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The operation of a thyritor controlled do series 
motor fed fron a single phase ae supply his been investited. 

A }a1f controlled convertor with freewheeling diode, 

tnd associated control circuit, have been designed, 

fabric.'atcd and tted 

With the pulsed supply vole to the rrature circuit 

and assaming linear magnetic circuit, expresslon for 

armature current bias 'been deduced using 	l 	transform 

tethod, 

From tHs expression for arnature current, epresior3 

for avorage nd rins values of aztture current, torque 

devLoped, r8 value of line current, input power factor, 

dilcerer4t and distortion 11~cjt.,Irs hvc beer, obtIned. 

ii. cOm91On between eerientl 4nd thcoret1c1 

results has been tade. 
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tirquecntwfl due to rotational less, N-rnw  
viscoun torque const4nt due.,  t rotationul loss,  

Per radi&n per second 
arntw?c currit, avre iiaLte 
armaturo currentp 

iundienthl component,  of line current 
rotational 	cofi1c1ent, volts per 
per radian per ecnd0  
La  + I. = total arrature c1ru1t inductance In 
henrifas 

L 	= 

N 	=motor speed in  
=Re + ki f = total armature circuit resistance in oh 

T 	periodic time of supply froqueney In seconds 
e1ectroaetIc torque developed by rotor, m 

= 	load torques  m 

VaV 	armature voltages  average value 
£4U Ufl ValU€ 

Z 	
= 

a1  and b 	 Pwier cocfTicia,.ts 
± 	=armature currentl  in Stan tan ttn2eQu value 
v 	= 	azature voltae, .z.stantaneous value 

= 	thyristor tiAggering delay tintep seconds 
trIstoz triggering delay angle 

armaturv. cirit irpedence an&  



w 	!I 1 or spcedv iradians per SC-Cond 

w 	:2 it £ = supply frequency In radians per secot, 
= 	d.sp1ctent uncae between frtL corronrt 

of line current d supply voltage. 

of u = 	distort-Ion ta4to'. 
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in this chapter e7pressions for armature cu'z'ent, 
torque, rrsvalue- of 11n 	rrnt d1trtion factor etch 
are developed. With the pulsed volt4ge piled to Vie 

avn,ature aircuit, expres3lon for rrture current 13 obtained 
using the Laplace transform,  method*  

291 EW'IW4 £U IATU CUR U'  

The foi].wina 	pt1ois have been t&de 

(2.) Rtce and Inductance of 	tiu'e circuit 
, 43812113od constanto 

(7) Thyri.tora and diodes are iud to be ideal 

(3) Speed Is as3umed cm5trnt1  in other words 
ehnicl time constant is large* 

(+) 
 

iron losses xe negctcd, 
aottioI volttc due iljo riduai magnetiern 
is neglected#  

(6) Rotational voithse coetiicimt has been 

(7) 61noe 40c, 3eries motors have furlurse induetaøe. 
continuous conduction has been assumedo 

Aeferr-tig to figure 2*1#  the voltage balance equation 

ts, 

+ L S. 	v 	..... (1) 
dt 

Ttkin 	trarufom and tonsidering 10 to be 



il,litiux v4ue or curent 
V(s) 	 I 

( + 

Where V(3) is the La.)1Ce trans form of the epplled 

Ite . 

New, for se1y 	iiysi, oriy rpoe to 
single volte pulse Is Thi3 I3 liecause of the 
fact tIt, the,  reaponse to subsequcnt pulses In etdy state,  

'a's same s tht response to one pulse considered and the 
agn±tude of response ut the beginning of a pulse Is 	 as 

that at the fend of the previous pule, 

Thx, -,Lnffac quise gia to arnature Irct siom in 
figure 2.2, Is expressed by usin& a gate functlon, which 

Of =.1i4 çurthg PUit peroi Lnd zero 

elsewhcr . 

Hence, 

V( S) z L 1V J  Lr ( 	t ) • ; ( tIVt  

L ii 	t) L(t*tJ 

sin 	t) U 

= VT 	 coa ( 	4in ( 	t ) 

4 vn 	2 
.0•• (3) 



Sub5ttt2tinE for V(3) In ei1t4,,.on (2), 

Ii 

+ 

i5jfl (Z + 

1 tA1) 	2 + ( 	) 

Ting tnv*vc transforms, 

-=:• cos C 	x 	
+ cf! )2 

C 	(t' t) 

r.+ 	,ø:n C Atot 

(u(t 4. t ) 

sin (*t) 

t• 



 t*t) 

*+ ( 	
)2 1F2 

L  

• cos 	t t) 4i. 0 	u(t 	t) 

(jJW)(tT) 

+ 	
91n C 	C t  

2 vj T 	 ell J 

x u (t T2) + io  e 

• Where g. 

tan*1 	L 

T 	 KW 

w L)2 )12 

Sin 	 and cos e 
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v 
row,,W~ 

coo ac fe 

4 

10 

	 sin( wt- 	Woof- 

-7- 003 & $i$ ix 0 	 Cos( wt Z)*In 

u(t fo tc ) 

mn ( t.1-- sin(wt] 

)(t(t10 	 + i0 
10( 

tan 

Sin 	 te. 	[ut 0. tiz ). u( t. 

0, 41 e tan 	' Z(t10t. 

V 
,u(t'T/2)+ i0 tn 

V.!, () 

$±nce I = 1 
0 

at t = T12 , 

fZ) 

10 	
VIA tw 8) 

0 	•  

(110 e10 

 
*1 tam) 

(6) 



2.2 olVERi4Z VILU OF ?T1 car, i av 
Average value of iae current Is obtulmed by 

In tecrr ting expresslor, (5) over one pule anci t&kn 

value d1t,  the  

av 

to 	

6 

( (attn)  d* -F-Z. 

fv 	Z a in (wt 	 0 

	

C I 	 + 

	

dn ( 0 	) tan ( I. c 	 ) 

	

( 	 fW(6) 

= 

 

It 	 (G'a) eh1 9)
M. 

+ 	(( 1 	(@* cg)  tr1 	) 

$ipiItyig, 	
. 1, 

lav = 	2 COS 	sin 	e 000 g 

+. 	 ... 

V 
(1+ co) 	•0* 	(7) 
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ow for half controlled rectifier with freewheeling diode 
average output volte, 

V = __ ( 	1 	cos a) 	........ (8) 

Substituting (3)  into 	and rioting tht T, cos e 	11 + KW 

V 

2.3 	RMS VALUE  OF  JUE .3RaINT, Trr,s 
'zpresion for 	is given by, 

12Ixs i 	t 

i 	e dwt 	(.a..) 2 
io 

,tT 

si( wt.me) + sin (0 	e 	tan 4w 
U 

2 i V 4 SIn (eL 	e 
-'-') tn 	e 	tang  

+ 

1 	pi dwt 	 ( 	'p) 2. / sin (wt-0) dwt 

+ 	2,jn2 (@-a) ) 	th4t 

V 
+ 2 (.)2  V tan 	 wt 

sin () e 	e 	sin (wt 	)e tine 	dw 

+ (itie) 	a dwt + 

sn ( 	a) e 	(') dWt 



14.  

rr 
(IDI.a..YL_P) 	 tan e ' thr $ 	tht 

2/tn$ J6 	2 

(1 e Umø  

dt 	( e (h) 

(wt-6) tht 4 4, 	C0$'2 wt 	dwt 

-i-- r 2 	 2 

2 

ff W (Z) + c 	(2) sir 	.ØØ. (I3 

and 	61n(t - e) e7 	dwt.  
0 

wt 
Bill( 	 tan 0 

in fi 	(c) 	al tan -Iq 

+ tan, e 

sin 31n a e7 mf tan 49 (1k) 

Substituting for 	 from (6) and for * othør tcrr from (11)0 
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to (1#) in (10), 

2 	fl tan 

( sin2  e sin. 2  Cq) e 	) 

sin Q • sin 	etan r)) r1— )2  

sin (e 	) sin awsin a 

$ (,)2 	
7tr 	.+ sin (*) en 

1se 

sin a sin tz e' (tan 

V 	I + 2 (1)2  e-, t•-nc:j 

in 	+ sin(8.r cg) eteJ 9 1 * 

) 	) 

On sImplifying and rearransing the teiis, 

I s 	 coo (2 	) 311) + 

z C sin (x) + sit e et 	••  

(sin2  ( 	c ) + sIn2  e ) ( 1 + 	e 

2 Sir, (8-4 sin ( 	 + 
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W 	W 	 1ir 
ime the izotor IS connected to 	y tmin.La 

during the conduction perlod only ( m (wt( Y, the eras1on 
for line, current from epz!esio () lo glvenby 

sin ( Wt _ 	4 1fl ('(Z) 

*000m<wt (if ,.( 

ma cc 

12 	= it ,2 
. 	A 

= Sin 	- ) 4 	31k) (8 itz) 

a 	 2dwt .i 	#tfl$J 

v 
+i( 

 2
f 81-n 	0) dwt . 

jj 
cr ( tan 9 

sin2 ( 	r) eL 

dwt + i ) e thit 4 

) 

Sm 

2 	sin ( e) e 
ey I sin (wt 

sin (wt .) 



It 

21 v 	 V tan 	40 d-wt + 	 a) e 	j, 	 t 

ubtittin& for i0  fron (6) and for othcr terms £ror 

(12) 0(iLt), 

_ + 

) 	x 3 1n2  ( e CC) tan e ( i 

+ ( 	) 	itan 	2 (ie 

x filn. 	In 

+2Z1n,1fl(.')e 'tn 47' 

r tan 0  

1z ( 	a) sin. 4D Sin,  cc + 2 ( 
4)2 

• 2 	) 	 e '+ sir (Oz) 
aw  

a 	 a n x 

tan  

end. rearranging the tcrra  



Vr  
(1! W. Q) + coo (2) ina + 

+ 

'p  WJt e)a 	 + 

'1 00  - iz--  - 	I (  '02 C -- 	. ) , ] " 	...t. (17) e 	tan  

2,5 ?iAfltIE"t QB )'CiNT' 	Lxtil: CUT 
To determine the di3p1Ce nt avid distortion fctor 

It becoves necessary to 4now the Fourier coofficl.wto of the  
line current wveoz, 

Cos wtdwt I 	t7 
0 

ttb5tftuting the exprasion for i. fwm (16) 

(5 	 V 
sin (wt) •=;n 

wt— .. wt 	
coa (j—)j 	t t 

Where 

cj 	4j1   sin €+ sirt 	wtoo4o J 
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Where V&V  and I V 
are, tven by (8) aril (9) 11 V is was value 

of applied olt a 4nd. IL  is rm value of line current given 
by a e slon (17). 

(C) ilce,cnt angle is defined as t angle between line 
volt4ige and funtherital compon em t of line current0  Cosine 
of d s l ce ent anjló : ,O1  f Is called displacement £ ctor 
or fundamental ;power factor. 

*'ental component of line current is obtained 
from 1ourier c e °ficients a and 	of line current (21) and 

(22) 

s d : sqi e en t an e = tar 1  a' b1  .... ( ) 

dislacemeflt factor = cos b. 	 ..0. (28) 

(L)) Distortion factor Is defined s the ratio of ! ndanentai 

c*ponent of mire current to r;^s value of line current, 

distortion `actor 'u = 	 ... (29) 



. v = VM  sin ( 21/t) {U(t-t,c )-U (t _T/2)} 

v 

Serie 
field 

ARN 

Figure - II-1 - Pulse controlled D.C. 5 

Figure-II-2 - Single pulse applied to armature circuit. 



tQ1) 	flJR 

£ ILf cont;Qlied convertor with eewieUn 
diode kias been used for the control of a 31!-,  de seie 

rotor* In this chapter the thsxi of the convertor, 

and control ctz'cuit an .ts ocrat±on has been gFcn. 

301 POE CiQt;2 

The power circuit, shown in flguro lIfri, 
consists- cr a single plliaset  half controlled convertor, 
with eewhcclirg diode*  Coon cathode efiution 
has been used, iC line, transient suppression creuit 
has boon used for the over voltae protectioprotection of 

tbyristors and diodes. 

31 	 of 	 4Ø(1O) 

Specifications of do series rnotor 

2V p 	12.9A 	3 

Dax 35o r 

(uiy voltage 2s. 230 V, O 

Therefore pe in-verso oltage on tbyr1stors 4"d 

diodes will be 'a z 230 = 3a5 Volts, fUovn 

factor o, say 2,-50 that thyristors 4r1d diodes car 

comfortably te a reasonable ttansint overvtge, 

devices with 1500 V ratings can be ustti 



D.C, motor current ratting Is 120 
an overload Capacity of twice full load ci 
rated thyrizUrs and diodes my be ued0  
Is not over full 1800,  a dertin of 12 

o 	.dioUeoonsiderd. SI  

Allowing 
rent, 26A 
moe conduction 

usually 

: bridge circuit 

will be satisructory.,  

Since the current rating of the 	holing 
diode need orly be 70% of bridge circuit device, a 20A 

(7) diode for the some is choseeno 

Overvoltage protection 	is provIded. by using 
a surge suppression. ,circuit*  consisting of 44sFp 400V a.c*  
capacitor in series with a 10 Ohms, 27W resistor connected 

across Input tezinala, 4 50 Kv 3- W resistor Is connected 
across the capacitor which provides a path for dicharIng 
stored energy, 

• Overcurrent protcetion is obtained by using a 

• fuse whose 12t rating is less than that of thyriators. 

SpecIfItions of thyristors and diodes actually 
used are given in Appendix J. 
3.2 ONTROLcIRCUIT 9  

The CntrO1 circuit onatsts of a uniunction 
transistor relaxation oscillator The output pulses of 
this oscillator are used to control the firing delay angle 
of the thyrIsts. 

Per the centrel circuit shown in fire iIi.s2 
the rectified pulses from bridge rectifier(4) are Clipped 
to square w*ves of about ISV  by senor ( two 9.1 zeners in 
series), These rectangular pulses are used for chaz1gmn 



the capacitor Cc..  The rate of char'gng s decided by  

I  resistance 	he valt.6ge across capacjtor wU try 

to rise upto V i.e. 18V  but when it reacboa a value 
u$. goes Into conduction and .capaoitcr discharges 

through emitter and base I ot %TT and the rtance 

Thus èpuae output Is obtained*  Sin at the 

end or ouch bt cycle the input toain\dr.cuit 
goerto zero,#  the pulses ap.r at the 	Ltant 

half cye. The pul3es are jiven to the 
S-ates of tbyrtstors throub diodeo 4)7 . and DSo  

The design of the control circuit Is carried out 
in the following way, 

3.2.1 UJ [AT( iN  OSCflTOR 
Specifications of. 2N2646 Un 

Thter base realotunce (JL) 
at the rate oZVB3,2=O407 	1 

Tj 	stand off Z&t1O 	 () V P iOV o.56 0.75 
Zv  Valley current, minimtLM (L) 

l,u  peak point emitter current (AA) 	5 

IYO Emitter reverse current ,,ázirit( 'U4) 
V 30V T i , 25o 	

€ 12 

VUB I Base one PC" pi3]se voltage 
MinIMUM CV)  

For thyritor 2riB69  

	

PG Average ae gate power (W) 	I 

	

Gate trigger current (nA) 	100 

P-4  
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Maximum gate -voltage which will not trigger any 
device is 2,50 mV. 

Design 	Thy2?itor turn on tire say 5M, and taking gate  
Power to be 2W, 

o7 ITurn on energy = 2 x z 1076  = 10 watt seconds* 

(C •q2 v2 )= 

• 	. 	cThin = 
o.562  x 102 
	2iF. 

So selecting C0  = o.3fliF 

Now T = RC 

control required is from 0 to 130  i,e, 10 ms (5b Tz) 

i.e., 16 x 1O 	= £ x 0.3 x 0006  X 	 -u'% I so 

•.. = 36 K 

and iin:Lnun value considering delay of 0.5 S. 

min 2K 

o Rconsists of bC) K potentiometer in series with 2,2K. 
Choosing 100 Ohms for RB1. 

10 
V B  

i.5 

3.2.2 
Zener TS Z 9. .1 	9.IV, R, i'•_ 	- 	(io 

/ 	Pd  

riL 	VE17 or fl(- n-fI 	 - 



Bridge recta fier (A.) u3ing BYX12? diodes (IA 

current rrtin5 nd 11V I r) Is connected to supply 

through an IsoiutIn tr .  mfo er. T, 'half si usolds 

aa + .last to square waves of 13V by two •zener T Z9,I, 

in serle3* ? C nest of the voltage is d upped crcrois 
a se Ties resistance ( 8 i 	D W) , These rectangular 
pulses areapplied to the char tng ci:rouit of 3cilator, 

whc rein th cpcitcr Is r 1 me argcd. ut the '2d, of each 
pulses half cycle, n d hence the - = wi.0 be synchronised i ith 

the supply n4 fire at the amore instant durin each half 

cy cl r 

The output pulses of U :' are fed to thyristor 

gates throuh diodes (BY I2 ). 

3, 2.3 DE ° IG U Isola :--=1w~  

Alloirg for any future additions to control 
c rC 	7 	X41., 1 .1r.tio power trnsforner has boon 
des nEd. 

turns per Volt 	 = +.4'# AarT 

x. 50 x 

net Iron cross section required 	iW=3e22o 

Gros n iron cross section 	= 	= 3,58 ct 
0,9 

Using a square sect±on Width of core. = 	9 	= I.9c . 



2? 

WIND 111111C  

Pr1ary current 1 	 .100 MA (Gay) 

Using,  a current den4ty'of 
area of conductor p 000435 ,2 

Diameter of bare conductor S 	0.035 

= 0.236 

Di*ter o' en hod wire = 0.302 

Number of turns , = ;23,0 x 104 	3220 turns. 

The sTht1or for secondry winding are sane*  

W1(M AREA 

*pace factor o.ts. 	2 )2  0,625 

window $C for 1ry winding 

= 122 

AW  2WLfl(1Ow urea = 1.2122 + 182) = 292 

Using E and Igt,1ng, 

25  emy L = 3.3 or, W = 1,25. n, 

0*236 rm Wart dia super eneh1ed copper wire 
has been used* 

hIf controlled cil,cuit with freewhce1ig diode 
is shown in figure ITT-3& When the upper termiI is 
positive and thyritor TI is trigercd tho Iod current' 
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flows through TI iand D2 &t the end of half cycle load 
current is trntcrred to freewheeling diode 	is  
line c0!rutted. The pr6ces5 x'ee&ts dutin the re*t iaI 
cycle with T2tnd 1)3. conducting,, The avcrge output voltie 
is given by 

V 
v v 	+( 14 c 3 ) 

and a 13 et by resistuncM RC In 'control circuit. 

34 COWETO 	roa 
For sturtii€ Ito is kept maxinum and convertor 

Output 'voltage is zero. Then IRC  Is progressively at cutout 
until the detred peed IS obt4net' The speed control 
Is obtoincd by vryimj the 	 iture voltage which In turn 

Can be achieved by varying aco.  
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the vor ei lt , 

r over 	d 	.. 
- f  

4 

BOA* 	600 

x..52 A4, 	X 
3 so 1x,5 

1.B5 V tot 	al'V 	O 
b 	Aag 

• 95A O»Ot 
to iIcUce Vr 

°CIS contact tt 	ra 	- 

r 	x romttn tw o  

• '. + 	•r,~ .' 
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•p; tom 	at•vz 

aoq 
.g•  F 

i 

*o tois- 0 . 

vote t 	-5& 
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Ti , T2 	= Thyristor 28TB6 

Di, D2, DF = Diode 4N15 

R1 	= 10SL, 2W 

R2 	= 50K,3W - 

C1 	= 41U,F, 40OV A.C. 

Figure III -1 _ Convertor power circuit . 



TR1 	 -- R5 ~~ 

Figure III - 2 - Control circuit 

Bridge 
rectifier A 

TRI 	= 230V, 2OVA, 1:1 Ratio transformer 

D3 to D6 = Diode BYX127 

R5 	= 8K,2W 

Z1,Z2 	= TSZ 9.1 

Rc 	= 10K Potentiometer in series with 2.2K 

cc 	= 0.3/u.F 

RBI 	= 100.SZ 

RB2 	= 1.5 K 

D7' D8 	= Diode BYX126 

Output 
pulse 

0 

1 
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Vds cbpter deals with the 	ii,ent1 veri- 

fication af tba prtarance equations deduced In Chapter ii. 
Osci1ioruhc records of arnature volarmature  
current and Line current are given for different tiz'ir 
angles and loada and compared with the tomputed 0n03. 

4.1 	Fi.CE EX1t0$ 01? T1fl• MQTOR 
Performance equ4tlono deduced in Chapter TI are 

given below"  

Voltage applied to the motor 
V 	Vt 	 (1) 

Average voltage applied to the motor 
V 

1 + e 	 (2) 

The variation of arnature current with tine is 1ven by 

in (itG) [U(t4t 

sin ( 	 u( t..t) 

V 	 wt 
sit 	 U(t.rT2) * i0e 'tñn 	., (3) 

e#t) 	 $ft 	 ) !#() 

where, 
tain 	 0000000 	

. 
( 5) 

+ 
	

(6) 



Hence 
(7) 

£nd. 	12 2r' ms ( *) 4. CO ( 	z} sin 

OV tan 

(1
ici'tan e) 	Leam + 

Sin ( .') * sin X1e 

4 2 sin ( 	) sin 	 + eJF))1]; •.(8) 

Now rAcctromugnetic torque &ev1oed 

T e =i 	 (9) 

	

and 	 (10)e  

The variation of itne current with tire i3 given by  

	

IL 	sin (wt ) + 	sin (Q  )e() + 

-x<wt 17  

enee, 
(T 	+ co(2 	) sin a  

- + 	 sin Ct (6 -ow + sinO ( ztanQj 
 tang. 

+ ______________  
tan32 ç 	qz).sin ec 

•..... (12) 
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Input power fi~%ctory cos At Is given by 

av coo •.. (13) nPU 

Where1 V av and 1av are SIVen by ospressionoand (5) , 

VIL 
Is Z'rj value of line voitc and 	line current and. 

in obtained flor,. (10). 

To detcrrtne the dispicent and d1torticn 

fctozi k1ourier cefflcients are neces$'y. 
V 	I 

a1 rs in 	) sin cz'(w 	si 

 Ltmn * e 	) 	V ) 

( QS (e) + cos 	tan  

V 
b4 --' J cos (e't) 	( - a) sin e 

+ sin e eltLfl 

(sin () + in 01 0 

TherQre fundamentLa, oponent of line current is given by 

+ b2 Va M j 

The disjlent angle Is defined as the anLac between line 

voltage und fud:nt1 component of line current, 



01 	tar 1  (a1 b1) 	..,,, 	(17) 

And cosine of the dip1ccent an1c, Aj m  i5 called 
iicment fotor or fun &inentaI power factor* 

Hence ,  dioplacem-ent fact-or = cos Al  ... (18) 

Distortion £atoz* is defined as the ratio of 
un€t1 component of line current to rrns vür of line 

current. 

itoxtion faetori 	A.  

1 .2 DG 	IES 	 WNT 
The de serles motor parameters determined from, 

tt3 ame Sivtn below, 

= Bta  + f = tot,41 armature circuit resiatance in 

L = La * 	total arturc circuit Inductance in 
henries 0.121 

= z'oation1 voltage coffic1nt in voits'Reref 
adian5e = o.163? 

= 0403244.i/ rim. 

493 CUVTXQN 
The time variation of armature vot, rtLwe. 

current and line current for two a±rfertt triggering
an%ies and loads from expressions (1)(3) and (11) 
respectively Is thb Ltd in Table 1, 



oft Ce 
3, 

The pertrrarce ct*rt1ties, viz j, MVErage currents  
armature Xfl cizret, ttircue, lint current, power factor 
etce ure aLculted for dtffent trIggering, tingles from,  
expressions given in sei ction 401 and arelisted In Tate TX. 

2k 

The circuit aiagrrn is shown in figure 	, The 

triggering angle a 4-13 r. e4aured from osciUogph. The 
observations are recorded In Table IIX 

From Table I wayeforms of artature voltage, current 
And line current are drawn in figures TV.2 to TV 1+ and 
correspanding O:cili rab records are Oven in figure 
IV-5 to IV"7. 

4.6 ctc 
The following charactcrit1<$ ure th1!h from Table II. 

On the sane graph the chiactev1stics obtained cperirtaUy 
(Table III) arepresented*' 

(a) 2eed Vs rms value of rnotor armature 
current fire IVuB. 

(b) Speed Vs 3oad torque"- figure lVa.9, 

(c) Line current vs load torque - ti€ure TVu1O. 
The foUow1n, chctert1c 	Table II are 
also drawn*  

( d) rawer actor vs load torque-, figure IV.11. 
(e) Dislacet factor vs load, torque figure IV. 12. 
(t) distortion factor vs load torque figure TV- 13* 
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I  9 
3L"""-'XI (Continued) 

ggeffir, 1 3  
No. factor 

Cos 	41V 	 C to I,  fact 
ai c d1 r , 

n, arr pp 
- -.-.-- --.---- --.------ 

____ 	 10 	11 	12 

92.5 

1. 0.852 	.99 12.63 	9•3 0.93 0,5 

20 	0.S61 	-4.12 	909 	7.63 	0.92k 0.1 
3. 	0.859 	 8.27 	6.36 	0.92 

	

3.1Q 	7.10 	5 ,5o 	,916 o 
5. 	O.&+ 	2.?6 	6.25 	 0.915 O. 

0,83 	 5.59 	4-,33 	0.91 	0 

t = 57.60  , v = 105 

7. 0,71 	'.7.90 	1 2 ,27 	10,32 	0.34 

8. o.73 	5.9-7 8091 	7.59 0.33 0. 
9. 0.736 	 7007 	6,07 	0.823 0. 
100 0.727 	.15 	5092 	5.11 	0.819 0 
11. 0.713 	'.3.63 	5013 	 0.16 0,01  

1. 0.698 	3.23 	J6 	3.95 	00816 0. 
13. o.6 	'..9i 	,12 	3.5? 0.916 0. 

= IT = 13D.5 

1+. 0,602 	7.2E 	9016 	7.72 	0.746 0* 

150 0.12 	 5.97 	5.73 	o.?37 0. 

16. 0.611 	 ,7? 	4#63 o0?2 O 

170 0.59 	'3.9k 	4.03 	3.94-  0.722 0. 
13. 0.532 	3.38 	3.2 	3.35 	0.722 no 



A3 L: -II con tthued)  

97.3 	QV 91  V 

19, 600 	6.99 	7.11 	8i30 6. 	6* 

20. 900. 	5.o 	5401' 	+. 	2.6 4.63 
1. 	3.89 	.10 	2.75 	0,93 

22. 3 	7.92 	?78 . 	io.+5 7o.+5 	 8.95 	9.5 
23.. 600 	'.76 	4.a6 	3.8f3 	22 	5.13 

goo 	3.0 	3,5k 	2.06 	0.3 5 	3* 53 



(Continued) 

10 ii 12. 1:3 

97.3V= 91V  

19.  00112 5.18 .02 0.613 0,69 
20.  2.96 3)9 	V  0.6 0.752 
210 O)'27 3.25 2.o a,e6 0.593 o.795 

22.  0.226 -5.o8 3.0+ 4018 o.515 0 442 

23.  0.253 , 3.27 I.(8 2.67 o)199 005,2 

2. 0,261 P- 1040. 2.03 0.56 0075. 
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Figure IV-1 _ Convertor controlled D.C. series motor-load test . 



40( 

20 

0 	 11 w  { 	 21T 	 3 TT 

wt  --r 
12 

'L 0 

w 

g 

Figure IV-2- (a) Armature voltage,-(b) Armature current and (c) Line current 
waveforms. 

0<= 32.3°, N=1280, TL 13.0N-m 
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Figure IV-3 - (a) Armature voltage (b) Armature current and (c) Line current 
waveforms. 
o' =32.3°  N =2500 TL  2.92N-m 
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Figure IV-4 - (a) Armature voltage, (b) Armature current and (c) Line current 
waveforms. 

mac= 97.3°, N =480R.PM., TL  6N-m 
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Figure IV - 8 
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Load torque TL in N - m 	-s 

Figure IV-1O 
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half controlled convertor with treewineellne  

diode has been designed t  fabricated and teted. It Is  

possible to vary the uut vQ1t9t sroothiy from 0 to 
190 volts* Hence efficient startIng and speed control 

of cic, series motor by 	 crtrol is 

pc3ibIe. 

Pefornce e;raatlions of a pulse controlled dvas 

series rator have been iedced using, these equatlons the 

fallowing 	 ti 	are •6n 

(1) £tatur trn.t VS,  speeds  

(2) &peed VS torque 

(3) Line curren1t. W to roue 

Theo 	 are coud with eerw 

cntLly btined crattertsti. Closer ciiort 

between theoreticJ. and. expetienti results sugsta 
that these can be used. for calcatintc perfom,itc, 

of the rotor. 

In addition, the Fourier coeCfictents or line 

current are presented. 1ror these the displacement and 

ditrtion fctrs are obtained., 

By usirgaerie--,a or shunt transistor regulators in 
convertor control circult, it Is possible to obtain sort 



starting and overload protections. Tachogencrator feedback 
can be used to control triggeringangle- 	 nd hencebetter 
seed relUon with changes in load can be achieved. 

Th the analysis constant rotational voltage 
coefirtbs beer, 	umed, Accuracy of the results irovE 
if the non-linear relation between current and induced crf 
Is 	 cunte for in the foUowin way. 

The were value of current for a particular speed 
and trier±ng angle by assuning rotational voltage 
coeficicnt K is ev1u3tcd, The value of aver 	curet 
is testO from gtiZtiO 	CteZL$ tics Whotbor the 
assured value of K is satisfac,tOryo  If such Is not the case, 
the value of f. Isni read from mapetization crctristic 
and average value of current is calculated again, This 

Is u continued util convergence occurs*  This value of 
K is used in other equations for rms valueof curent, 

line currents torque etc*  

The brush contact reistnc, which actmIly decreases 
with increase in turature currents bas hem clubbed with 

armature resistance and has been aed constant, The 
bush eontcct msistance can he obtained frorn actual tests 
and cn be used in the orprossionso 

The arrature inthcttce decreases with Increase In 
armature curratit t  ttfld eons for the sric are 
avXLati. . The fleld iuctne varies with'armature current 
Viis drop ern be taer Into account by using 
where N is nubcr of series field turns and A is working 
ri'z. 
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