MB230
INSTRUCTION

MANUAL




MB230

ROBOTIC WORKSHOP

[INSTRUCTION MANUBAL |

©1986 MULTIBOTICS, INC
A1l Rights Reserved.

VERSION 2.1




INTRODUCTION

Welcome to the world of MULTIBOTICS.

The MULTIBOTICS concept was developed for those of you who want to
learn more about how computers and the real world interact.

Our entire product line is designed around a creative environment
which we call the Robotic Workshop. The term "workshop"™ is used to
describe the interactive nature of MULTIBOTICS. We've included
several example projects to get you started, but our goal is to teach
you how to design your own. That's when you'll discover the real fun
and challenge of MULTIBOTICS.

Please read this manual carefully. The material begins at a very
basic level and becomes more technical as you progress.

The example projects are designed to be both fun and educational. If
you're a beginner, they'll help you learn about computers and about
basic principles of engineering and science. It is not necessary
that you understand programming to build or perform these projects.
If you're a "BASIC" programmer, you'll want to explore on your OWn.
The examples demonstrate how to use the Robotic commands in your own
programs. We suggest that you do the projects in chronological
order, as some are designed to build on what was learned previously.
If you're guite advanced and serious about roboties, you may only
need the examples as a reference. We recommend, however that you
read all the projects and perform those that seem challenging.
You'll find valuable information on the interface unit, the operating
software, and the mechanical components.

Regardless of your knowledge of computers, we hope that you'll apply
your creativity and explore the world of MULTIBOTICS.

If you have comments or suggestions on how to improve our products,
we would like to here from you.

Write to: Steven Witzel, President
MULTIBOTICS, INC.
2561 South 1560 West
Woods Cross, Utah 84087

TO INSURE THAT YOU RECEIVE UPDATES ON THE LATEST PROJECTS,
ACCESSORIES AND SOFTWARE, PLEASE TAKE A MINUTE TO SEND IN
YOUR WARRANTEE REGISTRATION CARD NOW.
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GETTING STARTED

CARE OF THE INTERFACE

The B100 interface is a highly sophisticated, state of the art
electronic device. As such, please treat it with respect and care.

CAUTION!
NEVER INSERT OR REMOVE THE B100 WITH THE
COMPUTER TURNED ON!! DAMAGE TO THE
COMPUTER, B100 OR BOTH MAY OCCUR.

INSTALLATION OF THE BATTERIES
It is recommended that you use only ALKALINE AA batteries. These

batteries should provide many hours of normal use. The batteries are
used to power the motors. They have no other function.

Six "AA" batteries are required.

To install the batteries follow these steps:

CAUTION!
MAKE SURE THE BATTERY POLARITIES ARE
CORRECT. FOLLOW THE LEGEND ON THE
PRINTED CIRCUIT BOARD.

1.« Remove the interface unit from the computer.

2. Turn the unit upside down.
FOUR SCREWS

3. Remove the 4 serews from the base. (A phillips screwdriver

is required.)

4, Turn it right side up and remove the top.

B Insert 3 AA batteries in each battery tube.

6. Install the battery tubes (with batteries) between the
battery clips on both sides of the interface.

Te Replace the cover.

8. Replace the U screws. (Do not overtighten.)

{i\_ BATTERY CLIP
\- BATTERY TUBE (2 EA)

L\~ mAA"™ BATTERY (6 EA)




CONNECTING TO YOUR COMPUTER

The B100 interface plugs into the USER PORT of your Commodore 6L.
MAKE SURE THE COMPUTER IS TURNED OFF BEFORE CONNECTING OR
DISCONNECTING THE INTERFACE. :

Ribbon Cable

Commodore 64 ——




SWITCHES

ON  OFF
MOTORS

SELECTOR

JACKS

J1
ouT
AUDIO
ONLY

J2

SENSORS
AUDIO
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ABOUT THE ELECTRONIC3

This switch provides power to the motors. It does not
control anything else. In the ON position, the motors
will respond to commands from the computer. In the OFF
position all computer commands are disregarded, and the
motors WILL NOT OPERATE. This switch is especially useful
in an EMERGENCY, when you've started the motors, but things
aren't going quite right. Don't forget to TURN THE SWITCH
ON WHEN YOU'RE READY TC TRY AGAIN. This is the most common
mistake people make, when learning to use the ROBOTIC
WORKSHOP.

This switeh has 3 positions for selecting the various
functions of the B100:

1. METER/SCOPE Allows the interface to function as a
voltmeter or oscilloscope depending on the software
loaded into the computer.

2.  SENSORS Selects the infrared (I/R) sensors.
34 AUDIO Engages the speech/audio digitizer.

J2 J1 J5
|

D

This jack is used for audio output when using speech/audio
function. It should be connected either to your monitor
(audio in) or stereo system (aux or tape in).

This jack is used as the input for the voltmeter and
multiscope. It is also used as the audio input jack when
"pecording” audio signals.

The pins of this jack are used as follows:

Pin 1. Advanced feature for multivolt, multiscope shunt.

Pin 2. Aux input for J2 above. (May be used as a
replacement connection for J2.)

Pin 3. Ground connection.

Pin 4. Output to be used for connecting temperature
probes.




MOTOR LEADS

The motor leads are connected to the B100 with a 10 foot cable. The
motor leads are color coded:

Motor 1 = RED (2 leads)

Motor 2 = WHITE (2 leads)

Motor 3 = BLUE (2 leads)

If the motor spins in the reverse direction from that desired, you
may simply interchange or "flip" the two motor leads.

SENSORS

The infrared (I/R) sensors are designed to work in pairs. They are
set up as follows:

Sensor 7 = Output sensor (transmitter)
Senser 8 = Input sensor (receiver)

NOTE:

It 1is important that the -correct device (transmitter or
receiver) be plugged into the correct socket at the end of the
10 foot cable. If the sensors must be removed from their
sockets, be sure to refer to the TECHNICAL NOTES section of this
manual for correct replacement procedure.

SEPARATING THE CABLE LEADS

Both the motor and sensor leads are combined into a 10 conductor
ribbon cable. As you use the cable for various projects, it will be
necessary to separate the individual conductors in order to make
connections to motors and to position the I/R sensors. The
conductors can be easily separated by holding one in each hand and by
pulling them apart as if "breaking a wishbone". The plastic which
Jjoins the conductors will "tear"™ quite cleanly. It is best not to
separate more length than is needed.
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ABOUT THE MECHANICS

IMPORTANT : PLEASE READ

1. The capsules snap together with octagonal connectors. They
do not need to be forced or glued! No tools are necessary.

2. Motors are usually connected to a gear reduction or worm
gear capsule. ALWAYS CONNECT THE GRAY END TO THE MOTOR or
it will not work!

THE STANDARD MECHANICAL COMPONENTS

MOTOR CAPSULE The motor is completely powered by the B100
Part #1 interface. The motor leads from the
interface are color coded in pairs
Connect motor '
leads here

RED = Motor #1

WHITE = Motor #2

BLUE = Motor #3
o

“-— Drive end (white or W)

SPEED REDUCTION CAPSULE The speed reduction capsule slows down the

Part #2 speed of the motor, but increases its
torque. For most projects, the motor will
Drive end be connected either to the speed reduction
(white or W) capsule or to the worm gear capsule.
@ SPEED REDUCTION RATIO = 23:1
! CAUTION!

1
| ONLY CONNECT THE MOTOR TO THE GRAY
“ Motor end (gray or G) I (EASY TO TURN) END OR THE MOTOR WILL

NOT SPIN.
WORM GEAR CAPSULE The worm gear is very versatile. It may be
Part #3 used in place of a gear reduction eapsule.

The worm gear changes the drive direction 90°,

-Drive end (white or W)
SPEED REDUCTION RATIO = 50:1

\
P 7T motor end
w (gray or G) CAUTION!
¥ ';' ONLY CONNECT THE MOTOR TO THE GRAY
4 ‘“““m‘ (EASY TO TURN) END OR THE MOTOR WILL
—motor end ™ NOT SPIN.

(gray or G) ™ Drive end
(white or W)
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TRANSMISSION CAPSULE
Part #8

The transmission can extend the length of

the motor shaft.

It does not act as a gear

reduction. The capsule comes apart and may
be used as two support bases.

COMPLETE PARTS LIST

PART # QTY DESCRIPTION

1

10

14

15

2

10

.

MOTOR

SPEED REDUCTION

WORM GEAR

¥

TRANSMISSION

®

OCTAGONAL
CONNECTOR

QNG

COUPLER

)

COUPLER CAP

PART # QTY DESCRIPTION

17

18

25

28

33

54

1

AXLE SUPPORT

TIRE

PROPELLAR

TURN COUFLER
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EXAMPLE PROJECIS

PREFACE

We've designed 50 projects to help you understand the MULTIBOTICS
system. They'll also demonstrate several prineiples of robotics,
engineering, and science and serve as a guide for your own projects.

One of the goals of MULTIBOTICS is to help the average person
understand how computers are used in our everday world. Most people
know that a computer processes their bank statement. Smaller,
less frightening computers are all around us, doing all kinds of

useful things.

Using your computer and the Robotie Workshop, we'll explain what they
do, and how they do it.

Remember, the projects are designed to be performed in sequence.
Read and conduct each one carefully and re-read each explanation if
necessary. You'll find it will be an enjoyable learning experience.







PROJECT #1

MOTORS & ELECTRICITY

DESCRIPTION:
This simple project will show you how to control the electric motors.

An electric motor is a device which converts electrical energy into
rotating mechanical energy. The motors in the workshop are D.C.
(Direct Current) motors and are powered by the Interface Unit. The
words "eurrent" and "voltage" are common electrical terms that we use
occasionally in this manual. It will be helpful to understand the
basic meaning of these words.

A simple way to discuss electricity is to compare it to the water
system in your home. When you turn on the kitchen faucet, pressure
in the main water line causes water to travel through the pipes and
out into the sink. Similarly, voltage in the battery causes current
to flow through the wires (in the 10 foot cable) and into the motor.
Actually there is an important difference between the water system and
the electrical system. The electrical system requires a return path
or "complete circuit". We must therefore have two wires for each
motor. One wire from the battery to the motor, and another wire from
the motor back to the battery. The flow of water in your home is
controlled by a faucet or valve. In electricity, the flow of current
is controlled by a switeh. In the ROBOTIC WORKSHOP, the computer
acts as the switch. It can make a motor start or stop by turning the
current on or off. Remember the analogy.

Electrical System Water System
Voltage = Pressure
Current = Water
Wire = Pipe
Switch = Faucet

RED LEADS —— B100 INTERFACE

COMPUTER




INSTRUCTIONS:

PART 1: MOTOR ON or OFF

(Note: If the unit fails to operate properly, turn to the TROUBLE
SHOOTING section in the appendix.)

STEP 1> Move the "MOTORS ON/OFF" switch on the Interface unit
to OFF.

STEF 2> Turn on the Computer and Disk Drive.
STEP 3> LOAD R.0.S. (The Robotic Operating System) as follows:

a. Put the MB230 Software Disk into the disk drive and
close the door.

b. Type: LOAD"ROS",8 and press the <{return> key.
When the file has finished loading, the computer
will display READY.

¢. Type: RUN and press <return>.

STEP 4> When the computer screen displays READY, move the
"MOTORS ON/OFF" switch to the ON position.

NOTE: The voltage on the motor leads is about the same as a
flashlight (3-4 volts) and will not harm you.

STEP 5> Connect the two motor leads for Motor #1 (red leads) to
the motor capsule. (It does not matter which lead is
connected to which plug on the motor.)

The computer (with R.0.S. Loaded) has control of the motor and will
recognize certain MOTOR COMMANDS. You may type these commands
directly or include them in your programs. You can alsoc switch all
the motors off at any time (regardless of what the computer is doing)
by moving the MOTORS ON/QFF switch to the OFF position. Don't forget
to return the switch to the ON position. The motors cannot run when
this switeh is OFF.
NOTE: When you finish typing the next step, the motor will start.
You may want to have someone hold it or place it on a table.
We also suggest that you read ahead one step so you'll know
how to stop the motor.

STEP 6> Type: MOTR1,30 and press <return>. The motor will run
at full speed.

STEP 7> Type: MOTR1,0 <return>. The motor will stop.

"MOTR" is a MOTOR COMMAND which signals to the computer that you wish
to do something with a motor. But the computer needs to know WHICH
MOTOR? and WHAT YOU WANT DONE? S0 the command has two numbers
following it, separated by a comma. The 1st number ("1" in the
example) is the MOTOR NUMBER (1, 2, or 3). Remember that we

10




connected the red leads to the motor capsule? These are the leads
for MOTOR 1. MOTOR 2 has white leads and MOTOR 3 has blue leads.
The 2nd number after the command is the SPEED NUMBER. Full speed is
30. Full stop is 0. QRemember that a comma must separate the two

numbers.

PART 2: MOTOR SPEED

It is important when performing projects to control the speed of
a motor. The computer does this by systematically turning the motor
on and off in a series of pulses. By varying the number of on and
off pulses, it can change motor speed. For example, suppose that
during a 1/10 second time interval, the computer sends 30 pulses to
the motor. 1If all 30 pulses are "OFF PULSES", the motor will not
turn. If all 30 pulses are "ON", then the motor will run at full
speed. Any number of "ON" pulses between 0 and 30 will produce
something between stop and full speed. If the computer sends 15 "ON"
and 15 "OFF" pulses, the motor would run at about half speed. This
is basieally how the "SPEED" portion of the "MOTR" command works.

STEP 8> Type: MOTR1,5 <return> |
Type: MOTR1,15 <return> | The motor speed has
Type: MOTR1,25 <return> | gradually increased.
Type: MOTR1,30 <return> We're again at full speed.

Type: MOTR1,0 <return> To stop the motor (speed=0).

PART 3 _MOTOR DIRECTION

It is also important when performing Robotic projects and
experiments, to control the direction of a motor.

STEP 9> Type: MOTR1,2 <return> The motor will run at slow
speed. Note the direction. Now, with the motor
still running, reverse the red motor leads (Pull both
leads out of the motor and switch their positions.)
Notice that the motor has changed direction. Sometimes
a motor will turn the opposite direction to that
desired. You can correct the problem by reversing the
leads as you just did, but there is a much easier way.

STEP 10> Type: FLIP1 <{return> The motor will reverse.
Type: MOTR1,0 <return> The motor will stop.

The FLIP command has the same effect as switching the motor leads.
After the word FLIP, you must specify the motor number (1, 2, or 3).

FLIP will stay in effect until the motor is turned off or until
another FLIP or MOTR command is issued to that motor.

11




STEP 11> Type: MOTR1,-10 <return> The motor will change:
direction.

STEP 12> Type: MOTR1,10 <return> The motor will again change
direction.

Notice that the sign (+ or -) of the MOTOR SPEED also determines the
DIRECTION of the motor.

STEP 13> Experiment with various combinations of speeds and
directions with all three motors. Connect the white
leads to the motor and use MOTR2,SPEED# and FLIP2.
Then connect the blue leads to the motor and use
MOTR3,SPEED# and FLIP3.

NOTE: The MOTR and FLIP commands (as with most commands) can be used

in either the direct mode (as we did in the example) or within
a program.

PART 4: STOP ALL MOTORS

There is another form of the MOTOR COMMAND that will come in handy
when all three motors are running and you want to stop them quickly.

Simply type: MOTRO <return>
This will send SPEED=0 to all three motors.

IMPORTANT: PLEASE READ

We were very deliberate in our discussion of motors and electrieity
because it is essential to the understanding of many other projects.
If you did not understand this project, please re-read it. It will
save you time and frustration on future projects.

12




PROJECT #2

VARIABLE SPEED FAN

DESCRIPTION:

This project demonstrates the use of the "MOTR®™ and PFLIP™ commands
and discusses how information flows in and out of the computer. You
will load and run a program called "FAN™, which will check the
keyboard for any key being pressed. If a key is pressed, the program
will determine which key it was and issue the appropriate MOTR or FLIP

commands .

You will be able to control the direction and speed of the

fan from the keyboard.

INSTRUCTIONS:

STEP 1>

Lssemble the project as shown below.

MOTOR 1 LEADS —,

5
OCTAGOMAL CONNECTOR —; /_y
GOUPLER '

/
T ff/-w?/
BN @ PMOTOR
COUPLER cnpé_ .@\_@?rm
I'\‘d \
G

Y TRANSMISSION

Parts Required:

RN AV Ty

NOTE:

STEP 2>

STEP 3>

Motor

Octagonal Connectors
Coupler

Propeller

Coupler Cap

1/2 Transmission Model

When assembling this project, be careful not to over
tighten the coupler cap.

Make sure R.0.S. is loaded. If you are continuing on from
Projeet #1, R.0.3. should still be in place. Do the
following, just to make sure.

Type: HELP <{return>

If R.0.S. is still there, a 1list of all wvalid R.0.S.
commands will be displayed on the screen.

Type: LOAD"FAN",8 <return>
This will load the program call FAN. Then type RUN <{return>

‘to RUN the program.

13




The program is now checking the keyboard and waiting for a key to be
pressed.

STEP 4> Experiment by pressing the following keys and observing
what happens.

KEY RESULT
Function Key "F1" Increase Fan Speed
Function Key "FT7" Decrease Fan Speed
Space Bar Stop the Program
Any Other Key Reverse Direction
NOTE: If you stop the program and wish to re-start it, simply

type RUN <return>.

SUMMARY: This project is designed to show how a computer program can
do the work of issuing various MOTR commands. This time, instead of
typing many different versions of MOTR, you press single keys. The
computer (under the direction of the program call FAN) waits for you
to press a key and then acts accordingly. The keyboard in this case
is acting as the INPUT DEVICE. Your keystroke is INPUT to the
computer, giving it information on what to do. The INPUT DEVICE
could be a joystick, light pen, or any of several other connections
to the outside world. These connections, through which information
can enter or leave the computer, are called INTERFACE PORTS.
Information which enters is called INPUT and information which leaves
is called OUTPUT. A PORT can be an INPUT PORT, an OUTPUT PORT, or
both. Those that are both are called INPUT/OUTPUT or 1/0 PORTS.

Hardware Components connected to these ports are called DEVICES. As
with the ports, some are INPUT DEVICES, some are OUTPUT DEVICES and
some are both. In this project, the keyboard is an INPUT DEVICE.
There are two OUTPUT DEVICES, the screen and the B100 INTERFACE UNIT.
(The B100 is actually an I/0 device, but only the output portion is
being used.)

Later you'll learn how to do fasecinating things by manipulating
various INPUT and OUTPUT devices.

14




PROJECT #3

ROTATING ARM

DESCRIPTION:
In this demonstration, you'll run a program which monitors the

joystick and changes the motor speed or direction when movement of
the stick is detected. The program uses a new command, called "JOY",

to read the joystick.
INSTRUCTIONS:

STEF 1> Assemble the project as shown below.

- SPEED REDUCTION _w
N ﬁ{ _~—MOTOR
G e

% @ “\mr® /--TURNEO_L!_PLER

v

G%w, 1 Ei// { \;7

!
1 -
OCTAGONAL | w,_
GONNEC‘TORJ"'@ -MOTOR
w
PR

wunmeaigi;j;g @g
B
ﬁf,-f/ 15 TRANSMISSION

Parts required:

Motors

Speed Reduction

Worm Gear
Transmission Capsule
Octagonal Connectors
Turn Coupler

[ e A TP

STEFP 2> Make sure R.0.3. is loaded.
STEP 3> TYPE: LOAD"ROTATING ARM", 8 <return> then RUN <return>.

This program reguires that a joystick be plugged into joystick port
#2. Direction is controlled by moving the stick to the right or
left. Speed is limited by the program to a maximum of 15 and a
minimum of 2. Speed is changed by moving the joystick up or down.
To stop the rotating arm, press the TFIRE' button. To start again,
move the joystick to the right or left.







