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/ ABSTRACT

Complex automation systems, such as industrial robots, require.
a computer-based control system for the effective utilizatio~ of the

advanced technology.

A state~of-the-art was studied and presented in this thesis.

A distributed computer control system for a modified Unimate

2000 robot, is presented. The l6-bi~ Intel 8086 microprocessor was

used as the master computer, and the 8-bit Intel 8748 micrgprocessor as
,

the slave processor.

The system is effective and the experimental results agree

with the simulation.
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CHAPTER 1

THE INDUSTRIAL ROBOT

1.1 Introduction

All industrial ro~ots inclu~ three basic elements: an artic­

ulated arm, controls and power source. The arm moves in up to six

differen~ axes. Three are provided by the arm itself which may rotate

in an arc around its base and reaches up ~ do~ vertically and in and

out horizontally. As many as three other motions are added at the wrist

which allows the hand or gripper attached to it to rotate, and move

in vertical and horizontal planes.

These articulations enable the arm to move to some predeter-

mined point in space, work on an object, and then return to the orig-

inal position or to a sequence of other points in sp~e.

The pattern of movements depe~ds on the need of the job and

the programming capacity of the controls.

\ /
,J

/
1.2 The Major Coordinate Systems for Industrial Robots

The point in space accessible to a robot depends on its de-

signed work ~nvelope. There are four basic design categories:

Cartesian, cylindrical, spherical, and articulated, that carve out

slightly different geometric work areas in space, as shown in Figure

1.1.
1
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D) ARTICULATED I

(3 Ro tary Co-o1::ds.)

CAR.TESW
(3 Translative Coords.)

B) CYLINDRICAL
(1 Rotary.

2 Trans.)

}tOUR MAJOR ROBOT
COORDINATE SYSTEMS

C) SPHERICAL
(2 Rotary.

1 Trans.)

Figut. 1.1 ~jor Robot Coordinatb S1't~
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1.2.1 The Cartesian work. envelope is created when the horizontal

3

dimensional rectangle.

robot arm is attached to a vertical column and mov~s uR and down and

in and out in relation to this column. The column itself is mounted

on a third linear axis which moves in two directions. These three

m&vements combine to gen~rate a work e~velope in the shape of a three­
\
\

1.2.2 The cylindrical work envelope is created when the horizontal

arm is at~ached to a vertical carriage and moves up and down and in- '"', .

and out in relation to this carriage. The carriage itself is mounted

on a pedesthl which rotates. These three movements combine to generate

a work ehvelope that is a portion of a cylin

1.2.3 In a 8pheri~al work envelope, the robot is mounted on a~base

somewhere near its midpOint so that it can tilt up and down and in and

around its support point.

combine to generate a work

,
The arm extends horizontally.

~envelope that is a portion of

These motions

a sphere.

1.2.4 In an artic~ated work envelope, the arm is attached to a

pedestal.th~t rotates. The arm itself is jointed, adding a kind of

elbow movement ',to the articulations. Thus, as the arm rotates and

reaches in the Worizontal and verti~al planes, it generates a portion

of a sphere in space and as the elbow bends, it enables the robot arm

to come in ~lose to the base. The jointed action enlarges the work

area accessible to 'the robot.
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1.3 Power Sources

Power is delivered to robots by hy~raulic, pneumatic, or

electic motors. Most robot makers have gone the hydraulic route,

which is espec~ally good where heavy loads are involved. Electric

motors have the advantage of being less noisy, cleaner, more accurate,

and may be less expensive. Pneumatically activated robots take advan-

tage of the co~ressed air supply that is commonly available.

1.4 The Controls
n

When classified according to the type control,robots fall into,
two general categories:

1.4.1 The non-servo are iess flexible than the servo controlled,

but are also less expensive and very accurate. In this type of robot,

each joint moves between two end points that are determined by mechan-

ical stops. When hydraulic or pneumatic power is delivered to the

joints, the motors drive the joint until it reaches a mechanical stop.

A limit switch then signals the power off until ~he program calls for

another move. The valves then open and again deliver fluid to the

joints.
/

In these robots, c~ntrolled acceleration and deceleration
1

require special designs. The number of different positions to which

the robot can go in sequence is limited.

1.4.2 ~The servo controlled robots can do many things the simpler



ones can't. They can be programmed to do a more complex sequence of

tasks and can have controlled velocity, acceleration, and deceler-

ation. A servo c~trolled robot has encoders, potentiometers, re­
l ~-

solvers or other feedback devices at each of the joints. These devices

feed position signals back to the controller which compares them with

the commanded position. The controller then sends correction signal~

to the hydraulic or electric motors at the joint. This thesis will

consider the servo controlled robots only.

5

1. 4. 3 Manipulator Path

Consider a manipulator consisting of an arm, the end ~~hiCh

is its wrist, and an end-effector, which may be a hand or a tool. The

end-effector, is usually attached directly to the wrist. The three-

dimensional path of the end-effector of a manipulator is described by

two variables. [lJ

1) End-effector position: The position of a point fixed
v

in the end-effector in & reference cartesian coordinate

system.

2) End-effector orientation: The orientation of a cartesian

coordinate system attached to the h that

the system's origin coincides with the end-e ector posi-

tion.
.

The above definition of end-effector position ~nd orientation
)

is based on attaching a cartesian reference frame to the end-effector.

The word "state" is used to represent both position and orientation of
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an end-effector.

There are two common ways to control an industrial robot with

position servo.

(a) For material handling jobs, a point-to-point control

is sufficient where the joints may start moving at the

same time but don't all necessarily finish moving at

the same time under program control. When this ~s the

case, the end-effector assumes various states as it moves

between the two end points and the shape of the path is

not predictable. Figure 1.2a shows three trained end-

effector positions, A through C, in three dimensions and

illustrates the path travelled by the end-effectot

between these positions. Point-to-point movements are

fast and the shape of the path is irrelevant., ,but the

start and end points are important.

AD
I \

I \,

(4) Point-Co-point (b) Int~rpolaced Scraight- (c) Incerpolated Straight-
Segment Path Segment Pach with Smooth

Transitions Detveen
Segments

Figure L 2 . Pach Cont:




















































































































































































































































































