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SYBORBIS

The gperation of & thyristor controlled de series

motor fed from a single phese ac supply has been investigated.

A half controlled convertor with freewheeling diode,
und associated control clrcuit, have been designed,

fabricated and tested,

With the pulsed supply volicge to the armature c¢lrouit

and assuming linesr magnetic elrcult, expression for

armature current has been deduced using Leplacs transform

nethod,

From tHs expression for amature current, egpressions
for aversge and Iy values of armuiure current, torgue
devoloped, Tms value of line current, input pover fuaclor,

displacement and distortion facoirs huve heen obtained,

4 comperislon belween experimental und Utneoreticel

reaults has been nade,
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& = torque conatunt due to rotational le8sy Nem,

B = visceus torque constant due to rotationel loss,
Nem ger radion per second

Iv = armature current, aversge value

Ipme =  amature current, feames. value

G -t WS . hpa .

IL rms = ReMeS s line current

bz = ¥ e6 s fundumental component of line current

K =  rotationel e.m.f. coelilelent, volts per armpere
per radian per second,

L 2 L4 L= total arzeture glircult inductence in
henries

M = moter gpocd 1D TeLaMe

R = Ry« R = total armature cireult resistance in olms

T = perlodic time of supply Ifreguengy in seconds |

T e = eleetroaasm@*gm torque develapéd,by motory Nem

1 = load Lorqueo, Hem

Vavy © armature voliage, average value

VF = gupply voltage, meximum value

2 = | mex0?y (@)

4y and bl zs f‘mwier gocfiicients

i =  arpature current, instantantancous velue

v = armature voltage, Instantaneous value

t’a = thyﬁstar trigpering delay time, seconds

& = thyristor triggering delay angle

8 = tap"e o i‘ o~ = arcature circuil impedence ungle



m

i

malor speed, vadiansg per second
2% £ = supply freguencgy in radians per second,

displscenent angle between fundamerntal component
of line ourrent and supply voltage,.

distortion factor,
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In this Chapter ewpressions for armature current,

torque, s value of line current, distortion factor ete,

amature elrouit, ezpresasion for arvature current ig obtuined

using the Laplace transform method,

Dot FXFHIGSIUN FUR RRMATURE CURRENT

The following assumptions have been medede

(1)

Resistence and inductance of armature elrcult
are assuned constantie

Thyristors znd dlodes are assumed to be ideul
switchon, ,

Speed iz sssumed comstant, in other words
mechanical time comsient i3 large.

Iron losses are neglecieds |

Rotationel voltage due Lo rezidual megretism
1s neglected,

hotatlonsl woltage cvelficient bas been
assumed - constanta

S$ince dece serles motors have lurge inductance,
continuous conduction has been Bssumed,

Refersing to figure 2.1, the voltage belence eguation

iﬁ*L%%— L K. i = v [ TY XTI X (1)

Teking Leplace trensfore and considering za to bve



initisl value of current, | | % ;
. V(u} i@ { \
L8 ; ’ : LIS o e 2 Y
= = L(a “"”“"‘ﬁ"’“"‘“""ﬁ g, ) v { 84+ - y: %i"‘) ) ? -\
. Where ¥{8) is the Leplace traﬂéfarﬂ of the applied

Valtdﬁﬁ »

Now, for sieady state anslysis, only response to 2
single voltuge pulse is nec easmry(ﬁ) : Thiﬁ 18 beccuse of the |
faet that, the respunse to subsequent puises in ateady stute
iz sswe as the response to one pulse consldered and the
ragnitude of response at ithe veginning of & pulse 1z sand as
that at the ernd of the previous pulge,

The single puise spplied to armature eircsli shown in
figure 2.2, 15 expressed by using & gate function, which

has & magnitude of unity during pulise period und gero

elsewhere,
Hence; , ' :
W = g zxu sin ( &2 1) , ,,z (toty ) = fuﬁ»“;‘f/g%
= [ I _edn (T 6w ‘t-ﬁg) §
) S > ; (__%g__ )3 : e s
_— ( )' 2%»
,sa.?A(‘g%; . : | ees £(3)



Subatituting for V(5) in eugation (52),

v
0 o e fon E o)
{ 3 M)(&. + (T)g
, vﬁ o) & o8dt (ﬁz + )

3‘@
+ :., . k‘w XXX R (h)
(s + a‘%"""“)
Taking Inverse transform,
V., 21 |
1:__% o =gy €08 ( %ﬁa)? - ’%Wg p” ﬁv)‘
4 LW, . T &
{e_‘. ( _ﬂ-g:-ﬁ!’) (t~ ta)
N 'é'%}'i o{( RLQ Rw)‘g; t-%’-'ﬁw)a yV2 Jan ¢ %'(tatg)d@)}f{ g’
*u(t - t’m )
. ) ixi . L;w
L

v
T sin ( L’T tm)

X

oo e : "%( 2292



10
o R oty

(B A5 o ( _g_,g y2 412

P

-
(‘L%_jf:W_)

v cos ( BE( b~ t)-a)}} a(t - t)

(-EEE) 2, &Ly2

,(M)(tw)

((w)"”zi..gvgn sm(gﬁ{“&he}z
2w T ' 2 |

| - (e KWt
ult-T72) + 41, ¢ k.

Putting & = v, wt, = e BT T ten @,

2= (B2, w2 V2

s8in @ ,:..B.gb.. &iﬁ‘ﬂ@ﬂeﬁ%‘m
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¥  wbe &
1 a[wﬁﬁm'ain&easa -e"{%aﬁe yo

v, | ,
g s gy [ Wb e g P ) C0B &

g

v R
) 4=zl coB(wt ~a-0)8in o

= wf-~ 005§ sin @ R -rrary

?;-u(tw ta)

¥ ¥

- q§~ .
+ r—Gine e Yan s_.) »4%- sin {(wt=d }E

ru{t = I22) 4 :!.Q (o) -( tan @ )

Simplifying,

¥ . : R
fmefe Gin (Wb e g) [u(t = t )= ul tu2/2) ]

3

v | L sbe g -
Vel am@ea) & tane P w(t-ty)

"-"*'».-m-:»} ; u{t - }?;’2) . i@ e"'(m@)
veve (5)

Gince i = i@ at t = /2,

e : ; 7 - .ﬂ“g':
i a.f%.ﬂm. m@*ﬁ%‘,&m (8 ~ o) e‘{t&ne )

v i g ¢ mAtan &)

¢ ey
e o 510 8+ 8in(Bmq) ¢~ (= tare)
- f!ﬁﬁm} L

YT {6)
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Celd LHVERMGE W;&d‘i GF &80 3 'if" ‘i.?nﬁ‘i ’ Iav
Average value of armaiure current 1s obtained by
Integrating expression (9) ovor one pulse and taning

average value 0f tho same.

By, =i )t oawt
. |
= %m | ! i - (utf‘i;hn 63‘ dut .
4]
.

m. £ 2 8in (wﬁ -8) wl s.m (9~a ) '( ‘)“%“ﬁ%%

o
gﬂl‘
7

‘_ﬁ -.

i wn % {1=¢ -7/ tan a) + ‘m.)&.%caa {a=B)+cos @ ?

o
4-’? /?sm(g“a)m,e(,, ?(m%))f

. "‘d’m

- g2 tand.

Substituting for i, ¢ 1= af ) rmm{é).

I = Vo

ay m

Y [eostr® + wne) .
?J‘ .
* ~B. sin ( e. @) tan@ ( 1 g iﬁ’*ﬂ)ft&'%é Yy g

Y_ /2 tan © [84n O+ Gin (Bea) & (@9 tan 93_§ |

Simplifying, - g -
Ing = Vp/ ® % cos@; 81n° B+ Cos(a-® ) 4cos @

1'-3 . " I .
+ c08° 8+ sin { @ » L) s8ing

v,

sopellomag (14 0088) vesees. (D
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Now, for half controlled rectifier with freewheeling diocde
average loutput ‘voltuge,

1 . .
s - m
Vav-—- pm ( 14+ ©Os a) cecovens (8)

Substituting (8) inte (?) end noding that % cos & = R &« KW

v, '
S =~g~fﬂm~ eese (9)

PR YATLIE OW & i
2.3 BMG VALUE QO ARFATURE SURRERT ’ Irms

Expression for xi}ms is given by,

w
2 1 f s .
Ims = e .«‘j - @k‘b_

e

1T
=~%-§ji (’ca )dwt+( )2
go
7
;, gwsin(vﬂv—e) + 8in (8 -a) e S tun 6)2 dut
W . L
21 V. o (a7 o (ane)
" c__m j gsin(w‘fpe) 4 3in (O~a) e “tan & _]
& s 3
Lot e by z!’ 2,
= § g ia tane dwt y ( sin (dt 8y dut
v / / ';’f 2wt
. (‘z@« )2 Sma (a.a) eZml’ﬁar’l ® fl; eﬂ' { tan e ) dwt
&
' v ;-’
+ 24 )2 gin (8~a) e a/tan @ j sin (vt - 8)e tme dw
ﬁ’ |

+-—~9—-—--—- / sin (wt-8) & ‘tan 5 aut 4 2T
- '
I"

Sin (8 « @) ¢ ¥ NS f e (tane ) awd |

@

—_ — =9



1%

's%?zex;e,
- g—ﬁm-— ‘ . ,'»u“ - a» %-“ N‘.ﬁ‘-
/e ( tan @ ) dut == ; e ( ian 8 ) - &N 8
¢ 1 =2/ tan 9""u0" 2
- (Bl ‘
(1 -~ & (!E83 ) esres e (11)
,«,’Jr - Wt an - M—-‘ ..2?.“
J’ e ( Ean e) dwi = tm:z = (e { tan e) - e'(taz'e &)).n(
x
- R
{ 3in? (wte®) dwt = %? § gl ~ 08 2 (vwh - &) @atg
& 2
g;
a-%—» E;t . sin 2 (g&-— 8 }3
Tonom ».{z
= ‘%"' ;n (® » 2) =3in 2 .,,ﬁ__% 8in 2 jg—ﬁg
= ; 'E?ﬂ =@} + co8 {(29=x) sin m§ esaes £13)
"

and f sin{wt -~ 8) ¢ (t&ﬂﬂﬁ Wt = féf ?&rEé
0

- , SO 5 : :

= sin(ut-0) ¢ (Tan 87 « tan 9 cos(ut-a)
wh o T

% ¢ Tans 7 %a

= ain 8 cos 8 T&kﬁ (m.g) o ¥ %En 8
| ‘ ’ - > 4{{
4 tam 8 Q{;g{ a=8) © or tan ﬁﬁg

= gin & sin « ﬁ- &/ tan 8 sscene (12*}

Substituting for io from (6} end for Mm% other terma Irowm {11)
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te (1% in (10),

Ziand
.2 P2 e (] P
Irna ”"Li( ) ‘l err!taae )

s

W
(sin® 8 4+ sin®(6-a) € X T )

7

AR " m 2
4 z28in 8 . sin {(6-a) € E f:.ane_’)*“"“"z( =)

8in (@ -« a ) 3in @.9in «

. ,
+ 2 —F—) " (

1 ’ -(F2Ea) |
19@,.,,”,% @3 LSiﬁ & ¢+ 3in (8=q) € L9 *g

sin @ 3in g e” af tand
“f’m 2 1 |
v 2 P2 tploerrrane )

g's:m 8 + sin (8-a) ‘%?qé"ﬂ | * e 3in (8 - a)

L cwtn e -e-c%#n :

On simplifying and rearranging the terms,
2 i
2 vw ﬂ
Im Iy~ Shr wm) 4+ 08 (29 - a) 31n a4
8 o 2%

x ( 3in (8=a) + 3in 8 e - o/ ten 6) @ (:&n%,t‘m 9) x
-e

E(sin‘?(eva}-osinas)ﬁ«@ e"";“ng)

) (T y ]
+ 2 8in (B-x) sin @ ( e»m!t.»m . liin e ))._;
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?, ¥ T £33 .L 25
2oM [MB VALUF. OF LIVE CUAABRHT, I rms
Gince the «wotor is conmected to supply terminals
during thsleczﬁauetisn poriod ondy ( ﬁ:» £ wb £ #), the expression
for iine current from expression (&) ids glven by

—m Ve (etiEg
3, =gt sin (”t"ﬁ)*’%"sm (e-a) & ten 87
& { 8 ) ewe «ll {wt}(’f "(
ize
Hence, A g
18 i [ e
Toems =772 3wt
T
i il Ve v w‘b—m
g . ,
) “Enm : g
4+ _ice (Ten 3§ dwt

-y 5 v
! ’ & ,
$in® { & = x) e S-Fe

L4

V'

[
}e"’(aﬂe
'fz . 4

N 2? . B . ) ‘
2 (w%«-}‘g ain (@ =gy ™ a0 & ;f sin (wt = & )

w

o , 2wt

/
iy
&

. s .

1 4
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21 ¥ ‘ ‘_ 2wt 1
dwtapm-igwﬂwsint;%mm)ewmn j fmna)awtg

@

ﬁu'ﬁastiwting for 1, from (6) and for othey terms from
(12) to (14,

Ifms = ..%..mg“.-?:. ¢ -m-@»—) ’§ {w - ) &« cos {Z8=q)gin “j
': ? ﬂ« ,
ek (=232 zomn? (0- @ tane (1~ X T
+ ("i&")a —— %Wi:&n CEN
= (1 - e * 8 ,ye

g - . - -E:Q.-.M
x gama s+8m° (8o 2 Tang )
4+ 283in 8. 8in {2~ g ) e ( ton @ _),,_4_,

: P ¥ _
x 508 (& &3 ) - ¢ s Do 2 (B ®

.
, - ad P ey & s

sin (8 -« a) sin @ slna+ 2 ( =z—) (oo 77 Ean @)

- (28] . -t

g-ain 84 8In (B @ ¢ ¥ tan B sin 8 sin @ o

y "

+ 2 U % o M e ey} ?3113 9 ¢ sin (8=a)
'9‘:5 ’ 3 '
o tun 8
“Cag ) | Mn(8-a) x 5
) L aea, |
(e tne _ - (Smg )} g

Simplifying and rearranging the terrs
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. 2| ,

T z  wetmemem | (% = ) + cOS (28-a) Sin x4
LEm3 2w z®

+ ¥ Sin ® . Bin . f tan 2y

(lw?fﬂ,wné?’ z(s5in (8« a) ¢« 810 & ¢

%2 x En(sm (8=z ) + 81n 8 © cwien § 42

3 - 1]
(1o a2 (M)}}é (17

e = g‘ LA 2 XK ]

245 FOGURIER DOURPFICIFNIE OF LINE CUREDI
o determine the disploce~ent and distortion {uotors
it becomes necessery 1o hnow the Fourier coefficlents of the

line current woveform,.
”
e

8, == f 1 cos wh dwt

Subgtituting the expression for i, from (16)

L

!F!

8, = e é §-—--,-:.-s-- sin (wted) +==I- sin { @ -a)
- (=2, - (it ,....,,E
e ten 8 + 1,0 “ten 8 | cos wt duwt
| vee (13)
;ﬁ%mre, | @

2

g(@in (Wt = o ) cos vt dwl = }E——‘ sin @ + ain (2 wted)
: P



Where Vav and Iav are glver by (8) and (9), VL iz ™ms value
of apﬁl&ed voliage and ;L is ms value of line current gliven

by erfésséan (i?) e

(G ,ﬁiﬂpl&eement argle 1s defined as the argle between 1llne
/ .

voltage and fundurental component of line current, CGCosine

of di%placement angle, D49 13 called displacement factor

or fundamental power factor,

Fund&méntal'camponent of line current ls obtained
from Fourier coeffici&ﬁtsVa1 and b, of line current (21) and

(22)

o

(ﬁf o b'%} Yy r2 sevsces (26)

S P25

Ly =

Fad
,

e

ﬂi = d@spl&cement_angle = tan"1 aq’ B eeee (27)

displacement factor = cos 6. a sees (28)

(i) Distortion fector is defined s the ratio of fundumental

componient of iinc current to ms value of line current,

distertion faector fu = -§7-? E eene (29
34
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Series
field = Rqg + R¢
= g+ Lg
v
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Figure-1I-1 _ ‘Pulse controlled- D.C. series motor .

vz Vysin(2T4) {utt-t,)-u (t-T72)}

"1

Figure-1I-2 _ Single pulse applied to armature circuit .
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- DESICH 4UD FaBRICATIQH

4 helf controlled conwertor with freevheeling
diode has bDeen used for the control of a TP de seriea
motore In this chapter the design of the conwvertor,

and control circuit and Ats operetion has beeh givon.

31 POWER GIHCUIT

The powef circult, shown in figure ITl-1,
consists of & single phase, half canté@lla& convertor,
with freewheeling dicde, Comwon cathode configurstion
has been used, The Idne translent suppression mifeait
k&g been uged for tho over va&tagefpfaﬁgctiéa of"

thyristors end diocdes,

Je1e1 Selection Of Power Gircult Components’i®-

gpecifications of dc serles motor?

220V 5 1284 3P
15 e | Mex, 3500 rpm

Supply volbuge ls 230 V, 90 Hz,.

Therefore pesk inverse vollage on thyristors and
dlodes will be 72 x 235 = 325 Volts, Allowing & sufety
factor of, say 2,~80 that thyristors and diodes cun
comfortebly tuke & reasonable transicnt overvolisge,

devices with 600 V rﬁtinga win be used,



|
i

DJCe motor current rating ls 12583. Allawing
an overlosd espacity of twice full load current, 264

_rated thyristors and diodes may ke uaed. ’$1nce conduction
1s not over full 180%, a éérat;ng‘af 15% %§,u$ually

kconsiﬂﬁreﬁ. 8o 284 tnyristera'anazﬁiodaswfir,briége clrenit
will be satisfactorye ; ;' A   i  :\ ”

8ince the curyent rating of the fre&bbeeling
diode need only be 708 of bridge circuit deviee, a 204

diode fbr tbe sane 1is chosen(7) R A

ﬂv@rvaltage protcctian‘?) is pravide& by uaing
& anfge suppression clrecuit, cbnsisting of #{uF, HOOV &sce
capaéitei in serles with & 10 Ohms, aélreéiatag, connecied
across 1nput-ﬁermihala;‘ A 50 B, 3 W resistor is connected
across the capacltor which provxﬁes a path for discherging
stored enerayo

Overcurrent protection is obtained by using a

fuse whose It rating 1s less than that of’thyristorl.

apeciriaatiana of thyristors and dicdes actuully

‘uaeﬂ are given in Appan&ix hie

3,2 CONTROL CIRCUIE(?) T
The camzral circult eonaists of a unijunction

'transistor relaxation oaetliator. The output pulses of
this oseilliator are used to control the firing delay angle
of the thyristors, | |

For the centrol ciréuit uhouﬁ in figure 121-23
the rectified pulses from brdidge reaﬁifieb{ﬂ) are ¢lipped
to square whves of zbout 18V by'zener'(tvovg.t zeniers in
serics) s Thesge reaiangular palme5~are used for ch&rging:



2%

‘ y
the c&iﬁaciter Coe 7The rate of chargi"ng il:i.azc decided by
resistance Rge ihe voliage across capac:!tor will try
to rise upto vg i.e, 18V, but when 1t regcbee & value
Wy WT goes into conduc%on and -wpaci;her dlscharges
through emitter and base 1 or wT and th:a reamttmce
am. Thus & pulse autput 1s gbtained, aince at ihe

end of euach hnli‘ cycie the :lnput to charging cimuit

goes %o zero, the pulses appokr at the suve \,:‘l stant
during each helf cyecles The pulses are given to the
gates of thyristors through diodeo 3’)7-@d Dge

The ﬁeaign of the control cirmit is :::arried out
in the fallawing way.

R
, 3.,2.1 UJT RELAXATION USCILLATOR

Specifications of 2266 UJT
E%b' Inter buse resistence (i)

8t the rate oi’VpBa 3 zEza 17 = 941
i ata:‘d Off ratio o - - Q Vppm 10V 9.55 - 0.75
I, Valley aurreiztv ﬁiﬁimwa imﬂ. b
Iy pesk point miﬁter s:ux'rénﬁ ( /uA) 5
Ipg Emitter revcrse curreﬁt raximum( MA)
- Ty = a 25%: .‘ | O_, 32&‘335“’ 12

_ Vopy Buse onf_ p;:ﬁigﬁl& ;Jolt&ge 3
For thyristor 28386,

.?G ﬁver&ge' de gate power (W) | ‘1

Iop Gate trigger curyent (ma) 100,
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Maximun gate voltage whilch will: not trigger any
device iz 250 niV,

Designg= Thyristor turn on time saiy Srs, end teking gate
Yower 1o be M, ,
o

Tupp on enexgy = 2 x S x 10 ° = '10‘7 watt seconds,

e . ‘ "'%" (C ﬂa V§)= 10“".7 .

. 2x0Tl o
0-56 .4 15

50 selecting ’:c = q.ij

Now T = EC 1!?—1-!---—'

- N
control required is from O to 180° i.e. 10 ms (5 Tz2)

1.0 10 x10"% =R x 0.3 x 10°° x‘:,’j:—of:gg

[ 3

and winimum value censidering delay of 0.5_@3.-
Rmin = 26

Go Eic' conslsis of 109 i& patentiometer in séries vith 242K,
Chqo_ains 1{}0 Oohms for RBV |

| V3 |

3

30202 SYNCHEONIZATTON(D)
Zener 182 9,1 = 9.1‘?’ R:; 1:\ @1@ HA"‘EJ?T_

Pd = 0,75,

B O ) g
GRIRAL VIBRARY BRIVERSIYY OF por e
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Bridge rectifder (4) using BYX127 diodes (14
current ratlng end PIVA200) 1s connected to supply
through &én igolating trangformere The half sinusoclds
are cilpped o square waves of 18V by two vzenefa, 167291y
in series, The rest of the voltage 1s dropped across
& series resistance RSC 8 K »20 W) These rectengular
pulses are applied to the charging civeuit of oascillator,
wie rodn the cgpocltor ig discharged at the e:x;:dy. of euch
half cycle, and hence the ;pg%swul be synchréniséd with
the supply and fire at the savme Instent durdng each halfl
cycles ‘

The éutput- pulses of UL are fed to thyristor
giates through diodes (BYX126)e
3,203 DESIGE OF ISOLATING TransFoweré?)

| Allowing for any future additions to control .

clreudtry [ & 2Vé, isiiratio power trangformer hus been

desinnede
GRE ,
1, = turns per Vot = 1%, E = W Uh f6 T
oy, = T &
ok e Bl x 50 2 b

L

Ag = et iron eross sectlion required = ES% T InTin = Je 220

Gross iron cross scction 4; = Ay = 3,58 .;m‘??
: ‘ 09

Using & squarc section, wid,th of core A =/ 308 " = 1e9CHa
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WINDING

Privary current I n~§%5—— 3 100 mA (Say)

ti}
-ru
s

: 3
QSiﬂg & current densiiy of a.%fm"
area of conductor ap g»%fgu_ - Q-O“SSmea

ilameter of bare aandnetér Qp" l @ :319.0“35'

w.‘.36 mw

Diumeter or enamalled wire = ﬁ.jﬂa

Numbeyr of turns ﬁm = 230 x 1% = 3220 turns.

The speeifiea%&aﬁ?far secondsry winding 8re same.

WInDoW ARBA

~ Space factor = 0.8 f“g'ggg“‘

A, = windoy wres = 12122 ¢+ 122) = 292 mm'
Using E and-I\atampings.

h= 2.0 emg Lo = 383 Cmy W 1&25 Tte

0236 mm barc dla super enomelled copper wire

has been used,

(l"\'
d

RN
A half controlled elveoult with freewhesling dlode
is shown in figure 117=3, When the upper terminal is

3e3

positive and thyristor €1 is trigmerocd, the load current
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flows through 71 andlﬁa, At the end of half c&é&a ioad

current is trensferred to freewheeling &39ﬂ&:ﬂ§,and.fx‘is
line commututed, The process repeats during the next half
cycle with T2 and D1l conducting. The average output wvoltage
is given by

Vy ==a-——( 14+ s a)

and ¢ 13 set Ly reaiﬁtanae.ac in control circuit;

3ak  CONVERTUR 4HD WOTOR

For at&riingvﬁﬂ is kept moximum and convertor
output voltage 1s zerg. Then 3& is prcgrésgively & cutout
antil the desired $p@eé'is obtained, The speed control
is pbtained by varylng the amature voltage which in turn

can be achieved by varying Hpe
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Tho fz;&lwing a%ﬁabm Manwm have %mers aaad

in tm porer a:’.reaii;.

|
i
|

. \

.. UHLG = Power dlodes ie& ﬁfz’iagee wdrenit gnd fooevhieeling.
Haginus average forward cuprent ;ts‘m

- 20085 - €#an'v£:rk9r gmﬁa 8CE =

‘n
*ﬂ« f’gv ‘ N

~ ind raectificrs

308, PIV 600

» ) Igeayy O7A | Average value of on state curront.
Ip 474 Cantinnauﬁ(éirmt) onmgtate curront

Pt 30 ms  L.52

3ms  1.13
Va 1.85 Vv

in 954

- " ﬁ -
By 0,66 “ehr

Batg  0:25 oA

Ty 100 mA
at 25%

chnract

A% gecs x 107

42 geos % 107

ingtantancous total valng of
onegtate yoltages
inptantaneoup snwptote curpint
to prosuee Vpr

Hagtaws Substion to esso theymal

Inpedanco f@r & devido %fﬁ:ii al
meeimes Poymard voltagsy drop
A Eﬁﬁ‘!‘-iﬁa;

Contact thornasl resistancs
babwoon Basy of ‘zz&vﬁﬁa& and
heptsink mounting when
rectmendod nounting toraue is
ubilined. |
gate trigger currents
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S posks forward gate cusrend.

12V . . peak forvamd gate voltagc:

w5y . reverse gate voltage.

200 'posk gate power

W Avernge do gabe power.

=30 to 135°C
“h0 te 150°¢
15 mA . Continuonaldivect): off stato

15w continmiusldivect) reverse
‘Brocking current. |

150 mh Tatebdng current,
33 gmo
ﬁ‘&ﬁ %g’i?ia

GO0V breatiover voltage.



R1

JYT1 ,%T2

230V, 50Hz

Supply 1

™

|
t
D

N

qu

Figure 11-1 - Convertor power circuit .

1{&01 i? D2

T DF

e ™

Thyristor 28TB6
Diode 4N15
100, 2W

SéK sy 3W -

4 LF, 400V AC.

Series
field

ARM.
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g~— 230V, 50Hz Supply—=g

T, S SR — T e e ROT T

TR1

5222132k 1A11A1)

v 7 + o
‘ VW
kos o
Z1
P z2
ps  4\Ds6
Bridge
rectifier A
TR = 230V, 20VA, 1:1 Ratio transformer
D3to D6 = Diode BYX127
Rg = 8K,2W
Z1,22 = TSZ 9
Re = 10K Potentiometer in series with 2.2K
Ce = 0.3MF
Rp4 = 1000
Rpo = 1.5K
b7,D8 = Diode. BYX126

Figure II1-2 _

Control circuit .
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This chuplter deals 'w:‘i th the ezzzpermen'tal veris
fication of the _gserfamaﬂée eguatlions {’le::‘i!.weé in Chapter IX,
Gscillographic records of &mamm vol Lage, arpature |
current and line current are é;:zwn for different firing

angles and loeds and compured with the computed bma. }

b1 PERPCIMANCE BgUATIONS OF THR MOTOR
Performance equations deduced in Chapter 1T are

glven belowd

Voltage applied to the motor

Vﬂvm sin wt sans X <cwbew asee (1}
Average voltage applled to the motor

v, : -
vﬁ ﬂ"’"";"’( 1 4 €08 @) Aesesss {2)

The variation of amature current with time is glven by

3 ==z% sin (wted) Juttta) « u(teir2) |

oy
s sin (0 -a}a(: i*., w(tmt )

Wt . 9
g stn e/ Tt de wteira) o+ 20 EE el (B
' v \ B
i, = (l;e%‘;’m%) . EELM ain S+ aln({g~a)e '("Eﬁgf) o+ ( 1)
‘ 'Wﬁﬁre’
: i 1Y ccensy {5y
tan @ = T eerers (D)

2 = . ;(E‘: Y JW} & i{g} L) sennene (6}



Hence o ‘ v \
, a case (H
oy % Tm proes 2
, ya
And I?ws a—jﬁ%- ..? (# »~x) + con (28 ~a) gin o

L

&an(@-a ) + sin @ o~ tang j

— FEEe, {5402 (@ ~a) + stn® @) (1 +& ™ Ho00)
(1~ ¢
+ 2 sin (@ - @) sin @ (&, - >;§ »ee(8)
. Now el@etramagﬁeme 'ﬁagéﬂfe ﬁi&veﬁ,epec}
To=Kk12 erens (9)
and Toehe BMa T, eves (o)

Ire variation of line current with time is glven by
v A | |
. 2 : o Z. S y e Y - ul
1, =5 sin (wt «6) +—F— sin (@ ~0 & (EEE) , 10 CEarE

.q,wé-w'ﬁ?a'(;z-{;wt 7 ese £11)

' 2 - .
y v g

2 i1 . . r D - 4
I yms © —-Q—W e % 'ﬁ(:r a) + coa(20 ~a) sin @

é— S4n (6 -2} + 3In @ e '“’m l

veeee {12)
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Topubl power factor, cos b:, is glven by

e e ieds ' A A

" wolt empere input '

Where, Voo and I, sre given by expressions (2) and (5,
V, is ¥ms value of line voltuge and I Ims line current und
19 cbteined from (10)e |

Yo defermine the dlsplscement and distortion

factors Pourler coefficients are necessarys

A Y ' : ,
@, = ..?T.,- g Sin (le - @) sin @ «{¥~qa} 8in e

2 3in 2

* (1“8-.-#!tﬁﬂ 9} - gz:(Siﬂ(éjqa).@gin @eﬂﬂltgm@}.

v R % g -l
( cos (@) + cos @6 "tan & )@} cess (1)

\id 5
b.: wﬁ;«-—- E o3 (G=x) 2in g« (v = ) 8iIn @

“e ; L '

. "”g —f : ) \
(8in () + 8in & c"(i:im 8) Lé g sesa {15)

Therefore fundamentsl component of line current ig given by

P e N AL Y S AR R W

- o e 2 .., . |
hy é‘% * by 2 : crer  €16)

The displacenent angle s cdefined as the angle bYetween line
voltage und fundorental component of line current,

. .
i T .
A A . e

g



W

6, = tan™! (aysby) cress (17
and cosine of the displacement angle, A,y 13 called
displacenent factor oy fDundamentsl power factor,
Hence displacoment faator‘a cos O, e (18)
Digtortion factor is defined s the ratio of

fundementel component of line current io rms wvaiue of iine
eurrent, | - "

g
7T | |
be2 DC SERIES MOLOR SOMSTANIS

The do series wotor paraneters detormined from
tosts asre given below, " |

B o= ﬁa + B ¢ = total armatuare clroult resistance in
ohms = 2.6

L =L, + Lo = total amuture cirenit inductance in
henrles = 04121 |

it = rotational voltige woefficient 4dn volts/anmperes
radiawsec = 041537

A 2 FJbb Hem |

B = 0,0032 Herm # radlun,
be3 COMPUTATION

The time variation of armature voltage, armaturs .
current and lire current for two different trigeeringz

angles and loada from expressions (1) ,4(3) and (11)
respectively is tabulated in Table 1, |
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‘The performance quantities, viz, average current,
armature fms ecurrent, torque, line current, power factor
etc. are ceiculated for different triggering sngles from
e:prén'sﬂ.ans given in section 4,1 and are 1isted in Table IT,

bM EBAPERIVINT
. The clrcuit dlagram 15 shown in fi&ure h‘a. The
triggering angle o s maasurea from osc:.llog aph. The

Observations &re recorded in Table ITX,

o5 WAVEEORVES

Fyom Teble I waveforms of srmature v’oltagé, current
and line current are drawn in figures IVe2 to IV % and - -
corresponéing Oscilisgraph records are given in figure
Web to WN=7s o o

lhe® CHARACITRISTICS |

The following characteristlics are drawn from Table ITe
Un the same graph Lhe chracteristics obtained emerimr‘muy
(Zapie I1I) are pmaented.

() Speed Vs rns valne of motor armature
current - figtzre' IVeSa

(lb)'~ Speed Vs 1oad torque - figure :Wé-g'. | .

(e) Line current vs load torgue = | figure IV«10,
ﬁtm following characterigsties frgm Table II are
alsy drawn, o |

(d) Power factor vs loud torgue~ figure I‘Ei‘a-"!"t.

{e) Displacerent factor ws lead torque - Tigure TV=12,

(f) distortion factor vs load torque = figure w13,
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T4BLETY (Continued)
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Figure IV-1_ Convertor controlled D.C. series motor-load test .
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CHAPIESY

CONGLUSTON & D DISCHSSICN

& balfl controlled convertor with freevheciing
dlode has been designed, fubricated and tested, It is
possitle to vary the sutpul voltuge smaa%ly from U %o
190 voltse Hence efficient starting and speed control
of dete series motor by armature voltage contrel is

possiblo.

| FPepformeance eguations of & pulgse oonirolled dece
series notor have Leen deduced, Using thegse eguations the

fallowing churacteristics sre dyawne

(1} Arcature cucront VS speed,
(2) &peed V5 Yorque

(3 Line current v torgue,

These characteristies are compored with experis
mentaily oblained chiaracieristics, Closer cﬁé@ariaicn
between theoreticul and ezperimental resultls sugpests
that these cin be used for calowlating the performance
of the motor,

In addltion, the Fourier coefficients of iine
current sre presenteds From these the ciisplacesmnt and

distortion factors uare obieined.

8y using series or shunt transistor regulators in

convertor control e:lmuiii, it 12 possible o obtain soft



l{ﬁ

starting and overload gprotections, UYachogenerator feedbaek
can be used to conlrol triggering sngle @ and hence better

speed regulation with ohanges in load ean be achieved,

In the anclysis & consisnt rotational voltage
coefficlent has been assumed, Accuracy of the resulis iﬁprove
if the nonelinear relation between current and induced cnf

iz accounted for in the fa&léwing WEY o

The average veiue of current for a particular speed
and triggering angle ¢ by assuming rotationsl vol tage
ccefficient & 4s evaluated, The valuo of aversge current
is tested from wagnetizatlion churecteristics whetber the
ascured value of K is sstigfaciory, If such is not the case,
the velue of £ 1a read from magnetization charéctaristie
and averuge value of carrent is calculated aguin, This
i3 ws continued uktil convergence ocouTS. Ihis value of
£ 13 used in other equations for rms value of current,

" line current, torque ete,

The brash coniact reaisi&éce, which actually decreases
with incresse in armalture curreﬁ%, hag been clubbed with
armature rpesistance and hasg been aszumed écnst&nt. ibe
brugh contoet resistence can be obtained from actual tests

and cen be used in the expressions,
The arrature Inductance decreases with incresse in
armature current, and expressions for the same are

cavailleid ¢ The field induetance varles vwith arssture curprent

this drop can be taken into account by using B, 22 ?

where iy 1s nusber of series field turns and # 4s working

flaxe
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