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SAFETY WTH ROBOTS

(a) Sofety for Hinans

Robots seemto be very clever, responding eagerly to the instructions of
their operators, but in reality they are merely machines performng
mechani cal functions. As such they are sublimely unaware of the presence
of human heads and hands and eyes, and have no instinct or conmon sense
to warn themof immnent danger to life or linb or sight.

In any collision between a robot and a human, the human is the nost
likely to suffer permanent injury, and the human is the only one who

wll feel pain.

Keep out of the way of noving robots. Stay outside the operating en-
vel ope while the robot is active. Mke sure other people do the same.

(b) Safety for Sleeping Robots

This is not to say that robots cannot be damaged by humans. Robots are
particularly vulnerable when immobile - when being transported or un-
packed or set up, and once they have been set up they are likely to have
their joints sprained if they are noved into "limts" too violently.

(c) Safety for Robots under Tuition

Al'though the method of robot teaching called 'Lead-by-the-nose' calls to
mnd the image of a tiny farnboy controlling a massive bull by means of
a ring through the bull's nose, this netaphor has its limtations. Wen
a robot is being taught by this nethod it has no notive power of its
own, and unlike the bull it cannot even stand upright. Support nust be
given to the shoulder and el bow, even if their positions are not being
altered during the present nmove. Even if you are only moving the "end
effector” you will need to take the weight of the rest of the robot.

(d) Safety for Robots in Mtion

Robots are also capable of danmaging thenselves. [|f a moving robot
collides wth an inanimate object it is obviously likely to suffer. Be
kind to your robot friend and don't drive himinto walls or contro

boxes or smash himinto his own base board. He wont conplain, he wll
just break.



This manual is intended for use with conputers using BBC BASIC. It is
based on the IBMusing BBC BASIC 86. Notes have been included for BBC
conputer users wherever the operations differ fromthe I1BM  Watever

conputer is wused, it is always advisable to use the tutor text when
starting and to READ THE PROVPTS.



1. | NTRCDUCTI ON

The MA2000 robot is designed to give a full range of facilities at |ow
cost. The designers have nade every effort to sinplify the operating
procedures, but, even so, the MA2000 is a conplex piece of equipnent.
Diving it is every bit as difficult as driving a notor car, and re-
quires just as nuch patience, persistence and skill.

The followng guidelines MIST BE READ and UNDERSTOOD by all who intend
to operate the robot.

UNDER NO C RCUMSTANCES SHOULD THE ROBOT BE OPERATED W THOUT PRCPER
| NSTRUCTI ON' OR UNDERSTANDI NG OF THE FOLLON NG NOTES.

NOTE: The robot has a reach of 500mmand a "dead Iift" of 1kg. This
nmeans it wll support |kg at the end effector attachment point
(i.e. 480mmradius). Wen the robot is lifting and noving wei ghts,
a realistic maximumis 500gm

Concept and Ter m nol ogy

Before you switch on your newrobot, it is worthwhile checking that we
both speak the sanme |anguage (especially if you are newto robotics),
and that you understand the principle of the robot operation.

W'l| start on the bhasics:

Mechani cal Iy, the robot consists of an arm (this being what nost people
refer to as "THE ROBOT") wth 6 joints in simlar positions as on a
human arm

Refer to figure 1 and your own robot and you will see that first of all
the robot can pivot on its base about a vertical axis; this is the WAIST
not i on. Next is the SHOULDER motion with a pivot point just above the
wai st motion. Halfway along the robot is the ELBONjoint.  These three
notions, the major axes, do the majority of the work in a typical robot
cycle which explains the chunkiness of these motors conpared with the
remai ning three.
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The final three notions, the mnor axes, at the end of the robot, (which
you may consider as being a hand; the "proper" name in robot circles is
"end effector"), are the PITCH which noves vertically up and down, the
YAW which gives a sideways swvel, and the ROLL which imtates, for
exanpl e, a screw driver novenment.

The range of novenent on the major axes is 270° and 180° on the m nor
axes. This neans that the robot can reach nost points inside an imagin-
ary hem sphere with a 500nmradius, centred on the shoul der joint.

Turning to the electrical conponents (housed in the |arge box) your
money has bought you a MOTOR CONTROLLER, and an interface to the HOST
COWUTER ~ Finally, there is the KEYPAD which is the calculator-1ike box
which plugs, via its long cable, into the front panel of the motor
control ler.

The keypad is the channel of communication with the robot. Wth it you
can, for exanple, say in which direction you want the robot to move and
how fast. The conputer translates the keys that you press into signals
to the motor controller which then provides the power to the notors to
move them accordingly. Having rmoved the robot to a position, the
conputer can then remenber the position and allow you to programthe
next .

Once you are satisfied that you have a sequence of noves that will per-
form your task, then the sequence can be initiated via one push button
on the keypad. The conmputer will then step through the stored sequence
sending the positions to the motor controller which in turn provides the
mot or power to move the robot.

Having introduced you to the basic concept of the robot operation and
some of the ternms, once your robot is installed you can nove straight on
to operating the robot by following the book step-by-step.
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2. UNPACKING AND | NSTALLATION

It is inportant that the follow ng unpacking and installation guidelines
are carefully read and under st ood.

The robot armcould easily be damaged if it is handled incorrectly.
2.1 Unpacking

Sui t case-type contai ner

(1) Check that the robot armcase is resting with its lid facing up-
war ds.

(2) Unlock the case clips and remove the |id.

(3) Holding the robot at its yellow base and el bow gently lift it out
of the case.

It is inportant that the weight of the robot armis taken when
moving it between case and installation site.

(4) Keeping the armvertical, move the robot to its installationsite.

(5) Set the robot base down on its flat surface.

Failure to place the robot on a flat surface could damage the
robot .

Conventional contai ner
(1) Ensure that the case is restingwthits lid uppernost.

(2) Remove the screws securing the lid; and [ift the lid vertically
away fromthe container.

(3) On the side panel secured only by screws, remove the screws and
lift away the panel.

(4) Remove the controller and stowin a safe place.

(5) Remove the packing notes and ancillary equi pnent, stowed bel ow the
shel f housing the robot and controller.

(6) Remove the four M bolts securing the robot base to the plywood
shel f.

(7) On the wooden clanp hol ding the robot forearmsecure, slacken of f
the bottom MLO bolt and remove the top MO bolt.



(8) Renove any ties securing the cables to the plywood shelf.

(9) Cently lift the forearmto the vertical and use the other hand to
grasp the waist motor; lift the robot away fromthe packing case.

(10) Set the robot base down on a flat surface.
2.2 Installation

Choosing your installation site

Wien choosing a site for the robot, it is inportant to consider the
operational area involved. The site nust certainly be flat and free from
any imediate obstruction

Although the actual robot operating space should be depicted by a hem -
sphere, it is nore practical to use a cubic representation. W suggest
that a cube of dinmension Imx Imx 0.9m wll be the necessary space
needed to ensure conplete operating freedomof the robot.

Fig 2.2.1 illustrates the robot operating space.

Having satisfied the siting requirenents, the robot nust now be nounted
on a suitable board. The robot suitcase-type container can be used as
the mounting board, otherw se a suitable nounting board will have to be
made.

The first set of instructions are relative to those using the robot case
as the mounting board.

Transformng the robot case into a robot base
(Suitcase-type container only)

1. Place the two halves of the case side by side.
The set of drilled holes correspond to the mounting holes in the
underside of the yellow robot base. The cable side of the yellow
robot base shoul d be mounted on the case hase and the other side on
the case lid.
You will find the remaining instruction inpractical wthout the aid
of a colleague. THEREFORE HELP SHOULD NOW BE SOUGHT!



2. Use one person to hold the robot horizontally, again taking care to
take the weight of the robot arm The other person is then free to
line up the holes in the case base to those in the robot base (see
fig 2.2.2).

3. Wsing the M screws included in the MA2000 package, secure the
robot base to the case base.

4. Having checked that the robot is firmy fixed to the case base, now
line up the remaining two holes in the robot base to those in the
case lid.

5. Secure the robot base to the case lid using the M6 screws provided.

6. Check that all the screws are tightly finished.

Now carefully place the entire unit in your chosen installation site.

Keep the robot armin a vertical position when it is left unconnected to

the conputer/controller

Designing and installing a personal nounting board

(Robots in conventional container)
W reconmend that the board should be no smaller than 1.2nf. A single
piece of plywood 12mmthick or greater will constitute an ideal board.

Having found a suitable board, the next procedure is to mark out the
hol e positions.

1. Lay the mat provided with the robot (Fig 2.2.3(a)) onto the
pl ywood board.

2. The robot base area marked in the centre of the mat al so has the
hole positions marked for the securing bolts. Check that these
di mensi ons agree with those shown on Fig 2.2.3(h).

3. Drill the four holes as indicated using a 6.5nmdrill and remove
any burrs.

4, Counter sink the holes on one side of the board. This is done to
retain the flatness of the board.
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Check that the M screws included in the MA2000 package fit the
drilled hol es.

VE ARE NOW READY TO MOUNT THE ROBOT BASE
ONTO THE PERSONAL MOUNTI NG BOARD.

Place two tables approximtely 0.4mapart.

Rest the board on the two facing edges of the tables, making sure
that the countersunk side faces downward.

Looking at the underside of the board, the countersunk hol es shoul d
be accessible in the space between the tables. If all, or sone, of
the holes are hidden by the board/table overlap, gently nove the
board until all four holes are visible.

Ensure that the mat is in position on the board and place the robot
base over the drilled mounting holes in the topside of the board.

The vertical position of the robot armnust be maintained by a
col | eague.

Using the M6 screws provided, fix the robot base to the board.

Check that all screws are tightly fastened and place the entire
unit inits installation site.

2.3 Making the Connections

First check that there is a mains supply near to the installation site.

| t
of

Is likely that a mains adaptor will be needed because several itens
equi pment require mains supply. The equi pment shoul d then be in-

stalled in the user work area free fromrobot intervention.

't

is advisable to keep the "energency stop' button, on the controller

face panel, within easy reach
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2.3.1 Installation of the IBM Interface, MA2000w

1.  Tools Required

Medi um flat blade screwdriver.

2. Prelimnary Steps

Position systemunit switch to OFF.

Position any external option power swtches to OFF.
(Printer, nonitor, etc)

Unplug systemunit and all other options.
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Installation
Set keyboard and other options away fromthe work area.

Position systemunit to allow rear access.

Use a flat blade screwdriver and |oosen the two cover nounting
screws counter-clockw se.

ﬁ\\\““*x\\\\\\\\\\\/}/”’/”’/,,r”/’r Y cow
a

Cover Mounting Screws

@
@

Careful ly slide the cover away fromthe rear and towards the front,
until it will gono further. Tilt the cover up and remove it from
the base, and set aside.




-12-

Look at the inside left of the systemunit. There are five slots.
It is recommended that slot 3 is used.

Rear Panel
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Renove the screw that holds the system expansion slot cover in
pl ace.

Hold the interface by the top corners and press into the chosen
sl ot.

Rear Panel
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|f you have any other options toinstall, do this now.

Repl ace cover on systemunit in the reverse of renoval.
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Wen the cover is all the way to the rear, align the screwwth the
thread tabs and tighten.

The system may now be re-cabled and verified as explained in the
appropriate |BV manual .

2.3.2 Conversion of Robot Controller

These instructions need only be used if the systemused a BBC conmputer
which is being replaced with an |BMor conpatible machine.

1. Tools Required

Medi um flat bladed screwdriver.
Sol dering iron.
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2. On the later versions of the controller a switch is fitted on the
base adjacent to the centre of the front panel; nove this to
position B. If the switch is not fitted then proceed as foll ows:

(a) Disconnect the robot controller fromthe nains supply.

(b) On the robot controller disconnect the follow ng:

(i) The 12-way and 24-way sockets for the robot arm

(ii) The 20-way keypad connector,
(iii) The 26-way conputerconnector

(iv) The leads fromthe O/P termnal block (label each lead for

ease of connection).

(c) Remove the robot controller to a workbench.
(d) Remove the controller top plate as detailed inFig 2.3.2.1

3.remove rear strip

4.remove top plate

r enoves
three sc

each end

2. sl acken remaining
screws each end

Fig 2.3.2.1 Renoval of Controller Top Plate

(e) Locate the controller PCB 820-41349.

(f) Wth reference to Fig 2.3.2.2; locate the wire link between 9
and 10, unsolder the Iink and reconnect between 10 and LK

(g) Refit the controller top plate.
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controller pcb

Fig 2.3.2.2 Controller PCB 820-413A9 Wred for BBC Qperation
(h) Refit the robot controller in its installed position and
reconnect the plugs and plugs and | eads disconnected in para

2.Db.

2.3.3 Conputer Connection

Connect one end of the 26-way ribbon connector to the 26-way plug on the
MA2000w i nterface card for the IBMand to the 1 Mz Bus for the BBC.

Always ensure that the ribbon cable connections are made with the ribbon
stripe going to pin 1. Note: Pin 1is marked with an arrowon the
connector body.

2.3.4 Controller Connections

Always make sure that ribbon cable connections are made with the ribbon
stripe going to PIN 1 in the connector.

1. Connect the keypad ribbon cable plug to the connector |abelled KEY-
PAD to the front face panel of the controller.

2. Connect the free end of the conputer ribbon cable to the connector
| abel | ed COVPUTER



-18-

Connect the two plugs at the end of the screened robot cable into
the back of the controller. One of the plugs shoul d be 12-way, the
ot her 24-way. Because of the physical dinensions of the controller
connectors, there should be no anbiguity as to which plug fits
whi ch connector.

2.3.5 Oher Connections

1. Mke sure that the 4-way mains adaptor is disconnected fromthe
mai ns.
2. Plug the mins leads, fromthe controller and m croconputer into
t he adaptor.
3. Set the equipment power switches to ON.
4. Connect the 4-way mains adaptor to the mains but do not switch on.
5. Check your connections against Fig 2.3.2.3.
6. Connect the plastic air line between the robot air inlet and a
clean dry regulated air supply (approximtely 3 bar).
MA2000
12 WAY CABLE 24 WAY CABLE
COMPUTER

1 MHz BUS(B§C)

MA2000MW ( 18M
[ | MA2000 ROBOT CONTROLLER

COMPUTER  KEYPAD
] STNE

26WAY CABLE(IBM)  34to26 WAY CABLE(BBC)

20 WAY CABLE

KEYPAD

Fg2323



2.4 Powering-up the MA2000 System

Not e: If the robot is going to be operated on its own, nowis a good
time to connect in the decision box MA2000p (see enclosed instruction
sheet).

Switch the mains switch ON. The controller LIMTS light may light. Both
the red EMERGENCY STOP and COMPUTER FAULT indicators will light. W are
now ready to load the operating system

2.5 Loading the Qperating System

Not e: paragraphs 1-5 are for IBMusers and paragraphs 6 and 7 for BBC
users.

1. You wll require a disc or discs containing the disc operating
system DOS and BBC BASIC(86) as well as the MA2000 robot software
di sc.

2. Remove the protective card fromthe mni-diskette.

You may need to first unlock the diskette by turning the |ocking
key anti-clockw se (see fig 2.5.1).

3. Take the disc operating system (DOS) disc out of its protective
cover and place it in Drive A ensuring that the disc slot enters
first and |abel face upwards (see fig 2.5.1).

Remenber to lock the diskette by turning the locking key clockw se.

4,  Switch ONthe conputer. (Sone systens are fitted with RESET, this
may also be used). The systemw |l now self-check and | oad DOS.

5. If BBC BASIC 86 has not been installed on your MA2000 disc then
carry out the follow ng:
(a) Remove the DOS disc fromdrive Aand fit the MA2000 disc.
(b) Type in "INSTALL" and fol | ow the screen pronpts.
If BBC BASIC 86 is resident on your disc; once DOS has | oaded,
remove the DOS disc fromdrive Aand fit the MA2000 disc. Type in
MA2000 and the systemw || auto boot.

6. BBC users need only insert the MA2000 disc into the disc drive and
press <SH FT><BREAK> for the systemto boot . J ”/

Ll b +

NS L“[ (/ON) W i

= 1 STL% il P1- h
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7. Because of limted nenory space, the BBCwill require you to answer
the fol | owi ng questions:

(a) CONTI NUQUS PATH (Y/'N)? Type Y
(b) How many SEQUENCE STEPS do you need? Type 30
(c) OFF LINE TEACHNG (Y/N)? Type Y
(d) TUTOR TEXT (Y/N)? Type Y
(e) USER MDULE (Y/N)? Type Y

The conputer will then respond with:

Room for 30 steps & 149 CP u steps
Is this sufficient (Y/N? Type Y

8. (Once steps 1 to 5 or steps 6 and 7 have been conpleted, the
conputer responds with:

TECQUI PVENT | NTERNATI ONAL LTD
Not t i ngham ENGLAND.

MA2000

| ssue 3A. 03

Copyright (c) 1987  TECQU PMENT LTD

CLEAR DATA AREA? (YIN)

The COWUTER FAUWLT light should remain lit on the controller front
panel .

This light will only go off when the software is actually running.
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3. SAFETY PROCEDURES AND RGBOT TESTI NG

The MA2000 controller can be used as a safety and test device. The front
face panel of the controller should always be within easy reach of the
user. On the left hand side of the panel a push-button switch |abelled
EMERGENCY STOP has been installed. You will also notice a simlar button
| abel [ ed STCP anongst the bank of switches on the right hand side of the
panel . Both these switches offer a safety facility. The remaining
front panel controls are Robot Test controls.

W w |l first discuss the 'Energency Stop' and 'Stop' buttons.

3.1 Emergency Stop and Stop

If the robot ever behaves unexpectedly or dangerously, press either the
Emergency Stop or Stop button. This wll halt the robot nmotion
| mredi at el y.

The STOP button halts the robot instantaneously, but by then pressing
Auto, also on the controller panel, the robot will continue fromwhere
it left off.

The EMERGENCY STCP button also halts the robot instantaneously, but does
S0 by cutting out the robot power supply. The robot will become dynam c-
ally unstable and will drift in position. Thus, when power is resuned
it wll continue froma slightly different position. This new position
my be out of the robot's limts (or operating range) and certain
procedures nust be used to bring the robot back into its limts (see
section 3.2).

The EMERGENCY STOP indicator may automatically light if the robot is
moved out of its limts when driving. Again, the robot nust be brought
back into its limts (see section 3.2).

3.2  Robot Testing by Local Contro

All individual six axes of the robot are restricted in operation. \Wen
one, or nore, of the robot joints has moved to a position outside its
operating range, the robot is saidto be QUT OF LIMTS.
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The green LIMTS light on the controller front panel only remains |it
when all six axes are within their operating range, i.e. INLIMTS

Wenever the limts light switches OFF, the controller will assune total
control over the robot and commands made by the mcroconputer and key-
board will be ignored. The robot nust be brought back into limts be-
fore conputer/keyboard control is resuned.

The foll owing robot TEST procedure is that also used to nove the of fend-
ing joint(s) back into LIMTS.

(If the robot is in LIMTS after loading the operating system it is
still advisable to test the individual joints separately before continu-
ing to section 4).

The operating system should always be |oaded before testing the robot.
If this has not already been done, refer to section 2.5 and follow the
| oading instructions.

Having |oaded the operating system the screen wll display:

CLEAR DATA AREA type (Y) on the uconp. keyboard
A flashing nessage will then say:

CONTROLLER NOT IN AUTO press AUTO and then RESET on the
controller front panel.

TEST PROCEDURE

1. Press the STOP button on the controller front panel.

This swtches the controller fromAutomatic (AUTO to manual (or |ocal
control) (STOP) allow ng the user to test the robot.

2. Turn the selector dial on the right hand side of the controller to
your desired robot joint. The abbreviations around the dial are:

VET Wi st RH Pi tch
D Shoul der YAV Yaw
HB El bow RL Rol |

Try WBT to begin with. Press TEST and RESET toget her.



3. Press and hold the controller TEST button.

The selected joint should rotate about its axis. The | NCREASE button
rotates the joint clockw se, the DECREASE button anti-clockw se.

4. Try selecting the other joints with the dial and repeat the test
procedure.

Having conpl eted the test for all joints, check that the LIMTS light is
lit. If the [light does not show, use the test procedure to move the
joints until the robot is back in LIMTS, Qherw se proceed to section
4,
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4. DRI VING THE MA2000 ROBOT

| MPORTANT!

Programmng and driving the MA2000 robot requires patience and skill.
If you are an inexperienced user and at any time feel anxious about the
robot's behaviour, renember to press the controller EMERGENCY STOP
button to halt the robot (see section 3.1).

If you ever make a typing or keypad entry error, then press <ESCAPE> on
the keypad and continue.

The instructions contained in the manual should directly correspond to
those in the MA2000C user edit software. Do not use the manual as your
only user guide. The display instructions are there to help you and
shoul d be careful |y observed.

4.1  Position Programm ng

4.1.1 Steps and Sequences

The MA2000 Robot can be taught to performa series of novenents by
programmng it to follow a sequence of steps. Progranmng the robot in-
vol ves feeding positional and control data to the robot using either the
keypad or microprocessor keyboard as an interface.

The robot sequence wll always originate froma position termed the
"Park Position'. This is the position that the robot wll automatically
move to when it is switched on (see fig 4.1.1) and is called 'Step 0.

There are four different programmng nethods:

Point to point
Lead by the Nose
Cont i nuous Path
Ofline

B e

"Point to Point' progranmmng uses the keypad to move the robot through
the sequence of steps. It is perhaps the easiest nethod to grasp and
for this reason will be the first considered.
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STEP O
& STEP ]
Fig 4el.l
‘\ &
e
RATE MODE INPUT OUTPUT WAIT JUMP
7 2 0 0 0 0
WAIST SHOULDER ELBOW PITCH YAW ROLL GRIPPER
500 400 100 500 500 500 0




4.1.2 Display Format

Each step in a sequence is defined by a bank of position and control in-
formation. The information is conveyed to the user as a grid of nunbers
on the display in the follow ng manner

rate node | nput output  wait junp
wai st~ shoul der  elbow  pitch yaw roll  gripper

The upper section of the grid represents CONTROL data, the |ower section
POSI TI ON dat a.

All the control nunbers have default values. For this reason we can
programpositional data and drive the robot wthout altering any contro
data. An inexperienced robot driver can |earn about position programm ng
without tackling control programmng at the same time. Hence the |earn-
ing process is considerably sinplified.

The range of nunbers allocated to positional definitionis:

wai st shoulder elbow pitch yaw roll gri pper
grid 000- 000- 000- 000- 000- 000- open =0
range 999 999 999 999 999 999 closed = 1

The nunbers represent the angle through which each joint turns to reach
its destination. The angle ranges are 0° to 270° for the mgjor axes
(WAIST, SHOULDER, ELBOW and 0° to 180° for the mnor axes (PITCH YAW
ROLL).

Fig 4.1.1 shows the robot Park Position and its corresponding grid.

4.1.3 A Trial Sequence (Point to Point Progranm ng)

If you have already switched on the equipment, |oaded the operating
system and tested the robot, ignore instructions 1to 3.

1. Switch on the mains power supply to the equi pnent (see section 2.3).

2. Load the operating systemw th the MA2000c disc (see section 2.4).
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Caution: Ensure that the [imts lanp on the controller is |it before
proceedi ng.

3. If necessary use the robot test procedure detailed in section 3.2).
The display should be flashing the nessage:

CONTRCLLER NOT N AUTO

4. Press AUTO and the RESET on the controller front panel.

The display should then read:

Check that it is

SAFE to MOVE the ROBOT

Then:

PRESS <EDI T> FCR TUTCR TEXT

To PARK the ROBOT press <STEP>
To MOVE the ROBOT press <DR VE>

5. Check that there are no obstructions preventing the robot from
transferring to its Park Position. The Park Position is shown in
Fig4.1.1. It may be helpful to refer to the diagram

6. Press <EDIT> on the keypad to select the tutor text.
The display should then read:

This robot has six notions:
WAl ST, SHOULDER, ELBOW
PITCH YAW& ROLL and a Rl PPER

STEP  0) 7 2 0 0 0 O
497 293 68 484 492 491 0

The display format used is:

STEP No)  RATE MODE IN QUT WAI T JUMP
PCSI TI ON VALUES & GRI PPER
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G ve your instructions to the robot
using the CONTROL KEYPAD.

| will tell you which <KEYS>
to use at each stage

Press <STEP> to continue

This is a supplenentary screen text provided to hel p inexperienced

users.
The display wll nowinformthe user of the robot notions and dis-
play format. It may be helpful to refer to section 4.1.2.

Ensure that the robot operating envel ope i s FREE from OBSTRUCTI ON
and then press <STEP> on the keypad to continue.
The display should read:

Now
To PARK the ROBOT press <STEP>
To MOVE the ROBOT press <DR VE>

Press <STEP> again and the robot should now nove to its PARK
POSI TI ON. If the robot behaves dangerously or unexpectedly press
the EMERGENCY STCP button and refer to section 3. 1.

The screen shoul d di spl ay:
MOVI NG TO PARK PCSI TI ON

Step 0) 7 2 0 0 0 0
500 400 100 500 500 500 0

Stored sequence nunber 0
Contains 0 steps & 0 CPusteps
Room for 250 steps & 1406 CPusteps

HOLDI NG AT STEP 0

This is the initial default step.
Press
<EDIT> to teach the robot what to do.
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The lower grid numbers should already be famliar to the user. They
are the PARK PCSI TI ON nunbers nentioned in section 4.1.2.

| gnore the upper grid nunbers for now, they are the default control
data val ues.

Note: if in the followng operations you press the wong keys and
inadvertently give control to the host conputer, then just press 0
<RETURN> to get back to the keypad.

Press <EDIT> (to teach MA2000 what to do).
The display shoul d now read:

EDT wth tutor

STEP  0) 72 0 0 0 O
500 400 100 500 500 500 O

Press:
<STEP> <STEP> to sel ect next step.

Press <STEP> <STEP>
The display should now read:

EDT wth tutor

STEP 1) 0 0 0 0 0 O

Press:
<DRVE> to copy the present position
into this new step

Press <STEP> <STEP>.

This sets up the grid for the next step in the sequence, in this
case STEP 1 the first step of the sequence. Whilst gaining ex-
perience it is recomended that STEP 1 be left as a park position.

Press <DR VB>,

This enters the present robot position and control information into
the step (1) grid. The Park Position data is therefore copied into
step (1). The purpose of this is to provide the systemwith a
reference position fromwhich the robot wll move.
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The screen will now display:
DRIVE with tutor

Step 1) 0 0 0 0 0 0
500 400 100 500 500 500 0

Use the
<MOTI ON KEYS> to nove the robot
to required position

The <DRIVE> key can be used to toggle
between SLOVand RAPID drive

Then press:

<LEARN> to store the current
positions into the step

<ESCAPE> to keep original values

Press <LEARN> - we wish to keep step 1 as a park position
Press <STEP> <STEP> - nove on to step 2.
Press <DRIVE> - copy step 1 into step 2 for a reference.

VE ARE NOW READY TO MOVE THE ROBOT AND TEACH IT A NEWPGOSI TI ON

The journey fromthe Park Position at step 1 to the new position is
cal led STEP (2).

Press <DRIVE> to select RAPID dri ve.
Note : Rapid DRIVE TUTCRis in inverse video at the top of the
screen.

Press the notion key |abelled <SHOULDER>.

The robot's shoul der should move in a clockw se sense. The grid
number representing the angul ar displacement of the shoul der shoul d
| ncrease.

Press <DRIVE> to select <SLOM drive.

Press the <SHOULDER> notion key again
The shoulder joint wll nowonly displace very slightly for each
nudge of the key.
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STEP 2
Fig 4.1.2
RATE MODE INPUT OUTPUT WAIT " JUMP
7 2 0 0 0 0
WAIST SHOULDER ELBOW PITCH YAW ROLL GRIPPER
500 500 500 500 500 500 0




20.

21.
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You can toggle between rapid and slow drive by pressing the <DRVE>
key.

Try sone of the other motion keys. Continue when famliar with the
motion keys.

The followng four diagrams denonstrate a few robot positions and
their coresponding positional grid val ues.

Match the data val ues shown on the step (2) exanple sheet to those
on your screen using the notion keys. Wen the values perfectly
agree, your robot should be in a vertical position (see Fig 4.1.2).
It is a good idea to nove to roughly the desired position on RAPID
drive and to nove the last degree or so on nudge control.

Wien you are satisfied with the position press <LEARN>.

The conputer will store this newpositionin step (2). Wenever the
robot is asked to perform step (2) it will nove to the vertica
posi tion.

The display should nor read:

EDIT with tutor

STEP  2) 7 2 0 0 0 0
500 500 500 500 500 500 0

Press:

<STEP> <STEP> to select next step
<STEP> <nn> <ENTER> t0 sel ect step
<DRIVE> to nove the robot to position
<LEAD> to select offline teaching
<RUN> to execute the taught steps

<ENTER> for further instructions

Note: Version 4A users will have an additional |ine:

<PATH> to toggl e XYZ co-ordinates.



STEP 3 i
Fig'4.1.2
eJ___ 1
[D
RATE MODE INPUT QUTPUT WAIT . JUMP
7 2 0 0 0 0
WAIST SHOULDER ELBOW PITCH YAW ROLL GRIPPER

500 1%5 500 500 500 500 0
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22. Press <STEP> <STEP>.
The information grid for step (3) should now be displayed on the
moni tor.

23. Press <DRIVE> to copy the present robot position into step (3) as a
reference position.

24. Use the motion keys to position the robot horizontally (see Fig
4.1.3).

25. When you are satisfied with the position press <LEARN>.
The conputer will store this newposition in step (3) and the robot
wi Il move to the horizontal position whenever it is asked to perform
step (3).
The positional progranmng procedure is therefore:

<STEP> <STEP> to select next step grid in sequence

<DRIVE to enter reference position
<MOTI ON> to nove robot to new destination
<LEARN> to store the positional data in step that has

just been conpl et ed.

26. Using the above procedure, teach the robot a fourth step by matching
the positional values to those on exanple sheet step 4 (see Fig
4.1.4).

Don't forget to press <LEARN> to store the position.

Having conpl eted the short sequence of steps, we now wi sh to run through
the steps.

4.1.4 Running a Sequence

(a) Press <STEP> <1> <ENTER>
(b) Press <DRIVE>. The robot should nove to the Park Position.
(c) Press <LEARN>

(d) Press <RIN> <RUN>.  This executes the entire sequence.

The robot should now run through the positions and stop when it has
reached step (4).
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The display wll now read:
Press <HO.D> to halt execution

STEP  2) 7 2 0 0 0 O
500 500 500 500 500 500 O

STEP  3) 7 2 0 0 0 O
500 135 500 500 500 500 O

STEP  4) 7 2 0 0 0 O
500 135 140 500 500 500 O

STEP 5) o o0 o o0 o0 O
o o o0 o0 o0 00

EXECUTI ON FAULT at STEP 5

Sequence 0 halted

I gnore the comment "EXECUTI ON FAULT at STEP 5". It sinply tells us that
step 5 1is an enpty step and cannot therefore be executed as part of the
sequence.

Wenever the commrent does appear, run through the follow ng robot Park
Procedure before continuing.

Robot Park Procedure after an Execution Faul t

(a) Press <STEP> to continue.
(b) Press <EDI T>.
(c) Press <STEP> <1> <ENTER>.

(d) Press <DRI VE>. (Robot shoul d nove to Park Position with

this command).
(e) Press <LEARN.

Stepping a Sequence

Once the robot has been returned to step 1 the sequence can be stepped
through as fol | ows:
(a) Press <RI\
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(b) Press <STEP> to observe each step consecutively.
(c) On reaching step 4 press <EDIT> to take you back to tutor text.

Now try adding a few additional steps of your own to the sequence.

If necessary, refer to section 4.1.3 and create 3 new steps. Call your
steps step 5, step 6 and step 7. Then refer to section 4.1.4 to run the
sequence.

An  ‘"execution fault' nessage will still appear on the screen upon com
pletion of the programRUN. This tine however, the execution fault wll
be found at step 8; this is the first enpty step reached.

Wien you feel confident enough to further your 'robot education'

Press <ED T>
Press <CLEAR> <5> <ENTER> <7> <ENTER>

This wll enpty the data grids for the additional steps that you have
created and leave the original 3 steps unaffected for use in the next
section.
VE ARE NOW READY TO LEARN ABOUT
ROBOT CONTROL PROGRAMM NG

4.2 Control Programm ng

4,.2.1 Progranmng the Data Gid

Now that we have programmed the robot's positional data we can edit the
control paranmeters.

The control data grid is the upper section of the information grid and
has the following format (also see Fig 4.2.1).

RATE MODE INPUT  QUTPUT  WAIT  JUWP control ?rid
(with defaul t
7 2 0 0 0 0 val ues)

The numbers in the above table are the control default values. These
values wll be automatically assuned unless the user nmakes any alter-
ation to them



STEP 4 -38-
Fig 4«14
J
RATE MODE INPUT DUTPUT WAIT JUMP
7 2 0 0 0 0
WAIST SHOULDER ELBOW PITCH YAW ROLL GRIPPER
500 135 140 500 500 500 0
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The follow ng table shows the range of nunbers allocated to each cell in
the control grid.

RATE MDE [ NPUT QUTPUT  WAIT JUWP corEtr_?Ih gril?
with ce
1-9 1-9 1- 1o 4 0-255 0-STEP X ranges)
(-D)-(-4) ~(-Dor(-4) 0" means junp
function inhibited

W will consider the rate, wait and junp control paraneters.

4.2.2 Rate Command

Rate sinply determnes the speed at which the robot will travel when it
performs the step. Awvalue of Rate = 1 is the slowest speed possible.
The maximumtravel ling speed is achieved when Rate is set to 9.

W will now alter the rate for step (4) in the exanple sequence con-
sidered in section 4.1.1.

If the screen shows: " EXECUTI ON FAULT AT STEP X
Then run through the Park procedure on page 34. Qherw se continue.

1. Press <STEP> <4> <ENTER>
The step (4) information grid should now show on the nonitor screen.

2. Press <RATE> <4> <ENTER> RATE COMVAND
This sets the step 4 rate cell to rate "4'. Note the cell nunber
change in the control grid (see Fig 4.2.2).
Now run the sequence.

3. Press <RIN> <RUN>.
The final step in the sequence, step (4), wll move considerably
sl ower than the preceding steps.
The screen will display: 'EXECUTION FAULT AT STEP 5'. Use the pro-
cedure on page 34 to park the robot before continuing.

4.2.3 Wit Command

The conputer will usually send the grid information to the robot as soon
as the previous one has been conpleted. |[|f you require the robot to
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wait at the end of a given step before proceeding to the next, use the
VAT command.

The control data grid contains a cell labelled WAT (see Table 1).

The nunber range for the cell is 0-255, each unit representing a wait
for 1 second. The maxinumwait is therefore 255 seconds.

VW will now edit the step 3 control grid in the exanple sequence to
create a wait of 8 seconds hetween step 3 and step 4.

1. Press <STEP> <3> <ENTER>
The step (3) information grid should now show on the monitor screen

2. Press <WAIT> <8> <ENTER> WAI T COMVAND
This sets the step (3) wait cell towait "8 . Note the cell nunber
change in the control grid (see Fig 4.1.3).
Now run the sequence.

3. Press <RUN> <RUN.
The robot will wait 8 seconds before comrencing step (4) in the ex-
anpl e sequence. Step (4) will still nove at a slower rate.

The screen will display: 'EXECUTION FAULT AT STEP 5'. Use the park
procedure in section 4.1.4 to park the robot before continuing.

4.2.4 Junp Command

The JUMWP command is an extrenely useful feature. It can be used to
either cycle the sequence around or to insert additional step (5) be-
tween existing adjacent steps.

The control grid contains a cell Iabelled JUMP. The number range for
the cell is'-" to "X . (Were Xis the nunber of the step we are JUWP-
INGt o).

In our exanple sequence we have 4 steps. |f we wish to cycle continu-
ously around the sequence we need to alter the JUMP cell in the step (4)
control grid. The cell currently has a default value of '0'. Therefore
each time step (4) is conpleted the programJUWS to step (5). Here a
control grid containing no data whatsoever is found. The sequence is
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broken and the nessage 'execution fault at step (4)' is displayed. Ds-
rupting the programflowin this way has allowed us to run our sequence
through a single tine only. This has mnimsed confusion in other
sections and sinplified the |earning process.

The flow sequence for the existing JUMP condition is:

PARK PCSI TI ON STEP (1)

start
STEP (2)
EXAVPLE
SEQUENCE
STEP (3)
STEP (4)

STEP (5)  (EMPTY STEP) - ' EXECUTION FAULT'

If we now change the junp cell in the step (4) control grid from'0" to
"2 the sequence will JUW to step (2) upon each conpletion of step (4).

The flow sequence will then be:

PARK PCSI TI ON STEP (1)

start
STEP (2) VERTI CAL POSI TI ON
EXAVPLE
SEQUENCE
STEP (3) HOR ZONTAL POSI TI ON
STEP (4) 'RIGHT ANGLE' POSI TI ON

JUWP TO STEP (2)
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1. Press <STEP> <4> <ENTER>

2. Press <JUWP> <2> <ENTER> JUVP COWAND
Now run the sequence.

3. Press <RI\N> <RUN.

The program will now cycle around the sequence of steps continuously.
Note that the Park Position is not included in the cycle.

Press <HOLD> when you wish to halt the cycle. The cycle should be broken
at the end of the step in which you pressed <HOLD>.

| magine now that we had witten a sequence and accidental |y omtted one
or nore of the steps. [If the sequence was of any considerable I|ength,
correcting such an error would be very inconvenient without use of the
<JUVWP> command. The command allows the user to insert an additional
step(s) between two existing steps in a sequence.

W will insert two new steps between step (3) and step (4) in the ex-
anpl e sequence. W will call the new steps step (10) and step (11).

The flow sequence will then be:

PARK POSITION  STEP (1)

start

STEP (2)

STEP (3) STEP (10)
EXAMPLE W T FOR 8 SECS
SEQUENCE

JUWP TO STEP (10)  STEP (11)
STEP (4) JUWP TO STEP (4)
(RATE 4)

JUWP TO STEP (2)

The programwi |l reach step (3) and upon conpletion of that step trans-
fer to step (10). The programjunps back to step (4) of the exanple se-
quence upon conpl etion of step (11).
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Press <EDIT> to return to edit.

Press <STEP> <3> <ENTER>

The step (3) information grid should now show on the nonitor screen.
Press <JUMP> <10> <ENTER> (JUWP TO SUPPLEMENTARY SEQUENCE) .
Press <STEP> <10> <ENTER>.

The information grid for step (10) should now show on the monitor
screen.

Press <DR VB>.

NON USE THE MOTION KEYS ON THE KEYPAD TO CREATE A NEW ROBOT
PCSI TI ON.

Press <LEARN> when you are satisfied with the new position.

Press <STEP> <STEP> to display the followng step data grid, i.e.
that for step (11).

Press <DR VB>.

Again use the motion keys on the control keypad to create a new
robot position.

Press <LEARN> when you are satisfied with the new position.
Press <JUMP> <4> <ENTER> (Junp back to step (4) of
the exanpl e sequence).
Press <STEP> <1> <ENTER>
Press <DR VE> Returns robot to
Park Position.
Press <LEARN>

Now run the program
Press <RUIN> <RUND.
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The robot will then: Performsteps (2) and (3)
JUW to step (10)
Performsteps (10) and (11)
JUWP to step (4)
Performstep (4)

JUWP to step (2)

4.2.5 The Denonstration Sequence

Note: In the follow ng tables <ENTER> will be shown as <e>.

1. The first thing we have to dois: stop the robot executing the
current sequence. Followthe procedure in table 1.

TABLE 1
KEYPAD SEQUENCE COWVENT
(1) (2)
<HOLD> Hal ts the current sequence.
<EDI T> Returns to edit.
<STEP> <1> <e> Fetches step 1.
<DR VB> Gets robot to GOto step 1.
<EDI T> Returns to edit.
<CLEAR> <1> <e> <4> <e> (ears current program
<EDI T>
<PROG Di splay asks for sequence No.
<> <> <e> Denonstration sequence is transferred.

See section 11 for listings.

2. The denonstration sequence has now been down | oaded. Tutor text can
be toggled ONOFF by successive key strokes of <EDIT>.  Run the
first part of the sequence by carrying out the instructions detailed
intable 2.



-45-

TABLE 2
KEYPAD SEQUENCE COMMENT
(1) (2)
<STEP> Robot hol ds at park position.
Step 1 is displayed.
<STEP> <STEP> Step 2 is displayed
<STEP> <STEP> Step 3 is displayed.
Note the 7 second del ay.
<STEP> <STEP> Step 4 is displayed.
<STEP> <STEP> Step 5 is displayed
Note the junp to step 1.
<RUN> Message di spl ayed:
"Sequence -1 starting at STEP 1"
<RUN> Message displ ayed:

"Press <HOLD> to halt execution".
Robot commences sequence.

The next part of the denonstration introduces | NPUT, OUTPUT, WAIT
and JUW and their use in MODE 1. The robot control unit has four
I nput connections and four output pairs (see Fig 6.1). These are
for use when the robot works in conjunction wth other automated
t ool s. You wll now need the decision box connected at para 2.4.
To proceed, carry out the instructions detailed in table 3.
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TABLE 3
KEYPAD SEQUENCE COMVENT
(1) (2)
<HOLD> Stops the current sequence.
<EDI T> <STEP> Displays step 5 for editing.

<JUVP> Cancel junp to step 1.

<RUN> Allows entry to this part of the

sequence
<STEP> Al ows robot to move through each

step, holding each tinme.

Press <STEP> as required: until "HOLDING AT STEP 6" and step
6 parameters are displayed.
Note: output 3 is set.

<EDI T> To get back to edit.
<STEP> <STEP> Step 7 is displayed. Note: output
3 has been cancelled (-3).
<STEP> <STEP> Step 8 displayed. Note that only

commands are displayed. This is
MODE 1, a "conditional jump". If
input 3 on the controller I's not set
within 5 seconds (WAT 5) then the
next step is step 6, otherwse step
9. The decision box can be used to
provide input 3.

<STEP> <STEP> Displays step 9.

<STEP> <STEP> Displays step 10. Note the junp to
step 6.

<RUN> <RUN> Starts the sequence running.

This part of the denonstration sequence introduces MODE 3, in which
position values of 500 are used to determne the sign of the rel
ative step. For exanple a value of 525 neans add 25 to the val ue of
the previous |imb position whilst 460 means subtract 40;

I.e.

new | inb position = previous linb position + (position value - 500).

Note: 500 is the md range position and as the position values are
stored as two unsigned bytes in the conputer. Therefore when teach-
ing the robot in MXE 3, the differences in linbs position value
bet ween successive steps must be |ess than 500.
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In step 15 of this sequence the JUWP is set to-1: it is the signa
to return from a subsequence. It points the programto the |ine
after the Iine fromwhich the junps occured. (See Fig 4.2.1).

To proceed carry out the instructions detailed in table 4.

TABLE 4
KEYPAD SEQUENCE COVMVENT
(1) (2
<HOLD> Stop the current sequence.
<EDI T> <STEP> <8> <e> Displays step 8 for editing.
<JUWP> <0> <e> Renmove the junp to step 6.
<STEP> <10> <e> Displays step 10 for editing.
<JUWP> <0> <e> Renoves the junp to step 6.
<RIN> Allows entry to this part of the
sequence.
<STEP> Moves robot to next step of sequence.
Press <STEP> as many
times as required to
reach step 11.
<EDI T> To get back to edit. Note: junp to
14 of step 11.
<STEP> <STEP> To display step 12. Note: junp to 14.
<STEP> <STEP> To display step 13. Note: junp to 11.
<STEP> <STEP> To display step 14. Note: Mde 3.
<STEP> <STEP> To display step 15. Note: Mde 3 and
junp - 1.  (Return fromsubsequence).
<RUN> <RUN> Start sequence running.

I ntroduci ng MDE 4

5.

In this node the robot noves as in node 2, fromits point of origin
to its destination, searching for a specified INPUT which may be
expected somewhere along its path. Wen found, the search path is
abandoned and the next step executed. |f the specified INPUT is not
generated then the robot will execute the next step on reaching its
destination. To proceed, carry out the instructions detailed in
table 5.
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Fig 4.2.1 Denonstration Sequence Step 11 to Step 15
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TABLE 5
KEYPAD SEQUENCE COVMVENT
(1) (2)

<HOLD> Stop the current sequence.

<EDI T> <STEP> <1> <3> <e>  Displays step 13 for editing.

<JUWP> <16> <e> Remove the junp to step 11 and
replace it with ajunp to step 16.

<RUN> Allows entry to the sequence.
<STEP> Moves robot to next step of sequence.

Press <STEP> as many tinmes
as required to reach step 16.

<EDI T> To get back to edit. Step 16 displayed.
<STEP> <STEP> Step 17 di SP| ayed. Note: Mde 1 with
input 1 set. This isthe indefinite

walt. The robot holds this step un-
til input 1is present.

<STEP> <STEP> Step 18 displayed. Note: this is
MODE 4 and has INPUT 2 set.
<STEP> <STEP> Step 19 displayed. Note: this is MDE
4 and has INPUT 3 set as well as JUWP.
<RIN> <RUN Starts sequence running.

Use the decision box as appropriate
and note what happens when the
inputs are not forthcom ng.

| ntroduci ng MODE 5

6. In this node the robot behaves as in node 4, but also stores the
position at which a particular input was sensed. These self taught
positions are then available to be used as servo motion commands in
| ater steps of the sequence. To proceed, carry out the instructions
detailed in table 6.

7. Wen you are satisfied that you understand the operations, try
running the conplete sequence fromstep 1.



(1)

<HOLD>
<EDI T> <STEP>

<JUWP>

<RUN>
<STEP>

Press <STEP> as many times
as required to reach step 20.

<EDI T>

<STEP>

<STEP>

<STEP>

<STEP>

<STEP>
<STEP>

<STEP>
<STEP>
<STEP>
<STEP>

<STEP>

<STEP>

<STEP>

<STEP>

<STEP>
<STEP>

<STEP>
<STEP>
<STEP>
<STEP>

<RUN>

<STEP>

<STEP>

<STEP>
<STEP>
<EDI T>

<Ll ST><2><| ><e><2><9><e>

<ED T>
<STEP><2><0><e>

<JUMP<2><5><e>

<RUN><RUN>

-50-

TABLE 6
KEYPAD SEQUENCE

CCMMENT
(2)

Stop the current sequence.

Displays step 19 for editing.

Remove the junp to step 16.

Allows entry to the sequence.

Moves robot to next step of sequence.

To get back to edit. Step 20 displayed.

Step 21 displayed. Note: Mde 5,
Input 4 set and JUWP 26.

Step 22 displayed, MODE 5.
Note: | NPUT and JUWP.

Step 23 displayed, MODE 5.
Note: | NPUT and JUMP.

Step 24 displayed, MODE 5.
Note: | NPUT and JUWP.

Step 25 displayed MDE 2.

Step 26 displayed MODE 2. Note the
zero val ues for the servo notions.

Step 27 displayed. Note zero val ues.
Step 28 displayed. Note zero val ues.
Step 29 displayed. Note zero val ues.
Step 30.

Allows entry to the sequence, which
we will run one step at a tine.

Moves robot to next step in sequence.
Press input 4 on the decision box at
arbitrary point during novenent.

As above, press input 3 on decision
box at an arbitrary point during
novenent .

As above, press input 1.
As above, press input 2.
To get back to editor.

List steps 21 to 29. Note: steps 26
to 29 now have data in them which
relates to the position at which
the input was set.

Edit step 20.

Steps 21 to 24 have served their
purpose, therefore junp to 25.

Runs the sequence.
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4.3 Additional Position Programm ng Techniques

Recal| that the previous section (4.1.1) wused a technique known as
"Point to Point" programmng to teach the robot its position inform
ation. The notion keys on the keypad were used to alter the robot's
position.  Wen the desired position was attained the position data was
fed to a display grid and consequent|y taught to the robot.

The following three procedures offer the user other programm ng nethods.
You will find each nethod suitable to a particular robot application.

Halt the previous sequence if you have not already done so.

Press <EDIT> to return to edit.

Press <STEP> <1> <e>.

Press <DRIVE> to get the robot to drive to step 1

Press <shoul der> drive key until shoul der position indicates 400.
Press <el bow> drive key until elbow position indicates 100.

Press <LEARN> to store this step.

Press <EDIT> to return to edit.

(ear the previous sequences as fol | ows:

Press <CLEAR> <2> <e> <3> <0> <e> clearing steps 2 to 30.
Step 1 is to be retained as our park position.
Press <EDIT> to return to edit.

4.3.1 Lead- by-the-Nose

Llead by the nose is wused to mnually nove the robot to a desired
posi tion. The robot chooses its own path to the desired position when
the sequence is executed.

W wll now teach the robot the sane steps as in section 4.1.1 using
this different progranmng technique.

PROGRAMM NG PROCEDURE
1. Press <STEP> <2> <ENTER> to display the step (2) information grid.

2. Press <DRIVE>. The robot is then ready for motion conmmands.
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This tinme however, we will not use the notion controls on the key-

pad. Instead we will manual |y move the robot to our desired position
- the 'vertical position'.

CAUTI O\ Wen <LEAD> is pressed the conputer will bleep for about 5
seconds and the the robot's dynamc braking will be released. Ensure
that the robot is supported.

Note for BBC users: the conputer does not bleep and nust be support-
ed prior to pressing <LEAD>.

Press <LEAD>, wait for the conputer to start bleeping and then (and
only then) SUPPORT THE ROBOT I N YOUR HANDS.

Lead the robot slowy and gently to the vertical position to match
the display values of Fig 4.1. 2.

Press <HOLD> to restore dynamc braking.
Press <LEARN> to store the position.
To nove to the next step press <STEP> <STEP>.

Repeat sub paragraphs 3 to 7 for steps 3 and 4, which should be
aligned with Figs 4.1.3 and 4.1.4 respectively.

To get back to edit wth tutor press the <EDIT> key after the
<LEARN> key has been pressed to store the [ast posture position.

Run the sequence and think about what has to be done to make the
sequence repetitive.

You wll notice that the robot noves fromposition to position, but the
path it takes is not necessarily that used in the progranmng stage. The
conputer records the desired end point and chooses the robot's path to
that end point when the step is being executed.

If the user requires to teach the robot the actual path it is totake in
reaching the desired end point, then Continuous Path Programmng is
used.
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4.3.2 Continuous Path Progranm ng

The sequences you have created up to now have caused the MA2000 to move
to distinct positions described by the 'posture’ nunmbers ('positional
grid  nunbers) at each step (e.g the PARK position is 500 350 100 500
500 500).

Wen you run your programthe robot noves between these positions in an
efficient way, choosing the actual path itself so as to mnimse the
time between positions.

In some cases it mght be necessary for the robot to followa specific
path between the positions, for instance if it is welding, paint spray-
ing or even witing. The PATH key on the key pad accesses this facility
to the user.

To teach the MA2000 a CONTINUOUS PATH it is necessary to have the host
conputer nmenory mapped out differently fromwhen the continuous path is
not being used.

Halt the sequence if you have not already done so. Return to the tutor
text and get the robot to nove to the park position (step 1).

PROGRAMM NG PROCEDURE

1. Press <CLEAR> <2> <ENTER> <4> <ENTER> to ensure that steps 2 to 4
information grids are enpty.

2. Press <STEP> <2> <ENTER> to display the step (2) data grid
3. Press <DRIVE>. The robot is then ready for nmotion commnds.
Again we will manually nove the robot arm

In any sequence there can be only 1 step which is continuous path.
Wth the standard software |oaded (MA2000 disc) there is enough
menory in the [BM mcroconputer for at [east 50 or 60 seconds of
Continuous Path teaching, but if you teach for less than this tine,
you can still only have 1 step containing continuous information
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CAUTION,  When <PATH> is pressed the conmputer will bleep for about 5
seconds then the robot's dynamc braking will be released. Ensure
that the robot is supported.

Note for BBC users: Unless you have answered 'yes' to the question
"CONTINUQUS PATH (Y/N)?" on initialisation then you will not be able
to do this. Once <PATH> is pressed, dynamc braking is released
imediately and the conputer does not give any warning bl eeps.
SUPPORT THE ROBOT IN YOUR HANDS NOW

Press <PATH>, wait for the conputer to start bleeping and then (and
onl'y then) SUPPORT THE ROBOT IN YQUR HANDS.

Now gently and slowy lead the robot through the chosen path taking
care not to nove the armout of [imts.

Note: The continuous path is stored in the computer menory as a
series of u steps. Wen the menory is full the conputer will bleep
and dynamc breaking wll be restored. It is quite possible that
your armwill tire before conputer menory space is exhausted.

Press <HOLD> to restore dynamc braking.

Press <LEARN> to store the steps.

Press <EDIT> to get back to edit.

Press <STEP> <3> <ENTER> to display the step (3) information grid.
Press <DR VB>

The robot is now ready for drive notion commands.

Use the motion keys on the keypad to create a position of your own
choi ce.

Press <LEARN>
Press <JUWP> <2> <ENTER> JUWP COWAND to cycle around the sequence.
Park the robot.

Press <RIN> <RUN> to execute the program
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The robot will followthe path you taught it in step (2) (the Con-
tinuous Path) and continue to the step (3) position. The sequence
wi Il cycle around until you press <HOLD>.

If you accidently nove the robot arm QUT OF LIMTS when Continuous
Path Progranmng, use the Robot Test Procedure (see section 3) to
bring the robot back into LIMTS and sort the Continuous Path pro-
gram agai n.

You wll notice that the RATE cell for the continuous path control
grid will automatically become 5. This is the RATE DEFAULT val ue
when operating in the Continuous Path node.

A rate value of 6 or 7 gives an execution speed of approximtely
that used during progranm ng. Rate 9 will take about half the
teaching time, and RATE 1 would last up to 30 m nutes.

4.3.3 Ofline Programm ng

Ofline programmng uses the host conputer's keyboard to set all the
cells in the position and control grids to whatever value is required.

Hal t the sequence by pressing <HOLD>.

PROGRAMM NG PROCEDURE

1.

Press <EDIT> on the keypad. Ensure that this is the edit with tutor
mode.

Press <LEAD> on the keypad, the display now reads:

CFFLINE | NPUT of SEQUENCE STEPS

Type
M for Robot to MOVE to the Positions.

Note: For wversion 4A (XYZ) the display pronpts will first ask
whether programmng is to be in posture values or XYZ co-ordinates.
Press <P> for posture values and the above prompt will be displayed.

Press <M> on the host conputer keyboard as we wish the robot to
move. The display now reads:
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CFFLINE | NPUT of SEQUENCE STEPS
with Robot MW NG

Stored sequence nunber 0
Contains 4 steps & 0 CPusteps
Room for 250 steps & 1406 CPusteps

To return to EDIT type a ZERO STEP No.

Type STEP No.

Type in <4> for step number 4 followed by <RETURN>.

The control grid is now displayed. Type in new values of RATE,
MODE, [INPUT, OQUTPUT, WAIT and JUWP, pressing <RETURN> after each
value is entered. By just pressing <RETURN> the previous val ues
will be entered.

The posture grid will now be displayed. Type in the posture val ues
for WAIST, SHLDR ELBON PITCH YAW ROLL and GRIP;, pressing
<RETUR\> after each value is entered.

You will then be asked for the next step nunber; in this way a
conpl ete sequence can be taught "offline'.

The sequence steps can be input in any order, not necessarily in
order of ascending step number. You can input the sane step number
several times if you change your mnd or make a mstake. You can
overwite steps in an existing sequence, or add steps, or fill in
the gaps, etc. The advantage of progranming this way is that the
robot itself is not required to move. An entire sequence can be in-
put using the mcroconputer alone.

If you wish to get back to the keypad, then when asked for the next
step number type in 0 followed by RETURN.
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5. CONTROL KEYPAD

\% have nmade considerable use of the control keypad, perhaps without
realising the significance of individual keys. Wat follows, details
the function of these keys.

5.1  Min Control Keys

<RIN> The sequence steps are executed continuously, subject to
process inputs and wait instructions contained within the
st eps.

<HOLD> Sequence halts at END of the current step

<STEP> Qperational when on HOLD, enables the user to execute the
sequence step by step.

<ED T> Qperational when on HOLD, causes entry to the sequence EDIT-
ing functions which are selected using the edit-function
keys.

5.2 Milti-Function Keys

The multi-function keys yield their different meanings in a |ogica
manner :

<top left> The EDIT function as marked in the top left hand corner

<top right>The NUMERIC value, followng the selection of an EDT
function. Nuneric entry is termnated by ENTER shown as <e>
in the follow ng description.

<centre> The MOTION DRIVE functions follow ng a keystroke to <DRI VE>

<STEP> As well as its wuse under HOLD, STEPis used in the EDIT
functions to select a new step,
e.g. <STEP> <7> <e> to select step 7
or: <STEP> <STEP> to select the followng step
(i.e. Single Step).

<PROG Sets up file nunber for the taught sequence.
e.g. <PROG <nn> <e> The file nunber can be any positive
number which is termnated by the normal enter key. Negative
nunbers are reserved for special systemuse.



<LOAD>

<SAVE>

<QOPY>

<FUNCTI ON>

<LI ST>

<CLEAR>

<RATE>
<MODE>
<QUT>

<MWl T>
<JUVWP>

<ESCAPE>

<RIN>

<DR VB>
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Instructs the conputer to search for and |oad the specified
sequence file fromthe casette.

Instructs the conputer to dunp the sequence file to the
cassette. LOAD & SAVE are only accessible inmediately
fol lowing the sequence nunbering function,

e.g. <PROG <nn> <e> <LOAD>

Enables a block of steps to be copied into another bl ock:
e.g. <COPY> <4> <e> <8> <e> copies steps 4 to 8 inclusive <2>
<0> <e> <2> <4> <e> into steps 20 to 24.

This key is used to access special systemutility functions,
sone of which should only be used under guidance (section
5.4).

Lists sequence steps, e.g. <LIST> <5> <e> <7> <e> will [ist
steps 5 through to 7 inclusive. To list one step, e.g. 5,
then <LIST> <5> <g> <5> <e>,

O ears sequence steps, i.e. set all items to 0.

e.g. <CLEAR> <I> <2> <e> <I> <5><e> wll clear steps 12
through to 15 inclusive. The steps are also listed after
bei ng cl eared.

Set up entered value in the appropriate itemin the sequence
step.
e.g. <MDE> <1> <e>

or <QUT> <> <2> <>
or <JUWP> <2> <9> <e>

Any of the functions involving entry of numeric values can be
termnated before taking effect by pressing the <ESCAPE> key.
This can also be used to escape froma SAVE LOAD request, or
froman unintentional function selection.

Causes exit fromEDT in HOLD node

Only operational when in EDIT. Causes entry to the DRIVE
functi on.
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5.3 Drive Function Keys

\Wenever <DRIVE> is selected during an EDIT, the robot will nove to take
up the position described by the STEP currently being editted. Once the
robot has finished noving, the DRI VE notion keys can be used to drive
the robot to a new position.

Two keys are used to control each motion, one to increase the position
val ue, one to decrease it, as shown.

The pneumatic gripper is toggled OVOFF by pressing the <GRIP> key.

SLOVDRIVE - this is automatically selected on entry to DRIVE

Successive keystrokes to the same key (or holding the key down) will
gradual |y increase, or decrease, the position of the motion.

RAPID DRIVE - pressing <DRIVE> a second time switches fromslowdrive to
rapid drive. Only one motion at a tinme may be moved during
EDIT, and the novenent stops when the notion key is re-
| eased.

Further pressing of <DRIVE> will toggle between SLOV & RAPID drive.
To exit fromDRIVE press either:

<LEARN>  To save current arm positions. (This is only operational
when in Drive mode, see above.)

<ESCAPE> To retain previously learnt armpositions, i.e. to cancel all
the DRI VE notions which have been inposed since the beginning
of the edit of this current STEP.

5.4 Wility Functions

The <FUNCTION> key on the keypad enables certain utility functions to be
called up by the user. These are accessed with EDIT by pressing
<FUNCTION> and then a <NUMBER> fol | owed by <ENTER>. Sone functions al so
request a tine period to be entered for which they are active. This is
entered in the usual way, e.g. <2><0> <e> for 20 seconds. The others
are exited by pressing <ESCAPE>.



<FUNCTI ON>

<1>

<>

<O><0>
<O><1>

<0><2>

<O><3>

<9><9>

Not e:
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nunber

View the current status of the process inputs for test
pur poses.

Enable the process outputs to be set for test purposes, e.g.
pressing <2> <e> <-> <2> <e> in response to SET process out-
put woul d switch on output 2 and then switch it off again

Report the keypad nunber as each key is pressed.
Report the positional errors.

Report the actual positions in ADC bits, where the range 500-
3500 represents the span angle of 270° for major axes, and
180° for mnor axes.

Note:  The MA2000 resolves to 3000 bits but only controls to
1000.

Report the motor powers.

Report the current P.1.D. terns in the feedback | oops of each
of the motions, and allowthemto be changed in the range
1-19. It is recommended that these terms be altered by no
nore than 2 units at any session, so that the effect of the
change on the robot's response can be nonitored. \Very
violent novements can be caused by inexperienced use of this
feature and an "access code" is required before alterations
can be made

Functions 90-91 first ask for a time in seconds for which the
reporting should last.
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6. DESCRI PTI ON OF AN MA2000 SEQUENCE

Following the introduction to robot sequences in Section 4 (where the
DEMONSTRATI ON SEQUENCE was run), this section describes sequences in
more detail.

An MA2000 sequence consists of a nunber of steps. Each step contains 12
items conprising 6 control commands and 6 position commands. These are
di splayed on the screen in the followng format:

RATE MODE IN Qi VWAI'T JUWP
wai st shoul der el bow pitch  yaw roll gri pper

The six notion positions have the range 0 to 999. A pneumatic gripper
Is fitted which has position values of 0 and 1.

RATE CF MOVEMENT

The RATE sets the speed at which the MA2000 noves between the positions
contained in the sequence steps. RATE can have values 1 to 9.

For fine control, set the RATE to 1.

MODE OF MOVEMENT

N ne different modes of control are available on the MA2000.

MODE 1 executes interface |NPUT/QUTPUT and WAI T and JUMP conmands. In
MODE 1 no move comands are sent to the robot.

I'f no INPUT channel is specified within a MODE 1 step, then any
other MDE 1 commnds wthin the step wll be executed
uncondi tionally. See below for descriptions of QUTPUT, WAIT
and JUWP.

If an INPUT channel is specified within a MODE 1 step, then the
other MDE 1 commands within the step wll be acted upon
together as a conplex conditional command. The sequence will
VWAIT a specified nunber of seconds whilst the status of the
named INPUT is scanned. |f the channel is SET (i.e. is ON) at



MCDE 2

MODE 3

MCDE 4

MODE 5

MODE 6
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the beginning of the WAIT period or becones SET during the WAIT
period, then any specified QUTPUT will be immediately swtched
and the next step of the sequence will be obeyed. Q herw se,
on expiry of the WAIT period, the sequence will JUWP to the
step number specified by the JUMP command.

|f an INPUT channel is specified by a negative nunber, then the
effect of the INPUT status will be the logical inverse of that
described above. In this case, if the channel is NOT SET (i.e.
s OFF) at the beginning of the WAIT period or becones NOT SET
during the WAIT period, then any specified QUTPUT will be
imediately switched and the next step of the sequence will be
obeyed.  Qtherwise, on expiry of the WAIT period, the sequence
will JUWP to the step nunber specified by the JUMP command.

moves through | NTERVEDI ATE steps with speed as set by RATE, un-
til it reaches the positions contained in the step.

is as for 2, but noves are RELATIVE to the current position
rather than to an absolute position. This is the "MOTION
RELATI VE" nde.

Is as for 2, but SEARCH NG for a specified INPUT; when found,
the search path for the step is abandoned.

s as for 4, but also STORES the position of the motions at the
mnent  the specified input was set. These sel f-taught
positions are then available to be wused as servo-notion
commands in |ater steps of the sequence.

Is reserved for CONTINUOUS PATH operations. MOXDE 6 cannot be
selected via the keypad, but is selected automatically when
CONTI NUQUS i's speci fied.

MXDEs 7 and 8 cause a branch to user-witten BASIC procedures at |ine

MODE 9

10000 onwards and on return the 1/O are executed as in MDE 2.

perfornms wvarious utilities with the RATE command being used to
select which is executed and the WAIT specifying the duration
in seconds. No MOVE conmands are sent to the robot.
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MODE 9 with RATE = 1 - report the current positional errors.

- report the current actual neasured positions.

- report the current notor powers.

- perform a CONDITIONAL JUWP to the next step in
the sequence as a function of the notor power.

N o

PROCESS | NPUT

Four process inputs are available (see Fig 6.1).

A zero neans ignore inputs.

A positive value (1 to 4) will cause the sequence to look for that input
channel to be ON, and a negative value wll cause the sequence to | ook
for that input channel to be NOT ON (see MODE 1 above).

QUTPUT
Four process outputs are available (see Fig 6.1).
A zero means "leave the status of all process outputs unchanged"

A positive value (1 to 4) swtches ONthe specified output channel and
a negative value switches that output channel OFF

All outputs can be on together, but not nore than one can be set by a
single step.

VAT

VWAIT instructs the sequence to wait for the specified nunber of seconds,
with a maxi mum of 255.

WAIT is also used in conjunction with Mdes 1 and 9.

JUP
JUMWP indicates the next sequence step to be executed.

A zero neans that there is no JUWP, and control passes to the follow ng
step in the ordinary way.

A positive nunber causes the sequence to JUWP to the specified step.
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-1 causes return froma subsequence. Control passes to the step foll ow
ing the one which invoked the subsequence. Nesting is not allowed.

CONDI TI ONAL  JUWP

When used with MODE 1 with INPUT and WAIT set, JUWP is obeyed condition-
ally.

SEQUENCE EXECUTI ON

Execution order in MODE 1 steps is described earlier in section 6 and
shown in Fig 7.1

Each MODE 2 sequence step is executed in the follow ng order:

(a)  The robot noves to the positions set in the MOTION commands
subject to MXDE and RATE. The gripper is set at the end of the
novenent .

(b) If INPUT not 0, then the sequence waits indefinitely for the spec-
ified input state.

(c) If QUTPUT not 0, then the specified output state is set.

(d) If WAIT not 0, then execution is delayed for the specified nunber
of seconds. This wait is additional to (b) above.

(e) If JUMWPis 0, >1, or -1, then control either passes to the fol |l ow
ing step, or JUWs to the specified step or subsequence, or
returns froma subsequence. (See JUWP, section 5.2.)

NOTE A <RUN> and <EDI T>

Having noved out of RUNor HOLD into EDIT to make a sequence change, on
returning to RUN, the systemwill recomence execution fromthe step to
which the MA2000 had |ast been driven, not fromthe step at which the
last command edit was made. This is to reduce the danger of the MA2000
followng an obstructed path after being commanded to drive to steps out
of the desired sequence.

If the last EDIT conmand was a DRIVE (either to an existing position or
to a new position) then that step will be taken as the continuation
poi nt upon re-entering RUN.
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NOTE B REPEATABILITY

To achieve the best repeatability for any set position it is advisable
to approach the wposition in the slower RATEs, thus the selection of
faster RATEs should only be used for rapid slewng to an approximte
position short of the final desired position. The follow ng STEP shoul d
contain the final position which should be approached by a slower RATE.
Inertia effects can be mnimsed by the selection of two or nore
approach STEPS, the first after the fast move at a high RATE with the
following STEP or STEPs at progressively slower RATEs for final
posi tioni ng.

NOTE C Use of MODE 3. "MOTI ON RELATIVE" or "ME RELATI VE'

Wien driving to a "blank step" which is to be a MODE 3, "MWNE RELATI VE",
then the MODE nust be set to 3 BEFCRE the DRI VE conmand is given. DO
NOT set the RATE at this stage.

Wen EDITing a sequence of MODE 3 steps al ways approach the step to be
EDI Ted through the sequence, starting froma suitable absolute position.
Remenber DRIVEing to an existing MODE 3 step wll nove the robot
relative to its CURRENT position.

NOTE D Use of MODE 5: SEARCH and LEARN

A step containing a safe absolute position should al ways be executed
immediately prior to a series of SEARCH and LEARN steps, this wll be
used by the operating systemas a default position in the event of an
unsuccessful search.

NOTE E  The WATCHDGG TI MER

A "watchdog" time-out circuit is fitted to the MA2000 interface board.
This wll automatically cause the mnotor controller to disable after
about 3 seconds if it does not receive select signals fromthe conputer.

NOTE F  Use of MODES 7 and 8

These nodes cause a junp to BASIC procedures witten by the user in the
procedure called "PROC user (I,J)". Normal |y this will consist of
nmessages to the operator. A default procedure is at [ine 10000.
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Cal culations can be perfornmed but CARE nust be taken NOT TO AVEND any
existing variables. It is strongly advised that TecQui pnent be consult-
ed about such use as THS FACILITY REQURES KNOMEDGE OF THE RCBOT
SOFTWARE.

NOTE G INDEFINTE WAIT or "WAIT FOREVER'

In a MDE 1 command, if the step specified in the JUMP is the current
step, then the sequence will loop until the named input is swtched, and
will then execute the next step. By this neans the robot can be in-
structed to "wait forever" wuntil a switch is pressed. For exanple:

STEP 7) 0 1 1 0 5 7

A non-zero WAIT nust be specified, and here a nomnal WAIT of 5 seconds
I's used. The sequence |oops through this one STEP until input 1 is set,
and then the sequence proceeds to step 8, etc. This kind of |ogic can
be extended to nore conplex decision |oops, for exanple:-

STEP 7) 0o 1 1 0 1 9
STEP 8) o 1 o0 0 0 23
STEP 9) o 1 2 0 1 7
STEP 10) o 1 0 0 0 @8

Here, when INPUT 1 is set, control junps to STEP 23, and when INPUT 2 is
set, control junps to STEP 84. These steps may initiate discrete activ-
ities and then return control to the decision |oop at step 7.

In a MDE 2 STEP a non-zero INPUT command causes an indefinite wait, but
when the named INPUT is set, control nerely passes to the next STEP in
the sequence.
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7. USE OF MODES

If vyou feel confident about teaching the robot, it is time to learn how
to use the different nodes available. |f you do not feel confident do
not read the remainder of this chapter yet as it will confuse you.

To illustrate the different nodes the fol | owing sequence will be used as
the exanpl e:

The robot takes a test tube froma conveyor, places it on a bal ance
which records its weight, then enpties the contents of the test tube
into a disposal unit. The robot then puts the enpty test tube in a rack
and takes another test tube which it puts in the conveyor. The conveyor
then indexes around one space and a reagent is added to the test tube.

MODE  STEP ACTI ON

2 1 nmove to conveyor; junp to step 50
2 2 nove to bal ance; junp to step 56
3 3 nove to rack
4 4 search for test tube in top rack; input 3
1 5 condi tional junp 100
1 6 nove clear of rack; junp to step 50
2 7 nove to conveyor; junp to step 66
8 nove conveyor; set output 1
1 9 wai t for indexing si?nal from conveyor input 2;
stop conveyor; cancel output -1
10 start dispenser; set output 4
11 wait till dispenser finished; wait for input 2
condi tional junp 100
1 12 junp to step 1,
50 nove close to conveyor/rack
51 nove up to test tube; close gripper
52 lift test tube clear of conveyor/rack; junp -1
56 test tube above bal ance
57 test tube on bal ance; open gripper
wait 5 seconds for reading
58 positions as 57; close gripper
3 59 lift clear of bal ance
60 nove over disposal unit

61 tip test tube; wait 10 seconds
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62 turn test tube upright; junp -1
66 position as 52
3 61 position as 51; open gripper
68 position as 50; junp -1
1 100 sound claxon for operator; set output 5

MODE 1 Control Commands Only

MXDE 1 is used when only control instructions are required and the robot
Is to stay still, Having reached the position at which the control
instructions are required press <STEP> <STEP> for a new step, then
<MXDE> <1> <e>. (<e> = <ENTER>). (nly the control instructions wll be
displayed, initially set to zero. Values for INPUT, OUTPUT, WAIT and
JUW may be obeyed as described earlier. The exception is a CONDI TI ONAL
JUW which can be made if an input, a wait and a junp are specified in
the sane step

The controller wll performthe instructions according to the logic in
Fig 7.1

This neans that if you want to set an output before receiving an input
you nust have two different steps, the first containing the output
command and the second containing the input conmand.

If you want an output to be set on condition that an input is received
then you put the output in the same step as the input.

If an input conmand has been given but no input is received within the
specified tinme the sequence will junp to the step specified in the JUW
command. However the sequence will not junp until the time specified in
VAT has el apsed.

Note that if the junp is zero this will not be taken as a junp to step 0
but will be ignored and the followng step will be executed.

In the exanple of the test tubes, once the weighing has taken place the
conveyor nust be indexed one place and the reagent dispensed. So after
the test tube has been replaced in the conveyor the sequence enters
MCDE 1.
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FIG7.1 Mde 1 Logic

Not e: This logic is followed in Mde 1. Use of Input in other Mdes
does not give conditional junping.
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First an output is set to move the conveyor around:

RATE MDE IN  OUT  WAIT JUW
Step 8 0 1 0 1 0 0

Next the conveyor is prevented fromindexing around and around; the
position signal is examned and then the conveyor is stopped:

Step 9 0 1 2 - 1 0 0
Now to operate the dispensing unit:
Step 10 0 1 0 2 0 0

Because of the nature of the dispensing unit the robot controller waits
20 seconds for an input fromthe dispensing unit to say the reagent has
been added:

Step 11 0 1 1 0 20 100

If the input is not received within 20 seconds the sequence will junp to
step 100 where the output will set off an alarmto tell the operator the
systemhas mal functioned. [If the input is received the sequence goes on
to step 12 which returns to the beginning of the sequence.

MODE 2 Move to Absol ute Positions

Since you have been using MODE 2 until now it needs very little explain-
ing. MODE 2 makes the sequence nove through incremental positions wth
speeds as set by RATE until it reaches the final positions contained in
the step.

MODE 3 Move Relative to Last Position

MXDE 3 steps are nost useful ly used within subsequences.

MODE 3 enables the robot to performa subsequence in different places
with the operator only having to teach the robot the subsequence once
and then instructing the robot at which places it is to performthe sub-
sequence.  In our exanple the robot perforns 3 subsequences - the pick-
ing up of the test tubes from the conveyor and rack; the weighing
sequence; and replacing the test tubes.

The step in which the junp-to-subsequence conmand is given is the al
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inportant step. The position of such a step is the position from which
the subsequence notions increase or decrease. |If this initial stepis
not taught accurately all attenpts at subsequences will fail.

If you are about to programa part of a sequence that you know i s going
to be a subsequence, first decide on a step number much further on in
the sequence which will be the subsequence. In our exanple step 100 has
been chosen as the start of the pick-up subsequence. In the step at
which you are holding put in <JUW> <1> <0> <0> <e>. Now press <STEP>
<1> <0> <0>. Do not press <STEP> <STEP>.

BEFORE PRESSI NG THE DRI VE KEY PRESS <MXDE> <3> <e>.

Do not set the rate yet, in fact make sure the rate is 0 at this point.
The step co-ordinates will show absol ute positions whilst in DRIVE  You
can now press <DRIVE> and the motion keys to make up your subsequence
going fromstep to step as normal .

Wen a MDE 3 step is learnt, the display positions are automatically
converted from the actual robot position to relative positions; the
nunber 500 is used as the datum (for exanple 430 indicates that the step
wi || decrease the angle of the joint by 70 units, 500-430). MAKE A NOTE
OF THE CO ORDI NATE NUMBERS whi ch the robot is noved to, this saves tine
later on. Wen you have finished your subsequence press <JUWP> <-> <1>,
This will make the sequence go back to the step follow ng the step which
contained the junp command for the subsequence.

Now you can carry on teaching the sequence in MODE 2. Wen you reach
the next position where you want the subsequence to be perforned you
just enter the JUWP command.

If you want the robot to performthe subsequence in the sane place as
before, the step which includes the junp-to-subsequence command nust
have the same co-ordinates as last time. |In the exanple the weighing
subsequence occurs tw ce at the sanme place at both steps 2 and 9. So to
make sure step 9 is the same as step 2, step 9 was taught its position
by pressing <COPY> <2> <e> <2> <e> <9> <e> <9> <e>.  This copied step
2's position into step 9. (Copying a single stepis a little cunbersone
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but this format allows [arge blocks of steps to be noved about in one
operation). Then the junp to step 56 was entered. At step 62 the
sequence Wi Il return to step 10.

However if the robot is to performthe subsequence at a different place,
as in the picking up and replacing subsequences, it is inportant that
the step containing the junp is at the correct place for the subsequence
to take place. This is where the co-ordinate nunbers you have witten
down come in useful. The nunbers are either nore than 500 or |ess than
500. The difference between the number and 500 is the nunmber of
increnents the notion will move fromwhere it is NOW

Editing MDE 3 steps is tricky. To edit a series of MIDE 3 steps you
nust start froman appropriate absolute (MDE 2) step and drive to alter
and re-learn the MODE 3 steps in their correct sequence. Geat care
nust be taken as when you are "driving" to the step the robot will nove
relative to where it isnow- evenif it was already "at" the MDE 3
step.

So to make sure your robot is in the right place nove it using the key
pad to the first position you want it to go to in the subsequence.
Since you know the nunber of increnents noved between this place and the
step which is to contain the junp, subtract or add the number of
increments applicable to each axis (do this on paper it is easier) then
nove the robot notions to the results you have just worked out. This
should be done very slowy and carefully as it is inportant that the
step before the subsequence is accurate or el se the subsequence will not
be performed accurately.

Picking up of the test tube in the exanple can be equated to this. Step
1 was to nove to the conveyor ready for step 100 which would take the
robot just clear of the conveyor ready to pick up the test tube.

Step A nmust be exactly the same distance fromthe rack as step 1 was
fromthe conveyor.

Caution Wen using subprograns and relative notion, there are two very
easy traps to fall into:
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(i) Never, ever, press <RIN> after creating a subprogram |f you do
the Robot wll nove relative to the final position in the
subprogram which wll alnmost always cause excessive novenent or
collision. After all, you have designed your subprogramto arrive
at its final location, not depart fromit.

(i) Never, -ever, put a subprogramin a loop. The relative increments
will add together and drive the Robot out of limts.

MODE 4 Search

MXDE 4 enables the robot to performsearches. To do this requires sone
form of sensor. In the exanple a sinple mcro swtchis fitted inside
at the back of the gripper. Wen using MDE 4 you teach the robot the
end position of the search and tell it what input to expect. [If the in-
put is found the robot will stop and go on to the next step as a result
of the input being found. It will not continue to the position given in
the step if an input is found. It should be noted that if the distance
to be searched is not small the robot will nmove in an arc rather than a
straight line, particularly if only one motion is to be noved.

In our exanple the robot requires an input fromthe gripper swtch at
step 3 to locate a test tube. The robot will move fromits present
position to another position further along the rack which has been spec-
I fied. This step was taught in MODE 4 so that if the robot controller
receives the input before reaching the specified position further along
the rack, the robot wll abandon its search and the sequence will go
imediately to the next step. The search can be followed by a
conditional branch step also looking for input 3 (MDE 1). If input 3
I's not received the sequence junps to step 100 to alert the operator



-75-

8. PROGRAMM NG GUI DELI NES

Assumng that you are now fairly conversant with the keypad, the screen
display and the various robot notions, you will be keen to know how,
quickly and efficiently, to teach the robot a sequence that will perform
your task. There are a nunmber of hints and techniques that can be
passed on in the light of experience, nost of which are common sense.

"Keep the limtations of the robot in perspective"

The "repeatability" of the robot at full reach is approximately +/- 2mm
This means that at any of the step positions there is a possible vari-
ation of up to4 mm Thus if the robot is to pick or place anything it
Is vital to take this into account. For exanple, in picking up an
obj ect, the open gripper jaws should clear the part by at least 2 mmin
order to clear it every time. Likew se when placing an object "down" or
"in", simlar clearances nust be provided. An alternative line of
attack is to use taper fits, bevelled edges etc, although this is only
applicable if nodifications are possible to the equipnent with which you
are wor ki ng.

"Keep the mechanical arrangements sinple"

Al'though not strictly a progranmming guideline it is worth repeating the
recomendation made in the installation section to keep the novenents of
the robot as sinple as possible. This can be achieved by arranging
pick-up and put-down |ocations to he easily accessed by the novenent of
one or perhaps two notions. For exanple, to pick up a can of soup from
a flat surface it should be possible to move the robot to the pick up
position by lowering the shoul der only. Likew se |oading the chuck of a
| athe should only need the robot to swivel on its rotate notion.

"Use the cart-before-the-horse techni que"

Wen teaching a "PLACE" sequence it is best to start with the robot in
the placing position. Gve this a step nunber 5 or 10 higher than the
beginning of the sequence. Then nove BACK one step and if possible use
just one notion to nove the robot to a position where the gripper is
clear of the "place" position and |earn this step. Then if the robot is
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unlikely to clout anything between this and the park position, the step
before this can be the park position. [f the robot needs to avoid fixed
obj ects between the gripper "clear" and the park positions then you wll
obviously need nore steps to have a tighter control over its trajectory.

If you teach a sequence in the opposite order (i.e. the order in which
the robot wll nove and thus the order you woul d |ogically expect) you
will find that you will nove some joints unnecessarily as you approach
the part.

"Avoi d re-teaching"

It is possible to make considerable savings in programmng effort if you
appreciate that often you can use the same step a number of times.

Using the previous exanple in which we were placing a part, we can illu-
strate this point. W wll assune that the previous part of the
sequence used steps 20, 21 and 22 (20 being the park position). Having
placed the part, it may be that you wish to nove the robot back to the
park position. The only difference between the approach and retract
needs to be that the gripper will be openin the latter. |f step 22
places the part in the correct position and opens the gripper then step
23 can be the sane as step 21 and step 24 the sanme as step 20.

The <CCPY> conmand can be used to copy step 20 into step 24 and step 21
into step 23 (see para 5.2 for details).

"Use subsequences wherever possi bl e

As with conventional progranmng, the use of subsequences can greatly
reduce the progranmng effort. If at sonme points in your taught
sequence you use the sane set of steps, then it is a good idea to parce
these moves into a subsequence. For exanple, if you were handling test
tubes in which a washing cycle was repeated a number of times, the wash
cycle could be nade into a subsequence. At the relevant points in the
sequence you would include a JUW instruction to the starting step of
your subsequence. To return from a subsequence a command JUVWP -1 is
given which returns the sequence to the step follow ng that which
contained the JUVP-to-subsequence instruction.
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This is all well and good when you are using MODE 2 (or absol ute co-
ordinate) program steps. Even better use of subsequences is made when
you teach the subsequence in MDE 3 (or relative co-ordinate) steps.

If you have to pick up a part froma number of |ocations then it is
possible that the majority of the joint novenents are common to each
pick-up operation with only the rotate angle differing. The commn
joint rmovenents would then be taught in MODE 3 and stored as a sub-
sequence. In the sequence the robot would be moved only in the rotate
axis to the correct angle for each part and then a JUWP woul d be made to
the pick-up subsequence.

If you change the position of any of the parts you will now be able to
correct the sequence by changing one step only; the step fromwhich you
call the subsequence.

Remenber, however, that subsequences cause novenments in "Robot Joint
Space", not in cartesian space.
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9. PROCESS | NPUTS AND QUTPUTS

Refer to figure 2 for the connections to the four process inputs and
four process outputs.

Process Inputs

To energise an input a connection froman input termnal to the ground
termnal is required.

A switch, open-collector transistor or opto-sensor may be used providing
the load current of 10 mAis obtained.

|f additional TTL logic is fitted on the inputs, it should be capable of
providing the required input current of 1.5 mA

The inputs are opto-isolated fromthe host conputer signals to ensure
that external noise and earth loop volt drops do not cause a mal-
function.

ON NO ACCOUNT MUST UNAUTHCRI SED CONNECTI ONS BE MADE TO THE
MOTCR CONTROLLER CR HOST CQWPUTER G RCUI TRY

Process Qutputs

Each output consists of a mniature relay which can be energised under
programcontrol. The contacts are rated at 24 Vd.c. at 1 anp RESISTIVE
| oad.
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FAULT | NDI CATI ONS

Certain conditions wll cause the audible alarmon the MA2000 conput er
to sound.

(a)

The nost |ikely cause of the alarm sounding during the execution
of a programstep is that too high a rate has been selected, caus-
ing at least one motor to be running at its maxi mumspeed. This
would not cause any danmage but is not advisable. A lower rate
setting for that step should be selected.

|f the MA2000 conputer detects invalid status information fromthe
mcro-controller, indicating that the mcro-controller is not
operating correctly, the alarmw || sound and

CONTROLLER STATUS | NVALI D

will appear on the screen. Press the RESTART button to reset the
system Hold the button in for a period before releasing it to
allow the hardware resets to fully operate. Check also that the
conputer select swtch on the robot controller is in the correct
position (B for |BMworking).

If during the execution of a progranmed step or during drive
either the energency stop is pressed or AUTOis de-selected, then
the alarm wll sound and the robot path frozen. Releasing the
emergency stop or returning to AUTOwII allowthe path to be
resuned.
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10)

11)

12)

13)

14)
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MA2000rp BUTTON BOX

CONNECTI ON AND USE

The TecQui prrent robot control button box, MA2000p, which is often re-
ferred to as the 'decision box', can be used to control running sequences
and to sinmulate external swtches. The box contains four normally open
(push-to-make) switches, labelled 1 2 3 +4, and one normal |y cl osed (push
to break) switch labelled -4. A toggle switch is used to select either

button +4 or button - 4.

The cabl e attached to the box has six cores, red (RD), yellow (YW, green
(A&N), blue (BE), black (BK), and white (WE). These shoul d be connected
to the rear of the robot mcro controller/interface as foll ows:
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Termnals 1 and 2 formthe emergency stop | oop.

Termnal 3 is the return fromthe signal wire on the robot end effector.
Termnal 4 is the ground or earth.

Termnals 5 through 8 are INPUT channels 4,3,2,1 respectively.
Termnals 9 through 16 are the four CQUIPUT pairs.



Wen the NMA2000 sensing grippers are used, the toggle switch on the
deci sion box should be switched to -4, and the |NPUT val ue -4 shoul d be
used in sequence steps to detect an object within the gripper (see
MA2000a Experinents Kit Manual, section 7,2, but note that the decision
box takes the place of the wire fromternminal 3 to termnal 5).

Wth the toggle swtched to +4, the button box can be used to control a
decision loop, as in Note G p.28 of the MA2000 manual "The Qpen
University Robot". This style of sequence control is used in SEQENCE
1234 supplied with MA2000 software |ss.3.80 onwards.

An alternative use in sinpler sequences is to halt the execution at
certain critical phases, by introducing an INPUT request to be satisfied
by the operator via the button box when he is sure that it is safe or
useful to proceed. For exanple, putting INPUT 1 in STEP 1 of a sequence
which cycles (i.e. last step has a JUWL 1) will nean that the sequence
wll halt after every cycle until button 1 is pressed.

AAW 1285/ i



