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Transforme r - i 

1.1 ,PRINCIPLE OF TRANSFORMER OPERATION 
' A transform.er is a static device which consists of two or more st:.1 tiona.ry 

electric circuits inlorlinkcd by a C!)m.tnon magnetic circuit for the purpose of 
tnnsfttring dectrk•I eMrgy betwttn them. The tnns(er of energy from :one 
circuit to another tal<u place without a change in frequency. 

Consider two coils 1. ~d-2 wouiid on a ~i.rn.Pt~ magnetic cirrult as sl,own 
in Fig. 1.1. These two eoils are in.su.latcd from each other and there i.< no clec~ 
conn<ction between them. Lei T1 and T2 be the nwnbct of tu.-ns in coils I ,u\J 2 
~ .tivtly. When , source of alte'.mating volbge V, is. applied to coil l t an 
.i1erna_tini, current 10 flows in it. nus altunating current produces an oJtcmating 

(' ,J ,I,, flux ,i," in_ the ~gneti~ circuit. 1F mean path of this flux is sho'-"' in Fig. 1.( by 
t::.~ ~ • . . 

Yob 

the dotted line. Thi• altcmating flux links the turns T1 of coll 1 and induett in thcin 
an oilemating volt•g• E1 by s eU-induct)on. Let us ,nak1,.the following sill'lplifying 
ossumptii1t1S for an idtal t-ranefarnrcr ! • 

(a~ There .u~ no losses 1tithcr in ~ e.lectric cltcuits or in the ~gnelir 
circuit. 

I I ( 
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( 1.3.5) 

Ha ~•o itag e f.l l ic> or tu.ms r.1tio is specified, t.his is always put l!\ tlle o rd u 
~.,put : output. which is p n .mory : .«ond.:y. It is to be., noted fro m Eq. (1.3.6) that 
1.bnost a.ny dc, 1,:-ed voh .1,;c r.alio ca."I b,c o1.,tai."led by adju.sting tJ,';f! n\.Ul'\ber o ( tum.s. 

1.4 STEP-UP AND STEP-DOWN TRANSF'ORl,IERS 

A :rm:sfarmcr in c•hiclr tr..c tn1:p111 {srronl.ary) l>Oltage is gre,ter I/um /U illp;,t 
{prirr.ary) c,a//ogt is c:,/le.i r. st~up tro rufotmcr. -

A trar.sf.mru:r in wlnclr tht m,,p~t {steCT".i!.:ry) voltag,- is las Utan its input 
(p!"'lmary) tJOJlt:~ rs ~lied t: s•~~own~l~nsformer. • 

Tne s.v:'\e t:-a.nsfo::ner ca,.-, be Uffd as. a sttp-up transformer or I srep,-c:So wn 
tra."'5!ormor dq,e.-,ding on the w~y i<_is cOf"'.n«:ted in the cir<;Ui\. When !,he Inns­
fo rmer is u.sed as ~ ste-p--up t:.vufomier. t~ lo w voltage winding is th e p rimaty. 
1:l :\ ~t~(l\,·n r:-.,nsfo~,c-r. the. hizh--.•o'r,~&" w inding U the primary,... . 

A tr~<'\sJonncr m.3y rece ive enf!rgy :tl on-e vohasc and deliver it a t th e um.e 
voiu ge. Such .:. tta.ns/o nn<-r LS Ct+lled a onc--to-ont: (1 : 1 ) tTAn.fon:ner. For• ) : 1 
t rans.former T 1 • Tl' and 1 £1 I• l f; I. S1.Kh ~ tr4.ns/ormer is u k<I to isolate twQ 

c:i.rC"Uits. 
ExAMrL£ 1.1. A JJ00/25!) V. 50 JI:, singltfhost trti,ufor,nn is. bu ill on • cory, 

J,a,,ing on ,jfecti"' cro<s-sc.:ti..,•I orcg of 125 cm ond 70 turns on rliL lrnv-votlog, 
ruir..ding, Ca/culntt (~} the w l:.1t cf lltt m•.rinmm flux dms{ty, (l,) IM numbn of turns ~ 
the iii&h oo!tasc wmding. · 

SoLVTION. £1 = 3300 V, F.1 = 2!iO V. / =.SO llz 

A• 125 an1 
• 125 x 10-4 m

2 
, 

£1 • 4~ a 4 ,44 8"'A rr2 

- £, 11- • ◄.44 Mr, 

-
250 

- 1.289 tf!'SL'l..1 (1) 
◄.44 >< 125>< I lr >< S0><70 

£, T , 
½ a T1 

t: 3JOO • 
T, • _t )( T1 • ~l'!n )( 70 r. 924 r,, ,_,., 

TIV.NSS'ORM!R•l 
5 

. ExAMru 1.2. 11 tror.sform,r with 800 primary turns ar.d 200 srcond.:r;• tun:s is 
. suppl,td f= a 100 V a.c. suppl¥- C,,l"'_IDtt the ste0ndaty voltagt and 11,. wl!s ptr iim,. 

SoumoN. r, • eoo. r, - 200. v , • 100 v · · 
V, T, T2 -V •-T, Vz •V,x-

1 2 T1 

200 
• l OOxaoo •25 V 

Volts per tum 
v, 100 

• r, · aoo •0.125 

~ 25 • • - s012S T1 200 - - ~·:::'..-- - - ~ 
or volts per tum 

I 

ExAMni l.3.A '"'"•forn-.n OJith an ovtput w114fi,cf 4200 V is n,nJtied or 2}0 V. 
If r/iL ""'°"""'Y f.,, 2000 turns, calrultllt IN numbn cf primary tunU. ' 

S OUJTtON. V2•'200~. V1• 230V, T2 ~ 20UO . 
v, . T, . 
v, · r; 
T1• T,Yt. 

v, 
• 230 . 

• 2000 X 420() • 109S2 turns 

In p racti~ .. it i~ no t J)ossi.bic for a ~ ding tO h ::we p.1.t'l ~f .1 tum (tluf is, 
~ Ca.Mot be Erac:tiona.1). Therefor,:~ the number o f turns should be a w liole 
n umbtt. In our cue we 1h.,U bl.c T1 c 110. • ,,. : 

1:S CONSTRUCTION OF SINC:L£-PHAS~ TRANSfORMERS ! 
-1C • ing!""J)hue transfonnei consists of prun,uy~ •~•ry win<Sings l ut 

on a m.,gnctic core. M~ ctic cort- i, used to conft.ne def:tnitc !th. 
Tra.nsformtr corts •~ ffl.id4e from th.in .she-et:J (cat cd -larrriMrr·rms) or g :t e 

_silicon stie,cl. The l.."tll'\in.ttion$ rcdu-ce eddy-current loss :u\d tn~ silicon s lttl .red~ 
hystcl'ieits loss. The b mina.tioru 1,rc i.n.sulatcd from one another by hc.-u rc:sUt!.nt 
tnamel iruulation c:0.ltins. L-ty;:w: and C-type lam.in.tHON are u sed. The l~ ­
tion.s ~re buil t up l.nto s t:1c.k and the joints in the l~iJi.:.tions arc s t3ggcrcd h o 
mlnlmiu alrt•ps (which .-.quire Lvge ""citing .= ts). 1hc laminations +re 
tighUy clamped. · . , 

There an, two buk types of tnuuformer cONtructions. ~ a),d 
the shdl type. ! 
1.5.1 Co,.,.typo Construction . ·. 

ln the core-type ttlU'\9form•r, ~ m.• gn"tk c.ltt\1H ~ b t• o( two v•rtir~ 
leg• or limb.< w ith two horizontal sections, called yow , To keep the lulcAgc !lux/to 
a minimum. ruiU of each winding 13 pl,ced on each leg of the core •• shown:In 

I 
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U;))Y\}x.-'riO'-"+s. ~~-f..R)t.lStS l,()f>S fi trj etzb7 ~+ .Jo{:S 
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~ Pc:: fi+ Pe . 

fJ .N Ph. =- kJ../ a:, 
fe = kef 

113;, 
· {~h.Ru Jcii. = p~p(T(•fi o'Y¥;iJi.f.1 UnE.-Jtr-n-f wh,,~ olfp.R,()c-k 

Upon. .:rte vdtrw c,1,v;/ 1u.~7 1 :J.-f,_r, CO,A-Q 

~ >.,al_ Q ....J_ 'H--e \.)'Y\ I +f U , t-u/. 

ke = p.3t.op{f'(,ftoY1Jt'7 Ufn!:.-hrn.t wh.os~ va...lt...t 
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P.Yf(\ ~ (Y'(JC(X j ')\ll 1'YV\ 3,.'ll/)l ofn1~,,:Jl I Yl ·-)-/...r (.()} U' . 

J = f e~u.1,1,'J oJ .:11.t a.Uo,r,-.,:,:l1r} flu, 

x = VCLil.
0
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Pt = 1t'?1,+ 1,11/<i-
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Pc ~ kh+ B~l + Ire ·f 21]; 

Fo-ri G,r>~-kYlt yeli'I clfm<;?ly 
Pc =- fhf + fr-i-f 2. 

Lu kkE f < h.-: k h 8Jt 

1-'e;;:; ke !J; 

5 J ::: 4°/o'- -+ 16 o o fr.e. 
I 
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