino %R

through its new program.

A4 Place a sheet of notebook paper
approdimately twelve inches in front of the robot.
Flace another pieca of paper approximately twalv
inches to the right of the first. Tape both pieces
of paper to the table securely.

_________ 435, Mow place a 1 inch sguare block in the
middle of the first sheet of paper and trace around
i obthis location as .

Trace a sscond lecation on the other shset

i
or paper and mark it az location E.

P2

AT ing the HEYBOARD MOVES pragram,

i 1
tely locate the Rhino R in between the two

1uursx:mm

seats of [REY )

A8 NMow using the TEACH orogram, crzate a
segquence such that the Rhino XR will pick up the
block from location A, move it to leocation B, and

-
-



and =

than raturn 1t to 1z original zstarting position.
M. Bave this program wasing the filename OME.
. e r Direate & new arogeram which will have the

robot move the block from location B ack to
location A and then position itself back i
starting location.

S30. Onca both of these programs work to yvour

£ theae, by using choice
AVE WITH A SEQUENCE NMOW
EMD. The XR arm should

satisfaction, join the ftwo o
one in the save mode. L. =
ON DISKE. HName this new file
now do the following.

A. Fick up the block at location A.

B. Move it to location EBE.

C. FRetwnn it to the starting position.

L. Fick it up at location R.

E. Return it to location A.

Fo Then go back to its original starting position
top.

1. After vou have this mnew program operaving
satisfactorily, enter the modify mode and +
numerical value of sach oFf the axes in Table 1.
EMECES:

maentals of Robotics: Theogry and Applications, Chapher

REFER
Funde
S, "O

RHino

ff-line programming,” pp 148138,

Software manual {(documentation for RASF 1.0).

oo

acord the



IMETRUCTOR

GUESTIONS

1. What is theé purpoze of defining a HOME position
for a robot?

o List two different methods used for
defining a HOME position for a robot.

v The programs you used in this lab
activity ware:

a. TEACH MOVES
b, KEYROARD MOVES
c.  TEACH FROGRAM

o Al MOVES
A low many commands were necessary to enter

a movae when in the create mode, and what
were the commands vou used?

i

3 Mow many mode selactions are in the TEACH program
and what areg they called?

& In what mode did vou define the starting
location for the Rhing XR7

~
~id
'3
~it



I@guencE of movies that vou
)

@d whilch ades on the Rhino K

ook T
8. in mode 2 (SAVE A MDVE SE FLLN,hP when it
Was necassary to bvpe in thelshs o, what

was the PLrrpose of this command

i

F. MWhat is the first thing vou should do

atter creating a file (if vou plan to use that f.

in the fubure)?

-
Lol

1O, When in the modifty mode, yvou ware able to change

he program vou created by:

1t. The mummrical values which were displaved in
2, reprasentaed:

Ha The number of times the motors tuwrned on
and off.

5 n The number of times yvou pressed the kevs
N the camputer for each motor.

c. The distance in degrees which the robot
axes traveled.

d. The number of steps the robot motors
meved .,

12, Why was it necessary to give a filename
when in mode X, 3OVE & MOVE SEQUENCE?

100

meode



L ABORATORY

WEING THE COMPUTER &8 & TEACH FENDANT: RASFE 2.0
m

S0

zoftware

The RASF (Rhino/Apple Softwara Frogram) .
is essentially & program which allows the comouter o be
uzad as a teach pendarnt. Thig software allows Lthe user &
pragram movements of the robot, using certain keys on the
kevhoard instead of the teach pendant kevs, and

comput e

edit, save, and run these pragrams.

BJE

0 CTIVES

vou wWill be able

When yvou Ffinish this lab,

1. Identify and correctly use the 16
and the I move distance keys on th
tevboard.

2. Control the
ueing RASFR .0,

3. DPevelop and edit programs {for the
rabot svsetem.

1G1

to:

2y

move |k

@ computer

movement of the Rhino XR robot

-
It

Rhino X

-

w)

if
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1a Hhino ZF HBerisz robot and controlisr
= Aople Ile comoutsr svstem.

o Riino Lab Disk for Apple ils.

2y Twe one-inch (25,4 mm blocks).

RELATED INFORMATION

In this lab, vou will learn now to operate bthe Rh
rabat while in the FLAY node using L2 of the 165 move ke
and the I move distamnce keys of RASPE IZ.0. The move ke

ara those 146 keys on the upper left hand side of the
kavhoard., The 12 move keys yvou will use are the

following:

MOT O DIRECTION FEY

F {(waist) Countar clockwise 7
Clochwise u

E (shouldear) Forward &
Backwalr:c b

D (elbowd Up (+ 5

Y
Down (-3 T

Tolwrist) U 4

B {wrist! Clockwise =
Counterclockwi ze E

a (ivand) [JDPH =
lozed i

In part of this lab activity, yvou will be operat
the robot while in the PLAY modae. Thi

alicws vouw to move any axis motor an bhe robot without
FAVITIG MOV

Fallow all instructions cea 1
Take care not to lose conbtro
by taking vow fingers off the

th@ movemant of the eobot.

hroughouwt this
of the robot.
[

kaye, YOuw Can

The second part of the lab will have you learn Lo
pragram the robot and then edit the programs vou have
developed. The programming instructions include:

102
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the comouter to go inco tne
Hhe noves will bDe raecorded as
a softtware home for all sight axes
f
Ia MV Hey - Enters the poszitions of the motors to
record a move. The robot may be moved about but none of
the movaes will be remembsred until the V key is nrassed.
4. S Key - Sends the robot back to the software home
¥

position that

caraefully

in a manner that might touch parts

satup.

was set with the
gince the robot may return to the home position

X key. Use this key

of a complex eqguipment

. A KHey - Enters a delay of about 1.5 seconds.
Laonger delays can be entersd by antaring the delay key
several times.

H. D - When the program is done, press the D
boeayy . This vary important since it signals the computer
that the program is ended. This command i3 =asy to faorget
since you only use it once per progeam.

Y. F Key - This havy causes the robot zmyestem to RUN
the progran vou have developed. The pragram «will run
Wntil you prass any key; then it will stop at the snd of
the current ocvele.

8. J Key - Causes the robot +to go to the hard home

Lhe
the

Posi tion. This returns
to positions defined by
microswitches.

itiq

The md ng commancds w

The commands include:
1. & way - Press this

) f') \. ‘{
that ,auc;@
Dk oFev ~ Maves vou
diz=plaved.
A by - 4 e 4 - g ey o o - 4=
PUTER Ed '..lﬁw Lirocess 13
it, a motor wvalus i displas

the first position. Only t

active and can be changed.

thiree major ases of the rcobot

paositions of the three

1

ith this S e

i

D ogr am Ery

kay to enter the editing mode.
dvances vou to the next mobor
Back to the last mobtor thalt was
masy Dhetauze when vyou enter
vad athar the raobot nmoves Lo

he motor displaved will be
S5 mot values are displaved,

o
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. i iioment
s Face, Flace robot in mhe
Hlacse the LUﬂL.G“lEF Bahind ot

side and the mputeEr on the
2. As in Labk 2. connegct the robot motor cablas

to mokor parts 8-F of the

LY Iingert the interface card vou are using, Aas
in lab 2 and place the pin connector through an
gpening in the back of the computer.

4., Set the BAUD rate on vour interface card to

PEO0. he switches shouwld be set according to the
diagram in labh 2. Thiszs will not be necessary if vou

1ave the Rhino Com Language Card.

o Take one end of the RE-ZZ2C cable and

connect it to the pin conmector that sticks out of

the back of the computer. Flug the other end of the
AE-2350 cable into the Rhino XR controllﬁr in the

lowar left hand side labeled RE-ZIZC COMTROLLER.
Flug the controller power cord intc & 113 VYAC
arnd twen on the 2 power switches. Check the

mIN FOWER light which indicates the wunit iz

= B Imzert the l_ab Lisk intoc the dis

Sk
vou conputer and turn on both the computer and the
momi Lor .

.. B. The selection vou need is the RASF Z.0. Once

viorl select this, vou will also need to specify tha

interface card you are using and then adjust the

Rhinon R =20 the base is aligned. When vouw have

complated these steps vouw will be in the RASFE I.0

DFOCE AM.
w

Fon

sol-aesn on youwe monitor should now raad:

;1

{ e



times as
the RASF

I At

camputer
computer.

praviously stored
vour worl.

,,,,,,, 12,

d]aplwy
reads

I'H

“EL

MOTOR

the

RHINO ROBOTS
FaSPE VERBION =
PU

MATM FME

ClizaR MEMORY
LOAD A& FILE
SAYE A FILE
HELP SCREEN
RESUME FROG
EWMD FROGRAM

£ = L B3 e

o

YOUR SHOICE? (1--&) =3

The information on the screen is the

menu. You will return fo the Main menu
vau learn how to run the Rhino XR robot wi

I.0 software progeam.
To begin, first press the 1 key on the
kavboard which will claar the memory of
This prevents any pogsibility that
information will

number 4 which will

sTiraen

Mest ,
HEILLF

press choloe
SCREERN. e

BCREEN

ARCDEFGH

+ KEY 23456789

- KEY WERTYUIO

MaOToOR 8T
_{_ O¢
LG

1 STERS

- 57‘.-5

STEFSG=L

€3] L P S " -

HOME
SET HOME=X
G0 HOME=S
HARD HOME=J

TEACH NGEE =017

X=5ET HOME B=8TART EDIT
Cthﬁrh MODE N=REXT MOTOR
V=ERNTEZR MOVE H=LasT HMOTOR

D=END TEASCH

F=RUN

13,

Me=DELAY

LTSNS
a1

ARY T CONTINUE

FREES

At the top of the HELF SCREEN,

1G&

interf=2re with

should now

vou will

RASH
Marny
th

e
-

e



whict contral whioch motors.

S, and T ocan bhe used Lo

poslbive 4+ direction
oyt cr &mEE 00
negalivae () i

oniyv e woriing with & mote

MV &

—— 4. To practice moving these six mobor:
cobot in both pozitive and negative directi
press any kev on the compuater kevboard as i

orn the HELF SCREEN. Thiz will take you back

Mairn ment.

1%.  Enter choice rnumber 3 on the keyboard,

RESUME FROG.

L& Motice at the top of the screen, the third
line from the top reads FMAIN PROGRAM. Youw are now
in the part of the menu called RESUME FROGRAM, which
allows vou to move the roboct. To move the robot,
efer to the middle of the screen for motor hevy
informatiaon.

17. Fress the number 2 key, which should close

tihe gripper on the robob. Metice bthat the axizs moved

ly & certain distance. By pressing the number 2

10

)

2y, bhe computer told the robot to move the grip
STEDS . This number is buwilt into the RASBF 3.0
rogram, but can be changed to either a higher or

owe numbse,

=

18, MNow press the W key to open the gripper.
Motice that yvou ars naow moving the oripper in a
negabtive direction' Comtinue to presz the W key
until vou open the gripper completely. WHEN YOU
REACH THE MAXIMUM QFENING, THEM STOF' CONTINUING TO
FRESS THE KEY COULD DAMAGE THE ROROT.

1

— 1w Mow practice rotating the gripper wsing
Ioamd E keys. Motice the direction they move (either
e Tae rotate the gripper in a continuous
manner, simply Hold down eigher the o B ey,

1 =

using the 4

»  hNow practioce soving the welsi
and B keve. fgain, notloce the positive and negative

divrection novements,

wtice moving the =zliow of the robolt wsing
by . ;-
ok YiEa

________ 22 Fractice moving the shouwlder of the robot

ing the & and the Y kevs.

o







L
!

have

t e

= riiE Motice tha lefi sortion of
which is labeled mowe disz
By prms

Mave DEEN WorEing

B ile in mode, vou
i o move stmps
mewing (PR - R

movie distances. emember the move

digtance kevs: L, E, and ,.
e ; v ot raturn o vou to the Main
menu. Mow press number 5 to get you into RESUME

......... =7 Before maving tha robot, first press the
comma kay which will tell the computer tao move the
robot &t its minimum move distance. This move
distance cam be used to move the robot in order to

make fine and precise movements.

‘‘‘‘‘‘‘ 28, HMow that yvou have moved all of the axes at

the minimum distance, press the L key s0 you can move
the rabot at the madimum move distance. Remember, if
you forget which key bto-press in order to change the
move distance, you can retuwn to the HELP Screen for

instructions.

) =9, Now practice moving each axis in both
dirsctions. Raemember Lo wse the information in the
middle of the screen concerning which kevs to use.

s the kevs only once. LARGE MOVEMENTS COULD MAakE
ROBOT RUN INMTO ITSELF 4AND CAUSE DaMAGE.

I0. 0 Mow that vou have moved sach axi
Lhe different move diztances., press the
Lhe move distance to 10 steps.

2 1in each
B kew and

(

Sopirogram,

Mow that vou are familis- with the RASPE =
will use it to do the following activity., You will
the robot pick up a block and stack it on another,
rRturn bo Soft HOME and then unstack the blocks

putting the ocne where it was originally.



papar to L
LWz wooden
and the other 2o the i

“.Tﬁﬁ..

L oy

'ﬁund Lhe blocks to mark theis

: Using what vou just learned, pics
—koon the right and pia“e it on the bloo

3 loe =
leftt. Use the larger move distances Lo make lmru
t o b

g2 =mall moves.

moves and the smalle T3 Mne

23, Dend the robot to Soft HOME.

4. Mow put the block back whers it was.

This concludes the activity to move the robot. The
rnext ztep is to l2arn to develop a progran on the robot.
Frogramming the robot is a very easy process 1 vou follow
the corrsect seguence of steps.

Foullow the next seguence sxactly ur ymu are very
skillful with the programming of stem. OJnoe
vol are skillful, vou may want to ey mcdi%yinq somea of
the steps.

it n
o
ﬁ
]
G
[}
L
=
It
s
m

] t
position. Then orisent the wr*st and i
that iz sasy to reme

‘wes J - Thiz sends the robobt to the HARD HOME
e ) ooEi ki

vartically and the Fing ripper oarallal
o the sides of the hand.

2. Fress T -~ This has the computer enter the LEARN
mocde .

F. Fresz X - This sets the software home at the same
position as the hardware home plus defines the position of
the wist and hand.

4. Frass V - This enters the softwars home as the
moave of the oroagramn. MNow move the robot to all the
ferant pmﬁition& v wish to program. For yvour 1
Frogeam o two, only enter thirze ok four positions. You
may nake as many mnoves of the arm as vou want but th
= 4111 ramember the oocints whers vou praszsed

=

f]




devel op

S oas vowr last move of Uthe program. This
obhot bhacl: to the saftware %mme e sure to
i
i

ban ny e =y B [ IS = .oy
e ropot i1s back Lo the softwars home.

rf"i

& Pruﬁg D - Thiz ends the program. Ee swe to not

S Fress Foto see Lhe program run.
e rEi1 1 e Pl b AV 2o B SrE e CHesvymions Y
___________ il a ML LW Tihe above Heduance U4 deveiop &

programn bhat has the robot move to three or four

pasitions that are al lgast six inches form the table

orF any cther obsztacles. Once this program is
pvaloped, run 1t again to make swre 1t does what

vou axpect.

e BA. Bave this program on yvow disk by pressing
B to lesave the programming made armd than by oressing
J to select the SAVE A FILE program. This step will
azk for a filename. Make up a name for this oragram
and enter ity then presse retuwrn.  The disk will
Engage and youw fil2 will be saved on the disk.

....... = Mow press 1 oon bthe MATN MENU. This clsars
tha memary of the program vou have jusht develaped.
Select 9 to Resune Frogramming. RMNow enter F to see
i%‘a program will run. The robot should do nothing
aralzae vor have erased bhe program form memory.
zB. Bo ko the MAIN MENU and then select 2 to
LOaD A FILE., When it aszks for the name of the file,
enter the name vou wsed & few minutes age. Once this
iz loaded, run it to make swre it is the =zame grogram
you developed earlier.

2%, Develop a orogram rmow that will pick up the
hlocks and stack them asz you did in the first part of

this lab. He suwre to save this program on vows disk.

Yol new Enaw Bow to move the robot around and how to
1
o

3
A DOOEram. The final sten iz Lo see how to adiit a

T AW



“As mentioned arliier, the DFOCESE 15 vary
BASY, Onca vou hava artared the editing nodea, dizplay
wWill zshow the D.EJ o e TR u$ Lhe mobtors 10 tha
Helz FL,E,D,C, B, R sequencs e 2ach motor value i3
digpiayad, vou can tnang that pozition by prassing the
appropriate eys on the computer. The N keyvy tabes yvou to
the next motor and the H kev causes the saguence to
rEVEr S, If vou move a mobtor, vou have zhanged its

position and therefore sdited the program.
o, Clear the memory of the computer and then
load the first program you develioped into the
computer. Now practice sditing the program by
changing one or two of the positicons.

You are now an official robot programmer-r. The fun of
robotice comes in developing programs that do interesting
activities. As yow progress through this manual, yvou will
be learning other ways of programming the robot and
will be able to do a greater variety of creative
things with the system.

REFERENCES:

Fundamentals of Robotics: Theory and Apolicgationg, Chapter

G. "fF~Line Frogramming.," pp 148-138.

Rhino Botftwars Manual (documenbation for RASE 5,00,
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CQUESTIONS

1. FHow many motors can tbe controllad

By RESF I.007

2. How many axes doegs the Rhinog iR have?

3. By pressing any move key once, vou
rabot ane increment of stepe at a time

carn move the
" What could

vou do to move a robot axis in one continuous

movement?

a. fFress the E key

b. Fress the Control hkey

ce Press the REFEAT key and the move
e  Hold down the move key

4. What is meant by move distance?

S What is the 100 step move distance
for?

Lets
1

=

most usedial



S Whern

using the RASFE .0 softwars

the choices listed below provide vou
information in terms of what keys to
move distance information, etc?

a. MAIN
b,  MAIN
c.  HELF
d. MHELF
7 Whert

MENU
FROGRAM
MEMNLU
SCREEN

using the RASF 3.0 software

the choices listed below provide vou
control of the robot using the kevboard?

a. MAIN
b. MAIN
. HELF
d. HELF

MENU
FROGRAM
MENL
SCREEN

digk, which of
with
prass, mohaor

digk, which of
with actual

8. Which set of keys listed below will causea all six
axes (including gripper) of the robot to move in a

positive

(+) direction?

a. WERTYU
bo 2X4367
c.  BOFGEHJ
tl.  XCVENM
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L TORY 10
LUEITNG THE TEADH FENTAENT

Teach pendants are very uwzeful teols for grogramming
robots. & teach annanL is a graogramming device. senarats
from the robot ' s computer, which enables the umcqrammer to

lead the robot through d1+.er@nt moves at specific

routines

Teach pdndavtﬂ offar many advantages. First of all,
withe a teach pendant, an operator can control a robok
without having any knowlege of a formal pragramming
language. For example, maintenancs and repair personnel
can conduct extensive btests of robot motion without having
formal programming skills. Also, since the pendant
computer is transparent to the user, students can be
introduced to robot systems without discussing the
computaer that is part of the teach sendant stem.  Unlike
robotic control languages, all teach pendants are similar
and usually wse a readily underztond pictorial language
that can be masterad within a short time.

Teach pendants wusuwally nave 2 pushbutton kevs for
zach axie independently in each direction with these kewvs.
In additiaon, the pendant contains programming keys, which
alliow the programmer to write, store, and 2dit orograms.
The iR Series teach pendant system, which
to closely emulate industrial teach pendants,
a 2 key, hand held pendant in an aluminum casze, a
nioraprocessor based computer card, a cable for connecting
ne teach pendant to the teach pendant computer, a
software diskette containing the SAVE/LOAD program (this
will be dizcuszed in Lab 12, and a manual. The compubs
fi

card that the heart of the fteach pendant
2@ nountad i in a combinatiom cabinet toge
the AR controller or in & separate controller.

o

ol laed By oa
2 W&
- —t i e g . oy
contieol 3G

N To e S el T
\\} LDWE COrTi

w1tH its 149 movas).



DA

_Agtrtctimnﬁg

e g es e e
SO VST EN

4 - . -
which wver

vimgd it helpful Lo consult Lthe Tzaoh

Fenc

will have =ither a version 2 (2
dant o & Marlk 111 teach pmndqnt.
yert e thega is that the HMark III teach
iew programming funcitions that allow full use
on the Maris III controller through the teach
pendant. FAlso, new commands have |

= T
o 2,3} teach pe
i Ffe

il
3
o
m“
ET“

been added s that all
kave except for the SHIFT serve multiple functions and new
lepl\V nNave been added to give the user incresased

2

faedbac The handheld pendants for the versions 2 and
Mar i llI are shown in figuwres 19.1la and 10.1h.

Thiz lab will take yvou through all of the steps
nEsessary to :

1

B e AR teach pendant. Yow will learn
(=]
Mo

ook w
all +five awves pDlus Criﬁp@r wsing the teach
il 12 will help you

FLAY mode.  Labhs
W teach pendant ski introducing vouw

anr Z20IT7T modems,

s
bt
—
[IH
w
<

When you finish this lab vouw will be sblsa to:

1. Hook up the XR robot, controller and teach

pendant corractly.

. ITdentidy and correctly use t
I

x he 14 MOVE kevs
arnd the 1, 19, and 1C0 PICYE DISTAMCE keys aon tihe

- (™ g Frovem ey T e e g [l S . o fonges T oy i e p—— Y o .
6 Control the Rhino “R Series robobt sclslv by
=

sBaCh pendant.

H
3]
i
iii
~+.
o
i
f'u

.  HOL L e B -y g s o, oo ma g ey e 7 poes, e
e aAmino iR Seriss chot and control lae.

2, Rhino teach pendant (FEL069 or FGOL49).

114



=i Two one-inch (2%5.4 mm) blocks.

The YR Series teach sendant has four modes of
gperation. Thesge arza FLAY, LEARN, EDIT, and RUN. In
FLAY, wyou man try out various motor moves and get a feel
for running a robot without recording any noves. In khe
mARM o mode, vouw can teach the robot a designated sequence
of moves. You can then wse the EDIT mode hto modify and

firne tune the segquence you have taught. You run the
taught sequence through ikts paces in the RUNM mode.

In this lab, you will learmn haw to operate the Rhino
R Series robolt in the FPLAY mode using the 1é& MOVE kevs
and the MOVE DISTAMCE kevs on the teach pendant. The MOVE
weys are those 14 kevs aon the righthand side of the
pandant which have arrows on them as shown in Figure 1C.1a
and 10.1b. Euplanation of the rmaining kevs is reserved
for later lab activities.

Throughout this lab activity, vou will be opgrating
the rabat in the PLAY mode. The PLAY mode is designated
by a F in the first position of the red LED readout on
vour pendant.

I+ wvou shbould loze control of the robot at any time
{eqg if vou send, the arm on a path where it is about to
crash into an object), you shouwld immediately press bthea
REEET button on the front of the controller and the robot
will stop. The newer svstems also have a RESET button on
the front of the teach pendant as well as on the robot
caontrallery in this casze, either button can be used to
REZSET the svstem. Resetting the svstem will allow vou to
ragain control of the robot and resume vour activity.
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; T ] I 1] E—
FWD '
{ucx T [ - l oy ;
. | srep | i —_ Idw | dme | WAIST
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Figure 10.1a Rhino Version I Teach Fendant

—
—
£a



Faendant

ITI Teach

Rhino Mark

= 10,1k

Figure
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T ace.

EI7 R E

ohot.

, 2. Az in lab I, nnect the robot moh cables

de pem e o g g oo gy ey T T ey e
Lo the controller.

Axes G and H can be used bto sontrol additional
zquipment. The keys for the § and H parts shouwld not be
prezssed while nothing is conmnected to the § and H parts,
since this can cause the rabot to lock up. {(On the Mark
II1l teach pendant, the pendant will simply inform thea
operatcr that the motor iz OFF or inactive.

_____ A You will now connect the hand held portion of

the taach pendant Lo your AR controller. However,

since this procedurs varies according to which
varsion controllar you have, vou will need to check

’

with vour teacher and consult vow XR Cuwner = Manual.

Marl II users (agsuming you have a combination wnit!
will need to mluq one =nd of the RS-222 C cable inte the
lot labeled CONTROLLER on the lower left hand side of the
contral lse. lngert the opposite end into the zlot
directly above, labelad RE-Z2TE2C a= shaown 1o Figurs 10.2a.
Mawt . connect the 25 pin ribbon cable to the bottom of the
sgach pendant. Insert the ocpoosite 2nd of the cable into
e slot labeled TEACH FENDANT on the conbtrollar or
Computer.

o o
| '-l !,"!

Mark IIl users f(azsuming you have a combimnation unit?
will simply need to connect the 25 pin wibbon cable to the
bottom of the teach pendant. Insert the opposite end of
the cable into the =z=lot labeled TEACH FENDAMT on the front

o+ the Mark III controllier. Then maks swa the mode

Wi toh i position for teach oendant

¢

120



f”HEHH=Cj

|"—" e

j MOTORSE (s POWERS

Figure 10,2 Rhino Mark 11 Controller with built—-in Teach

’_4-'-.—'~-\- i - -
Fendant Computsar

. Flug the controller powe cord into a 115V 4C
autlet. Thizs powsr sowce will power the controller,

teach pendant and robot. {(NOTE: I+ you have a
saparate teach pendant comtroller, vou will have an
additional power cord}.

[t Turn the MAIN FOWER switch on. Watch to see
that the power light is lit. This switch provides
power to the controllier, but not the robot.

ot Slight movements of the motors may be detected
the motors rearient bhemnselves., Such movement is

5. Tuirn the FMOTORS ar MOTCR FOWER mower switch
1l

o =
R
&

1

aoirmal . fhe robot now has power.

—i “ick wup the teach pendant and shudy it
“losely., A rad light showld be 1it in the upoer

right hand corner. The light indicates that the

oaendant has power.

8. Examine the 7 character LED dizplay. The

digplay should shaow the word DELAY; then a P should

121



tha

anpear in the lefthand position. This indicates T
the teach pendant iz in the FLAY miode ., The remaindsr
Gf this activity will be condurted with the pendant

in this mode.

T Examine the two right hand columns of bkevs
on the pendant as shown in Figure 10.1.a8 or 10.1b
(depending upon which version you are usingl?. To the
Fight of each pair of beys, you will see the name of
gach axis plus two unnamed azes, Each pair of keys
controls the movements of the axis which appears to
the right. Notice that each pair of keys containg
arrows which represent the corresponding movements of
the amnis.

e 120 Fress the left GRIF key and the gripper
should open. The word OFEN will appear in the
display. Fress the right GRIP key and the gripper
should close. The word CLOSE will appear and the
fingers will cloze all the WaY . ‘

e b Press the left WRIST ROTATE key and the
gripper should rotate clockwise. Fress the right
WRIST ROTATE key and the gripper should rotate
countarclochkwi se. Motice that the display starts
with FB 0000 then the numbers change as yau move the
axis. The F indicates that you are in the FLAY mode
and B indicates that YOu are moving the wrist rotate
#ig (B motor). The numbers indicate the numbar of
slots the encoder wheel for the axis you are moving
has rotated.

Continue to press the remaining MOVE kevs (for the
A-F motors onlv), noticing the direction of movement of
gach axis, the letter that designates each axis and the
count. You will then need to restart the progi-am.
Continue to move all S axes plus gripper until you are
confortable with operation the Rhino XR with the teach
pendant.

12. Fress the 1 key. This ic one of the MOVE
DISTANCE kevs. The 1 Mev is used for fine tuning
MOVES. Far instanca, it should bhe used anytime vou
are within an inch or two of your sickup or release
point. Now, press sach MOVE key once. Note the
distance treveled by esach axiz. The 1 key causes the
metors to turn one encoder position of the encoder
wheel sach time one of the 16 MOVE kavs is pressed.
Holding the MOVE kevs down activates and auto-repeat
function which continues the robot e motion in
increments of one encoder movement.

13. Press the 10 key. This iz another of the

S ——————

e
ate



{ : da [P — N — A I I I i I G R
i sctivates the avlho-repeat function

. n S | . - PR o
OF TEn enooder Dosltions.

default value for thi Whenewvar
tuirned on, the dizstan
u st at 10 antil t
Dy pressing @ither the 1 or tha
2 3 tmach pendantz only! keys.The num
cordingly.

k)
Q

_________ id. Fress the 100 hev. {Ugers of.version
earliaer teach p@ndanL anlyi. Repeat the same
procedurs as above. Note the distance traveled by
2ach axis. The 10C key causes the motarzs to twn
ang-hundrad encoder positions each time one of the ié
MOVE kevs is pressed. Here again, the auto-repeat
function iz activated when a kev is held down. The
L0 key is most useful for long moves.

NOTE: I+ vou use the 100 vou will need to be very
careful since 1t is muet @ to crash the robot in this

vau have had the opportunity to familiarize
the teach pendant and its opsration, vou

11 2 vou have learned to stack a block on anchther
block in The FLAY node.,

et G Tape & piliece of paper to the table in front
af the robotb. Flace the two wooden blocks on the
pap@ﬁ, one to the left, and the other to the right.
Trace around the blocks to mark their locations.

______ Using what you just learned, pick up the
block of the laft and place 1t on Luu of the
the right. Use the larger MOVE DISTANCE hkevs Lo make
long moves and the smallest to make small moves.

Lozl hack to its orig
sacond bhlock on tooe of bhe
L

to its originald

agiy and mpplications,
"

TEar H”ﬁ

RFhimo Teach Fendant Manual

e
Pl
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TEADH PENDANT ~ROGRAMMING

The abilitv to edit a orogram iz very impmr*an“ T o
situation

2 cient robobt opsratioo. Iri marey =t .
& prodgram may be written m'%"lin_" away from the operating
site. THmP the operator will bring ﬁﬁe progeram tao the
olant nor and maka {inai ad justments using & tzach
pendant" ather common example of teach pendant editing

D CUTS with & proagram that F‘LU1FES minor changes, dug Lo
a change of pick-up or delivery point. When that occurs
it is far more efficient to edit the program than to re-—
Wirite the entire program.

ORJECTIVES
When yvou +finish thisz lab, vou will be able to:

) Mateh each of the 22 kevse on the Rhino 1R Series
teach pendant to their corresct functions.

fony

2. Create a teach pendant program.

f_l

i Edit & teach pendant srogram.

LIST OF EQUIFMENT
1. Rhino XR Series robot and controllese.
Ze Rhino teach pendant (FEL10HY or FEOH4ATF) .

Ze Bheet of paper and pencil.

RELATED ITNFORMATIGM

i
H
o
=
)
i 3

in thi=s lab, vou wiill wuse both the LEARN and the
miades.

If vou are uging a Mark [II teach pendant, wvouw will
hava many mor2 functions at youwr ﬂ'ﬂuwsal than youw will ba
using in this lab. Once vou have completed Labs 10, 11,
and 12, yvou may want to parform additional lab exercises

-+

using thess additional teach pendant functions. User o




e

Lon keve 1S
then prassing rbh ke
ift key down.

Dlll

The EDIT mode Cannat be used unle

o e ErTE & Oroderam. I+ wou hawv
the BENTE i and push EDIT, the di;pl:y wi Ll
voaw that thers is no orogram in memory byv di
"modAth. Y Youw can enter the EDIT mode only from Lnﬁ
mode,

amd el

i Pl oy
i g - 1L

I
the teach pendant

Will want to di

VEm B L On VOou ame

EDIT - Pute the system into the EDIT modsz and

1
il

e@s the First instruction in the move boffer.
The EDRDIT mode oermi the altsration of learned motor
noves {and /70 with the Mark Il teach pendant and
controller). To entaer the EDIT mode, the robot
systam must be in the PLAY mode. WITH THE MAREK 111X

wihien the EDIT kev is pressed and the

t+irst move in the move zeqguencs,
3peﬁ im tEhe Jdispliav. WITH WVERBIOM Z
QOOa" Wi AD T E Al .,

Ao to the i meve Lnonw proyram
lay the value of the H motor. Jnce wiouw are
step, you can go to the indiwvidual axis by



ar older) or NEXT MOTOR (Mark
tve only in the EDIT mode and
_ = Pext motor in & move saguence. The
pGSlthﬁ ot =ach moter is displaved as wvou step
through th o

mawing the appropriate axis keys. 0Only the axis
baeing displaved will be active and can he chaxqed
WITH VERS 2 or older teach pendants, this key will
begin with the H motor and end with the A motor.

WITH THE ™MARE III teach pendant, the MEXT MOTOR kavy
will maove the EDITing function from the ﬂ motor to
the H motor. aAfter the M motor is addressed with the
Mark 111, the NEXT MOTOR key will move the EDITING
Function to the INFPUT, CUTRUT LEVEL, SUTFUT TOGELE,
AUXILIARY FORTS, DELAY, JUMF, and finally LABEL
tunction.  Thern if the NEXT MOTOR kev is pressed
again, the system will wrap around to the & motor.

,..
<,

1 - % 2

Ve sequences and can be changsd

%

e

|- -
T
4o

SHIFT/PREVIOUS MOTOR
ive only in the EDIT mode
and is uwused to o the previous motor in a
move ssquenca. WITH VERSION 2 or older teach
pendants, the order of the motors hegins with & and
pricls with M. WITH THE MaRk [1I teach pendant, the
motors are acuessed from H to A, After the A motor
zplay, the sysEtem wraps around to display the other
funchtions just liks the NEXT MOTOR key funmction does.

EACK (Varsion

(Maark ITIY — 7

SHIFT/FWD (Var
T

gion 2 or older) or INSERT FOVE (Marlk
ITI) —- This key i

15 atctive conly in the EDIT mode.

W 11; nressad, a move is inserted
immedl akte the lauh move that was executed.
e word o LID0 o "IMNBRT! (Verzion 2 ar
lder) wil : [ in the dispiay brieflv.
SHIFTS MOV
=
1

e
H
]
L

RUN = This key is active in the PLAY mode and is
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e Using masking tape, tape the rour corners
uf the pilece of ocaper to the table and place it about

& inches in front of the robaot.

"

_E. Take the p@nc'i and place 1t on the ﬁaper ir
fraont of the robot with the pencil peint Loward the
robot, shown in Figuwre 11.4.

______ 4. Using anocther pencil, trace a line around the
pencil that iz lving on the paper. This will mari
the location where the pencil should be each time
YOUr Fum yoLrr progran.

He Turn the switches on the controllse- OMN.

4. Uszing the teach pendant, put the robot in a

position similar to the one shown in Figure 11.3.

?e Fress the SHIFT and the G0 HOME (Yersion 2 or
older) or the SHIFT and GO HARD HOME (Mark II1I) k
at the same time. This will smend the robot to its

HARDWARE HOME.

e B Mow presg the SET HOME key (version 2 or
alder) or SHIFT/SET SOFT HOME (Mark III) to enter the
alight axie software home. In this case, the DOFTWARE
HOME will be the same as HARDWARE HOME. The word SET
version 2 or older) or SFLEEL (Mark II1) will appear
biriafly in the display as vou set S0FTWARE HIME.

“““““ ill enter the

EARN mode of the robot. In orde 0 make the
:DFTHHHE HCME vou just set the first location in vour
program, press the ENTER key.

?. Fress the LEARN key. This w
Rl

Y. Fress the BRIF key to fully open the grigpper
andg press the EMTER kev.

Lil. Fress the RICER FLEX (Version 2 or older) or

WILDER FLEX Mark III) and position the gripoer
autward until it iz over the pencil an abpout 15
inchas above hthe penoil. Praﬁﬁ the ERNTER bav.

,,,,,,,,,, 1E.  Press the ZLBOW Lo move bhe gripper
downward over the perncil = Stop abouwt & incnes
above the table and press the ENTER kev.

s Change the number of steps bhe motors move

oy pressing the | kav.

e Again press the BICER FLEX or SHOULDER FLEX



=1

move the
chn abowe

i TDDEr on

i7.  Fress the RICEP FLEX or SHOULDER FLE
and move the robot arm upward and stopn when the
arippear is half way between the paper and thae
stand., Fress the ENTER kev.

18, PFress the WRIST r-'-'EI]T(laTE kv to twn the
gripper 180 degrees in either direction. Fress the
ENTER kew.

19. Fress the BICEF FLEX or SHOULDER FLEX key to

move the pencil downward to within one inch of the
paper and stop. Fress the ENTER key.

i Change the motor stepns by prassing the 1

21, Fress the BICEF FLEX key to move *“he pencil

by .
e 2w Change the motor steps by prassing the 10O

230 Fress the GRIP key to open the gripoer and
dirop the pencil. PFress the ENTER kev

-,

whward wntil it touches the paper. Fress the EMTE]

24 Fress the GO MOME (Version 2 or older) or Go

SOFT HOME (Mark III) key. This will send the
robot La its original starting position, SOFTWARE
HOME. “ress the ENTER kev.

y S Fress tihe END kev. Thizs exits the LEARN

ﬂ"lfJ o,

The RUN kaey t
movemants. AR
uwence. stop the p
o older) or

o zaend the robot through
tar watching ch@ robot
rogram by pressing any

"

.

Lhe HALT ar END {(Mark

Now you are ready to enter the EDIT ™MODE in order to

T

Loeatall



1. e

the EDIT m
D00, The

EDIT mode.

) il
gntire editing process. Yo will rote that 1n EDIT,

Ll

2= L

ode.
latt
Thea

Lviby. vou wi

@ =
lat

1 wse The same 200ioment

place wouw in
now raade B
are now in the
throughout the

i

will see a display for every motor (and 170

command o Mar

=8 e

motor  (Mar
change in the second letter in the LED display. it

will

kb III) in every record.

255 the FWD (Version 2 or alder) cr MNEXT

b ITI

;o key once and you should notice a

now he either an H or a A, depending upon which

varsion teach pendant you are using. Continue

e

lat:

ar

B

e
ol der)

o .:I

ing the FWD or NEXT MOTOR key until the second
in the LED display reads a letter A (Varsicn 2

(Mark ITI1I). What yvou have done is to

prograss through the 8 axis motors.

Kl N

W press the BACK (Verszion Z or older) or

BHIFT/FREVIOUS
baclkwards
read the fowr digits to the right zide of the LED
Notice that each time vou step backwards

display.
using the BACH
digplay reads 0000 for gach motor. This indicates
the starting point for all eight axes of the robot.
t move any of the motors before pressing

Yo

didd no

ENTER the
D000,

i
™

firset

de
&

MATOR (Mark 111} key to progrs
within the same move. While doing

Ehils,

or SHIFT/FREVIQUS MOTOR kev, the LED

time 0 all 8 motors were set at

A Now press the FWD or NEXT MOTOR key and hold

down until the robot moves. At this point, the

grripper should open.

(AR

Tl

ol d

Fress the
Mo . Wi "
have a negative sign in front of thz number? The

negative

AW

MOTOR

Again Dress
untd o i
zhouwld have moved. MrEes

until o vouw Some to the

1 denr
iy

tha

me FED AT MOTOR
rrobol The alb;:

WL oar MEXT

at s the read

ar NMEXT MOTIR b=y and
MOV @5 . The

bey unti

g +or this moktor? Does it

v }

gign indicates that the elbow moved in a




GLIRCTDLONS.

doErnward

_______ 7 Frees the FUWD or NEXT MOTOR bev

down antil the robot moves. Did the bi

move?

B Fress the FWD o MHEXT MOTOR Lav

dawn until the robol moves. Did the gri
e T Froess the FWD or NEXT MOTOR kaevy

down wntil the robot moves. Did the bic
move sgain?

Frese the WD or
the robot moves

1.

down until

.1l At this stage, vo
move for motor B. The oari

thie point was a 180 degree

2 move by
for a

WRIST R

You will =dit thi
deqgrasgs of rotation
do this, press the

reading vou have for motor B in the LED dizplav.
(For example: if motor B reads 0740, then adding
Q740 will make a total of 1480) . This should now
have twned the pencil in the gripper an additiomnal n
Turn. You have now adited this anis.
MMHHLE.' Freass the FWD or NEXT MOTOR kevy and hold itk
down wntil the robot moves. Did the bigep//shoul der
move s
1T, PFress the FWD or NEXT MOTOR key and hold it
down wntil the robot moves. Did the motor A move?
14. Fress the FWD or NEXT MOTOR key and hold it
down until the robot moves., Did the gripoer open?
_Aims Press the FWD ar NEXT MOTOR ksy amd hold it
down wntil the robot noves. Mow prees the FWD or
NEXT MOTOR key until the LED dizplay lists motor B,
Motor B controls the Wrist Rotate .unctimnn Beftore
v have the robot set the pencil down, vou will
cotate the pencil 1820 degrees. The reading of moto
2 sihould read 0000, Fress the WRIST ROTATE kev o
Mo E “hﬁ Aaripper and gencil in a clockwise divection.
Watoh the LLED -,ﬁplay as the numbers change. Stop
pressing the key when bthe LED display reads 0740,
You should now nave rotated the gripper 180 degrees
and completed bthe 2diting funchion for this motor.
. 16, Fress the FWD or NEXT MOTOR key and bold it
down wntil the robot moves. Did motor E move?

NEXT MOTOR
Did the

lay

wrei

u are going to
ginal mave for

rotation +for
adding an add
total of Z460 d
OTATE key and

134

CEn s En

and fdold it
oulder

and hold i%
pEer move?

and hold it
en/shoul der

and hold it
st move?

edit this
motor B at
the gripper.
itional 1890
egrees. To
douwbie the
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anothar

L



ot

e oy . . Y Tt e 1 e,y g A v
the FD o MEXT F0TOR key and hold |

gy n R = -~ o [ S R Y gy Ay TR
robot moves.  Did bthe gripoer move!

_____ the FUWD or NEXT MOTOR fev and hold it
down it L 2 robot nmoves. ig the robot move to

T
Lts HARDWARE HOMETY

o
Y n

it the EDIT mode ke

the ZND kev to i @
ko indicate that vou

shouwld stiow a

ara® now in the FPLAY mode.

__________ 20 To check the changes you have just made in

YOUr progrram, press the RUN kev. Remembar that the

gripper will rnow rotate one 260 degree circlae after

picking up the pencil and one 180 semi-circle before
setting the pencil back down.

mnow learn how to uze the INSERT and DELETE
5. [nserting and deleting moves i
Wwith two simpl2 commands. While in the EDIT
suing SHIFTAFWED (Yaersion 2 or ol
OVE (Mark I1I1) will allow you to inzert a new
HI“T/H(CF {Varsion 2 or older) or

PIOVE (Mae-k [TI1) mabkes it posesible to

nowve,

DELETING A MOVE iz done by STEFPING in the =di
nothe mvoe you wish to delete. Wher voll
111 back

Sk oor SHIFT/DELETE MOVE, the robot
up ohe moave and then move to the new location whi
be the position after the one vou deleted.

&

n x

=

Thinking of this as a sequence of I moves will allow
you to develop a clear picture of the process. In the
eclit mod; vou move to step I i+ that is the move vou wish
to de The robot will back up to position 2 and then
prmceaa to position 4. This process sliminates stepl.

INEERTIM

deietimn Droress

@
3

=
]

kg in a manner very similar to
Yol owant bto insert a move

Detween noves I and il omove the robot to Dogitjﬂn 4 and
then pires the SHIFTAT o ITRISERT MOVE Fumblndfl oF
The robot t Ltion Lh@ adi b
Mowe thiro violl actiwvats The onaess

want to move. When o ave tinished programming io
‘ ‘ : 5 ZTER o MELT MOVE and

________ el = Mow that vou have discovered these new
commands, develon a simple program with only 4 or 5

9 e



MOV ES, Use this simple program to try bhese naw
commancds. Trving them in a simple program allows yvou
Lo see whalt is happesning much betiter than

o

@xparimenting with a complex program.

Thiz concludes the activities for this ab.

The next lab will show vouw how to save a t2ach pendant
program onto disk and then load it back into the teach
pandant computsr,

REFERENCES:

Fundamentals gf Robotics: Theory and Applications, Chapter
4, "Teach Pendant Frogramming.

Fhino Teach Fendant Manual.

1736
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Ci.AES

INSTRUCTOR

FUESTIONS

1. MName the mode of operation used when teaching the
robot a series of moves?

2 What iz the function of each of these kevs:

e 8

ENTER, SET HOME, LLEARN?

) What two keys do vou press on the teach pendant

e sand the robot to a HARDWARE HOME?

4. When do you set the HARDWARE HOME: before or
after entering the LEARN mode?

Se How many moves iz the 4502 microprocessor of the

Rhino teach pendant system capable of storing?



5. What is the mode of operation that allows vouw to
make fine adiustments to vour tzach pendant program?

7. Which key would you press while in the EDIt mode
that would allow you to progress through the motors

in thie order H,6,7,E,D,C,EB,A (for the Version 2 or

older teach pendant)

a. FWD

b. EBaCH
. EDIT
d. LEARN

8. If the display on the teach pendant shows E E -

O5=E0.

. What daoesz the firset letter indicate?

L. What does the second lethter indicate?

c. Does the arm move in a upward or downward
direction?
F. If vou want to adit the BICEF FLEX functicn aon
vour teach pendant program, which motor do vou

usa?

1¢. After completing all editing while in the EDRIT

mode, what mode do you then go into?

138



LABORATORY 12

BAVING AND LOADING TEACH PENDANT PROGRAMS

In the previous ifwo laboratory activities, vou
laarnad how ha teach the robolt a seriss of noves whil
the LEARMN mode and to edit certain movements in the EDIT
moda. It was not possible however, to turn off the
contiroller power switch and still be able to rum the same
teach pendant program the mext day. A programmed seguencsa
remains in the teach pendant only wuntil the memory is
Cleared or until the power is turned off. This is because
the &302 micro-processor uses violatile RAM which is
arased when power is disconnected.

In industry as well as in the rnext two lab
activities, it will become necsssary Lo save a program and
to be able to recall or LLOAD the program later. This
procedurs saves industry time as well as money since with
it, robots do not have to be reprogrammed on & daily
bagis. Unce you have saved a pragram, vou oniy have Lo
load into the computer memory and then ~un the program.

In this lab, you will learn to save a te2ach paendant
program yvou have written for the XR robot and then load it
for later use, using the Rhino upload/download sofiware.
ORJECTIVES

When vou finish this activity, vou will be able to:

1. Save a teach pendant progam.

e lLoad a saved teach pazndant program.

LIST OF EQUIFMENT
i Fhimo 4R Series robot and controllee,

Ze PFhino teach pendant (FGLOL% or FGEOLH49) .,

T Aople Ile computar svstam.
<L Fhinn Labh Disk for Apole Ile.

. 088 77104 Serial Card (FEO893), Apple Super Serial
Card (F508%94) or Rhino Com Language Card (FGO702).

.
L
~d



RELATZD INFCRMATIOCHN

The Rhino ¥R Seriszsg controller alone is unable Lo
zava sofLwars grogran. However , this can be overcome oy
WwEing a computer and & disk drive Lo save programs onto a
disk.

In grder that we may save a te ch pendant program.,
vou Wi il be uarlng the stored informaticn from tha

microprocessor inside the Rhino XR controller and transfer
it to the microprocessor inside the Apple computer using =
program designed for this puwrpose. After transfering the
information, you will insert a different disk and have the
microprocessor inside the Spple computer transfer the
information onto your disk. The disk can then bg removed
for later use.

You will then take vour disk with the ztored program
on it and reload the program into the computer. Again,
using the Teach Fendant software, vou will transfer the
informationy only this time it will be in the opposite
order used in the first part of the procedure. You will
end up transfering tha Progeam information pDack into the
miCFDp”“CﬂbeF located inside the XR controller. When the
pragram is entared back into the memory of the controller,
vouw will then run it,

140



& .
caach pendant.
e Imstall ocard, Apole Sarial
Dard, or BRhino Com Language Card into vouwr Compuiar.
Make swre that the BALD rate of yvouw particular card

skills vou learned in Labs 19 and

L
11 s tie

o

L

parndant Lo wreite a shaort progran.
11l have the robot rotaste its base %G
ackwise direction, and bend ovar

own in Figuw e 12.1. Remsmber to press

This progeram w
degreas in a c
packwards as =
thae ENTER kev aflter sach movement of the robot!
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. As the first step in saving yvouw teach



pendant orogram, insert the Labp Disk into the disk
drive.

) &u Mow turn on yowr compubtar and monitor to
boot the disk. Select the Unload/Download Scoftwar:s=
from the menu (#I5/L). On the next screzen, indicate
which teach pendant verszion you are using.

T The monitor should mnow read:

RHIMNO ROEBAOTS INC.
WFLOAD/DOWNLLOAD

THREE INTERFACE CARDES CAN
BE USED IN SLOT #2 OF THIS
AFFLE COMPUTER WITH THIS
FROGERAM:

oo RHIMO-COM LLANGUAGE CARD
2...CCH 7710A CARD
S. .. BUPER SERIAL CARD
YOUR CARDY? (1-3)

Make the appropriate choice for the card vou have in wvour
computar and press the return key.

8. The momnitor should now read:

[ERRR——

DO YOU WANT TO UFLOAD OR DOWNLOAD
A MOVE SEQUENCE?

.. UPLOAD FROM FPENDANT
Za o« DOWNL.OAD FROM FENDANT
YOUR CHOICE?D (1/2)

Enter choice number | and press the RETURN kaw., This
will permit wvou to load the program from the controller
into the computer.

. The monitor should now show:

TO UFLCAD A MOVE SEGUENCE

TYFE "1" ON HOST KEYROARD THEN

142



chae number 1 o kev on bthe compuher; then oross
the on the teach pendant. A ter vow do this,

“he e computer shouwld Fi1i up with zeros and
Q. ‘:h t\dl unn reprasents :

2ight motor ax
2riting the &

-1

£

= =k
3
1

armation racordec
I L) - S »
oe 9 ocolumnmn

@ ton of the +firzt

<
B

<
[
—

-
T
T

rmlumn. # numiver Lndic tal rnumber o i
WOILA Hooendant se first row shoul all

zeros 1F vow entered =iftion as the first step.
Subsaguent rows show Sumber of counts in each
mator in that step. Notice tﬂﬂtq if wou sent the robot
back home at the end of vouwr ssquernce, the last row
reverses sach motor that has 1@+t HOME during youwr progran
so that all buffers retuwn to zero.

The bottom of the screen should read as follows:

SEGUENCE UFLOADED
MAME FOR BAVING FILE

Wlﬂ. The teach pendnn ‘ogram information has
een transfared from mlcrupracﬁszur
:aged inzside the tzach Q@nda“t controller to the
microprocessor inside the Appls compute

-

Al MName the file and press return.

___________ Take out the Lab Disk and insert yvour own
disk. Fress the RETURN key on the computer hevboard
and watch the red light on the disk drive., When this
Light comes on, it means that the computer iz saving
YOWE pragramn onto yvouwr disk.

______________ 120 RBun yow program again now by typing RUN on
tha kevboard and pressing the RETURMN hev.

In this part of the lab, vou will be rzsponsible for

iearning how to LOAD the teach oendant orogram vow saved
into the first part of the labk. You will actually First

() tranﬁf@rring the program from vour disk

computer and from there into the &507 micre
Then seon owill g::\r'r:.ssfs ht_ RUN kay an th
4

the cantrol ler,
teach pendant Lo run the robot

b Next wvou will bhe reversing the procees which
vou just completed, so select option Z (downlaoad) on
the Upload/Download menu.
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voulr disk.

aw
i

that

VoL

- da
[l CinE

BAR
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19.

wateh the
print out

the
the

thea
then
of+ the

WHICH FILE FOR DOWNLOALDING?

name of the file that wvou want to use and

RETURN kavy.
Tue-n and mutorﬁ SW
This cle

the powar
]\

and
of

itchas OFF
rs the memory

,u

The monitaor should rnow Fead:

TO DOWMLLOAD A MAOVE SEQUENCE

HEHIFT®
AEMNEHELD K

Lo
FIEY

iRl

SHIFT
Now taka

teach pendant, press the
piress the STORE key.
baeys.

kay and
both

Tvpe the number 2
monitor screaen.
zeros and ones

key on the computer and
The screen should again

in @ight columns, esach

partaining to one of the eight axes motorzs. You ars
P : 3
now transtering the program information from the
computar to the controllier.
22, The moni btor should now razads
SEGUENCE DOMWLGADED
CHECE BY PRESSING “RUN" OWN FENDAMT

TVRE URUMY TO RESTART
1 Mow the AUN ey on the ach peandant
Lo orun the rabu_ through (ts seEguence of moves.

e
al e

Type the word RUN on the computer and press
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QUESTIINS
1. What is the puwrpose of saving yvows teach
pandant praogram on a disk?

Z.  After the robot iz taught a series of movements
while in the LEARM mode, the teach pendant program
s stored in:

. Theae host computar.
O The tesach pendant controller.
Co  The hand held teach pendant.

Z. T F Twning the controller OFF can erase a
program that iz storad in the controller s memory.

. What is the BAUD rate on the interfacs card set
at?

=3 FEHO0
b. 750
. )

dis

What particular piece of equipment links the
contiraller to the computer?

&y  The dizk drive

.08 short RE-232 cabl

e,  The teach pendant

de A long RE-2ZZ cabla

&. The seguence of transfering a teach pendant

—

proagie-amn fram the amntruller to hhe computsr is



DOWMLGADING

7 You c&n only save vowr teach pendant prageam
during the:

. UFLOADING SECGUENCE
b, DOWNLOADING SEGUENCE

d. T F When your teach pendant program was stored
a disk, yvou had to give it a filename.

. You can only load your teach pendant program
during the:

a., UFLOADING SERQUENCE.
‘b.  DOWNLOADINMG SECUENCE.

10 Which card allows yvou to save and load vyour
teach pendant programs?

a. CBB 7710A

b. FRhino Com Language Card.
c. fApple Super Serial

e All the above.

N



FryonYu P with segments arme ., such as the XR Series
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values for X, ¥, ¥ at the end of the arm. This end-of-—arm
point is commonly referred fto as tool centar point (TSR

L " me total robot arm aft
whE compound move of one axiz, nobte Lhat the other part:
1 conrdinates changed by

the amount of the ariginal move.  For
example, if omoce b ploEp i moved, the elbow iz moved,

robot srm

the new coordinat neulid be used to analyze
@ibow move. 118 Manner . ig possible to

Lhe position of the TOF after any given seguence

3

OF cowrsa, it would be impractical to do thes
caloulations manually everyvtime you needed to program
robot.  For this reason, wae have computer programs
can do these calouwlations.

Im this lab, vow will learn to use a program bhat
calcoculates the moves of the R armn and Lhen moves

robot to s new TOR

L opragrams and the YD orograms
: “obot fs o oanove o oand bhen

agrams 1t is loportant Lo

robot iz to naks Thm
e and ] =

—n -
B e
et Ld

1
NG Applications.

chapter o be sure

In this lab, you will opsrate a program that




made.
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t.
[0

! Fhine iR a&nd contraliler.,
2. Aopls Ile computer svebem.

Se Rhino Lab Gisk for fApple Ile.

= Hilaras.

RELATED IMFIORMATIO

Chaptar Yhree of the text Fundamentals of Robotics:
Thaory and épplications, prezentz a mathematic

development of how to calculate the moves for 2ach axis of
a robalt for a desired placement of the tool canter point.
This means that if the robot iz in a home position and vou
decide that yvou want Lo move the robobt tc & rnew location.
there are formulas that will help vou krnow exactiv how far
to move sach axi of the robot. I+ wou reflact on the

| . L G obvious that you would ?avm to calculate
SEE navas very carefully to be abls to operate the

eviawing the formulas and procedures in
of Roboticsz. vou will davelop a Llcqr
5 ooecurring 1in this lab. Sinca vou smave
progranning velt i this 1ab manualu thea
ating the robot is not presented. That
sthad in the appendix for those who are
1ntermﬂ+mu Onee vou have mastered BASIC, vou may want to
come mack tD this lab to get a better ldea ot how the
calculations ara done.

)
in

r_.
-
=

Ag you study robotic programming more in detsil, a
major didffarence between the programming of sducational
hots and industrial robots should become apparsnt. T
ditfarence is that sducational robots are programmed by
moving individual axes whereas industrial robo

tool csniter point.




o] = - .y me L P R - o i ok ot ey gy
fih Fiest i;.jl(:‘\l‘l(..t?., tihis ma Y MNOT S&Eem

difttersnce, but it is VEFV =R Ep AR O
O U o N O ! .
dirtlioult to have bthe educatisnal

vime on oa piece of papsr. The e
one axis a littlise, then another
paint to another, but the noves have ;
Lo even closely approdimats a straight 1is
motors on the sducational robots cannot

speaedsy therefore all motions hend to be

The controllers for industrial robots zalculate the
moves that are to made and then set the spead far each
motor., In this manner, with variable speed motors and
precalcul ation of the moves, tha robobts are abie to make
veaery preacise, smooth motions. The industrial robots ars
also able to move the TCF in a variety of modes because
the controller is calculating all the moves for each axis.
I¥ you are programming the robot, vou direct the TCF to go
in a straight line between points A and B.  You don 't nzed
to worry about how to move each of the robots axes Lo make
the robot move from A ta B.

Once you have operated thiz lab and seen the action
of the moves, you will appreciate how important The
calculations of the moves can bhe. It may also become
apparent to youw how these calculations can be the

foundation for the development of other robot languages.




. YOUW will oDecome familiar wiitn fhe
uhh Rhimm MivvEr Erogean.,
of the Rhino Mover program.
displayvs the noumber of

the monitor. The second proge ] \
, Z8nds the sams in#ormaglmn to the mnotors
IEETT . The program vod ace using first iz
namad the Rhince Mover unmunﬁ*ratiam G OEr am.

g}

To get started with this program, do following

mmmmm Ingert the lab disk into the dizgk drive and
turn on the camputer.

2. Salect the Rhino Mover srogram. The firs
page of the program gives vouw information on
Rhino's starting position. The wrist must be
stralght down and the grippar closed. (Note: A
number of the activities do mot work in the same wav
it vou use a differsnt gripper from the standard
model, i.e. if you rotate a double length open
gripper, 1t reaguires a much larger work speca. )

Mota that the program gives you *wo cpticons. If wou
prazss C, yvou will cbhtain *he result of the
calcuwlations but th= moves will not be evscuted. The
= option gives vou calcoculations amd execution.  Whan
vou leave this page the robot goes 1ntu a Hard Home
routing.

visu gee should look like

WoARE THE VALUES OF SOME FHMYSICAL
DOMSTANTES USED IN THE FROGRAM.

: .75 INCHES

ARELE TD SHOULDER DIS E
! STANCE: 92.00 IMCHES

T
=i TO ELEOW DIST

' i - ﬁ
ELEQW TO WRIST LLWTFNCE: el ITNCHES
WRIBT T0O T.C2.P. ISTAMCE IMCHES

MEED TI OHANSE ANYTHING

FREBE OUN"OTF NS CHANGE mHRE REQGUTRED
Figuwr-sa 13,3

=

ot



Tha digtances ars neasurad
the joints. The TCF is the =snd of what ever gripoper youw
Fave on the and of bthe robot. To check these valuss, vou

muwsEt measure them on the ~obot vou have. i
section of this lab, vou will measure the v
T

to center of

1 n
whangs them 1§ -Qﬁ‘ssmrv. Im this section, you wil jus
cun thirough the prompts to see what choiczs ars possible

.Y ¥oho indicate that wvouw wish fto changes
the values. Just to see how the srogram works,

preten to change the values by reentering the ones

already given. Rdote that the program dees not accoept

D for defauit values. It asks you four gach distance

measrae and then has youw confirm youw answer by

asponding Y for Yes when aszked whether vou are swre.

. 1. 7The next scraen, Fig. 13.2 gives you the
oordinates of the home position and Lhe positiaon
the oripper.

3

o, -

REL.OW ARE THE COORDIMATES OF THE HOME
FOSITION AND THE FOSITIONM OF THE GRIFFER
(MEASURED IN INCHEZ AND DEGREES:

X=3, 33 Y=, 00

7
Z'JI.Q FITOH=O, OO0
ROLL=0, 00 GRIFFER 100Y CLOSED

"YU OIF O YOU NEED TO CHANGE ARYTHING

FRESS "N" IF NO CHANGES ARE REQUIRED

-

. Ge The orientation of the coordinate aves is
shown in Figure 13,4,

154
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Figure 1Z.4

the robot.
The values of
follows:
X i the
the waish rotation
rotation, when the

the

distance

ta the canter
two halves

-
5
Ul

coordina

POINT O

KYZ coordinate svetem in relationshin to

tws are determined as
from the center line of

of

line of the gripper
the base line up.



,
v .
- =) sia ey p— 1o o
v e and of the gripoper canter 1ine
- .

o cotation.

[ SR o= R o N T T 5 e B B L -

-l ol Lhe angle of the wrist abpove,

a line paraiiel To

in
-+

below, negative

the tabla.

Roll is the angls of Fotatior m% the gripoper t©to
The right, positive, or laft, negative, of a line
parallel to the ¥ anis.

Gripper is the amournt the gripper iz open.
gripper iz 04 closed when the opening iz at its
mas i mum.,

Frass retuwn to continue

______ SEe As in step 4, assume thalt yvou needed to
change the values to go through abovp in stazp 4 the
narcise but then resnter the values shown in Fig.

R You cannot use D +for defau*t values but follow
the prompts bto anter the corrsct numbers.

=

= l"rmn vou have +inished, the screen should

i
again look like Figure 1

el

7o Fress RETURM to continpue and the prompt
“MowN in Figuwre (3.3 should appz=ar.

ERTER THE FOLLOWING TO GO BACK "HOME"

e Y=0
Z=11,50 FITCH=0
RO =0 GRIFFER 1504 CLAOSED

THE PRESEMT 1L0ZATIONM IS

iy s B gl ol oot e [l - o
'!".’.1 el F‘: \..J'-."'/': 1 L.,G-_.J;_.D

ENTER X,Y,Z

Figurs 13,73



inches down
the robot

hea able tio

SAr

@ arompt asking for the
Enter —4%5,435, These

ey
¥ a 7 Tinl

0. Youw should now see a prompt asking how far

o want the gripper to open., Enter 0.

. . Enter RETURM to continue. Each time vou
ew values, the location number will change
i :

2nter n
along with the value

calculating the change in coordinate positions
. DEGREE CHAMNBE and motor STEF CHANGE.  Tha
wimn givas vod bhe TOTAL STER COUNT of all

in coordinate poszitions since the robot left

nosi bl

feliow the horizontal line, vou will find the results
{. "

into arxi
b

sl col

As usual , vou i
position or @i 3 the program. _ values
that are outside of the normal working envelope of
the robot, yvouw will ceive a message indicating that
the position specified is QUT OF RANGE.

e

Once vou have finished entering values ress N to
o 7
leave the program the program. You are now finishesd with
the first part of the lab.

mis portion has taken you through a simple move and

displaved the results on the monitor. In the next
sgction, have it move Lo sach of these ooints.

In thi of the procasdure, you will use the Rhino
Mover prog Lo move the robot to any reasonabls point
viou want .  Bzagonabls points for the rohobt arsz points that

the robot can rzach, withoult running into
move o

£ that

R
Bl L4 TG o MNavse 1T

The Rhino fMover Demo program took you through the
mechanics of wsing the Rhino Mover program. You wil
to check the valuss for the physical constants and the

157



oes, peun Lo - - .y - = . *e or =y L o
betora you use the program. Failura to maka

any raguired changes could result in damage to the robot.

_________ 2. Enter the Rhinc Mover program. Pe sures sou
anter the Rhino Mover, not the Rhino Mover Demo.
<G A M You should see the prompt shown in Figure

-

no changes ars raguicred, press N and go an to the
naxt step. I+ any of the values are different than the
ones shown, press Y toc make the changaes following steps &
and 7, sntering thes corrsct values where they are
required. After all the changes are made, comtinue to the
next step.

1%, The prompt you now see should be the same as
{ “r ”~y

the one shown in Figure 1Z.2. The next figures show
how to measure the coordinate of the home position.



Figwe 12.4 Finding the X coordinate of the Home
position.



Figure 13.5 Finding the Z coordinate of the Homes

nosition.
The values of the pitch, roll, and gripper can be
approdimatad.  Be as accuwrate as vou can.  The wvalue of

the Y coordinate will bhe zero if the two halwves of bthe

bass line wp s0Uuarely.

I no changes ars required, presz M and go on to the
next step. It any of the values are different Lhan ktha
onez zhiown, press Y bto make the changes {following steps &
entering the correct valuss wheare they are

y @
ired. After all the changes are made, continue to the

160



liow the same procadure you did in steps
by the same values for the point. ASfter
=z wvalug for the gripper, the robot hUULd
VE . As vou can see, it moved to the pois
ald it o, Euaperiment with the program by
fferent pointz. PBe carsful that vou do
not give the robot a point that will cause it to run
into itseld or that it can’'t reach.

st &l
that vouw €
antering i

l..

Ze sure to operate the program at least & or 7 tinmes
to get a feel for the valid points and the points that area
bhoth close to the robot and near its limits of reach.

Aleo notice that it makes a great deal of difference how
vouw orient the hand when vou want teo reach points near the
robot.
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NAME

DATE

e
CLASS

INSTRUCTOR

GUESTIONS

1. How are the values of the physical constants
datarmined?

2. The distance from the center line of the waist

rotation to the center line of the gripper rotation,

when the two halves of the base line wup is the
coordinate.

A X
b Y
(o Z

da Fitah
I Rl l

I, The distance from the surface of the table to the
and of the gripper parallel Lo the center line of
waist rotation is the __ _ coardinate.

A 4

b. Y

. Z

d. Fitech

@. Roll

4. The distance to the right, positive, or left,

negative, of the center line of the waist rotation

the coordinate.
A X

[ b

i Z

d Hiteh

£ ol l

1e7

is
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