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SYNOPSIS 

This dissertation deals with the experimental studies on 

self tuning control. of a closed loop variable speed d.c. motor 

drive system. 

A self tuning controller for speed control is developed 

and realised through software on IBM PC. And thyristorized 

three phase fully controlled converter, microprocessor 

controlled firing circuit, current controller (PI) and digital 

speed measurement circuit have been designed, fabricated and 

tested. 

Chapter-I consists of literature review and brings out 

the advantages of self tuning control over other control 

schemes. Chapter-II gives the complete details of self tuning 

controller design. Chapter-III deals with the study of motor 

speed control and system hardware. Chapter-IV describes the 

system software and their flow charts. Chapter-V deals with 

tho exper.i.menttil results,. 	In the last-  chapter-VI -conclusion; 

and scope of further work have been described. 
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CHAPTER-1 

INTRODUCTION 

1.1 GENERAL 

Many modern variable speed drives require a precise 

and smooth control of speed with longterm stability and good 

transient performance. From the very beginning, the 

conventional d.c. motors have been used as variable speed 

drives in many industrial applications:  due to the following,. 

advantages. 

(i) D.C. motors can provide high starting torque;  which 

are required for several applications such as traction 

drives. 

(ii) D.C. motors speed can be controlled easily over a wide 

range both below and above rated speed. 

(iii) The methods of control are similar and less expensive 

than those of a.c. motors. 

In modern d.c. drives, the classical motor-generator 

set has been replaced by a solidstate controlled d.c. drive;  

which has numerous advantages such as minimum maintenance, 

less bulk and weight, higher efficiency, faster time res-

ponse and above all low cost(l]. 

For a reversible drive with continuous speed control 

over a. wide range, the d.c. motor drive is the most popular 
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solution. The speed of the d.c. motor can be controlled by 

controlling either armature voltage or the field current. 

Former is for speed control below the rated value and the 

latter is for speed control above the rated value of speed of 

the motor. D.C. motors can closely match the needs of the 

application as the speed-torque characteristics can be varied 

to any useful form, for both motoring and regenerating 

applications. Dynamic or regenerative braking is easily 

obtainable with the d.c. motors for application, requiring 

quick stopping or speed reversals. 

As mentioned earlier,d.c. motors are easily adaptable 

to variable speed drives. The speed characteristics of a 

seperately excited d.c. motor is given by 

N = (V - IR) 	KI a 	aa   f  

The seperately excited d.c. motor is rapidly and 

efficiently controlled by the variation of armature voltage 

and field current. 

Solid state controllers enable in developing more 

accurate, efficient and compact control scheme for d c. 

motors [1,21. In addition they help in obtaining variable 

characteristics of these motors. The conventional methods of 

speed control are gradually being replaced by thyristor 

control. The use of thyristors for power control affords 

considerable advantages over conventional methods owing to 

the possibilities of obtaining better economy, efficiency, 
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reliability, fastness facilities and their compatibility to 

adopt for closed loop system of speed control. 

Now a days, the speed control of a d.c. drives is 	_ 
also tried with adaptive controllers. Adaptive control has 

been a challenge for control engineers fora long time [3]. 

It has been their dream for more than a quarter of a century. 

It arose from a desire and need for improved performance of 

increasingly complex engineering systems with large 

uncertainties. This is specially important in system with 

many unknown parameters that change with time. An adaptive 

system is one that continually monitors the changes and 

adjusts the control parameters automatically to maintain good 

performance. Hence, adaptive systems can be considered as a 

class of control systems that have been made deliberately 

non•-linear. 

The tuning problem is one reason for using, adaptive 

control. It is a well known fact that many processes can be 

regulated -satisfactorily with proportional integral (PI) or 

proportional .integral derivative (PID) regulators. It is 

fairly easy to tune a PI regulator which only has two 

parameters to adjust. However, for an installation which has 

several hundred regulators, it is a substantial task •to keep 

all regulators well tuned A PID regulator which has three 

or four parameters is not always easy to tune, particularly 

if the process dynamics is slow. The derivative action is 
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therefore frequently switched off in industrial controllers. 

Since many control loops are not, critical, three term 

controllers will be extensively used in future too. 

Conventional control theory deals with the control of 

dynamical systems whose mathematical representations are 

completely known. In contrast to this adaptive control it 

refers to the control of partially known systems. For many 

years, there has been an increasing interest in adaptive 

control which can be attributed to the fact that there is 

invariably some uncertairity in the dynamic characteristics of 

most practical systems. The tools of conventional control 

theory, even when used efficiently in the design of 

controllers for such systems, .are. inadequate to achieve 

satisfactory performance in the entire range over which the 

characteristics of the system vary. 

While feedback, in general, improves the performance 

of a system it could also make the system unstable [3], Since 

- -adaptive control-  systems are non,--linear feedback systems 

there is the distinct possibility that such system can become 

unstable, 

Research on, adaptive control was very active in the 

fifties. It was motivated by the need of autopilots for high 

performance aircraft.. The work was characterized by a lot of 

enthusiasm, bad hardware and nonexisting theory. Interest in 

the area diminished due to lack of well developed stability 

theory and a fight disaster% Due to some recent developments 
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in the stability theory of such systems, the application of 

adaptive control to practical systems is being attempted on a 

large scale [3,4]., 

1.2 LITERATURE SURVEY REVIEW 

1.2.1 Adaptive Control Schemes 

The adaptive control of systems has been a dream of 

control system theorists and practitioners for atleast a 

quarter of a century. In the past decade the progress of 

adaptive control has been slow in coming to fruition. The 

early schemes for adaptive control, though ingeneous, did not 

gaurantee the stability of the system. Globally stable adaptive 

control algorithm have been developed very recently. With 

recent advances in microprocessor technology, it has become 

feasible to implement adaptive control algorithms efficiently 

in real time at reasonable cost. 

-- To--understand- the recent- developments in theory and 

the keen interest shown by industries in adaptive control 

promoted to organise the workshop on applications to the 

adaptive cotrol. Many workshops have been held to bringout 

the fruitful application [3]. 

Clarke and Gawtrop [5] have discussed the closed loop 

properties of various classes of self tuner, convergence 

concepts and results. They have suggested a new technique to 

design a selftuning controller which does not appear to 
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suffer excessively from the disadvantages of previous 

adaptive methods. Some of the technical problems involved 

with implementing selftuners on small computers or micropro-

cessors are also discussed. 

Allidina and Hughes [6] have discussed a selftuning 

controler that minimises cost function incorporating system 

input, output and setpoint variations, and adapts in such a 

way that the closed loop poles are located on prespecified 

locations. The link between classical control strategy of 

pole assignment and the suboptimal strategy of the selftuning 

controller is demonstrated and made use to produce 

generalised controller which possesses the advantages of 

both. The proposed controller combines the robustness of a 

pole assignment regulator with the ease of reference tracking. 

Simulation methods for first and second order systems are also 

discussed. 

Gawtrop [7] has discussed the design of selftuning 

controller including rational transfer function terms in the 

associated cost function. Two interpretations of the selftun-

ing controller, a model reference adaptive control and a self-
tuning least square predictor in conjunction with conventional 

compensation are examined in detail. Using standard form of 

techniques, the discrete time systems with step responses are 

determined. The proposed controller shows the advantages 

over Smith Control law. 
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Brickwedde [8] has discussed the application of 

microprocessor. based adaptive control for electric drives. 

For its implementation as an on-line adaptive control system, 

the recursive •least squares• algorithm for 'the on line 

parameter identification combined with a pole assignment 

procedure is suggested. The proposed controller is implemen-

ted on a 16 bit microprocessor to control the speed of a

•40 k.w d.c. drive. Experimental results of a drive under 

load conditions are also discussed., 	 .. 

A robust selftuning controller that can track a 

constant reference and rejects load disturbance developed by 

Ralasubramanian and Kong Hung Wong [9] proposed controller is 

implemented on a microprocessor to control the speed of a 

d.c. motor under varying load and operating conditions. 

Experimental results are also -discussed, which confirm the 

controller excellent adaption capability as well as transient 

recovery under load changing conditions. 

Stephan et.al. [10] have discussed a cascade speed 

control strategy for a thyristor fed d.c. motor subjected to 

parameter variations. This is called as dual mode used with 

inner current loop and outer speed loop. The scheme is 

implemented on a 16 bit microprocessor using a floating point 

coprocessor.to control the speed of a 1.1 k.w d.c. motor, and•

experimental results are also given. The proposed controller 

makes the behaviour of armature circuit practically 
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independent of the current conduction mode. Response is 

extremely fast and it gaurantee the stability and predefined 

performance under all operating conditions. 

Liu et.al. [11] have discussed a controller design 

based on the placement of poles and zeros of the state 

tracking error transfer function. •The problem formulation, 

parameter and state estimation, considering noisy and noise. 

free systems are discussed. The proposed self tuning control 

is found very effective for both regulation and reference 

tracking signal. 

A common problem in the d.c. motor drives is torque 

saturation. In order -to overcome this, a generalised 

predictive control is suggested by Tsang and Clarke [12], 

which shows improvements in performance without major 

increase in computations. 

Cluett et.al. [13) have discussed the consolidation of 

stability and robustness results 'based on input-output theory 

for discrete adaptive control systems. In this, an algorithm 

for a generic direct discrete time adaptive controller is 

presented.  To obtain the stability of the .system 

normalisation, and weighting of the polynomials are suggested. 

1.2.2 Firing and Control Schemes 

Ilango et.al. [14) have discussed the compact firing' 



scheme for three phase bridge rectifiers using minimum 

integrated circuit components.. The proposed scheme had shown 

fast response for triggering angle and gives a fullrange of 

voltage, because the response of the firing angle to control 

voltage is almost instantaneous. 

Alimirbod and Ahmed el-amawy [15] discussed a general 

purpose microprocessor based control circuit for a three 

phase controlled rectifier. For the proper operation of 

controlled 'rectifiers, the gating patterns are synchronized 

with the zero crossing of line to line voltage by properly 

compensating the effect of source impedance by compensation 

circuit. The proposed controller exihibited superior 

performance to previously presented circuits. The hardware 

and software implementation on 8086 microprocessor are 

discussed. 

A firing scheme based on microprocessor to control an 

antiparallel connected 3 phase thyristor dual converter is 

discussed by Tang et.al. [16]. Look up algorithm is used to 

speed up the response, which gives full range control of the 

firing angle between 0-180°  for both positive and negative 

current control. The proposed scheme is reported to give 

good dynamic response and high system reliability. 

Independently of the method of algorithm used to 

control thyristor firing of a three phase static converter, 

the signals that synchronize them with a.c. supply are always 
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necessary. A microprocessor based scheme is proposed [17] 

for this purpose. This scheme is tested as a part of the 

complete digital current control system feeding a 5 k.w d.c. 

motor also in a rectifier system fed by a 13 KVA synchronous 

generator. The results obtained are very good, and for a 

self controlled synchronous motor system, this scheme is more 

precise than a set of selective filters. 

Remy Simard and Rajagopalan [18] have discussed a 

simple equidistant pulse firing scheme. The proposed scheme 

is,  economical to use with individual phase control circuits 

for industrial applications. Experimental results obtained 

on a laboratory d.c. drive are also discussed. 

El-Bolok [19] has described a novel microprocessor . 

based scheme for constant angle triggering operating under a 

variable anode frequency, in which the triggering angle is 

controllable by software: Implementation and testing of this 

scheme had 'shown a fast response to changes in anode supply 

frequency. This - scheme is not affected by the number of 

phases of the supply voltage and/or its phase sequence. 

Mario Benedetti and Carlos F. Christiansen [20] have 

described the design of a trigger system for full or half 

controlled thyristor converter upto 6 pulses using 8 bit 

microprocessor. This scheme provides more flexibility in 

which the triggering angle may take any value from 0 to 1800  

between pulses, thus achieving the maximum rate of change of 



the output voltage. The necessary hardware is also reduced 

to minimum.. The design procedure and experimental setup are 

discussed. 

Thadiappan Krishnan and Bellamkonda Ramaswami [21) 

proposed the design;  construction and testing of 

thyristorized speed control unit for a seperately excited 

d.c. motor. The motor is fed from a three phase six pulse 

fully controlled thyristor bridge. The speed and current 

loops are used to maintain the desired speed and to provide 

fast response Iovercoming the effect of disturbances. But this 

scheme is useful for only one direction of rotation. 

Soon Chan Hong and Min ho Park [22] have described a . 

method to improve the efficiency of d.c. motors based upcn 

the field control. The power circuits and the control loops 

are suggested to realise the principle, and the real time 

control is implemented with a..micr;oprocessor.. Experimental 

results had shown the remarkable improvement in efficiency as 

well-as stability. 

Sule et.al. [23] have proposed a digital speed 

control system for a d.c. motor with a pulse tachogenerator 

for speed sensing. The scheme provides a fast and accurate 

digital speed measurement and control by means of a 

microprocessor.system.. The measurement accuracy obtained is 

+ 0.0125 percent with reference to maximum speed and the time 

constant is approximately 8 m.s. 
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Plant'et.al. [24) have proposed a suitable method for 

microprocessor implementation of controlling the speed of an 

S.C.R. controlled d.c. motor drive which uses a halfwave 

single phase supply, and realisation by a microprocessor.  . The 

determination of the necessary control requires only table 

look up operations and computations are kept minimum. The 

control algorithm, using the table lock up, becomes simple, 

meets the real time requirement, and its implementation is  

well within the capability of the present day 

microprocessors. Experimental results of a 3HP d.c. motor.. 

control are also discussed. 

Guyolvier et.al. [25] have discussed the operation of 

the modified thyristor bridge converter, the control 

algorithm and microprocessor implementation. The proposed 

scheme is shown to have faster response, precise and 

equidistant control of the thyristor triggerings. 

Verma and Agarwal [26] have described the design and 

experimental studies of variable d.c. drive, fed from a 

single phase dual converter. The drive incorporates an inner 

current loop (PI) and outer speed loop (P1). The analytical 

and experimental studies had shown good transient and steady 

state drive performance. 

Tadashi Egame and Takeshi Tsuchiya [27] have 

discussed a partial state and an output feedback control 

system synthesis method with feedforward compensation. It 
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doesn't make use of the state observer procedure. The 

proposed scheme can be applied to all control systems and its 

effectiveness tested experimentally. 

Nandam and Sen [28] have discussed the comparative 

study of proportional and integral Proportional schemes, for 

the speed control of a d.c. drive using both analog and 

microprocessor based digital system. It is confirmed that IP 

control has distinct advantages over PI control. 

Experimental and simulation results are discussed. 

1.3 SCOPE OF THE PRESENT WORK 

The exhaustive literature survey reveals that little 

research work has been reported on the performance of 

converter fed d.c. drive using adaptive controller. 

Therefore, a need is felt to investigate the variable speed 

operation and performance of a adaptive control of the d.c. 

drive. 

In the proposed scheme, a three phase a.c. supply of 

fixed frequency and voltage is converted into a variable 

voltage d.c. supply which is being fed to a d.c. motor. The 

commutation of thyristor converter is achieved by line 

commutation. Self tuning controller suggested by Clarke and 

Gawtrop [5] is used to control the speed of a d.c. drive. 

The objectives of the -proposed .•work  are  the 

following: 
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(i) To design a self tuning controller for the speed 

control of a d.c. drive. 

(ii) To design and develop a suitable firing scheme and 

control schemes for operating the converter. 

(iii) To design proportional plus integral control for 

current loop processing. 

(iv). 

	

	To study the feasibility of the whole system as a 

variable speed drive and'to.obtain experimentally its 

no load and load characteristics. 

The whole scheme .has been fabricated and tested in a 

laboratory and the performance of the motor is obtained 

experimentally,;; 

1.4 OUT LINE OF CHAPTERS 

In Chapter-II, the various aspects of different types 

of adaptive controllers are described. The algorithm 

involved in the design of self tuning controller is also 

discussed. 

In Chapter-III, the complete hardware of the present 

scheme is described in detail. The design of power circuit, 

microprocessor based firing control circuit using reduced 

hardware components and pulse amplifier circuit are also 

given in this chapter. 

The implementation of software and flow charts of the 
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seperately excited d.c. motor speed control is illustrated in 

Chapter-IV. The various subroutines used in conjunction with 

the main program such as ADC subroutine, MODE selection 

subroutine, MULT subroutine, SMULT subroutine, PI processing 

subroutine Vdc* CONSTRAINED subroutine, IR0  interrupt 

subroutine, IR1  interrupt subroutine are also developed in 

this chapter. 

The behaviour of a drive on no load as well as on 

load condition is described in detail along with the 

performance characteristics in Chapter-V. 

The suggestions are proposed to improve the drive 

performance is given in Chapter-VI. 

The pin detail connections and function of various 

chips, the design of PI controller for current loop, basic 

language program for the selftuning controller and machine 

level language program for microprocessor system are given in 

appendices. 



CHAPTER- 2 

ADAPTIVE CONTROLLER 

2.1 GENERAL 

Different types of controllers are suggested in 

literature to control the speed of a d.c. motor. In this 

work, adaptive self tuning controller (STC) is used for this 

purpose. An adaptive controller is one that continuously 

monitors the change in system parameters and adjusts its 

control parameters automatically to give good performance. In 

this chapter, seiftun,ing controller algorithm is discussed in 

detail. 

2.2 SYSTEM MODEL 

A physical object, in whose behaviour we are 

interested in studying, affecting'or controlling is known as 

system. - The knowledge of the properties of a system is 

generally called a model. The concept of a mathematical 

model is necessary when complex problems are treated. A 

mathematical model of 'a given system can build up by two 

approaches. In the first approach, by looking directly into 

the mechanisms of the system that generate signals and 

variables inside the system and construct a mathematical 

model. In second approach, knowledge of the systems 
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mechanism is incomplete or system properties are 

inpredictable, in those cases, signals produced by the system 

can be measured and be used to construct a mathematical 

model. 

A practical system can be either single input/single 

output or multi input/multi output. But as for as d.c. motor 

• is concerned, it can be regarded as single input/single 

output.. Therefore, in this investigation, only the single 

input single output system is discussed. The mathematic model. 

considered, in this work, is of the discrete form (difference 

equation) due to digital computer application. Many types of 

• discrete mathematical model such as ARMA (Auto Regressive 

Moving Average) , ARMAX (Auto Regressive Exogeneous) , and LR 

(Linear Regression) are used in adaptive control techniques. 

ARMA model is not suitable for the present problem because it 

has no control over input. ARMAX model which uses the 

principal property of Recursive least square identification 

is- not - holds - good because the prediction error-. is 

uncorrelated. Therefore to overcome this difficulty, 

'Recursive extended Least squares' (RELS) identification is 

used with this type of model. RELS is not robust as that of 

RLS and the convergence can not be proved for all cases, it 

also increases the computational burden and hence it may 

create problems in real time implementation. That is why 

linear regression model is considered here due to its 

suitability and simplicity. 
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The system model is assumed to be of the form 

A(Z
-1
) y(t) = Z-kB(Z-1 ) u(t) + 6(t)  .. (2.1) 

Where A and B are polynomials. in Z-1  (backward 

shift operator) 'defined as 

A(Z 1 ) = ao  + aI Z_
1 
 + ..... + an  Z-na 

a . 

B(Z 1 ) = bo  + b1Z-1  + ..... + bn  Z-nb 
b 

Whnro na  and nb, axc tho ordure of polynomiolo A and 

B respectively. K represents the system time delay in sample 

intervals. y and u are the system output and input, with 

(t) an uncorrelated random sequence of zero:mean which 

disturbs the system. 

2.3 TEST SIGNALS 

To obtain the information about the system and to 

identify it, the system should be excited-  by some input 

signal. Several._researchers have treated the design of input 

signal for enhancing the parameter estimation for discrete 

time processes used in adaptive control techniques. The 

input signal should excite all models of the system to 

guarantee, the estimated parameters converge to the 

reasonably correct values. The signal having this quality is, 

called 'rich enough' (having sufficiently rich frequency 

content) or persistently existing. While doing literature 
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survey it is found that most of researchers have considered 

white noise as a suitable signal. Hence, in this work, white 

noise is chosen for excitation purpose (5]. 

2.4 SYSTEM IDENTIFICATION 

The type of a model mainly depends upon the method of 

identification. The identification of a system model 

provides the essential aspects of an existing system and 

represents the knowledge of that system in useful form. 

Identification may be either 'on-line' (recursive) or 

'off-line' algorithm. On-line identification has two main 

disadvantages in comparison to 'off-line' identification. 

Firstly, a decision must be made regarding the structure of 

the model before starting the identification. Secondly, 

since 'off-line' methods can reprocess data many times, they 

are more accurate than recursive methods. Recursive least 

square identification algorithm is the most popular technique 

which -ha-s--been used successfully in many applications. 

Therefore, in the thesis, this algorithm has been used and is 

briefly discussed below. 

The RLS identification technique is mainly used to 

treat the LR model (egn.2.1) defining the parameter vector: 

T (t) = [al, ..... an bo,b11 ..'... bn ]  .. (2.2) 
a 	 b 

and  xT(t)  _ [-y(t-1),..... .y( t-na)~ 

u(t-k), .....u(t-k-nb)]  .. (2.3) 

Vector containing measured data. 
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Vector containing measured data. 

Therefore, the equation (2.1) can be written as: 

y(t) ;: Q~r(t) x(t) +(t) 	 ... (2.4) 

Let y(t) be an estimate of y(t) based on Ô(t) and x(t) and 

it is as: 

y(t) = 6T(t), x(t) 	 .. (2.5) 

There may be an error in the estimation because the 

data may be complicated by random measurement of noise, error 

in the model or combination of both. It is given by: 

E,(t) 	= y(t) - y(t) 	_ 	(t) 	.. (2.6) 

Now 8 is chosen in such a way that the criterion J is 

minimized. 

m 
J =Y.l E2 (t) 	 .. (2.7) 

Expressing J = (y - ATX)T (y - ATx) 

=yTy - yT9Tx - xTey + xTAATx 

where 

xT(t) 

x = xT(t+l) 

xT(t+m) 
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-y(t -1) .... -y(t-na ), u(t-k) ....  u(t-k-nb) 

-y(t)  .... -y(t*n +1)u t-k+l 

 

j  . 

-y(t+m-1)...-y(t-n 
a 
 +m-1),u(t-k+m-1)..u(t-k-n

b 
 +m-1) 

and 

Y = [y(t), y(t+l),.... y(t+m)]T  

m = number of samples 

4= -2 XT  y + 2 XT  e = 0 

i 

XT  x A = XTy  
- 

'  (XTx)-1 X
Ty  .. (2.8) 

The above result represents the least square estimator 

of 8, and the least square estimates can be computed 

recursively as: 

6(t) = e(t-1) + k(t) [Y(t)  - T(t1)  x(t)]  .. (2.9) 

k(t) =  
P(t-1) x (t)  .. (2.10)

.  

[1+ xT(t) P(t-1) x(t) ] 

P(t) _  11 - kT  x(t)] P(t-1)  .. (2.11) 

 

where  k(t) is considered as the gain matrix and P(t) is 

proportional to the error covariance matrix. 

From equation (2.9) it is evident that the estimated 

parameter A(t) is the weighted sum of the last. estimation 

and prediction error E(t). As time increases, in case of 
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time in-variant system e(t) converges to its true value 

along with prediction error 	(t), gain vector k(t) and 

covariance matrix P(t) tend to zero. But this new 

information is not making any contribution to the parameter 

estimation. In time variant system, if the estimated 

parameter reach its true value once the above problem is 

eliminated, but affects the parameter tracking. 

The algorithm which is derived above based on 

criterion J considering equal weightage for every .error.- 

For time varying system the above criterion gives •an estimate 

of the average behaviour during the period 1 < t < m. As the 

time increases the number of measurements becomes very large 

and the contribution of each individual measurements to the 

parameter estimation tends to zero. 

In order to increase the tracking capability, it is 

necessary to consider a criterion in which older values are 

discounted by an exponential weighting scheme which places 

heavy emphasis on more recent data. 

Ccnsider a criterion 

J = 	m-i t2(i), o< 	< 1 
i=1 

In this criterion the_ later errors are given more 

weight than earlier ones. 

Therefore, the algorithm explained above can be 

modified by changing equation (2.11) to 



23 

P(t) _ 	[1-KT(t)  x(t)] P(t-1) 	(2.12) 

A 	 1 

If /3<1 then P(t) will not tend to zero and the 

algorithm is more capable of tracking the parameter variation. 

2.5 CONTROL STRATAGIES 

Adaptive Control can be classified into two categories 

1) Model reference adaptive control (MRAC) 

2) Self tuning control (STC) 

The choice of reference model is the first step in 

case of MRAC. The controller parameters are adjusted so that 

the output co-ordinate of the system agrees with that of the 

reference model. To perform parameter adjustemnt the value 

of mismatch between the controlled co-ordinates of the system 

and the model is to be used. The main problem associated 

with MRAC is that, to obtain a closed loop response, the 

system zeros must be cancelled by controller poles. Hence it 

is not -useful -for -the--systems outside the stability region 

[6). It is also found that the discrete time cancellation of 

zeros by poles that correspond to oscillatory continuous 

time functions can lead, to unacceptable intersample behaviour. 
Therefore this technique is not very, much suitable for d.c. 

motor systems. 

The STC consisting with two 'loops an inner loop or the 

control loop and an outerl oop that adjusts the control 
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parameters in the inner loop. STC deals with discrete 

systems and is applicable to a wider class of problems though 

the stability of such schemes may be harder to prove. Self 

tuning controller -gained more popularity because of some 

advantages over MRAC. In this thesis self tuning controller 

[5] is used and here it is discussed in detail. 

2.6 SELF TUNING. CONTROL 

Kalman probably was the first to propose selftuning"' 

under the title 'self optimizing'. It had little immediate 

consequence at the time due to lack of suitable technology. 

Moreover, MRAC could be implemented using analog hardware 

encouraging more work on its development. With the 

development of microprocessor technology there have been 

stimulating developments in self tuning control, although no 

guarantee that self tuning.would be successful in practical 

applications, because the theory is proven fbr small cases 

only and even under the favourable-  conditions --thdre-is no 

guarantee of convergence. 

- Even with the incompleteness of established 

theoritical results, there is a development work on 

selftuning controller. The popularity of this control can be 

gauged from, the number of paper published and the, succesful 

applications reported in the literature. Now a days 

selftuning controller is mostly 'preferred because of the 

following reasons: 
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i)  The algorithms used are very simple. 

ii )  rt is--  derived in - discrete form, which can be -readily 

implemented on microcomputers. 

iii) It has been found possible to establish some 

theoretical results which, although incomplete 

indicate that satisfactory stable performance can be 

expected. 

The controlled system parameters are identified in 

these techniques, on line and the control is calculated using 

a preselected strategy as shown in Fig. 2.1. 

2.7 ALGORITHM 

The algorithm for the generalised selftuning 

controller [5], used in this work can be summarized as 

follows: 

i) Form a generalised cost function (k=1) 

Py(t.).+ Qu(t-1) - Rw(t-1) 

ii) Estimate the control parameters, 9(t) by a standard 

recursive least square algorithm 

A 

e(t) 	e(t-1) + k(t) [4(t) - 9T(t) x(t) ) 

P(t-l) x(t) 
k(t) _ 

[1 + xT(t) P(t-1) x(t)] 

[1  kT(t) x(t)] P(t-l)] 
P(t) =  



' 

~ 	 . 
' 	 | 
|________________________^ __] 

K~[1~ ~A~TUN~N~~~NT~~|~~ ~~(~.~~] BLOCK 0/\(~RA., OF A ^,~L. TUNING "°.,..,`,L~~.`. 



where 

e(t) = [h0  h1... hnH I go,gl... gnG, e0,e1  ... enE] 

h,  g and  e are  the co-eff icients  of the general .. 

polynomials H(z-1 ), G(z 1 ) 	and E(z4)  of  order nH, nG  and 

nE  respectively. 

The data vector is, 

x(t) _ [u(t), u(t-1)...,y(t), y(t-l),..., w(t),w(t-1), 

. . . . . ] 

P(t) is a matrix proportional to the covariance of 

estimated parameters. 

k(t) is the updating gain matrix, and  is forgetting 

factor for exponential weighting of last data values. 

iii) Compute Control Form 

u(t) _ -[goy(t) + gly(t) +...+ eow(t) + elw(t-1) +... 

.... + h1u(t-1) + ... ] / ho  

iv) Repeat from (i) for the-incremented value of. 't•'.. 

The algorithm may be started with Po  of polynomial P 

set equal to unity and the rest of the co-efficients of.R and 

Q polynomials set to any arbitrary values. Generally 'R' is 

equal to 'P'. 

2.8 CONCLUSIONS 

In this chapter, the selection of system model, test 

0 
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signal, system parameter identification techniques and 

briefly about MRAC & STC strategies have been described. The 

reasons to use STC instead of MRAC are also discussed. The 

complete algorithm of selftuning control, used in this work,. 

is also explained. 

M 



CHAPTER-.. 3. 

HARDWARE IMPLEMENTATION 

3.1 GENERAL, 

The complete scheme for adaptive speed cotrol of the 

seperatel' excited d.c. motor is discussed in this chapter. 

The power converter used 'is a three phase fully controlled 

bridge converter. A adaptive controller based on selftuning, 

control is realised on IBM personal computer. Microprocessor 

based scheme for its firing angle control is discussed in 

detail, together with the hardware requirements. An 8085 

microprocessor based system is used for the current error 

processing by a software proportional plus integral 

controller (PI) and personal computer (PC) is used to process 

the software of self tuning controller (STC) which helps in 

controlling the speed of a d.c. motor. 

3.2 SYSTEM DESCRIPTION 

The complete block diagram of the system is shown in 

Figure 3.1. The system implementation is started with the 

'reference speed signal and the speed of the machine has to 

follow this signal. The controller (STC) parameters are 

computed in real time on line with IBM personal computer 

which are essential to calculate the controller output, 
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obtained from personal computer (P.C.) in analog form through 

DAC is considered as current reference signal (I) and it is 

converted into digital signal through 8 bit ADC 0809 which is 

being fed to the microcomputer 8085. The actual current 

signal corresponding to motor current is also fed to another 

channel of ADC 0809. The current error is generated by 

comparing the reference and actual current signals. This 

error may be either positive or negative and it is limited to 

a corresponding to about +25% of full load current of the 

motor..  
fr 

t tEt'CY~1',! 

The controlling signal is generated by a 

microprocessor according to the current error using 

proportional plus integral (PI) control algorithm. The PI 

controller processing is carried out throughmnicrop rocessor 

software. The control algorithm implemented in the 

microprocessor is a simple computation rule so that the 

response of the system can be fast. The PI control algorithm 

is easy to implement and does not need too 'much time to 

compute the controlling signals. Depending on this signal, 

constrained value is obtained. from which corresponding firing 

angle is selected from the lookup algorithm. Using this 

firing angle first pair of the thyristors are fired and the 

remaining five pairs are fired at 600 interval. The 

converter output voltage is fed to a d.c. motor system. The 

speed of the machine being adjusted through self tuning 

controller in such a way that irrespective of the load 
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condition the actual speed of the machine has to follow the 

reference speed signal. The design of PI controller is given 

in Appendix C. 

3.3 PC BASEL) SELF TUNING CONTROLLER 

Clarke and Gawthrop algorithm is used to develop the 

selftuning controller and it is realised through software on 

IBM personal computer (PC). Reference speed signal is set 

through a potential divider and is being fed to PC via one 

channel of 12 bit ADC. Actual motor speed signal is fed to 

PC via second channel of ADC. Depending on the difference 

between these two values, the controller parameters are 

generated which. are essential in obtaining the controller 

output (u). This controller output is outputted 'through a 

channel of DAC which has been considered as the reference 

current signal to the microprocessor system, for the 

processing of PI current controller 

3.4 POWER CIRCUIT AND ITS WORKING [1,, 30 , 31 . ] 

For the experimental purpose, a 1 I.P., 220 V, 

1500 RPM d.c. machine is used. The fullwave thyristor bridge 

rectifier is employed to feed the proposed machine. The 

ratio of PIV and line to neutral voltage is given by 

EPIV/ELN 2.45. Therefore 
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EPIV  2.45 x 400 = 566 •V T3 

Taking a factor of safety 2, a 1200 PIV Thyristors are 

used.for the rectifier. 

The output average d.c. voltage of a full wave 

rectifier is given by Vdc  = 3 v /r Coso(. The output 

voltage is taken equal to the rated voltage of the machine 

corresponding to minimum firing angle i e. Vdc  = 220 V. 

Assuming the ,:.efficiency of 70% of d.c motor the input power 

(P/n) is as 

PI  Vdc I
dc = P/n = 746/0.7 = 1065 Watts 

'dc = 
 1065  = 4'85 ^=5 Amps. 

220 

Taking a factor of safety 2 the thyristor current 

rating IT  2x5 = 10 Amps 

So the thyristor of 12 Amp, 1200 V can be selected to 

meet the requirements. However the available thyristors of 

16 A and 1200 PIV are used. 

Figure 3.2 shows a three-phase fully controlled 

converter. It consists of six thyristors connected in the 

form of bridge configuration , These thyristors are connected 

to phases RYH will be denoted by (T11T4) (T3,T6  ) and (T5,T2  ).. 

Each thyristor conducts for 1/3 of a cycle i.e. for 120° 
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FIG.3.2 POWER CIRCUIT CONFIGURATION. 
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duration, and at any instant of time two thyristors are 

conducting. With respect to phase sequence RYB, T1 

commutates with T3, T3 with T5 and T5 with T1. On the other 

side T6 commutates with T2, T2 with T4 and T4 with T6. Commu-

tation from one thyristor to other occurs when two anodes 

pass through—the-same-potentia]-,—one-going up takes over._from.. 

the other going down. This is called natural commutation. 

Thyristors are switched faster in three phase converters and 

therefore the time available for any current delay is less 

compared to the single phase case. This tends to make the 

motor current continuous. 

Figure 3.3(a) shows the input supply line voltages and 

3.?~ (b) shows at which instants the particular pair of 

thyristors are conducting. In this work six sequence of 

operation is assumed which can be understand from the 

following table. 

Sequence  0  1  2  3  4  5 

Conducting SCR's  (6,1) (1,2) (2,3) (3,4) (4,5) (5,6) 

SCR's to be fired  1  2  3  4  5  6 

Outgoing SCR  6  1  2  3  4  5 

The above firing sequence is used when the firing 

angle is less than 60°. If the firing angle becomes greater 

than 600 then the following sequence is used. 
 m 
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Sequence  0  1  2  3  • 4  5 

Conducting SCR's  (5,6) (6,1) (1,2) (2,3) (3,4) (4,5) 

SCR's to be fired  6  1  2  3  4  5 

Outgoing SCR..  5  6  1  2  3  4 

If the firing angle becomes greater than 1200 the 

following sequence is used 

Sequence 
 

0  1  2  3  4  5 

Conducting SCR's 
 

(4,5) (5,6) (6,1) (1,2) (2,3) (3,4) 

SCR's to be fired 
 

5  6  1  2  3  4 

Outgoing SCR,  4  5  6  1  2  3 

To maintain a symmetrical waveform of the input 

current the firing sequences are necessary. The frequency of 

firing will be six times the supply frequency. 

The average output voltage of a fully controlled 

converter is given by 

Vdc = 3~ V Cosa 	 .. (3.1) 
TT 

if 	®C. = Oo then Vdc = Vmax and if X.= 900 then Vdc = 0. 

Therefore equation (3.1) shows the output voltage 

depends upon the firing angle information. 

For a seperately excited d.c. motor the back e.m.f. 

Eg =Ka lN 

In terms of average voltages 

V I R 

Vdc = I
aRa + Eg  IaRa + Ka N ;  N =  K a  .. (3.2) 

a 
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Equation (3.2) represents the average speed. 

In a seperately excited d.c. motor T = Ka  Ia and 

motor speed (.N) is 

V
dc 	R N = 	_ a T 	

(3.3) 
Ka4 

The first term in equation (3.3) represents the ideal 

no load speed (T ~• 0) , which, therefore, depends on V _ _ If 

the motor current is assumed continuous, motor terminal 

voltage Vdc depends only on the firing angle oc. . 	The 

variation of Vdc with oc for continuous motor current is 

shown in Fig.3.3(c). These curves also represent the 

theoritical no load speed as a function of firing angle. The 

second term in equation (3.3) represents the decrease in 

speed as the motor torque increases. Since the armature 

resistance is small, the decrease in speed is small. In 

large motors,c the motor current at no load (i.e. motor 

idling) is not small, and if a three phase converter is used 

the motor current is likely to be continuous even at no load 

condition. Therefore, three phase converter fed dc drives 

provide better speed regulation and improved performance as 

compared to single phase converte.r fed dc drives. 

The motor terminal voltage can become negative for the 

triggering angle =120°. 	This, is the inversion mode of 

operation of the converter. If the motor voltage is reversed 
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with a reversing contactor or by reversing the field current, 

power can be transferred from the motor to the a.c. supply. 

That is what commonly known as regeneration. The motor will 

slow dcwn due to power feeding back, and thus the motor 

voltage decreases. Therefore, as the motor slows down, the 

firing angle of the converter is to be adjusted to keep the 

current up and to regenerate power. 

3.5 MICROPROCESSOR BASED CONTROL SCHEME 

Microprocessor based firing scheme is shown in Fig.3.4 

and it is used for generating the firing pulses for converter 

thyristor in proper sequence decided by the control circuit 

and software. This scheme has several advantages over the 

analog firing control schemes. This scheme requires less 

number of hardware components and simple synchronizing 

technique. For this, one programmable - peripheral interface 

8255, one programmable interval timer and one programmable 

interrupt controller 8259. The pin diagram and operational 

details of these ICs are given in Appendices A and B . The 

synchronizing signal which is obtained from synchronizing 

circuit is inputted to IR0  interrupt. Gate of timer TM1  is 

always made high by connecting it to +5V. Counter TM1(1) get 

the clock of 1.535 MHZ from pP. ADC 0809 is interfaced to 

microprocessor through port B and port C of 8255. ADC 

provides the information about the reference current and 

actual current. The firing angle information is obtained 



al current 
signal 

Ref. 
,nt signal 

FIG. 3.4 MICROPROCESSOR BASED SYSTEM CONFIGURATION. 
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from the lookup table, and the pulses are outputted through 

port A of 8255 as per firing command. Different wave shapes 

for interrupt signals are given in Figure 3.5. 

3.5.1 Synchronizing Technique 

Independently of the method or algorithm used to 

control thyristors firing of a three phase static power 

converter, the signals that synchronize them with the 

alternating supply voltages are always necessary. For a 

three phase converter, there are six such logical signals, 

each one associated with a thyristor and defihed from the 

natural commutation instant i.e. at the intersection of two 

phase to phase voltages, which coincides with zero crossing 

of the other one. The zerc crossing voltage detector fulfills 

two different functions, the synchronization of the thyristor 

circuit to the input line frequency and the phase sequence 

identification. 

Synchronizing signal is generated by sensing line to 

line voltages VRB  and VBY  of the supply mains. This signal 

has pulses of 600  duration corresponding to supply voltage 

frequency at every 360°  interval. This signal provides the 

information about frequency of supply voltage and the instant 

of loading a counter of• PIT 8253 with firing angle delay 

count,. Synchronizing signal is required for generating 

firing pulses for converter thyristor in proper sequence. 
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Synchronizing circuit uses less number of components and is 

shown in Figure 3.6. This circuit consists of the following 

components. 

i) Step down transformer 

ii) Comparator 

iii) Transistor drive 

iv) AND gate 

Stepdown transformer is a single phase 440 V/6 V 

transformer to realise voltage sensor for a wide range of 

frequency. The primary and secondary connections are made in 

such a way that, secondary voltage is 1800  out of phase with 

respect to the primary voltage. Comparator circuit is 

realised with the help of operational amplifier IC 741. The 

inverting terminal of IC 741 is connected to common ground. 

The output of the comparator ideally swings between +12V to 

-12V at zero crossing of supply voltages and frequency is 

same as supply frequency. The output of comparator is 

reduced to a lower voltage by a series connected resistor and 

applied to the base of the transistor. Transistor stage is 

very important and required to interface the analog system to 

a digital system. Transistor is used to control the state of 

the TTL input. TTL outputs of transistors are shown in 

Figure 3.7. 

The diode in the base circuit protects the base 

against excessive reverse voltage. Since the negative output 
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of the comparator approaches -12V1 we need to use a 

protective diode between the base and ground. This diode 

clamps the base voltage at approximately -0.7V on the 

negative swing. AND gate is used for necessary AND 

operation. The synchronizing signal is obtained after ANDING 

two output signals of the transistors. The microcomputer 

makes use of this signal for generating firing pulses in 

proper sequence and firing angle control. 

3.5.2 Pulse Amplifier Circuit 

The duration of firing pulses generated by• the 

microprocessor via port A is not sufficient to trigger 

converter thyristors. The required pulse width is obtained 

using monostable circuit. The output of the monostable is 

applied to the pulse amplifier circuit as shown in Figure 3.8. 

A pulse transformer is used for electrical isolation 

between control circuit and power circuit. The pulse at the 

transistor collector is the amplified inverted form of the 

input signal. But the isolating transformer connection are 

made in such a way that the final firing pulses has no phase 

shift with respect to the input pulse. A diode is connected 

across the transformer primary to avoid saturation of the 

pulse transformer. Another diode is connected it series with 

the secondary of the pulse transformer to block negative 

pulses. The diode across the primary also serves to protect 
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the transistor. The capacitor at the secondary prevents any 

spurious high*frequency from triggering the thyristor. The 

gate of the thyristor can be protected from long reverse 

voltage by connecting a diode across the gate as shown in 

Figure 3.8. 

3.6 CONCLUSIONS 

In this chapter, the complete hardware philosophy of 

the speed control of a d.c. motor has been described using 

self tuning controller. The STC adaptive controller for 

speed control loop has been realised on IBM PC system and 

current control loop using PI controller has been realised 

through 8085 microprocessor based system. The design of 

power circuit and synchronizing circuit has been developed. 

The details of microcomputer based firing control scheme has 

been described in detail. 



CHAPTER - 4 

SYSTEM SOFTWARE IMPLEMENTATION AND FLOW CHARTS 

4.1 GENERAL 

In this chapter, the complete software for self tuning 

controller (STC) based closed loop speed control of thyristor 

converter fed d.c. motor is described. The self tuning 

controller is realised through IBM personal. computer (PC) in 

which speed feedback and reference speed signals are inputted 

through 12 bit 16 channel ADC Card and output of controller 

(STC) is obtained through a DAC channel of same card from 

personal computer. The analog output of self tuning 

controller is considered as current reference signal and 

inputted to 8085 based microcomputer system via 8 bit 8 

channel ° ADC 0809 along with motor current feedback signal. A 

current proportional integral °.(PI),.control.er is realized 

through software on 8085 based system which also provides 

various firing commands for thyristors of converter in proper 

synchronization with mains through various hardware 

interrupts. The complete software for microprocessor 8085 

based system is explained through main programme and 

associated various subroutines. 

4.2 SOFTWARE IMPLEMENTATION OF SELF TUNING : CONTROLLER 

In the present work, the speed control of a d.c. motor 

is achieved by self tuning 	controller. The flowchart of 

R 
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implementation of STC algorithm is given in Fig.4.1. The 

program starts with the initialization of variables which are 

necessary to carryout the processing in order to obtain 

controller parameters and controller output. Proper weightage 

of polynomials P,Q and R is considered. Reference speed is 

set through the potential divider, and actual speed signal of 

a d.c. motor is measured through a.c. tachogenerator after 

rectifying and filtering. These two signals are taken as 

input via AD converter channels (Io  and I1) of ADC card of IBM 

(PC). Depending on these signals the controller parameters are 

estimated which adjust the controller output (U). The value 

of 'U' is computed and limited in the manner as demanded by 

controller to maintain constant speed of a d.c. motor 

irrespective of the load conditions. The developed basic 

language program for self tuning controller is given in 

appendix 'D'. 

4.3 SOFTWARE FOR 8085 MICROPROCESSOR SYSTEM 

4.3.1. Main Program 

The flow chart of the main program is shown in Fig.4.2. 

The program is started with initialization of STACK pointer 

and input-output ports. In the 8085 system, two timers of PIT 

8253, six input-output ports with two PPI 8255 and one 

interrupt controller PIC 8259 are available to the user at 

Jl,J2  and J3  space. In the present work, one timer TM1  is 

used for loading firing angleoc'as well as 6001  count. Out of 



Initialise : UI ,U2,Wl ,W2,AY1 ,AY2 , beta, sito (I ),silo (2), 

sits (3), sits (4) , sito (5 ), sif (6) 

Weightage of P, 0 and R Polynomials. 

INPUT: Reference speed (W) , Actual speed (Yw) via AD 

convert channels (I0,I1) 

CALCULATE: FAT=F (W,YW,UI,U2,Wl ,W2) 

SET: X(I)=AYI , X(2)=AY2, X(3)=UI,X(4)-U2,X(5)=Wl 

X(6)=W2 

Obtain 	controller 	parameters, 

Sito (I ), Sito(2),Sita(3),Sito(4),Sito(5),Sita(6) 

_____ 
'p_____ 

Calculate system output 	U using controller parameters. 

is constrained 	between limits, And 

U' is computed via DAC,Which is considered as reference 

current in 8085 )JP system. 

End 

FIG,4.I FLOW CHART OF SELF TUNING CONTROLLER. 



Main start _9 

4n:l:tiolise stock pointer, 8255, 8253 and 8259 with their modes , 

starting cycle index (s). Call closed loop initialization subroutine. 

Select INo channel of ADC, Read reference current from PC via DAC. 

Select INi channel of ADC , Read actual current . 

Call constrained current error subroutine,coll PI current controller 

subroutine Call constrained voltage subroutine. 

Coll look up : select corresponding firing 	.f. 

Call mode selection subroutine. Call multiplication subroutine , Get 

firing angle count. 

Is 

	

starting index =00 
	No 

Yes 

Enable 	of interrupt. 

Incrementing starting cycle index -01 

FIG.4.2 FLOW CHART OF MAIN PROGRAM. 



42 

six input-output ports, three input-output ports of PPI 

8255(1) are used in the present work. It is initialized as 

follows: 

8255(1) (Control word registor = 03H) 

PORT A PORT B PORT C PORT CL  

OUT 
 

IN  OUT 
 

10001010 = 8A 

Figure 3.4 given in the previous chapter shows the 

configuration of the microprocessor based control scheme.  0 

Port 'A is used for firing the converter thyristors (Bits PA0  

to PA5), port B is used for inputting digital output of ADC. 
Port C is used to send start of convertion (SOC) and end of 

conversion (EOC) signals. The timer TM1  is used for loading 

both firing angle count as well as 600  count for triggering 

converter thyristors. The timer is initialised as follows. 

TM1  (11H) in mode '0' 

TM1  R/L  MODE 0  CODE 

01  11  000  0 = 70H4 

After initialization of all the necessary chips, all 

firing bits are made low and the status of output ports are 

stored. Starting cycle index 'S' is stored with initial value 

as OOH and the 60°  count value is also stored. The PIC is 

initialized for the vector addresses of the interrupts IR0 , 

IR1. All interrupts are considered edge triggered. 
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After initialization process, two ADC channels are 

inputted one by one by selecting channels through port CL. 

Reference current is inputted by selecting IN0  channel of ADC 

0809 from personal computer (PC) via DAC, actual current is 

inputted by selecting IN1  channel of ADC 0809. 

After the measurement of reference and actual currents, 

the current error is constrained and stored at the end of 

constrained current error subroutine. Now it enters PI 

subroutine. 

In the PI control part, the change in error is 

calculated from• the constrained current error and previous 

constrained current error. This change in error is used to 
obtain the new output unconstrained voltage of 2 byte, and 

then program enters constrained voltage subroutine. 

In the constrained voltage part, previously obtained 

unconstrained voltage of 2 byte is considered to one byte 

only, because the voltage values stored are of one byte. This 

value_of constrained voltage is limited between minimum (OOH) 

to maximum (FFH) output voltage (Vdn), then it enters lookup 

algorithm to select the corresponding firing angle. 

The firing angle which has been selected through look 

up subroutine is used to select the particular sequence of 

firing the thyristors of converter. This is being done in 

'MODE SELECTION' subroutine. The above obtained firing angle 



Enter 

Initiolise : Acc.umuaotor --- OOH 

Constrained current error r-- OOH 

STA e(n)----OOH 

STA e(n_I)4 	00H 

STA Ae(n  )- 	OOH 

Initialise 

STA -- 4 Maximum current error. 
Load accumulator with Vdc  address. 

STA 	Vdc 	Vdc = Vdc J 
STA  1 	Vdc(n-I), [Vdc  - Vdc (n-i)] 

Initialise : 
Kp =01 and store in accumulator. 

KI T5 =01 and store in accumulator. 

+Vdc(max)• FF and store in accumulator. 

+Idc (max)=80 and store in accumulator 

Return 

FIG.4.3 FLOW CHART OF CLOSED LOOP INITIALIZATION. 
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is converted into its equivalent counts by multiplying it with 

'K' counts using 'MOLT' subroutine. This firing angle count 

is used to load the timer (TM1). 

After this starting cycle index 'S' is checked. If it is 

found as zero then the interrupt are enabled and increment 

index 'S' to one, otherwise jump back to 'CALL ADC' and 

carryout other processings. 

The IR0  interrupt service susbroutine is used to load 

the timer with firing angle count once in every cycle and IRl  

interrupt service subroutine is used to load the timer with 

600  count five times in every. cycle, and. to issue all six 

firing commands. 

The machine level language programs are given in 

Appendix E. 

4.3.2 Close Loop Initialization 

In order to carryout the PI processing Iit is necessary 

to initialise some of the variables such as error, change in 

error, maximum voltage, maximum current, controller constant 

etc. This is done using closed loop initialization subroutine.. 

The self explainatory of which, is shown in Figure 4.3. 

4.3.3 ADC Subroutine 

Reference current is measured and stored through this 



45 

subroutine. The self tuning controller output from PC via DAC 

converter is considered the value of reference current. An 

ADC converts this analog signal 'into digital signal. This ADC 

conversion is done once in every cycle of the main programme. 

ADC clock in is given from a timer of 380 KHz 

frequency. ADC starts converting the analog signal into 

digital signal at the instant, when the start conversion (SOC) 

bit of ADC goes from low to high to low. ADC sends a signal 

to I/O port through end of conversion (EOC) bit going high, 

indicating that the conversion process is over. The ADC count 

is measured and stored in the memory location alloted for 

reference current. The flow diagram of ADC subroutine is 

shown in Fig. 4.4. 

NAME OF SUBROUTINE 	: ADC SUBROUTINE 

INPUTS 	 : Input to DAC through AD/DA 

converter from PC via 

channel IN0  which is 
selected. 

OUTPUTS 	- 	: Reference current.I
dc  

CALLS 	 : None 

DESTROYS 	 : A, F. 

DESCRIPTION 	.. This subroutine measures 

the reference current I. 

The result is stored in the. 

reference current Idc  at 
the end of subroutine, and 

it is displayed in the 
	14 

address field. 



Enter ADC subroutine 

Send start/ALE pulse via PCo of 

8255 using B.S.R. mode. 

Import EOC signal 

via PC6 of 8255 

Is 
NO 	PC6 high 

Yes 

Read the digital output and display 

in address field . 

Return 

FIG.4,4 FLOW CHART FOR ADC SUBROUTINE. 
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4.3.4 Constrained Current Error Subroutine 

This subroutine is used to limit the magnitude of 

current error corresponding to actual current and reference 

current. The maximum magnitude of current error is decided 

in the CLI initialization routine. Difference between 

reference current and actual current results in error, this 

error is being limited not to cross the specified limits. The 

error may be positive or negative, if the magnitude of 'the 

current error is greater than the maximum current error, then 

the error is set equal to maximum current error, if the 

magnitude of -ve current error is greater than the maximum 

current error then error is set equal to maximum value and 

2's complement of it. This value is the constrained value of 

current error. The flow chart of this subroutine is given in 

Fig. 4.5. 

NAME OF SUBROUTINE 	: Constrained Current Error 

Subroutine. 

INPUTS 	-: Reference Current Iac  Actual 
1 byte 

Current I do 	each 

OUTPUT 	: Constrained Current Error 

jl byte 2's Complement) 

DESTROYS 	: A, F, H, L. 

DESCRIPTION. 	: This subroutine limits the 

current error between minimum 

and maximum error. 



F)G.4. 5 FLOW CHART OF CONSTRAINED CURRENT ERROR SUBROUTINE. 
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4.3.5,. PI Current Controller Subroutine 

This subroutine computes and stores the unconstrained 

voltage Vdn  . During the execution of this subroutine, 

voltage and current error is updated. The constrained 

current error is considered as present status of error, which 

is used along with integral gain to obtain KIen, the change 

in error is used with proportional gain K pen. In both 

these case 'SMULT' subroutine is used, resulting in partial 

product. The product being added to get change in voltage. 

This change in voltage is added with previous voltage to 

obtain present status of voltage which is unconstrained 

2-byte in 2's complement and is stored in the alloted memory 

location. The flow chart of it is given in Fig.4.6. 

NAME OF SUBROUTINE  : PI Subroutine 

INPUTS  • V*  
do  

one byte each 

Vdn-1 

e  [ 1 byte 2's complement form] 

en_1  [ 1 byte 2's complement form] 

: e  [ 1 byte 2's complement form) 

: Constrained current error 

.[1 byte 2's complement form] 

OUTPUT  : Unconstrained \r 
dn 

CALLS  : SMULT , 

DESTROYS  : ALL 

DESCRIPTION  : This subroutine measures and 

stores the unconstrained Vdn  value 

0 



Enter 

Up dote error : 

Vdc (n-i) 	Vdc(n) Constrained value 

e(n-1) ~— e(n) 

e(n )~— Constrained current error. 

Find Ae(ro 4 	' e(n) —' e(n-i) 

Calculate : 

I. (HL) * 	KpI x Den ,and store the result in HL as 
partial product. 

2. (HL) •-- KITS x en ,and store the result in HL pair. 

For I and 2 use smult 

3. Add partial product to give 	(n) 

4. Vdc (n) = Vdc n- i + aVVc (n) 

R e t u r n 

FIG.4.6 FLOW CHART OF PI CONTROLLER OF CURRENT ERROR. 
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[2 byte 2's complement] in 

Van  address at the end of 

Subroutine. 

4.3.6 Subroutine SMULT 

Two's complement numbers can not be multiplied with the 

algorithm for unsigned binary numbers, because if either or 

both the operands are negative, the result is incorrect. In 

one of the methods for multiplying two's complement number, 

first determine and save the signs of operands. Negative 

operands are made positive, and the operands are multiplied 

using the add and shift algorithm. If the operand signs are 

different, then the two's complement of the product is taken. 

Booth's algorithm is a mere direct method of 

multiplying two's complement numbers. Booth's algorithm is 

based on the fact that a string of zeros in the multiplier 

requires no addition, just shifting and string of l's running 

from 2p to 2q is treated as 2q+1- 2. 	In Booth's algorithm, 

the multiplication requires only two operations in addition 

to the shifts, one subtraction and one addition. This results 

in a faster multiplication because fewer, operations are 

required. 

Booth's algorithm is used which is as follows. Let Xi  

be the ith  bit of an n-bit multiplier. But Xn^1  is the most 

significant bit and Xo  the least significant bit. A bit X_1=0 
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is assumed. The multiplicant is Y. Starting with i=0, X 

and X 1  are compared. Depending on the comparison, one of 

the following action occurs. 

Xi 	Xi_1 	operation 

0 	0 	Shift Y (left with respect to 

partial product) 

0 	1 	Add Y to partial product and 

Shift Y. 

1 	0 	Subtract Y from partial product 

and Shift Y. 

1 	1 	Shift Y 

This process is repeated unitl n comparisons are made 

completing the multiplication. 

The flow chart of subroutine is given in Fig.4.7 which 

implements Booth's algorithm for an 8-bit multiplicand and 

8-bit multiplier. The subroutine is entered with the 

multiplicand in-  register D and the multiplier in register C. 

The 16 bit product is retained in register pair HL 	This 

susbroutine is called in the PI subroutine for software 

implementation of PI controller. 

NAME OF SUBROUTINE . SMULT 

INPUTS 	Register B has multiplicand, 

Regist. L has.  multiplier, 

.Register C is used as counter. 



FIG.4.7 FLOW CHART FOR SMULT SUBROUTINE. 
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OUTPUT 	Register pair HL has the 16 bit 

product of the multiplication. 

CALLS 	None 

DESTROYS 	A,F,B,C,H,L Registers. 

DESCRIPTION 	This susbroutine multiplies two 

numbers (1 byte each), which are in 

2's complement form. It stores the 

result of multiplication in register 

pair HL. This subroutine can be used 

for  both  unsigned  numbers 

multiplication and for 2's complement 

riumbc.r.s multiplication. 

4.3.7 Constrained Voltage Subroutine 

As mentioned in Appendix-C., in the design. of. PI 
controller, the maximum value of output voltage is to be 

limited between maximum and minimum specified limits. In the 

case of fully controlled converter, the normalised output 

voltage OOH corresponds to the maximum firing angle i.e. 900, 

and FFH corresponds to the minimum firing angle i.e. 00. The 

maximum and minimum value of output voltage is limited 

between FFH and OOH. 

.,_.~ subroutine limits the Vdn value to OOH if Vdn 

unconstrained becomes negative, and to FFH if Vdn 

unconstrained is positive also greater than maximum voltage. 

The flow diagram of it is given in Fig.4.8. 

n 

NAME OF SUBROUTINE : Constrained Voltage Subroutine. 



FIG.4,8 FLOW CHART OF CONSTRAINED VOLTAGE SUBROUTINE. 
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.INPUTS  . Van  unconstrained 

[2 byte data in 2's complement form] 

Vdn  maximum voltage [I byte] 

OUTPUT  Constrained V @[1 byte] 

CALLS  . None 

DESTROYS  : All 

DESCRIPTION  This subroutine limits Vdn  value 

between OOH and FFH, i.e. if Vdn  is 

negative, Vdn  is set as OOH, and if 

Vdn  is positive and greater than FFH, 

then it is set as FFH. 

4.3.8 Lookup algorithm Subroutine 

While microprocessors potentially offer more 

flexibility and economy than the analog circuits, their 

relatively limited real time capabilities restrict their 

functions to table lookups and simple arithmatic operations. 

The determination of the necessary control requires only 

table lookup operations and computations, are kept to a 

minimum. The control algorithm using the table lookup, 

becomes simple, meets the real time requirements, and its 

implementation is well within the capability of the present 

day microprocessors. 

Determination of lookup table values: 

Assuming (1) continuous conduction mode of thyristor 

bridge converter. 

(2) Ignoring overlap period. 

(3) Fixed sequence R-Y-B of R.M.S. :input voltage 
with constant frequency. 

M 



FIG.4.9 FLOW CHART FOR LOOK UP TABLE. 
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For .a three phase fully controlled converter, D.C. 

output voltage 

Vdc = 3 	V Coso( 

where V = RMS phase voltage 

O = Firing angle 

Maximum value of Vdc occurs at o<= 00 

Vdc (max) = 3J . V 

Vdc 	3~T V Cos a 
Therefore 	 = —__ 	= Cos o 

3 
~ 

Vdc(max)  V 
TT 

Vdc (normalised or Vdn) varies from '.1' to '0' as 

firing angle ' o(.' is varied from 00 to 90°. The Vdn is 

represented by a one byte number and have Vdn (max) equal to 

256 states. Therefore one state is of 1/256 equal to 

0.003911 units. 

For. 'O' count; 
3600. corresponds to 20 m sec, Hence 

10 corresponds to 20/360 in sec = 20/360 x 10-3 sec. 

W 
Clock frequency of timer = 1.535 MHz 

= 1.535 x 106 Hz 

Time for one. 'T' State  =  1  Secs 

1.535x106 

' • 1, Sec corresponds to 1.535 x 106 'T' States. 
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20  3  
'  200x 10-3  Sec corresponds to 1.535 x 106  x  20  10 'T' State 

360 

82.57 'T' States 

1°  count corresponds to 82.57 'T' States (Decimal) 

to  count corresponds to 55H 'T' States (Hexa) 

...mac  =OCP x 55H 

The value of QCc  and V  are formulated from the above, 

equations for every 10  variation of firing angle in the range 

of 0°  to 90°  .  The calculated value of oCo and Vdc  are 

converted into Hexadecimal form and stored in the memory 

locations. 

Vdn  is of one byte and o&,°  is also one byte. So in the 

look up table Vdn  takes 90 memory locations and corresponding 

takes 90 memory locations for storing. 

The look up table consider here in which the 

Vdn .values in decreasing order are stored at higher memory 

locations. The flowchart of it is shown in Fig.4.9. 

NAME OF SUBROUTINE :. Lookup 

INPUTS  Constrained Vdn  which is of 

1 byte stored at CVDC address. 

Its 'm' pointer is loaded with 

the address having the starting 

address of Vdn. 

OUTPUTS  It stores 'm' pointer (lookup) 

table address of Vdn  (new) at 
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'm' address and also stores ot°  correspond-

ing to this voltage. 

CALLS 	: None 

DESTROYS 	: A, F, H, L 

DESCRIPTION 	: This subroutine stores lookup table 

address of Vdn(new) at 'm' address, and 

also stores oc corresponds to Vdn(new) 

which is displayed in data field. 

4.3.9 Mode Selection Subroutine 

Depending upon 'the firing angle, it is necessary to 

fix up the sequence of thyristor firing. This is being done 

using Mode Selection Subroutine. If the firing angle is 

between 00  to 600  then Mode '0' is selected which specifies 

thyristor pair (6,1) has to be fired first and then the 

remaining pairs. If the firing angle is between 600  to 120°, 

then 60°  is subtracted from it and Mode '5' being selected 

which specifies Thyristors pair (5,6), has to be fired first 

and then the remaining pairs. If the firing angle is between 

1200  to -180°, then 120°  is subtracted from it and Mode '4' 

being selected which specifies thyristor pair (4,5) has to be 

fired first and the remaining pairs. Therefore, the mode 

selection helps us in fixing up the particular sequence of 

firing of thyristor. 

NAME OF SUBROUTINE : MODE 

INPUTS 	: Register B has 60°  count. 

Register C has 120°  count. 

OUTPUTS 	: Accumulator is having an 8 bit value of 

selected mode index. 



FIG.4.IO FLOW CHART FOR MODE SELECTION SUBROUTINE. 
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CALLS . 	: None 

DESTROYS 	A,F,B,C Registers. 

DESCRIPTION 	: This subroutine gives is the particular 

sequence of Thyristor firing depending 

upon the firing angle. 

4.3.10 Multiplication Subroutine 

This subroutine is used to multiply two 

unsigned numbers. During the execution of this subroutine 

the firing angle which has been selected from look up table 

is converted into its equivalent counts by, multiplying with 

55H counts. This is the firing angle count which is to be 

loaded to the timer while serving IR0  interrupt Service 

Subroutine. The flow chart of it is shown in Fig. .4.11. 

NAME OF SUBROUTINE : MULT 

INPUTS 	Firing Angle 

. One degree equivalent counts. 

OUTPUTS 	: Firing angle count 

CALLS 	: None 

DESCRIPTION 	: This subroutine multiply the firing 

angle obtained with 10  equivalent count 

and is stored in the memory space 

allocated for it. 

4.3.11 IR0  Interrupt Subroutine 

This subroutine is needed to load the 

C 



Enter 

(A) --- Firing angle 
(L) 	(A) 
(H) 	00 
(HL) 	(BE) 
Count =08 

Set.initiol value of product =00 

Shift product left one bit shift 

multiplier left one bit. 

Is 
No 	carry from multiplier 

Yes 

Product = Product + Multiplecand. 

Count a Count —I  

Is 
No 	

Count =00 

Yes 

Store product 

Return 

FIG.4,II FLOW CHART OF MULTIPLECATION SUBROUTINE. 
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timer or counter TM1  with firing angle count and also fix up 

the sequence of firing. . The subroutine is entered with 

saving of all registers, which will be used in the 

processing. Timer is given 'with the microprocessor system.  

clock frequency of 1.535 MHz, and gate is made always high by 

connecting it to +5V. Synchronizing signal is connected to g 	Y 	g 9 

IRo  pin. The IRo  interrupt is served according to the status 

of the synchronizing signal. When synchronizing signal 

becomes high it enters IR0  subroutine, then the counter 

starts down counting till it becomes equal to firing angle 

count, and when the synchronizing signal becomes low it is 

disabled. This subroutine is served once in every cycle. .The 

flow chart of IR0  subroutine is shown in Fig. 4.12. 

NAME OF SUBROUTINE : IR0  

INPUTS 	. Firing angle count 

Starting mode index. 

OUTPUTS 	IRo  interrupt output signal. 

CALLS 	None 

DESTROYS 	 A,F,H,L 

DESCRIPTION 	. This subroutine load the timer TMl  

with firing angle count and triggered 

it. The output of this subroutine is 

outputted to IR1  interrupt subroutine., 

4.3.12 IR1  Interrupt Subroutine 

C 

This subroutine is used to issue all six firing commands. 

The subroutine is entered with saving of all registers. 



Ent e r 

Save 	registers 

Load TM, with .c count 

Load S.M.I. index and store it as M2 

index M2 	= S.M.I. 

Set M3 =00 

Recover registers. 	I 

End of interrupt 

Return 

EIG.4.12 FLOW CHART FOR IRo INTERRUPT SUBROUTINE. 



FIG.4,13 FLOW CHART FOR IR1  INTERRUPT SUBROUTINE 
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During the execution of subroutine first M3 index is checked 

whether timer TM1 to be loaded with 600 count or not. The 

timer is loaded again when the M index is less than 06, 

after loading the timer with 600 count each time M3 index is_ 

incremented. When M3 index becomes equal to 06 indicating 

that loading of timer is over. Firing command has been 

issued as per M2 index which is decided from mode selection 

subroutine. After issuing each firing command M2 index is 

incremented and is checked whether all six firing commands 

has been issued or not, if not once again IR1 interrupt 

subroutine is served to issue next firing command. This is 

continued till all six firing commands are over. This 

subroutine is served six times in every cycle. The flow 

chart of it is given in.Fig. 4.13. 

NAME OF SUBROUTINE : IR1 

INPUTS  60~ count, M3index, M2 index. 

OUTPUTS  six firing commands. 

CALLS  : None 

DESTROYS  : All 

DESCRIPTION  : This subroutine is used to issue six 

firing commands. 

"u 

4.4 CONCLUSIONS 

In this chapter, the complete software implementation 

is discussed. The self tuning controller program is 

developed in basic language and is realised through IBM 

personal computer.(PC). 
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In the 8085 microprocessor system, current proportional' 

plus integral controller is realised through software.. The 

various subroutines used in conjunction with main routine are 

also discussed. The various described subroutines are ADC• 

subr,cutirie, constrained current error subroutine, PI 

subroutine, SMULT subroutine, constrained voltage subroutine, 

mode selection subroutine,. IR0  interrupt service subroutine, 

IR1  interrupt service subroutine. The various subroutine 

software programs are developed and tested individually. 

Speed control through selftuning controller on personal 

computer together with 8085 microprocessor based current loop 

PI controller scheme has worked satisfactorily with the 

developed software for the system. 



CHAPTER-5 

PERFORMANCE OF THE SYSTEM 

5.1 GENERAL 

This chapter deals with the simulation of self tuning 

controller for the known system as well as for the d.c. motor 

considered for the testing purpose. It is realised through 

software on PC. Recorded waveforms •of the self tuning 

controller are presented here. 

The microprocessor based system software is 

implemented to generate the firing pulses for thyristors 

triggering at different instants. The recorded waveforms of 

input voltage, IR0  interrupt, IR1  interrupt, zero crossing 

signals are presented here. The current controller 

proportional plus integral (PI) is realised through 

microprocessor software system. Motor voltage and motor 

current at different points of the firing angle control are 

presented and discussed. 

5.2 EXPERIMENTATION 

The objectives of the experimentation is to investigate 

the steady state performance and transient performance of the 

system. The experimental investigations to obtain the steady 

state and transient response are done for both on no load and 

on load conditions. The steady state performance of the 
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FIG.5.4 VOLTAGE,CURRENT WAVEFORMS OF RESISTIVE LOAD 

FIRING ANGLE AROUND 400, 2 ms/division 

FIG.5.5VOLTAGE,CURRENT WAVEFORMS OF RESISTIVE LOAD 

FIRING ANGLE AROUND 75°, 2 ms/division 



I 	~ 	 II 	 • 	 I 

FIG.5.6 VOLTAGE,CUURENT WAVEFORMS FOR R-L LOAD 

FIRING ANGLE AROUND 40°, 2ms/division 

Fig.5.7 VOLTAGE,CURRENT WAVEFORMS FOR R-L- LOAD 

FIRING ANGLE AROUND 75°,2ms/division. 
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drive remains same on both conditions, but changes during' 

transient condition. 

The thyristors of the converter are switched. ON for 

. 1200  duration and at any instant of time two thyristors 

Conduct together. The thyristors are switched ON in the 

proper sequence depending upon the firing angle information. 

Port 'A' bits from PAo  to PA5  are used to send the firing 

command from the microprocessor. Six firing commands are 

executed for completion of one cycle of converter operation 
based on interrupt signals. This cycle is repeated again and 

again. The converter develops a variable d.c. output 

voltage. Recording of a.c. input voltage, synchronizing 

signal, the interrupt signal, 1R1  interrupt sign4l and the 

firing pulses obtained for all six thyristors. are shown in 

Figs.5.1 to 5.3. All these waveforms are taken at a firing 

angle about 40 degrees. Sufficient inductance is added to 

smoothen the armature current. 

The converter performance is first tested for both 
resistive load and on RL load ; The recorded waveforms are 

shown in Figs.5.4 to 5.7. The converter output voltage is 

then fed to a d.c. motor to study the behaviour of the system 

on no load condition (open loop). While conducting these 

tests the input a.c. voltage is adjusted in such a way that 

for minimum firing angle the full load d.c. output voltage is 

obtained. The characteristic curves obtained are shown in 

Figs. 5.8 to 5.10. 



FIG.5.12 NO LOAD MOTOR VOLTAGE AND CURRENT WAVEFORMS 

= 40°, N=200 rpm, Vm = 30V, Im=0.45A, 
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The behaviour• of the system on load condition (open 

loop) is studied. During these tests the firing angle is set 
to a particular value and then the machine is loaded by 

maintaining the field current as constant. The 

characteristic curves obtained for various firing angles are 

shown in Fig. 5.11. 

The d.c. motor voltage and current on no load 

condition for various.. firing angles are recorded 'which are 

shown in Figs. 5.12 and 5.13. The d.c. motor voltage and 

current waveforms for about 20% and 80% of full load 

conditions.:are also recorded and shown in Figs. 5.14 to 5.17. 

Self tuning controller which has been realised through 

the software on PC works satisfactorily for 'OFF' line 

studies. Recording of the reference tracking signal (W) and 

the controller output (U) while keeping actual speed (YW) 

constant as shown in Fig. 5.18. 

5.3 DISCUSSION OF RESULTS 

The following salient features on the performance of 

the system may be observed from the results. - . 

The pulses generated to •trigger the converter 

thyristors alongwith the synchronizing signal, 1R0  and IR1  

interrupt signal are similar to thetheoritidal wave forms 

given earlier in Chapter-III. 



M 

The converter which has been tested with resistive 

load as well as RL load confirms that the current in case of 

RL load is continuous where as the current may be discontinuous 

in case of resistive load. 

The motor output voltage and current waveforms 

obtained experimentally are exactly identical with the 

theoritical ones given in Chapter-III. It shows that the no 

load motor current is small for lower speed than the higher 

speed of the machine. For larger firing angle the drive 

operates in discontinuous current mode of operation which is 

evident from Fig. 5.13. 

From Fig.5.8 it is observed that under no load 

condition speed increases with increase in voltage. The 

motor speed rises almost linearly with increase in d.c. 

voltage, which is one of the desirable feature of the drive. 

Fig. 5.9 shows the variation of no load speed of the 

motor with variation in firing angle. The speed of the motor 

is large for minimum firing angle and then decreases as the 

firing angle increases. 

The converter output d.c.  Voltage Vdc  oC Vm  Cos 

confirms the variation of. output voltage as a function of 

cosine angle as shown in Fig. 5.10 which resembles the theori-

tical wave form. 

It is observed from Fig. 5.11 that the motor exhibits 
the natural torque versus speed characteristics. It is 
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obvious that at lower torque the motor speed is high and 

speed is low at higher torques. It is also observed that for 

different firing angles there is a shift in maximum and 

minimum speed range which decreases as the firing angle' 

increases along with the increase in torque. 

The motor output voltage and current waveforms on 

loaded condition reveals that at lower firing angle the 

current is more continuous where as at higher firing angles 

current becomes discontinuous. There is a dip in the curve 

because of back emf of motor, at this instant current becomes, 

zero as shown in Figs. 5.15 and 5.17. 

The self tuning controller with constant actual speed 

of the machine had confirmed that the controller output is 

tracking according to the variation of reference signal, 

which is the essential feature of self 'tuning controller, 

5 ..4 'CONCLUSIONS 

The 'OFF' line studies :on self tuning controller  for 

reference tracking, shows the satisfactory performance for 

known system and for discretized model of a' d.c. drive under 

consideration. 

Even on the 'ON' line implementation the self tuning 

controller,: output is following with respect to reference 

tracking signal with little oscillations in the controller 

output because of slow response of DAC and larger execution 

time. 
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The firing control scheme results in satisfactory 

performance and is capable of controlling the firing angle of 

converter over a wide range. The recorded waveforms • confirms 

that the wave forms of control scheme are identical to 

theoretical expected ones giving its reliable and 

satisfactory performance. 

The current controller realised through microprocessor 

based system results in satisfactory performance and capable 

of maintaining the current constant with in a few cycles of 

a.c. supply. 

The performance of a converter fed d.c.'motor has been 

found satisfactory at different values of firing angles and 

load conditions. 

The motor output voltage and current on load condition. 

shows the continuous current mode and discontinuous current 

mode of operation of the drive. At larger firing angle the 

current wave form confirms the discontinuous current mode of 

operation than at lower firing angles. 



CHAPTER - 6 

C 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK 

6.1 MAIN CONCLUSIONS 

The work reported, here, covers the design, 

fabrication and testing of closed loop speed control of 

seperately excited d.c. drive. A three phase fully 

controlled thyristor bridge is used to feed the variable 

voltage d.c. supply to armature of d.c motor. The adaptive 

controller based on self tuning principle has been realised 

through IBM PC for speed loop and current loop based on 

proportional integral controller (PI) is achieved through 

eight bit microprocessor system. The firing pulses for 

thyristors of converter have been obtained from 

microprocessor and fabricated hardware in proper sequence at 

appropriate instants. The scope and main conclusions of the 

present work are given as follows. 

(1) The proposed self tuning controller (STC) for 

reference tracking has been simulated for the known 

second order system. From the simulated results it is 

observed that the controller output and its parameters 

are setled very ,quickly within two-three iterations. 

Moreover, the simulated results of discrete model of 

d.c. motor under consideration also show the 

satisfactory response of controller. Based on this 

investigation it may be concluded that the proposed 

STC gives the satisfactory performance for known 

system of second order and discretized model of d.c. 

drive system under consideration. 



(ii) The control scheme for generating the firing pulses of 

thyristors used in bridge converter has been developed 
using minimum hardware and software on eight bit 8085A 

microprocessor based system. The hardware includes 

only two hardware interrupts (IR0  and IR1  of PIC 8259) 

and only one counter (TMI  of PIT 8253), synchronizing 

circuit, ADC interfacing (ADC-0809) and amplifier 

circuit to amplify the firing pulses issued by 

microprocessor through the bits of ports (PPI 8255). 

Apart from reduced hardware, the scheme has only small 

software due to involvement of only two interrupt 

routines. The firing scheme results in satisfactory 

operation and capable of controlling the firing angle 

of converter over the wide range. The recorded wave 

forms of control scheme are identical to theoritical 

expected ones giving its reliable and satisfactory 

performance. 

(iii) The current loop of the drive is also realised through 

same microprocessor system in which the reference 

current signal is fed through ADC obtained from IBM PC 

via DAC channel and armature current feedback is fed 

through another channel of ADC. These current signals 

are processed using PI controller and resulted output 

is taken- as d.c. voltage to find delay angle of 

converter from look-up table. The current PI 

controller results in satisfactory performance and 

capable of maintaining the current within few cycles 

of a.c. supply. 

(iv) The self tuning controller for speed tracking is 

implemented through IBM PC. In which the reference 

speed (W) and motor speed (YW) signals are fed through 

the two channels of 12 bit ADC and the output of 

controller (U) is considered as current reference for 
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the inner current control loop of the drive. STC 

output responds very quickly and satisfactory manner 

to reference perturbations. Moreover, it also 

responds to load perturbations on the dirve but in 

slightly sluggish manner. The sluggish response of 

STC results in oscillations in the speed of drive 

system. Its main reasons are the delay and error in 

speed signal sensing, large computation time in high

•level language (BASIC) and low speed of IBMPC (around 

5 MHz). 

(v) The performance of converter fed d.c. motor has been 

obtained experimentally at different values of control 

parameters. The speed drop of drive for a fixed 

firing angle of converter is found more compared to 

case of ideal d.c. supply. The wide range of speed 

control of drive is observed by using the developed 

control scheme. 

(vi) The motor current wave forms are -found continuous over 

the wide range of speed even at no load and more 

undulations are observed at low speeds of the drive. 
The voltage wave forms observed are similar to 

theoritically expected ones. 

Based on the investigations carred out it may be 

concluded that the STC type of adaptive controller is quite 

suitable for reference tracking for the slightly slow 

processes such as in chemical industries, voltage regulating 

system etc. However, the developed control scheme with 

reduced hardware is found quite suitable for speed control of 

d.c. drive. However by improving speed sensing and 

decreasing computation time of PC by operating it at higher 



frequency and choosing suitable programming language it is 

possible to get the satisfactory speed control of d.c. drive. 

6.2 SUGGESTIONS FOR FURTHER WORK 

During the course of investigations, certain problems 

arose which require attention. These problems alongwith some 

additional aspects for further extension of work• are listed 

as follows: 

(i) Development of dedicated system using 8086 

microprocessor with 8087 coprocessor may improve the 

system response. 

(ii) Improvement in sped signal sensing using fast encoder 

will result in fast response and accuracy in control 

of speed of the drive. 

(iii) For fast response and four quadrant operation of the 

drive, the dual converter or the diode bridge with 

chopper may be used with additional features of 

regeneration and bracking. 

(iv) The proposed adaptive controller may also be used for 

higher rating of the. drive to justify its cost 

consideration invarious industrial applications. 

(v) The reference tracking STC adaptive controllers may 

also be used for the control of a.c. drive with 

suitable converter systems. 

(vi) The other types of adaptive controllers such as 

sliding mode (Sri) may also be used for control of d.c. 

drive and performance may be compared with the 

proposed adaptive controller. 
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APPENDIX-C 

DESIGN OF PI CONTROLLER 

Considering the steady state operation only, integral 

control system seems preferable to proportional systems. 

When a controller generates only a signal proportional to 

error the steady state error or offset remains as a result of 

sustained disturbance. The controllers which generate 

integral control in addition are able,  to regulate without 

leaving a steady state error. It is possible to combine the 

basic features of proportional controller and an integral 

controller to form a proportional plus integral controller. 

The action of a proportional plus integral controller in 

response to change in the input of external disturbance is 

initially similar to that of proportional controller, but as 

the new equilibrium point is reached, the control action 

becomes 'as that of an integral controller. This general 

purpose nature of the control system makes it applicable to 
numerous motor drive systems. Although the proportional and 

integral control algorithm is easily implemented, the control, 

co-efficients must be carefully selected to assure that the 

operating system is stable. 

In the present work a proportional plus integral 

controller has been designed and implemented through software 

for the current controlling purpose. The equation for the PI 

controller is 

Output Voltage V = (K +KS ) (Iref-I) 	.. (Cl) 
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Where Kp = Proportional controller constant, 

Ki = Integral controller constant, 

Iref  
Reference current in Amps, 

I  = Actual current in Amps, 

S = at Sec-1, 

nT 
V = K e + Ki j

OQ 
e.dt---- at the nth sampling instant 

	

 (t=nT) 	 .. (C2) 

e  = Error in reference current and actual current at the 

nth instant. 

en  (Iref-I) in amps. 

. (n-l)T 
Vn-1 = Kp'en-1 + Ki J 

 

e.dt  - at the (n-1)
th 

_o  sampling instant 

.. (C3) 

en-1..  (Iref  In-1) in amps. 

nT 
Vn- Vn-1 = K (e  en -1) + K

i  (  e.dt  .. (C4) 

J(n-1)T 

AVn ^~ Kp pen + Ki .T.en 	 .: (C5)- 

KiT can be expressed as Ki 

Ovn = (Kp .L n + K'ien ) 	 .. (c6) 

.. V = V
n-1 + Kp 

[e 
 en -1 } + Ki e  •• (C7) 

Vn = 	+v .6Vn 	 .. (c8) 

As the bit length of 8085 microprocessor is 8 bits, 

the maximum value of d.c output voltage is digitized form 
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FIG. CH LIMITING THE OUTPUT VOLTAGE. 

. FIG.0-2 LIMITING THE ERROR. 
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i.e. Vdn is limited to 256 bits of digital scale. Expressing 

the value of LVn in digital form. 

Vdn max 

LVn (Bits) _ [ Kp .L~en + K'i .en ] 	.. (C9) 
256 

Where e and A en are in amps. 

The current scale calculated in digital form 1 amps = 8 bits 

. 	 V = [K. Le + K'i n .e p 	n 	j 	8 x 256 
Vdnmax 

where A Vn, e and A en are in bits. If the maximum value 

of d.c. output voltage V 
max 

is limited to 25% of current error as 

shown in Fig. (C-1). 

Considering only the proportional controller 

V 
max 

Volts = Kp, en  .. (C11) 

As the maximum speed of the drive is 1500 rpm and the rated 

current of 4.6 Amps. 

25% of full load current error = [25/100] x 4.6 = 1.15 Amps. 

Maximum value of D.C. output voltage is limited to 220V 

220  Kp [1.15] 

Kp = 220 
N 191 

1.15 

As an integral controller keeps the steady state error 

to minimum possible value, it is also incorporated in the 

controller. For accomadating the integral constant, the 
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proportional controller constant K must be kept low. From 

equation (C10), with AVn, pen  and eel  in bits 

Q Vn  = [K . Qen  + K'i  . en)  8x256  
.. (C12) P  220 

AV  = [Kp. Q en  + Ki.enj  .. (C13) 

or Z Vn(Hexa) = C. "l en(Hexa) + Ci.en(Hexa)  .. (C14) 

Where Cp  and C  are in the order of 0-10 (Binary) 

or OAH. The equation (C14) is implemented through software 

as a PI controller algorithm. 

Thus the error is limited between the limits before 

the PI control processing. If the reference current is 

greater than the actual current, then the error will be 

positive, and if the reference current is less than the 

actual current, then the error will be negative. For this 

the error is limited on either side as shown in Fig.(C2)'. 

The error is limited to +25% of rated current, when the error 

is positive-, - and th.e error is limited to -25% of rated 
r 

current, when the error is negative. 

25% of maximum current = 250  x 4.6 = 1.15 Amps. = 20 bits 

So the error is limited to 20 bits on either side. The 

complete PI control algorithm is processed in 2's complement 

form, since the error may have positive or negative values. 

The calculated value V is limited to V
max 

 if it is greater 

than Vmax' and to zero if its calculated value is negative. 
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The maximum d.c. voltage output is limited for a given 3 

phase a.c. input with firing angle at zero degrees. 

Thus the designed controller has excellent 

flexibility, and the optimum values for C and Ci  can be 

chosen for a satisfactory system response experimentally. 
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5 REM self-tunning controller for. dc motor cotrol 
20'DIM X(6),p(6,6),SITA(6),PXT(6),AK(6),AKT(6),AKXPX(6),AKXK(6,6),PK(6,6) 
25 OPEN "WN200" FOR INPUT AS #1 
3O BETA=.98:AY2=0!:AY1=0!:W2=0!:W1=0!:U1=0!:U2=0!: 
40 FOR I=1 TO 6:P(I,I)=100!:SITA(I)=.001:NEXT I 
50 A=10 
60 FOR L=1 TO 200 

80 AX = A 
90 GOSUB 600 
100 W=10*AW 
110 AS=-1 
120 AL=(200/A)+1 
125 FOR JL~1 Ti] AL 
130 AX=AX+A 
140 GOSUB 600 
150 IF AX<~200 THEN 170  
160 IF AX>200 THEN 185 
170 W=W+10*AS*AW 
180  
185 NEXT JL 
190 INPUT 111,UN 
200 YW=1.5*AY1-.7*AY2+U1+.5*U2+UN 
210 GOSUB 250 
220 PRINT L,W,YW, Ii, SITA(1) 
225 PRINT SIT(2),8IT(3),8ITA(4),SITA(5),SITA(6)  
230 NEXT L 
240 IF EOF(1) THEN CLOSE #1 
245 REM COTROLLER 
250 FAI=YW-W1+.5*U1 
260 X(1)=AY1:X(2)~AY2:X(3)=U1:X(4)=U2:X(5)~W1:X(6)=W2 
270 FOR I= 1 TO 6:PXT(I)=0!:FOR K= 1 TO 6 
280 PXT<I>=PXT(I)+P(I,K))X(I):AKXK(I,K>=0! 
290 NEXT K,I 
300 XPXT=0!:FOR K= 1 TO 6 
310 XPXT=XPXT+X(K)*PXT(K> 
320 NEXT K 
330 XPX=1!+XPXT:XPXIN=1!/XPX 
340 FOR I= 1 TO6:AK(I)'=PXT(I)*XPX Ill :III XT I 
350 FOR 1= 1 TO 6:AKXPX(I)=AK(I)*XPX:NEXT I 
360 FOR I= 1 TO 6:FOR J= 1 TO 6 
370 AKXK(I,~>=AKXK(I,J)+AKXPX(I)*AK(J) 
380 NEXT J,I 
390 FOR I= 1 TO 6:FOR J= 1 TO 6 
400 PK(I,J)=P(I,J)-AKXK(I,J) 
410  
420 NEXT J,I 
430 S=0! 
440 FOR I=1 TO 6:S=S-X(I)*13ITA(I):NEXT I 
450 FXTH=FAI+S 
460 FOR I= 1 TO 68ITA(I)=3TA(I)+AK(I)*FXTHNEXT I 	 ' 
470 U=-(SITA(1)*YW+SITA(2)*AY1+SITA(4>*U1+SITA(5)*W+SITA(6)*W1>/SITA(3> 
500 AY2=AY1:AY1=YW:1i2=U1:U1=U:W2=W1:W1=W 
510 RETURN 
600 IF T>AX THEN A=1 
610 IF T<=AX THEN AW0 
620 RETURN 



1 0 .046312 -.046312 .001 
.001 .001 .001 .0O1 .001 
2 0 -.009133 -8.962501E-03 -.105127 
.001 .1071327 .0O1 .001 .001 
3 0 -.0560984 -2.542441E-02 -6.577437E-02 

-.19858 .1457563 .2005801 .001 .001 
4 0 -.1713942 .2524076 .7002136 

_6.486835E-02 .4929877 .3170308 .001 .001 
5 0 6.362604E-02 -.134325 .4681342 

-.1947735 .9676786 .2647103 .001 .0O1 
6 	 • 0 .1480407 4.891717E-03 .4964408 

-.3206402 .8952897 .427857 .001 .001 
7 0 .0422181 1.250662E-02 .591 	~9 

-.2545559 .8990299 .3006209 .001 .001 
8 0 -2.045189E-02 2.418479E-02 .5808638 

-.3195583 .894776 .2983171 .001 .001 
9 0 -5.990741E-02 3.011107E-O2 .6227276 

-.3482514 .8124193 .2365447 .001 .001 
10 0 -.1365673 .173416 .9046934 

-.3214852 .6039417 -1.464433E-02 .001 .001 
11 1O .1096528 -.1232258 .5644613 

-.361092 1.17333 .1347999 .001 .001 
12 10 .2007205 8.297165 .5583221 
3592802 1.178485 .1199615 -.9845974 .001 

13 10 8.482436 1.719219 .560635 
-.3589733 1.25163 .1178056 -.9874096 .2061321 

14 10 18.39602 -7.002163 1.017934 
-.3563188 1.261034 .82O5232 ' -.9867544 .1583376 
15 10 15.51429 -9.799779E-02 .9264608 

~3.028819E-02 1.170775 .8168611 -.9871749 .1890O75 
16 10 6.805222 4.108249 .89357` 

-.1805827 1.172304 .8071902 -.9871266 .1854876 
17 10 3.462917 .4837133 .8391091 
.5525168 -2.38933 .7965697 -.9860614 .1078095 
18 10 3.03232 -3.298171 .8877452 

-.9397239 -2.028201 1.033686 -.9890582 .3263478 
19 10 -.9766312 5.562347 .8357604 

-.4421621 2.218232 1.002655 -.988714 .30125 
20 10 .2868398 8.450682E-02 .8098664 

-1.166393 1.111934 03325 -.9898909 .3870531 
21 0 3.992002 -11.16665 .7753781 

-1.28682 1.O77986 -1.289644 -.9975032 .942O276 
22 0 -5.380321 -2.957633 .6965627 

-1.278659 1.862378 -1.286005 -.9975032 .7493881 
23 0 -19.44428 -2.872797 .1581535 

-1.76859 1.450788 .7683785 -.9975032 .7493881 
24 0 -29.75796 5.4O8876 2.002086 

-2.598889 1.861657 .3567991 -.9975032 .7493881 
25 0 -27.01+97 15.6796 690768 
1.526621 3.030169 .9588192 -.9975032 .7493881 
26 O -1.252839 6.236061 .3861332 
1.259407 3.148697 .9483588 -.9975032 .7493881 
27 0 31.00856 -5.029572 .4160233 -4.786074E-02 3.493824 .7396007 -.9975032 .7493881 
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MAIN PROGRAM 

2050 31,00,27 LXIH, 	2700 

2053 3E,8A MVIA, 8A 

2055 D3,03 OUT 03 

2057 3E,00 MVI A,00 

2059 D3,00 OUT 00 

205B 3E,00 MVI A,00 

205D D3,02 OUT 02 

205F 32,07,20 STA 2007 

2062 3E,00 MVI A,00 

2064 32,01,20 STA 2001 

2067 3E,70 MVI A,70 

2069 D3,13 OUT 13 

206B 3E,16 MVI A,16 

206D D3,28 OUT 28 

206F 3E,2B MVI A,2B 

2071 D3,29 OUT 29 

2073 3E,FC MVI A,FC 

2075 D3,29 OUT 29 

2077 32,00,20 STA 2000 

207D 22,04,20 SHLD 2004 

2080 CD,00,29 CALL CLI 

2083 3A,07,20 LDA 2007 

Initialize Stack Pointer 

Initialize 8255(1) 
in mode zero 

Set port A bits low 

Set port C bits low 
and store the status 2007 

Set the index S = 0 
and store it at 2001 

Initialize TM1  in 

'mode' 0. 

Initialization control 
word ICW1  

Initialization control 
word ICW2  

Operational control word 
OCW1  

Store mask address 
at 2000. 

Load 60°  count in 
HL Pair. 

Call closed loop 
initialization. 

e 



2086 E6,F3 ANI F3 

2088 F6,00 ORI 00 
Select IN  Channel 

208A D3,02 OUT 02 

208C 32,07,20 STA 2007 

208F CD,00,28 CALL ADC 

2092 32,85,23 STA  I*
dc(n)  Idc-I*dc 

2095 32,86,23 STA 1* I. 
 Idc-I*dc(n-1) 

2098 32,87,23 STA I
dc(n)  Idc 

2098 3A,07,20  BACK LDA 2007 

209E F6,00 ORI 00 

20A0 D3,02 OUT 02 

20A2 32,07,20 STA 2007 Select INo  channel 

220A5 CD,00,28 CALL ADC 
and store actual current 

Idc' 
20A8 32,87,23 STA 2387 

20AB 32,F4,27 STA 27F4 

20AE 3A,07,20 LDA 2007 

20B1 E6,F3 ANI F3 

20B3 F6,06 ORI 06 

2.0B5 D3,02 OUT 02 
Select IN  channel and 

20B7 32,07,20 STA 2007 
store reference current 

20BA CD,00,28 CALL ADC 

20BD 32,85,23 STA 2385 

2000 32,F5,27 STA 27F5 

20C3 CD,70,2A CALL CCI SR Call constrained current 

Subroutine 

2006 CD,30,2B CALL PI Call PI Subroutine 

20C9 CD,70,2B CALL V*dc(n)SR Call constrained voltage 
subroutine 

20CC 3A,8A,23 LDA V*dc(n) 

20CF CD,A0,2B CALL  'LOOK' 



20D2 32,10,20 STA  add 

20D5 32,F6,27 STA 27F6 

20D8 CD,25,23 CALL MODE 

20DB CD,00,23 CALL MULT 

20DE CD,E3,06 CALL MOD AD 

20E1 CD,FA,06 CALL MODDT 

20E4 3A,01,20 LDA 2001 

20E7 FE,00 CPI 00 

20E9 C2,9B,20 JNZ"BACK 

20EC FB EI  

20ED 3C INR C 

20EE 32,01,20 STA 2001 

20F1 C3,9B,20 JMP BACK 

Call mode selection 

subroutine 
Call mult subroutine 

Call for display 

IRo. INTERRUPT 

2100  F5  
PUSH PSW 

2101  E5  
PUSH H 

2102  2A,02,20  LHLD 0Ccount 

SAVE REGISTERS 

Load HL with "<count 

address and output to 

Timer TM1  

2105 7D 
MOVA,L 

2106 D3,11 
OUT 11 

MOV A,H 
108 7C 

2109 03,11 
OUT 11 

3A,15,20 
LDA S.M.I. add.SMI is stored 

210B 

210E 32,14,20 STA 2014 
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2111 3E,00 MVIA,00 Set M3  index = 00 

2113 32,08,20 STA 2008 

2116 F3 DI Disable of Interrupt 

2117 3E,60 MVIA,60 Specific EOI 

2119 D3,28 OUT 28 

211B El POP H 

211C F1 POP PSW Recover Registers 

211D FE EI Enable of Interrupt. 

211E C9 RETURN 

IRi SUBROUTINE 

2200 F5 PUSH PSW Save all registers 

2201 E5 PUSH H 

2202 C5. PUSH B 

2203 3A,08,20 LDA M3  Index Load 43  index address 

2206 FE,06 CPI 06 

2208 CA,57,22 JZ LOOP1 (A) = M3 

220E 2A,04:20 LHLD 60°C add HL 60°  count address 

220E 7D MOV A,L LSB of 60°  count 

220F D3,11 OUT 11 

2211 7C MOV A,H MSB of 60°  count 

2212 D3,11 OUT 11 

2214 3  Iudax 3A,08,20 LDA M3  index 

2217 3C INR A X13 = M3+1 & Store it 

2218 32,08,20 STA 2008 

221B 3A,14,20 LDA M2  Index (A)F-M2  index address 



221E  FE,00 

2220 CA,5F,22 

2223 FE,01 

2225 CA,6C,22 

2228 FE,02 

222A CA,79,22 

222D FE,03 

222F CA,86,22 

2232 FE,04 

2234 CA,93,22 

2237 FE,05 

2239 CA,A0,22 

223C 3E,00 

223E D3,00 

2240 3A,14,20 

2243 FE,06. 

2245 DA,4D,22 

2248 3E,00 

224A -  .-32,14,20 

224D F3 

224E 3E,61 

2250 D3,28 

2252 Cl 

2253 El 

2254 Fl 

2255 FB 

2256 C9 

CPI 00 
 

Compare immediate 
with 00 

JZo  (M2) = 00,Jump to JZ0  

CPI 01 

JZ1  M2=01,Jump to JZ1  

CPI 02 

JZ2 
	

M2=02,jump to JZ2  

CPI 03 

JZ
3. 
 M2=03,Jump to JZ3  

CPI 04 
 

M2=04,Jump to JZ4  

JZ4 

CPI 05 

JZ5  M2=05,Jump to JZ5  

BACK  MVIA,00 
 

Set firing bits as zero 

OUT 00 

LDA M2  index 

CPI 06 

JC SAVE 
 

M2<06,Jump to save 

MVIA,00 

STA 2014 

SAVE  DI 
 

Disable of interrupt 

MVIA,61 
 

Specific EOI of IR1  

OUT 28 

POP B 
 

Recover Registers 

POP H 

POP PSW 

EI 
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2257 3E,00  LOOP1 MVIA,00 Set M3  index = 00 
& store it 

2259 32,08,20 STA 2008 

225C C3,4D,22 JMP SAVE 

225F 3A,20,20 JZ LDA 2020 FC=00 Ist firing command 

2262 D3,00 OUT 00 

2264 3E,01 MVIA,01 Set M2=0,1 

2266 32,14,20 STA 2014 Store M2  index at 2014 

2269 C3,3C,22 JMP BACK 

226C 3A,21,20 JZ1 LDA 2021 FC=01,2nd Firing Command 

226F 1  D3,00. OUT 00 

2271 3E,02 MVIA,02 M2=02 

2273 32,14,20 STA 2014 Store M2  index at 2014 

2276 C3,3C,22 JMP BACK 

2279 3A,22,20 JZ2 LDA 2022 FC=02,3rd firing command 

227C D3,00 OUT 00 

227E• 3E,03 MVIA,03 M2=03 

2280 32,14,20 STA 2014 Store M2  index at 2014 

2283 C3,3C,22 JMP BACK 

2286 3A,23,20 JZ3 LDA 2023 

2289 D3,00 OUT,00 Issue 4th firing command 

228B 3E,04 MVIA,04 M2=04 

228D 32,14,20 STA 2014 Store M2  index at 2014. 

2290 C3,3C,22 JMP BACK 

2293 3A,24,20 JZ4 LDA 2024 FC=04,issue 5th firing 
command 

2296 D3,00 OUT 00 

2298 3E,05 MVIA,05 M2=05 
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229A 32,14,20 STA 2014 

229D C3,3C,22 JMP BACK 

22A0 3A,25,20  JZ5 LDA 2025 

22A3 D3,00 OUT 00 

22A5 3E,06 MVIA.,06 

22A7 32,14,20 STA 2014 

20AA C3,3C,22 JMP BACK 

ADC SUBROUTINE 

2800 3E,00 MVIA,00 

-2802 D3,03 OUT 03 

2804 3C INR A 

2805 D3,03 OUT 03 

2807 3D DCR A 

2808 D3,03 OUT 03 

280A DB,02  LOOP IN 02 

280C E6,40 ANI 40 

280E CA,OA',.28 JZ. LOOP 

2811 DB,01 IN 01 

2813 C9 RETURN 

Store M2  index at 2014 

FC=06,issue 6th firing 
command 

M2=06 

Store M2  index at 2014. 

Set PC0  low 

Set PCo  high 

Set PCo  low 

In Port 'C' Status 

Check SOC is over 

In port 'B' signal 

MODE SELECTION SUBROUTINE 

2325 3A,10,20 LDA 2010 (A)°f  address 

2328 06,3C MVIB,3CH (B) 600'. Value 

232A OE,78 MVIC,78H (C) 120°  Value 

232C B.9 CMP C 



232D D2,3D,23 JMC LOOP1 °C£>120°,jump to loopl 

2330 FE,3D CPI 3D 

2332 D2,49,23 JNC Loop2 0C~ >600 Jump to loop2 

2335 3E,00 MVIA,00 Set S.M.I.=00 & Store it 

2337 32,15,20 STA 2015 

233A C3,52,23 JMP RETURN 

233D 91 LOOP1  SUB C (A)~-(A)-120° & Store it. 

233E 32,10,20 STA 2010 

2341 3E,04 MVIA,  04 Set SMI=04 & Store it. 

2343 32,15,20 STA 2015 

2346 C3,52,23 JMP RETURN 

2349 90 LOOP2  SUB B (A)4-(A)-60° & Store it. 

234A 32,10,20 STA 2010 

234D 3E,05 MVIA,05 Set SMI=05 & Store it. 

234F 32,15,20 STA 2015 

2352 C9 RETURN 

MULTIPLICATION SUB ROUTINE 

2300 3A,10,20 LDA 2010 (A)  f 

2303 6F MOVL,A (L) 

2304 3E,00 MVI A,00 (A)<-  00 

2306 67 MOV H,A (H) 	- 	00 

2307 EB XCHG (HL)  F  (DE) 

2308 3A,55,25 LDA 2555 (A) F equivalent 10count 

230B 21,00,00 LXIH',0000 Set product in  (HL)=00 

230E OE,08 MVI C,08 Set Count in C=08 

2310 29  LOOP  DAD H (HL) <-  (HL) +  (HL) 
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2311 17 RAL Rotate ACC. left 

2312 D2,16,23 JNC AHEAD Is  multiplication  is 
over go ahead 

2315 19 DAD D (HL) c-  (HL)  +  (DE) 

2 316 OD 	AHEAD DCR C (C) 	,- 	(0 8) 	- 	1 

2317 C2,10,23 JNZ LOOP Is C=00,No jump to loop 

231A 22,02,20 SHLD 2002 Store
°Ccount 

at 2002 and 

2003 

231D C9 RETURN 

CLOSED LOOP INITIALIZATION OF VARIABLES 

2900 3E,00 MVI A,00 A'- 00 

2902 32,88,23 STA CCE (A) *- CCE  address 

2905 32,8C,23 STA e  add e  + 238C 

2908 32,8D,23 STA en_l en_14- 238D 

290B 32,8E,23 STA enadd e  ~ 238E 

290E 32,9A,23 STA en_1 add  e--239A 

2911 3E,10 MVI A,Idc max  Max.error = 10% of rated 
current 

2913 32,89,23 STA 2389 

2916 3A,OF,20 LDA V*dCadd 

2919 32,8A,23 STA V*dc(n) add 

291C 32,8B,23 STA V*dc(n-l)add 

291F 3E,01 MVI A,Kp 

2921 32,8F,23 STA 238F Store proportional 
controller constant 

2924 3E,01 MVI A,KITS 

292C 32,90,23 STA 2390 

2929 3E,FF MVI A + Vdc(max) 
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292B 32,93,23 

292E 3E,78 

2930 32,A6,23 

2933 21,00,24 

2936 22,11,20 

2939 3E,55 

293B 32,55,25 

293E C9 

STA 2393 

MVI A,+ Idc(max 

STA 23A6 

LXIH,2400 

SHLD,2011 

MVI A,55 

STA 2555 

RETURN 

'm' pointer address 

10  = 55 counts 

CONSTRAINT CURRENT ERROR SR 

2A70  3A,87,23  

2A73 21,85,23 

2A76 BE 

2A77 DA,86,2A 

2A7A 96 

2A7B 21,89,23 
2A 
2A7E BE 

2A7F DA,95,2A 

2A82 7E 

,2A83 C3,95,2A 

2A86 7E 

2A87 21,87,23 

2A8A 96 

2A8B 21,89,23 

2A8E BE 

2A8F DA,93,2A 

LDA I*dc(n)add Load with reference 
current address. 

• LXIH,Idc(n)add HL has Idc  (n) address 

CMP M 

JC LP1  I*dc  < 'dc the jump LP1, 

• SUB M  (A) F- (A)-(M) 

LXIH,Max.add  
'dc max.add.at 2389 

CMP M 

JC STORE  Idcmax.<M,Jump to store 

MOV A,M  (A)4-Idc(max) 

JMP STORE 

	

LP1 	MOV A,M 

LXIH,I*dc(n)add 

SUB M 	 (A) 4- (A)-(M) 

LXIH,Max.add  Idcmax.add.is in HL pair 

CMP M 

JC LP2 
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2A92 7E MOV A,M (A) 4- 	Idc(max.) 

2A93 2F  LP2 CMA Complement accum- 
ulator 

2A94 3C INR A Increment Acc. 

2A95 32,88,23 STORE  STA C.C.E. 

2A98 C9  RETURN 

PI CONTROLLER SUBROUTINE 

2B30 3A,8A,23 LDA V*dc(n) A4V*dc(n)add. 

2B33 32,8B,23 STA V*dc(n-1) V*dc-V*dc(n-1) 

2B36 3A,8C,23 LDA enadd. 

2B39 32,8D,23 STA enadd. 

2B3C 47 MOV B,A 

2B3D 3A,88,23 LDA CCE add. Load CCE add.from 
CCE Subroutine 

2840 32,8C,23 STA enadd. 

2843 90 SUB B 
nen 

 - en-en-1 

2844 32,8E,23 STA enadd. 

2B47 47 MOV B,A B<- A e
n  

2B48 3A,8F,23 LDA Kpadd. A 4 K 

2B4B 6F MOV L,A L * K  add. 

2B4C CD,A02A CALL SMULT 

2B4F 22,91,23 SHLD PR RESULT Store  the  partial 
result at 2391. 

2852 3A,8C,23 LDA e  add. 

2855 47 MOV B,A 

2856 3A,90,23 LDA KI  TS  add. A E KI  TS  

2B59 6F MOV L,A L 4 KI  TS 



2B5A CD,AO,2A CALL SMULT 
2B5D EB XCHG (DE) <-  (HL) 

2B5E 2A,91,23 LHLD PR RESULT Store PR Result at 
2391 

2B61 19 DAD D Kp en+KITS= V*dc  (n) 

2B62 EB XCHG (DE) <-  (HL) 

2B63 32,83,23 LDA V*dc(n-l)add. 

2B66 6F MOV L,A (L)  F- 	(A) 

2B67 26,00 MVIH,00 (H)  ¢  (00) 

2B69 19 DAD D HL F 	(HL)  +  (DE) 

2B6A 22,91,23 SHLD V*dc(n)add 

2B6D C9 RETURN 

SMULT SUBROUTINE 

2AAO .26,00 MVIH,00 Clear MS Byte of 
product 

2AA2 OE,08 MVI C,08 Set Counter in 
register C = 08 

2AA4 AF XRA A Clear accumulator 
set X.=O i 

2AA5 .-70.  _ MOV A,L 

2AA6 DA,B2,2A LP1 JC LOOP2 Check Xi-1 

2AA9 OF RRC Rotate right  'A' 
with carry Xi_1=0. 

2AAA 7C MOV A,H A E- H 

2AAB D2,B8,2A JNC LP3 Check Xi  

2AAE 90 SUB B (A)  t-  (H)-(B) 

2AAF C3,B8,2A JMP LP3 

2AB2 OF  LP2 RRC Xi_1=1 place X 
in carry 

2AB3 7C MOV A,H Move partial 
product in ACC. 
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2AB4 DA,B8,2A JC LP3 Check X. 

2AB7 80 ADD B (A)  E- 	(H)+(B) 

2AB8 67  LP3 NOV H,A (H)  (A) 

2AB9 17 RAL 

2ABA 7C. NOV A,H Load MSB of PP 

2ABB 1F RAR Arithmatic  right 
shift 

2ABC 67 NOV H,A Save Shifted MSB 

2ABD 7D NOV A,L Load LSB of PP 

2ABE 1F RAR Arithmatic right 
shift 

2ABF 6F MOV L,A Save shifted LSB 

2ACO OD DCR C Check for completion 

2AC1 C2,A6,2A JNZ LP1 

2AC4 C9 RETURN 

CONSTRAINED Vd* 	.(n) SUBROUTINE 

2B70 2A,91,23 LHLD V*dc(n) add 

2B73 44 NOV B,H (HL)  E 	(BC) 

2B74, 4D NOV C,L 

2B75 3A,  93,23 LDA Vdc(max.) 

2B78 57 NOV D,A D <- Vdc(max)add. 

2B79 29 DAD H (HL)  -  (HL)+(HL) 

2B7A DA,92,2B JC LP1 if V*  is -ve 
jump  o LP1. 

2B7D 78  LP3 NOV A,B 

2B7E B7 ORA A Is MSB of V*dc=00 

2B7F CA,85,2A JZ LP2 YeS,go to LP2. 

2B82 C3,8A,2B  LP I JMP Prestore 
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2B85 

2B86 

2B87 

2B8A 

2B8B 

238E 

2891 

2B92 

2B'94 

79 

BA 

DA,8B,2B 

7A  PRE STORE 

32,8A,23 STORE 

CD,40,28 

C9 

3E,00 

C3,8B,2B 

MOV A,C 

CMP D 

JC Store 

MOV A,D 

STA V*dc (n) 

CALL V*doadd 

RETURN 

MVI A,00 

JMP STORE 

MSB of V*dc=00 

Is LSB > max.value 

Yes,Jump to Store 

Set V*do=00 and 

Jump to store it. 

V* ac. (n) SUBROUTINE 

2840 

2843 

2844 

2847 

2848 

284E 

284F 

2851 

2854 

2857 

285A 

285C 

285F 

3A,8B,23 

57 

3A,8A,23 

BA 

DA, 60, 28 

CA, 60, 28 

92 

FE,05 

DA,78,28 

CA, 78, 28 

3A, 8B, 23 

C6,05 

32,8A,23 STORE 

C9 

LDA Vdn add. -1  
MOV D,A 

LDA 

CMP D 

JC LP1 

JZ LP1 

SUB D 

CPI 05 

JC LP2 

JZ LP2 

LDA Vd add. n_l  
ADI 05 , 

STA Vdnadd. 

RETURN 

Vdnadd 

Vdn <Vdn-l' .Wes 
Jump to loopl. 

Vdn=Vdn-1' 
Jump to LP1. 

V-Vdn-1 	V  dn 	 dn 

Vdn<05,Jump to LP2 

Van  =05 Jump to LP2 



2860 

2863 

2864 

2867 

2868 

286A 

286D 

2870 

2873 

2875 

2878 

287B 

3A,8A,23  LP1 LDA Vdnadd.. 

57 MOV D,A 

3A,8B,23 LDA V
dn-l

add. 

92 SUB D 

FE,05 CPI 05 

DA,78,28 JC LP2 

CA,78,28 JZ LP2 

3A,8B,23 LDA V
dn-l

add. 

D6,05 SUI 05 

C3,5C,28 JMP STORE 

3A,8A,23  LP2 LDA Vdnadd. 

C3,5C,28 JMP STORE 

Vdn-1 
- v =w

A'Vdn 

4 Vdn<05,Jump.to LP2 

L~Vdn=05 Jump to LP2 

LOOK UP SUBROUTINE 

2BAO 

2BA3 

2BA4 

2BA7 

2 BAA 

2 BAB 

2 BAE 

2BAF 

2BB0 

2A,11,20 

BE 

DA,AE,2B 

CA,B3,2B 

2B 

C3,A3,2B 

23 

BE 

DA,AE,2B 

LHLD M POINTER ADD. 

LP1  CMPM 

JC LP2 If.  Vdc<Vdc(n-1) 

Jumpt to Loop2. 

JZ LP3 A=M,Jumpt to LP3. 

DCX H (HL) 	E- 	(HL)-1 

JMP LP1 

LP2  INX H (HL) +  (HL)+1 

CMP M 

JC LP2 A<M Jump to LP2 
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2BB3 22,11,20 	LP3 SHLD M POINTER ADD. 

2BB6 11,60,00 LXID,0060 (DE) - 	0060 

2BB9 19 DAD D (HL) 	E 	(HL)+(DE) 

2BBA 7E MOV A,M (A) 	 f 	(M) 

2BBB C9 RETURN 



APPENDIX - F 

MICROPROCESSOR AND ITS PERIPHERALS 

The complete control scheme for the Adaptive Controller 

fed d.c. drive has been developed using personal computer 

(PC) and microprocessor 8085A system. 	An 8085A is 8 bit 

INTEL's most popular microprocessor system. In this system, 

the programmable interrupt controller (PIC) 8259A 

programmable interval timer (PPI) 8253, and the programmable 

peripheral interface (PPI) 8255Aare interfaced. 

Peripherals are used to facilitate parallel data 

transfer between microprocessor and input output devices. 

These devices can act as input port which is tristated buffer 

to read data from inputting devices. They can act as output 

port to latch data sent by the microprocessor for output 

device. These devices can generate an interrupt signal and 

receive/transmit certain control signals for data 

communication between microprocessor and input output 

devices. 

The 8255Ais a programmable peripheral interface (PPI). 

It can be programmed to transfer data under various 

conditions. It has 24 I/O pins, that can be grouped 

primarily into 8 bit parallel ports, port A, Port B, and 

remaining 8 bits as port C. Eight bits of port ,C can be used 

individually or be grouped in two 4. bit ports. Port C upper 
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(PC) and port C lower (PC1). The functions of these ports 

are defined by writing a control word in control word 

register, format of which is shown in Fig. B-l. Functions of 

the 8255A are classified according to two modes: the Bit 

set/Reset (BSR) mode and the I/O mode. The BSR mode is to 

set or reset the bits of port C. The I/O mode is further 

divided into three modes: Mode 0, Mode 1, and Mode 2. In 

mode 0 all ports function as simple input output ports. In 

Mode 1 port A and/or port B use bits from port C as 

handshaking signals that is why this mode is named as 

hand-shake mode. In handshake mode, two types of 

input/output data transfer can be implemented: status check 

and interrupt. In Mode 2, port A can be set for 

bydirectional data transfer using hand-shake signals from 

port C, and port B can be set up either in Mode '0' or in 

Mode '1'. 

The 8253 programmable interval timer (PIT) is a support 

chip to the system. The 8253 includes three identical 16 bit 

counters that can operate independently in any one of the six 

modes. Each counter has two input signals CLOCK and GATE and 

one output signal OUT. The clock input pin is connected to a 

clock' of suitable frequency. To operate a counter, a 16 bit 

count to be loaded in its register and depending upon the 

mode of the timer, logic high voltage or low to high voltage 

transition at GATE initiates or enables counting process. The 
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different six modes of operation are Mode 0 - interrupt on 

terminal count, Mode 1 - programmable monoshot, Mode 2 - rate 

generator or devide by counter, Mode 3 -square wave generater, 

Mode 4 - software triggered strobe, Mode 5 - Hardware 

triggered strobe. The control word format of 8253 is shown 

in Fig. B-2. 

The 8259A is a programmable interrupt controller (PIC) 

designed to work with INTEL microprocessor 8080A, 8085A, 8086 

and 8088. The 8259A can manage eight interrupts according to 

the instructions written into its control word registers. 

This is equivalent to providing eight interrupt pins on the 

processor in place of INTER/INT Pin. It can vector an 

interrupt request anywhere in the memory map. However, all 

eight interrupts are spaced at the interval of either eight 

or four locations. It can resolve,  eight levels of interrupt 

priorities as a variety of modes, such as fully nested mode, 

automatic rotation mode and specific rotation mode. It can 

mask each interrupt request individually. The 8259A can read 

status of pending, in-service interrupts and masked 

interrupts. It can accept either the level-triggered or the 

edge-triggered interrupt request. It can be expanded to 64 

priority levels by cascading additional 8259's. To implement 

interrupts, the interrupt enable flip flop in the 

microprocessor should be enabled by writing EI instruction 

and the 8259 should be initialized by writing control words 

in control word register. The 8259 requires the two types of 
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control words. Initialization command words (ICWS) and 

operation command words (OCWS). The 8259 can be initialized 

with four ICWS; the first two are essential, and the other 

two are optional. Based on the modes being used, these words 

must be issued in a given sequence. Once initialized, the 

8259 can be setup to operate in various modes by using three 

different OCWS; however, they no longer need to be issued in 

a specific sequences. 



different six modes of operation are Mode 0 - interrupt on 

terminal count, Mode 1 - programmable monoshot, Mode 2 - rate 

generator or devide by counter,. Mode 3 - square wave generater, 

Mode 4 - software triggered strobe, Mode 5 - Hardware 

triggered strobe. The control word format of 8253 is shown 

in Fig. B-2. 

The 8259A is a programmable interrupt controller (PIC) 

designed to work with INTEL microprocessor 8080A, 8085A, 8086 

and 8088. The 8259A can manage eight interrupts according to 

the instructions written into its control word registers. 

This is equivalent to providing eight interrupt pins on the 

processor in place of INTER/INT Pin. It can vector an 

interrupt request anywhere in the memory map. However, all 

eight interrupts are spaced at the interval of either eight 

or four locations. It can resolve eight levels of interrupt 

priorities as a variety of modes, such as fully nested mode, 

automatic rotation mode and specific rotation mode. It can 

mask each interrupt request individually. The 8259A can read 

status of pending, in-service interrupts and masked 

interrupts. It can accept either the level-triggered or the 

edge-triggered interrupt request. It can be expanded to 64 

priority levels by cascading additional 8259's. To implement 

interrupts, the interrupt enable flip flop in the 

microprocessor should be enabled by writing EI instruction 

and the 8259 should be initialized by writing control words 

in control word register. The 8259 requires the two types of 
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01 	1 

10 	2 

1 1 Illegal 
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1 0 MSB only 

1 1 LSB First 
MSB Next 

Do 

Code 
0-Bi nary 

D3 D2 Dl Mode 1 	1~BCD 
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0 	0 1 Mode 1 

X 	1 0 Mode 
X 	1 1 Mode Z 
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control words. Initialization command words (ICWS) and 

operation command words (OCWS). The 8259 can be initialized 

with four ICWS; the first two are essential, and the other 

two are optional. Based on the modes being used, these words 

must be issued in a given sequence. Once initialized, the 

8259 can be setup to operate in various modes by using three 

different OCWS; however, they no longer need to be issued in 

a specific sequences. 
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