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SYNOPSIS

This dissertation deals with the experimental studies on a
‘microcomputer based Line-Commutated inverter fed ‘synchronoué motor

drivé system.

Two three phase fully controlled. thyristor bridges, one for
rectifier and another for dinverter, wmicroprocessor. controlled firing
circuits, zero crossing circuits and digital speed measurement circuit

have béen.designed,fabricated and tested.

" Chapter 1 consists of introductioh, 1jterature review and brings
out the different methods-of starting of Line-commutated Inverter fed
synchron§us{ mbtor‘ﬂdrive. In Chapter 2, ‘the prihcile of operétion of
LCI synchronous motor drive, philosophy of its speed cénfrol and system
hardware- have been discussed. Chapter 3 describes ‘the system. software
and the various flow charts. Chapter 4 deals with the experimental
results. Conclusions and scope of future work have been given in Chapter

5.
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CHAPTER - 1
~ INTRODUCTION

1.1 GENERAL.

- Variable speed d.c. drives used in most of the cases are
being fed by static converters -using rectifier bridges. The use of

d.c.- motors in these drives has a number of mechanical and electrical

limitations caused by the necessity of fitting a mechanical commutator.’

The construction of the mechanical commutator has to. be
extremely delicate and finaliy the actual power is limited in the region
of 10 MW for rated speed of 1,000 RPM and 500 KW for 500 RPM. - The
use of these machines is absolutely impossible in explosive, corrosive,
or dust-filled atmosphere'{l]. The cage ‘induction motor on thé other

-hand, has the robust rotor construction which permits féliable- and
almoét maintenance free operation. Inspite of these advantages the
inherent limitation of constant speed of ’operation has been the main

bottleneck in its widespread usé as a variable speed drive.

Of the various methods of a.c. motor speea Eontrol,- its
operation at variable freqUency is becoming more and more popular,
since it is possible to obtain variable speed as well as Qood regulation
and high efficiency. The static variable frequency converters'lare
expensive but are advantageous interms of accuracy and heliability."
The current research in adjustable speed a.é. drives s focussed on

the cost reduction of the converter and control equipment [2]. The



variable frequenéy, a.c. drives becomes particularly attractive in
multimotor drive. Such multimotor drives find applications in textiles, .

synthetic fibre, paper industries, traction etc.

~ The solid state variable frequency sources for a.c. drives

can be broadly classified into two types :

(i) " Cycloconverters
(1) D.C. link converters which include

a) Voltage source inverters (VSI)
b) Current source inverters (CSI)

c) Line commutated inverters (LCI)

1.2 CYCLOCONVERTERS

A cycioconverter [2] converts a.c.supply: of fixed fréquency
to a- lower output frequency through a one step conversion process.
The output freduency range s 11mi£ed to about one third of the supply
frequency gﬁd therefore the drives employing cycloconverters are suitable
only for operation -at lower frequency.' The Aoutput voltage of
:cycloconverter contains complex harmonfc pétterns. However, one advantage
of cyclc>conVerté; drives 1is that the SCRs are natﬂrally commutated
and regeneratioﬁ is simple. The system can be easily designed for
four quadrant operatjon. The cost and complexity of power and control
circuits however, make them uncompetitive with other classés of drives.
Two prominent applications of 'cycloconverter are traction véhicles and

gearless rotary kilns.



1.3 VOLTAGE SOURCE INVERTER (VSI)

The VSI's are generally classiffed into two types, square
wave inverters and pulse wfdth modulated inverters. The square wave
output voltage “leads to a numbér of unaesirable effects, such as
‘additionai»harmonﬁc power losses and torque pulsations in motors. The
harmonic currents flowing inﬁstator and rotor contribute to extra coppe?
losses and some amount of iron losses. The commutating capacitor iin
the voltage source ‘inverter s usually charged'by the d.c. link voltage;
hence, commutating’ capability decreases as the d.q. link voltage
decreases; The. inverter reqdires six commutating cyclesr per cycle
of fundamental, leading to ‘increased commutation losses and requires

complex control circuitry.

The voitage fed square wave ‘inverter drives are normally
used 1n'low-to medium horse . power ratings where speed ratio is usually
limited to 10:1. This type of drive has been 1arge1y» superceded by

" PWM drives. |

In PWM inverters the thyristors are switched on and off many
times wifhin a half cycle to generate a variable voltage output which
is normally low in harmonic contents. Among the PWM techniques sinusoidal
PWM technique reduces the‘harmonic_losses'but it suffers from low inverter

efficiency [3].

1.4 CURRENT SOURCE INVERTER (CSI)

The current source dnverter converts power between an

adjustable current source and a single or three phase a.c. load. Since
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the primary input power is usually supplied at a constant voltage, the

inverter system consists of two stages:

(i)

(i)

The 'current source' which receives the power from a fixed
voltage a.c. or d.c. and supplies an adjustable d.c. current

at the output terminals.

The CSI is connected in cascade with.tiie current source. It
converts the d.c. cu?rent at the input to an a.c. current

at the output terminals.
The CSI drives has many good features. They are [4]:

Regeneration is possible.

There is no possibility of shoot through fault
The fault current on the inverter side rises very slowly
Commutation losses are less

The inverter can be designed with low speed SCRs.

Against the above merits, the CSI drives have the following.

limitations :

(i)

(ii)

(i)

The frequency range of inverter is lower and it cannot operate

on no load,

The 1large size of _d.c. link ‘inductor and the commutating

capacitor makes the inverter expensive,

The drive has instability problems and sluggish response

.at light loads and high speeds.



A line-commutated inverter 1is obtained by operating an SCR
-bridge in continuous current mode with firing angle greéter than 90°.
The sequential commutation of SCR s obtained with the help of three

phase line voltages.

The line commutated ‘inverter overcomes all the probiems of
forced commutated <inverters as well as cycloconverters . Some of fhe

characteristic features of LCI are :

(i) No harmonics in the output voltage waveform
(1) Commutating components are not required
(1) The firing circuit requirements are simpler.

1.5 'LCI SYNCHRONOUS MOTOR SYSTEM (CLM).

" The Line Commutated .Inverter (LCI) Synchronous machine
combination gives the characteristics of a d.c. motor. The commutation
of SCRs is controlled by tﬁe sinusoidal induced voltage in stator due
‘to Fotating field of rotor. This combination s popularly known as the
.commutatorless d.c. motor (CLM). This type of drives is used for starting
of large rating.gas turbine sets, boilef feed pumps etc. Where precise
simultaneous speed control ofla number of motors is required, a system
using a synchronous motor offers a practical approach. = Further, a
synchronous machihe responds more quickly  than an induction machine

to change in load torque. Alsc a variable frequency synchronous motor

drive offers the possibility of simple preciée position control [4].

N

The commutatokless motor has been generally used by industry

in following cases :



(4) When high speeds upto 7,000 RPM are required
(i) When high ratings upto 10;000 KW are required
(i) When high efficiency is required.

1.6 LITERATURE SURVEY

Extensive literaturé is available on LCI?Synchronous machine
system operating as a commutatorless motor. GORDON and S.B. DEWAN [4]
have described the steady ‘state properties of a variable speed drive
using a synchronous motor fea by a controlled current source inverter.
The ‘performance 1is evaluated using equivalent ci?cuit model and results
“are confirmed by experiment. They‘also discussed the advantages of LCI

fed synchronous machine system.

Hoang Le Huy,  Jakubowicz "and Perret [5] have discussed a i
current source self controlled synchronous motor drive, in whiﬁh the
motor terminal voltage is used to synchronize the inverter triggering
pulses. The implementation of microprocessor based control 'system is

also déscribed.

In the paper by R. Venkataraman and B. Ramaswamy [6] the
authors described the development, design and construction of a variable
speed drive using a synchronous motor. The operation of motor wfth a
cﬁrrent—fed motor-emf commutated 1nverter is explained. It has also
been shown that the digitai simulation based on simplified . block diagram
is accurate enough for obtaining the responses of the system to step

changes in speed reference and load on motor.



Ranganadhachar{, B.P. Siﬁgh et al presented a paper'[7] which
describes the operation principle, characteristics and limitations .of
Variableufrequency source in which a line commutated thyristor bridge
inverter acts in combination with a- synchronous machine as a variable

frequency source. Experimental results and performance curves are also

discussed.

Peichang Tang, Snui-Snong Lu, and Yung-Chun Wu [8] presénted
a paper describing a firing scheme based on a microprocésspr to control
an antiparallel conﬁected three phase thyristor dual feed .converter.A'
Using table look-up algorithm to speed up the response, a full range
control of firing angle between 0° to 180° for both positive and negative
current control is achieved. The.maximum time delay required to correct
the_firiné angle is one sixth period of the a.c. power source. The firing
angle between 120° and 180° is used for the regeneration braking to
achieve the required dynamic performance in- four _quadrants._ Togéther
with software algorfthm in microprocessor, the digitised a.c. power
sigh&is are used to find the correct firing outbut signalsf'This scheme .-
uses less hardware components and has higner dynamic. performance ‘in

four quadrant operation.

A.C. Williamson ‘and K.M.S. Al-Khalidi [9] describe the
ﬁaturally commutated converter fed synchronous maéhine drive of very
high rating. .At standstill anq at Qery low speeds commutation is -achieved
by pulsing the current in the d.c. link between the supply and the machine
converters. ,HoweQer, this gives rise to significant 1low frequency .

disturbances to the supply system. The paper also describes an alternative



method using a discontinuous current mode of operation, which gives
smoother operation and less disturbance to the system. An analysis
is givén which shows that this starting method can give an average torque

as high as 1.0 per unit.

Gerson H. Pfitscher has given (117 fhe micreprocessor based |
schieme that lgenerate the ﬁécessargr synchronization signals for 3 phase
static power converter control system. The problem of detecting the
phase to phase voltage zero crossing in presence of noise generated
by thyristor commutation in constant and variable frequency supplies

is discussed, and a microcomputer software solution is proposed.

Chandrasekha} Namuduri and P.C. Sen presented a paper [13]
which describes a digital simulation method for the self controlled
synchronous motor in time domain. They also discussed the performance
of the syncﬁronous machine with non-sinusoidal voltage and currents under
both steady state and transient conditions. The effect of the damper
winding, and saliency on the torque, and voltage and current wave forms
are also discussed using the digital simulation techhfque when the machine

is operated from a voltage source tinverter and a current source inverter,

Mafio Beneditti and Carlos F. Christiansen presentea a paper .
which describe the design of a trigger system [16] for full or  half
controlled thyrister converters o% up to 6 pulses, using 8 bit micro .
processor. The device is independent from the sequence of.the maih voltage
and from the circuit configuration of the system. The trigger angle
may take any value from | X = 0° to . &= 180° between pulses, thus

achieving the maximum possible rate of change of the output voltage.



An outstanding aspect of the -design described here 'is the new method

of obtaining the synchronization signal.

1.7 DIGITAL CONTROL AND ITS MERITS

. . { . .
The result of rapid progress- in semiconductor - technology -

by planar ﬁrocessing and LSI has made digital electronics devices ﬁuch
smaller in size and léheaper. The drastic advance ﬁn semiconductor
technology have made smaller and fasfer mibroprocessors available at
lower cossﬁ, thereby increasing the number of dndustrial applications
in which bfhey can: be used. .In industrial process control, it is at
time necessa?y‘to adjust a motor's speed over a wide range with good
resolution and reproducibility. They also require to have fewer
compoﬁents, to cost less, to be mainteined easily, and to be ﬁore
generally aeplicable.. In order to achieve the above needs microprocessor
is more suitable [19]. A closed 1loop controia is usually necessary
to often fhe necessary speed accuracy. It is possible to obtain greater
aceuracy, impraoved dynamic response and reduced effect of d1sturbances

" such as loading in closed loop or feedback systems

' A speed regulating system with a fast response can be realized-
by ’speeding? up ‘the cerrent controller ‘and'>speed' controller with the
use of microprocessor based system. in driving a.c. motor with a three
phase br1dge inverter, 'contrpl processing must be performed during
extremely short per1ods Sueh a fast pfocessing can ‘be realized with"
certajﬁ. mod1f1cations in the existfng microprocessor software. The

control algorithms are simple and can be easily implemented in real

/

time on a microcomputer [20]. The analog control methods have several
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disadvan tages, such as nonlinearity in the anélog speed transducer,
. difficulty +in accurately transmitting the analog signal errors due to

temperature, component aging and so on.

A digifal control system on the other hand-is free from above
:disadvantages. A microprocessor based control system for motor drives
promises several distinqt advantages such as flexibility, improved
performance, and economic viability. Foremost among these s ‘the
flexibility. The control scheme s 1mp1emented in the software

Therefore, to change the control scheme in ordef to obtain.a different
drive characteristic or introduce a new contrel function only software
needs to be modified, with minimal or no change in the hardware. A
microprocessor based control systeh can be completely digitalised,
with its senéitivity to external influence thereby decreased. A
micrdprocessor based control system fequires few discrete components
and less wiffng, which will ‘improve the reliability of the system. A
microprocessor based drive s 'expected‘ to give high accuracy, ‘better
time response, and better speéd A}egulation provided. advanced control
technique s adopted. As the cost of microprocessors and " -their
associétgq peripherals continue to fall, microprocessor based control
system will become cost competifive. In the near fﬁture micro-processors
will be iﬁcorporated in industrial. drives requiring high 1levels of

performance.

1.8 REVIEW OF STARIING OF SYNCHRONOUS MOTQR

The major drawback with the CLM is its inability to start

from Standstill because the gating signals of inverter SCRs are controlled



11

by the synchronous motor itself, and the commutation voltage necessary
for machine commutation of LCI is not available. Hence, some other
'methods of commutation of current from one SCR to another is necessary.

Several methods are known for this purpose. Some of these methods are

discussed here.

Low Speed Operation

The machine-converter thyristor firing angles can be controlled
by reference to either a.c. terminal voltages or rotor pbsition or a
combination of each, altnough the latter has advantages at low speeds,
with- the usual lihit on current capability when tinverting as dictated
by device recovery time. . The machine, when motorihg, always takes a

fundamental current at leading power factor.

The major difficUlty during starting may be solved by
application of forced commutation or by -a cycloconverter. However,
both these schemes involve complicated circuits and hence demand a large

number of thyristors.

A usual technique to overcome this is to pulse the input

direct current.

When the 1input _d;c. voltage is chopped by finactivating the

gate signal or by ncredsing the control delay angle by more than 90

degree, a negative voltage is applied to the ON thyristors, and the
current. decreases fo zero [22]. After a short time, the thyristor will
obtain a forward blocking ability. The relevant pair of thyrisﬁors

at machine inverter will go off due to link current being zero. The
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supply side rectifier will be refired and the next cycle pair of
thyristers of machine-side converter will be fired. By' repeating such
a process several times, the motor will be accelarated to a speed

sufficient to produce commutation EMF.

Low Speed comutation by Field Pulsing

A new method of low speed commutation of “an inverter fed
synchfonous motor (CLM) makes use of transformer action between rotor
and stator, the rotor being supplied from halfwave rectified a.c.

commutation is automatic and require simple control circuits.

With reference to the Fig. 1.1 consider a particular stator
winding current conduction pattern with field winding axis at angle
-'@" to that at phase a, and the link current I, conducting through
thyristers T; and Ty, so ‘that i, = -i = I, and i_ = 0. It is required
to commutate from T6 to T2 so that ia = -j = Id and ib = 0. For starting

C
and low ‘speeds this new scheme utilizes halfwave rectification of the
field éurrent if from an alternating voltage Ve A typical waveforﬁ
is shown in Fig. 1.2. ' |
The process of commutation s achieved automatically when
the firing pulses (derived from rotor position 1in the usual manner)
are applied to the machine inverter thyristors. No additional control

components are required, and only simple power electronic components

are required in the field circuit [21].



7%

FIG.12—TYPICAL WAVEFORMS- OF HALF RECTIFIER
FIELD CURRENT
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Stand Still Rotor Position Detection

As explained above, at low speed (upto abéut 10% of the rated
speed) the natural commutation cannot be applied because of lack of
sufficient. induced .emf developed. Problem also arises to start the
motor. In these drives a shaft position sensor is usually required for
synchronizing the inverter triggering pulses to the rotor ﬁosition.
The stand-still rotor position provides ‘the correct injtial firing order
for starting in the desired direction with maximum torque. Several
‘methods can be applied i.e. (1) adding a simple optical or Hall effect
position. detector which is used only for .initial hosition sensing, (2)
injecting a signal of some KHz is an auxiliary winding and analyzing

the induced stator voltage.

rd

‘Lately a method has been developed in which the induced emf
in stator s analyzed when . a step voltage is applied to the field winding.
After a field supply is applied, the microcomputer sequentially samples .
the three stator induced voltages every 25 pus so as to oﬁtain their
peak values and polarities. -The rotor position is determined by the
phase voltage with highest peak value and by the polarity of this voltage.
This is sufficient to determine the correct thyristor pair to be triggred

in order to create maximum torque in the desired direction.

Starting Without an Auxiliary SCR

In this method, commutation is accomplished by forcing the
rectifier bridge in to inverter mode during a short instant so as to

interrupt the d.c. link current and reduce it to zero. The terminal
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voltage is sensed and at each interval forced commutation is obtained

as follows:

(i) Inverter triggering pulses are stopped

(i) Rectifier (3 phase) firing is fixed at an angle ‘greater than
90°

(iii) D.C. link current is monitored till it becomes zero

,(iv) Rectifier normal operation is then vreestablished and the

following SCR pair is triggered.

The main advantage of this technique is that no additional
commutating component is vrequired. However, during each commutation
interval t“e motor current reduced to zero, so that instantaneous torque
is zero during this périod; This method ﬁs undesirable in case of hfgh

starting torque requirements.

Starting with an Auxiliary SCR

This method of automatic starting is simplified when micro-
computer control scheme is implemented. It requires two fully controlled
3 phasé bridges and an additional SCR in parallel with d.c. link inductor.
Forced commutation duriag each commutation cycle is achieved from the

following steps :

(i) - Firing pulses to the two fully controlled bridges are
inhibited. .

(ii)  The auxiliary SCR is gated.

(ii1) The current in the DC 1link is deviated through the auxiliary

SCR and thus forced commutation at LCI SCRs is achieved[9].
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The method overcomes the disadvantage of zero torque during
commutation interval. In the present thesis an attempt has been made
to start the motor using: this method. The detail ~of the method is

discussed in the Chapter-2.

1.9 SCOPE OF PRESENT WORK

In the present work an attempt has been made 1in the
investigation to study the steady state performance of a synchronous
motor fed from an LCI with a microcomputer control scheme. In this schgme.
a 3 phase a.c. supply of fixed frequency and voltage is converted into
.variable voltage d.c. supply to feed LCI using a fully controlled 3

phase bridge rectifier.
The present work has the following objectives:

(i) Design and fabrication of two fully controlled _converters;

one acting as a rectifier and other as an inverter.

(i) Development of microcomputer bhase firing scheme for‘ both
converters.

(iii) - Design and Development of zero crossing scheme for both
converters.

(iv) An attempt to self starting of the line commutated synchronous

, motaor,

(v) Experimental investigation of LCI synchronous motor system -

performance under steady state conditions.
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_ CHAPTER - 2

PRINCIPLE OF OPERATION
2.1 GENERAL

This 'chabter mainly deals with the principle of operation
of powér and control circuits. The désjgn'of rectifier-inverter circuits,
firing circuits and - zero crossiné circuits is also given in,this chapter.
The advantages . gf the microcomputer bésed control circuit, the
determ%nationr of ,condubtién intervals of individual SCRs for both
convertePS'ana the sequence of firing fs alsq clearly diéCussed for both

~

starting and ranfng modes of the drive.

2.2 PRINCIPLE OF OPERATION OF CLM

A commutatorless motor (CLM) consists of the following essential

parts. The block diagram of CLM.is as shown in Fig. 2.1.

(i) A fecfifﬁer'(fullyAcontrolled) (cs)

(i) ~ An 1n§erter (LCI) (éM)

(1) A d.c;'link inductor (L)

(iv) A Link thyristor (T )

(v) " A synchronous motor (over excited) (SM)

»(v1) Firing and control circuits for béth convertgrs.

Rectifier (supply) CS

This is a 3 phase‘fully controlled SCR bridge converter. The

main fuhctibn of the bridge is to supply variable d.c. link voltage from

N
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a three phase a.c. supply. The output voltage of the converter iscarried
by changing the firing angle (=) in case of fully contfolled converters,
The advantage of fully controiled operation of two ‘briqges is that
_regeneration is possible by exchanging the mode of operation of the two

-

bridges i.e. rectifier becomes inverter and inverter becomes rectifier.

Inverter. (Machine Converter) CM

Inverter is also a 3 phase fully controlled bridge. It. s
used to convert d.c. power into a.c. power at desired " output voltage
and frquency. The output.voltage can be changed by changing the firing

angle (=) and frequency by changing the gating frequency of SCRs.

PD.C., Link Inductor

The inductor plays the role of smoothening out the ripples
in the d.c. voltége of inverter input terminals. The value of the inductor
plays a decisive'role on the system performande. If the value of the
link -dinductance is sufficiently high then the current beéomes continuous

under LCI operation.'

Synchronous Motor SM

The LCI and synchronous motor constitutes a commutatorless
d.c. motor. The synchronous motor is overexcited and ‘supplies leading
reactive power to the inverter. The inverter provides the active power
to the synchronous motor for the lcad applied to it, and to overcome

its losses.
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The CLM motors can be realised, depending upon the placement

of the field winding as :

(a) ~ Series CLM
(b) Shunt CLM, or
(c) Separately excited CLM

2.3 SPEED CONTROL OF CLM

The speed of the drive can be changed by varying any one of

the following parameters:

(i) - d.c. link voltage; VdC
(i)  inverter firing angle; '«
(1) synchronous motor field current; I

.f:

The frequency of the output terminal voltage of the inverter

can be given by

f =.k-Vdc/If coS ¥

In the present work control of firing angle and the d.c. link

voltage is obtained with the help of microcomputer based firing scheme.

The digital control .scheme based on microcomputer’ is used

because the analog firing schemes have the following demerits:

(i) Variation of firing angle = s limited to 90° by using cosine

firing angle.

(i) The harmonic content of the voltage wave forms can disturb

the firing pulse instants, leading to misfiring of SCRs.
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(1) Hard wired logic circuitry fixes the firing scheme philosophy
and any change, if necessary, cannot be included without

changing the circuit.

2.4 STARTING OF COMMUTATORLESS MOTOR

Variable speed drives (VSDs) using the synchronous motor as
prime- mover have several advantages in their favour compared with VSDs
employing other types of motors. Firstly, the synchronous motors are
rugged, reliable and free from troublesome commutator maintenance problems.
Secondly, the power circuit configuration for a.c. to. d.c. conversion
and variable frequency generation needs no- more than twelve thyristors
of converter grade. and is quite simple in ﬁtkuctu%e. Thirdly, the drive

can be operated at high speeds, an advantage not possessed by drives

with other types of motor [6].

Synchronous motor drives have a few draw backs :

(i) Starting of the drive needs some types of auxiliary arrangement
(1) If .the motor emf s to be used for commutation of inverter
thyristors, then the inverter must be current - fed and this

hecessitates use of a large link <inductance.

The automatic starfing of CLM dis more simplified when the
microcomputer control 1is dmplemented. This method of> starting requires
two fully controlléd bridges, one operating as a fully controlled rectiffer
sﬁpplying D.C. link voltage to .CLM and another as a machine commutated

inverter (LCI).
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The automatic starting schemes can be broadly classified into

two types :

(i) Starting without an auxiliary thyristor across D.C. link in-
-ductor.

(ii) Starting with an  auxiliary SCR across D.C. link inductor.

2.5 STARTING WITHOUT AN AUXILIARY SCR

In this method, commutation is accomplished by forcing the
rectifier bridge into inversion mode during a short instant so as to
interrupt the d.c. link current and reduce it to zero. _The terminal

voltage is sensed and at each dinterval forced commutation is obtained

das follows :

(i) ' In?erter triggering puises are stopped.

(i) Rectifier firing is fixed at «(= 150°

(1) D.C;'link current is monitéred £111 jt becomes zero.

(iv) Rectifier normal operation' is then re-established and ;he

following SCR pair is triggered.

The maﬁn advantage of this technique 7is that no additional
commutating component s .required. However, during each commutation
interval the motor current s reduced to zero, so that instantaneous
torque is zero during this period. This method is undesirable in case

of high starting torque requirements.

2.6 STARTING WITH AN AUXILIARY SCR IN PARALLEL WITH D.C. LINK INDUCTOR

This method of automatic starting also requires two fully&



controlled three phase bridges and an additional SCR in parallel with

d.c. link inductor as shown in Fig. 2.2.

The. naturally commutated, conVerter fed syﬁchronous machine
is being uﬁed for drfves at very high rating and speed in whichrrange
there are only mechanical alternatives. At standstill and at very low
speed, comhutation is aéhieved by pulsing the burvent in the d.c. 1link
between the supply and the méchine converters [9], and ‘this giveﬁ rise
to significant low frequency disturbance to the supply system. Forced

commutation during each commutation cycle is achieved as follows :

(i) Firing pulses to the two fully controlled bridges i.e. recti

fier and ‘inverter are inhibited.
(i) The auxiliary SCR is gated, and

(i) The current through the d.c. 1link +is deviated through the
duxiliary SCR and thus forced commutation of LCI SCRs is

achieved.

This method overcomes the disadvantage of zero torque during

commutation tinterval cbhtained in the previous method.

During normal operation, converter (CS) and d.c. link Chdke(L)
provide a controlled current source for the machine converter (CM), whfch
absorbs the link power by operating ‘in the inversion mode, and is naturally
commutated by the machine winding voltage at rotational frequency. Natural
commutat10n is poss1ble provided that the f1r1ng angle of converter CM
is suitably controlled and the winding voltages are adequate, however,

such operation is not possible at standstill and very low speeds.

[
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2.7 DISCONTINUOUS LINK CURRENT MODE OF OPERATION i

At very low machine speeds, the average link voltage is very
low, and consequen'tiy the converter 'CS output voltage contains a. high
ripple at six times supply frequency. With no link tinductanée, the voltage
ripple would. he épplied directly Line to line a-cross the machine winding
through two triggered thyristors of convertér CM. The effective circuit

inductance would be low and the current discontinuous for high average

values [9]. ' ‘ . , !

AN
It the link current is discontinuous, pulsating at six times
supply frequency, the all devices of converter CM will be reverse biased
at the same frequency. Consequently, a change 1in firing pattern will

result in automatic change in conduction pattern at the next ripple.

Such conditions can be approached if the 1link thyristor (TL)
is triggered continuously during the starting period, and this is easily
effected without great control complexity. In this way the choke protects

against rapid rate of rise of average link current.
Analysis of Current Ripple

"The circuit of Fig. 2.1 caﬂn be approximated to thé equivalent
circuit of Fig. 2.3 for the case where the machine winding frequency
is much less than the supply frequency. If the thyr‘istor‘vTL is triggered
continuously during the starting mode, it will behave as a. diode across
the choke (of inductance L gnd «'resistance R) as shown 1in- Fig. The
inductance ) is that presented by the machine to current variations at

six times supply ’r‘requency,/flowing through two phases, with the rotor
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~at low speed. The machine converter will show a voltage E, which is

assumed constant at this stage.

The voltage v, of oaoutput of the supply converter, will vary
with converter”™ firing angle o . Assuming the overlap in the supply

converter to be negligible, v will be given by

v =V cos(wt + o — T/6) for 0 < wt < "7/3
where, . :
V = peak line-line supply voltage = J?'VL
W= erxsupply'frequency, and this repeats at six times

per cycle.

In a steady state condition, therefore, the behaviour shown

by Fig.2.4 can be expected, assuming current i to be discontinuous.

If 8 = wt then, at 8 = 0, i = 0, and the choke current is
freee.wheeling. The'voltage v-E, béing_effectively applied to ‘inductance
1, causes i to ‘increase rapidly..At 0 2,3' , 1 becomes equal to the choke
current, the thyristor blocks and any further rise in current i is opposed
by inductance 1. At 8 = € , the voltage across the .thyrister reverses,"
it conducts, and i drops to zero at 8 = ﬁ > with mM.< /4 for disconti-

nuous = current.

2.8 THREE-PHASE SCR BRIDGE (LC1)

’

A three phase SCR bridge has been used as a line commutated
inverter. The commutation of the bridge is achieved by the back emf of

the synchronous machine connected to the 3 phase output of the bridge.
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The firing angle of the bridge gs adjusted. between 90° to 180° so as
to obtain the in?erter mode of operation. In the inverter mode, the
direction of current flow through the bridge remains the same however,
the d.c. terminal voltage of the bridge reverses polarity. Thus, the
LCI s nothing but a three phase fully controlled convérter with firing
angle between 90° to 180°. . The sequence of firing of SCRs and the

conduction ‘intervals can be explained with the help of a ‘detailed

description of 3 phase fully controlled converter. .

The thyristors Tl; T3 and T5 are called positive group SCRs .
because they are connected to the positive terminal of the d.c. 1link
supply. While the thyristors., Tq, T6’ T2 are called negative groups

~SCRs bécause they are cunneéted to the negative terminal of the d.c.

. link supply.

In one cycle of thé a.c. supply wave there are six conducting
intervals, each of 60° in which a pair of SCRs conducts. These intervals

are as given in Table 2.1.-

TABLE 2.1
Time in degrees; 0° 60° 120° - 180° 240° 300°
Firing sequence; 1 2 3 4 5 6
Conducting SCRs; 6,1 1,2 2,3 3,4 4,5 5,6

2.9 SYNCHRONIZATION AND ZERO CROSSING'DETECTION FOR CM CONVERTER

Independently of the method or algorithm used to control

thyristors firing of a three phase static power converter, the signals
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that syﬁchronize them with the alternating 'supply voltages are always
necessary. For a three phase fully controlled converter there are six
such logical signals each one associated with a thyristor and- defined
from the natural commutation tinstant, i.e. at the ‘intersection of the
two line to line voltages, which coincides with\fhe " zero crossing of
another one. The zero voltage détector fulfils two 'diffefent functions;
the synchronization of the thyristor ?iring circuit to the tdnput line

frequency and the phase sequence ‘identification.

The synchronous machine terminal voltage is isolated and fetched
by three single phase transformers. From the secondary winding of these
step-down control transformers; the digitized three phase power signals,
QR’ ﬂY and ﬂB are obtained. These ﬁR, WY and QB signals are copnasal to
the machine line voltages.VRy, VYB and VBR respectively, and these three
signals are displaced by 120° from each othér. These digitised signals
are sent to the microcomputer. The relationships between line voltages

v

Iy ¥

YB® VBR and these digitised signals are snown in'Fig. 2.5.

Taking into account the digitised power signals, for a full
360° time range of synchronous machine a.c. cycle, a firihg command data
table 1is prepared on the basis of the numbef of the thyristors thaf are
to be fired, for an X e firing angle +in 120° to 180° range, or 90°
to 120° rahge. This firiﬁg command data table denotes the numbers of
thyristors that are to be fired, for a particular type of digitised

power signals which are high 1in a particular time interval.

The quantization signal QR’ ﬂY and ﬂB will be read via bits

PAZ’ PA1 and PA0 of part A (8255-2). In the table 2.2, the quantizer
signals are arranged in fncreasing order (001 at lowest . address and

N
-’

\
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110 at the highest address). Thus, for a given ﬁ'ﬁng angle range of
o(CM and the quantizatioﬁ signal read, the address of the firing command

is easily determined and the same is tabulated in Table 2.2.

TABLE 2.2: FIRING COMMAND DATA FOR CM CONVERTER

(A) FOR « CM IN THE RANGE OF 120° TO 180° (AS INVERTER)

ﬂR bY 'VJB Quéntizer SCRs to be fired Firing command
0 0 1 1 5,6 30H
o 1 0 2 54 ocH
o 1 1 3 4,5 18H
10 0 S 12 03H
10 1 5 6,1 21H
11 0 6 2,3 06H

(B) FOR Nem IN THE RANGE OF 90° TO 120° (AS INVERTER)

0 0 1 1 1,6 | 21H
0 1 0 2 4,5 18H
0 1 1 3 5,6 30H
1 o 0 . 4 2,3 06 H
1 0 1 5 1,2 - 03H
1 1 0 6 - 3,4 0C H

The circuit diagram for zero crossing detection (Base
interrupt) and synchronization (QR, Dy> QB) ijs given in Fig. 2.6. An
I.C. 741 is used as a comparator. It compares the stepped down voltages

obtained from synchronous machine terminals connected to pin No. 2.
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A manostable multivibrator is used to.produce two pulses, one at the
'}isihg edge and anothgf at thévfalling edge of each digitized signal.
Comvb_in-'ing' tilese sets  of /pulse~ signals from the ‘three  phases, a .bése
interrupt signél, B.I. is obtained. The‘base interrupt signal, B.I. has
a fkequency» six times thaﬁ. of  synchronous machine frequency. The |
interrupt signal occﬁrs at eachiof six phase angles, 0°, 60°, 120°, 180°,
240° and 300° of the a.c. Voitage of synchronous ‘machine. A new firing
cycle is started at the failingl'edge "of the base ’interrupt signal,
B.I. The utilization of the bhase 1ntérrupt, signall for interrupting the
_CPU._and for generatién bf firing pulses for the correct thyrjstors is
'explafned inithe‘systém softwére implementation.“ The theoretical waveférms
for base interrupt circuit. are given in Fig. 2.7.

S
i

2.10 GATING FOR»THREE PHASE FULLY CONTROLLED THYRISTOR CONVERTER

-The operatxon of thé three-phase bridge converter is explained
.\earliek., There are six thyr1stors T1 to T6 wh1ch have to be tr199ered
| into conduction in a part1cu1ar sequence.  If the output current s’
désumed'constant, the output voltage at any instant is équal to 6ne of
rr> Vre> Vygo Vyro
that-ﬁwo_ﬁhyfistofs» one in the positive group (Tl’ Tqs T5) and one in

‘ thé six line to line 901t§ges;v BR’ VBY' This requires
the negatiVe group (T4, T6’ T2) be gated simultanéously.In order to vary
Cthe average value of .the output dc voltage, the instant of gate pulses
- to. thyristor pairs must be controlled. Fig. 2.8 shows the phasob relation
shipbbetwéen the voltages and- gating signais[l]. ‘The line voltages are
djsplaced from each other by 60°. The thyfistors are gated in pajms )
forming six groups, i.e. (T, Tp), (Tz; T3)s (T30 Tp), (T4eTg)s (TeuTg) !

and>(T6, T1).. The interval for. each group is 60° and each thyristor
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‘conducts for two periods. The thyristor Te is gated o~ after the zero

Crossfng of Vkavoltage; T1 is gated 60° after gating-of-T6 and so on.

'For satisfactory'performapce'of the céhvekter at firing angies
varying from 0 tﬁ 90°, -the_., gate ypuilsés_ of 1-20°I~vw1'dth are considered in
,thé control circuit over the entire range of the firing anglé; A" control
i, transformer is used to obtain aﬁ isolated,‘Iqw level ﬁyﬁchronizing signél
_ which is in phase with the R-Y line to line voltage. It should be noted
“that the gating signals afe seﬁsftive to the phase sequeﬁce of the synchro-

nizing signal. Therefore care must he taken ‘in cohﬁecting the a.c. line
to thé synchronizing transformef in the correct phase sequence. |

-, . .

X 2.11-ZERO CROSSING CIRCUIT FOR CS CONVERTER.

There are nuﬁérous épproaches"of designihgr géte pulses at
.the required Qélay angle. The F{g.12.9ishows the zerd crosging circuft
.for‘CS rectifier operatidn. The synchronizing line voltage VRY 55 qﬂantizéd
“to logic voliagejlevel. A rectangular pulse fis produced at the-oﬁtpuf
of thecoqparator The output of  the comparétor is ‘given to tHé-tranéistor
base. The quantizer obtaiqed from the tranﬁigtpf collectﬁr'is direcgly‘
given to the gate of the timer TM, (5 AH) loaded‘with < count. The output
of the down counter gives an out pulse (interrupt) after. the counting
is completed. This is the instant for firing the SCR pair 5 and 6. Since
'the input of the rectifier is operated with-fixed_frequenéy, only one
synchrﬁnizing signal is §ufficient fo' produce the instants to fire a
certain pair (5 &46) of SCRs. The other pairs of SCRs will be_find at

every 60 degree subsequently by another timer. TMZ' (59 H) working in

mode '0' (interrupts on _termianl count).  The fi?ing pulses are kept
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120° wide through software. -With bits 0 to 5 of part B (8255-1) for
firing SCRs 1 to 6 of the CS converter (rectifier) and bit 7 (Part'B)
for firing the d.c. 1link SCR (TL), the sequential firing command, FS=1

to 6 are as follows :

Fs 1 - 2 3 4 5 6
Firing

Command BO Al 83 86 8C 98
in (Hex)

A bit is 'high' for issuing the firing signal.
2.12 DESIGN OF FIRING CI?CUIT

The pulses issued from the microcomputer 1/0 pért may not
be strong enough to turn on an SCR. Besides the gate and cathode
terminals of the SCR are at higher poteﬁtials of power circuit, and the
céntrol circuit should not be directly connected to the power circuit.
A pulse transformer is- uged to provide physical isolation between the
control ciréuit' and the power circuit. The firing pulse from the I/0
part and an all time high signal (i.e. +5VDC) are 'ANDED' (to avoid pp
loading), amplified and fed to the pulse transformer. For the inverter
up ' firing command 1is ANDED with high frequency. This modulated/€:ﬁiies

the gate dess{pation in the SCR. A diode is connected across the pulse

transformer primary,to avoid the saturation of pulse transformer.

Gate protection is required for over voltage and over current.
Because of the low power level of the contral circuitry, this protection
.can be provided by simple means. The gate'can be protected against over
voltage by cohnecting a diode across gate  and cathode and against

overcurrent by connecting a resistance in series with the pulse transformer -



30

input. A common problem encountered in the SCR circuitry 1is spurious
firing of the device. Trigger pulses may be ,induﬁed at the gates due
to turn on or turn off of a neighboum‘hg SCR or transients in the power
c'ﬁ'rcuit. These undesirable trigger pulses may turn on the device, thus
causing improper operation of the circuit. Gates are protected again.st
such spum’pus firing by using shielded éables or twisted gate lead
connections. A capacitor fis cohnected across the gate to cathode to

bypass the noise pulses. The pulse amplifier circuit is shown in'Fig.

2.10.

'2.13 DIGITAL SPEED MEASUREMENT SYSTEM

In industrial procéss control it s frequently necessary to
adjust a motor's speed over a wide range with goqd speed resolutioen and
reproducibili.ty. Conventional analog control methods suffer on several
accounts, including nonlinearity in the analog speed transducer and diffj
culty in accurately transmitting ‘the analog signal after it has been
obtained from the transducer. Errors also occured due to femperatﬁre,

component aging and extraneous disturbances.

A digital speed measurement and control .is'supem’or in that
_there is no nonlinearity in fhe speed transducer, the digi.tal signal
representing speed can be transmitted long distances with no degradation
of the original accuracy, and the digitally developed control signal

js not subjected to temperature variations, component changes, or noise.

In the present thesis the actual speed is measured through
an a.c. tachogenerator wh'ich is coupled to the motor. The a.c. voltage

" available through the tachogenrator is converted 1in to d.c. voltage
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using a bridge rectifier and filter. The filtered d.c. voltage is reduced
to a range of 5 volts (for max speed) using resistor and variable
potential divider. The ADC interfacing directly displays the speed
in HEX in the address field of the up trainer via IN1 channel by

implementation of software.

This digital speed measurement system is fabricated and tested
individually. The scale is adjusted such that one bit represents 8 rpm..

It shows satisfaétory accuracy of the speed measurement by up programme.

2.14 MICROCOMPUTER BASED CONTROL SCHEME

The VMC-85/9 microprocessor trainer ijs used for the system
devélopment. .The varjous I/0 parts and timer or counters, and their

configuration are shown in Fig. 2.11

The scheme used for genefating the firing pulses 1is shown

in block diagram of Fig. 2.11. It consists of following parts :

(a) ' Four signal transformers, -each single phase 400 V/6 V

(b) Two zero crossing circuits, one for rectifier (CS) and other

for inverter (CM)

(c) Timer card

(d) Pulse amplifier circuits

A(e) ADC interfacing circuit

(f) Digital speed measurement system

2.15 CONCLUSION

In this chapter the complete philosophy of microprocessor

based speed control of self controlled synchronous motor drives is
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discussed. The . power circuit, i.e. two three-phase fully controlled
converters, the microprocessor ‘based firing - scheme, digiial speed
" measurement, zero crossing circuits and ADC  interfacing have been

fabricated and tested.
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CHAPTER - 3
[ . ’ :
SYSTEM SOFTWARE IMPLEMENTATION
AND FLOW CHARTS

3.1 GENERAL

In thiSjchaptér mainly the overview of the,micféproceésor,
jts peripheral I[.C. chips;.developmeht of system software and necessary
flbwcharts. are described. The complete logic 6f speed control scheme
of the self cdntrélled synchrbnous motor drivé js discussed in the
main. programmé; The' various ' subroutines used: fﬁ conjuétiﬁn with the

main programne are also discussed.
Overview of Microprocessor

The digitél control scheme for the-syhéhronous‘motor drive’
has been. developed -using Vinytics Micropfoceésor' Development éysfem
VMDS<85/9,\Thi§ systéﬁ is bgsed on INTEL'S most popular mjcrbﬁrocessor,
the 8085, It is'availablé in a 19" card cage having the'facility of
interfacihg a number of STD. ‘Bus based cards. The three basic cards

: .onwﬂichthe VMDS-85/9 system is based are:

(1) - CPU card.
(1) RAM Card
(111) ° ~ EPROM Card

The system can be easily expandéd to accomodate some special’

'pufpose'STD Bus based cards,Ae.g. Input-output and Timer card.

7
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3.2 GENERAL PURPOSE PROGRAMMABLE PERIPHERAL DEVICES

To facilitate .parallel data -transfer between up and '1/0
dev1ces, certain programmable, general purpose devices- (support chipe)
are used, Tbese dev1ces can act as an output port 1atch1ng the data‘
sent by the\up for the output~device They can act as an 1nput port
which is a .tri-stated buffer to read data. from the 1nputt1ng devwce' '
These devices can generate an interrupt signal and receive/transmit
certain .contrni‘ signals. for ,data communicating' between ub band I)O

devices.

The 8255, ‘a programmable peripheral interface (PPI)is ene-
supportinu device by INTEL. It can be programmed tb transfer data under‘
various conuitions, from simple - I/0 to interrupt I/0. It has 24 1/0
pins'*thet can . be gbouped primarily in two 8 bit paballel ports: .A
'and B, wwth the rema1n1ng e1ght bits as-port C. The eight bits of por# i

C can be used as 1nd1V1dua1 b1ts .or be grouped in two 4 bit ports

C (Cu) and C

upper lower (CL). There are 3 major rnodee of 0perat1on

.In the first mode (Mode 0), each groupAof 12 I/0 p1ns may be programmed -
in sefé of 8 pins (bort A or B) and 4 pins (haif port)-to be input
~or oufput Ih Mode;l the second mode, each group may be programmed
to have ‘8 lines of input or output with the rema1n7ng 4 anS, 3 are _
used for -hand shaking and 1nterrupt control signals. The third mode

of operation (Mode 2 ) isa b1d1rect1ona1 bus mode.

The contrel‘word format of 8255 is as shown in Fig. 3.1.

 Another often used support chwp js the 8253 programmable )

“Interval Timer. It is a programmable counter/t1mer ch1p hav1ng 3 jndepen-

A



Dy |Dg | D5 | B4 D3|P2 |P1|P0
A imanpermend
o i Port port Cp S
| ‘L1 = imput , @— cutpuw
i " port B
' 1 = inmput , 0= outpu
o
: I/0 Mode wf—%ﬁs " Mode Selection(Group .
: BSR Mode 0= Mode O - O)= Mode 0, 1 = Mod e
0l= Mode 1 3
1X= Mode 2 !
l-gort Cy o
- Ll = input, 0 = output
[
Tport A A
1 = input, O = output
;. 3.1 ~CONTROL WORD FORMAT FOR 8255 b
SC R/L . M c
__ [ D. D, Read/Load
7Dg Select Z 0“ Ceen Dy D, D Mode |
Coun er 4 ate ' . ‘
0 0 '~ counter 0 0 0 Mode O —
1 1 | 0 1 LSB only 0 0 1 Model
| - 1 X 1 0 Mode 2
o. 2 0O MSB only X 1 1 Mode 3 ,
1 Tlegal "1 1 LSBFrst |1 0 O Mode 4
MSB Next 1 0 1 Mode 9§
Fige 3.2 : CONTROL WORD FORMAT OF 8253



f deﬁt 16 bit counters, each with a Céunt rate-of upto 2 MHz.-THe counter
tan Cpunt»éither in binary 6? BCD. Each'cduﬁter has” two input signals
- CLOCK and GATE, and one butpgt.signal OQUT. At the CLOCK dnput pin is
- connected ‘a clocking signal of.xsuitable ‘fkequency. Depending upon
the | mode of operation ot‘ the timer/counter, 1logic high voltage -or -
low to high voltage transitioﬁ at gaté iﬁitiatesior enables countihg
process. Each counter can be programmed in any one of 6 possibleAM6des
of operatton. These modes are : Mode O - Interrupt on terminal count,
Modé 1 - programmablerne shot, Mode 2 - ﬁate generatof or divide by N
counter, Mode 3 - Square wave generator, Mode 4 - Softhare triggéred

v

“strobe, Mode 5 - Hardware triggered strobe.
The control word - format of 8253 fs uasxshown in Fig. 3.2.

The 8259 ts a programmable jﬁtekrupt contoller (PIC) designed
to work with 8085/8086. The18259‘can manage eight interrupts according
to instructions written in the control word registér. "It can also
mask/unmask i each interrupt request individually. ‘. Jo implement-A
-1nterrupts, the Interrupt Enable flip-flop in ‘the m1croprocessor should
be' enabled by . writing the EI- instruction, and the 8259 should be

I1n1t1a11sed by writing control words in the control reg1ster The 8259
--requ1res‘ two types of-. control words Initialization command wénds
(ICWS)‘and'oberationalucommand words (OCWS). The ICKS are used to setup
the proper conditions andfspecity.RST vector addressesi The OCWS are

used to perform functions such as masking interrupts;

3.3 MAIN PROGRAMME
The flow chart of the main programme fs shown in Fig. 3.3
‘Usually the program fis started with the initialization of i/OA ports, -

k&“ iy,
IR (W@ Fi’}‘/"ffr*}r.
(o



( MAIN START )

NITIALISE 1.

3.
50

STACK POINTER, 2. I/0s of g8255-1, 8255-I1 and
8255.TI1 (extra I/O Timer Card)

411 firing bits low, 4. 8253 Timer gates low,
timers (13H) and 5BH( for extra timer card)
i.e. Ty in Mode 3 and TM, in Mode O,

™, - Mode 3 (timer cerd), ™, in Mode O. -

6. Variables : f, m pointer, af, FS index,
FM index, CMG, Cycle, Cycle limit, acycle
limit, Mode index. :

7. Interrupts (PIC)

-~ unmask IRO, IRl’ IR2 - Store the mask ward

ENABLE INTERRUPT : \
L
| HALT - 1

y

YES

/S\
CYCLE < CYCLE LIMIT =

SET GYCLE = 00 3 MODE INDEX = 1,
SPEED LIMIT = CRAWLING SPEED

LX

~ READ REFEZRENCE SPEED VIA ADG,
- RESET EQUAL INDEX = 00 ( l.e. £ # £, o)




& ConNT-

LY

CALL FREQ. ADJUSTMENT AND ACTUAL SPEED MEASUREMENT
ROUTINE, DISPLAY f AND ACTUAL SPEED

| I8
YBS - —KCTUAL SPEED < SPEED
LIMIT

>

MODE  INDEX

MODE INDEX = 2

3 . SET MODE INDEX=3

iD LIMIT = SELF

TUTATION SPEED

Fige 3(3) : Flow Chart of Main Programme
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which can be programmed as input parts or butput parts according to.
- the requirements.

In the VMC 85/9 Vinytic K1t 3 timers and 6 I1/0 ports are
ava11ab1e to the user at space J;, Vé and Js respectwvely In the present
. work 4 twmers are used, they are TMl, TM2 of up trainer kit and TM1
and TM2 of extra I/0 timer card interconnected via the STD Bys of the‘;
kit. The TM1 and TM2 of extra_I/O timer card are used in control schemew
of rectifier ‘and TMl and TM2~of up kit for dnverter opération. .The

8255s are initialised as follows: S

8255-1 (CWR=03H) -
- i.e PORTAPORT B ¢

TR )
IN . OUT.  IN  OUT. 1001 1000=98H
 8255-2 (CHR=0BH)
PORTA  PORTB Gy  C
IN - ouT x _° OUT = 1001,0000 = 90H

' 8255-3 (CWR=87H in extra-I/0 timer card)

PORT A PORT B C C

TR
x x  x _ OUT = 1000 0000 =-80H

A

- The Fig. 2.11 given ear1ier show thékcohfiguratiqn of'syste@'
‘hardware In 8255-1, port A is for inputting the ADC data,zport B is
used- for firing the CS converter (rectwfwer) thyr1stors and port c
1s-for generating handshakmng signals. In 8255~ II,port A is for 1nputt1ng
quantizers, port .B for firing CM converter (mnverter) thyristers andA.
port. C for  timer gateJ.‘The ‘ther 8255-111 is used -for }givihg .ggfe

signal'for>£imer as shown in the diagram.
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The timers are initialised as follows:

TMl(llH) (up. trainér) in Mode 3, because ‘this timer acts

as a frequency divider. This can be moded as

™ R/L Mode 3 Code

01 11 011 0 =76H

™, (12H) (up trainer) is in Mode 0 to generate an interrupt

on terminal count. This can be moded as
TM2 P/L Mode 0O Code

10 11 000 0 = BAH

This timer ijs used to 1cad 60° to trigger CM group SCRs,

TM1 (extra timer card) (59H) can be initialised in Mode -

O.as follows :

™ R/L Mode 0 Code

1
01" 11 000 0 = 70H
This timer will create an IRO interrupt, which is the first
interrupt in the system due to L-L-zero crossing of a.c. supply. This
timer s loaded with the <« count of .+ ¢ the CS converter

(rectifier).

TMZ‘ (extra card) (5AH) is initialised in Mode 1 (programmable
one-shot) : )

TM2

10 11 001, 0 = 82H.

R/L Mode Code
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This - timer will creat IRl interrupt and timer is 1loaded

by 60° to trigger CS converter group thyristo?$.

After initialization of all the necessary chips, all firing
bits are first made low. Some of the values for which the processing
is done during the program execution are also to be initialisedVWith
suitable values namely init{ai frequency (fstart)s m~poiﬁter, small
incremental frequency (Af ), firing sequence. index of both converter
and inyertef, (FS and FM inde%), Inverter group change index (CMG),
first time. start, cyéle 1imit, a4 cycle limit,‘ mode jndex, value of
the firing angle 60° etc. Meaning of these terms s explained iater
in detajled flow charts. The PIC .is next initialised for the vector
-address of - the jnterrupts IRO,_IR1 and IRZ' All dnterrupts are e&ge

triggered.

s

After initialization process is over, interrupts are enabled
and the processor comes ta HALT state. Here it waits for first:
interrupt, IR0 to occur. After the HALT (after returning from IRd)
it cbmpares the real time measured jn number of power frequency peridds
termed here as 'cycle' with a certain maximum value called"qycle Timit'.
If 'cycle' is less. than the . 'cycle 1limit' program goes back to HALT_
state and waits. If it is. greater, it will'set realltime 'cycle' =
0 0 and mode jndex = 1 (i.e. asynchronous starting). The upper limft
of thé speed a 'speed limit' in asynchronous mode s called crawling
speed and 1is initiqlised to about 2Hz syndhronous speed value. The
reference .speed 1is then read 'via ADC. Thé programme now calls the
frequency adjustment and actual speed measurement sub-routine which

includes displaying the actual inverter frequency under starting
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(transients) conditions or referenée frequency under steady. state
and the actual motor speed. Both actual ( or reference) freqUency and
the actual speed are displayed in the data field and address. field
respectﬁvely. If the actual speed is less than thé speed limit then
programme will directly compare the actual frequency. if both are
not equal then again it Jumps to frequency adjustment and .speed
measurement subroutine. If tHe acfual speed is more than the speed
1imit, then it will check the mode index. If mode index earlier was
one, it set mode index as 2 with new speed 1limit set equal to self
commutatjon'speed; In mode 2, the motor is running Synchronously but
its speed is less than the required speed for self commutatibn of

inverter SCRs.

If the mode is already two thén it set mode index as three
(LCI mode). Again actual frequency is compared wfth the refereﬁce
frequency.  Thus, whate?er be the set value of freguency through the
reference pot, the program keeps on increasing drive fréquency till
both are equal. If:once bofh are equal then the new reference freguency,
is re-read and the proéram adjusts the actual frequency to the new

reference value.

3.4 ADC SUBROUTINE

Actual spéed and reference frequency are measured and stored
in memory through this - subroutine. The reference frequency is . set
to a value from the -~ pot - and fed to ADC via the input channel

Ino The actual speed signal'is:fed via channel I, of the ADC. The

ADC converts analog voltage into a digital count. The reference
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frequency measurement is done once in every 'looping of the main
' programme. The ADC clock-in is given from a 555 timer of 100 KHz
frequency. ADC start§ converting the analog input signal into digital
value at the. instant, when the start of conversion (SOC) bit of ADC ’
goes From LOW to HIGH to LOW. ADC sends a signal to I/0 port through
END OF CONVERSION (EOC) ' bit going high, indicating that thé conversion
process is over. The digital value s read and stored. The channel
selection 1is always done in. the calling programme; The flow diagram

is shown in Fig. 3.4

NAME OF SUBROUTINE ADC SR
INPUTS | Input to ADC through INO/IN1 channel
QUTPUTS . Reference frequency or actual speed

in Hex in reg A.

CALLS - " None
Déstroys : All
Description - This subroutine measures the refe-

rence frequéncy via IN0 channel and
actual speed via IN; channel. The
channel selection is done in the"

calling program.

NOTE © (1) ADC clock-in of 100 KHz is given
' from 555 timer.

(2) Scale factor are:

1 Hz : 04H for referencéAfrequency;

8 RPM=01H for actual speed.



(» ENTER ADC : :)
\ SR

N

SEND START/ALE PULSE
_VIA PORT C (J, Space)

IMPORT EOC BIT
"VIA PORT C (J2 Space)

NO " goc BIT HIGH

IMPORT ADC SR (DIGITAL)
VIA PORT A (JZ'SPACE)

\%

_(f RETURN i)

Fige 3.4 : FLOW CHART FOR ADC__SR.
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3.5 FREQUENCY ADJUSTMENT AND ACTUAL SPEED MEASUREMENT SUBROUTINE

This subroutine ﬁainly adjusts thé actual ijnverter frequency‘
to the reference frequency. It also measures the actual speed and display
the actuai speed, and actual frequency under non-LCI modes (or ref.
freq. under LCI mode) in the address field and data field respectively.
The flow chart is shown in the Fig. 3 [5].

The reference frequency 1is earlier 'measured before calling
this subroutine; it is compared with actual .fre‘quency. If the actual
frequency is less than reference frequency then the actual frequency
- is  incremented by a -small value & f and then agaih compared with
reference frequency to check whether actual frequency has' become greater
than reference frequency. If it is less, it is'/sﬁonre:ctual frequency
‘_address. If it is grea;cer than reference ‘fr‘equency, then it is limitéd
to the reference frequency value and stéred at the actual frequency

address. Now the program jumps to read actual speed (by calling the

ADC S.R.) and displays the actual speed.

. If the actual frequency when compared to.reference frequency

is found more, then the actual fréquency is decrement”ed by a small .
incremental value aAf. ~Now this new actual frequency 1is once aga'in
' comﬁared with the reference frequency to check whether the actual
frequency has gone less than reference frequency. If the actual frequency
has become 1less than reference frequency, then the actual frequency
is limited to reference frequency and stored. This logic is to preyent

the oscillations in a actual ‘frequé-ncy about the reference frequency.

After correcting the actual frequency towards the reference

value, the firing angle & CS of the rectifier fis determined via a
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Look-up table to maintain V/f ratio constant under starting conditjons.
Furtner the division factor NDF is also determined via Look up table;

NDF acts as loading to the varjable frequency timer where frequency

is always mqintained proportional to the actual frequency of motor.

After the above frequency adjustment is over, progfam reads
the aétual‘speed and displayé both. If drive is in mode 3 (LCI mode)
then it will determine the Npp factor from actual motor speed via thé
Look up table and load it to the timer for variable frequency generator.
Program now comes to HALT state. Here it compares real time 'cycle'

with cycle limit. If cycle 1is 1less than cycle 1imit, again it will

go to HALT state or else it sets cycle = 0 Oand returns.

3.6 IR0 ( & CS) INTERRUPT ROUTINE

This is the first interrupt occuring in the control scheme.
~ The flow chart is shown in Fﬁg. 3.6. This.interrUpt subroutine starts
with saving the registers. The interrﬁpt is used to. serve the. first
firing command to the CS cdnverter after Xangle from the zero-crossing

of RY 1line voltage of ac power source. It withdraws‘first all the firing
pﬁlseé and sets the GATE and 'OUT' of timer TMl_(59 H in mode 0) low.
The 60° count for rectifier (CS)V operation js corrected. The firing
.commands éfe already stored in sequential hemory locations and picked
up properly with the hélp of firing index FS. Firing index point§
to the address of the f%ring command -to be next executed. Once the
proper firing command is picked up, the microprocessor outputs the

- firing command through six bits of port B (8255-1).

In this SR, FS is set = 1 (to tne SCR pair 4 & 5 of CS),

the program checks up the mode index. If mede index is one, it will



( ENTER )

| savE RecIsTms|

- WITHDRAW CS CONVERTBR FIRING FULSES

~ KEEFING DC LINK SCR T UNAFFECTED
(TL is off in Mode 3 only)

= SET TMg,0 (CS) TIMER OUT AND GATE LOW

- CHEGK 60° PERIOD Fdi‘ CS  OPERATION

\

FS = FS+1

. LESS - 3\ MORE

PR FS%j///// ST

. ‘-\ N O - 3
60° €5 = 60° CS - CORRE} YES , 60°¢s=60°CS + GRRECT-
CTION EQUAL '1
7 & - :
\/‘
I FB=1 |
MD-1  No 'Is\w 2/3
T <ronep 2 D 2/

| INVERTER ™
SER\GRUP 10 BB

1e€
CMG=1

NO

|~ FIRE FS=1 PAIR OF CS SCRS
- LOAD TIMER 60° ¢S WITH

FIRE APPROPRIATE o 60° AND TRIGGER IT
. - CYCLE = - CYCLE+1

CM GROUP INVERTER SCR

~TM a/60° CM TRIGGER
=RESET CMG. Index=00

SPECIFIC EOI

v

RECOVER REGISTERS
- BI - a




FROM %

(FNTER FROM X :)

MD 2 NO

P _~TODE INDEX=3 > > RUN
‘ ~ FGET FS=1 FIRING
CCMMAND
. - ANI WITH 7F TO KEEP
./_ Yy ' ’ . ’ TL OFF .
- ! - . . Y "
. ‘and FIRE €S GROUP
.READ QUANTIZER |- SCRS
FOR CM Lo Ty ON
.FIRE CM PAIR . s
SCR N Y
.SET CMG = 00

[~ LOAD TINER (60° CS) WIT
60° AND TRIGGER IT
- CYCLE = CYCLE + 1

SAVE
SPECTFIC EOI
RECOVER REGISTERS
EI '

Fige 3.6 : FLOW CHART OF IRO SR
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set the inverter group change index = 1 and fire the appropriate CM -
group SCRs. The timer TM, (12H) s 1loaded with 60° (CM) value. and
'triggeredt. The program jump to issue a firing command to CS converter

(rectifier) and loads the timer TM, ( 59H ) with 60° and triggers

1
it. Afterwards ‘cycle' (j.e. the real time index)is jncremented and
stored. The end of the = interrupt command is issued and the program

returns after recovering the registers.

If Mode index s either 2 or 3 then it checks the mode index
whether it is three or not. If it is three, then it issues the firing
command (FS = 1) to CS group thyristors. In mode 2, it asks if tﬁe
CMG index is one (i.e., if new pair of CM group thyristgrs are to be
fired) . If CMG index = 1, the three quantizers from synchronous machine
terﬁinal voltages are read and appropriate CM Group SCRs “are fired.
The. CMG index is now set as CMG = 0 0. Then program Jjumps to issue
the firing command for CS group. If the CMG index earlier was zero,
CM group thyristfr pair firing is not. changed. Now 60° is loaded to
the timer TM2 (5AH) program vreturns after ,incrementing the ‘cycle',

recovering the registers and issuing the end of interrupt command. '

NAME. OF SR ‘ IR, ISS

_INPUTS ‘ 'power‘ffequency zero crossing'signals from
. R to Y line voltage is inputted through
gate of TM, (5 AH) and quantizer signals
are also inputted to port A of 8255-2 ,

for reading the quantizer value.

OUTPUTS _ The 60° CS timer is loaded and triggered

to generate the interrupt signal IR1 at
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evefy 60° for CS pperation.l,FS=I firing
commandlfor CS converter is issued. If
required, M inverter new;SCR pair is
also triggered and action ‘is- téken to

set next 60° (CM) instants.

CALLS © . ~ None
. Destroys : , . PSW, B, C, H, L
Description o This subroutine jssués the firing command

to.SCR pair 4 and 5 of CS converter after{
" &° from the zero crossiné of R-Y {yqltaée
of 50 Hz-power'suﬁply. It-loads the timer
© My (59H) with 60° for next Firing instants.
If required, it also _fifes appropriate SCR.
' -pair of CM inVefter and ioads TM2 (‘timer )
| ( C(/GO;" CM timer) t6 ident{fy next ins- .

iants for firing CM group SCR§.
3.7 IRy (60° CS) INTERRUPT SUBROUTINE

.Thg flow chart of thig interrupt. subroutine " is .shown 1in
Fig.-3.7. This interrupt SR is used to fire a new bair thyﬁﬁstbfs of
-CS’ convéfter 1at every 60° after the IR, interrupts. The program is
entered - by 'saving the registefs. It first withdraws all the firing
pulses to fhyristérs of CS. converter (recti%ier); Here the firing
~‘commands are. always stored in sequential memory. lécations. After
- incrementing the .old,'firihg index FS, check is first made if it is

,_an’ invalid command (FS > 7). .In case of wvalid FS commands (FS < 7)
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the mode is next determined. If mode i; 1, the CMG index is checked.'
If CMG is one then the appropriate CM group SCRs are fired, and the
timer T, (12H) is loaded with 60° (CM) and triggered. The CMG Is
reset as CMG = 0 0. If CMG is not one then it will issue the command
. to fire CS group SCRs only. The timer ™, (59H) 1is reloaded with 60°

and triggered to generate next IR1 interrupts.

If mode index is 2 or 3 , then the program jumps ahead to

determine the mode index.lIf mode is two, it checks if CMG = 1.

If CMG 1 it reads the quantizers and fire the appropriate CM. group

thyristors. The CMG is reset as - CMG

0 0 and the firing command fis

issued to fire the CS'convérter_group as per FS index. The timer TMll
(59 H) with 60° and triggered. If the mode index is already three,
then it will issue the firing-command'to-fire only CS grtoup thyristors.
as per FS findex. After issuing the EOI ‘instruction and recovering the -
registers the program returns.

NAME OF SR ' IR, (60° CS) ISS

INPUTS ' _ 3 phase zero crossing quantizers are in-

putted via port A (8255-2).

QUTPUTS Firing command to Valid"pair of CS conver-
- ter (rectifier) is issued. If required,
the nexf SCR hair of CM inverter are also
fired. The 60° CS timer is reloaded to

given the ne‘xt.IRl interrupt.

CALLS None
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DESTROYS PSW, H, L, B, C

Description This interrupt regenerate IR' interrupt
-signal and issues a firing command to
fire CS group rectifiasr . If required,’CM
group‘thyristér pair is also firéd.
2 INTERRUPT SUBROUTINE
_\This interrupt is used to issue the firing command for- CM
converter (Inverter). The flow djagram ofythe SR is shown in Fig. 3.8.°
The interrupf is generated at every 60° of actual operating frequehCy
via the TM, (12 H) out in modes 1 and 2, and at commutation margin
angle. % in mode 3. (LCI mode). The program is entered through saving’
the régisters. It withdraws the firing pulses of the finverter i.e.
all firing bjts of CM are set low. It next loads the fimm~TM2 (12H)
by its mode and sets CMG=1 (j.e. group change for CM isvrequired)u
The program jumps to check the mode fndex. If mode is one (motor speed
below crawling value), it will determine the next (new) command for
CM invertef and the 'program then returns. If mode is 2, (speed not
sufficient for LCI operation), then it unmasks the IR3 interrﬁpt and
jumps to determine next command for CM. 'If mode index is three, it
will read the quantizers of the synchronous machine, and fire the CM
group SCRs.' Note the CM group SCRs are fired in the subroutine oniy

if mode = 3 (LCI mode); otherwise the firing of CM group SCR§ is done
iﬂ the IR, and IR, ISS (i.e. when the new pair of CS group SCRs are
to be fired, the d.c. 1ink current being in discontinuous mode). The

program returns after recovering registers and issue the EOI.
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[ WITHDRAW FIRING PULSES OF THE INVERTER
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YES MD-3

REFIRED)
S : 78
1D-- 1 NO -~ YES MD2/3
| Hp- 4 MODE > 2 /
] |
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iW COMMAND FOR
 INVERTER

l-UNMASK IRBAqu

M ODE—I[

[-SPECIFIC EOI
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TERS

1-BE1

FORE FM
ECIFIC EOI

3COVER REGISTEIS
: ‘

-READ QUANTIZER: OF
SYN. MOTOR FOR
CM

-FIRE CM SCRs

-RESET CMG=00

~-SPECIFIC EOI

~-RECOVER REGISTERS|

-EI

RET

Fig. 3.8.¢ FLOW CHART OF IR, INTERRUPT SUBROUTINE



- NAME OF SR

Inputs

© Outputs

1R

Y/

2 ;SS

3 phase zero crossing quantizers are in- f,
putted through port A (8255-2).
Issues the_firing.command to thé‘CM con- -

Vertgr (Inverter) in LCI'mode;,unmask’IRg

‘ 1interkupt; séts up the CMG index as 1 (CM

SCR pair to be fired in IR /IR;) in other

" modes of drives;

" CALLS
Destroys .

NOTE: The CM-group SCRs are
- (LCI), otherwise the

IR, or IR, Iss'depgndi

‘this particular IR,

3.9 IR, (3 PHASE - SYNCHRONOUS

None

PSW, B, C, H, L
fﬁred in this subroutine only if mode: =3
firing of CM group SCRs is done <n the

g upon whether IR  or .IR1 comesfﬁext to

'interPUpt.

MACHINE ZERO CROSSING) ISS (BASE INTERRUPTS)

 This -subroutine is. needed to generate subéequent jnterrupts

IR2 to fire, in LCI mode,
flow chart -“is shown ih fhe

saving of registers. Base i

a pajr_ of tﬁyrisfor; of CM inverter. The
Fig. 3.9. The subroutine is entered with

nterrupt signal obtained from the frequency

doubler circuit has a frequency of 6 times that”bf the motor actual

frequency. This interrupt
©0°, 60°, 120°, 180°, 240° an

period, -

signal appears at each of phase angles,

d 300° of tne synchronous motor a.c. voltage =
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¥

SAVE REGISTERS

7

- LOAD TM (CM) o/60° WITH o COUNT AND
TRIGGER IT o

A

- ISSUE SPECIFIC EOL
-l- RECOVER REG ISTERS
- EI

+

7

©Fig. 3.9 t FLOW DIAGRAM OF R, INTERRUPT SUB ROUTINE




The timer TM2 (12H) 1is loaded with a count to identify the'
-margin anglev N instants for firing CM. It starts down couﬁting,
~when it is triggered. When the down counting is over, it releases
the timer interrupt IR2. " The registers are recovered with the previous
data and end of interrupt command is issued. The interrupt js enabled,

before it returns to the main program.

NAME OF SR : IR3 ISS

Inputs ' None

Qutputs . None

CALLS | None

Destroys PSW, H, L

Descripfioq | : ~This interrupt is generated at every 60°

period of motor a.c. cycle when drive is in
mode 2 (starting) or mode 3 (LCI mode). It
loads CM & /60 timer with appropriate
count to generate subsequently an IR2
interrupt to identify CM group firing

v

instants in LCI mode,.

3.10 'LOOK' SUBROUTINE

With the software implementation, a new value of d.c. link
voltage (Vdc) correponding firng angle o (< CS) is determined for

a command , from look subroutine.

The initfalization of old value of Vd’ its corresponding

firing angle and m pointer from look up table, is done at the starting



( ENTER )

H,L «—M (mPointer)
1P 1

VORE w’m/ LESS -
| B . ' ' P 2

LESS .

A

| | i
STORE- H,L AT m ADDRESS

GENERATE Npo ADDRESS AND STORE
Npp ADDRESS. _
" GENERATE ac( cs) ADDRESS, STORE

®ag at @ g ADDRESS

"RET

2.10 : FLOY_DIAGRAM OF LOOK UP’ SUB ROUTINE

Fi Be
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of the main prdgramme. The value of m .pointer corresponding to the
ﬁew frequency gets adjusted vfrOM'the old m pointer, through the look
subroutine. At the end of this subroutine, the m pointer of new
frequency is stored at a certainAaddreSS location and tﬁe two byte
firing angle ' < ' corresponding to frequency command is also stored
cat o iow address location, and at &, high add. location. The flow

chart is given in Fig. 3.10.
Look Up Table .

While microprocessors potentially offer more flexibility
and economy than ‘the analog circuits, their relétively limited real
time capabilities restrict their functions, to table lookups and simple
arithhetic ‘operations. Tﬁe ‘determination of the necessary control
‘requires . only table lookup operétions and computations are kept to
a minimum. The control algorithm using the table lookup, becomes simple,
méets the real time requirement, and fits implementation is well with -

in the capability of the present day microprocessors,

3.11 DﬁTERMINATION OF LOOK UP VALUES

. -For a 3 phase fully controlled converter (CS)

Vie = Voo cos[X° (CS)]

v, /V = cos [K° CS]

dc/ max

(Vdc/vmax) is varies from 0 to 1 in normalised from and 01 Hex to

FF Hex in digitised value.
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The reference frequency scale is

1 Hz = 04 Hex

(5 V d.c. ref = 64 Hz)

The « °(CS), for any vdc’ is worked out and corresponding
time in millj second is calculated for 50 Hz. nominal power frequency.
| The  count for o ° fis determined on the basis of 1.5 MHz 'CLK IN'

to the timers measuring «¢ © or 60°. Hence, at 50 Hz

x °(at 50 Hz) = X x 20 .. ' ‘
360 1000
= X x20 \ 1.5 x 10° counts

360 1000
= 3_2_0 % counts

In case of Inverter, the angles are to be determined at
vam‘alble frequency, since the synchronous motor runs at different speeds.
If the angle -.is counted by a timer with constant CLK-IN frequency,
the count, corkesponding to angle, will have to be continuously changed
as drive frequency changes. This is most inconvenient. To solve this
problem, a variable frequency timer [TM1 (11H)] 4s used to genet*ate
a frequency at its 'OUT' terminal which is directly proportional to
the machine actualv speed (or- frequency). This arrangement is shown

in Fig. 3.11.

_ The TM1 works in mode 3 (divide by N, N = division factor
N_DF), while TM:2 §s in mode 0. The variable ﬂ‘equency out from TM1
is |

L )
fout—l.SXIO / N Hz

\NA63 U

SR CIPR TP vt o A S AN S
S YT i‘i&-’%‘:‘ﬂ'ﬁ\f‘z’%ﬂ o
ol ey e

B/ ROORKEE

b

B
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The constant proportionality between fout and actual operating

frequency 'F1o§s kept high for accurate angle measurement. It is equal

" to 1500.
Thus for an angle x °, the count loading of TM, timer will
be
¢« . %« 1  1.5x10°
Xc = = .. = . ———=—= counts
360 f
"= X x 1500 counts
360
= _2_5_0< count
6
6
with 1.5 x 10° = 15000
£ N

Here, N (i.e. division factor Nye ) = 1000/F

where, . -
. f is in Hz or
NDF = 4000/f counts here f is in Bits.
U,P Kok CLK g——o- 1 sSNHg
N Cl\ H’) , qm é'_—" rrIgH - ‘
Jap ik T ,_ ' , . 2
TM (g k)
e e e N

‘Fx‘a 8'1')‘[
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3.12 CONCLUSION

In this chapter thé‘complete,softwaré'flow routine and the
various subroutines used in the main routine fimplementation, have been
discussed in detafl.  The various subroutines discussed are ADC
subroutine, frequency adjustment and ' speed measurement subkouiiné,

IRO §ubroutine, IR1 subraoutine, IR2 subroutine, and IR3 subroutine.

The various subroutine software programs have been tested

individually in a YMC 85/9 up trainer.
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CHAPTER - 4

SYSTEM PERFORMANCE AND EXPERIMENTAL RESULTS

4.1 GENERAL

This chapter describes the varjous steady state jnvestigations
carried out on the microproceséor based LCI-synchronoUs motor drive under
variable frequency operation. Experiments . are performed on the drjve
and the results of these tests are presented; Photographs of the various

contro] signals and operating variables are also given in this chapter.

4.2 EXPERIMENTAL INVESTIGATIONS FOR STEADY STATE, PERFORMANCE OF LCI-
' SYNCHRONOUS MOTOR DRIVE . ‘

The experimental 1investigations to obtain the steady state

performance of LCI-SM system have been carried out in two parts:

(1) No load tests
(i1) Load tests
As it has been . explained earljer, the speed of the

commutatorless motor is given by

Ngy = KVge/(cos & )1, (4.1)

From the above equations it 1is clear that the motor speed-

is a function of three independent variables. They are :
(1) ' The d.c. link voltage, V.
(1) The firing angle of the inverter,

(ii1) The field current of the synchronous motor, If
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In the experimental work carried out, one of the three control
parameters is varjed keeping the other two parameters constant, and the
effect of this single parameter on -motpr speed, power factor, torque

etc. is observed.

The ‘specifications. of the motors, 9.e., synchronous motor
and loading machine on which the experiments are carried out are given
in Appendix m"Aﬂ. The detailed layout of the experimental setup including

the instrumentation is shown in Fig. 4.1.

4.3 AUTOMATIC STARTING OF THE LCI-SYNCHRONQUS MOTOR SYSTEM

The method of -starting of LCI-SM drive involves the following

steps:

(i) The microcomputer system is fed the value of the desired speed
through the reference pot. The microcomputer is commanded
to execute the software program for control of firing angles
of both CS and CM converters.

(i1) "~ The three phase a.c. supply is given as the 1input to the

rectifier (CS) through the autotransformer. It is maintained
at rated voltage. The ‘reference speed ADC pot 1is kept to
low 'speed setting. The rectifier.operateslin the discontintous
modé. In this mode of operation, the discontinuous d.c.
link current will be fed as the input to the inverter. The
motor starts crawling. Now the reference speed is slowly
increased (this dincreases the d.c. 1link voltage) till motor

gets to about 20% of the rated speed.

\
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After motor speed is sufficiently high '(abput 20% of rated ;

speed), the synchronous motor terminal voltage is su%ficienf

for line commutation of inverter. The program nowl'jumps to

LCI mode, the d.c.- link current may become continuous now.

By adjusting the reference speed, firing angle of the recﬁifier
gefs varied from 90° to smaller values to control Athé»‘speed
of» synch%ondus motof <upto its rated for even higher Qalué.’
In the presehﬁ work the inverter hés been operatedA'at few
selected éettings'of the;commutatioﬁ méréﬁn_angle(4 ). . During-

the . starting and run-up oberation, the synchronous motor -

field current is adjusted to such a value that the synchronous

~motor develops sufficient starting ‘torqué and then runs in

over-excited state drawing afmature,lcurvent at leading power

- factor.

. In the present’ work, an attempt has been made to start the

synchronoué motor by'above desﬁribed method. The méjor prbblem is that

this synchronous motor demands a starting current qf nearly 10 A, The.

thyristors in the drive have the rating of 10 A; hence fuse (of 7 A

rating) used to protect thyristors.for over load currént blows. However

the motor crawls and runs at only low speeds (abduf 100 RPM order) could

be .achieved. If/ the current rating of thyristors could be increased to

‘at least 15 A, the smooth starting and running to higher'speeds,canfbe

qussible. The experiments are carried dﬂt'by starting the motor in LCI

mode directly with‘the help of a Ward-Lleonard syStem as’described below.

]
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I3

4.4 STARTING OF THE LCI-SYNCHRONOUS MOTOﬁ SYSTEM

the following steps:

(1)

(1)

(iv)

The 1laboratory method of starting of LCI-SM. system involves ,

The microcomputer system 'is fed a low desired speed through

‘the reference pot and commanded to execute the program,

Now start the synchronous motor (prime mover) of the Ward-
Leonard system_(SMZ)“With the help of a 3 phase autotransformér
and synchronize it- by injecting d.c. field- current. Initially

the switch 'S' is in open position.

The generator G2 field is un-excited before closing the switch

'S'. Now close .the switch 'S' and slowly excite the genérafor'

'(6,). " The voltage developed at the terminals of the generator.

are fed to the G1 d.c. machine armature with proper polarity. .

The G maghiné (which acts as a. motor) starts to rﬁn_ slowly

Its speed can beﬂ_adjusted by 'adjusting the field of the 'Gz

machine for the desired initial speed.

Slowly' increase the voltage to the .inputr df the rectifier

to its rated value. Byfprober‘changing the reference speed

. potentiometer, the LCI drive starfs féeding power to the coupled

d.c. machine. Now qbéerve the reading .of the ammeter (Ia)

If ammeter reads zero; we can open' the switch 'S', the

: synchrqnouﬁ motor runs in " the LCI mode by recejving supply
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from the inverter. The drive is now operating under no load.
By slowly increasing or decreasing the reference speed pot,
it is possible to get a new desired no load speed. The drive
can be loaded by keeping the switch 'S' closed and reducing
the field current of the d.c. machine.Gé. The LCI-SM drive's

power is pumped to the AC system via the Ward-Leonard drive.

4.5 RESULTS AND DISCUSSIONS

(1)

(i1)

(iii)

The no load characteristics of the drive are studied as follows:

Keeping field current If and inverter firing angle  (margin

angle i = (180.~ ) constant, the d.c. link voltage Vge 18

varied.

Keeping Vdc and « constant, the field current If is varied.

Keeping field current If constant and varying Vdc-for different

values of firing angle of inverter.

The first'eXperimental-investigation above is the armature

voltage. control -of the speed of the CLM. The d.c. link voltage_vdC has

been varied from 100 V to 450 V. The second study concerns the speed

control under varijation of the field current of the CLM. The field current

has been varied from 0.1 A to 0.4 A;

4.5.1 Effect of Variation of D.C. Link Voltage on Speed ’

The speed versus d.c. 1link Voltage characteristics at

different .field currents and firing angles (i.e. margin angle 4 = 30°,
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and 15°) are given in Figs. 4(a) and 4(b). From these figures it is clear
that as the d.c. 1link voltage increases up to the rated vélue, the speed
also.gradually increases from about 300 RPM to 1450 RPM. The effect of
field current is also shown in this figure. If the field current setting
is low, the speed slightly increases. It has been observed experimentally"
that if the field current setting is sufficienfly decreased, the motor
deaccelarates and slows down, because electrbmagnetic torque produced

by motor with weakened flux is insufficient to overcome the losses.

The curves in Figs. 4(a) énd 4(b) give the change in
speed of CLM with d.c. 1link Voltage at different firing angle (i.e.?.=¥
30° and 4 = 15°). Comparing the two characteristics, it can be concluded
that comparatively higher speed and rangerf speed control are obtained
at higher value of margin angle 4 . This is because the.speed is inversely

proportional to coso (or cos \ ) with other parameters kept constant. -

4.5.2 Effect of Variation of Field Current If on Speed

The speed versus field current characteristics at different
d.c. link voltage§ and firing angles are given in Figrs. 4(c) and 4(d).
From these figures it is concluded that as the field current is decreased

gradually , the speed gradually increases.

The range of speed control by variation of field current
is again dependent upon the d.c. link voltage Vdc; it increases with the

increase in VdC for a constant value of margin angle
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4,5.3 Effect of Variation of Torque on Speed

The torque versus 'speed characteristics are shown in
Fig. 4(e). The load characteristics of the éommutatorless motor is same
as,that of a separately exdited d.c. motor. In the Fig. 4(e), it is cleafly‘
observed that for a sufficient change. of load torque, the épeed‘

approximately remains constant. Thus, the characteristic is shunt in nature.

4.5.4 Effect of Idc on Active and Reactive Power

The characteristics of d.c. link current versus active
and reactive powers are shown in Fig. 4(f). It 1is noted from the figure
that both the active and reactive powers inérease with increase in the
d.c. link cﬁrrent (i.e., as the drive is loaded). It 1is because the bower
factor of drive is nearly constant since the margin angle has been kept

constant here.

4.5.5 Load Current Efficiency and Powerfactor Versus DC Link Current
Characteristics ‘

The characteristics of efficiency,_ load current, and
powerfactor with respect to d;c. link cukrent are given .in Figs. 4(g)
and 4(h) for different Vdc' It can be observed from these.ffgures that
the variation of powek-factor with-d.c. iink current is marginal. If the
1ink current (i.e. load) fs. increased, the powerfacto? imbroves'very

slightly. This is again dUe'to,the margin angle being kept constant.
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In order t6 calculate the gross mechanicallpower outpuf‘
- of the synéhronous motor, the éet is earlier calibrated for its friction
and windage losses, and the afmafdre resistance of the coupled d.c. machine
is also determined. iThe efficiency is thus _calculated on the basis of
the gross power output for the synchronous motor. With increase in the
d.c. 1ink"¢urrent Idc » efficiency is noted to- increase upto ce}tain
extent '(i.e. upto 70%), afterwards, it remains nearly constant. The ’
efficiéncy is noted to be slightly better if drive is’ oberated at higher

~ value (near rated value) of d.c. link voltage, Vdc'

The synchronous' motor : armature curreht (Isyn) depends
‘upon the d.c. link current. If the load is increased, the d.c. link current
and the synchronous motor armature current increase. In the present'wofk,
the coupled d.c. machine fis loaded up to 8 A through the Ward-Leonard
system (because the LCI-synchronous motor rated armature current is ' 3.45

_amp only). The variations are clearly observed from the characteristic

~

curves,

4.6 DESCRIPTION OF PHOTOGRAPHS FOR NO LOAD AND LOAD CONDITIONS

The actual. waveforms of various control signals and drive's
electrical variables have been shown' in photogréphs 4(i)- to -4(iv), which

are similar to theoretical waveforms,

The photographs of Fig. 4(1) show the sinewave voltage 180° out of phase
to the synchronous machine terminal voltage (VRY) picked up from sécondary
of 'control transformer, -with’ three qu?ntﬁzer signals (QR, ﬂY} inputted
to thé microcomputer. The photographs of Fig. 4(ii) show the 180° out

of phase sinewave to the synchronous machine terminal voltage»(VRY) with
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the quantizer signal (ﬂR), base interrupt (IR3) and fifing pulse of the
Th1 thyristor of dinverter (CM). The base interrupt occurs at every 60°
degree 1in one cycle of machine voltage. The QR quantizer 1is in phase

with the synchronous machine R-Y terminal voltage.

The photographs of Fig. 4(iii) and 4(iv) shows one
quantizer signal (QR) aiong with all the six firing pulses (for thyristors,
Thys Thy, Th3, Th,» Thg and Th6)iof the inverter.anch pulse clearly has
120° duration and is displaced by 60° from- one to anothér. These waveforms‘l
are similar to theoretical waveforms. The photographs of Fig. 4(v) shows

- a signai 180° out of phase to R-Y line voltage (from secondary of stepdown
control transformer) with squar; wave (zero crbssing), 4IRO interrupt and
IR1 interrupt. These interrupts are‘ used to giQe contrel signal to the
rectifier c¢ircuit. The 'photographs of Fig. 4(vi) and 4(vii)' shows .the |
zero crossing square wave with all the six firing' pulses of rectifier

thyristors (Thl’ Th Th

2,
they are displaced by 60° from one another.

3 Th4, Th5 and Th6); each has 120° duration and

The d.c. link voltage waveform and the d.c. 1inK current
waveform at -starting i.e. under discontinuous mode of operation are shown
inithe photographs of Fig; 4(viii) and 4(ix) under different reference
speed setting. The d.c. 1link current Idc. is discontinuous in starting.
The photographs of Fig. 4(x) to 4{xii) show the waveforms of d.c. link
voltage Vdc and d.c. link curreht IdC for different reference spéed setting
at no load under LCI mode of operation. The photographs of ng.-4(xiii)
to 4(xv) show the waveform of the machineterninalvoltage and the current
(armature current) under different operafing conditions at load under

LCI mode of operation. The various observations taken during these settings

are noted below the waveforms.
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F;g.d(v) Waveform of 180 out of Figs.4(vi): Zero crossing square-

voltage to rectif}er ( ), square- wave and the signals of three
wave, signals of - %%errupt and firing pulses (Thl, Th2 Th3)
IRy interrupt. of rectifier (CS)=
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Pig.4(vii) s zero cr0851ng Squarewavel Fige 4(viii): waveform of D.C.-

ind three firiegpulses(Th 4, ThS,Thé) link voltage and D.C. link

>f rectifier (% current at starting. Speed
equals 40 rpm, V 0:'30 V.
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waveforms of D.C. link vol- Figo4(x):s Waveférmsof DQC. 1ink Vol_

.Cs link current at start. - tage and the D.C. link current under

BQ rpm, V4, = 90V, I, =1lA. No load LCT Mwde, V= 160V, I, =1.3A,
Vi = 230V, Iy =1A} N = 575 ram.

INARY]  ERR

PISILY NI,

waveforms of D.G. link vole Fige4(xii): waveforms of D.C. link
1e D.Cs link current urnder voltage and D.C. link current at load,.

I Mode, V= 245V, I, =1.7h, V. = 325V, V, = 255V, I, = 3a,
y Vqo= 280V, N = 920 rpm. - I, = 2.4A, V, = 125V, I =2.64,

dc a
N = 800 rpm.
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4(xiii): Waveforms of machine
ninal voltage (V ) and arma-

> current (Isy) at load

1 reference speed setting
rpm, V_ = 245V, I =34,

T dec= 325y, °Y

e e e e o ae v b e be e e

Fig. 4(xiw)s Waveforms of machine
terminal voltage (V. ) and armature
current (I%y) at No load for the

speed setting 719 rpm, Vdc=33OV;
v, = 250V, Isy= lo44, I, = 4.

4(xv) 1 Waveforms of machine términél voltage ard armature current
‘eference speed setting, N=1067 rpm, V = 390V, I = 1.44,

345\’, Isy_ = 292 ;‘sa

dec ~ dc
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4.7 CONCLUSIONS

The experimental performance of the microprocessor based
steady state 'performance of LCI-SM system under no 1load and loaded
conditions extensively described in this chapter. It is seen that the
drive works satisfactorily as a variable Ispeed drive. It fis foundA that
the torque of the synchronous machine jé dependent on (i) D.C. 1ink
current, (ii) commutation margin angle, and ‘(iii) field current. The
speed of the  synchronous machine can be controlled by varying (a) Thg
d.c. link voltage Vdc (b} The margin angle of <inverter ( y ) and (c)
Field current:If. The drive's characteristigs are similar to a separately .

excited d.c. motor.

It is practically observed that. the up-controlled drive
can be operated over a wide'rangé of speéd,ranging from 300 RPM to 1500
RPM, and can be loaded to the limit determined by the thyristors used.
At reduced field currents, the drive fails to operate in LCI mode
successfuliy,lThe load characteristics are almost shunt in nature. The
power factor is nearly cohstant at a constant margin angle 4 . Efficiency
of the dfive is better at higher value of d.c. 1ink voltage. The waveforms

are similar to the theoretical waveforms.
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CHAPTER - 5
CONCLUSIONS
5.1 MAIN CONCLUSIONS

‘In this investigations, the design and development ‘of 1n%cro~‘
computer based self controlled synchronous motor drive has been carried
out for its starting and wide range speed control. For these purposes,
two fully controlled fhyristor converters have been fabricated, 6ne to
work as vrectifier (CS) and another as inverter (CM) ‘with proper
protection. An -8085 microprocessor based system alongwith <interfacing
for dinputting the reference speed, the speed measurement, firing angle
control of both converters, has been developed. The automatic staftﬁng

of LCI-synchronous motor drive has been only partly sdccessful.

The power circuit is a three-pnase fully controlled converter
~ bridges. The firing angle for the rectifier can be varijed from 0° to
90° to get the required d.c. link voltage so that there can be wide range
of speed control of'synchronous motor. In this bresent'work, the ‘inverter

is operated with a certain fixed firing angle setting.

The firing of thyristors 1is controlled by microprocessor.
The synchronization and zero crossing detection is achieved by hardware
cum software scheme through microcomputer. With this scheme, the thyristors

-are fired at the appropriate instants for the required firing angles.

The developed LCI-synchronous motor have works under an open
loop control scheme. - A remarkable improvement <in performance of the
system interms of stability and relijability of firing pulses {ds obtained

by adopting microcomputer based firing scheme. The software based scheme
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provides an .added flexibility 1n£erms‘of accurate firing angle setting.
The necessary firing commands have been generated through software. The
ADC inteffacihg to measure the drive freqﬁency and actual speed has beeﬁ
developed through microprocessor control schehe, “to achieve the drives
control accurately;‘ both 'of these variables are also continuéusly

displayed.

Steady State Performance of LCI-SM System

The steady state characteristics of LCI-SM system has shown
that it works satisfactorily as variable speed drive popularly\ known
as the DC commutatorless motor. Some vital observations based upon the

experiments carried out on the LCI-SM system are as follows:

(f) It is found that the torque of the synchronous machine depends

. upon

(a) the d.c. link current
(b) the margin angle of inverter,

(c) -the field current.

(i1) It is‘ clearly observed that the variation of speed with DC
'1ink voltage,.lvdc, kesults {n precise control of speed of

~ CLM. A speédfvafiatioq.from 20% to almost 100% of rated speed -

has- been practically obtained through the control of d.c.

-~

link voltage.

(i41) . The field current and the margin angle provide limited so
~variation under reduced field currents, the.drive faiis -..

operate.
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(iv) . The terminal voltage output of LCI is almost sinusoidal except
for the six notches corresponding to the six commutation overlap
region. The 1line current of the inverter is alternating in

nature.

- The complete system consisting of zéro crossing and
synchronization circuits, thyristorized fully controlled power converters,
digital speed and drive frequency measurement 'scheme circuit; pulse
amplifier circﬁit, and - interfacing of pp with the system, has been
%abricated, and the performance of the drive is evaluated. The,éxperiments

are performed on a 3 hp synchronous motor.

It 1is evident from- the Jexpérimental, studies that the micro -
processor based open loop control scheme pkovides satisfactory performance,
and tﬁe speed of the drive can be 'varied over a wide range. The speed
: regulation of up controlled arive is quite superfdr‘tq that of the natural

machine.
5.2 SUGGESTIONS FOR FURTHER WORK

Though the basic objectives of the investigation have been-
brought to .a successful conclusion,tceftain problems have arisen durihg
the ~"course of investigation which would require further work. These

:problems with some other interested objectipn% are given here for further
investigations:
(1) In this work only. the armature control is adopted using wiv: .
~computer, however, the machine field control may ai:z.
included using some extra digital scheme.
: \ A
(1) The reported work was only limited to one quadrant operation

of the drive and needs furthev warl to ‘extend jts operation

f



(ii1)

(vi)
scheme may

(vii)

for four quadrant operations.

The closed loop control of the drive for constant h.p. operation

and constant torque operation may also to be investigated.
\

For a precise speed control of the drive, an improved speed
sensing system alongwith .a higher bit microcomputer may be
adopted to achieve better speed regulation using a good control

algorithm with closed loop jmplementation.

The work with closed 1oop‘1nicrocomputer‘ control may also be
extended for permanent magnet synchronous motor to result

in a completé brushless and robust structured drive.

The analysis and modelling of the drive for closed loop control

also to be investigated.

Work needs also to be done on the analysis for investigation

of frequency and flux at starting and improvement of the starting

method of the drive for higher starting torque with lower value

of current from supply.
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APPENDIX A
RATINGS OF MOTOR USED FOR EXPERIMENTAL HORK

SYNCHRONOUS MACHINE -(SM,)
~.3p, 230V, 3HP, 1500 RPM
COSP = 0.8, CYCLES = 50, EXC: 230V

DC MOTOR (Gl)

230V, I=19.8A, 5 HP
RPM

1

1500

SYNCHRONDUS - MACHINE (SMZ) :

30, 400V, SHP
 SPEED=1500 RPM, CYCLES=50
RATING CONSTANT

DC MOTOR (GZ)

220V, AMPS;13.6
‘ COMPOUND WINDING, SPEED 1500 RPM
3 KW, RATING CONSTANT
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APPENDIX B

GENERAL DESCRIPTION OF pp KIT

VMC 85/9 is a single board MICROPROCESSOR TRAINING/DEVELOPMENT
KIT. This provides 2K bytes of RAM and 4K bytes of EPROM. The total
on board memory can be very easily expanded to 64' K bytes fin an

appropriate combination of RAM and ROM.

The input/output structure of VMC-85/9 provides 24 programmable
I/0 lines expandable to 48 I/0 lines. It has got 16 bit programmable
Timer/Counter for generating any type .of counting etc. The on board

8255 provides 8 levels of interrupts.

SYSTEM SPECIFICATIONS

CPU : 8 bit Microprocessor, the 8085A

MEMORY Total on board capacity 64K bytes

RAM 2K bytes (6116), space for furtner expansion

ROM , 4K bytes of EPROM- loaded with powerful monitor program
(2732) '

TIMER 16 bit programmable timer/counter using 8253

1/0 - 24 1/0 lines expandable to 48 1/0 using 8255 PPI

INTERRUPTS 8 different level interrupts through 8259
POWER SUPPLY +5V, 1.5A for the kit

OPERATING TEM. . 0 to 50°C.



B.1 ADDRESSES OF VARIOUS PERIPHERAL DEVICES AND I/0 PORTS

PORT ADDRESS (H)

SELECTED DEVICE

00 and 04

01
02
03

08
‘09
0A
0B

10
11
12
13

28 and 2C
29 and 20

and
and

and

and
and
and

and

and
and
and

and

05 .

06
07

0cC

oD .

OE
OF

14
15
16
17

: 8255 (PPI) -1

PORT

Port A
Port B
Port C

Control word

SELECTED DEVICE : 8255 (PPI)-2

Port A
Port B
Port C

Control word

SELECTED DEVICE: 8253 (PIT)

" Caunter 0O

Cohnter 1
Counter 2

Cohtrol word

SELECTED DEVICE: 8259 (PIC)

Data word‘

Command word



 8255-1

. 8255-2

8253

J1:SPACE

1) CASO
2) CAS1
) CASZ

5) IR0
6) IR1
7) IR2

(
(
(3
(4) SP/EN-
(
(
(

R

EXTRA TIMER CARD PORT AND COUNTERADDRESSES

50-Port A
51-Port B
52-Port C

53-Control word '

54-Port A
55-Port B
56-Port_C

57-Control word |

58-Counter-0
59-Counter 1
5A-Counter 2

5B-Command word

SIGNAL AT CONNECTORS J1, J2 AND J3

J2:SPACE

(1) P1C4
(2) P1C5
(3) pac2

 (4) P1C3

(5) P1CO
(6) P1C1
(7) P1B6

- J3:SPACE

1) Pacs
pacs.

p2Cc2

(1)
(2)
(3)
(4 ) pP2C3
(5) P2co
(6) P2C1
(7)

P2B6



IR3
IR4
IR5
IR6
IR7
CLK-0
GATE-0
oUT-0
CLK-1
GATE-1
oUT-1

CLK-2

GATE=2 °

OUT-2
RST 7.5
RST 6.5
MP,

GND

GND

P1B7

P1B4
' P1B5

P1B2
P1B3
P1BO
P1B1
P1B6
P1B7
P1A4
P1A5
P1A2

P1A3

PIAD

P1A1
P1C6
P1C7
GND
GND

P2B7
P2B4
P2B5

P1B2

P2B3

P2BO
P2B1

P2B6
P2B7
P2R4

P2A5
P2A2

P2A3 "~

P2A0
P2A1
P2C6
P2C7
GND

GND
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APPENDIX-C

PIN CONNECTION DIAGRAMS OF VARIOUS IC CHIPS
USED BY THE AUTHOR IN THE. PRE SENT WORx ARE
GIVEN AS FOLLOWS. '

N

IN3 — : _ 15 INZ

w}t, —2 27—

NS —3 , % InD

IN6 — 4 | _ 25| — ADDA
INT ~—{5 | 24 {— 4 DUB
START- - 6 23— ADDC
g0C —7 12— ALE
(Z%y — 3 21— Z' (5B)
OE —|3 26— z*

Clx —j10 19 ——ig'

Yee — 00 \6r—~2-—l+
REF@) —12 ‘ | | | 2 ®(LSB)
N R o ' ' 16} — REF (=)
7_—'7 ;_HL, - . ~l$——-2f6

FIG. C.1. 0809 (ADC) PIN CONNECTION
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TIMING -
Vee, Ncg W CONECTIONS Nc

P e
s

T W E T

Q “C A] Az .B Qa GND

FIG. C 2. 74121 MONOSTABLE MULTIV?BRATOR)
PIN CONFIGURATION

Vce

ID”}WH‘D?

G 7{GND)

F\G "C-3 7404 (HEXINVERTER) PIN
CONFIGURATION




S Z 3’45~67((~:NDJ

FIG- C4 7410 (TRIPLE-INPUT NAND GAT
- "PIN CONFIGURATION

(Veed 14 1312 11 109 g

RN
i

1 2 3 45 'e“r(GNn)

FIG. C 5 7408 (QUAD 2—INPUT NAND GATE)
- PIN- CONFIGURATION




—t R —

'J_Np\)_\' -—-—72 74'1 .-‘ . Hr2\v
G!ND‘ ‘3 6—-—-oquuT
Ll A4 4 S

FIg C6.741 1C (AS COMPARATOR)

i
— }

| 1
I
Co

—
e ————
e
——

FIG. C.77. 555 TIMER (AS AN OSCILL ATOR)
| PIN CONNECTION DIAGRAM
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", Pin Configuration

PA, 1 ‘V 4N PA,
PA. [} 2 39 13 pa,
PA, 3 23] PA,
PA, [ « 37 I PA,

RD : S 6 WR
TS e s [T RESET

GND [} 7 D, -

A8 BED,

A, e 32 3b,
PC, [ 10 3255 31 |3 D,
PC, (311 30 [ by )
PC; (]12 29 E D, .
PC, 33 BI2D,
PC, [ 27 [ Dy
pC, O 1% 26 [ Ve

PC. e 25 [ B,
PC, CJ17 24 p8,
PB, [ 18 23 {7 P8,
P8, 11y 22 | pB.
PB. [ 20 23 PB.

Pin Names

2D, Dati Bus (Bidirectional)
RESET | Reset Input
CS Chip Scicct
RT3 Read Input
Wi Write laput
An, Ay Port Address . -
PA-PA, | POHIA (FiD)

PR ~FB, | font B ( B
VU PCy | Port C (B

Yoo + & Volis

SN 0 Vol <

FIGURE 'Ci'%

82554 Block Dicgrari

.outaddio
GaTEQ 1

gNp g2

Pin Cpnﬁgumlion
sl Y 2 PIvee
wR (2 27 [Ja, ..
RGO {]3 26 [1INTA
D, {4 25 [11R,
D, 15 2 IR,
B, o 23 [J Ry
A 22 Pir,
i D,‘E 8 82594 21 gm,
n, g9 20 [1iR,
b, o 19 [ 1R,
D, O} 11 18 [ IR,
casofd 2 17 [ INT
cas1s 16 [JSPEN
GND [} 14 1S ECAS 2
Pin Names i
Db, « Data Bus (Bidirectionaly
[3¥] - Read Input
WR Write' [nput
A Command Select Address
. - Chip Select

Cascade Lines

Slave Program/Enable Buffer !

IaterTupt Output

L INTA “Interrupt Acknowledge Inpur
IR;~1R Imerrupt Request Inputs
FIGURE C-1®

The £25%A Block Diagram

Pin Namis

g
o
T
| 3
- Na
12 Vg
E o
ERNRRR-LN
:"_-",l:"-ﬁ ‘ =AY
IR E o ©
SlSizts|E e
'aSlr.‘-')'—“
ElE2| 3l &
cEBlU’-U’rO
\'\»w{bc
: hen| L T4




TWO VIEWS OF EXPERIMENTAL SETUP



 (8) P1B7
(9) P1B4

(10) P1B5
(11) P1B2
(12) P1B3
(13) P1BO
14) P18l
15) P186
16) P1B7

18) P1A5

(
{
(
(17) P1A4 -
(
(

19) P1A2
(20) P1A3
(21) P1AO
(22) P1AL
(23) P1C6
(24). P1CT
(25) GND
(26) GND
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