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ABSTRACT

This thesis proposes a microprocessor based scheme for
evaluating the performance of a low power armature

controlled DC motor.

A NEC personal computer(NEC-PC-6001 BMK II) is employed
as the main part ofrthis performance evaluation scheme. The
motor is thyristor driven and the responses of the motor are
measured by suitable transducers. The motor 1is coupled to

a DC generator for the purpose of loading.

The proposed scheme conducts two performance tests :
The first is the transient response test in which the scheme
applies a step input disturbance to the motor, collects the
transient response data and computes the electrical and
mechanical parameters of the motor. The second performance
test is the 1load test. The scheme loads the motor in
a controlled manner and measures motor response due to

loading.

The scheme then evaluates the performance of the motor
from the load test data and from the motor parameters. The
performance of the motor is monitored interms of performance

characteristics on a video screen or on a plotter,

The usefulness of this computer based evaluation scheme

is established by comparing the accuracy of its results with

those of two other methods of DC motor testing.
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ABSTRACT

This thesis proposes a microprocessor based scheme for
evaluating the performance of a low power armature

controlled DC motor.

A NEC personal computer(NEC-PC-6001 BMK II) is employed
as the main part ofrthis performance evaluation scheme. The
motor is thyristor driven and the responses of the motor are
measured by suitable transducers. The motor 1is coupled to

a DC generator for the purpose of loading.

The proposed scheme conducts two performance tests :
The first is the transient response test in which the scheme
applies a step input disturbance to the motor, collects the
transient response data and computes the electrical and
mechanical parameters of the motor. The second performance
test is the 1load test. The scheme loads the motor in
a controlled manner and measures motor response due to

loading.

The scheme then evaluates the performance of the motor
from the load test data and from the motor parameters. The
performance of the motor is monitored interms of performance

characteristics on a video screen or on a plotter,

The usefulness of this computer based evaluation scheme

is established by comparing the accuracy of its results with

those of two other methods of DC motor testing.
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CHAPTER ORE

INTRODUCTION



1.1 Microprocessor Applications

The first microprocessor, Intel 4004, was introduced by
Intel Corporation in 1971. Very soon, a variety of micro-
processors, produced by several manufacturers, having varied
characteristics and architectures spread in the semi-
conductor industry. Few years after its birth, it began to
prlay an important role in the general digital systems design

and in computer technology for its evident features [1].

Several advantages and features of microprocessor could
be clearly recognised through its offer to the construction
of complex systems and from the overall system performances.
The microprocessor-based system is considered to be the only
alternative if a system to be designed has to satisfy
features such as, [2]

(i) the system is fairly complex and needs hundreds of
gates, flip-flops and counters for implementation of
hard-wired logic.

(ii) the operating speed to perform system functions is
high enough so that a microprocessor could be used.

(iii) many decision- making operations are required.

(iv} the system requires a storage for many logic states
and a large data.

{v) more functions may need to be added to the system in

the future.



Many of the applications of microprocessors are of
common nature across industrial boundaries. They are mostly
confined to such products as data acquisition systenms,
decigion making systems, contfol systems and flexible and
high expandable systems [3]. All these applications are
mainly to meet the needs of automation.: Automation in
industry has relentlessly replaced to a great extent, the
human power in the production line. The advent of micro-
processor in controlling major automatic systems leads to
the typical Dbenefit of " mass - production and cost -

falling " [41.

Automation, in general, comprises of varied means of
techniques, such as automatic measurement, testing and
analysis. Microprocessor based automatic system offers fast,
accurate, reliable and economical methods in many fields.
Microprocessor based systems have been developed for
electronic component testing (5],instrument calibration [61],
determination of parameters {7,8), and data acquisition [9].
However, literature in the recent past shows a void 1in the
works on computer based scheme for evaluating performance

of electrical machines.

Such an ever increasing abplication of microprocessors
in industrial automation have motivated the author to design
and develop a suitable microcomputer based automatic system
to test, analyse, evaluate and monitor the performance of an

industrial component- an armature controlled DC motor.



1.2 DC motor performance evaluation procedure

The current and speed of an armature controlled DC
motor at any load are gcverned by two equations -the voltage
balance equation and the torque balance equation~ which are
written respectively as {10]

L di/dt = V(t)-i{t) R- K w(t) e (1.1)
J dw/dt = K i{t)-TL(t)-B w(t) cea(1.2)
where i(t) is the armature current
V(t) is the applied armature voltage
w(t) is the speed of the motor
R and L are respectively the armature circuit
resistance and inductance of the motor
J and B are respectively the motor moment of inertia
and its viscous constant
TL(t) is the load torque, and K is the E.M.F or torque

constant.

If the parameter B, and torque constant K are known,

measurement of steady state values of current (i} and speed

{w} facilitates the computation of steady state torque (TL)
from Equation (1.2), as
TL = K'i- B w cea{1.3)

The power output (Po) and the efficiency (%) can then be
obtained from the computed value of TL as

Po = TL w sea(1.4)
and

n ={Po/Pi) x 100% e (1.5)



where Pi is the input power.

Hence, the computation of motor performance such as TL,
Po, and n , requires the values of motor parameters and K.

These values can be obtained by conducting a step .- input

transient response test on the motor at no - load. In this
transient response, there are two conditions at which
(di(t)/dt) = 0 - one at an instant where the current reaches

its maximum value (i) and the other when the current and
the speed reach their respective steady state values, (ig,wg)
At these conditions, Equation {(1.1) and (1.2) offer the

values of R, K and B as

R =2 (wp - wa)/ {ig wp - ip wg) L0 (1.7)

K = (V - ig R) wg v ..{1.8)
and

B =Kig / wg .. (1.9)

wherein wy is the speed when i(t)=ip.

Hence this approach of performance evaluation requires
two tests - the transient response test to compute motor

parameters and then a load test to compute motor performance

It is to be noted that in both of these tests, only two
measurements are required - a measurement of current and a

measurement of speed. Consequently, only two transducers are

sufficient to evaluate the performance of the motor.



1.3 Outline of the proposed scheme

The proposed scheme of performance evaluation has three
main subsystems (Fig 1.1). The first of these subsystems is
of analog, consisting of the DC motor wunder test and its
associated circuitries. The circuitries include a loading
device and input power circuits, all having facilities for
control. The circuitries also include transducers to measure

speed and armature current of the motor.

The second subsystem is of digital which comprises the
computer and its associated hardware.This suhsystem controls
the power circuitries and loading device of the motor so
that the motor is subjected to step input for its transient
performance and then to a contrelled 1loading for its load
performance. In both cases,this subsystem collects the speed
and current data and computes the performance of the motor.

Performance characteristics are monitored on the plotter.

The third subsystem connects the first and the second
subsystems. Obviocusly, this subsystem is to have facilities
for Analog te Digital (A/D) and Digital to Analog (D/A)
conversion. The facilities enable the transfer of command

from computer to motor and the transfer of data from motor

to computer.

Proper software 1is +to be developed so that the
controlling of power input, loading of the motor, acquisit-

ion of current and speed data , computation of motor
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performance, and recording of performance characteristics

are realized.

1.4 Objectives of the thesis

The objectives of the thesis research is of four fold.

They are :

{i) To design and implement a computer .controlled
scheme in order to conduct required tests for
evaluating and monitoring the performance of
a low power DC motor.

(ii) To record and monitor the transient response data

of the motor and to compute its electrical and
mechanical parameters.

(iii) To establish the wusefulness of the developed
computer controlled scheme by comparing its
accuracy of evaluation with that of two other
methods of DC motor testing.

(iv) To format the software and hardware of the scheme
so that a minimum human effort and skill are

needed in evaluating the performance of the motor

’

1.5 Organization of the thégié:ﬁfq

The thesis consists of five Chapters. Chapter one has
presented a method of evaluating the performance of DC motor
and the objectives of this thesis research. Chaﬁter two
discusses hardware details of the proposed scheme. This

Chapter views the scheme as an interconnection between the



Digital world and the Analog world. Various parts of these
interconnecting hardware subsystem are designed and
developed.The developed hardware in its complete form 1is

given in this Chapter.

Chapter three explains the design of software which
controls various sectioﬂs of the hardware described in
.Chapter two. High level and low level languages are eﬁployed
in control, data acquisition, analysis and monitoring. The
Chapter gives various flow charts in order to explain the

operator’s interaction required in this scheme,

Chapter four deals with +the results of performance
evaluation tests.It introduces two other methods of DC motor
performance evaluation. Results of all these three methods
of performance evaluation are obtained and compared. Thereby
the wvalidity of +the computer based testing scheme |is

ensured,

Chapter five brings out the conclusion and also the

scope for future research work.
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2.1 Introduction

The development of microprocessor based systems in real
world environment, has to comprise three main subsystems
[111 :

(i) Digital signal proéessing,

(ii) Analog signal processing, and

(iii) Analog te Digital, Digital to Analog signal

conversion.
These three subsystems are to be designed and implemented

to meet the objectives of this research work.

The digital signal processing subsystem is chosen to
consist of a main controller, the NEC-PC microcomputer with
its peripherals.It requires an interface circuit and a timer
in order to manage the data transfer and to organize the

control signals through the signal conversion subsystem.

The analog signal processing subsystem has to
incorporate several circuits which are designed to control
the power input of the DC motor, to control its load and to
sense its variables, all under the command of the main
controller. The analog signal processing subsystem comprises
three types of control circuits, namely, a starting switch,
a converter circuit and a chopper circuit. In addition to
these, the subsystem has transducers to measure the current

and the speed of the motor.
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This Chapter illustrates the need of these hardware

circuits and details their design and implementation.

2.2 Digital signal processing subsystem

This subsystem is considered as the main part of the
overall system. It represents the media of digital signal
flow under microprocessor control. The data base managemant,
including analysis and decision making processes, is achieved
through the manager hardware - the NEC microcomputer. The
complete details of NEC microcomputer are available in the
manufacturer’s literature ([12]. However, details of bus
expansion facilities, and those of memory management are
most useful for the purpose of this research, and are

discussed briefly hereceunder.

2.2.1 NEC microcomputer facilities

The overall block diagram of the personal microcomputer
NEC-6001 BMK II, is given in Appendix as Fig A.1. It is
based on Zilog 280 microprocessor chip. The personal
microcomputer is assembled on a single board which
contains the main CPU with its associated circuitries. The
built in interfaces for peripheral equipment such as printer,
cassette tape recorder and mini floppy disc drive are
controlled by an T/0 controller. The microcomputer has a
total RAM capacity of 64 Kbyte used for main memory and for
video display. It can execute machine code routines

in addition to BASIC by means of an interpreter. The inter-
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