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GZET

Bu tez galigmaslnda bir dogru akim motor sistéminih
mikroiglemciye dayanan hig denetimi tasarlmlanmls ve gerg-
eklegtirilmigtir.Motor ii¢ evreli tam-denetimli bir koprii
tarafindan beslenmektedir.Kopri ategleme églsl dogrﬁdan
bir mikroiglemei vasitasiyle saélaﬁmaktadlr.Kullanllén
yaklagim tamamiyle sayisaldir ve sistem z;éo mikroiglemei
izerine kuru}@uétur. |

Mikrobilgiséyar_ile gergeklestifiien sayisal o;ansal-v
timlevsel algoritma,mevcﬁt yanllgldanvkﬁprﬁyﬁ sirmek ig¢in
gerekli olan sayisal_denetim'gérilimini sagiar.gﬁprﬁnﬁn-
iraliginy doéruéalléstlrmak ig¢in bir arccésine tablosu
kullanilmaktadar. :

Sistemin kararligil ve dinamik davran1$1.24domenindé

~incelenmigtiryve elde edilen deneysel sonuglar verilmigtir.



ABSTRACT

vIn this thesis.a microprocessor based speed control
system for a dc motor drive is designed and implemented.
The métor is fed by a fhree-phase fully-controlled bridge
the delay-angle of which is set directly by the microcom--
puter.The approach used is entirely digitél and the systeﬁ
is centered around arzeéo,microprocessor. , '

' A‘digital PI (Proportional-lntégral) algofithm‘imple-,

mented in the microcomputef';cts on the error to result in
thé digitai control voltage to driye the bridée;An inverse
cosine look-up table is used £6 Iinéarize fhé bridgq,char-
acteristies. | | » |

The stability and dynamic behaviouf of the system is
analysed in Z-doﬁain and the expefiméntal invéstigations

are given,
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INTRODUCTION

Diréct current (dc) drives are .extensively used
in industry all over_fhe Qprld.The outstanding adva-
ntages of dc drives such as ease of control,precise
and continpus control of speed éver @ wide range will
ensufe their popula;ity for years to come.

| The techniques of SCR control of‘ dc drives
have been devéloped rapidly since the first introduc-
tion of the SCR in 1957.Based on the avéilable suppiy
three basic methods i.e. Phase éontrol,Infegfal éycle
control and Chopper control are used,Phase contrél is
the most widely used one,becauée in this @ethod the
output voitageléan be va?ied smoothly over a wide ra-
nge.However,the resulting power factor is low.The In-
tegral,controllis not suitable for motor_control app-
lications dué to the pulsationsAin the developed tor-
que.If the available supply is a dc source;thén dec
choppers are used.They are designed to operate at as
high frequency as possible to reduce the ripple in the
output.This»necessiates thé use of high frequency SCR's.
" S ince the power switching elements héve to be force
commﬁtated,the control circuitry is more complex as-
compared to phase control circuitry.The se factors

make dc choppers significéntly_more expensive.Neverth-
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- less they are widely used.

Thé result of thé tremendous pfogress in semicon-
ductor and LSI technology has méde digital electronic
devices much more smallef,ch?aper,faster‘and accurate
.and hence digital control systems more popularin the
recent years.Iﬁ many industrial control applications
‘micropfocessor based syétems are now replacing the
chventional analdé and hard-wired digital contrdl
systems as they offer flexibility,relisbility and bet-

ter accuracy and resolution.
| The research reported in this thesis follows this
‘recenf trend.The functions of ‘the conventional circuits
for the firing of s three phase fully-comtrolled bridge
and the desired éohtroiler algorithm manipulation for
- the élosed loop spéed éontfdl of a dc motor are all
reallzed by a mlcroprocessor based system. |

In chapter One a survey of speed control techniques
of dc motors is given and a- separately exc1ted dc motor
’ is modelized for. ana1y51s purposes.

In chapter two solid state dc drives with concen-
‘tration on three phase semi and full converters are
‘described..

In chépter three the design of a microprocessor
based three-phaée full_converter used for speed control
of a dc motor is described and the design of various
‘units as well as the pertinent software is g@ven;

In chapter four the stability of the closed loop
sysfem is analysed iﬁ'Z-domain and the experimental

investigations are given.,
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CHAPTER ONE

DIRECT CURRENT MOTOR CONTROL

Direct current motors have been used in vapiablev
speed drives for a long time.The versatile control
vchafacterisfics of dc motors have contributed to their
eitensive use in industfy.DC motofs'caﬂ provide high

'starting torque and their speed variation rahge is
. large both above and beiow the rated speed.The methods
of speed control of dc motors are simpler and cheaper
than those of ac m=otors.A1though commutators prohibit
their use ;n,some industrial‘épplications}dc motors
play.a significaht role in many industfial drives and
are the dominant meaﬁs of froviding a.controilable'

source of mechanical rotating power in industry.

~

1.1. Control Methods of a Sepapately Excited dc Motor

The equivalant circui® of a separately excited dc
motor is shown in figure 1l.1l. in which Ra is}the total
armture circui¢ resistance and L, is the total armature

circuit inductance,

Figure 1.1; EQui#alant circuit of a sep. exc. dc motor

- _



The back em.f.,Eg is generated by the rotation of

armature in the stator flux field.It is proportional to

the speed of armature and the field flux and can be

represented by:

Bk, Bp N | (1.1)

The basic.steady state armature circuit voltage
equation is: : v
The torque developed by the motor is directly

v

proportional to the armature current Id and the field
flux,that is ‘
T=Kt .¢r 'Ia A. (103)

The simultaneous solution of the three equations

yields for the bésic speed relation in dc motors,that is
- - .

N = - (1.0)
K, .0, -

where V =supply voltage

I, =armature curreﬁt
K, =armature voltage constant
¢f =field flux~
Kt =motor torque constant
N =armature speed
| T =produced fdfque
Ra =armature resistancé

The first term in the above equation represents the
theoretical no-load'speed.The second term which is usu-

ally very sméll_represents‘the speed drop produced by

-6~



the armature ounrentsapd hence the de#eloped torque.

The equation 1.4; show5»that“the speed of a dc wot-
or can be controlled by three methods.These’are
1)By the argature voltage Va which is oearly pfoportional'
to'speed.
2)By the magnetlc flux ¢r which is 1nverse1y proportlonal
to speed
3)By the armature circuit resistance R which is proport-
ional to the speed drop. B

» Armature voltage control is the most desirable and
practical type of control.This type of control is the
basis for static dc drive circuits.In this method the
" field flux is held oonstant_at its:rated value and hence

the #ariatioo of the applied foltage results‘in a linear
A:variatioo of speed from zero to the base speed.The motof
is said to be'ooerating_as a constant torqoé drive, |

Field control is accompliéhed'by reducing the shunt
field current while keeping the armature voltage at'ifs
maximum value ,It is used to extend the speed above the
rated value;The speed can not be changed quicklyoowing
to the high inductance of the field winding.In this
method the developed torque redgces @as the speed incre-
ases.

Armature c1rcu1t re81stance control is not practi-
cal except for the very small motors because of the power
'd1881patlons.

In fig. 1.2. the speed (N) torque(T) and horsepower

variations are shown for two basic control techniques.



Armature V.Control Field Control

Fig. 1.2 Torgue-Speed Variations of a Sep. Exc, dc Motor

with Variable Armature Voltage and Field Control

Consider the separately excited dc motor with armature:
control as shown in figure 1.3.(a) '

The voltage loop equation is
o dl - : . - ‘
By =Bg +I, Ry + g5 Ty _ N (1.5)

. The torque balance equation is

' d N ' ' ' :
| To =Ty, + BN +J 3¢ (1.6)
k 'Wheire Te'-’:Ka« . ¢_f. Ia v . (107)

In the iaplacedomain the above equations can be written as’

By(8) = By(s) + R, T, (s) +1,8T,(s)  (1.8)
B(e) = K BpN(e) (1.9)
Te(s) =TL(s) + B.N(s) +Js.N(s) (1.10)
T (s) = K,.8,.1,(s) S (1)

These relations are shown in block diagram form in Fig.
1.3.(b)

Note the feedback'loop present in the form of the
back e.m.f. This provides the moderate spéed regulation

inherent in the separately excited dc motor.
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- L, 2 . . : i
: . —_ ir (constant) . e - . .
7 ouY M i feonstant B=Friction Coefficienf

| . o + li 7 l J=Moment of Inertia

(a)

TL(S)
I,(5) K& ' T(s) 1/B Nis)
. + T+st, |-

(h)

o) | ki (1457, L) ko NGs)
(1+.\‘T,,|) 1+57m

(c)

Fig.l.3. Development of motor transfer function
(a) Séparately excited de motor model
(b) Complete transfer function

(c) Simplified trsnsfer function

" If we neglect the load torque term then it is found

N(s) K 0y y
E(s) (K 8p)° + R B(1+8T,)(1+ 8T )
, o L
- where T, = Electrical Time Constant = —=
_ , R,
_ : . _ _J
T —‘Mcchanlcal Tlge Constant = -
f T, « Tn (which is almost always the case),then Té

can be neglected and the expression (1.12) simplifies to’
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N(s) Ka¢f - B Km

}z(s) (Kaaf)  + R B + sR_ BT 1 + 8Ty
: . _ (1.13)
R_B , :
wvhere T .= ‘x T
ml 2 . m
(Rgg)® + BB T
'Ka¢f

" (Kadf)g f RaB'

“Refering to Fig. 1l.3.Db.

N(s) ) K 0./B
Ia(s) 1+ 8T
Therefore _
I_(s) N(s) i;(s) _ K B( 1+ 81)
'Ea(s) Ega) _ y(é) ' Ka¢f(1 + sTml)

Thus the motor can be represented,for voltage control
'analysia purposes,asitwo blocks as in fig. 1.3.c. or

sinply as é first order system as in fig.'1.4.'where

_ B
Kml = 2
' (Ka¢f) + R B
Koo = =3 | Km = Eu1+ g2
E,(8) - Ky i . N(s)
R - N
1l + sIm1
Fig. 1l.4. Simplified‘Transfer Punction of a Sep. Exc.
~dc Motor
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There is one 1mportant point which should be considered,
that is the tran51ent values of armature current I, in Tespo-
nce to an step. input or a large change in Ea.By some simple

menipulations this can be obtained as

« Ia(t) | T

— =1 +

| I_(e0) B
where T /Tml 29

Therefore it can be concluded.that an step applied input

m - %/7
X e ml (1.15)
ml p ’

-

voltage results in-a large sudden change in armature current
which decays slowly.This transient overcurrent is ﬁndeéirable
Avfrpm_th; standpoint of converter rating and protection.This
ig particulary the case for sfafting or large changes.

.It would,therefore,séem beneficial to limit the curr?ﬁt
to some méximuﬁ allowable value.Tﬁis limitation is also done
in our control system.Genefally an innericurrept_loop is used
for this protection.This inner closed-loop modifies the dyn-
amié respbnse of the syétem. | |

Open 1loop operation-of.dc motors may not be satisfactory
in many applications.A'closed.1oop'qperation geﬁerally has
the adfaﬁtéges of greafer.accuracy,improved.dynamié response
and reduced effects of disturbances such as loading.When the
drive réquirements include rapid scceleration or décleration,
closed loop operation is necessary.Circuit protection can be

provided in a closed loop operation.
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CHAPTER TWO

SOLID STATE DC DRIVES

Availability of high-poWer thyristors in the earlyl@ﬁSOs,
~brought about a revolution .in industrial control equipment
and drive system performaﬁce.During the decade of the 1960s,
the attention of engineers designing high-capacity variable
voltage dc supply systems was di#erted from generating power
using an M-G set to conveérting power using- thyristors.vVirtu-
ally all neﬁ variable-speed dc drives are thristor(scﬁ) coﬁ-
verters,The M-d set that Qas used in variable—speed dc drives
for over SO yiars has.been largely replaced by SCR converters,

rThe>Wafd-Leoﬁafd Byétém uses a motof-generator (M-G) set
to power thé dc drive motor.Thé motor of the M-G set runs at
constant speed;By varying the generator field eXcitation;the
generatof voltage is changed,which,in turn,can provide cont-
inous contrbl of speed of the drive motor over a wide range,
The M-G set system can provide speed variation both abové
and below the rated speed.In figure 2.1l. a basic schematic
diagram of the Ward-Leonard system is shown.

| There_afe three types of solid state dc drives for oﬁt-
-aining a2 variable dc output;véltage from a fixed ac or de
supply.These are .phase control,integral éycle control and

chopper control.In a2ll these methods thyristors comnect

-l12=



the supply to or disconnect it from the 1oéd terminals.

Dc bus

Variable
speed i
drive

M-G set
Dc 1o dc conversion

_Fig. 2.1. Basic Schematic Diagram of theeWard-Leonard

System,

The thyristor drive has .the following advantages over
the M-G system : o

1) Basic operation is 81mp1e and rellable.

2) Mlnimal maintenance is required. |

3) Operatlng ef1c1ency is high above %95, because of
the relatlvely low 1oses in SCRs. o

4) Sma11 size,less welght and packeging fiexibility
result in reduced 8pace requirement, 1ower initial

,cost and lower 1nstallat10n and operatlng costs.

However it has the following disadvantagés :

'1) The hlgher rlpple content of the convertor output
adds to motor hnatlng and . cdmmutetion problem.The
addition of an inductance in the armature circuit
maj be required to smooth out the ripple cufrent.

'2) The overload capability is lower than that of a
comparable M-G set. '

3) Distortion of the ac supply voltage and telephone



4)_Under.éertain operéting conditions,the power fac-
tor in the ac supply is low. i.

5) An M=G set can regenerate automatically.In the.th-
yriétof converter,complex‘control circuitry is
required to achieve regeneration.Either a dual
converterror a siﬂgie,conﬁéf%ef tééefﬁer vith a
reversing switch of Eome kind is required to ach-
ieve regeneration;Both methods ére-complei and

expensive,

2.1. Phase Controlled . Convertera

Converters change the ac input voltage to a'controlled_

- dc output voltage.In these circuits thyristor commutation
is easily achieved.by natur?l or line'commutétion;Wheﬁ an
' inéoming SQR.igjturned on,it immédiétely reverse biases
the oufgoing SCR and turné it dff;Therefore no additional
circuitry is required for the'comﬁutatiqn process.,

Convefters suffer from the low power factor operation
‘at large firing angles. | *

Converters are_broédly classified as single phase and
three phase converters.The éonverter type used for a part-
icular application depends on such facfors as supply avai-
lability(dne or Three phase),rating of the drive,amount
of ripple to be tolerated,reversible or nonreversible dri-
ve,need for regenératioﬁ;etc. '

Converters are also classified as semi and full conv-

-14-
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'erters.Semi-converters are one quadrant converters,that
is,they have one polarity of véltage_and current at the
dc terminal.In these converters a freewheeling diode is

- usually connected écross tﬁ; 103& terminals in order not
to lose the control.This diode dissipates the stored

. energy of the inductive load in the negative halfAcycleg‘
of the supply voltage and hence prevents the load voltage
to become negative.Full-converters are two quadrant conv-
| erterS'in:which the load voltage polafity can reverse,bﬁt
the current remains gnidirectional because of the unidir-
ectional operation'of SCRs.Regeneration of powef,which is
the flow of power from the dc motor to the ac supply,is
_pdssible with full—cqnvefters.Where regeﬁerafibn ;s'ndt
reqUired,sgmi-cgnvertefs are used for the sake of écénomy.
'Dual-conﬁerteré,which are two. bridges back to back, can

operate in all four-quadrants..

2.2. Yhree. Phase Converters'

Large-horsepowéridc.drivés‘take power from three ph-
ase sources.In such drives the drive motor is controlled
By three-phése pﬁase-contrﬁlled conVérterB.The ripple
frequency of the motor terminél'voltage'is~higher than
that of thé single~phase converters.uénseqﬁenfly the fil-
tering requirements for smoothing out the motor current
are 1ess.1hé motor current is mostly cbhtinous,and there-
for the motor performanée is better compéred to single-
phase drives. ' A -

Three-phase sSemi-converters and full-converters are

most commonly used in practice.pual-converters are used



in reversible drives having very high power ratings.

2.2.1. Three-Phase Semi-Convértor'Operation

These converters use three diodes and only 3 SCRs.
The bridgg output is controlled by adesting the firingrrﬂ
angles of SCRs,the diodes oniy.provide a return path for
the current.to the most negative iine terminal.In these
converters thg ripple of the converter output volfage is
- three times the supply frequency.

Figure 2.2. shows a three-phase'semieconverfer'drivé
circuit and wavgforms of'voltages?and éurrents for diff-\
erent firing angles.The diodes,Di,Dz,and D3 éonduct during
‘the intervals t, to t¢,%¢ tOfté,and t, to t4,:¢sP¢cti§e1y.
If the thyristors S1,S2,and S3 were diodes,they would con-

duét duripg the intervals-t17t3,§nd,t3to t5,§nd t5 to t7,

respéctively.The:efore the references for the firing ang- _
les of 51,S2,2nd S3 are the instants tl,tB,and ts,respec-b
tively,these are the crossing points:-of phase voltages

‘va’vb’and Vc‘Each thyristor conduéts for 120 degrees.,

‘For\firing angles greater than 60( the free-wheeling
diodé'begomes active.For example for .«=90°,during thé
interval (7/6 +«) £ wt (‘wt4 ,S1 and D3 conduct.Therefore
motor terminal X is connected to phase voltage Va,and
terminal Y is gonqected fo Vc.Thus the“motor terminal
voltage durinlg fh_is_periéd is .Vac At th‘,Ea is zero,and
from this time onward 'Ea tends. to be negative.The free-
‘wheqling diode Dfﬁ thus becomes - .forward biased at.
.wt4,and motor éurrent flows through it until-: the next

thyristor S2 is turned on atT/6 +o+ 273 .In the absence




of the free—whéeling_diode,free;wheeling action would have
‘taken place through S1 and Dl.However in order to avoid -

\ | _
the 80 called " Half waving effect ' an extra ?Sn free-wh-~

_eellng dicde should be connected across the loed terminals.

D D
Lia ° < 5 : bs

e
’ i
X
S Y *,
"A-—i‘—>——1- \
» ok o o4
« , t
DJFD:TFD;IT - P
i
Y
w [
5 Sz S5 5 (
I—A—-)— |—a.
,_'A L Ly \\
1 | ! 1 wt !
i

~

— & -
. e Pac Psa Tca Tac ’
. 1 N
. [0 X N - ’ wt

wt

0
ia Pl = Pl wt
—

a =90°, i, continuous

NN

¥ 1

>

SN, i N .M
lo_ /_,l Q}_,,

~ n=‘l20 i, continuous

INNARAN

a = 120°, i, discontinuous

n

}
b) i

Fig.2.2. ‘Yhree-phase semi-convertor dc drive,.(a)Power Circit
' (b) Waveforms. for dlfferent firing angles.

-17-



2.2.2. Three-phase Full-converter Opcfation

;n these converters six SCRs are used.Thc/SCRs are
fired-in sequeﬁcc'cvery 60 degrecs and hcnce the ripple
of the converter output is six times the supply frequency,
thus the load current tends to be more continous than in
case of .semi—ccnvefters.This fype of converters are
pfimérily used whcre regeneration is reqﬁired.

_ | The firing sequence ofvthe SCRs are és shown in fig.
2.3. £ty r |
el wg |

SCR 3

GATE 1k — .

é(ﬁ;t 1 1 . | Figo 2.3, SCR gate
SCR S .- . signals,
GATE I I ; - .

SCR S

GATE : . IJ

Figure 2.4, shows a full-converter drive circuit and
‘the voltage -and current waveforms for different firing angles.
Durlng the interval (7T/6 +ot) <wt L (=/6 +ot +71/3 ), ‘
,tyrlstors §1 and S6 conduct,and the motor terminalsa-are
connected to phase A and phase B,making E

a

‘ _VAB +AL )
wt -R/G +o¢+n73 thyrlstor S2 is fired,and immediately SCR6
is reVerse-blased and turns off.,The current from S6 is

transfered_to s2,making the motor terminal voltage Ea=vAC'

This process repeates after every 60o whenever a thyrictor

is fired.
av

Ih order to protect the SCRs against the - effect
' dt ’
a suitable snubber circuit should be connected across each

thyristor.



0 . wt

tra i S _J we :

' (c) a=90° . o

R Y i Y Vi Vo W W O i

0 R we

@) a=120

Figure 2.4, Three-phase full-converter drive system.
(@) Power circuit

(b) Waveforms at different firing angles.

The avarage value of the bridge outpﬁt can be easili .
calculated for both semi and full converters.
Let the supbly voltages be as follows;:
v, =¥2 V sin wt

A

Vg =VZ V Sin (wt - 21/3 )

~19-



Vg =VZ ¥V Sin (wt + 2 /3 )

For semi-converter
/6 +e+27/3

E (€)= 8= (W, - V) dlwt)
TU/6 +oL '
e v |
= ————— (1 + Cosu) (2.1)
2T _
For full-converter )
N 3 6 +ot+T6/3
Ea(o() = -—Jr- _ (VA - vB) a(wt)
‘ W6 +o '
36 Vv - |
= Cosdk . (292)

The wariation of

in figuré'Z.S.

Ea(dD with for both converters is shdwn

va)Semi-conVe
b)Fﬁll-conve

' ‘¢)Inversion

3 60 98\'|io a&n 150 .
. \ ’ .

4 N\
E e \\\

~
~

— . ~

~

Fig.2.5. Avarage‘out ut voltage Ea as a fﬁnction of firing

angle in three-phase full and semi converters,

In the case of fullpconverters.the motor terminal vol-
tage can 5écbme negative for firing angles ofrgreater than
909. This is the inversion mode of éperatipn of the conver-
ter.If the polérity of fhe béck e.m.f. is reversed 5y rev-
ersing armature contactors or field current,power can be
transfered from the motor to the ac supply.

In actual practice it is not possible to utilize the
firing angle range from Of to 1éo° .Owing to the time

required for commutation and turn off time of SCRs,the max-
Smiim merms aaihle value is of the order of 1580 decraes.



CHAPTER THREE

Microprocesaor~Based’Speed»Contr61'System for a

Separsately Excited DC Drive

In recent years significantAprogreSshas,been-made in
digital control systems.These systems have gained popula-
’rit& and importance in all industrial applications due in
part to thé advances made in digital computers and more
recently in microprocessors as well as the advantages found
in working with digital systems.

In this chapter the design of’a’microproceésdr based

speed control of a dc motor fed by & three phase fﬁll-conf

verter.is described,the system is centered.around a 2-80
based microcomputer with an external 6 bit counter,a PLL
circuit,the synchronization circﬁit,an ADC and.the pulse
amplifier.the software used manipuiatés the‘PI_dontrol
algorithm and keeps the desired speed constant irrespective

of the disturbances.

3,1 Description of the syétem

A separately excited dc motor with the ratings of 3/4
HP , 125 V , 6 A,and 1450 rpm is being controlled by means
of é three-phase full-converter the output voltage of wh-

ich is directly controlled by a2 microcomputer.The advantage

-21- B



secured in the converter used is that the drive amplifier
- is digitally operated>and the motor“is the only analog.
device used in the system. Therefore no standard digital to
analog. ' concersion is required in the forward path of the
closed loop system.

The actual speed of the motor is sensed by means of
2 10 b1t analog to digital converter(ADC) It is adausted
such that the speed is sensed with an oversll resolution
of 1.2‘.rpm/Bit.

The clock frequency of the'microcomputer used is 2.5

'MGHZ.The sjsfém hés two eight bit input ports and two eigﬁt,
>.bitb oufput ports.The microcomputer does two main functions,
- first it does all the,gecessary calculations and the desi- .
red'coﬁtrol algorithm ,second it outputs the desired comm-

. an&Asignals_té fire the appropriafe fﬁyristors.,

The reference speed is stored in the micrdéomputer'
memory.Provision is howe#ef made td»ihcféaSeidr decdease
this reference speed by checking whéther certain keys of
the keyboard are pressed or not.The output,voltagé of the
bridge is made a linear function of the calculated control
word‘by use of an iﬁverse cosine look up table.

To protéct the bridge against overcurrents an inform-
ation of the status of the armature current is fed into
the microcomputer,and in the occurance of the overcurrent
. @ kind of ON-OFF control is perfopmed. | .

In the design stage é“minimization of the external
hardwére is'aimed for and the software algorithm.is devel-

oped accordingly.The software makes it possiblebto operate

«DD=



the closed 169p sjstgm at different K; and K, ,» just by
storing the desired values in the'appropriate memory loc-
ations,

The block diagram of the complete system is shown in

figure 3.1, and in more detail in figure 3.2.

other supply . motor - generator
I/o c . -V N
ﬂ firing -D|_ -
Z u-§\r_i5 . N
Z-80 uC : =
2.5 Mz % . ek S -- - o

3¢ bridge

. ) tacho-
current limit

generator load

isolator

10 bit

A/D output speed

Figure 3.1l. The block diagram of the overall set-up

The circuit details and the functions of each block 1

diagram dre: explained,

3.1.1Phase Information Circuit

In order to determine the appropriate'thyristors to
be fired at each interval,the microcomputer should be inp;
utted with the information on the status of the line vol- -
tages,The circuit shown in figure 3.3. is used for this
purpose.By means of three transformers connected.ih a sui-
table Aoy configuration producing the required 30-o pha -
se shift on the phase voltagés,and_three combaratofs,the
TTL level signals SA 'SB ’ and SG indicating the instanta-

nous polaritieé,of the line voltages are produced.
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Figure 3.3. Phase Informatiom circuit

3.1.2,%ero Crossing Circuit

| The firing delay angle should be measured from the
zero crossiﬁg'insténts bf the line'voltages,i.e._the zero.

crossing instants of SA.TSB,and SC signaié.

The circuit shown in figure 3.4. produces a very nar-

row pulse each time these signals reach the zefo level.A
monostable (74121) programmed to be sehsitive to the fall-
ing edges of the input signel outputes a pulse the durat-
ion of which is adjusted according to the software requir-
ements as will be explained later.The output pulse-of the
monostable is used as one of the interrupt sources as wéli
és an input to the microcomputer,

The waveforms of S‘,SB,%,and the zero-crossing inte-

'ffupt ih"féiétioﬁfidmtﬁe”iiné ébltégeé”anAShowﬁ ih'figufe“ .

-25-  poiAzicl ONIVERSITES! KUTOPHANES!



3.4, Eigure 3.41é. shows the waveforms at the Al input of’
the monostable ,the output of wﬁich is logically "Anded" '
with gero-count interrupt and is used as a base interru-
pt td the microcomputef.It should be noted that the frequ-
Vnéncy of the zéro-cross interrupt is six times the supply
frequency ensurlng the six pulse operation of the three-

phase full-converter,

) \ .Vab /\

~
-

J

- Fig.3.4. Output signals of phase information and

gzero-crossing circuits,
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3.1;3‘Down Counter

- On the occgrance of a zero-crossing interrupt signal,
a count‘value proportional to the delay angle calcﬁlaﬁed
--in the previous cycle,is loaded into a counter and the co-
unter is enabled and the counting down starts,An external
8ix bit programmable down counter with a resolution of 0.94
degree/bit is used for this“purpoée.In fhis way the'micro-
computer is freed from the counting duty and can perform
the other functions such as the rgalization of the desired
control algorithm and etc.
 The delay engle is calculated in 8 bit word and is
stored in the memory.The most two sighificantAtwe bits
'(D7-and Ds)‘indicéte whether the firing delay angle is
‘between O' - 60 or 60 - 120  or 120 -180 . The last six
bits indicate the amount of the deiéy édgle after a zero

crossing interrupt.Only these six bits aTe loaded to the

counter and in the firing subroutine by means of the sto-

red values of D7 and Dg,the appropriate thyristors corres-
ponding to the requiféd delay angle are fired,

The maximum value of the firing delay angle is limited
to 150" .Additionally the counts around 60 and 120 are
prohibited to prevent the occurance of the zero crossing
and count zero interrupts simultanbusly;These values are
obtained experimently béing four counts less than the max-~
imum vélues of the count valmwes in each range .

The physi;al reslization of the down céunter“ia shown

in figure 2.5.The six bits of the'output port one,shown in
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figure 3.2, represemt the count value,the seventh bit is
néceséary to control the operation of the counter.During
the loading of the counter with the count value this bit

is pulléd down to zero levél-foraa short while.This causes
the enéble input of the first stage down to zero 1eve1'and
hende starts the counfing down-process.7Whén the zero
count is reached,the ripﬁle clock oufput of the second ét-
age counter goes high.A monostable produéeé a puls§ to be
use& a8 the second source 6f interrupt to the microcomputer.
The width of this interrupt signal is also‘adjusted accor-

ding to the software requirements.

- R sy | S |
- KR 1 . % Py Dy D3_‘F;§§
vis §1 llo. 9. 15 41 foje nr
A B C DJ5 ] S5[A B € l
En D
‘ [:‘fZC u/D {u/D . . CIk< 7 7
= 7 . | ‘
T 4190 § 74190 B

_Ripple Load ¥ 131 En. Load .

_~¥1§, _;f-llf_ o .4$1 _ 1I§‘F"

5V R C - S ’Eka
f=1ih 5y
. - A 7476
B |14 11 10 ' ?9 I ]
5 74121 !
g . 12 ' )
34 : _ CLR !
a Lt 5 & f .
© ; o ‘ Count zéro}
: ‘ int. j

_Figure 3.5. External down counter circuit
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In order to-synchronize the frequency of the clock
inpnt of the cocunter to the supply frequency a Phase-locked

loop circuit is used.

3.1.4. Phése-élecked—-loop (PLL)ECircuit

The operation of the counter is synchronized to the
supply frequency with the PLL circuit showa in figure 3.6..
The input to the phase detector number two of MC4046 is the
300 Hz zero crossing signal.The components connected to pin
number 13 constitute a low pass filter.The output of the
~voltage controlled oscillator (VCO) is at a frequency of
35.4 KHZ. Q output of the first divider(19.2:KHz) is used
as the clock éignal of.the down counter and also'in the

production of the triggering pulses for the thyristors.

coun%nif_ro . 30K Co ‘
—“——”.. — 14 11— ' [ ' j

7w Tt

;4046 =
o 120K
20—
3 4 —{>°—-{>o— ‘
| < -741s00
7493 7493
=8 =16
Q, . He
A ex

Figure 3.6. The PLL circuit



3.1.5. Firing circuit

The firing circuit for one of the SCRs is showm in
figure 3.7. Ihe isolation between the power circuit and the

microcomputer is ensured by a pulse transformer. _ 15y

from CPU

|

from PLL

Figure 3.7. Firing circuit

»The firing'puls;s.outputtea from the microcd&puter
should be long enough to turh the«thyristors 6n:It is imp;
érative that the firing program should be as short as pos-
;ible.If the firing pulses are produced by software within
the.firing éubroutine,the execution time will be rather
long s8ince it will have to cover the duratidn of.the fir~
ing pulses.this will tend to decrease the maximum permiss-
ble count values at each range.Therefore a firing pulse
output ‘each interval is not cleared until the end of the
next interval.In order to lower the gate drive requiremenfs

’ " "
the microcomputer output signals are Anded with a clock

frequency of 19.2 KHz.
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3.1l.6. Current Senser Qircuit

The circuit shown in figure 3.5. is used to protect
the bridge against overcurrentséA small resistor of obout
0,35 ohm placed in series with armature of the motor pro-
vides a voltagé proportional to the armature current.Wﬁen
'fhe current level reaches.a threshold.value,adjustableAby
vthe potentiometer Ri ythe output of the cifcuit goes low.
This signél.is used as an ihput to the microcomputer.lt'is
checked in every interval,and if it is low thQ-SCRs‘in thaf
interval are not fired, | |

The isolafion between the.power circuit and the micr-

océmputer is ensured by the opto-coupler used,

I 'YO.BS_Q SW

0—»—'
PbsiEive 1
_ terminal
 of the bridge

Figure 3.8, Current sensor circuit

3,1.7. Analog to Digital Converter Circuit

The dc output of the tachogenerator mounted on the
shaft of the motor is converted to a dc signal between 0-10
volt by means of a voltage divider and is converted‘\into

2 ten bit digital form and inputed to the microcomputer by
-32~




means ofAthe Datel ADC—856‘anang to digital converter;

| The ADC-856 is a 10 bit tfackidg type A/D converter,‘.
capable of supplying continously updated cbnversion data
on full scale sinusoidal signalsaup to 300 Hz without the
need for @ sample and hold,When encodingva dc signal, the
6utputAdfvthe tracking type-A/D converters alter;até betw-
een the two adjacent states, .

The maximum clock input'frequency‘of the ADC-856 is 7

1 MHz.A_lO MHz.crystal oscillator is used and it is divided

by twelve. .

Figure 3,9, Clock Generator .‘

By means of 10 LEDs connected to the A/D cénverter the

speed of the motor is made visible,
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3e2e \Software

In the development of the softwere fhe following poi-
nts are taken into consideration:

1) Precaution is taken to ensure that all the interr-
upts feceive servicing afpropriately. |

2) The common.proportional-integral control algerithm
is implemented and precautian is taken to operate the sys~
tem with different Ky and K vaiugs. | |

3) An inverse look up table is consulted to linearize
the bridge output.

5) All the calculations are done in sixteen bit sign-

magnitude,

3,2.1PT Control Algorithm

' The output of the  PI controller in analog systems

U(t) & er(t) + K J'e_(t).dt. ( 3.1.)
whére e(t) is fhe instantanoﬁs'value of the error.

The integral in the above equation dah be written as:

X(t) = ge('z).d'z + X(to) ( 3.2.)
ty |
where t, is the jnitial time and X(to) is the initial wvalue
of E X(t) > A

Po approximate the above integral in digital model,

there are different rules one of which is the trapezoidal'
Tule,
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Error 4

S
—

r | - M(k-1) 6 Time

o

Figure 5.10, Trapezoidal approximetion

Between the time intervals (K - 1)T end KT,where T
is the sampling period,the definite integral in eqﬁation
3s2. can be approximated by the area of the shown trapezoid,

that is :
K

J" “e(kT) 47 =< Tle(K) + e(K - 1)} /2 (3.43.)\
Krl v T L

Since the integral evaluated in the interval between
"KT and (K + 1)T is used in (K + 1)T interval the equationm

3.2, in discrete model can be written as :

x(k) = 2fe(x) + &(x -1)]/2 + X(X - 1) (3.4.)
and the controller output will be as :

UK + 1) = K_.e(K) + E,.X(K). (3.5.)

p

It is seen that the evaluation of the control word in

each interval is straight forward and only the previous

values of error and integral are needed.Also two multipic- -

ation subroutines are required to multiply the calculated

values of error and integral by Kp and Ki respectively,

_Width of the Interrupt Pulses

In the system there are two sources of interrupt,zero

crossing and count zero interrupts.From the time an inter-
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rupt pulse is generated to the time the éaﬁse of the inte-
rrupt is tested a certain amount of time passeslghe width
of the intgrrupt pulses should be adjusted accordingly.
quever‘they should not be so wide as to.*cause the occur-
ence of both pulses simultanously.Due.to these considerat-
ions the»wfdth of these pulses are adjusted to fourty

microseconds,

t

3.2.3Linearization 6f Control

The output voltage of the three-phase full converter

is: :
3V6 v .
.VO = -——?r~—u Coset = 1.35 ‘LL.COBOL
where V.. is the rms value of line to line voltage.

If the relation betwegnvﬁpe'éontrol'word U,snd firing
4angiea{is linear theﬁ the relatioﬁ betweén U and Vo wiil
- not be linear.Generally a linear relation ietween the : con-
| trol word and bridge output is highly desirablé,
Ifot is obtained according to | " ”

@ = arcCos (KU) then the bridge output will be:k

=Kc.U
- (3.6)

In the software the positive ?alues of U are limited

LL

v =1.35 VLL.Cos(arcCos KU) =1.35KU.V

to +96dec and is calculated from the equation 3.7. for
I -7 S
different values of U and multiplied by g%——,,the inverse

of the countef resolution, and the inverse cosine look up

table is comstructed.

lul
o = arc Cos

% e > (3.7)
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The gain of the econverter can be easily obtained,

_ U .
Vo = 1.35 Cos(arcCos !-ld‘xLL =1.358100/96xU
. - 965 .

. v : ,
Gain of converter =Kc = Tﬁ%; = 1,4 Volt/bit

‘The:experimentally obtained bridge output as a fun-
tion of control word using the inverse look up tadble is

shown in figure 3.11.

Bridge
'outppt(Vfr
125 - _

100

75 1
50 4
f‘.- . ) 25 A ’ . '_ ’ . . !

- _~100 -80 -60 -40 =20 .
B . 200 40 60 80 100

Control
L 25 word
. (decimal) |
. . i
- -50 . i.
- -75
, :
’
, A
’
s - -100

Figure 3,11, :Variations of converter butput as -

- a function of comntrol word

The whole range of the‘regeneration mode eould not be

tested due to the experimental difficulties.The dotted

lines show the theoretically expected values.

It is seen from this figure that the control is smooth
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and linear except for the values of control word corfespo-
nding to firing delay angles arouqd;60q and 1200. This is

an outcome of the limits set..

3 2o 4 . The FlOW-ChaI‘t

2-80 microproceésor can operate in three different
in?errupt modes.For our application the most suitable one
vis the interr@pt mode l.In this mode an inferrupt causes
a restart to location ¢¢38H.,Iﬁ this way no additional ext .
ernal hafdware.is-required to load the program counter with
the interrupt vector, | | |

The fiow-chart ofhthe pfogram is shown in figure 3.12,
wWhen an interrﬁpt ié sensed,fhe starting address of the
program is loaded\ihto the érogram-coupter through thé ing-
truction in ¢@38H 1ocatibn.Sinée there can be two sources
of interrupt,one due to_count zero ahd the other due to the .
zero-crossing interrupt,the first thing to be done is.tb -
determine the cause of interrupt.For a Zero-crossing.inter;
rupt,the count value calculated in the previous éycle is
loaded into the countér and it is enasbled.Ther the firing
pulses sent out during the previous cyclé are cleafed.The
internal interrupt flip-flop is enabled aﬁd‘the main brog-
raw is entered.In the main programvthe control word is caif
culated;the inverse cosine look up table is consulted,and
the corrésponding count value,which determines the ‘
delay angle in the next cycle is determined.lhe two most
sigﬁificanf bits are stored in order to be used in the
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’ . . o/ o]
determination of the range of the delay angle,ivé. O - 60

or 600- 120°or >120°- 156 .The microprocessor then goes into
HALT state. | ‘

SAVE REGISTERS

LOAD COUNTER .

CLEAR SCR
GATE_PULSES
- IN ‘PHASE STAT.
El
" FIRE _
- . APPROPRIATE
MAIN SCR.S
PROGRAM -
! RE-LOAD REG.S
HALT
EI
4
RETI

Figure 3.12. Flow-Chart

When the counter counts down to zero,a count zero int-
errupt is generated which causes the program to branch into
the firing routime.Upon enterlng the firing routine,the reg-

jsters are gaved and then the armature current status bit
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is checked.In the case of occurence of overcurrent a return
to the main program is made without firing any thyristor in
thét interval.Otherwise a fresh input of status of the line
voltages is made.Using these informetion together with the
stored range information the fipiné look-up table shown in
table one is consulted and the éppropriate thyristors}are
fired,

_ After reloading the registers with their previous %al-‘
ues, the iﬁtefrupt flip-flop is énabléd‘A return from inter-
Tupt instruction causes the program to go back either to

the main program or HALT state,

_INPUT ' OUTPUT o
D7 D6 SA SB SC SCR6 SCR5_SCR4 SCR3 SCRZ SCRI RANGE
00 1 6 1 T Y 0 0 0 0
g 0 0 1 00 1T 0 0 0 0 1
0 0 11 .0 o 0 0 0 1 1 R
0 0 0 1 0 o 0 0 1 1 0
000 0 1 1 00-0 1 1 o0 0
0 0 0 o0 1 6o 1 1 0 o0 O
0 11 0 1 o1 1 0.0 0
01 1 0 0O T 1 6 0 0 o0
01 v 10 1o 00 0 60° - 120°
01 0 1 0 o 0 "o 0 1 1 '
0 1.0 1 1 o 0o o0 1 1 o0
0 1 0 0 1 0 0 1 1 _0 0O
1 0 1 0 1 0o 0 1 1.0 0 -
1 01 0 0 o- 1 1 0 0 0 _
1 0 1 1 o0 1 1 0 0 o0 O 120° - 180°
10 0 1 0 1 0 0 0 o0 1 :
1 0 0 1 1 o 0 0 0 1 1
1 0 0 _0 1 0.0 0 1 1 _0
OTHER COMBINATIONS 6 0 0 0 0 0

Table 1.
Look-up Table For SCR Firing Pulses
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- 3EB@
32¢7EQ
21E8¢1
22391¢
DD36¢@4d

DD36@4¢6

DD36¢818
DD36@CEC
DD361¢21
DD3614¢3
DD36183@
DD36@5@C
DD36993¢
DD36@D18
DD3611¢3
DD3615@6
DD361921
DD36@618

DD36@A21

DD36@E3

DD3612@6
~ DU36160C

. DD361AQ3
UD36215F

uD36225r

LR BB Y B A B 4

esscsses s

DU36TEGF
LD36TFPC
 DD218yY4¢
DD36F¢P8
DD36@1¢1

DD36@201 . -

FB
76

C3E3¢1
F5

HLT: -

INTSRV:

EEEEE

1D  A,Bg
LD (EZFT7), A
1D  HL,INTSRV
LD (1¢39H),HL
LD IX,400¢H ;
LD (IX+f4H),@d6H ;Firing Look-up
LD  (I#+g8H),18H jtable

LD (IX+@CH)y@C

LD (IX+1QH),;21H

LD  (IX+14H),¢3

LD (IX+18),30 H

-e

LD  (IX+@5H),@C
LD  (IX+99H);3@H
ID  (IX+JDH),18H
LD  (IX+11H),03

LD (IX+15H),@6

LD (IX+19H),21H

' (IX+@6 ),18H
(IX+@A ),21H -
(IX+@E), 3@H

(IX+124),96
(IX+16H),4@C

ID  (IX+lA ), ¢3
1D '(IX+33d4),95d4 ;Inverse Coslne

LD (IX+34 ),95 Look-up Table

L ® o0 000000

v (IX+126),15
1D (IX+127),12
LD IX, 4¢8gH
1D (IX+¢¢ )’8
LD (IX+ 1 ),1
1D (IX +2 ),1
EI

~ HALT

JP HLT -
PUSH AF
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s | . IN A, (¢1B)

1F RRA
DASDE3 | JP C,FIRE ; C.Z. Int. ?
1F RRA * No ,
D2¢g4g2 JP  NC,MAIN ¢ Both Ints. ?
3489¢3 LD A,ALFA) ;Load Counter
D3¢¢ | | ouT (¢d),A
E6TF AND TF
D3¢9 our  (¢g),A
CBFF | SET 7,A
D3¢y oUT (¢g¢@),A
97 ' SUB A
D3¢l our (g1),A
FB , EI |
| JEGH MAIN: 1D C,¢d ' :Input_Mdtor Speed
ED58 - . IN B, (C) '
- DB@L . - IN 4, (¢1)
E6CY .+ AND C¢
@7 . - RILCA
o1 - RLCA
47 - ID B,A
B o D A,E .
E603 AXD @3 ~
57 - LD D,A
s 1D A,E
E6FC .- AND FC
B - "OR B
5F - ID  E,A
37 . ~ SCF .
3F CCF .
| 2ATEY3 ID  HL,(SETSPD) | |
ED52 . SBC HL,DE yCalculate Error
2282¢3 ID (NEWERR),HL
ED5BS@E3 ‘ ID DE, (OLDERR)
CD2F@3 ~ ' CALL ADDTIN
#693 ID B,¢3

CB7C - BIT T7,H
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- CAT5¢3 ,
37 NEG:
CB1C
CB1D
1¢F9
CD@2¢3
 ED5B84¢3
CD2F¢3
22863
248203
CD29¢3
- ED5B863
CD2F¢3
CB7C
C29A¢2
7c
264¢
1121¢¢g
FE6¢

- D295¢2 -
6F . LOOKUP:
19 |

TE |

A7 DELAY:
E6CY '

@7

g7

3288¢3 -

78

E63F

F68¢

3289¢3

248203

228¢03

2A86¢3

2284¢3

CD1EQY

CAS51¢3

DEVM:

- JP

SCF

DINZ

CALL
LD
CALL

CALL

CALL
BIT

EBEBX

CP

JP

ADD

LD
LD
AND
RLCA

RILCA

LD
LD
AND

OR

LD

LD

LD
LD
LD
CALL
JP

Z,P0S

H

L
NEG

MULTP1

DE, (OLDITG)
ADDTIN
(NEWITG),HL
HL, (NEWERR)
MULTP2

DE, (NEWITG)
ADDTIN

T7,H oy

'NZ,UNEG

AH
H,4QH
DE, 33
96

© NC,UPLMT

L,A
HI,, DE
A, (HL)
B,A
cyg

(RANGE), A
A,B

3F

8¢H
(ALFA),A
HL, (NEWERR)
(OLDERR) ,HL
HL, (NEWITG)
(OLDITG),HL
BRKEY o,
7,MODIFY :
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yMult. e(X) by K

J o

Shift+Break

Mult. X(K) by K;

U positive ?

! Store range inf,
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CDC6@2
CA41¢3
CDE4¢2
CC4A@3
F1
 ED4D

- 3E6¢
C361¢2
TC

2F

3C
FE3F

D2clg2

47

- 3E6¢
8¢

47
E6¢F -
CABC@2
78
FES(
‘D264¢2
FETB
DA64@2
3ETB
C364¢2
78

3C
C3AD¢2
3E3F
C3A2¢2

3EF8
32¢$E¢
]

3A¢1E¢.

2F
E621

BACK:

- UPLMT:

UNEG:

REGN:

RIMT:

CORECT:

UNIMT:

SPCHNG:

CALL

- JP

CALL

. CALL

POP

RETI

ADD
1D
AND
JP
o
CP -

JP

cP
JP
1D

- JP

LD

~INC

JP
1D
JP

ID
ID
NOP
LD
CPL

AND

SPCHNG
%, PCHNG
SNCHNG -
7, NCHNG
AF

5,96

. LOOKUP

A
3F
NC, UNLMT

B,A
A,6Q0H
A,B
B,A

¢F

Z, CORECT

'A,B

128 .
NC,DELAY
123
C,DELAY
A,123
DELAY
A,B

A

RLMT
A,3F
REGN

4,58
(E¢¢¢) YA

A, (Eg¢1)

21H

-44,.. .

!Shift+T Pressed?

:Shirt¥G Pressed?

sEnd of Main Prog.
'Limit U positive

;Eiﬁd U negative

s2nd range limits

yMax, Firing SetlS%



C2D8¢2

c601

c9

3EF2

- 32¢@Eg

ef7]

- 3AQ1E¢
E6¢4

9

3EF8
- 32¢¢Eg
- 9¢

3APLEQ

2F
E621

C2F6@2

C6@1
c9

' 3EF4
320 3EP
o]}

- 3AQ1E]
E6¢4
c9

3ABA¢3Z

EB
g6@8
21¢0¢¢
37
3F
EDSA
E218¢3
FA3D¢3

C339¢3

17

D226@3

2NDP:

 SNCHNG:

ONDN:

MULTPl:
INITAL:

CONT:

" LIMIT:

JP  NZ,2NDP

ADD A,01
RET -
LD A,F2

LD (EZGd),A
NOP -
LD A, (EgPL)

AND ¢4
RET
1D A,F8

LD (EGEg),A
NOP
LD A, (Egg1),A
CPL : ‘
AND 21H
JP NZ,2NDN
ADD A,¢1

" RET
1D A,F4 ,
NOP S
ID A, (E¢d1)
AND ¢4
RET

1D A, (K %5)

EX DE, HL
-ID B, 78

LD HL, $¢0¢

SCF B

COP

ADC  HL,HL

JP - PO,MLT

JP  M,PLMT
JP  NLMT

RLA

JP NC, SHIFT
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;Shift pressed ?
s No ‘ '

{T Pressed ?

!Shift Pressed ?

" sNo

*G Pressed ? -

78 Bit Multiplier
;Init., Value Zero

\{

sEnter Mult. Routine
sOverflow then limit;



37
3F
ED5A
E226@3
c312¢3
1¢E3
c9
3A8B@3
C3¢@5¢3

37
3F
ED5A

E240¢3

FA3Dg3
21¢18¢
Cc9 _
21FFTF
c9

210061

22TE@3
- C392¢2

21B@@1
22TE@3
c9

214124

22391¢

97 .
D3¢l

c3¢ged.

CB3C
CB1D
1¢FA
C337¢2

SHIFT:

MULTP2 :

ADDTIN:

NLMT:

PIMT:
EXACT:

"PCHNG: -

' NCHXNG:

MODIFY:.

POS:

SCF
CCF
ADC .

JP
JP

DJINZ

D

JP

~ SCF

CCF
ADC
JP
JP -

RET

- LD

RET

1D

JP

5E

RET

1D

SUB
ouT
JP

SRL

DINZ
JP

HL,DE
PO, SHIFT
LIMIT
CONT

A, (KPX1/16)

INITAL

HL,DE
PO, EXACT
M, PLMT
HL, 8¢¢1H

HL, 7FFF

,HL,¢iD¢(

(SETSPD), HL
BACK

HL,¢1Bg
(SETSPD),HL

HL,2441H
(1¢39), HL
A

(g1),4
BRK

POS
DEVM

-46~-

1Get Kb Value

:No Overflow Then OX
‘Neg. Limit Value

s Pos, Limit Value

-«Change Setspeed |
, .

yChange Setaspeed

yModify Monitor
;Program
$Clear Fire Pulses

;Divide Pos.f by
s 8
’




D9 FIRE:
DB@1
CB6F
CAT1¢3
E61C
2188¢3
B6
6F
2649
7E
D3¢1

D9  CRIMT:

Fl
ED4D

EXX

IN A,{g1).
BIT 5,A

JP %, CRLMT
AND -1C

1D HIL,RANGE
OR (HL)

LD I,A

LD  H,4¢H
LD (A, (HL)
ouT (g1),4
EXX

POP  AF

RETI

END

SETSPD:DEFW
OLDERR : DEFW
NEWERR : DEFW
OLDITG :DEFW

NEWITG :DEFW
RANGE :DEFB

ALFA :DEFB
BRK :EQU

BRKEY :EQU

@1Log

@3FF
rfelnfr}
o1 fnfr}
gaag

g1

AQ
6000
@gLE




CHAPTER FOUR

STABILITY ANALYSIS

Figur¢_4.1;.shows the discrete time model of the closed

loop system,which is»derived under the follbWing assumptions.
| 1)The avérage;érmature voltage is maintained at a,cons;

'tant'value for one sampling period.This can be modeled as
. a zero ofdef hold.

Z)The,three-phase converter is assumed to operate as
a linear power amplifier with no delay and with an'overall
gain of K,=1.4 Volt/bit | - _

3)Since the A/D conferter operétes at a high fréqueney .
.,in the analysis T' will ndt Be included.Kt ié‘ﬁhe.overali'
gain of tachogenerator and A/D.converter being 6.2 bifs/rad

4)Becausé of the time requirements for control algori-
thm manipulation,the calculéted value of contrél word at
every period is made effective in the next cycle.This is
modeled as a delay element.

The analysis is done in Z-domain.Figure 4.2. shows

the Z-domain equivalant of the closed loop system.



Es) 2 i X(a)

Figﬁre 4.1. Discrete Time Model of The System

%

B(s)

¢ ’ B
gis) ﬁ (s}

r~-

Figure 4.2. Z-domain Model of The System

Where T = Sampling period = 3,3 mitisecond
Tm= Of46 Sec;
B=K(1-A4A ) = 0,007 rad/V.s.
AN

-¢/T o
A=e B = 0,992

If the load torque disturbance is neglected the tran-

sfer functibn can be easily calculated to be:

N(z) ‘ﬁ(z -ol)
—= (4.1.)

-49-




,wh§re ' STy o= *2;“ -
P P
1-T,
%= 1+T,
i
£ - K KK K, (1 +13) = 0.08 K ( 147, )

=0verall Gain of the system

Gd(z) =_Z3 -(A+1)Z2 +Z(A+§) - éé(-

The open loop transfer function is :

e Z- ol
- K

(4.2.)
“op 2(271)(2-4)

Figure 4,3. shows the root locus of the closed loop system,
' - A 1 ‘ .

AN .
Figure 4.3, Root-locus of the system

The error canlbe easily calculated as :

E(z) = Z(Z°l)(z-5) x R(z) (4.3.)

G4 (2)

The steady state value of the error im response to an

step reference input is obtained using the final value

-50-




‘theorem,

. 2-1 - 2(2-1)(2-4) Z
-final error = Lim - . - X
' Z Gd(z) z2-1

Z—1 =
) =Zero

Tbe deviation of speed as a function of a load torque
disturbance .is also easily obtained to bé :
. B,2(2-1)
N(z). = — X Vo
: Gy(2)

The steady state values of this défiation due to an

I

step load torque disturbance is:

z-1 BZ(2-1) z
S.S.deviation =Lim — . x
of speed - Z Gd(z) - 2-1
Z—1 . R
r~-

~=Zero

These calculated final values of error and speed dévi-

ation were expected,because of the Integral control algof-

ithm used in the program.

4,2, Experimental Results

In figure 404, and 4.5. the response of the motor to
arsudden ch;nge in‘lch torgue and in'reference spee& for
‘two Ki and K_ values are shown.Depending on the desired
dynamic reéponse,the values of Kp and K; ean be célculated
and the system can be operated with these values,

-51=




0 A

. 680
- rpm

'iReeﬁonSe iqesuaden~chanée,in lpaé,
_Upper tréee:Loéd7éurrent ]
ST - Lower-¢race Output speed

o l dlv-l A 20 rpm 100 ms, e T

680
rpm

Fig. 4 4Response to asudden change in reference
1 dlv.-zo rpm =0.28 ,1oad curreBt 1. 5 A
=52~

speed




. - < . e b

'Response ta a sudden change in load
Uppep trace:Load current
Lower trace:Output speed | ‘

‘

.1 div.=l A=20 rpm = 100 ms.

Fig.4.5. Response to a sudden change in reference

speed i

'

1“div$20 rpm =0,2 S,Idad current=1.5 A'




The obtained expérimental results agree closely with

the simulation results.The deviationa can be thought as the

approximations used in power amplifier,motor;and tachogen~

erator transfer functions.




CONCLUSION

In this thesis.the design,implementation aﬁd experim-
ental results of a_Z-éO based system for thé firing'of a
three-phase full~-converter,and one of its épplicafions ie.
PI control of a separately excited dc motor has been expl-
ained ,The épproach used is all digital,simple and not

requiring extensive hardware or any adjustment.

S¢nce s PI control élgorithm is'used,the steadj-state
error as well as the deviation of the speed due to the ioaﬁ
disturbance are sef to zéro. | ~-

If is possible to control the motor using any type of
control or design algorithm'depending on the required dyn-
amic énd steady state performances oﬁly by a very small
change in the software. | N

Four quadrant operation is a requirement which is met
quite often in industry.With the system described this is.
posgible only by reversing the field or armature connect-
ions,but this is not a good solution.A better method would
be the use of a dual converter,The syséem described can be
easily modified both in hardware and software for.this
purpose, |

The.resolution of théMfiring angle of the bridge
. i8 0.94 degrees which is suitable for many applicatiéns,

- If this resolution is mot found satisfactory for & espec-

. ~55=-




isl applicetion,it can be reduced tb 0.47 degrees by a
modification in the sofware.this will necessiatélén extra
output pim and the twice of the clock frequency of the
counter.Both are available in the system,

If a better_Input-Outpuﬁ éharaqtéristﬁcs of the bridge
is required without any back and front limits in all the
firing anglé ranges,it can be achieved at the cost of the
increase complexity of the external hardware.(4)

A soft  start routine can also be inserted into fhe
program for autométic starting purposes‘if,required.‘

All these explained possible modifications reveal the
flex1b111ty of microprocessor based control systems.

Yhe use of mlcroprocessor provides a very satisfactory
solﬁtlon in the application discussed.The task could also
have b;eh performed by a hard-wire£>SYStem bﬁt many of the
conveniences and the flex1b111ty obtained wlth “the mlcrop-
'rocessor based systems would have been lost,Although the
use of microprocessor may not be econom1ca1 the vonvenien-

ces of operation of the system,the gccuracy,reliability,

and flexibility offered justify the cost.

-5€6~



1)

2)

References

Paul Katz, Digital Contro} Using Micropfdcessors ,

~ Premtice Hall,;1981 s T

P, Ce. Tang,s Se Iu, and Y.Co-Wu , Mlcroprocessor-Based

Design &f Firing Angle Circuit for a Three-Phase Full-wave

Thyristor Dual Convertes, IEEE Trans. Ind. Electron. Vol.

IE-29 ,Feb.1982 -

i

T.Ohmae etval.,.A Micrqpfocessor-controlledvFast

Respon Speed Regulator with dual mode currqnt loop for

DCM drives,IEEE Trans.Ind.Appl.Vol.IA-16,May 1980.

4)

K.P. Gokhale'and G. N.Reviﬁkar,Microproéessor—Contro~

"11led Separately Excited DC-Motor Drive;gystem IEE Proc.

‘ Vol 129,pt.B. FNov. 1982,

. 8)

6)T.AKrishnan and B,_Ramasawami, A Fast RespouseDC: Motor

Speed Control System, IEEE Trans.Ind.Appl.VOl.IA-10,

P.C. Sen, Thyristor DC Driveg,W1ley-Interscience

1980, - L

Sept. 1974 -

)

7

~P:C;iééﬁ;?Tﬁyristorized DC Drives with Regenerative

Braking and Speed Reversal ,IEEE Trans. Ind.Elec. Cont,
Appl. Vol. IECI-25 KO 4,Nov. 1978

8)

9)

Alexander Kusko, Solld State DC Motor.Drives ,The

MIT Press.1969. e ' e
Zilog Inc, Mlcrocomputer Z-80 Handbook,

- -57-




	Tez4115001
	Tez4115002
	Tez4115003
	Tez4115004
	Tez4115005
	Tez4115006
	Tez4115007
	Tez4115008
	Tez4115009
	Tez4115010
	Tez4115011
	Tez4115012
	Tez4115013
	Tez4115014
	Tez4115015
	Tez4115016
	Tez4115017
	Tez4115018
	Tez4115019
	Tez4115020
	Tez4115021
	Tez4115022
	Tez4115023
	Tez4115024
	Tez4115025
	Tez4115026
	Tez4115027
	Tez4115028
	Tez4115029
	Tez4115030
	Tez4115031
	Tez4115032
	Tez4115033
	Tez4115034
	Tez4115035
	Tez4115036
	Tez4115037
	Tez4115038
	Tez4115039
	Tez4115040
	Tez4115041
	Tez4115042
	Tez4115043
	Tez4115044
	Tez4115045
	Tez4115046
	Tez4115047
	Tez4115048
	Tez4115049
	Tez4115050
	Tez4115051
	Tez4115052
	Tez4115053
	Tez4115054
	Tez4115055
	Tez4115056
	Tez4115057
	Tez4115058
	Tez4115059
	Tez4115060
	Tez4115061

