
1PB

 úÿ,s hka;% iy n, moaO;s
Electrical Machines and Power Systems

hdka;s%l bxðfkare ;dlaIKfõoh fyda isú,a bxðfkare ;dlaIKfõoh ;rï úÿ,s 

bxðfkare ;dlaIKfõoh bmer‚ fkdfõ' 1752 § fnkacñka *a?kala,Ska wl=Kq iys; 

wjia:djl j,dl=¿j, we;s úÿ,s Yla;sh irex.,hla wdOdrfhka ,nd .ekSug oerE 

m%h;akfha isg wo jk ;=re;a úÿ,s Yla;sh wjYH mßÈ md,kh lsÍug .kakd iEu 

W;aidyhla u úÿ,s bxðfkare ;dlaIKfõoh fõ' tkï úÿ,s ckkh" iïfm%aIKh" 

fnodyeÍu iy mßfNdackh hk iEu ls%hdj,shla u úÿ,s bxðfkare ;dlaIKfõoh 

f,i ie,fla' 

bf,lafg%dksl" mß.Kl" úÿ,s ikafoaY jeks úúO ;dlaI‚lfõohka cks; lsÍug;a 

meje;aug;a úÿ,s bxðfkare ;dlaIKfõoh uQ, îchla úh' fufia úúO lafIa;% 

Tiafia we§ hk úÿ,s bxðfkare ;dlaIKfõoh" tlsfkl fmdaIKh flfrñka ;j 

;j;a ÈhqKq fjñka o mq¿,a fjñka o mj;S' 

ñksidf.a tÈfkod lghq;= myiq lr .ekSu i|yd Ndú; flfrk hka;% iQ;% jeä 

m%udKhla l%shd lrjkq ,nkafka úÿ,sfhks' WodyrK f,i úÿ,s mxld" weUreï 

hka;%" ;Kfld< lmk hka;% wdÈh oelaúh yels w;r" ta i|yd úÿ,s fudagr (electric 
motors) fhdod .kq ,efí' tfuka u tu ld¾hh bgq lr .ekSu i|yd wjYH úÿ,sh

ckkh lsÍu i|yd nyq, j fhdod .kq ,nkafka úÿ,s cklh fyj;a fckf¾grh 

(generators) kue;s Wmdx.h h'

tu WmlrKj,ska úÿ,sh 

ckkh lsÍu i|yd c,h" iq<Õ 

jeks mqk¾ckkSh Yla;s 

(renewable energy) fuka u

ãi,a" .Eia" oeúf;,a" .,a wÕ=re" 

kHIaál Yla;sh jeks 

mqk¾ckkSh fkdjk Yla;s 

(non-renewable energy) m%Nj o

Ndú; flfrhs' 

fuu tAllfha § úÿ,s ckl" 

úÿ,s fudagr" mßKdul" úÿ,s n, 

ckkh" úÿ,s n, iïfma%IKh" 

fnodyeÍu iy úÿ,s wdrlaIdj 

ms<sn| j idlÉPd lrkq ,efí'
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1'1       N%uK hka;%j, l%shdldÍ uQ,O¾u 

úÿ,s fudagr yd úÿ,s ckl foj¾.h u .;a l, tajd N%uK hka;% (rotating machines) 
f,i ye¢kafõ' úÿ,s cklfhka (generator), hdka;%sl Yla;sh úÿ,s Yla;sh njg m;a 

flf¾' úÿ,s fudagrfhka (motor), úÿ,s Yla;sh hdka;%sl Yla;sh njg m;a flf¾' 

fuu l%shdj,sh 1'1 rEmh u.ska oelafõ'

rEmh 1'1 - N%uK hka;%j, ls%hdldÍ;ajh

úÿ,s ckl

hdka;s%l Yla;sh úÿ,s Yla;sh

úÿ,s fudagr

úÿ,s cklj, yd úÿ,s fudagrj, l%shdldÍ;ajh .ek úuid ne,Sfï § pqïnl;ajh 

(magnetism) yd úoHq;a.dul n,h (electromotive force) ksmofjk wdldrh ms<sn| 

oekSula wjYH fõ' fï i|yd pqïnl;ajh iy úoHq;a.dul n,h iïnkaO kshuhka 

ms<sn|j m<uq j úuid n,uq'

1'1'1  Odrdfõ ÈYdj yd pqïnl lafIa;%fha ÈYdj

 ● Rcq ikakdhlhla ;=<ska .,d hk Odrdj yd bka we;s jk pqïnl lafIa;%h 

(Magnetic field)

Rcq ikakdhlhla ;=<ska Odrdjla .,d hEfï § ta jgd pqïnl lafIa;%hla msysghs' th 

1'2 rEmh u.ska olajd we;' 

Odrdfõ 
ÈYdj

pqïnl 
lafIa;%fha 

ÈYdj

rEmh 1'2 - Odrdj f.k hk ikakdhlh jgd pqïnl lafIa;%h msysgk wdldrh
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ikakdhlfha .,d hk Ordfõ ÈYdj mokï lr .ksñka pqïnl lafIa;%h (magnetic 
field) msysgk ÈYdj uelaiafj,af.a lial=remamq kshuh (Maxwell's corkscrew rule) 
fyj;a iqr;a kshuh (Right hand thumb rule) u.ska ksYaph l< yels h' 

uelaiafj,af.a lial=remamq kshuh fyj;a iqr;a kshuh 

fnda;,hla lsr, uQählska jid we;s úg" tu fnda;,h újD; lsÍu i|yd Ndú; 

lrk fy,slaidldr ol=K;a lial=remamqj olaIsKdj¾; j N%uKh lrk úg 

th .uka lrk ÈYdj" ikakdhlhla ;=<ska úÿ,s Odrdj .uka lrk ÈYdj o 

lial=remamqj N%uKh flfrk ÈYdj pqïnl lafIa;%fha pqïnl n, f¾Ld .uka 

lrk ÈYdj o fõ'

lial=remamq kshuh wkqj Odrdj .uka lrk ÈYdjg lial=remamqj .uka lrk úg 

lial=remamq ñg N%uKh jk ÈYdj u.ska pqïnl n, f¾Ldj, ÈYdj fmkakqï flfrhs' 

fuh 1'3 rEmfhka olajd we;'

fuu kshuh wkqj iqrf;a uymge`.s,af,ka Odrd ÈYdj ±lajQ úg b;sß we`.s,s fhduq 

ù we;s ÈYdfjka pqïnl n, f¾Ld .uka lrk ÈYdj fmkakqï flfrhs' 1'4 rEmfhka 

fuh olajd we;'

rEmh 1'3 - lial=remamq kshuh wkqj pqïnl 

            n, f¾Ldj, ÈYdj

rEmh 1'4 - iqr;a kshuh u`.ska pqïnl  
            n, f¾Ldj, ÈYdj

lial=remamqj .uka 

lrk ÈYdfjka 

Odrdfõ ÈYdj oelafõ

lial=remamqj N%uKh 

jk ÈYdfjka pqïnl 

lafIa;%fha ÈYdj oelafõ

Odrdfõ 
ÈYdj

pqïnl 
lafIa;%fha 
ÈYdj

uymgeÕs,af,ka 
Odrdfõ ÈYdj 
oelafõ

b;sß weÕs,s fhduq 
jQ ÈYdfjka pqïnl 
lafIa;%fha ÈYdj 
oelafõ

1'5 rEmfha Odrdj .,k ÈYdj wkqj pqïnl n, f¾Ldj, ÈYdj i,l=Kq lrk 

wdldrh olajd we;' ikakdhlhla ;=<ska Odrdj .uka lrk ÈYdj ;,h ;=<g / 
;udf.ka bj;g nj ±laùu i`oyd   jQ ixfla;h o Odrdj ;,fhka msg;g / ;ud 

foig nj ±laùug  jQ ixfla;h o Ndú; flfrhs'
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rEmh 1'5 - pqïnl n, f¾Ldj, ÈYdj i,l=Kq lrk wdldrh 

Odrdfõ ÈYdj we;=<g 

^;udf.ka bj;g&

pqïnl 

n, f¾Ld 

msysgk 

ÈYdj

Odrdfõ ÈYdj msg;g 

^;ud foig&

lial=remamq kshuh ^iqr;a kshuh& fhdod 1'5 rEmfhka fmkajd we;s Odrdfõ ÈYdj 

wkqj pqïnl n, f¾Ldj, ÈYdfõ ksrjoH;dj úuid n,kak'

mejreu

 ● mßkd,sldjl .,d hk Odrdj yd bka we;s jk pqïnl lafIa;%h 

mßkd,sldjla (solenoid) hkq ikakdhl o`.rhls' mßkd,sldjla ;=<ska ir, Odrdjla 

.,d hEfï § tys we;s jk pqïnl lafIa;%h ms<sn| j úuid ne,Sug m%:u ikakdhl 

mqvqjla ^uqÿjla& ;=<ska Odrdj .,d hk úg pqïnl lafIa;%fha msysàu úuid n,uq'

rEmh 1'6 - ikakdhl mqvqjl pqïnl lafIa;%h msysgk wdldrh  

I

I

I

B
B

B

B

I

ikakdhl lïìhla tla uqÿjla we;s jk wdldrhg ilia lsÍfuka mqvqjla ks¾udKh 

lr.; yels fjhs' tjeks mqvqjl Odrdjla .,d hEfï § pqïnl lafIa;%h we;s 

jk wdldrh 1'6 rEmh u.ska olajd we;' iqr;a kshuh wdOdr lr .ksñka pqïnl 

lafIa;%fha ÈYdj fidhd .kakd wdldrh o 1'6 rEmfhka olajd we;' fï wkqj meyeÈ,s 
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jkafka Rcq ikakdhlhlg jvd m%n, pqïnl lafIa;%hla ikakdhl uqÿjla u.ska 

we;s lr.; yels njhs'    

uqÿ lsysmhlska hq;a oÕrhla fyj;a mßkd,sldjla (solenoid) Ndú; lsÍfuka th 

;ks tallhla fia l%shd lrk neúka jvd m%n, pqïnl lafIa;%hla ckkh lr 

.ekSug yelshdj ,efnhs' 

rEmh 1'7 - mßkd,sldj ;=<  pqïnl lafIa;%h msysgk wdldrh  

ksÍlaIl

clockwise
^olaIsKdj¾:&

Anticlockwise
^jdudj¾:&

ksÍlaIl
pqïnl lafIa;%fha ÈYdj

Odrdj .,d hk ÈYdj

mßkd,sldjl Odrdj .,d hk ÈYdj wkqj lial=remamq kshuhg wkql+, j tys pqïnl 

lafIa;%h msysgk whqre 1'7 rEmfha olajd we;' fuys § wjfndaO jkafka mßkd,sldfõ 

.,d hk Odrdj fya;=fjka th oKav pqïnlhla fia yeisfrk nj hs' Odrdj .,d 

hk mßkd,sldjl pqïnl O%ej fidhd .; yels l%u 2ls' m<uq l%uh 1'7 rEmh u.ska 

u olajd we;' fuys § ksÍlaIlhd mßkd,sldj foi n,k úg Odrdj judj¾: j .,d 

hhs kï th W;a;r O%ejhls (North pole). Odrdj olaIsKdj¾: j .,d hhs kï th 

olaIsK O%ejhls (South pole)'

rEmh 1'8 - mßkd,sldjl pqïnl O%ej ks¾Kh lsÍu

pqïnl W;=r mj;sk 

ÈYdj udmge`.s,af,ka 

fmkakqï flf¾

Odrdj

fojk l%ufha § mßkd,sldj ;=< Odrdj .,d hk ÈYdjg ol=Kf;a weÕs,s 1'8 rEmfha 

mßÈ msysgqjQ l<, uymgeÕs,af,ka W;a;r O%ejh (North Pole-N) msysgk ÈYdj 

fmkajhs' tneúka wfkla fl<jr olaIsK O%ejh (South Pole-S) nj ;yjqre fõ'             
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1'1'2 úÿ,s cklhl l%shdldÍ uQ,O¾u

úÿ,s cklhla u.ska hdka;%sl Yla;sh" úÿ,s Yla;shg mßj¾;kh flf¾' úÿ,s 

cklhl l%shdldÍ;ajfha uQ,sl u idOlh úoHq;a pqïnl fm%arKh yd fm%aß; 

úoHq;a.dul n,hhs' 

 ● úoHq;a pqïnl fm%arKh (Electromagnetic induction)

úoHq;a pqïnl fm%arKh hkq fjkia jk pqïnl lafIa;%hl ikakdhlhla ;nd we;s 

úg fyda ia:djr pqïnl lafIa;%hl ikakdhlhla p,kfha § fyda ikakdhlh yryd 

úoHq;a.dul n,hla (electromotive force (e.m.f.)) fyj;a fjda,aàh;djla fm%arKh 

ùuhs' fuys § úoHq;a pqïnl fm%arKhg jeo.;a jkqfha pqïnl lafIa;%fha fjkia 

ùuhs'

 ● mßkd,sldjla ;=< pqïnlhla p,kh ùfï § fm%arKh jk                                

úoHq;a.dul n,h

mßkd,sldjla ;=<ska pqïnlhla tyd fuyd p,kh lsÍfï § pqïnl n, f¾Ld lemSu 

fya;=fjka tkï" pqïnl lafIa;%h fjkia ùu fya;=fjka tys oÕrfha úoHq;a.dul 

n,hla fm%arKh fõ' tu úoHq;a.dul n,fhaa úYd,;ajh *erfâf.a kshuh wkqj 

ks¾Kh l< yels h'

 ● *erfâf.a kshuh (Faraday’s Law)

ikakdhlhl we;s jk fm%aß; úoHq;a.dul n,fha úYd,;ajh (electro motive force 
- e.m.f.- e), tys pqïnl i%djh (magnetic flux- Ø) lemSfï YS>%;djg wkqf,dauj 

iudkqmd;sl fõ'

 e      α               dØ
 dt

 ● f,kaiaf.a kshuh (Lenz’s Law)

pqïnl i%djfha fjkia ùu ksid *erfâf.a kshuh wkqj fm%arKh jk                         

úoHq;a.dul n,fha O%eùh;dj we;s jkqfha flfia o h;a" tu úoHq;a .dul n,h 

ksid WmÈk Odrdj fya;=fldg we;s jk pqïnl lafIa;%h" úoHq;a.dul n,h we;s 

ùug fya;= jQ pqïnl lafIa;%fha fjkia ùug m%;súreoaO jk f,ihs' 

 e α - dØ
dt

*erfâf.a kshuh yd f,kaiaf.a kshuh wjfndaO lr .ekSug my; olajd we;s 

mÍlaIKh WmldÍ fõ'
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1'9 rEmfha oelafjk mßÈ mßkd,sldjla .e,ajfkdaógrhlg iïnkaO lr 

pqïnlhla mßkd,sldfõ we;=<;g fyda msg;g fyda fõ.fhka p,kh lsÍfï § tys 

fjda,aàh;djla we;s jk nj fmkajhs' tu.ska *erfâf.a kshuh meyeÈ,s fõ' 

tf,i u 1'9 rEmfha oelafjk mßÈ mßkd,sldj ;=<g pqïnlh p,kh lsÍfï § 

pqïnlfha n, f¾Ld msysgk ÈYdj wkqj oÕrfha  WmÈk Odrdj we;s jk w;r" 

.e,ajfkdaógrfha o¾Ylh ol=Kq mig p,kh fõ' mßkd,sldfjka msg;g pqïnlh 

p,kh lsÍfï § oÕrfha pqïnl lafIa;%h fjkia ùfï ÈYdj fjkia jk neúka tys 

WmÈk Odrdfõ ÈYdj o fjkia jk w;r tys § .e,ajfkdaógrfha o¾Ylh jï mig 

p,kh fõ' f,kaiaf.a kshufhka lshfjkafka fuu isoaOdka;h hs' 1'10 rEmfhka 

f,kaiaf.a kshuh ;jÿrg;a meyeÈ,s lr fmkajhs' uelaiafj,af.a lial=remamq kshuh 

fhdod .ksñka fm%aß; Odrdfõ ÈYdj fidhd .kakd wdldrh tys fmkajd we;'

rEmh 1'9 - uOH Y+kH .e,ajfkdaógrhla u.ska mßkd,sldjl WmÈk 
úoHq;a.dul n,h (e.m.f) ks¾Kh lsÍu

mßkd,sldj

pqïnlh

pqïnlfha 
p,k ÈYdj

uOH Y=kH 

.e,ajfkdaógrh

rEmh 1'10 - f,kaia kshufha wdo¾Ykh

fm%aß; Odrdj ksid we;s 

jk pqïnl lafIa;%h" fm%aß; 

Odrdj we;s l< pqïnl 

lafIa;%hg m%;súreoaO jk 

f,i" mßkd,sldj ;=< Odrdj 

fm%arKh fõ'

iqr;a kshuh fh§fuka 

mßkd,sldfõ Odrdj 

.,d hk ÈYdj 

fidhd.; yels fõ'

fm%aß; Odrdj u.ska we;s 
jk pqïnl lafIa;%h

fm%aß; Odrdj

pqïnlfha p,kh
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*erfâf.a kshuh wkqj fma%ß; úoHq;a.dul n,h (e.m.f.) my; iólrKh u.ska 

oelaúh yels h'

 e      α               dØ
 dt

fuys" e = fm%aß; úoHq;a.dul n,h (electromotive force)

 
dØ
dt  = i%%djh fjkia ùfï YS>%;dj (rate of change of magnetic flux)

i%%djh fjkia ùfï YS>%;djh ;;amrhg fjnr (Wb s-1) hk tAllfhka oelafõ'

mßkd,sldfõ tla uqÿjla ^jghla& ie,l+ úg"

 e = 
dØ
dt

oÕrfha jg N m%udKhla we;a kï"

 e = N   dØ
 dt

  (N ksh; neúka)
                                                                                                                

f,kaiaf.a kshufhka ±lafjk mßÈ fm%aß; úoHq;a.dul n,fha ÈYdj wkqj mj;sk 

pqïnl lafIa;%hg m%;súreoaO pqïnl lafIa;%hla we;s lrk neúka by; m%ldYkh 

bÈßfhka RK ^-& ,l=K fhdod m%ldY flfrhs'

e = - N dØ
 dt

by; iólrKfhka fjkia jk pqïnl lafIa;%hl we;s mßkd,sldjl fm%arKh jk 

úoHq;a.dul n,h fidhd .; yels w;r úoHq;a.dul n,h ksid we;s jk Odrdfõ 

ÈYdj uelaiafj,af.a lial=remamq kshuh fyda *af,ñkaf.a iqr;a kS;sh fyda fhdod 

.ekSfuka fidhd .; yels fõ' *af,ñkaf.a iqr;a kS;sh miq fldgil ú.%y lr 

we;' 
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ksoiqk 1

jg 1200lska hq;a mßkd,sldjla ;=<ska .,d hk pqïnl i%djh ;;amr 0'1la ;=< 

§ 400 μWb isg Y+kHh olajd wvq lr m%;súreoaO ÈYdjg tkï" - 400 μWb 
olajd jeä lsÍfï § WmÈk úoHq;a.dul n,fha úYd,;ajh fidhkak' fuys RK 

,l=fKka oelafjkafka m%;súreoaO ÈYdjg isÿ jk jeä ùuhs'

pqïnl i%%djfha fjkia ùu  - 800 μWb = - 800 × 10-6 Wb
    ta i|yd .; jk ld,h  .1 s
   jg .Kk  1200
  fm%aß; úoHq;a.dul n,h (e)    N dØ

     dt
    

        

     e    1200  × 800 × 10-6

        0.1

     9.6 V

 ² pqïnl lafIa;%hlaa ;=< ikakdhlhla p,kh lsÍfï §  fm%arKh jk 

úoHq;a.dul n,h

rEmh 1'11 - pqïnl lafIa;%hla ;=< ikakdhlhla p,kh lsÍfï § tys WmÈk úoHq;a.dul n,h

iaÓrj iú lr we;s 

f,day lïì

v fõ.fhka 
p,kh jk 
ikakdhlh

Switch

pqïnl lafIa;%hla ;=< ikakdhlhla" n,hla fhdod p,kh ùfï § tys úoHq;a.dul 

n,hla ^fjd,aàh;djla& fm%arKh fõ' tu úoHq;a.dul n,h (electromotive force) 
my; ú.%y lr we;s mßÈ .Kkh l< yels h'

tall lafIaa;%hla u; m;s; jk pqïnl i%dj m%udKh i%%dj >k;ajh B kï fõ' i%dj 

>k;ajfha ñkqï tallh j¾.ógrhg fjn¾ (Wb m-2) fyj;a fgia,d (Tesla,T) 
f,i oelafõ'
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1'11 rEmfha olajd we;s mßÈ i%dj >k;ajh (flux density), B jQ taldldr pqïnl 

lafIa;%hlg ,ïnl j v fõ.hlska p,kh jk l  È.lska hq;a ikakdhlhla i,lkak' 

i%dj >k;ajh" B =  Ø
 A

fuys"             Ø  = pqïnl i%djh (Wb)
 A  = lafIa;%M,h (m2) 
tu ksid" Ø  =  B A

*erfâf.a kshuh wkqj pqïnl lafIa;%fha p,kh jk tla ikakdhlhla i|yd

         

         e = 

         e = 

dØ
dt

d(B A)
dt

fuys wdfoaYfhka"

 1

Ø =  B A

1'11 rEmhg wkqj" l È.e;s ikakdhlhg d ÿr .uka lsÍug t ld,hla .; fõ kï"

tu.ska wuÈkq ,nk m%foaYfha j¾.M,h"

  A =  l d  neúka"

wxl 1  orK iólrKh my; mßÈ ±laúh yels h'

      

Bld
  t

     e = 

fuys ikakdhlfha fõ.h" 
d
t V =  jk ksid"

        
e =  Bl v 

 

by; e =  Bl v iólrKfha"

B = i%dj >k;ajh" Wb$m2 (T) j,ska o

ℓ =  pqïnl lafIa;%h ;=< we;s  ikakdhlfha È." m j,ska o

v =  ikakdhlfha p,k m%fõ.h m s-1  j,ska o

wdfoaY l< úg fm%aß; úoHq;a.dul n,h (e), fjda,aÜ (V) j,ska ,efí'
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ksoiqk 2

80 km h-1 fõ.hlska .uka .kakd jdykhl welai,fha È. 2 m fõ' fmdf<dfõ  

pqïnl lafIa;%fha i%dj >k;ajh 40 μT kï welai,fha we;s jk úoHq;a.dul 

n,h fidhkak'

 pqïnl lafIa;%fha i%dj >k;ajh  = 40 μT  =   40 × 10-6 T
 welai,fha È.  = 2 m
 fõ.h  = 80 km h-1 = 80 ×1000 m s-1

60 × 60
= 22.2 m s-1

tys Wmosk úoHq;a .dul n,h (e) =  Blν
 e  = 40 × 10-6 × 2 × 22.2 = 1776 × 10-6 V 
 e  = 1776 μV     

by; i|yka l< fm%aß; úoHq;a.dul n,fha ÈYdj" *af,ñkaf.a iqr;a kS;sh fhdod 

.ekSfuka fidhd .; yels fõ' *af,ñkaf.a iqr;a kS;sh my; ú.%y lr we;'  

 ●
 a ^iqr;a& kS;sh (Fleming's Right Hand Rule)

iqrf;ys m<uq weÕs,s ;=k tlsfklg 90o ne.ska msysá ;, ;=kl msysgqjQ úg" 

udmgeÕs,af,ka ikakdhlh p,kh jk ÈYdj o on/Õs,af,ka tu ikakdhlh 

u.ska lefmk pqïnl lafIa;%h msysgk ÈYdj o oelajQ úg ueoeÕs,af,ka fma%ß; 

úoHq;a.dul n,fha ÈYdj o fmkakqï lrkq ,efí' 

iqr;a kshuh wdo¾Ykh lrk wdldrh 1'12 rEmh u.ska olajd we;'

n,fha ÈYdj

pqïnl 

lafIa;%fha 

ÈYdj

fma%ß; úoHq;a.dul 

n,fha  ÈYdj

rEmh 1'12 - *af,ñkaf.a ol=K;a kS;sh wdo¾Ykh

Educational Publications Department



1312

1'1'3 úÿ,s fudagrhl l%shdldÍ uQ,O¾u

úÿ,s fudagrhl isÿ jkqfha úÿ,s Yla;sh" hdka;%sl Yla;shg mßj¾;kh lsÍuhs' fuys 

§ n,mdk m%Odk idOlh jkqfha o úoHq;a pqïnl fm%arKhhs'

 ² pqïnl lafIa;%hla ;=< Odrdj f.k hk ikakdhlhla ;nd we;s úg ta 

u; we;s jk n,h

(a)

Odrdj f.khk 
ikakdhlh

ikakdhlfha Odrdj ksid 
we;s jk pqïnl lafIa;%h

ckkh 
jk n,h

iïm%hqla; 
pqïnl 
lafIa;%h

m%Odk 
pqïnl 
lafIa;%h

(b)
rEmh 1'13 - pqïnl lafIa;%hla ;=< we;s Odrdj f.k hk ikakdhlhla

u; n,hla we;s jk wdldrh 

iaÓrj iú lr we;s 
f,day lïì

ikakdhlh

Switch

1'13 (a) rEmfha fmkajd we;s mßÈ i%dj >k;ajh B jQ talldÍ pqïnl lafIa;%hla ;=<

ℓ È.e;s ikakdhlhla ;=<ska I Odrdjla ;,h ;=<g .,d hk úg ikakdhlfha ol=Kq

mi we;s i%djh m%Odk pqïnl lafIa;%fha ÈYdjg msysgd thg tl;= jk neúka ol=Kq 

mi m%n,;dj jeä fõ' ikakdhlfha jï mi we;s i%djh m%Odk pqïnl lafIa;%hg 

úreoaO neúka tys jï mi m%n,;dj wvq fõ' tneúka ikakdhlh u; ckkh jk 

n,h u.ska th ju;a mig ;,a¨ fõ'
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fï wkqj by; 1'13 (b) rEmfha mßÈ i%dj >k;ajh B jQ pqïnl lafIa;%hla ;=< ℓ  
È.lska hq;a ikakdhlhla pqïnl lafIa;%hg ,ïnl j ;nd" ta ;=<ska I Odrdjla .,d 

heùfï § tys p,khla we;s fõ' ikakdhlfha p,s;h i|yd we;s jk n,fhys 

úYd,;ajh" (F) flfrys n,mdk idOl my; oelafõ'

 i%%dj >k;ajh (B) jeä ùfï § n,h (F) jeä fõ'

 ikakdhlh ;=<ska .,d hk Odrdj (I) jeä ùfï § n,h (F) jeä fõ'

 pqïnl lafIa;%h ;=< we;s ikakdhlfha È. (ℓ) jeä ùfï § n,h (F) jeä fõ'

tkï" F ∝ BIℓ  

´kEu wjia:djl § ikakdhlfha È. ℓ ksh; hhs ie,lsh yels h'  

 
F = B I ℓ

by; iólrKfha i%dj >k;ajh (B) fgia,d (T) j,ska o" Odrdj (I) weïmsh¾ (A) 
j,ska o" ikakdhl È. (l)  ógr (m) j,ska o" .;a úg n,h (F)" ksõgka (N) j,ska 

,efí'

ksoiqk 3

800 A Odrdjla .,d hk 1 m È.e;s ikakdhlhla i%dj >k;ajh 0'5 T jQ pqïnl 

lafIa;%hla ;=< ;nd we;s úg" ta u; we;s jk n,h fidhkak'

    pqïnl lafIa;%fha i%dj >k;ajh = 0'5 T 

    ikakdhlfha È. = 1 m             

    ikakdhlfha .,d hk Odrdj  = 800 A
 ikakdhlh u; we;s jk n,h (F )  =  BIl
           F  = 0'5 « 800 « 1         
                 F = 400 N

      

pqïnl lafIa;%hl ;nd we;s ikakdhlhla ;=<ska Odrdjla .,d hEfï § ikakdhlh 

u; we;s jk n,fha ÈYdj *af,ñkaf.a ju;a kshuh u.ska fidhd .; yels h' 

*af,ñkaf.a ju;a kshuh my; úia;r lr we;s w;r" th 1'14 rEmfhka wdo¾Ykh 

flf¾'
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 ● *af,añkaf.a ju;a kS;sh (Fleming's Left Handed Rule)

 rEmh 1'14 - *af,ñkaf.a ju;a kS;sh wkqj ikakdhlhla u; n,h we;s jk ÈYdj ks¾Kh 

flfrk wdldrh

n,fha ÈYdj

pqïnl 

lafIa;%fha 

ÈYdj

Odrdfõ 

ÈYdj

juf;ys m<uq weÕs,s ;=k tlsfklg 900 jk fia msysgqjQ úg on/`.s,af,ka 

pqïnl lafIa;%fha ÈYdj;a ue±`.s,af,ka úÿ,s Odrdj .,d hk ÈYdj;a oelajQ úg 

udmgeÕs,af,ka oelafjkafka ikakdhlh u; n,h we;s jk ÈYdjhs'

wNHdi 1

^1& 500 mm È.ska hq;a ikakdhlhla tys È.g yd 0'4 T jQ pqïnl i%dj >k;ajhla 

we;s tAldldß pqïnl lafIa;%hlg ,ïnl j p,kh lrkq ,efí' ikakdhlfha 

cks; fm%aß; úÿHq;a.dul n,h 2 V jk w;r ikakdhlh" m%;sfrdaOh 0'5 Ω 

jQ ixjD; mßm:hla we;s lrkafka kï"

  (i) ikakdhlh p,kh lrk m%fõ.h (m s-1 j,ska) fldmuK o@

  (ii) ikakdhlh u; l%shd lrk n,h (N j,ska) fldmuK o@

(iii) ikakdhlh 600 mm ÿrla p,kh ùfï § lrk ,o ld¾hh (J  j,ska) 
fldmuK o@

^2& jg 500la we;s mßkd,sldjla yryd mj;sk pqïnl i%djh Y+kHfha isg 200 μWb 
olajd 3 ms ld,hl § tAldldÍ j jeä fõ' bka miq ;;amrhl ld,hla 

fkdfjkia j 200 μWb j, mj;sk w;r" B<Õ ;;amrh we;=<; kej;;a 

Y+kH olajd tAldldÍ j wvq fõ' fuhg wod< j mßkd,sldfõ we;s jk fm%aß; 

úoHq;a.dul n,h" ld,h iuÕ fjkia jk wdldrh m%ia;drhlska olajkak'

^3& mßjrKh lrk ,o uDÿ hlv yrhl A yd B oÕr 2la T;d we;' A oÕrfha 

jg 300la o B oÕrfha jg 2800la o we;' A oÕrhg 4 A Odrdjla iemhQ úg 

800 μWb pqïnl i%djhla uDÿ hlv yrfha we;s fõ' 20 ms ld,hla we;=<; 

Odrdj m%;sj¾; lrk ,o kï A yd B oÕr u; fm%arKh jk úoHq;a.dul n, 

fldmuK fõ o@
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idrdxYh

 ² hdka;s%l Yla;sh 
úÿ,s ckl

 úÿ,s Yla;sh

 ² úÿ,s Yla;sh ckkh lr .ekSug my; isoaOdka; uQ,sl fõ'

    ” taldldr pqïnl lafIa;%hl p,kh jk ikakdhlhla ;sîu

e =  Bl v
” ke;fyd;a fjkia jk pqïnl fyda lafIa;%hl ikakdhla fyda mßkd,sldjla 

fyda ;sîu

e = -N 
d∅
dt

 ² fm%arKh jk Odrdfõ ÈYdj fidhd .ekSug *af,ñkaf.a iqr;a kshuh fhdod 

.efka'

 ² m%;Hdj¾; Odrd úÿ,s ckl fukau ir, Odrd úÿ,s ckl ksmojd we;af;a fuu 

uQ,sl isoaOdka; mokï lr f.k hs'

 ² úÿ,s Yla;sh 
úÿ,s fudagrh

 hdka;%sl Yla;sh

 ² úÿ,s Yla;sh fhdod .ksñka hdka;%sl Yla;sh we;s lr .ekSug uQ,sl jk 

isoaOdka;h kï pqïnl lafIa;%hla ;=< Odrdj f.k hk ikakdhlhla mej;Suhs'

F = BIℓ  
 ² we;s jk n,fha ÈYdj fidhd .ekSug *af,ñkaf.a ju;a kshuh fhdod .efka'
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1'2       m%;Hdj¾; Odrd ckl (Alternating Current (AC) Generators)

pqïnl lafIa;%hla ;=< ikakdhl o`.rhla p,kh lsÍfï § fuka u ikakdhl o`.rh 

ksi, j ;nd pqïnl lafIa;%h fjkia lsÍfï § ikakdhl o`.rh u; úoHq;a.dul 

n,hla ^fjda,aàh;djla& we;s jk nj 1'1 fldgfia § wjfndaO lr .;suq' 1'15 rEmfha 

oelafjk mßÈ pqïnl lafIa;%hla ;=< N%uKh fjñka mj;sk ikakdhl mqvqjla 

;=< fufia fm%arKh jk fjd,aàh;dj m%;Hdj¾; jk w;r" th tf,i u ndysr 

mßm:hlg iïnkaO l< úg m%;Hdj¾; Odrdjla cks; fõ' m%;Hdj¾; Odrd cklhl 

l%shdldÍ;ajfha uQ,sl moku fuu ixisoaêh hs'

1'2'1  tl,d m%;Hdj¾; Odrdj ckkh

rEmh 1'15 - pqïnl lafIa;%hla ;=< N%uKh jk ikakdhl mq~qjl Odrdjla fm%arKh jk wdldrh 

n,h

fm%aß; úoHq;a.dul n,h

pqïnl i%djh

pqïnl i%djh

ldnka we;s,s

we;s,ä ï 

ú,s

ikakdhl oÕrh 
wlaIh jgd 
N%uKh jk ÈYdj

ikakdhl oÕrfha AB fldgig

*af,ñkaf.a iqr;a kshuh fhdok wdldrh

1'15 rEmfha fmkajd we;af;a m%;Hdj¾; Odrd cklhl tla o`.rhla pqïnl lafIa;%hla 

;=< N%uKh fjñka mj;sk wdldrh hs' o`.rfha w.% (X,Y) fjk fjk u we;s,ä ï ú,s

follg iïnkaO lr we;s w;r" o`.rh jdudj¾; j N%uKh flf¾' o`.rfha AB fldgi

ie,l+ úg o`.rh jdudj¾; j p,kfha § AB fldgi fï wjia:dfõ Wv w;g p,kh

jk nj;a pqïnl lafIa;%h W;a;r (N) O%ejfha isg olaIsK (S) O%ejhg 1'15 rEmfha B ysi

u.ska fmkajd we;s mßÈ jk nj;a meyeÈ,s fõ' fï wjia:djg wkql+, j *af,ñkaf.a 

iqr;a kshuh fhdod .kakd wdldrh 1'15 rEmfha u fmkajd we;' fï wkqj meyeÈ,s 

jkafka A isg B ÈYdjg Odrdj .,d hk nj hs' fumßÈ u o`.rfha b;ssß fldgia u; o

*af,ñkaf.a iqr;a kshuh fhdod Odrdj .,d hk ÈYdj úuiSfï § fï wjia:dfõ mq̀vqj

;=< Odrdj Y w.%fha isg X w.%h foig .,d hk nj wjfndaO lr .; yels h'

oÕrh 180olska N%uKh lsÍfï § oÕrfha ndyqj, msysàu udre fõ' túg X w.%fha

isg Y  w.%h olajd oÕrh ;=<ska Odrdj .,d hk nj meyeÈ,s h' tkï fuys § Odrdj
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m%;Hdj¾; fõ' fuf,i o`.rfha msysàu wkqj ta ;=<ska .,d hk Odrdfõ ÈYdj 

*af,ñkaf.a iqr;a kshuhg wkql+, j fjkia jk w;r" o`.rh u; n,mj;ajk 

pqïnl i%dj >k;ajh (B) fjkia jk neúka e =  Bl v wkqj fm%arKh jk úoHq;a.dul 

n,fha w.h o fjkia fõ'

1'2'2 m%;Hdj¾; Odrdfõ ihskdldr iajNdjh

1'15 rEmfha mßÈ ieliQ pqïnl lafIa;%hla ;=< N%uKh jk ikakdhl mq~qjl" tys msysàu 

wkqj úoHq;a.dul n,h fm%arKh jk wdldrh 1'16 rEmfhka fmkajd we;'

rEmh 1'16 - tl,d m%;Hdj¾; Odrdj ksmofjk wdldrh 

fm%aß; úoHq;a 
.dul n,h

pqïnl 
i%djh

ld,h

(i)

A

Vm

-Vm

O T/4 TT/2 3T/4

0o 90o 180o 270o
360o

A
A

A
A

B
B B

B

B

D
D

D
D

D

c
c

c

c

c

(ii) (iii) (iv) (v)

1'16 rEmfha fmkk mßÈ pqïnl lafIa;%h ;=< o`.rh jdudj¾; j N%uKh lsÍfï § 

AB, CD ikakdhl fldgia jD;a;dldr m:hl .uka lrhs' 

• AB yd CD ikakdhl fldgia pqïnl lafIa;%hg iudka;r j .uka lrk rEmfha 

(i) wjia:dfõ § pqïnl n, f¾Ld fkdlemSu fya;=fjka i%dj >k;ajh Y+kH 

(B = 0) fõ' tksid fï (i) wjia:dfõ § úoHq;a.dul n,hla fm%arKh fkdfõ 

(e = 0). 
• 1'16 rEmfha (i) wjia:dfõ isg (ii) wjia:dj olajd ikakdhl o`.rh 

N%uKfha § AB yd CD fldgia o`.rfha wlaIh jgd 0o isg 90o olajd 

N%uKh ù we;' (i) wjia:dfõ isg (ii) wjia:dj olajd o`.rh N%uKh ùfï 

§ pqïnl n, f¾Ld lemSu fya;=fjka úoHq;a.dul n,h fm%arKh jk w;r"  

úoHq;a.dul n,h l%ufhka jeä ù 90o § ^(ii) wjia:dfõ §& pqïnl Y%dj >k;ajh 

Wmßu neúka Ok Wmßuhlg (Vm) m;a fõ' 

• (ii) wjia:dfõ isg (iii) wjia:djg hEfï § 90o isg 180o olajd ikakdhl N%uKh 

jk w;r" tfia N%uKfha § úoHq;a.dul n,h wvq ù (iii) wjia:dfõ § Y+kH jk 

nj wjfndaO lr .; yels fõ' 
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• AB, CD ikakdhl 180olska N%uKh ù we;s (iii) wjia:dfõ § (i) wjia:djg 

iïmQ¾K m%;súreoaO ÈYdjg AB yd CD ikakdhl fldgia p,kh fõ' túg 

*af,ñkaf.a iqr;a kshuh fh§fuka AB yd CD fldgiaj, Odrdj .,d hk ÈYdj 

m%;súreoaO w;g jk nj wjfndaO lr .; yels h'

• fufia (iii) isg (iv) wjia:djg o`.rh N%uKh ùfï § 180o isg 270o olajd AB, 
CD fldgia N%uKh fõ' tys § úoHq;a.dul n,h Y+kHfha isg RK Wmßuh 

(-Vm) olajd jeä ù kej; (v) wjia:djg m;a ùfï § w.h l%ufhka wvq ù Y+kHg 

m;a fõ' 

• (v) wjia:dj jk úg AB, CD ikakdhl fldgia" 360o lska tys wlaIh jgd N%uKh 

ù we;s w;r th uq,a msysgqug iudk fõ' fufia o`.rhla pqïnl lafIa;%hl 

N%uKfha § ld,h iu`. we;s jk m%;Hdj¾; úoHq;a.dul n,h 360o ;=< fjkia 

fjñka we;s jk ;rx. fldgi tla pl%hla (cycle) f,i ye`Èkafõ' 

m%;Hdj¾; úoHq;a.dul n,h fufia ckkh lr tu mßm:hg únerla (load) tla l< 

úg we;s jk Odrdj o m%;Hdj¾; jk w;r ld,h iu`. úp,kh jk fï ;rx. 

ihskdldr jk nj 1'17 rEmh u.ska úia;r flf¾' 

rEmh 1'17- m%;Hdj¾; Odrd ihskdldr ;rx.hla ksmojk wdldrh

Wmßu w.h (Peak Value, Am)

Rotating Phasor

Vector Rotation laI‚l w.h (Instantaneous Value, A(t))

tla pl%hla (1 cycle)

ld,h iuÕ fjkia jk m%;Hdj¾; ihskdldr ;x.h

A(t) = AmSin (θ) = Am Sin (ωt)

N%uKh jk ffoYsl ÈYdj

N%uKh jk l,dj

1'17 rEmfha fmkajd we;af;a m%;Hdj¾; Odrdfõ tla pl%hla (cycle) ;=< fjda,aàh;dfõ 

fyda Odrdfõ fyda w.h fjkia jk wdldrh hs' pqïnl O%ej 2la we;s wjia:dfõ 

o`.rfha N%uK fõ.h" ω rad s-1 kï t ld,hl § th θ = ωt fldaKhlska úp,kh 

fõ' 
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θ = ωt = 90o jk wjia:dfõ § pqïnl i%dj >k;ajh Wmßu jk neúka" úoHq;a .dul 

n,h fyda Odrdfõ fyda Wmßu w.h (peak value) ,efí' fjk;a ´kE u wjia:djl 

§ ,efnk w.h fyj;a laIKsl w.h (instantaneous value) my; iïnkaO;dfjka 

.Kkh lr .; yels h' 

A (t) = Am Sin θ 
        = AmSin (ωt)
WodyrKhla f,i θ = 30o (ωt = 30o) wjia:dj i,lkak'

 

Am
A1

30o             

A1 = Am Sin 30o = 
Am 
2 

  

ta wkqj tla tla fldaKhkays § laIKsl w.h 1'1 j.=fjys olajd we;'
j.=j 1'1

A1 = Am Sin 30o    = A7 = Am Sin 210o =

A8 = Am Sin 240o =

A9 = Am Sin 270o =

A10 = Am Sin 300o =

A11 = Am Sin 330o =

-Am 
2 

3
2 Am -

- Am 

3
2 Am -

-Am 
2 

0A12 = Am Sin 360o =

A2 = Am Sin 60o   
 =

A3 = Am Sin 90o    =

A4 = Am Sin 120o =

A5 = Am Sin 150o =

Am 
2 
3
2 Am 

Am 

3
2 Am 

Am 
2 

0A6 = Am Sin 180o =

fjda,aàh;dj yd Odrdj fjka fjka j ú.%y lsÍfï § ´kE u wjia:djl § w.h" 

tkï( laIKsl w.h my; i|yka mßÈ oelaúh yels h'

fjda,aàh;dfõ laIKsl w.h (Vi)
Instantaneous Voltage    Vi = Vm Sin θ
 

Odrdfõ laIKsl w.h (Ii)
Instantaneous current    Ii = Im Sin θ

     

´kE u wjia:djl § w.h" tkï laIKsl w.h ks¾Kh jkqfha fldaKfha ihska 

w.h u; neúka" fuhg m%;Hdj¾; Odrd ihskdldr ;rx.hla (Ac sinusoidal wave 
form)  hhs lshkq ,nhs'
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 (vii) θ = 210o  §,V7  = Vm Sin 210o   = 10 × - 0.5      =  -5 V  

 (viii) θ = 240o §, V8  = Vm Sin 240o   = 10 × - 0.866   = - 8.66 V

 (ix) θ = 270o  §, V9  = Vm Sin 270o   = 10 × -1           = - 10 V  

 (x) θ = 300o  §, V10 = Vm Sin 300o   = 10 × - 0.866   = - 8.66 V

 (xi) θ = 330o   §, V11= Vm Sin 210o   = 10 × - 0.5      =  - 5 V  

 (xii) θ = 360o  §, V12 = Vm Sin 360o   = 10 × 0             = 0 V 

ωt

ksoiqk 4

úÿ,s iemhqul Wmßu fjda,aàh;dj  10 V kï" 30o" 60o" 90o" 120o" 150o" 180o" 

210o" 240o" 270o" 300o" 330o" 360o § fjda,aàh;dfõ laIKsl w.hka fidhkak' ,nd 

.kakd ,o w.hka wkqj m%;Hdj¾; Odrd fjda,aaàh;d pl%h w|skak'

Vi = Vm Sin θ 

 (i) θ = 30o  § , V1  = Vm Sin 30o        = 10 × 0.5   =  5 V 

 (ii) θ = 60o  §,  V2  = Vm Sin 60o        = 10 × 0.866   = 8.66 V  

 (iii) θ = 90o  §, V3  = Vm Sin 90o        = 10 × 1         = 10 V  

 (iv) θ = 120o §, V4   = Vm Sin 120o      = 10 × 0.866   = 8.66 V 

 (v) θ = 150o §, V5  = Vm Sin 150o      = 10 × 0.5     =  5 V  

 (vi) θ = 180o §, V6  = Vm Sin 180o      = 10 × 0          = 0 V

Vi (V)

10

5

-5

-10

300

800 2400

2100 2700 3300
ωt

3000 3600

600 900 1200 1500

-8.66

8.66
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ksoiqk 5

úÿ,s iemhqul Wmßu Odrdj 20 A  kï" 45o, 90o, 135o, 180o, 225o, 270o, 315o, 
360o § Odrdfõ CIKsl w.hka fidhkak'

Ii = Im Sin θ

 (i) θ = 45o   §  I1 = Im Sin 45o    = 20 × 0.707 = 14.14 A
 (ii) θ = 90o   §  I2 = Im Sin 90o    = 20 × 1 = 20 A 
 (iii) θ = 135o §  I3 = Im Sin 135o  = 20 × 0.707 = 14.14 A
(iv) θ = 180o §  I4 = Im Sin 180o  = 20 × 0 = 0 A
(v) θ = 225o §  I5 = Im Sin 225o  = 20 × - 0.707 = 14.14 A
(vi) θ = 270o §  I6 = Im Sin 270o  = 20 × - 1 = - 20 A

(vii) θ = 315o §  I7 = Im Sin 315o  = 20 × - 0.707 = - 14.14 A
(viii) θ = 360o §  I7 = Im Sin 360o  = 20 × 0 = - 0 A

1'2'3  m%;Hdj¾; Odrd ihskdldr ;rx.hl uQ,sl ,laIK

m%;Hdj¾; Odrd ihskdldr ;rx.hla 1'18 rEmfha fmkajd we;s w;r" tjeks 

;rx.hl uQ,sl ,laIK fjka fjka jYfhka y`ÿkd .ksuq'

rEmh 1'18 - m%;Hdj¾; Odrd ihskdldr ;rx.hl uQ,sldx.

6
π

3
π

2
π

3
2π

3
5π 180o

or
π rad

6
7 π

3
4 π

2
3 π

3
5 π

6
11 π

2π rad
ωΤ

-A(max)

+A(max)

ld,dj¾Òh (Periodic Time  T)

laI‚l w.hka (Instantaneous Values)

A(max) = Wmßu w.h fyda l=¿ w.h (Peak Value)

A(ms) = A(max)

2
= j¾. uOHk uQ, w.h (Root Mean Square Value (rms))

Apk - pk = 2A(max) = l=¿ w;r w.h

(Peak to Peak Value)

A(avg) = 2A(max)

π
 = idudkH w.h (Avarage value)
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 ● ld,dj¾;h (Period T)
m%;Hdj¾;l Odrdfõ tla pl%hla iïmQ¾K ùug .; jk ld,h ld,dj¾;h 

(period, T) hkqfjka y÷kajkq ,efí'

 ● ixLHd;h (Frequency f) 
;;amrhla ;=< § we;s jk pl% m%udKh ixLHd;h (frequency, f) hkqfjka y÷kajkq ,efí' 
  tu ksid" T = 1

f   

ixLHd;h ukskq ,nk tallh" ;;amrhg pl% (cycles per seconds) fyj;a y¾Üia 

(Hz) fõ' 

ksoiqk 6

YS% ,xldfõ úÿ,s iemhqfï ixLHd;h f = 50 Hz. fï úÿ,s iemhqfï ld,dj¾;h 

.Kkh lrkak'

ld,dj¾;h" T  =   1         f

       =  
 1
50    

       =  0.02 s
       =  20 ms

 ● Wmßu w.h (Peak Value  Amax) 
ihskdldr ;rx.fha jeä u Wi tys Wmßu w.h (peak value) f,i y`ÿkajkq ,efí'

 ● l=¿ w;r w.h (Peak to Peak Value  Apk - pk)
Wmßu Ok w.h;a Wmßu RK w.h;a w;r mj;sk fjki l=¿ w;r w.h f,i 

ye`Èkafõ' iuñ;sl ihskdldr ;rx.hla .;a úg l=¿ w;r w.h Wmßu w.h fuka 

fo.=Khla fõ'

A peak-peak = 2A max

 ● j¾. uOHkH uQ, w.h (Root Mean Square Value  Arms)
ld,h iu`. fjkia jk ihskdldr ;rx.hla j¾. lr" tys uOHkHh fidhd tu 

w.fhys j¾.uQ,h .;a úg tu w.h j¾. uOHkH uQ, w.h f,i ye`Èkafõ' fndfyda 

úg kdñl w.h (nominal value/rated value) f,i úÿ,s WmlrKj, igyka lrkq 

,nkafka fuu j¾. uOHkH uQ, w.h hs'
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j¾. uOHkH uQ, w.h yd Wmßu w.h w;r iïnkaO;dj my; olajd we;s mßÈ fõ'

Arms =  2 Amax = 0.707 Amax

 ● idudkH w.h (Average Value  Aavg)

RcqlrKh (rectified) lrk ,o ld,h iu`. fjkia jk ihskdldr ;rx.fha uOHk 

w.h tys idudkH w.h (average value) f,i ye¢kafõ' idudkH w.h yd Wmßu 

w.h w;r we;s iïnkaOh my; mßÈ fõ'

  Aavg = 
2 
π   Amax = 0.637 Amax

ksoiqk 7

230 V / 50 Hz  úÿ,s iemhqulg iïnkaO lr we;s úÿ,s fla;,hla iemhqfuka 

,nd .kakd Odrdj 10 A kï" fjda,aàh;dfõ yd Odrdfõ Wmßu w.h yd idudkH 

w.h fidhkak'

        fjda,aàh;dfõ j¾. uOHkH uQ, w.h Vr  = 0.707 Vm

                        fjda,aàh;dfõ Wmßu w.h  Vm    = Vrms/0.707 = 230/0.707  = 325 V
                     fjda,aàh;dfõ idudkH w.h Vavg = 0.637 Vm

 Vavg   = 0.637 × 325 =  207 V
                 Odrdfõ j¾. uOHkH uQ, w.h Irms  = 0.707 Im

                           Odrdfõ Wmßu w.h   Im = Irms /0.707 = 10 / 0.707 =14.14 A  

                               Odrdfõ idudkH w.h  Iavg = 0.637 Im

 Iavg = 0.637 × 14.14 =  9 A

1'2'4  f;l,d m%;Hdj¾; Odrdj ckkh

m%;Hdj¾; Odrd ckl fndfyda úg ksmojkqfha f;l,d m%;Hdj¾; Odrd ckl 

f,i hs' fï m%;Hdj¾; Odrd ckl tajdfha ieliqu yd l%shdj,sh u; j¾. folls' 

tkï" iuuqyq¾;l ckl (synchronous generators) yd fm%arK ckl (induction 
generators) hkqfjks' úÿ,s ckkfha § úYd, cj m%udKhla ,nd .kakd fndfyda 

wjia:dj, fhdod .efkkqfha iuuqyq¾;l ckl fõ'
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● iuuqyq¾;l cklhl ieliqu

pqïnl lafIa;%hg idfmalaI j o`.rh fyda o`.rhg idfmalaI j pqïnl lafIa;%h 

fyda p,kh lsÍfï § Odrdjla yg .kS' iuuqyq¾;l cklj, isÿ jkqfha ikakdhl 

o`.r ia:djr j ;nd pqïnl lafIa;%h p,kh lsÍu hs' iuuqyq¾;l cklj, pqïnl 

lafIa;%h ,nd .ekSug iaÓr pqïnl fuka u úoHq;a pqïnl o fhdod .efka' úYd, 

cj m%udKhla ,nd .kakd iuuqyq¾;l úÿ,s cklj, úoHq;a pqïnl u.ska pqïnl 

lafIa;%h ,nd .efka' 1'19 rEmfhka fmkajd we;af;a úoHq;a pqïnl u.ska pqïnl 

lafIa;%h ,nd .kakd iuuqyq¾;l úÿ,s cklhl yria lemquls'

N%ulh (Rotor)BIdj (Shaft)
wfïpr oÕr

(Armature Windings)

lafIa;% oÕr

(Field 
Windings)

ia:dhqlh (Stator)

rEmh 1'19 - f;l,d iuuqyq¾;l cklhl m%Odk fldgia

iuuqyq¾;l cklfha" úoHq;a pqïnl lafIa;%h we;s lrk fldgi N%ulh (rotor) f,i

ye`Èkafjk w;r" ikakdhl o`.rh ord isák wp, fldgi ia:dhqlh (stator) f,i

ye`Èkafõ' N%ulfha iú lr we;s úoHq;a pqïnl lafIa;%h we;s lsÍug fhdod .kakd 

ikakdhl o`.rh lafIa;% o`.rh (field winding) f,i ye`Èkafõ' fï lafIa;% o`.rhg

,nd fokqfha ir, Odrdjls' ia:dhqlfha we;s m%;Hdj¾; úÿ,sh ckkh flfrk 

ikakdhl o`.r" wdfïpr o`.r (armature windings) f,i ye`Èkafõ' úÿ,s cklj,

N%ulh we;eï úg is,skavrdldr N%ulhla (cylindrical rotor) f,i;a we;eï úg

msgg fkrd we;s N%ulhla (salient pole rotor) f,i;a ksmofõ' pqïnl O%ej .Kk

4g jeä jk iEu wjia:djl u msgg fkrd we;s N%ulhla Ndú; fõ'

fï wkqj ckl hka;%hlska úÿ,s iemhqula ckkh ùu i`oyd tu cklfha pqïnl 

lafIa;%hla we;s l< hq;= h' fuf,i pqïnl lafIa;%hla we;s lsÍfï l%shdj,sh 

ifldfndkh lsÍu (Excitation) f,i kï lrhs'

ckl hka;% úúO l%uj,g j¾. l< yels w;r m%dfhda.slj Ndú; jk ckl hka;% 

fuu ifldfndkh lrkq ,nk l%u wkqj ks;H ieflnqu" iajhx ieflnqu iy 

fjka fjkaj ieflnqu f,i j¾. l< yels h' 
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1' ks;H ieflnqu (Permanent Exciation)

fuu l%ufha § ckl hka;%fha pqïnl n, f¾Ld we;s lsÍu i`oyd iaÓr pqïnl Ndú; 

flfrhs' fuhg ir, WodyrKhla f,i nhsisl,a vhskfudaj oelaúh yels w;r 

nhsisl,a frdaohg iïnkaO jk vhskfudafõ N%ulh jD;a;dldr iaÓr pqïnlhls' 

th N%uKh jk úg" jfÜ iaÓrj iúlr we;s ia:dhqlfha o`.r u.ska tu iaÓr 

pqïnlfha pqïnl n,f¾Ld lemSu fya;=fjka ia:dhqlfha we;s o`.r w.%j, m%;Hdj¾; 

Odrd úoHq;a.dul n,hla ckkh fõ'

;j;a WodyrKhka f,i 1'20 rEmfha oelafjk mßÈ tyd fuyd f.k hd yels 

50 MW jeks úYd, m%udKfha ckl hka;%j, m%Odk ckl hka;%h ifldfndkh 

lsÍu i`oyd tu BIdfõ u ;j;a ckl hka;%hla iúlr we;' th ifldfndk cklh 

fõ' tu ifldfndk cklh ifldfndkh lsÍu i`oyd ;j;a iaÓr pqïnl iys; 

cklhla tu BIdfõu iúlr we;' th fláfhka P.M.G (Perment maget generator) 
f,i o kï lrhs'

2' iajhx ieflnQu  (Self Excitation)

fuu l%ufha§ ckl hka;%fhka iemhqula ,nd .ekSu i`oyd ifldafndkh lsÍug 

tu cklfhkau ckkh jk úoHq;a.dul n,fhka fldgila ,nd .kakd w;r 

wdrïNl wjia:dfõ § ifldfndkh isÿjkqfha ckl hka;%fha lafIa;% o`.r T;d 

we;s yrfha fYaI ù we;s pqïnl lafIa;%h  (Residual Magnetism) u.sks' tkï" fuu 

ckl hka;%j, we;s lafIa;% o`.rj,g ndysßka fjk;a iemhqula ,nd fkdfoa' tu 

ckl hka;%fhkau ckkh jk úoHq;a.dul n,fhka fldgila lafIa;% o`.rj,g 

,nd fokq ,efí' WodyrKhla f,i tyd fuyd f.k hd yels 750W, 500W jeks 

l=vd m%udKfha ckk hka;%j, fuu ifldfndk l%uh Ndú; fõ'

3' fjka fjkaj ieflnqu  (Seperate Excitation)

fuu l%ufha § iemhqu ,nd .kakd m%Odk ckl hka;%h ixfldfndkh i`oyd 

ndysßka msysá negßhla fyda ;j;a ckl hka;%hla Ndú; flfrhs' tkï" N%ulfha 

we;s lafIa;% o`.rj,g we;s¨ï j<¨ yryd ir, Odrd iemhqula ,nd fokq ,efí'  

fuhg WodyrKhla f,i jdyk tkaðkaj, Ndú; jk cklj, ^´,agfkagrh& 

ifldfndkh i`oyd tu jdykfha we;s negßfhka iemhqu ,nd fokq ,efí' ;jo 

iuyr c, úÿ,s n,d.drj, we;s ckl hka;% ifldfndkh i`oyd o ndysßka msysá 

;j;a ckk hka;%hla Ndú; flfrhs'
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ãi,a u.ska l%shd;aul 

jk tkaðu

(Deisel Engine)

ifldfnk cklh

(Excitation 
Generator)

iaÓr pqïnl iys; 

cklh

(Permanet Magnet 
Generator) 

P.M.G

BYdj

(Shaft)

m%Odk cklh

(Main Generator)

N L1L2 L3

rEmh 1'20 - ks;H iflnqu ãi,a tkaðula u.ska Èfjk iuuqyq¾;l cklhlg 
fhdod .kakd whqre oelafjk o< igykla

1'2'5  f;l,d m%;Hdj¾; Odrdfõ uQ,sl ,laIK  

f;l,d m%;Hdj¾; Odrdfõ l,djka ;=k" a, b, c f,i fuka u R, Y, B f,i o 

fmdÿfõ ye`Èkafõ' fufia l,djka ;=k ,nd .ekSug wjYH jk mßÈ a, b, c wdfïpr 

o`.r (armature winding)  ia:dhqlfha (stator) t;Su isÿ flf¾' a, b, c o`.r t;Sfï 

§ tajd tlsfklg 120x wdk;shla isák fia t;Su isÿ lrk w;r" o`.r ;=fkys w.% 

;=kla tlsfklg iïnkaO fldg fmdÿ w.%hla f,i;a wfkla w.%;a msg;g .kq 

,efí' fufia wdfïpr t;=ï we;s ia:dhqlh uOHfha lafIa;% o`.rh (field winding) 
iys; N%ulh (rotor) N%uKh flf¾' lafIa;% o`.rhg iemhQ ir, Odrdj ksid we;s 

jk úoHq;a pqïnlh N%uKh ùfï § tlsfklg 120xl wdk;shlska T;k ,o wdfïpr 

o`.rj, úoHq;a.dul n,h fm%arKh jk wdldrh 1'21 rEmfhka fmkajd we;'

ia:dhqlh (Stator)

N%ulh (Rotor)

rEmh 1'21 - f;l,d m%;Hdj¾; Odrd cklhl ksmofjk fjda,aàh;djkaf.a ;rx. msysgk wdldrh 

240o

Phase A
Phase B
Phase c

120o 120oV

ωt180o 360o 540o 720o
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fuys § úoHq;a.dul n,h fm%arKh ùu *af,ñkaf.a ol=K;a kshuhg yd *erfâf.a 

kshuhg wkql+, j u isÿ fõ' úoHq;a pqïnlfha W;a;r O%ejh" o`.rh fl<ska u 

msysgk wjia:dfõ wod< o`.rfha fm%aß; úoHq;a.dul n,h Wmßu jk nj meyeÈ,s h'

o`.r T;d we;s l%uhg wkql+, j u fm%arKh jk úoHq;a.dul n,h o a, b, c 
wkqms<sfj<ska tlsfklg 120xla miqmiska úoHq;a.dul n,fha Wmßu w.h ,nd foa'

1'22 rEmfhka fmkajd we;af;a wdfïpr o`.rfha iemhqu mßm: igykl § fhdod .kakd 

wdldrh hs' 1'23 rEmfhka fmkajd we;af;a f;l,d fjda,aàh;dj wjêl igykla 

(phasor diagram) u.ska bÈßm;a lrk wdldrh hs' wjêl igykl fmkajkqfha

fjda,aàh;dfõ yd Odrdfõ j¾. uOHk uQ, (rms) w.hka fõ' iunr (balanced) 
f;l,d moaO;shl l,d ;=fka fjd,aàh;djhkaf.a úYd,;ajhka tlsfklg iudk 

jk w;r" 120x fldaKsl fjkilska mj;S' fuu moaO;shg 1'22 rEmfha mßÈ iunr 

únerla iú l< miq úner ;=k yrhd .,d hk Odrdjka o úYd,;ajfhka tlsfklg 

iudk jk w;r" 120x flda‚l fjkilska mj;S' 1'24 rEmfhka fmkajd we;af;a tu 

Odrdjka wjêl igykla u.ska fmkajk wdldrhhs' 

rEmh 1'22 - mßm: igykl iemhqu yd úner fmkajk wdldrh

IL - A

N
VC = V -240o

VB =  V -120o

VA = V 0o
iemhqu

n

Iph - B
Iph - C

IL - B

IL - C

Iph - A

 Z θ  Z θ

 Z θ

únerh

rEmh 1'24 - f;l,d Odrdfõ wjêl igyk

120O

120O

120O

θ

Iph - A

Iph - B

Iph - C

VA

VC

VB

120O

120O

120O

rEmh 1'23 - f;l,d fjda,aàh;dfõ wjêl igyk
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fufia tla tla o`.rh yryd mj;sk fjda,aàh;dj l,d fjda,aàh;dj (phase voltage) 
f,i;a o`.rh yryd .,d hk Odrdj l,d Odrdj (phase current) f,i;a ye¢kafõ' 

o`.r foll w.% folla yryd mj;sk fjda,aàh;dj ux fjda,aàh;dj (line voltage/
line - to - line voltage) f,i;a o`.rfha w.%j,ska msg;g .,d hk Odrdj ux Odrdj 

(line current) f,i;a ye`Èkafõ'

 ² f;l,d moaO;s iïnkaO lrk wdldr 

f;l,d moaO;sj, iïnkaO flfrk úÿ,s ckl" úÿ,s fudagr fyda f;l,d úner 

fukau mßKdulj, o`.r o fndfyda úg ;drld (star) wdldrfhka fyda fv,agd 

(delta) wdldrfhka iïnkaO flf¾' fv,agd wdldrh we;eï úg ±,a (mesh) 
iïnkaaOh f,i o ye`Èkafõ' 

;drld iïnkaOh (Star Connection) 
f;l,d moaO;s ;drld wdldrfhka iïnkaO l< úg fjda,aàh;dfõ yd Odrdfõ l,d 

(phase) w.hka yd ux (line) w.hka w;r mj;sk iïnkaO;dj 1'25 rEmfhka fmkajd 

we;s ;drld iïnkaOh weiqfrka ú.%y l< yels h' fuys § oÕrj, wdrïNl w.% 3 

fyda wjidk w.% tlg iïnkaO fldg th fmdÿ w.%h (N) f,i fhdod .kq ,nk 

w;r b;sß w.% 3 rEmfha mßÈ A, B yd C f,i msg;g meñfKa'

rEmh 1'25 - f;l,d ;drld iïnkaOh

c

B

N

A

Vph C 

Vph-A 

IL-A 

IL-B 

IL-C 

Iph-A 

Iph-BIph-C

Vph-B

VL-AB

          

VL  - ux fjda,aàh;dj

Vph - l,d fjda,aàh;dj

IL  - ux Odrdj

Iph  - l,d Odrdj

1'25 mßm: igykg wod< wjêl igyk 1'26 rEmfha fuka bÈßm;a l< yels h'
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VL - AB = Vph - A + Vph - B

VL - AB = Vph - A - Vph - B

iunr moaO;shla .;a úg"

Vph - A    =  Vph - B    = Vph - c 

yd VL - AB    = VL kï

1'27 (b) rEmfhka"

VL = 2Vph cos 30o

VL      = 2Vph 3
2 

VL =      Vph3

1'27 (a) rEmfha fmkajd we;s mßÈ

o`.rh yryd Odrdj = w.%j,ska 

msg jk Odrdj 

∴    IL = Iph

rEmh 1'26 - ;drld iïnkaOh we;s úg f;l,d 

fjda,aàh;djfha wjêl igyk (phasor diagram)

VL - AB

Vph - A

- Vph - B  30o

120o

120o

120o

Vph - c Vph - B

fv,agd ^oe,a& iïnkaOh (Delta (Mesh) Connection)
1'27 rEmfhka fmkajd we;af;a f;l,d moaO;shla fv,agd wdldrfhka iïnkaO 

lrk wdldrh hs' Bg wkql+, wjêl igyk 1'28 rEmfhka fmkajd ;sfí' fuys § 

oÕr ;=fkys tla oÕrhl wjidkh wfkla oÕrfha wdrïNhg" f,i oÕr ;=fkys 

w.% ixjD; mqvqjla wdldrhg iïnkaO flf¾' oÕr folla tlg iïnkaO jk 

ia:dkj,ska rEmfha mßÈ w.% ;=klska A, B yd C f,i msg;g meñfKa'

rEmh 1'27 - f;l,d fv,agd iïnkaOh

c

B

A
IL-A 

IL-B

IL-C

Iph

VL-AB
Vph 
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fuys §"

VL - ux fjda,aàh;dj

 

Vph - l,d fjda,aàh;dj 

IL - ux Odrdj

Iph - l,d Odrdj

rEmh 1'28 (b) - fv,agd iïnkaOh we;s úg f;l,d fjda,aàh;djfha wjêl igyk 

120o 120o

120o

30o

Iph -AB

IL -A

Iph - CA

IL - C

IL - B

Iph - BC

-Iph - CA

-Iph - BC

-Iph - AB

IL - A    =  Iph - AB - Iph - CA

iunr moaO;s i|yd"

          

 Iph - AB  =  Iph - CA  =   Iph - BC   

  IL-A  = IL

∴ IL = 2 Iph  cos 30o

      IL = 2 Iph 
3
2 

 

IL =  3 Iph

fuys § oÕrh yryd mj;sk fjda,aàh;dj fyj;a l,d fjda,aàh;dj (Vph),  l,d 2l 

w.% w;r" mj;sk fjda,aàh;dj fyj;a ux fjda,aàh;djg (VL) iudk jk nj 1'27 

rEmfhka meyeÈ,s fõ'

   ∴    VL = Vph
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 ² f;l,d moaO;sj, cjh

;drld iïnkaOh (star connection)
fuys θ hkq Odrdfõ yd 

úNjfha l,d flda‚l 

fjki (phase angle 
difference) jk w;r

Cos θ hkq cj idOlh

(Power  factor) fõ'

tla l,djl jeh jk cjh Pph    =  Vph Iph cos θ 

l,d ;=fkys jeh jk uq¿ cjh  PT    =  3Pph  

=   3 Vph Iph cos θ  

;drld iïnkaOfha §" 

VL     =  √3 Vph  neúka"

Vph    =   
VL

√3
iy IL       =   Iph 

∴  PT     =   3.  VL

√3
   IL Cos θ

            

PT     =   √3  VL IL Cos θ

fv,agd iïnkaOh (delta connection)

fuys θ Odrdfõ yd úNjfha

l,d flda‚l fjki 

(phase angle difference) 
jk w;r Cos θ hkq cj

idOlh (Power  factor) 
fõ'

tla l,djl jeh jk cjh Pph    =  Vph Iph cos θ 

l,d ;=fkys jeh jk uq¿ cjh  PT    =  3Pph  

=   3 Vph Iph cos θ 

fv,agd iïnkaOfha §" 

IL     =  √3 Iph  neúka"

Iph    =   
IL 

√3
iy VL       =   Vph 

∴  PT     =   3.  VL  
IL

√3
 Cos θ

PT     =   √3  VL IL Cos θ
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rEmh 1'29 - m%;sfrdaO ;drld l%uhg iïnkaO lsÍu

Iph

10 Ω

10 Ω
10 Ω

IL

Vph 
VL = 400 V

ksoiqk 8

10 Ω  jQ m%;sfrdaOl ;=kla f;l,d 400 V/ 50 Hz úÿ,s iemhqulg"

(a) ;drld l%uhg (b) fv,agd l%uhg iïnkaO lr we;ehs i,ld"                                                               
(i) tla tla wjia:d i|yd mßm: igyka we|" ux fjda,aàh;dj" l,d fjda,aàh;dj" 

ux Odrdj yd l,d Odrdj i,l=Kq lr tajdfha w.hka .Kkh lrkak'

(ii) tla tla wjia:djkaj, § jeh jk uq¿ cjh fidhkak'

(a)  ;drld l%uh                                     
(i)        ux fjda,aàh;dj" VL    = 400 V

        l,d fjda,aàh;dj VPh  = 
VL

√3  
   

    = 400 
√3

    = 230 V

        l,d Odrdj  IPh  = 
Vph

R

                                       = 230/ 10 = 23 A
            ux Odrdj IL  = IPh = 23 A

(ii) uq¿ cjh" PTotal  = √3  VL IL Cos θ 

m%;sfrdaOhla muKla we;súg 

m%;sfrdaOh yryd we;s úNjh yd 

m%;sfrdaOh yryd .,d hk Odrdj 

tlu l,dfõ msysghs'

tkï" θ = 0
∴ cos θ = 1   
PTotal = √3 × 400 × 23 × 1
        = 16 kW                              
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(b) fv,agd l%uh

(i) ux fjda,aàh;dj   VL   = 400 V
l,d fjda,aàh;dj   Vph = VL

 VPh  = 400 V
l,d Odrdj   IPh   = VPh / R

= 400/ 10 = 40 A
ux Odrdj   IL = √3 IPh = √3 × 40 A

= 69 A

(ii) uq¿ cjh"   PTotal  = √3 VL  IL   Cos θ
  θ   = 0

   ∴ Cos θ   = 1
l,d Odrdj   IPh = VPh / R

           PTotal  = √3 × 400 × 69 × 1
= 48 kW

rEmh 1'30 - m%;sfrdaO fv,avd l%uhg iïnkaO lsÍu

IL

Iph

10 Ω

10 Ω

10 Ω Vph VL = 400 V
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wNHdi 2

^1& mßm:hla fY%a‚.; j wuqKd we;s ixrpl (components) follska hqla; jk

w;r" thg tl,d m%;Hdj¾; Odrdjla ,nd § we;' ixrpl fol yryd we;s 

úNj wka;rhka ms<sfj<ska my; mßÈ fõ' 

V1 = 180 Sin (314 t) Volts
V2 = 120 Sin (314 t +π/3)  Volts

wjêl igykla (phasor diagram) wdOdrfhka my; fldgia i|yd ms<s;=re

imhkak'

 (i) iemhqï fjda,aàh;dj Em Sin (wt + θ) wdldrfhka ,shkak'

(ii) iemhqï fjda,aàh;dfõ j¾. uOHkH uQ, w.h (rms voltage) fidhkak'

(iii) iemhqfï ixLHd;h fldmuK o@

^2& (a)  f;l,d úÿ,s iemhqul V, ux fjda,aàh;dj o I, ux Odrdj o ø, fjda,aàh;dj

yd Odrdj w;r l,d fldaKh o kï wjêl igykla (phasor diagram) 
wdOdrfhka iunr únerla (balanced load) ;drld wdldrfhka tu

iemhqug iïnkaO l< o fv,agd wdldrfhka tu iemhqug iïnkaO l< 

o ,nd .kakd uq¿  cjh 3 VI cos ø jk nj fmkajkak'

(b) iunr únerla oÕr 3lska iukaú; jk w;r" tla tla oÕrhl m%;sfrdaOh

4 Ω o fm%arl w.h 0'02 H o fõ' fuu oÕr

(i) ;drld l%uhg"

(ii) fv,agd l%uhg

400 V, 50 Hz f;l,d iemhqulg iïnkaO lr we;s úg" iemhqfuka ,nd

.kakd uq¿ cjh fidhkak'
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1'3       m%;Hdj¾; Odrd fudagr (Alternating Current Motors)

.Dy úÿ,s WmlrKj, fuka u l¾udka; lafIa;%fha § o úÿ,s fudagrj, Ndú;h 

b;d nyq, nj wmg fndfyda úg oelsh yels h' ta ta wjYH;d i|yd úÿ,s fudagr 

fkdfhla wdldrhkaf.ka ksmojd we;' úÿ,s fudagr fi,a,ï nvq" Trf,daiq jeks 

l=vd WmlrKj, isg b;d úYd, fldkal%SÜ ñY% lrk hka;%" fodUlr jeks hka;% 

i|yd Ndú; lsÍug iqÿiq mßÈ fkdfhla Odß;djkaf.ka o úúO jQ fõ.hka ,nd .; 

yels jk mßÈ o ksmojd we;' m%Odk jYfhka fudagr ir, Odrdfjka l%shdlrk yd 

m%;Hdj¾; Odrdfjka l%shd lrk f,i j¾.SlrKh l< yels h' fuu mßÉfþofha 

§ m%;Hdj¾; Odrd fudagr ms<sn| j meyeÈ,s flf¾' m%;Hdj¾; Odrd fudagr my; 

igyfka mßÈ ;jÿrg;a j¾.SlrKh l< yels h'

fma%rK fudagr

Induction Motors

f,ak l+vq wdldrfha tl,d fudagr
Single Phase Squirrel Cage Type Motors

f,ak l+vq wdldrfha N%ul iys; 

fudagr

Squirrel Cage Rotor Motors

t;=ï N%ul we;s fudagr

Wound Rotor Motors

f;l,d fudagr

Three Phase Motors

iuuqyq¾;l fudagr

Synchronous Motors
id¾j fudagr

Universal Motors

iaÓr Odß;%l fudagr  

Permanent Capacitor 
Motor

Odß;%l wdrïNl 

fma%rK Odjl 

fudagr

Capacitor Start 
Induction Run 

Motors

Odß;%l wdrïNl 

Odß;%l Odjl 

fudagr

Capacitor Start 
Capacitor Run 

Motors

wdjrK O%ej 

fudagr

Shaded Pole 
Motors

me,sl,d 

fudagr

Split phase 
Motors

m%;Hdj¾;   Odrd fudagr j¾. 
(Types of AC Motors)

m%;Hdj¾; Odrd fudagr" fm%arK fudagr (induction motors) iuuqyq¾;l fudagr 

(synchronous motors) yd id¾j fudag¾ (universal motors) jYfhka j¾. l< yels 

h' fïjd" l=vd hka;% i|yd tl,d fudagr o úYd, hka;% i|yd f;l,d fudagr o 

Ndú; lrkq ,efí' f,ak l+vq wdldr fm%arK fudagr ks¾udKh w;ska b;d ir, 
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jk neúka wfkl=;a fudagrj,g jvd wvq ñ,lg ,nd .; yels w;r" kv;a;= lsÍu 

yd w¨;ajeähd lsÍu b;d myiq h' tneúka ksh; fõ.hka wjYH úÿ,s mxld" c, 

fmdïm" iïmSvl hka;% wdÈh i|yd fm%arK fudagr fhdod .kq ,efí' we;s,a¨ï 

ú,s wdldr (slip ring type) fkdfyd;a t;+ N%ul iys; fm%arK fudagr (wound rotor 
induction motors) ñ, wêl jk w;r" tu fudagr jeä cjhla wjYH úYd, weUreï 

hka;%" úYd, iïmSvk hka;% Odjkh lsÍu i|yd fhdod .kS'

1'4       f;l,d fm%arK fudagr (Three Phase Induction Motors)

rEmh 1'31 - f;l,d f,ak l+vq wdldr fm%arK fudagrhl fldgia

isis,k mxldj (Cooling Fan)

ia:dhql o`.r (Stator Windings)

w.% mqjrej (Terminal box)

N%ulh (Rotor) BIdj (Shaft)

1'31 rEmfha fmkajd we;af;a f;l,d f,ak l+vq wdldr fm%arK fudagrhl (squirrel 
cage type induction motor) fldgia h' fuys N%uKh jk fldgig N%ulh (rotor) 
hhs o" m%;Hdj¾; Odrdj ,ndfok wp, fldgig ia:dhqlh (stator) hhso lshkq

,efí' ia:dhqlfha t;=ï ;=kla we;s w;r tajd ;drld (star) fyda fv,agd (delta) 
l%uhg iïnkaO l< yels h' f,ak l+vq wdldr fm%arK fudagrhl N%ulfha t;=ula 

fkdue;s w;r" ta fjkqjg ;U ikakdhl o`vq (copper rotor bars) fhdod we;'

1'4'1 f;l,d m%;Hdj¾; Odrd fm%arK fudagrhl ia:dhqlh (Stator)

fudagrhlska flfrkqfha úÿ,s Yla;sh pd,l Yla;sh njg mßj¾;kh lsÍu hs' 

f;l,d fm%arK fudagrj, úÿ,sh ,nd fokqfha wp, j mj;sk ia:dhql o`.rj,g h 

(stator windings).
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rEmh 1'32 - f;l,d fm%arK fudagrhl ia:dhql oÕrh

jdhq 
wjldYh

ia:dhqlfha 
yrh

ia:dhqlfha yria lemqulaia:dhqlfha o`.r msysgk wdldrhia:dhqlh

1'32 rEmfha fmkajd we;s mßÈ f;l,d fm%arK fudagrj, l,d ;=kg wh;a t;=ï  

ia:dhqlfha mßjrKh lrk ,o ;yvqj,ska ;kd we;s yrfha (laminated stator core)
;sfnk Èla ;õ ^;e,s& (slots) ;=< .s,ajd we;' fuys yrh mßjrKh lrk ,o ;yvq

ia:r .Kkdjlska (laminated) ;kd we;af;a iq<s Odrd ydksh wvq lr .ekSug hs'

tfia ke;fyd;a yrh ;=< pqïnl i%djh .,d hEfï § we;s jk iq<s Odrdj fya;=fjka 

cj ydkshla we;s ùfuka fudagrfhka Wmojd .; yels m%;sodk cjh (output power)
wvq fõ' t;=ï ;=fkys fl<jr fldgia yd fmdÿ w.%h" w.% mqjrejg (terminal box)
iïnkaO lr we;' ia:dhqlfha o`.r msysgk wdldrh;a ia:dhqlfha yria lemqula 1'32 

rEmfhau fmkajd we;'

1'4'2 f;l,d fm%arK fudagrhl N%uKh jk pqïnl lafIa;%hla we;s jk wdldrh

rEmh 1'33 - f;l,d fm%arK fudagrhl N%uKh jk pqïnl lafIa;%hla we;s ùu

fudagrhg iemfhk f;l,d 
úÿ,s Odrdj

i, ii, iii wjia:djkays § 
ia:dhql oÕr ;=< Odrdj 
.,d hk wdldrh

i, ii, iii wjia:djkays 
§ ia:dhqlfha pqïnl
lafIa;%h msysgk wdldrh

I
A B C

Time

i ii iii

A A A
B B B

C C C

i ii iii

Odrdj

ld,h
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f;l,d fm%arK fudagrhl ia:dhql o`.rj,g iemfhkqfha m%;Hdj¾; f;l,d Odrdj 

jk w;r" ia:dhqlfha o`.r t;Su flfrkqfha tys N%uKh jk pqïnl lafIa;%hla 

we;s jk wdldrhg hs' fuys § o`.r t;Sfï l%uh u; wjYH pqïnl O%ej .Kk 

fjkia lr .; yels fõ' pqïnl O%ej .Kk jeä ùfï § ia:dhqlfha yg .kakd 

pqïnl lafIa;%h N%uKh jk fõ.h ^iuuqyq¾;l fõ.h& wvq fõ'

1'33 rEmfhka úoyd ±lafjkafka pqïnl O%ej folla we;s jk fia t;=ï lr we;s 

fm%arK fudagrhl iemfhk m%;Hdj¾; Odrdjg wkql+, j ia:dhqlfha pqïnl 

lafIa;%h mj;sk wdldrh hs' 

iemfhk f;l,d Odrdfõ wjia:d 3la ^i, ii, iii f,i& f.k tu wjia:djkays § 

ia:dhql oÕrj, Odrdj .,d hk ÈYdj 1'33 rEmfha u fmkajd we;' fufia Odrdj 

.,d hk úg uelaiafj,af.a lial=remamq kshuhg wkql+, j pqïnl lafIa;%h mj;sk 

wdldrh o 1'33 rEmfha u ia:dhqlfha yrialv u; olajd ;sfí' 

ia:dhqlfha jdhq wjldYh yryd pqïnl lafIa;%h mj;sk ÈYdj wkqj W;a;r (N) 
O%ejfha isg olaIsK (S) O%ejhg pqïnl n, f¾Ld we;=¿ ùu wkqj W;a;r O%ejh (N) 
yd olaIsK O%ejh (S) mj;sk wdldrh ks¾Kh l< yels h' i, ii yd iii wjia:d i,lk 

úg" iemhQ m%;Hdj¾; Odrdj ksid ia:dhqlfha N%uKh jk pqïnl lafIa;%hla we;s 

ù ;sfnk wdldrh fmfka'

ia:dhqlfha ́ kE u l,d folla tlsfkl udre l< fyd;a pqïnl lafIa;%h m%;súreoaO 

ÈYdjg N%uKh jk nj uelaiafj,af.a lial=remamq kshuh yd *af,ñkaf.a ju;a 

kshuh wkqj wjfndaO lr .; yels h' tneúka iemhqï l,d ;=fkka foll w.% 

udre lsÍfuka f;l,d fm%arK fudag¾j, N%uK ÈYdj udre l< yels fõ' 

1'4'3 iuuqyq¾;l fõ.h (Synchronous speed)

by; úia;r l< ia:dhqlfha yg .kakd pqïnl lafIa;%h N%uKh jk fõ.hg 

iuuqyq¾;l fõ.h (synchronous speed) hhs lshkq ,efí' fuh fndfyda úg Ns 
ixfla;fhka oelafõ'

fuu iuuqyq¾;l fõ.h (Ns), úÿ,s iemhqfï ixLHd;h g (f) wkqf,dau j iudkqmd;sl 

jk w;r" O%ej .Kk  (p) g m%;sf,dau j iudkqmd;sl fõ'

  iuuqyq¾;l fõ.h  Ns  α   f  f  = ixLHd;h ^;;amrhg pl%& 

 Ns  α 
 1
 p   P = O%ej .Kk

 Ns  α 
 f
 p  

      

iuuqyq¾;l fõ.h (synchronous speed -  Ns)" ñks;a;=jg jg (revolution per 
minute, rpm) f,i fhdod .kakd úg" th my; iólrKh uÕska oelaúh yels h'
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Ns  = 
60 f
 p/2

Ns  = 120 f
  p

 

 rpm

fï wkqj O%ej .Kk wkqj ia:dhqlfha ;sìh hq;= oÕr .Kk yd iuuqyq¾;l fõ.h 

tA wkqj fjkia jk wdldrh 1'2 j.=fjka fmkajd we;' jeä pqïnl O%ej .Kkla 

,nd .ekSug jeä oÕr .Kkla wjYH jk nj;a" túg oÕr w;r fldaKh wvq jk 

nj;a j.=fjka meyeÈ,s fõ' O%ej .Kk jeä ùfï § iuuqyq¾;l fõ.h wvq jk nj 

o meyeÈ,s j fmfka'

j.=j 1'2

O%ej 

fcdavq 

.Kk

O%ej 

.Kk

oÕr 

.Kk

oÕr 

w;r 

fldaKh

pqïnl lafIa;%h 

tla jghla 

N%uKh ùfï § 

ld,dj¾; .Kk

iuuqyq¾;l fõ.h (Ns) - rpm

1 2 3 120o 1.T Ns =  120f
   p  =  120«50

      2
 = 3000

2 4 6 60o 2.T Ns =  120f
   p  =  120«50

      4
 = 1500

3 6 9 40o 3.T Ns =  120f
   p  =  120«50

      6
 = 1000

4 8 12 30o 4.T Ns =  120f
   p  =  120«50

      8
 =  750

5 10 15 24o 5.T Ns =  120f
   p  =  120«50

      10
 =  600

6 12 18 20o 6.T Ns =  120f
   p  =  120«50

      12
 =  500

    P
   2

P   3P
   2

 360o

 3p/2
P.T

   2 Ns =  120f
   p  
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1'4'4 f;l,d fm%arK fudagrhl N%ulh (Rotor)

f;l,d fm%arK fudagr tajdfha N%ulfha ks¾udKh wkqj j¾. folls'

tkï"

● f,ak l+vq wdldr N%ul iys; fm%arK fudagr (squirrel cage rotor type
induction motors)

● we;s,a¨ï ú,s fyda t;=ï iys; fm%arK fudagr (slip ring or wound rotor type
induction motors)

by; foj¾.fha u ia:dhql t;=ï tl iudk jqj;a N%ulfha ks¾udKh tlsfklg 

fjkia fõ'

 ² f,ak l+vq wdldr N%ulh (Squirrel Cage Rotor)

N%ul o`vq 

(Rotor Bars)

mßjrKh lrk 
,o f,day ;yvq 

(Laminated 
Core)

isis,k mxldj 
(Cooling Fan)

BIdj 
(Shaft)

¨yqj;a j<,a, 

(End Ring)

rEmh 1'34 - fm%arK fudagrhl f,ak l+vq wdldr N%ulhlaa (squirarel cuge rotor)

1'34 rEmfhys olajd we;af;a f,ak l+vq wdldr N%ulhls' fuys ikakdhl" ;U fyda 

we¨ñkshï o~q jk w;r" tu o~q f,ak l+vqjla wdldrhg fomi we¨ñkshï fyda 

;U ;yvq follg mdiaid ¨yqj;a lr ilid we;'

ia:dhql oÕrj,g m%;Hdj¾; Odrdj iemhQ úg we;s jk iuuqyq¾;l fõ.fhka 

N%uKh jk pqïnl lafIa;%h ;=< by; N%ulh r|jd we;s úg N%ul o~q pqïnl n, 

f¾Ld u.ska lemSu ksid ta u; Odrdjla Wm§' tu Odrdfõ ÈYdj *af,ñkaf.a ol=K;a 

kS;sh wkqj .Kkh lsÍug yels h'

túg by; Odrdj f.k hk ikakdhl o~q pqïnl lafIa;%hla ;=< we;s ksid ta u; 

n,hla we;s ùu fya;=fjka fuys N%uKh isÿ fõ' fuys N%uK ÈYdj *af,ñkaf.a ju;a 

kS;sh wkqj ks.ukh lsÍug mq¿jks' fuu fudagrfha l%shdldß;ajh 1'35 rEmfhka 

oelafõ'
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´kE u l,djka folla tlsfkl udre l< fyd;a pqïnl lafIa;%fha N%uK ÈYdj 

fjkia ùfuka fudagrfha N%uK ÈYdj o fjkia l< yels h'

rEmh 1'35 - f,ak l+vq wdldr N%ul iys; fm%arK fudagrhl l%shdldß;ajh

fm%aß; úoHq;a.dul n,fha 
N%uK ÈYdj

N%ulfha N%uK 
ÈYdj

fm%aß; Odrdj   Induced current (I)

Force resulting from induction effect (F)
fm%arKfha n,mEu ksid we;s jk n,h

 ² we;s,a¨ï ú,s fyda t;=ï iys; N%ul (Slip Ring or Wound Rotor)

N%ulh (Rotor)

we;s,a¨ï ú,s (Slip rings) N%ul t;=ï (Rotor windings)

rEmh 1'36 - we;s,a¨ï ú,s fyda t;=ï iys; N%ulh (slip ring or wound rotor)  

f;l,d we;s,a¨ï ú,s wdldr N%ul (three phase slip ring rotor) f,ak l+vq wdldr 

N%ulj,ska fndfyda fjkia fõ' fuh t;=ï iys; N%ul (wound rotor) f,i o 

ye¢kafõ' f,ak l+vq wdldr N%ulhg msg;ska n,mEula l< fkdyels h' tfy;a by; 

1'36 rEmfha fmkajd we;s f;l,d we;s,a¨ï ú,s wdldr N%ulhla t;=ï iys; jk 

w;r" tu t;=ï ;drld wdldrhg iïnkaO lr b;sß w.% we;s,a¨ï ú,sj,g iïnkaO 

lr we;s neúka tu we;s,a¨ï ú,sj,g iïnkaO lr we;s nqreiq yryd 1'37 rEmfha 

mßÈ ndysr m%;sfrdAaO lÜg,hlg iïnkaO l< yels h' tu.ska wdrïNl Odrdj 

md,kh l< yels w;r" fõ.ho hï m%udKhlg md,kh l< yels h' 
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rEmh 1'37 - we;s,a¨ï ú,s $ t;=ï iys; fm%arK fudagrhl N%ul t;=ï ndysr 

m%;sfrdaO lÜg,hg iïnkaO lr we;s wdldrh

we;s,a¨ï ú,s (Slip Rings)

t;=ï iys; N%ulh 

(Wound Rotor) ndysr m%;sfrdaO lÜg,h 

(External Rotor Resistance Bank)

we;s,s (Brushes)

1'4'5 fm%arK fudagrj, fõ.h 

ia:dhqlfha we;s jk N%uKh jk pqïnl lafIa;%hg miq j N%ulh N%uKh jk neúka 

N%ulfhys fõ.h (Nr)" iuuqyq¾;l fõ.hg (Ns) jvd wvq fõ' tu fõ. fjkig 

fudagrfha ,siaiqu (slip) hhs lshkq ,nhs' fuh s ixfla;fhka ±lafõ'

 ,siaiqu (slip) = Ns - Nr

m%;sY; ,siaiqu = s = (Ns - Nr)
Ns  

× 100%

120 f
p  Ns  = iQ;%hg wkqj" ixLHd;h (frequency, f ) fjkia lsÍfuka fudagrfha 

fõ.h fjkia l< yels h' fï i|yd ixLHd; fjkia lrk Odjlhla (variable 

frequency drive, VFD) fhdod .kS'

;j o O%ej ixLHdj (number of poles, p) fjkia lsÍfuka o fudagrfha fõ.h fjkia 

l< yels h' O%ej fcdavq ixLHdj jeä lsÍfï § fudagrfha fõ.h wvq fõ' fï i|yd 

fudagrfha t;=ï ta taa wdldrhg fjkia m%udKfha O%ej ,nd .; yels mßÈ T;d we;' 

kuq;a fuu.ska ,nd .; yelafla iSñ; fõ. m%udKhls'

óg wu;r j" imhk fjda,aàh;dj md,kh lsÍu yd ndysr m%;sfrdaO tl;= lsÍu jeks 

l%u o fm%arK fudagrj, fõ.h fjkia lsÍug fhdod .; yels h' tfy;a fujka 

l%u Ndú;h b;d úr, fõ'
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1'4'6 f;l,d fm%arK fudagr i|yd fhdok wdrïNl Wml%u

fudagrhla wdrïNfha § tys m%u; Odrdj (rated current) fuka yh .=Khl muK 

Odrdjla iemhqfuka ,nd .kSS' úYd, Odrdjla iemhqfuka ,nd .ekSfï § mßm:hg 

iïnkaO ú,dhl (fuse) oeù hEu" isÕs;s mßm: ì|sk (miniature circuit breakers)
u.ska fyda wêOdrd ms<shjk (over current relay) u.ska iemhqu úikaê ùu fyda 

fhd;a (cables) / t;=ï (windings) oeù hEu jqj o isÿ úh yels h' tfia u úYd, úNj 

neiaula o we;s fõ' fuh je<elaùu i|yd wdrïNl Wml%uhla fhÈh hq;= h' ;jo 

m%Odk úÿ,s iemhqu fkdue;s wjia:djl § fudagrfha iemhqu iajhxl%sh j úikaê 

úh hq;= w;r" kej; úÿ,sh ,eîfï § bfí l%shd;aul fkdúh hq;= h' f;l,d 

fm%arK fudagrj, Ndú; jk wdrïNl Wml%u my; ú.%y lr we;'

• Rcq ineÿï fudagr wdrïNlh (Direct Online Motor Starter) 
l=vd m%udKfha fudagrj,g iemhqfuka ,nd .kakd Odrdj wvq neúka fïjd i|yd 

úÿ,s iemhqu Rcq j iïnkaO l< yels h' fï i|yd D.O.L. wdrïNlh (direct 
online motor starter) Ndú; lrkq ,efí' D.O.L. fudagr wdrïNl cj mßm:h yd 

md,k mßm:h 1'38 rEmfhka olajd we;'
 

cj mßm:h (Power circuit)

+ + + +
L1 L2 L3 E

1

1

1

2

2

2

3

3

3

4

4

4

5

5

5

6

6

6

L1

M

MOTOR

3-

L2 L3

Thermal 
overload relay 

(O/L)

Motor 
contactor 

(KM)

Miniature 
Circuit breaker

isÕs;s mßm: 

ì¢kh 

;dm w;sner 
ms<shjkh

fudagr 

iam¾Y;s%h

L1

KM1

Green Red
X1 X1

X2 X2

Emergency 
Stop

Stop

Start

O/L

O/L

1

1

2

3 13

144

2

Motor 
contactor

Motor 
Run

Motor 
Run

A1
RM

A2

md,k mßm:h (Control Circuit)

fudagr 

iam¾Y;s%h

rEmh 1'38 - (a) D.O.L. fudagr wdrïNlfha cj mßm:h yd m,k mßm:h
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D.O.L fudagr wdrïNlh

rEmh 1'38 - (b) D.O.L. wdrïNlh  

cj mßm:fha (power circuit) oelafjk mßÈ f;l,d úÿ,s iemhqu uq,skau ú,dhl  
(fuse) fyda isÕs;s mßm: ì|skhg ^miniature circuit breaker& iïnkaO jk w;r" 

bka miq ^w;s ner ms<shjkh ^over load relay&& iam¾Y;s%fha ^motor contactor) m%Odk 

iam¾Yl yryd fudagrhg iïnkaO fõ'

md,k mßm:fha § (control circuit) tla l,djlska úÿ,s iemhqu werUqï fnd;a;ug 

(start button) imhd" bka miq kej;=ï fnd;a;u (stop button) yryd wêner ms<shjkh 

;=<ska iam¾Y;s%fha l%shdldÍ oÕrhg iïnkaO fõ'

cj mßm:hfha werUqï fnd;a;u ls%hd lrùfï § kej;=ï fnd;a;u  yryd wêner 

ms<shjkh ;=<ska iam¾Y;s%fha l%shdldÍ oÕrhg Odrdj iemhSfuka th l%shd;aul 

ù" tu.ska cj mßm:fha iam¾Yl jeiS hEfuka fudagrhg úÿ,sh iemfha' fudagrh 

l%shd;aul jk wjia:dfõ § hï fyhlska fudagrh wêner ùula isÿ jqj fyd;a wêner 

ms<shjkh u.ska md,k mßm:fha iam¾Y;s%h weÍfuka iam¾Y;s%h yryd fudagrh l%shd 

úrys; fõ' fuys § isÿ jkqfha wêOdrdjla .,d hEfï § wêner ms<shjkfha we;s 

oaúf,day máh (bimetallic strip) r;a ùfuka th keù hEu ksid tys we;s iam¾Y;s%hla 

u.ska fudagrhg iemfhk úÿ,s iemhqu úikaê lsÍu hs' 1'38 (b) rEmfhka Ndú;fha 

mj;sk D.O.L wdrïNlhla fmkajhs'

 ● ;drld $ fv,agd wdrïNlh (Star - Delta Starter)

;drld $ fv,agd wdrïNlfha l%shdldß;ajh wjfndaO lr .ekSug my; WodyrKh 

i,lkak'

10 Ω jQ m%;sfrdaOl ;=kla (a) ;drld l%uhg (b) fv,agd l%uhg wuqKd 400 V 

iemhqulg iïnkaO fldg we;' tla tla wjia:dfõ § jeh jk cjh my; olajd 

we;s mßÈ .Kkh l< yels h'
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;drld iïnkaOh (star connection)

 Vph  = 
VL 

3 

 = 400 
3

 = 230 V 

IL  = Iph = Vph 

R
 = 230 10

 = 23 A

P3ph = 3VLILCosθ 
 = 3 × 400 × 23 × 1 = 16 kW

 VL  = 400 V 

 Iph 

 Vph 10 Ω

10 Ω
10 Ω

 IL 

fv,agd iïnkaOh (Delta connection)

  VL  = Vph = 400 V 

Iph  = 
Vph 
R 

 = 400
10 

 = 40 A

IL  =  3 Iph =   3 × 40 = 69 A 

P3ph  = 3 VL ILCosθ         
 =  3 × 400 × 69 × 1 = 48 kW 

 VL  = 400 V 
 Iph  Vph 10 Ω
10 Ω

10 Ω

 IL 

fuys θ hkq fjda,aàh;dj iy Odrj w;r we;s l,d fldaKh hs' Cosθ w.h úÿ,s 

moaO;sfha cj idOlh kï fõ' mßm:hl Odß;%l fyda fm%arl wvx.= ù we;s úg cj 

idOlh tlg jvd wvq w.hla .ekSug wjldY we;s w;r m%;sfrdaO muKla we;s 

úg tys w.h tAllh ls'

igyk

by; WodyrKhg wkqj fmkS hkafka t;=ï fv,agd (delta) l%uhg iïnkaO lsÍfï

§ ;drld (star) l%uh fuka ;=ka .=Khl cjhla Wmojd .; yels nj hs' tneúka

úYd, cjhka we;s fudagr fv,agd l%uhg ls%hd lrjkq ,efí' tfy;a fv,agd l%ufha

§ ;drld l%uh fuka ;=ka.=Khl Odrdjla iemhqfuka ,nd .kS' tneúka úYd,

cjhla we;s fudagr wdrïNfha § ;drld l%uhg iïnkaOh mj;ajd" wdrïN ù kshñ;

fõ.hg meñŒfuka miq fv,agd l%uhg fudagrh l%shd;aul flf¾'

fuu l%uh ;drld fv,agd werUqï l%uh ^star-delta starting method& f,i ye¢kafõ'

1'39 rEmfhka iajhxl%Sh j l%sh;aul jk ;drld - fv,agd wdrïNlhla oelafõ'
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rEmh 1'39 -  ;drld fv,agd wdrïNlh (Star - delta starter)

mßm: ì`Èkh 

Magnetic only 
circuit - breaker

iam¾Y;s%h

Contactor KL

;dm wêner ms<shjkh 

Thermal over load 
relay

Y/∆ changeover node

iam¾Y;%sh 

Contactor
iam¾Y;s%h 

Contactor

 K∆  KY
M 
3∼

1'39 rEmfha fmkajd we;s mßÈ fudagrh l%shd lsÍu wdrïN lsÍug mßm: ì¢kh 

^circuit breaker& jid" tA iuÕ u KL iam¾Y;s%h ^KL contactor& o jid" KY iam¾Y;s%h  

o ^KY contactor& jeish hq;= h' fufia lsÍfuka fudagrfha t;=ï ^windings& ;drld 

^star& wdldrhg iïnkaO ù we;' fufia wdrïN lsÍfuka miq lsishï okakd 

ld,dka;rhla .; ùug i,iajhs' fï ld,dka;rfha § fudagrh tys kshñ; fõ.hg 

meñfKa' tu ld,dka;rfhka miq fojk mshjr f,i KY iam¾Y;s%h (KY contactor) 
újr lr" K∆ iam¾Y;s%h  (K∆ Contactor) jeiSu isÿ flf¾' fï wjia:dfõ fudagrfha 

t;=ï fv,agd wdldrhg mj;sk w;r" fuh fudagrfha idudkH l%shdldÍ msysgqu fõ' 

1'40 rEmfha iajhxl%Sh ;drld fv,agd wdrïNl Wmdx. oelafõ'

Educational Publications Department



4746

rEmh 1'40 - iajhxl%sh ;drld - fv,agd wdrïNlh (Automatic Star/Delta Starter Circuit)

Auxiliary Contactors 
iydhl iam¾Y;%s

Indicator Lamp
o¾Yl myk

Timer 
ghsurh

Over load Relay(O/L)     
wêner wdrCIKh

On/Off Push Buttons     
jeis$ weß jyre

Main 
Contactors(KL,KY,K∆) 

m%Odk iam¾Y;%s

 ● iajhx mßKdul wdrïNlh ^Auto-transformer Starter&

rEmh 1'41 -  iajhx mßKdul wdrïNlh

iajhx mßKdulh 

Auto - transformer

;dm wêner 

ms<shjkh 

Thermal 
overload relay

iam¾Y;s%h 

Contactor

iam¾Y;s%h 

Contactor KY

iam¾Y;s%h 

Contactor KA

 KL

M 
3∼

mßm: ì`Èkh 

Magnetic only 
circuit - breaker
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1'41 rEmfha olajd we;s l%ufha § wdrïNl fjda,aàh;dj wvq lsÍu i|yd iajhx 

mßKdulhla fhdod .efka' fudagrh wdrïNfha § th iajhx mßKdulfha tla 

ijqklg iú lr we;s w;r" mßm: ì¢kh o KA iam¾Y;s%h  o KY iam¾Y;s%h  o 

jid mj;S' fï ksid fjda,aàh;dj fuka u fudagrh ,nd .kakd Odrdj o wvq fõ' 

fudagrh wdrïN lr" th fudgrfha kshñ; fõ.fhka 80]- 90] olajd meñŒfï 

§ KY iam¾Y;s%h muKla újr lr" iajhx mßKdulfha fm%arlh yryd u wvq 

fjda,aàh;dfjka hq;a iemhqu mej;Sug i,iajhs' fõ.h kshñ; fõ.hg u meñ‚ 

miq KL iam¾Y;s%h jid KA iam¾Y;s%h újr flf¾' tu wjia:dfõ fudagrh Rcqj u 

úÿ,s cd,hg iïnkaO fõ' 

fï wdrïNl l%uh ;drld - fv,agd l%uhg jvd ñ, wêl l%uhla jk w;r" fuh 

uOHu m%udKfha fyda úYd, cj iys; f,ak l+vq wdldr N%ul hq;a fm%arK fudagr 

i|yd fhdod .efka'

 ● ia:dhqlhg ndysr j m%;sfrdaO fyda fm%arl fhdod wdrïNh

rEmh 1'42 - ndysr m%;sfrdaO fyda fm%arl fhdod wdrïNh 

wêner 

ms<shjkh 

Thermal relay

Contactor KL
iam¾Y;s%h

Contactor KB
iam¾Y;s%h

Resistors 
or Reactors 
m%;sfrdaO 

yd$ fyda 

fm%arl

M 
3∼

mßm: ì`Èkh 

Magnetic only 
circuit - breaker

fuu l%uh 1'42 rEmfhka fmkajd we;' fuys § fudagrfha ia:dhqlhg ̂ stator& msg;ska 

ia:dhql oÕr iu. fY%a‚.; j m%;sfrdaO yd fm%arl iú lsÍfuka fudagrh wdrïNfha 

§ iemfhk fjda,aàh;dj wvq flf¾' tksid wdrïNfha § rEmfha fmkajd we;s 

KL iam¾Y;s%h jid ;sfnk w;r" KB iam¾Y;s%h újr lr we;' fudagrh kshñ; 

fõ.hg meñŒfuka miq KB iam¾Y;s%h jefik neúka ta wjia:dfõ fudagrhg uq¿ 

fjda,aàh;dj u iemfha' fï l%uh f,akl+vq wdldr N%ul we;s fm%arK fudagr i|yd 
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fhdod .efkk w;r" jvd;a iqÿiq jkqfha jeä wjiaÓ;shla we;s" idfmalaI j wvq 

wdrïNl jHdj¾;hla yd Odrdjla wjYH fudagr i|yd fõ'

 ● uDÿ wdrïNl (Soft Starters)

rEmh 1'43 - uDÿ wdrïNlh

iam¾Y;s%h 

Contactor KL

Contactor KB 
iam¾Y;s%h

Soft 
starter

uDÿ 

wdrïNlh

ú,dhl 

Fuse

M 
3∼

1'43 rEmfhka fmkajd we;af;a uDÿ wdrïNhla fm%arK fudagrhla i|yd fhdÞ .kakd 

wdldrh hs' fuh kùk wdrïNl l%uhla jk w;r" jeä wdfhdackhla lsÍug isÿ jk 

l%uhls' fuys § Ndú; jkqfha iaÓ;sl bf,lafg%daksl Wmdx. hs' fï l%uh Ndú;fha § 

Odrdj l%ñl j md,kh l< yels neúka wd;;shlska f;dr j uDÿ wdrïNhl isg 

idudkH l%shdldÍ wjia:djg meñŒu isÿ fõ'

 ● f;l,d fm%arK fudagrhla N%uK ÈYdj udre lr Odjkh lsÍu
f;l,d fm%arK fudagrhl N%uK ÈYdj udrelsÍu fudagrhg ,nd fok ;=kal,d 

iemhqfï" iemhqï /yeka foll w.% udre lsÍfuka l< yels fõ' l¾udka; lafIa;%fha 

Ndú; lrkq ,nk f;l,d fm%arK fudagrhl N%uK ÈYdj udre lsÍu i|yd 1'44 

rEmfha fmkajd we;s mßÈ im¾Y;s%h ̂ Contactor& folla Ndú; lr thska m<uq jekak 

^Contactor K1& ls%hd;aul jk úg wkqms<sj<ska l,d ;=k uÕska fudagrhg iemhqu 

,efí' tu iam¾Y;S%h ^Contactor K1& újD;ù ^Off& fojk iam¾Y;s%h ^Contactor K2& 

ls%hd;aul jQ úg my; mßm: rEmfha mßÈ' L
1
 l,dj fmr L

3
 l,dj ,ndÿka w.%hg;a" 

L
3
 l,dj fmr L

1
 l,dj ,ndÿka w.%hg;a iïnkaO ù fudagrhg iemhqj ,efí' túg 

f;l,d fm%arK fudagrh N%uK ÈYdj udre ù Odjkh fõ' 
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rEmh 1'44 - f;l,d fma%rK fudagrhl N%uK ÈYdj udre lsÍu 

L1 L2 L3

im¾Y;s%h

Contactor K2

im¾Y;s%h

Contactor K1

M
3 ∼

1'5      tl,d fm%arK fudagr (Single Phase Induction Motors)

f;l,d fm%arK fudagrhl tla tla l,dj w;r 120x l l,d fjkila we;s ksid 

Odrdj iemhQ úg ia:dhqlfha N%uKh jk pqïnl lafIa;%hla we;s fõ' tfy;a tl,d 

fm%arK fudagrhl ia:dhqlfhys l,d fjkila lD;%su j we;s lsÍug isÿ fõ' fï 

i|yd úúO l%u Ndú; jk w;r" tfia fhdod .kakd l%u u; tl,d fudagr my; 

mßÈ j¾. l< yels h'

 1' me,sl,d fm%arK fudagr

 2' iaÓr Odß;%l 

 3' Odß;%l wdrïNl fm%arK fudagr

 4' Odß;%l wdrïNl - Odß;%l Odjk fm%arK fudagr

 5' wdjrK O%ej fm%arK fudagr ^tínjQ O%ej fudag¾&

1'5'1 me,sl,d fm%arK fudagrh (Split Phase Induction Motor)

fuu fudagrfha m%Odk yd wu;r f,i tA yryd .,d hk Odrdjkaf.a l,d fjkila 

we;s jk f,i t;=ï folla mj;S' wdrïNl t;=u f,i ye¢kafjk fuu wu;r t;=u 

iuÕ fY%a‚.;j flakaødmidÍ iaúÉphla iú lr we;' fudagrh kshñ; fõ.fhka 

75] muK jk úg iaúÉph ls%hd;aul ù wu;r t;=u mßm:fhka úikaê flf¾' 

t;=ï foflys .,d hk Odrdjka w;r l,d fjkila ,nd .ekSug wdrïNl t;=fï 

m%;sfrdaOh b;d jeä w.hla ,efnk fia fhdod .efka' b;du;a wvq wdrïNl Odrdjla 

yd wvq jHdj¾:hla we;s fuu me,sl,d fudagr YS;lrKj, we;s iïmSvlh ls%hdlsÍug 

Ndú; lrhs' me,sl,d fudagrfha o< mßm: igyk 1'45 rEmfhka fmkajd we;' 
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rEmh 1'45 - me,sl,d fudagrfha mßm: igyk

m%Odk oÕrh 

Main winding

flakaødmidß jyrej

 centrifugal switch

wdrïNl oÕrh

Slating winding

1'5'2 iaÓr Odß;%l fm%arK fudagr (Permanent Capacitor Induction Motor)

fuu j¾.fha fudagrj, o Odjk oÕrh yd wdrïN; o`.rh jYfhka t;=ï folla 

mj;sk w;r wdrïNl o`.rhg fY%aKs.;j Odß;%lhla iïnkaO lr tu mßm:h 

Odjk o`.rhg iudka;r.;j iïnkaO lr we;' by; i|yka l< mßÈ wu;r 

ke; fyd;a wdrïNl t;=ug fY%aKs.; j Odß;%lhla iïnkaO lr we;s ksid t;=ï 

foflys Odrdjka w;r l,d fjkila we;s fõ'  fujeks l,d fjkila we;s Odrdjla 

ia:dhql oÕr ;=<ska .,d hEfï §  N%uKh jk pqïnl lafIa;%hla we;s jk w;r 

Odrdj wkqj pqïnl lafIa;%h mj;sk ÈYdj uelaiafj,af.a lial=remamq kshuh fhdÞ 

.ekSfuka fidhd .; yels h' 

fuu tl,d fudagrj, f,ak l+vq wdldr N%ul Ndú; jk w;r" N%uKh jk pqïnl 

lafIa;%hl mj;sk fï N%ul o f;l,d fudagrhl wdldrfhka u N%uKh ùu isÿ 

fõ' tfiau fudagrh Odjkh jk iEu wjia:djl § u tkï" wdrïNl wjia:dfõ 

fukau Odjk wjia:fõ § o Odß;%lh mßm:hg iïnkaOj mj;S' tneúka mßm:h 

yryd .,k Odrdj md,kh lsÍfuka fuu j¾.fha fudag¾ úp,H fõ.fhka Odjkh 

lsÍug yels fõ' tu ksid fuu j¾.fha fudagr" iS,sx mxld" iy fïi mxld i|yd 

Ndú; lrhs' iaÓr Odß;%l fma%rK fudagrhl o< mßm: igyk yd ia:dhqlfha o`.r 

msysgk wdldrh 1'46 (a) rEmfha olajd we;'

m%Odk t;=u 

^Main Winding&

iydhl t;=u 

^Auxiliary Winding&

I1

I2

I1

I2

1-φ
Supply 

Es

C
iydhl t;=u 

^Auxiliary Winding&

m%Odk 

t;=u 

^Main 
Winding&

rEmh 1'46 (a) - tl,d iaÓr Odß;%l fudagr-
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1'5'3 Odß;%l wdrïNl fma%rK fudagr (Capacitor Start Induction Motor)

fuu j¾.fha fudagrj,g wdrïNl o`.rh yd Odjk o`.rh jYfhka o`.r folla 

yd wdrïNl o`.rhg fY%aKs.;j Odß;%lhla yd flakaødmidß jyrejla ^Centrifugal 
Switch) iïnkaO lr we;' fudagrhg iemhqu ,nd § Odjkh jk úg kshñ; fõ.fha 

65] la 75] w;r fõ.hlg meñKs úg flakaødmidß jyrej ls%hd;aul ù  wdrïNl 

Odß;%lh yd o`.rh iys; fldgi mßm:fhka bj;a fõ' Odjk o`.rfhka muKla 

Odjk fõ' flakaødmidß jyrejla ls%h;aul jk neúka" fuu j¾.fha fudag¾ úp,H 

fõ.fhka Odjkh l< fkdyels h' únerla iu`.u wdrïN jk wê YS;lrK hka;%" 

j;=r fmdïm i|yd fuu fudagr Ndú; fõ' Odß;%l wdrïNl fm%arK fudagrfha o< 

mßm: rEmigyk 1'46 (b) rEmfhka fmkajd we;' 

rEmh 1'46 (b) - Odß;%l wdrïNl fm%arK fudagrfha mßm: igyk

mßm: igyk

1-φ 
Supply 

Es

Rotor

Main 
winding

Switch

AUX. Winding

C

I2

I1

1'5'4 Odß;%l wdrïNl ¡ Odß;%l Odjk fm%arK fudagr (Capacitor 
Start - Capacitor Run Induction Motors)

úYd, nerhka i|yd Ndú; lrk fudagrj, werUqï jHdj¾;h (starting torque) jeä 

lr .ekSug wdrïNl wjia:dfõ wu;r Odß;%lhla (start capacitor) 1.45 (c) rEmfha 

mßÈ iïnkaO flf¾' fuu Odß;%lh fudagrfha BIdjg (shaft) iïnkaO lr we;s 

flakaødmidÍ iaúÉph (centrifugal switch) yryd Odjk  Odß;%lhg (run capacitor) 
iudka;r.;j iïnkaO fõ' tneúka wdrïNl wjia:dfõ iul Odß;%l;dj jeä ùu 

ksid jeä jHdj¾;hla we;s fõ' fudagrh wdrïN jQ miq flakaødmidÍ iaúÉph u`.ska 

wdrïNl Odß;%lh úikaê fõ'  

rEmh 1'46 (c) -  Odß;%l wdrïNl - Odß;%l Odjk fm%arK fudagrfha mßm: igyk 

L1

Auxiliary winding

Main 
winding

Rotor
 switch

centrifugal switch

L2

Odjk Odß;%lh 

Run capacitor
Start capacitor 

werUqï Odß;%lh 
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fï j¾.fha fudagr wêmSä; c, fmdïm (high pressure water pumps)" ßla;l 

fmdïm (vacuum pumps), oej ksIamdok hka;% (wood working machinery) yd jdhq 

iïmSvk (air compressors) i|yd fhdod .efka'

by; i`oyka l< ;ksl,d fm%arK fudag¾ j¾. y;frka ´kEu fudagrhl N%uK 

ÈYdj udre lsÍug wjYH kï" wdrïNl oÕrfha fyda Odjk o`.rfha hk o`.r 

foflka ´kEu tla o`.rhl w.% udre lsÍfuka N%uKh jk ÈYdj udre lr.; yels 

fõ' WodyrKhla f,i Odß;%l wdrïNl fm%arK Odjk fudagrhl N%uK ÈYdj udre 

lsÍug wjYH mßm: igyk 1'46 ^d& rEmfhka oelafõ'  

rEmh 1'46 (d) - tl,d fm%arK fudagrhl N%uK ÈYdj udre flfrk wdldrh oelafjk mßm: igyka 

N L
Odjk o`.rfha w.% udre lr 

N%uKh jk ÈYdj udre lsÍu

N L N L
wdrïNl o`.rfha w.% udre lr 

N%uKh jk ÈYdj udre lsÍu

l¾udka; lafIa;%fha Ndú; jk tl,d fm%arK fudagrj, ks;r ks;r N%uK ÈYdj 

udre lsÍug wjYH wjia:djkays §" O%ej y;f¾ iam¾Y;s%l folla Ndú; flfrhs' 

tf,i N%uK ÈYdj udre lsÍu i|yd iam¾Y;s%l Ndú; flfrk wdldrh oelafjk 

o< mßm: igykla 1'46 ^e& rEmfha fmkajd we;'  

N
N

L
L

rEmh 1'46 (e) - tl,d fm%arK fudagrhl N%uK ÈYdj udre lsÍu i|yd iam¾Y;s%l Ndú;h

iam¾Y;s%h
iam¾Y;s%h
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1'5'5 wdjrK O%ej fudagr (Shaded pole motors)

rEmh 1'47 - wdjrK O%ej fudagrh

Main 
winding

Shading 
coil

Shading 
coil

1'47 rEmfha olajd we;af;a tl,d wdjrK O%ej fudagrhls (single phase shaded pole 
motor). fuys m%Odk O%ejfha l=vd m¨jlg ̈ yqj;a (short circuit) lrk ,o ;U uqÿjla 

iú fldg we;' m%Odk oÕrh tl,d iemhqulg iïnkaO l< úg WmÈk pqïnl 

i%djfhka fldgila m%Odk O%ejh yryd o wfkla fldgi ;U uqÿjla iú fldg 

we;s iydhl O%ejh yryd o .uka lrhs' ;U uqÿj ksid tu O%ej fol yryd .,d 

hk i%djhka w;r" l,d fjkila we;s fõ' fï l,d fjki fya;=fjka ia:dhqlfha 

N%uKh jk pqqïnl lafIa;%hla we;s lsÍug iu;a fõ' fuys § N%ulh fmr úia;r 

l< f,ak l+vq wdldr jk w;r ls%hdldß;ajh o tf,i u isÿfõ'

fuu fudagr úYd,;ajfhka l=vd jk w;r fndfyda úg .Dyia: WmlrK (household 
equipment) i|yd muKla Ndú; fõ' leiÜ frfldav¾" isis,k mxld" ghsu¾ yd 

fi,a,ï nvq i|yd fuu wdjrK O%ej fudagr fhdod .efka'

1'6   id¾j fudagr (Universal Motors)

id¾j fudagr" m%;Hdj¾; Odrdfjka fuka u ir, Odrdfjka ls%hd l< yels úfYaIs; 

fudagr j¾.hls' id¾j fudagrfha ieliqu ir, Odrd fY%a‚ fudagrhlg fnfyúka 

iudk fõ' fuys ia:dhqlfha (stator) lafIa;% oÕr (field windings) T;d we;s w;r 

N%uKh jk wdfïprh (armature) fyj;a N%ulh (rotor)" wdfïpr ^N%ul& oÕrj,ska 

yd kHdfoaYlfhka (commutator) hqla; fõ' kHdfoaYlh u; we;s,s (brushes) 
iú lr we;' fuys ia:dhqlfha yrh fuka u N%ulfha yrh o mßjrKh lrk 

;yvqj,ska (laminated) iukaú; lr we;af;a iq<s Odrd ydksh je<lSug hs' id¾j 

Odrd fudagrhl fldgia yd t;=ï iïnkaO ù we;s wdldrh 1'48 rEmfhka fmkajd 

we;' fï fudagrfha wdfïpr t;=u yd lafIa;% t;=u fY%a‚.; j iïnkaO lr ;sfí'
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id¾j fudagrhlg ir, Odrdjla ,ndÿka úg th ir, Odrd fY%a‚ fudagrhla f,i 

l%shd lrhs' lafIa;% oÕrhg ,nd ÿka ir, Odrdj ksid tys úoHq;a pqïnl lafIa;%hla 

yg .kakd w;r" ta Odrdj u wdfïpr t;=u yryd o .,d hhs' Odrdj .,d hk 

ikakdhlhla pqïnl lafIa;%hla ;=< ;nd we;s úg ikakdhlh u; n,hla we;s jk 

nj Tn okakd lreKls' fufia we;s jk n,h fyda jHj¾;h ksid N%ulh N%uKh 

fõ' *af,ñkaf.a ju;a kS;sh fh§fuka N%uK ÈYdj fidhd .; yels h'

id¾j fudagrhlg m%;Hdj¾; Odrdjla iemhqj o th tl u ÈYdjlg N%uKh fõ' 

fuhg fya;=j fudagrfha wdfïpr t;=u yd lafIa;% t;=u fY%a‚.; j iïnkaO lr 

;sîu hs' tksid m%;Hdj¾; Odrdj Ok" RK f,i l%ñl j fjkia ùfï § Bg wkqrEm 

j u lafIa;% oÕrfha fuka u wdfïpr oÕrfha o Odrdj .,k ÈYdj fjkia fõ' fï 

fya;=fjka pqïnl lafIa;%fha ÈYdj yd wdfïprfha Odrdj .,d hk ÈYdj fjkia 

jkafka N%ulh u; we;s jk n,hkaf.a ÈYdj fjkia fkdjk f,i hs' tksid 

N%ulh" m%;Hdj¾; Odrdj iemhQ úg o tl u ÈYdjlg N%uKh fõ' 

fuu fudagr u.ska ir, Odrd fY%aKs fudagr u.ska fuka wêl fõ.hka ,nd.; 

yels neúka úÿï hka;%" .%hskav¾ hka;%" uyk ueIska fudagr" ßla; fYdaOl (vacuum 
cleaners)  yd wdydr ñY%l (food mixture) i`oyd fhdod .efka' 

kHdfoaYh (Commutator)
we;s,s (Brushes)

N%ul oÕrh 

(Rotor Windings)
mßjrKh l< N%ul yrh 

(Laminated Rotor Core)

O%ej folla iys; lafIa;% oÕrh 

(2 Pole Field Winding)
mßjrKh l< ia:dhql yrh 

(Laminated Stator Core)

ir, fyda 
m%;Hdj¾; Odrdj

rEmh 1'48 - id¾j fudagr (universal motors)
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1'7      iuuqyq¾;l fudagr  (Synchronous Motors)

iuuqyq¾;l fudagrj, ia:dhql oÕr fm%arK fudagrj, ia:dhql oÕr yd iudk fõ' 

tneúka fudagrfha ia:dhql oÕrj,g úÿ,s iemhqu ,nd ÿka úg tys o l,ska úia;r 

l< mßÈ N%uKh jk pqqïnl lafIa;%hla we;s fõ' ia:dhqlfha we;s jk fuu N%uKh 

jk pqïnl lafIa;%h iuuqyq¾;l fõ.h f,i ye¢kafjk nj;a tys w.h fidhd 

.kakd wdldrh;a óg by; § fmkajd we;' fuu N%uKh jk pqïnl lafIa;%h ;=< 

iaÓr pqïnlhla ;enqj fyd;a tys W;a;r O%ejh N%uKh jk pqïnl lafIa;%fha 

olaIsK O%ejh iuÕ pqïnl j w.=¨ jeàula isÿ fõ' tksid iaÓr pqïnlh o N%uKh 

jk pqïnl lafIa;%fha fõ.h jk" iuuqyq¾;l fõ.fhka u N%uKh ùug mgka 

.kS' fufia l=vd fudagrj, N%ulh f,i iaÓr pqïnl Ndú; jqj;a úYd, fudagrj, 

N%ulh f,i úoHq;a pqïnl fhdod .efka' úoHq;a pqïnl N%ulhla iys; iuuqyq¾;l 

fudagrhl yria lemqula 1'49 rEmfhka fmkajd § we;' fuys § N%ulfha we;s lafIa;% 

oÕrhg ir, Odrdjla iemfha'

 rEmh 1'49 - iuuqyq¾;l fudagrhl wdlD;shla

N%ulh - lafIa;% o`.rhg 
we;s,a¨ï ú,s yryd ir, 
Odrdjla ,nd §fuka 
úoHq;a pqïnl lafIa;%hla 
we;s lrhs

ia:dhqlh - N%uKh jk 
pqïnl lafIa;%hla ,nd 
fok f;l,d t;=ï

ir, Odrd iemhqu
we;s,a¨ï ú,s

iuuqyq¾;l fudagrfha .eg¨jlg we;af;a fudagrh wdrïNfha § kej;S we;s N%ulh 

tl úg iuuqyq¾;l fõ.hg meñKSug wmyiq fyhska fudagrh wdrïN lsÍug 

fjk;a fudagrhla (pony motor) u`.ska lrljd Èh hq;= ùu hs' tfia ke; fyd;a 

iuyr fudagrj,  N%ulfha f,ak l+vq wdldr N%ulj, fuka N%ul o`vqq .s,ajd fomi 

¨yqj;a lr we;' túg fudagrh f,ak l+vq wdldr fudagrhla f,i wdrïN ù Wmßu 

fõ.hg meñKSu;a iuÕ u iuuqyq¾;l fõ.hg meñfKa'

fm%arK fudagr (induction motors) fuka fkd j" iuuqyq¾;l fudagr u`.ska 3000 

rpm, 1500 rpm, 1000 rpm jeks ksh; fõ.fhka ,nd .; yels w;r" myiqfjka 

wjYH mßÈ fõ. wkqmd; ^.sh¾ frdao u.ska& ,nd.; yels fõ' tneúka fïjd úÿ,s 

Trf,daiq" ghsu¾ jeks WmlrK i|yd fhdod .kq ,efí'
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iuuqyq¾;l fudagrj, N%ulfha lafIa;% t;=ug imhk ir, Odrdj ̂ ifldnk Odrdj 

- excitation current, If) jeä lr f.k hEfï § fudagrfha iemhqï Odrdj l%ufhka

wvq ù hï wju w.hlg meñKSfuka miq kej; jeä fõ' thg fya;=j ifldnk

Odrdj" If jeä lr f.k hEfï § iemhqï Odrdfõ cj idOlh" Cos θ wvq ú,ïN

(lagging) w.hl isg l%ufhka jeä ù" Cos θ = 1 olajd jeä ù ;j ÿrg;a If Odrdj

jeä lsÍfï § cj idOlh" Cos θ ys w.h kej; wvq fmrgq (leading) w.hlg wvq

ùu hs'

tkï wvq ifldnk Odrdjl § (under excitation) ú,ïN cj idOlhlska o (lagging 
power factor), jeä ifldnk Odrdjl § (over excitation) fmrgq cj idOlhlska

o (leading power factor), iuuqyq¾;l fudagr l%shd lrhs' tneúka fï iuuqyq¾;l

fudagr" úÿ,s moaO;sj, cj idOlh by< kexùu i|yd o fhdod.kS' tfia Ndú; jk

iuuqyq¾;l hka;%" iuuqyq¾;l Odß;%l (synchronous condensers) f,i ye¢kafõ'

wNHdi 3

^1& a. úYd, cjhkaf.ka hq;= f;l,d fm%arK fudagr i|yd iqÿiq fudagr wdrïNl

j¾.hla i|yka lrkak'

b. f;l,d fm%arK fudagr i|yd fufia wdrïNlhla wjYH ùug fya;= meyeÈ,s

lrkak'

^2& wdjrK O%ej fm%arK fudagrh tl,d fm%arK fudagrhls' tys ia:dhqlfha tla 

O%ejhl fldgilg ̈ yqj;a lrk ,o ;U uqÿjla iú fldg we;' fufia lsÍug 

m%Odk fya;=j ieflúka meyeÈ,s lrkak'

^3& id¾j fudagrfha iqúfYaI ,laIK i|yka lr" th Ndú;fha fhfok wjia:d 

i|yka lrkak'

^4& iuuqyq¾;l fudagrh wka fudagrj,ska fjkia jk úfYaI;d i|yka lr" tu 

úfYaI .=K wkqj fudagrfha Ndú;hka i|yka lrkak'
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1'8       ir, Odrd hka;% ^DC Machines)

ir, Odrd ckl (DC generators) iy ir, Odrd fudagr (DC motors) hk foj¾.h u 

.;a úg ir, Odrd hka;% (DC machines) f,i ye¢kafõ' fï ir, Odrd hka;% 

l%shdldÍ;ajh o fmr idlÉPd l< úoHq;a pqïnl uQ,O¾u u; mokï fõ' tkï"

 ● ikakdhlhla pqïnl lafIa;%hl p,kh ùfï § ta ikakdhlfha fjda,aàh;djla 

fm%arKh fõ'

pd,l Yla;sh" úÿ,s Yla;sh njg mßj¾;kh jk fï wjia:dj úÿ,s ckk 

l%shdj,sh hs'

 ● úÿ,s Odrdjla .uka .kakd ikakdhlhla pqïnl lafIa;%hl we;s úg ikakdhlh 

u; hdka;%sl n,hla we;s fõ'

úÿ,s Yla;sh" pd,l Yla;sh njg mßj¾;kh jk fï wjia:dj fudagrhl 

l%shdj,sh hs'

ir, Odrd ckl fuka u ir, Odrd fudagr o ks¾udKh w;ska tl iudk fõ' tkï 

ir, Odrd hka;%hlg" ir, Odrdjla iemhSfuka th fudagrhla f,i l%shd lrk 

w;r" ir, Odrd hka;%hl N%ulh fjk;a Wml%uhlska lrleùfuka th ir, Odrd 

cklhla f,i Ndú; l< yels h'

1'8'1 ir, Odrd hka;%hl fldgia

ir, Odrd hka;%j, pqïnl lafIa;%h we;s lr .kakd l%uh wkqj hka;% j¾. folla 

mj;S' l=vd hka;%j, pqïnl lafIa;%h we;s lr .ekSug ia:dhqlfha iaÓr pqïnl O%ej 

2la iú lr we;' úYd, hka;%j, fï i|yd ia:dhqlfha lafIa;% oÕr (field winding) 
T;d úoHq;a pqïnl ilid .efka' ia:dhqlh uOHfha N%ulh msysgd we;' N%ulh" 

wdfïpr oÕrh (armature winding) yd kHdfoaYlh (commutator) hk wx.j,ska 

iukaú; fõ' wdfïpr oÕrfha w.% kHdfoaY LKav yryd we;s,s (brushes) u.ska 

msg;g iïnkaO lsÍu isÿ fõ' iaÓr pqïnl yd úoHq;a pqïnl Ndú; jk ir, Odrd 

hka;%hl fldgia 1'50 rEmfhka fmkajd we;'
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rEmh 1'50 - ir, Odrd hka;%hl fldgia

iaÓr pqïnl ir, Odrd hka;%h

iaÓr pqïnl

úoHq;a pqïnl ir, Odrd hka;%h

úoHq;a pqïnl ^lafIa;% oÕrh& (field Coil)ldkq (Slots) wdfïprh (Armature)

kHdfoaYlh
(Commutator)

isis,k mxldj 
(Cooling fan)

BIdj (Shaft)

fnhdßx
we;s,s

(brushes)

we;s,s
(brushes)

mßjrKh lrk ,o hlv yrh 
(laminated Iron Core)

mßjrKh lrk ,o hlv yrh 
(laminated Iron Core)

kHdfoaYlh
(Commutator)

ir, Odrd hka;%j, wdfïprfha kHdfoaYlhg oÕr iïnkaO fldg we;s wdldrh 

wkqj t;=ï wdldr folls(

1' w;sjeiqï t;=u (lap winding) 
2' ;rx. t;=u (wave winding)

1'51 rEmfhka w;sjeiqï t;=u o 1'52 rEmfhka ;rx. t;=u o fmkakqï flf¾'

N

1 7' 2 8' 3 1' 4 2' 5 3' 6 4' 7 5' 8 6'

c

0 1 2 3 4 5 6 7 8

ab
b

S N S

lafIa;% O%ej 
msysgk 
ia:dk

wdfïprh

kHdfoaYlh

rEmh 1'51 - w;sjeiqï t;=u (lap winding)

a
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rEmh  1'52 - ;rx. t;=u (wave winding)

1 2 3 4 5 6 7 8 1

N

1 7' 2 8' 3 1' 4 2' 5 3' 6 4' 7 5' 8 6'

S N S

lafIa;% O%ej 
msysgk ia:dk

wdfïprh

kHdfoaYlh

w;sjeiqï t;=fï § wdfïprfha iemhqu msg;g ,nd .kakd nqreiqj,g t;=ï 

iudka;r.; j iïnkaO jk w;r" w;sjeiqï t;=fuys iudka;r m: m%udKh  yd 

nqreiq .Kk O%ej .Kkg iudk fõ' fï w;sjeiqï t;=ï l%uh iys; ir, Odrd 

hka;% fhdod .efkkqfha wvq fjda,aàh;djl jeä Odrdjla wjYH jk wjia:djkays 

§ h'

;rx. t;=fuys iudka;r m: m%udKh yd nqreiq .Kk ieu úg u folls' fï ;rx. 

t;=u iys; ir, Odrd hka;% fhdod .efkkqfha wêfjda,aàh;djl wvq Odrdjla 

wjYH jk wjia:djkays § h'
  

1'8'2 ir, Odrd cklhl ls%hdldÍ;ajh

rEmh1'53 - ir, Odrd cklhl ^tla oÕrhl& l%shdldß;ajh

ikakdhl oÕrh

we;s,a¨ï ú,s

úner

Odrdj

oÕrh iïmQ¾K jghla lerleùu

kHdfoaYlh

p

p p

p

p

r

r r

r

r

s

s

s

s
s

q

q q

q

q

A
p

N S

q
r

X

s
Y

b C D E

9000 1800 2700 3600

1'53 rEm igyfka pqïnl O%ej hq.auhla  uOHfha N%uKh jk ikakdhl 

oÕrhla fmkajd we;' tys w.%" we;s,s m¿ ^kHdfoaY LKav& folg iïnkaO lr" 

ta yryd nqreiq u.ska wdfïprfha ksmofjk ir, Odrdj weógrhla yryd únerg 

(load)  imhd we;'      
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1'53 rEm igyfka  A wjia:dfjys § pqïnl n,f¾Ld fkdlefmk neúka Odrdj 

Y+kH fõ' tfy;a olaIsKdj¾; j 90olska N%uKh ùfï § Odrdj l%ufhka jeä ù b 
wjia:dfjys § Ok Wmßu fõ' fuys § *af,ñkaf.a ol=K;a kS;shg wkqj mqvqj ;=<ska 

S isg P olajd .,d hk Odrdj" X isg Y olajd weógrh ;=<ska úner yryd .,d 

hhs' tneúka X Ok w.%hla jk w;r" Y RK w.%hla fõ' ;j ÿrg;a olaIsKdj¾: 

j 90olska N%uKh ùfï §" tkï" mqvqj pqïnl O%ejfhka bj;g hdfï § l%ufhka 

Odrdj wvq ù C wjia:dfjys §  ^180o §& Y=kH fõ ^m%ia;drfha m<uq w¾O jl%h&' 

ikakdhl mqvqj olaIsKdj¾; j ;j;a 90olska N%uKh ùfï § tys ndyq fol udre 

ùfï § kHdfoaY LKav fol o udre ùu ksid *af,ñkaf.a ol=K;a kS;shg wkqj 

mqvqj ;=<ska P isg S olajd .,d hk Odrdj" X isg Y olajd weógrh ;=<ska úner 

yryd .,d hhs' tneúka tys § o X Ok w.%hla jk w;r" Y RK w.%hla fõ' tkï( 

tl u ÈYdjlg Odrdj .,d hk w;r" D wjia:dfjys § o Ok Wmßu fõ' ;j ÿrg;a  

olaIsKdj¾; j ;j;a 900lska N%uKh ùfï § kej; A wjia:djg meñfKk neúka  

^3600 §& Odrdj kej; Y+kH fõ ^m%ia;drfha fojk w¾O jl%h&' tkï fuu`.ska 

iamkaokh jk ir, Odrdjla ksmofõ' fuh Y=oaO ir, Odrdjla fkdjk w;r" A iy 

C wjia:dj, § Odrdjla kQm§' fuu ;;a;ajh u`. yrjd È.g u Odrdjla ,nd .ekSu 

i|yd 1'54 rEmfha we;s mßÈ oÕr folla kHdfoaY LKav y;rlg iïnkaO lr we;'

1'54 rEmfha fmkajd we;af;a oÕr folla fjk fjk u kHdfoaY LKav y;rlg 

iïnkaO lr we;s úg tys w.% w;r fjda,aàh;dj we;s jk wdldrh hs' 1'54 rEmfha 

we;s jl%fha oelafjk mßÈ tla oÕrhl Odrdj l%ufhka wvq ù f.k hk w;r" 

wfkla oÕrh u.ska pqïnl n,f¾Ld lefmk neúka tu oÕrfha Odrdj Wm§' 

tneúka wLKav ir, Odrdjla fuu.ska ,nd .; yels h' tys oelafjk mßÈ fuys 

we;s /<s;a; (ripple) iajNdjh ksid iqug ir, Odrdjla fuu`.ska ,nd .; fkdyels 

h' tneúka ksh; ir, Odrdjla ,nd .ekSu i|yd ir, Odrd cklh ksmoùfï § 

jeä mqvq .Kkla yd kHdfoaY LKav (commutor segments) .Kkdjla fhdod .efka'

w.% fjda,aàh;dj

tla tla oÕrfha fjda,aàh;djoÕr 2la iys; wdfïprhkHdfoaYlh

rEmh 1'54 - ir, Odrd cklhl ^oÕr foll& l%shdldÍ;ajh

00 450
900 1350

1800 2250 2700
3150 3600

N S

+

−
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1'8'3 ir, Odrd cklhl wdfïpr oÕrfha ksmojk úoHq;a.dul n,h - E

ir, Odrd cklhl isÿ jkafka pqqïnl lafIa;%hla ;=< wdfïprh N%uKh lsÍu hs' 

pqqïnl n, f¾Ld lemS hEu fya;=fjka ckkh jk úoHq;a.dul n,fhys úYd,;ajh 

my; i|yka lreKq u; r|d mj;S'

wdfïprh tla jghla N%uKh lsÍfï § ckkh jk úoHq;a.dul n,h"  E f,i 

.ksuq'

tla ikakdhlhla ie,lSfï §"

       lefmk uq¿ i%dj m%udKh  =  tla O%ejhl i%djh (∅) ×  O%ej .Kk (p) = ∅p

                     N%uK fõ.h   =      rps ksid

tla jghla i|yd .; jk ld,h  =  
N
60 s 

 E    =   (i%djh lemSfï YSS>%;dj& neúka"

                                                E =   
60/N
∅ p   =  

60
∅ N p

 

  
tfuka u wdfïprfha uq¿ ikakdhl ixLHdj Z kï yd tajd iudka;r.; j iïnkaO 

lr we;s ksid" iudka;r m: .Kk a kï"

  tla iudka;r m:hl we;s ikakdhl ixLHdj =  Z / a 

  wdfïprfha ckkh jk ú'.d'n'h'" E kï" 
E    =  60a

ø ZN p

wdfïprfha w;sjeiqï t;=ula (lap winding) we;a kï a =  P  jk w;r" ;rx. t;=ula 

kï a =  2  fõ'

ksoiqk 9

O%ej y;rla we;s cklhl wdfïprfha ldkq 51la ;=< tla ldkqjl ikakdhl 12 

ne`.ska we;' tla O%ejhl i%djh 25 mWb fõ' fuu cklh 900 rpm fõ.fhka 

N%uKh l< fyd;a WmÈk úoHq;a.dul n,h cklh (a) ;rx. t;=fï  (b) 
w;sjeiqï t;=fï we;s úg" fidhkak' 
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(a) ;rx. t;=fï we;s úg"   

  a  =  2

  E    =  
  60 a
∅ ZN p

     
     

         = 
 25 × 10-3 × 51 × 12 × 900 × 4 

        60 × 2
 

 

        =   459 V

(b) w;sjeiqï t;=fï we;s úg" 
 a    = p = 4 

 E   =  
  60.a
∅ ZN p

  =  
 25 × 10-3 × 51 × 12 × 900 × 4 

         60 × 4
  = 229 V

w;sjeiqï t;=fï we;s úg" iudka;r.; mßm: ixLHdj jeä ksid tla tla iudka;r 

mßm:hg wvx.= jk ikakdhl ixLHdj wvq fõ' tksid tla iudka;r mßm:hl 

WmÈk úoHq;a.dul n,h wvq fõ' tfy;a iudka;r.; mßm: ixLHdj jeä ksid 

fuu`.ska jeä Odrdjla ,nd.; yels h' tneúka w;sjeiqï t;=fï we;s cklhla 

u`.ska wvq fjda,aáh;djla iys; jeä Odrdjla ,nd.; yels h'

;rx. t;=fï we;s úg" iudka;r.; mßm: ixLHdj 2 ksid tla tla iudka;r 

mßm:hg wvx.= jk ikakdhl ixLHdj jeä fõ' tksid ̂w;sjeiqï t;=ug idfmalaI j& 

tu ikakdhl ixLHdj u; WmÈk úoHq;a.dul n,h jeä fõ' tfy;a iudka;r.; 

mßm: ixLHdj wvq ksid fuu`.ska ,nd .; yels Odrdj wvq fõ' tneúka ;rx. 

t;=fï  we;s cklhla u`.ska jeä fjda,aáh;djla iys; wvq Odrdjla Wmojd .; 

yels h'
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1'8'4 ir, Odrd ckl j¾.SlrKh

uQ,sl jYfhka ir, Odrd ckl ifldnkh lrkq ,nk l%uh wkqj j¾. l< yels 

w;r" iajhx ielnqï ir, Odrd ckl hka;% tajdfha t;=ï ^lafIa;% t;=u yd wdfïpr 

t;=u& iïnkaO lr we;s wdldrh wkqj my; i|yka mßÈ j¾.SlrKh flf¾'

ir, Odrd ckl

 DC Generators

fjkaj ielnq ckl

Separately Excited
Generators

ks;H ielnq ckl

Permanent Excited
Generators

flá Wmm:

Short Shunt
È.=  Wmm:

long Shunt

ir, Odrd    

fY%a‚.; cklh

DC Series
Generators

ir, Odrd 

Wmm: cklh

DC Shunt
Generators

ir, Odrd 

ixhqla; cklh

DC Compound
Generators

iajhx ielnq ckl

Self Excited
Generators

 

 ● ks;H ielnq ckl (Permanent Excited Generators)

ks;H ielnqï ckl hka;%j, ilfndkh i|yd iaÓr pqïnl Ndú; lrhs'

 ● fjkaj ielnq ckl (Separately Excited Generators) 

rEmh 1'55 - ir, Odrd fjka j ielnq cklh

+ +

− −

DC sources

field winding

brush

If

Ra

Eg

Ia

Vt Rl

Il
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fuu fjka j ielnq cklj, lafIa;% oÕrhg fjk u ir, Odrdjla ^ifldnk 

Odrdj exciting current , If& úÿ,s iemhqula u.ska imhkq ,nhs' 1'55 rEmfha oelafjk 

mßÈ wdfïprh lrleùfuka ksmofjk Odrdj únerg imhkq ,nhs' únr iú 

fkdlr cklfha w.% újD; j mßm:hla f,i ;nd (open circuit) fï fjka u 

ielnq cklfha ifldnk Odrdj" If l%uhka jeä lrñka wfïprh ksh; fõ.hlska 

lrleùfï § cklfha fm%arKh jk úoHq;a.dul n,h" Eg fjkia jk wdldrh 1'56 

rEmfhka fmkajd we;' If l%ufhka jeä lsÍfï § úoHq;a.dul n,h l%ufhka jeä 

ù" pqïnl lafIa;%h ix;Dma; jQjdg miq th ksh; w.hla .kS'

N3

N2

N1

O
A

no
 lo

ad
 v

ol
ta

ge
, E

g

field current,  If

N3 > N2 > N1

rEmh 1'56 - újD; mßm: wjia:dfõ fjka j ielnq ir, Odrd cklh fm%aß; úoHq;a.dul n,h  

Increase in 
speed (N)

fï fjka j ielnq ir, Odrd ckl Ndú; jkqfha jeä mrdihl mj;sk w.% 

fjda,aàh;djla wjYH jk wjia:dj, § mu‚'

 ● ir, Odrd Wmm: cklh  (DC Shunt Generator) 

ir, Odrd Wmm: cklh (DC shunt generator)" iajhx ielnq cklhls (Self 
excited)' fuys § lafIa;% oÕrh" wdfïpr" oÕrhg iudka;r j wuqKd we;s w;r" 

úoHq;a.dul n,h fm%arKh ùug fYaI pqïnl;ajhla (residual magnetism) mej;sh 

hq;= fõ' ir, Odrd Wmm: cklfha mßm: igyk 1'57 rEmfhka fmkajd we;s 

w;r úoHq;a.dul n,h fm%aß; ifldnk Odrdj" If  iuÕ fjkia jk wdldrh 1'58 

rEmfhka fmkajd we;' wdfïprfha N%uK fõ.h jeä j;a u fm%aß; úoHq;a.dul 

n,h o jeä jk nj 1'58 rEmfhka meyeÈ,s fõ'
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+

−

brushShunt field

If

RaIa

Vt
Rl

Il

rEmh 1'57 - ir, Odrd Wmm: cklhla 

Eg

N3 > N2 > N1

N3

N2

N1

N
o 

lo
ad

 v
ol

ta
ge

,  
E g

O

A

field current, If       lafIa;% Odrdj

Due to residual 
magnetism

rEmh 1'58 - ir, Odrd Wmm: cklhl újD; mßm: wjia:dfõ  

úoHq;a.dul n,h ifldnk Odrdj iuÕ fjkia ùu

Increase in 
speed (N)

1'57 rEmhg wkqj"

Eg  =  Vt +  Ia Ra   Ia  =  IL +  If

Eg   - fkdner wjia:dfõ § úoHq;a.dul n,h ( ) 
Ia    -  wdfïpr Odrdj (Armature Current)
Vt   -  mQ¾K ner wjia:dfõ § w.%  fjda,aàh;dj (full load Terminal Voltage)
If    -  lafIa;% Odrdj (field Current)                             
Ra    -  wdfïprfha m%;sfrdaOh (Armature Resistance)
IL     -  ner Odrdj (load Current)                                  
IaRa -  wdfïprfha we;s jk úNj neiau (Voltage Drop in the Armature)
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fï wkqj ir, Odrd Wmm: cklhg únerhla iú l< úg wdfïprfha m%;sfrdaOh 

fya;=fjka cklfha w.% fjda,àh;dj" fm%aß; úoHq;a.dul n,hg jvd wvq w.hla 

.kakd nj meyeÈ,s fõ' únerhla iïnkaO l< úg we;s jk fm%aß; úoHq;a.dul 

n,h o újD; mßm: wjia:dfõ fm%aß; úoHq;a.dul n,hg jvd wvq fõ' fuhg 

fya;=j wdfïpr m%;sls%hd neiau (Armature Reaction Drop) f,i ye¢kafõ' fuh 

miqj wjfndaO lr .ksuq'

 ● ir, Odrd fY%aKs.; cklh (DC Sereis Generator)

rEmh 1'59 - ir, Odrd fY%aKs.; cklh

Armature 
winding

Rs

A2

A1

Ra

Ia

Vt RLEg

1'59 rEmfha fmkajd we;s mßÈ fY%aKs.; cklj," lafIaa;% oÕrh" wdfïpr oÕrhg 

fY%aKs.; f,i iïnkaO lr we;' fuys§ o lafIa;% oÕrfha we;s fYaI pqïnl;ajh 

(residual magnetism) ksid wdfïprh lrleùfï § iq¿ úoHq;a.dul n,hla fm%arKh 

fõ' tu.ska ksmojk Odrdj ^ifldnk Odrdj" exciting current - If& úner (load) 
yryd kej; lafIa;% oÕrhg iemhSfuka pqïnl lafIa;%fha m%n,;dj jeä ùfuka  

wdfïprfha úoHq;a.dul n,h ;jÿrg;a jeä fõ' fï wdldrhg 1'60 rEmfha we;s 

jl%fhaa oelafjk mßÈ úoHq;a.dul n,h tys Wmßu w.h olajd jeä fõ'

1'59 rEmhg wkqj"

 Eg  =  Vt +  Ia  (Ra+ Rs)

Eg   - fkdner wjia:dfõ § úoHq;a.dul n,h  
Ia    -  wdfïpr Odrdj (Armature Current)
Vt   -  w.%  fjda,aàh;dj 

If    -  lafIa;% Odrdj (field Current)                             
Ra    -  wdfïpr oÕrfha m%;sfrdaOh

RS   -  lafIa;% oÕrfha m%;sfrdaOh
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Magnetic 
Characteristics

Amature 
Reaction Drop
Drop due to Armature 
and field Resistances

Generated Voltage

Terminal Voltage

CURRENT I = ISC = IL

no
  l

oa
d 

 v
ol

ta
ge

  E
O

te
rm

in
al

  v
ol

ta
ge

  V
ge

ne
ra

te
d 

 v
ol

ta
ge

  E
g

A
 O

rEmh 1'60 - ir, Odrd fY%aKs.; cklj, ,dCIKsl jl%

ir, Odrd fY%a‚.; fudagr" fjd,aàh;dj md,kh wjYH jk Ndú;hka i|yd 

iqÿiq fkd fõ' tksid fïjdfha Ndú;h b;d wvq jk w;r" we;eï úg fjda,aàh;d 

j¾Olhla  (voltage booster) f,i fhdod .efka'

 ● ir, Odrd ixhqla; cklh (DC Compound Generator)
         

Ra

If

Ia S1 S2

Rs

Shunt 
field

Series field

rEmh 1'61 - ir, Odrd ixhqla; cklh

Vt

IL

RL

+

−

Eg
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te
rm

in
al

 v
ol

ta
ge

load current

b  Over compounded

C  flat compounded

D  Under compounded

No load voltage

A

O

rEmh 1'62 - ir, Odrd ixhqla; cklj, ,dCIKsl jl%

fuu ixhqla; cklj, 1'61 rEmfha fmkajd we;s mßÈ wdfïpr oÕrhg fY%aKs.; 

j yd iudka;r.; j lafIa;% oÕrhka folla iïnkaO lr we;' tneúka fuys 

fY%aKs.; ckl iy Wmm: ckl hk foflys u ,laIK we;' 1'62 rEmfha fmkajd 

we;af;a ixhqla; cklfha ,dlaI‚l jl%h hs' fuu cklfha wvq fY%aKs.; fmdg 

.Kkla we;s úg ner Odrdj jeä ùfï § w.% fjda,aàh;dj úYd, f,i wvq fõ' 1'62 

rEmfha we;s AD jl%fhka fuu wjia:dj oelafõ' jeä fY%aKs.; fmdg .Kkl § 

ner Odrdj jeä ùfï § w.% fjda,aàh;dj úYd, f,i jeä fõ' 1'62 rEmfha we;s Ab 

jl%fhka fuh ksrEmKh fõ' fï ,dlaIKsl wkqj fY%aKs.; fmdg .Kk kshñ; 

mßÈ fh§fuka fuu.ska ksh; w.% fjda,aàh;djla ,nd.; yels h' 1'62 rEmfha we;s 
AC jl%fhka fuh oelafõ' fï ir, Odrd ixhqla; fudagrj, úúO w.% fjda,aàh;d 

,laI‚l mj;sk neúka fuu j¾.fha fudagr jeä jYfhka Ndú; fõ'

1'8'5 ir, Odrd fudagrhl ls%hdldÍ;ajh

ir, Odrd fudagrhl ls%hdldÍ;ajh wjfndaO lr .ekSug 1'63 (a) isg 1'63 (f) rEm 

igyka foi wjOdkh fhduq lruq' 1'63 (a) rEm igyfka pqïnl O%ej folla  

udOHfha ;nd we;s ikakdhl oÕrhla fmkajd we;' tys w.% we;s,s m¿ ^kHdfoaY 

LKav& follg iïnkaO lr ta yryd nqreiq u.ska ir, Odrdjla oÕrhg imhd 

we;s wdldrh 1'63 (b) rEm igyk uÕska fmkajd we;' tys pqïnl n,f¾Ld N 

isg S olajd msysgk neúka 1'63 (c) rEm igyfka mßÈ +  w.%fha isg – w.%h olajd 

Odrdj .,dhEfï § *af,ñkaf.a ju;a kshuh wkqj ol=Kq ndyqj by<g;a jï ndyqj 

my<g;a p,kh ùu fya;=fjka oÕrh jdudj¾; j N%uKh fõ' jdudj¾; j 90olska 

N%uKh ùfï § 1'63 (d) rEm igyfka we;s wjia:dfjys § n,h by<g we;s neúka 

jug jHdj¾;hla we;s fkd fõ' ta wjia:dj miq l< jyd u kej; jHdj¾;hla 

we;s ù oÕrh jdudj¾; j N%uKh fõ' tkï( 1'64 rEmfha fmkajd we;s jl%fha mßÈ 

iamkaokh jk jHdj¾;hla we;sfõ'
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fufia läka lv N%uKh ùu je<elaùu i|yd 1'63 (e) rEm igyfka mßÈ oÕr 

folla  90olska wdk; j kHdfoaY LKav y;rla iys; j fh§fuka m<uq oÕrh 

kj;sk úg fojk oÕrh u`.ska n,h ,ndfoa' tfy;a fuu`.ska o ksh; jHdj¾;hla 

we;s fkd fõ' fufia oÕr yd kHdfoaY LKav ixLHdj 1'63 (f) rEm igyfka mßÈ 

jeä lsÍfuka jvd;a ksh; jHdj¾:hla we;s lr .; yels h' 

(a) (b) (c)

(d) (e) (f)

rEmh 1'63 - ir, Odrd fudagrhl ls%hdldÍ;ajh

rEmh 1'64 - ir, Odrd fudagrhl tla oÕrhla we;s úg jHdj¾:h

     (Torque)

(Coil Position)
0o 90o 180o 270o 360o

1'8'6 ir, Odrd fudagrhl wdfïprfha WmÈk m%;súoHq;a.dul n,h  

pqïnl lafIa;%hla ;=< wdfïpr oÕrh N%uKh ùfï § pqïnl n,f¾Ld lemSu 

ksid úoHq;a.dul n,hla fm%arKh fõ' 1'65 rEmfha fmkajd we;s mßÈ fï fm%aß;  

úoHq;a.dul n,h iemhqï fjda,aàh;djg m%;súreoaO neúka fuhg m%;súoHq;a.dul 

n,h hhs lshkq ,nhs' fï fm%aß; úoHq;a.dul n,fha úYd,;ajh fmr úia;r l< 

ir, Odrd cklh i|yd jQ fm%aß; úoHq;a.dul n,hg iudk fõ'

tkï(     Eb   =   
  60a
∅ ZN p
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rEmh 1'65 - m%;súoHq;a.dul n,h we;s úg

1'8'7  ir, Odrd fudagr j¾.SlrKh

flá Wmm:

Short Shunt

ir, Odrd fudagr

DC Motors

È.= Wmm:

long Shunt

ir, Odrd Wmm:-

fudagr

DC Shunt
Motors

ir, Odrd fY%a‚.; 

fudagr

DC Series
Motors

ir, Odrd ixhqla; 

fudagr

DC Compound
Motors

ir, Odrd fudagr m%Odk jYfhka ir, Odrd Wmm: fudagr" ir, Odrd fY%a‚.; 

fudagr yd ir, Odrd ixhqla; fudagr f,i j¾.S lrKh flfrk w;r" tu tla tla 

j¾.fha fudagrj, t;=ï iïnkaO jk wdldrh 1'66 rEmfhka fmkajd we;'
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rEmh 1'66 - ir, Odrd fudagrj, t;=ï iïnkaOh

Wmm: fudagrfha t;=ï iïnkaOh fY%aKs.; fudagrfha t;=ï iïnkaOh

ixhqla; fudagrfha t;=ï iïnkaOh

IL

IA

IA

IL

IF

IF

IL

If

IA
IA

A1
S1

A2

S2

VL VL

VLIF

S1F1

F2

S2 IL

Is

A2

A1

IFIAIL

IA

IA

=

=

=

= +

+

−

 +

=

Is

 ● ir, Odrd fudagrfha fõ.h

ir, Odrd fudagrfha fõ.h i|yd iólrKhla my; oelafjk mßÈ f.dv kÕd 

.; yels h'

       Eb   =    60a
∅ ZNp

iQ;%h wkqj"

      
  60.a
   Zp

 hkq ksh; w.hla neúka"

       Eb  α ∅N  

       Eb = k ∅N 

tf,i u   V =  Eb + IaRa

       Eb =  V - IaRa

             k ∅N =  V -   IaRa 

w.% fjda,aàh;dj V yd ii`ok l< IaRa  b;d l=vd neúka"

            k ∅N =  V oelaúh yels h'

                   N =  
  k ∅
    V
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fuhska meyeÈ,ss jkafka ir, Odrd fudagrhl fõ.h N" w.% fjda,aàh;dj Vg 

wkqf,dau j iudkqmd;sl jk w;r" pqïnl i%djh Ø g m%;sf,dau j iudkqmd;sl jk 

nj hs' tkï( w.% fjda,aaàh;dj iy lafIa;%% Odrdj fjkia lsÍfuka fudagrhl fõ.h 

md,kh l< yels fõ'

1'67 rEmfhka fmkajd we;af;a tla tla j¾.fha fudagrj, fõ.h Odrdj iuÕ 

fjkia jk wdldrh hs' Wmm: fudagrhl iemhqï Odrdj fjkia l< o lafIa;%% 

Odrdfõ fjkia ùu b;d wvq neúka" tys ia:djr fõ.hla mj;S' fY%a‚.; fudagrfha 

lafIa;% oÕrh fY%a‚.; j mj;sk neúka" úner bj;a l< fyd;a Odrdj Y=kH ùfuka 

pqïnl i%djh Y=kH fõ' fudagrfha fõ.h" i%djhg m%;sf,dauj iudkqmd;sl neúka 

ta wjia:dfõ fudagrh b;d wêl fõ.hla ,nd .kS' fuu fya;=j ksid fY%a‚.; 

fudagr únr úikaê ùug bv ;sfnk Ndú;hka i|yd fhdod fkd.efka' ixhqla; 

fudagrfha o úner ke;s wjia:dfõ jeä fõ.hla we;s ùug fya;=j tys fY%a‚.; 

t;=u hs'

rEmh 1'67 - ir, Odrd fudagrj, fõ.h iemhqï Odrdj iuÕ fjkia ùu

fõ.h (rpm)

Odrdj (A)

Wmm: fudagrh

ixhqla; fudagrh

fY%aKs.; fudagrh

a
b

c

 ● ir, Odrd fudagrfha jHdj¾;h 

fudagrfha w.% fjda,aàh;dj V  =  Eb + Ia Ra f,i oelaúh yels h'

by; iólrKfha iEu mohlau Ia j,ska .=K lsÍfuka"

V Ia   = Eb Ia + Ia
2 Ra

fuys VIa hkq fudagrhg iemfhk cjh hs' Ia
2 Ra hkq cj ydksh hs' tneúka"  Eb Ia 

j,ska oelafjkafka fudagrfha hdka;%sl m%;sodk cjh hs'

    P = Eb Ia
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fudagrh N%uKh jk fldaKsl fõ.h" ω = 2πN

fudagrfha hdka;%sl m%;sodk cjh      P        =  T ω = 2πNT
 
              Eb Ia    =  2πNT _____ 1

         Eb   =   
  60.a
∅ZNp

iQ;%h wkqj"

       
  60.a
    Zp

ksh; neúka"

     

            Eb    α  ∅N  fõ

     tkï Eb   =  k ∅N _____ 2

1  yd 2  iólrK wkqj          

                                               T  α   ∅ Ia
      
by; iïnkaO;dj wkqj jHdj¾;h (T), pqïnl i%djh ∅ g iy wdfïpr Odrdj"   Ia 

g wkqf,dau j iudkqmd;sl fõ'

ir, Odrd fudagrj, jHdj¾;h (torque)" wdfïpr Odrdj iuÕ fjkia jk wdldrh 

1'68 rEmfhka fmkajd we;' 

fY%aKs.; fudagrh

ixhqla; fudagrh

Wmm: fudagrh

wdfïpr Odrdj" Ia

jHdj¾;h" T

rEmh 1'68 - ir, Odrd fudagrj, jHdj¾;h" Odrdj iuÕ fjkia ùu
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fY%aKs.; fudagrj, lafIa;% oÕrhg fY%aKs.; j wdfïpr oÕrh we;s ksid wdfïpr 

Odrdj Ia wkqj pqïnl i%djh  ∅ fjkia fõ'

    T α ∅ . Ia wkqj"

    T α  Ia. Ia
    T α  Ia

2

tneúka fY%aKs.; fudagrj, wdfïpr Odrdj Ia fjkia lsÍfuka fudagrhl jHdj¾;h" 

T YS>%fhka fjkia l< yels h' tneúka lsis u úgl fY%aKs.; fudagrhla únerla 

rys; j l%shd;aul fkdl< hq;= h'

fY%aKs.; fudagr u`.ska wêl jHdj¾;hla ,nd .; yels neúka jdykj, mK.ekajqï 

fudagr (starter motors) ÿïßhj, Odjk fudagr i|yd fhdod .kS' tfia u Wmm: 

fudagr ksh; fõ.hka wjYH" jdykj, jhsm¾ fudagr" úÿ,s mxld" weUreï hka;% i|yd  

fhdod .kS' ixhqla; fudagr ksh; fõ.hka iy wêl jHdj¾;hka wjYH" fodUlr 

jeks hka;% i|yd fhdod .kS'

wNHdi 4

^1& zzwdfïprhZZ iy zzlafIA;%hZZ hkq m%;Hdj¾; Odrd hka;% iy ir, Odrd 

hka;%j, § Ndú; jk fhÿï fõ' m%;Hdj¾; iuuqyq¾;l hka;%hla ie,lSfï 

§  tAjdfha  wdfïpr oÕrh yd lafIa;% oÕrh msysáfha ia:dhqlfha o N%ulfha 

o hkak meyeÈ,sj ms<sfj<ska i|yka lrkak' tA wkqj tAjdfha ls%hdldÍ;ajh 

wjfndaO lr .kak'

^2& jdykj, wdrïNl fudagr ̂ iagd¾g¾ fudagr& i|yd ir, Odrd fY%a‚.; fudagr 

fhdod .ekSug fya;=" fudagrfha ,dlaI‚l jl% Ndú;fhka meyeÈ,s lrkak'

^3& úúO j¾.fha fudagr w;=ßka ir, Odrd fudagrhla y÷kd .ekSug tys mj;sk  

iqúfYaI wx.h l=ula o@

^4& úÿ,s ÿïßh jeks jdyk úÿ,sfhka we|f.k hEfï ls%hdj,sh (electric traction) 
i|yd ir, Odrd fudagr fhdÞ .ekSug fya;= meyeÈ,s lrkak'

^5& fjkia fõ.j,ska l%shd lsÍug wjYH ld¾h i|yd m%;Hdj¾; Odrd fudagr 

j,g jvd ir, Odrd fudagr fhda.H fõ' fï .ek idlÉPd lrkak'
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1'9         mßKdul (Transformers)

mßKdulhla hkq oÕr folla fyda Bg jeä o`.r .Kkla wfkHdakH pqïnl  

i%djhlska ^mutual flux& ne| mj;sk úoHq;a pqïnl ^electromagnetic& WmlrKhls' 

mßKdulj,ska flfrk m%Odk ld¾hh jkqfha wjYH;dj wkqj fjda,aàh;dj yd 

Odrdj wvq fyda jeä lr .ekSu hs' mßKdul" úÿ,s iïfma%IKh yd fnodyeÍfï isg 

.Dyia: WmlrKj, o Ndú;hg .efka' úYd, cj mßKdulhla 1'69(a) rEmfhka 

yd .Dyia: WmlrKj, Ndú; jk l=vd mßKdulhla 1'69(b) rEmfhka olaajd we;'

1 - wê fjda,aàh;d nqiqj (High Voltage Bushing) 
2 - wvq fjda,aàh;d nqiqj (Low Voltage Bushing) 
3 - ijqk udrej (Tap changer) 
4 - gekalsh (Tank) 
5 - lkaifõgrh (conservator) 
6 - ijqk udre md,lh (Tapchanger controller) 
7 - f¾äfhagrh (Radiator)

(a) cj mßKdulhla

1
2

3

5

4

6

7

(b) .Dyia: WmlrKj, Ndú; jk l=vd mßKdulhla

rEmh 1'69 - (a) cj mßKdulhla (b) .Dyia: WmlrKj, Ndú; jk l=vd mßKdulhla

1'9'1 mßKdulhl ieleiau

1'70 rEmfha olajd we;af;a ir, mßKdulhl t;=ï" tys yrh yryd iïnkaO 

ù we;s wdldrh hs' fuys t;=ï w;r úÿ,suh iïnkaO;djla fkdue;' fï t;=ï 

;U ikakdhlj,ska hqla; jk w;r" tajd mßjrKh lrk ,o uDÿ hlv yrfhys 

(laminated iron core) fome;af;a lKq (limbs) jgd T;d we;' mßjrKh lrk 

,o yrhla Ndú; jkqfha iq<s Odrd ydksh (eddy current loss) je<lSu i`oyd fõ' 
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m%d:ñl oÕrhg (primary winding) m%;Hdj¾; Odrd úÿ,s iemhqu iïnkaO lr we;s 

w;r oaú;Shsl oÕrhg (secondary winding) úner (load) iïnkaO lr we;' wjYH 

fjda,aàh;djka iy Odrd m%udKhka wkqj oÕrj, jg .Kk yd ikakdhlj, 

yrialv j¾.M,h ;SrKh flf¾'   

pqïnl i%djh" (ø)
m%d:ñl oÕrh 

(Primary coil)

m%;Hdj¾;l 

Odrd m%Njh 

(Ac Power 
Source) úner 

(Load)

oaú;Shsl oÕrh 

(Secondary coil)

mßjrKh lrk ,o uDÿ hlv 

yrh (Laminated Iron core)

V1
N1 N2e1 e2

I1 I2

rEmh 1'70 - ir, mßKdulhla

 V1 = m%d:ñl ^iemhqï& fjda,aàh;dj    N1 = m%d:ñl jg .Kk

 V2 = oaú;Shsl fjda,aàh;dj     N2 = oaú;Shsl jg .Kk

 e1 = m%d:ñl fm%aß; úoHq;a.dul n,h  I1   = m%d:ñl Odrdj

 e2 = oaú;Sshsl fm%aß; úoHq;a.dul n,h  I2   = oaú;Shsl Odrdj

1'9'2 mßKdulhl l%shdldÍ;ajh

mßKdulhl m%d:ñl oÕrhg m%;Hdj¾; Odrdjla iemhSfuka tu oÕrfha we;s jk 

pqïnl i%djh" ∅ o m%;Hdj¾; j fjkia jk w;r" th yrh ;=<ska .,d f.dia pqïnl 

mßm:h iïmQ¾K fõ' tfia m%;Hdj¾; j fjkia jk pqïnl i%djh" ∅ kej; m%d:ñl 

oÕrh ;=<ska .,d hEfï §" pqïnl n, f¾Ld lemSu ksid iemhqï fjda,aàh;djg  

m%;súreoaO úoHq;a.dul n,hla" e1 fm%arKh fõ' fuhg iajhx fm%arKh (self  
induction) hehs lshkq ,efí' fï iajhx fm%arKh ksid we;s jk úoHq;a.dul n,h 

*erfâf.a kshuh wkqj my; oelafjk iQ;%h u.ska oelaúh yels h'

   e1  = -N1 dt
 d∅    1
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m%;Hdj¾;j fjkia jk pqïnl i%djh" ∅, oaú;Shsl oÕrh ;=<ska .,d hEfï §" pqïnl 

n, f¾Ld lemSu ksid tys o úoHq;a.dul n,hla fm%arKh fõ' m%d:ñlhg iemfhk 

m%;Hdj¾; Odrdj ld,h wkqj fjkia jk neúka pqïnl i%djh" ∅ o ld,h wkqj 

fjkia fõ' tneúka *erfâ kshuh wkqj úoHq;a.dul n,hla fm%arKh fõ' fufia 

m%;Hdj¾; Odrdj mßKdukh l< yelsuq;a ir, Odrdj ld,h wkqj fjkia fkdjk 

ksh; w.hla neúka mßkduKh l< fkdyels h'

fufia tla oÕrhla u.ska ;j;a oÕrhl úoHq;a.dul n,hla fm%arKh ùu wfkHdakH 

fm%arKh (mutual induction) hkqfjka y÷kajkq ,efí' fï wfkHdakH fm%arKh ksid 

oaú;Shslfha we;s jk úoHq;a.dul n,h *erfâf.a kshuh wkqj my; oelafjk 

iQ;%h u.ska oelaúh yels h'

   

e2  = -  N2  d∅
dt 2

 

e1
e2

N1
N2

1
2 =ka

ydks rys; mßKdulhla ie,lSfuka"

 
 e1 =  V1  
 e2 = V2  

tuksid"  

   V1     N1 

   V2     N2

=

tf,i u"

  m%d:ñl oÕrfha cjh  =   oaú;Shsl oÕrfha cjh neúka"

   V1 I1 = V2 I2 

   
tA wkqj"

  

V1      = I2 

V2    I1  

   tneúka"
  

V1     = I2       = N1

V2    I1 N2  f,i oelaúh yels h'
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l%shdldrlu 1

mßKdulhl m%d:ñl $ oaú;Shsl jg .Kk iy m%d:ñl $ oaú;Shsl fjda,aàh;d 

w;r iïnkaO;dj mÍCId lsÍu'

Vin
Ac 

Voltmeter

Vout

n1 : n2

rEmh 1'71 - fkdner mßKdulh (No load transformer)

1'3 j.=fõ § we;af;a mßKdul yrhlg ta ta jg .Kkska hq;a oÕr iïnkaO 

lrñka m%d:ñl oÕrhg úÿ,sh imhd m%d:ñl yd oaú;Shsl fjda,aàh;d uek igyka 

lrk ,o w.hka fõ'
j.=j 1'3

No. n1 n2 Vin(V) Vout(V)
1 1200 1200 10 10
2 1200 1200 20 20
3 1200 600 20 10
4 600 1200 20 40

fuys § ,nd.;a mdGdxl wkqj fmkS hkafka mßKdulhl m%d:ñl $ oaú;Shsl 

fjda,aàh;d wkqmd;h" m%d:ñl $ oaú;Shsl jg wkqmd;hg iudk jk nj hs'

Vin     = n1 

Vout    n2

1'4 j.=fõ § we;af;a mßKdul yrhlg ta ta jg .Kkska hq;a oÕr iïnkaO 

lrñka m%d:ñl oÕrhg úÿ,sh imhd m%d:ñl yd oaú;Shsl Odrd uek igyka lrk 

,o w.hka h'

j.=j 1'4

No. n1 n2 I1(A) I2(A)

1 1200 1200 0.10 0.09
2 1200 600 0.06 0.10
3 600 1200 0.35 0.17

fuys § ,nd.;a mdGdxl wkqj fmkS hkafka mßKdulhl m%d:ñl oaú;Shsl jg 

wkqmd;h" m%d:ñl oaú;Shsl Odrd wkqmd;fha mriamrhg iudk jk nj hs'
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fuu mÍlaIK foflys m%;sM, wkqj my; iïnkaO;dj oelaúh yels h'

I1       = n2 

I2    n1

Vin     = I2       = n1

Vout   I1                n2

fuu mÍlaIK foflys m%;sM, wkqj fmkS hkafka mßKdulj, (transformers) 
oaú;Shsl jg .Kk (secondary turns)  m%d:ñl jg (primary turns) .Kkg jvd jeä 

lsÍfuka oaú;Shsl fjda,aàh;dj jeä lr .; yels nj;a tys § oaú;Shsl Odrdj wvq jk 

nj;a h' fujka mßKdul wêlr mßKdul (step-up transformers)  f,i ye|skafõ' 

tf,i u mßKdulj, oaú;Shsl jg .Kk wvq lsÍfuka oaú;Shsl fjda,aàh;dj wvq 

lr .; yels nj;a tys § oaú;Shsl Odrdj jeä jk nj;a fmfka' tu mßKdul wjlr 

mßKdul (step-down transformers) hkqfjka ye¢kafjhs' ;j o m%d:ñl jg .Kk 

oaú;Shsl jg .Kkg iudk jk úg" m%d:ñl yd oaú;Shsl fjda,aàh;d iudk jk 

nj fmfka' tu mßKdulj,g fjka lsÍfï mßKdul (isolating transformers) hehs 

lshkq ,fí'

1'9'3 mßKdul j¾.SlrKh ^Ndú;h wkqj&

 ² wêlr mßKdul (Step up Transformers)
wêlr mßKdulhla hkq fjda,aàh;dj jeä lr .ekSug fhdod .kakd mßKdulhls' 

n, moaO;s i|yd wêlr mßKdulj, wjYH;dj my; ksoiqk u.ska wjfndaO lr 

.; yels h' 

 úÿ,s n,d.drhl isg b;d ÿr neyer" tkï 100 km ÿßka we;s hï m%foaYhlg wjYH 

úÿ,s n, b,ä u 5.75 MW hhs is;uq' fjda,aàh;dj 230 V kï yd cj idOlh" 
cos θ  =1 f,i ie,l+ úg iemhqfuka" ,nd .kakd Odrdj (I) jkqfha" 

I
 
=
       p          = 5 750 000  

=     25 000 A
      V.cos θ     230 × 1        

fujka úYd, Odrdjla .,d hEfï § we;s jk úNj neiau (V = IR) wêl jk w;r" 

ydks jk úÿ,s cjh o (P = I 
2 R) wêl fõ' tneúka ta i|yd fhÈh hq;= flan,fha 

m%udKh o wju ;rñka j¾.ógr y;rla ^4 m2& jkq we;' fujka m%udKfha flan, 

fh§u lsis fia;a m%dfhda.sl fkd fõ'
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fï ;;a;ajh u.yeÍu i|yd fjda,aàh;dj jeä lsÍfuka Odrdj wvq lr" úÿ,s n,h 

mdßfNda.slhd olajd iïfm%aIKh flf¾' fï i|yd wêlr mßKdul Ndú; flf¾' 

tkï: ckkh lrkq ,nk 12.5 kVla muK jk fjda,aàh;dj 132 kV fyda 220 kV 
muK fjda,aàh;djla olajd wêlr mßKdul u.ska jeä lr iïfm%aIKh lsÍfuka 

by; úia;r l< mßÈ Odrdj Bg wkqrEm j wvq jk ksid l=vd yrialv j¾.M,hla 

we;s ikakdhl Ndú; lsÍug wjia:dj ie,fia'

 ² wjlr mßKdul (Step-down Transformers)
wjlr mßKdulhla hkq fjda,aàh;dj wvq lr .ekSug fhdod .kakd mßKdulhls' 

n, moaO;s ie,lSfï § by; úia;r l< mßÈ by< kxjk ,o wê fjda,aàh;dj 

(132 kV fyda 220 kV) mdßfNda.sl uOHia:dk lrd f.k tafuka wk;=re j kej; 

wjlr mßKdul u.ska 33 kV muK fjda,aàh;djlg wvq lr" úYd, l¾udka; i|yd 

,nd foa' ;j ÿrg;a ta ta mdßfNda.slhdf.a wjYH;dj mßÈ" 33 kV fjda,aàh;dj, 
11 kV olajd;a 400 V olajd;a wvq lr .ekSug wjlr mßKdul fhdod .kS'  

 ² fjka lsÍfï mßKdul

fjkalsÍfï mßKdul fndfyda úg wdrlaIl Wml%uhla f,i fhdod .efka' fï 

mßKdulj, m%d:ñl jg .Kk oaú;Shsl jg .Kkg iudk fõ' tneúka m%d:ñl yd 

oaú;Shsl fjda,aáh;d iudk fõ' oaú;Shsl oÕrh m%Odk iemhqug iïnkaO fkdjk 

neúka iemhqï fjda,aàh;djg iudk fjda,aàh;djlska l%shd lrk úÿ,s WmlrKhl 

hï ìï ldkaÿjla we;s jqj;a th m%Odk iemhqug iïnkaO fkdjk neúka" th 

Ndú; lrkakdg úÿ,s ier fkdj§' tneúka fïjd wdrlaIl Wml%uhla f,i 

l¾udka;Yd,dj, we;s Bhï mEiaiqï WmlrK (soldering iron), ueyqï hka;%, jev 

nxl= (work bench) iy kdk ldurj, Ndú; lrk úÿ,s WmlrK i|yd fhdod .kS'

fjka lsÍfï mßKdulhl t;=ï mj;sk wdldrh ksid úÿ,s ier fkdjÈk wkaou;a" 

1'72(a) rEmfhka o fjka lsÍfï mßKdulhl ndysr fmkqu;a 1'72(b) rEmfhka o 

olajd we;'

rEmh 1'72 - fjka lsÍfï mßKdul

fjka lsÍfï mßKdulh

wê m%;sfrdaO mßjrKh WmlrKh

In
pu

t V

O
ut

pu
t V

R

(a) (b)

L

N
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 ² Odrd mßKdul (Current Transformers - CT)

Secondary
Winding

Hollow core

Odrd mßKdulhl ieleiau

m%Odk m%d:ñl 

ikakdhlh

isÿr iys; yrh

weógrh

oaú;Shsl 

t;=u

Ammeter

primary 
current

m%d:ñl Odrdj

IP

Main Primary  
conductor 

rEmh 1'73 (a) - Odrd mßKdulhl Odrdjla uksk wdldrh

Odrd mßKdul" wêl Odrdjka uekSu i|yd fhdod .kS' 1'73(a) rEmfha ikakdhlhl 

.,d hk Odrdj" Odrd mßKdulhla yryd weógrhla u.ska uksk wdldrh olajd 

we;' fuys § ikakdhlh ;=<ska Odrdj .,d hEfï § ta jgd we;s jk pqïnl i%djh 

jD;a;dldr yrh ;=<ska .,d hdfï §" Odrd mßKdulfha ikakdhl u.ska lemSu 

fya;=fjka tu oÕrfha WmÈk Odrdj weógrh u.ska ukskq ,efí' Odrd mßKdulhl 

m%d:ñl oÕrh ikakdhlh u jk w;r" oaú;Shsl oÕrh" Odrd mßKdulfha oÕrh 

hs' tkï fuys m%d:ñl oÕrhg idfmalaI j oaú;Shsl oÕrfha jg .Kk jeä ksid 

oaú;Shsl oÕrfha Odrdj b;d wvq jk w;r" oaú;Shlfha Odrdj fndfyda úg 5 A fyda 

1 A fõ' tkï: fïjdfha Odrd wkqmd; (current ratios) 50/5, 100/5, 500/5, 800/5, 
1000/5 wdÈ jYfhka mj;S' Odrd mßKdul" ñkqï ,nd .ekSug wu;r j" wdrlaIK 

ms<shjk (protective relays) i|yd ixfõol (sensors) f,i fhdod .efka' fï Odrd 

mßKdulj, m%d:ñl oÕrhg idfmalaI j oaú;Shsl oÕrfha jg .Kk b;d jeä ksid 

tys w.%j, wê fjda,aàh;djla mj;sk neúka tys w.% lsis úgl j;a újD; mßm: 
(open circuit) lr fkd;eìh hq;= h' weógrh iïnkaO lr fkdue;s wjia:dj, tys 

w.% flá mßm: (short circuit) lr ;sìh hq;= h' Odrd mßKdulhl ixfla;h 1'73(b) 
rEmfhka yd ndysr iajNdjh 1'73(c) rEmfha olajd we;' 

Secondary
Winding

Main Primary  
conductor 

m%Odk m%d:ñl 

ikakdhlh

oaú;Shsl 

t;=u

Wmfmd<j, Ndú; 

jk Odrd mßKdul

m¾fhaIKd.dr uÜgfï 

Odrd mßKdul
mßm: ixfla;h

IP IS

c.T.

rEmh 1'73 - (b) Odrd mßKdulfha mßm: ixfla;h (c) Odrd 
mßKdulfha ndysr fmkqu

 (b) (c)
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 ² úNj mßKdul (Potential Transformers - PT)
11 kV, 33 kV, 132 kV, 220 kV jeks wê fjda,aàh;djka idudkH fjda,aÜógrhla 

u.ska m%dfhda.sl j ueksh fkdyels h' tneúka 1'74 rEm igyfka mßÈ úNj 

mßKdulhla yryd fjda,aÜógrhg iïnkaO lrkq ,efí' fuys m%d:ñl oÕrh jeä 

fmdg ixLHdjlska hqla; jk w;r" oaú;Shsl oÕrh wvq fmdg ixLHdjlska hqla; fõ' 

úNj mßKdul o ñkqïj,g wu;r j wdrlaIK ms<shjk (protective relays) i|yd 

ixfõol (sensors)  f,i o fhdod .efka' 

rEmh 1'74 - úNj mßKdul 

high-voltage 
power 
source

load

Voltmeter

úNj mßKdulh
(Potential Transformer)

úNj mßKdul iïnkaO 
flfrk wdldrh

Wmfmd<j, Ndú; jk úNj 
mßKdul

m¾fhaIKd.dr uÜgfï úNj 
mßKdul

V

(a) (b) (c)

 ² iajhx mßKdul (Auto Transformers)
iajhx mßKdulhl m%d:ñl yd oaú;Shsl jYfhka t;=ï folla fjkqjg tl t;=ula 

(single winding)' muKla we;' th 1'75 rEmfha mßÈ iïnkaO lrkq ,efí' fuys 

m%d:ñl oÕrfha AB w.% folg VP iemhqu ,ndfokq w;r" c w.%h iSreudre (adjust)  
lsÍfuka oaú;Shsl fjda,aàh;dj fjkia l< yels h' B fmdÿ w.%h fõ'

A

B

C

Single Core 
Series Winding

Secondary 
Tapping point

Load

Common 
Winding

VP NP

NS

VS
L

R
I'

(NP -NS)

IS = IP + I

IP

rEmh 1'75 - iajhx mßKdulhla

iajhx mßKdul .Dyia: fjda,aàh;dfõ § ^230 V&" fjda,aàh;dj wvq fyda jeä lr 

.ekSug fhdod .efka' úÿ,s iïfm%aIKfha § fjda,aàh;d folla Ndú; fõ kï 

^WodyrKhla f,i Y%S ,xldfõ  132 kV yd 220 kV Ndú; fõ& tu moaO;s tlsfklg 

iïnkaO lsÍug iajhx mßKdul fhdod .efka' ;j o jeä ÿrlg úÿ,sh fnod 
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yeÍfï § ^úfYaIfhka .%dñh j& fjda,aàh;dj iïu; w.hkaj, mj;ajd .ekSug 

iajhxl%Sh j l%shd lrk ijqk iys; iajhx mßKdul ^automatic tap changing auto 
transformers& fhdod .efka'

1'9'4 mßKdulj, yrh ksmojd we;s wdldr wkqj tajdfha j¾.

mßKdulhl m%Odk jYfhka we;af;a m%d:ñl yd oaú;Shsl hk oÕr fol;a tajd T;d 

we;s hlv yrh;a h' oÕr (windings) ;U ikakdhlj,ska hqla; fõ' yrh i|yd 

f,day l=Üáhla Ndú; lf<a kï t;=<ska pqïnl i%djh .,d hdfï § pqïnl n, 

f¾Ld jgd we;s jk iq<s Odrd ksid we;s jk (I2R) cj ydksh (eddy current loss) ksid 

yrh wêl f,i r;a ùu fya;=fjka mßKdulfhys ld¾hlaIu;dj wvq fõ' tneúka 

yrh tlsfklg mßjrKh lrk ,o m;=re iys; f,day ;yvqj,ska ^laminated iron 
core& ksmojd we;'

pqïnl yrfha iajNdjh wkqj mßKdul j¾. 2ls'

tkï"

 1' yr j¾.h (core type)
 2' ljp j¾.h (Shell type)

1'76 rEmfha fuu mßKdulj, o< igyka fmkajd we;' ljp j¾.fha mßKdulh 

fhdod .ekSfuka ldkaÿ jk pqïnl i%djh wju lr .; yels h'

L.V. Insulation

H.V. Insulation

core type 
yr j¾.h

Shell type 
ljp j¾.h

L.V. Winding

H.V. Winding

rEmh 1'76 - cj mßKdul yr j¾.h yd ljp j¾.h
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wNHdi 5

^1& tl,d 250 kVA" 11 000 V$ 415 V" 50 Hz mßKdulhl oaú;Shslfha jg 80la 

we;'

a. mQ¾K úner wjia:dfõ ^full load& mßKdulfha m%d:ñlfha yd oaú;Shslfha 

Odrdj .Kkh lrkak'

b. m%d:ñlfha jg .Kkh lrkak'

^2& mßKdulhlg ir, Odrdjla iemhqjfyd;a l=ula isÿ fõ o@ idlÉPd lrkak'

^3& 110 V fjda,aàh;djfhka ls%hdlrk hka;%hla 230 V iemhqulska ls%hd lrùu 

i`oyd Ndú; l< hq;= mßKdul j¾.h i`oyka lr " hka;%hg wod< fjda,aàh;dj 

fjkia lrk wldrhg isoaOdka; weiqfrka meyeÈ,s lrkak'
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1'10          úÿ,s n, ckkh (Power Generation)     

úÿ,s n, ckkh ms<sn| wOHhkh lsÍfï § úÿ,s n,h W;amdokh lsÍu i|yd 

fhdod .kakd Yla;s m%Njhka (energy sources) ms<sn| j oekqj;a ùu b;d jeo.;a 

fõ' fuu Yla;s m%Njhka m%Odk jYfhka mqk¾ckkSh (renewable) yd mqk¾ckkSh 

fkdjk (non - renewable) f,i wdldr follg fnfok w;r" 1'77 rEmfhka fuh 

ir, j fmkajd we;'

rEmh 1'77 - úÿ,s n, ckkh

mqk¾ckkSh fkdjk Yla;s m%Nj Ndú;h mqk¾ckkSh Yla;s m%Nj Ndú;h

.,a w`.=re úÿ,s n,d.dr

N+;dm úÿ,s n,d.dr iQ¾h Yla;s úÿ,s n,d.dr

iq<x úÿ,s n,d.dr

fmfg%da,shï f;,a úÿ,s n,d.dr

kHIaál Yla;s úÿ,s n,d.dr

c, úÿ,s n,d.dr

ffcj Yla;s úÿ,s n,d.dr
uqyqÿ r< Yla;sfhka 

Èfjk úÿ,s n,d.dr

jv Èh ndÈh Yla;sfhka Èfjk úÿ,s n,d.dr

Y%S ,xldfõ úÿ,s n, wjYH;d m%Odk jYfhka imqrd .kafka c, úÿ,sfhka iy 

fmdis, bkaOk oykh u.skss' tfy;a úÿ,s n, b,a¨fï jeä ùu;a fmdis, bkaOk 

ysÕ ùu;a ksid úl,am n,Yla;Ska fhdod .ekSfï wjYH;dj u;= fjñka mj;S' fï 

úl,am n,Yla;Skaf.a Yla;s mßj¾;k l%shdj,sh ms<sn| ir, meyeÈ,s lsÍula yd 

Y%S ,xldfõ úÿ,s n, wjYH;d i|yd m%Odk jYfhka fhdod .kakd n,Yla;Skaf.a 

mßj¾;k l%shdj,sh ms<sn| iúia;rd;aul meyeÈ,s lsÍula bÈß mßÉfþo u.ska 

bÈßm;a flf¾'  
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1'11       mqk¾ckkSh Yla;s m%Nj u.ska úÿ,s n, ckkh
            (Use of Renewable Energy Sources for Power Generation)     

kej; kej;;a Ndú;hg .; yels yd Ndú;fhka miq kej; ckkh l< yels 

Yla;s m%Nj mqk¾ckkSh Yla;s m%Nj f,i ye`oskafõ' WodyrK jYfhka iQ¾h Yla;sh 

(solar)" iq<Õ (wind)" ffcj ialkaO (bio mass)" c, (hydro)" uqyqÿ r< (ocean 
wave)" N+ ;dmh (geo thermal) wdÈh oelaúh yels h'

1'11'1   iQ¾h Yla;sh (Solar Power)     

ñksidf.a meje;au i|yd iajNdj O¾ufhka odhdohla f,i ,eî we;s  Yla;s m%Njhla 

f,i iQ¾hhd ye|skaúh yels h' tkï: ñksidg / i;a;ajhkag Yajikh i|yd iy 

Ydlj, meje;au i|yd wjYH Tlaiscka ksmoùug" frÈ / or wdÈh úh<Sug fuka u 

úÿ,sh ksmoùug o iQ¾h Yla;sh fhdod .kS' Ndú;fhka miq wjika fkdjk neúka 

kej; kej;;a Ndú; l< yels h' iQ¾h fldaI  ^solar photovoltaic (solar PV)& yd 

iQ¾h ;dm ckl moaO;s (solar thermal systems) u.ska iQ¾h Yla;sh" úoHq;a Yla;shg 

mßj¾;kh flf¾' 

iQ¾h lsrK u.ska ,efnk Yla;sh iQ¾h fldaI u.ska tla jr u úoHq;a Yla;shg 

mßj¾;kh flf¾' fï iQ¾h fldaI is,slka jeks w¾O ikakdhlj,ska (semi 
conductors) idod we;' fïjdfhys g%dkaisiagrj, (transistors) fuka Ok (+) iy 

RK (-) ia;r follska hq;a PN ikaêhlska hqla; fõ' iQ¾hdf,dalh ta u; m;s; 

jQ úg tu ikaêfha we;s nkaOk oe,si ì|S uqla; bf,lafg%dak (-) yd l=yr (+) we;s 

fõ' fuys § we;s jk úNjh 0'5 V muK fõ' fujeks fldaI lsysmhla fY%aKs.; 

j iïnkaO lsÍfuka iQ¾h mek,hla ;kd .kq ,efí' 1'78 rEmfhka iQ¾h fldaI 

mek,hla fmkakqï flf¾'

rEmh 1'78 - iQ¾h fldaI mek,hla
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iQ¾h fldaI moaO;s (solar PV systems) u.ska úÿ,sh ckkh lsÍfï ;dlaIKh" wjika 

Ndú;h wkqj fldgia follg fnfoa' 

(i) ;ks j mj;sk iQ¾h fldaI moaO;s (off - grid or stand alone solar PV systems) 
(ii) m%Odk úÿ,s cd,hg iïnkaO iQ¾h fldaI moaO;s (grid connected solar PV 

systems)

 ● ;ks j mj;sk iQ¾h fldaI moaO;s (Off-grid Solar PV Systems) 

iQ¾hhdf.ka ksl=;a flfrk lsrK iQ¾h fldaI mek,hla u; m;s; ùug i,iajd tu 

fldaIj,ska ,efnk ir, Odrdj (DC current) wdfrdamK md,lh (charge controller) 
yryd negßh (battery) wdfrdamKh lsÍu i|yd fhdod .kS' negßfha .nvd lr .kq 

,nk úÿ,s Yla;sh m%;sj¾;lhla (inverter) u`.ska m%;Hdj¾;l Odrdjg mßj¾;kh 

lr Ndú;h i|yd fhdod .kS' 1'79 rEmfhka ;ks j mj;sk iQ¾h fldaI moaO;shl 

ieleiau fmkakqï lr we;'

rEmh 1'79 - iQ¾h Yla;sh u.ska úÿ,sh ksmoùu ^;ksj mj;sk iQ¾h fldaI Ndú;h&

iQ¾h fldaI mek,h

wdfrdamK 
md,lh

negß

m%;sj¾;lh

ksjig iemfhk 
m%;Hdj¾; Odrdj
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² m%Odk úÿ,s cd,hg iïnkaO iQ¾h fldaI moaO;s (Grid Connected 
Solar PV Systems)

m%Odk úÿ,s cd,hg iïnkaO iQ¾h fldaI moaO;s" úÿ,s .nvdjla ^WÞyrKhla f,i 

negßhla& we;s iy ke;s f,i wdldr folls' fufia m%Odk úÿ,s cd,hg iïnkaO 

ksfjia moaO;s (solar home systems) f,i y÷kajk ksfjiaj, jy,fha iQ¾h fldaI 

r|jd flfrk úÿ,s ckkfha § fndfyda ÿrg negß Ndú; fkdfõ' tkuq;a uyd 

mßudK m%Odk úÿ,s cd,hg iïnkaO iQ¾h fldaI moaO;sj, § úÿ,s .nvdjla fhdod 

.efka' m%Odk úÿ,s cd,hg iïnkaO iQ¾h ksfjia moaO;shl ieleiau 1'80 rEmfhka 

oelafõ'

rEmh 1'80 - m%Odk úÿ,s cd,hg iïnkaO iQ¾h ksfjia moaO;shl ieleiau

iQ¾h fldaI mek,h

m%Odk úÿ,s 

iemhqu

ógrh

úÿ,s Ndrh

cd,hg ne`È m%;sj¾;lh

m%;Hdj¾; Odrd ì`Èkh

² iQ¾h ;dm ckl u.ska úÿ,s ckkh (Solar Thermal Systems) 
  

iQ¾h ;dm ckl u.ska úÿ,sh ckkfha § iQ¾h lsrK u.ska ,nd .kakd ;dm Yla;sh" 

yqud, ;,nur u.ska pd,l Yla;shg mßj¾;kh lr wjidkfha úoHq;a Yla;sh 

,nd .efka' 1'81 rEmfhka fufia úÿ,sh ckkh lrk wdldrh olajd we;' fuys 

§ wdf,dal mßj¾;l úYd, m%udKhla ;dm Yla;sh /ia lr .ekSu i|yd wjYH 

jk w;r" wdf,dal mßj¾;l f,i úúO l%u w;ayod n,d we;' parabolic through 
collector, linear fresnel collector, central receiver system with dish collector iy 

central receiver system with distributed reflectors hkq bka lsysmhls' fï úúO 

wdf,dal mßj¾;l 1'82 rEmfhka oelafõ'
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rEmh 1'81 - iQ¾h ;dm ckl u.ska úÿ,s ckkh

 iQ¾h ;dm 

wjfYdaIl

 m%d:ñl moaO;sh ^f;,a&  oaú;Shsl moaO;sh ^c,h&

 ;dm yqjudrej 

yd .nvd lsÍu

 yqud, ;,nur Ndú;fhka úÿ,s 

ckkh

rEmh 1'82 - iQ¾h ;dm ckl u.ska úÿ,s ckkfha § Ndú; jk úúO wdf,dal mßj¾;l

 absorber
tube

 solar
receiver

Heliostats
Central Receiver

Parabolic Through Collector

Linear fresnel collector
Dish/ Engine

Curved mirror
Pipe with 

thermal fluid

Curved 
mirror

Absorber tube and 
reconcentrator

receiver/ engine
Reflector
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1'11'2  iq<fÕa Yla;sh (Wind Power) 

mDÓúh u;=msg tla tla ia:dkj, we;s taldldr fkdjk WIaK;ajhka fya;=fjka 

tA ia:dk w;r we;s jk mSvk fjki ksid iq<Õ we;s fõ' iq<Õ yeófï § ckkh 

jk Yla;sh" OdkH msßisÿ lsÍu" c,h fmdïm lsÍu" isis,kh fuka u úÿ,sh ksmoùu 

i|yd o fhdod .efka'

² iq<x N%ul (Wind Turbines) wdOdrfhka úÿ,sh ksmoùu

iq<fÕa we;s pd,l Yla;sh m%fhdackhg f.k iq<x ;,nurh N%uKh lsÍfuka Bg 

iïnkaO cklh u.ska úÿ,sh ksmofõ' 1'83 rEmfhka iq<x úÿ,s n,d.drhl m%Odk 

fldgia oelafõ'

ksmofjk úÿ,sh 
m¾Kdul fhdod .ksñka 
fjda,aàh;dj  jeä lr 
úÿ,s cd,hg iïfma%IKh 
flf¾

WIND WINDMILLS TURBINE GENERATOR TRANSFORMER YOUDISTRIBUTION

iq<`. iq<x fuda,a 

yryd yud 

hhs

úYd, iq<x 

;,nur 

N%uKh fõ

tu.ska lerlefjk 

úÿ,s ckl u.ska 

úÿ,sh ksmofõ

rEmh 1'83 - iq<x úÿ,s n,d.drhl ls%hdldß;ajh

iq<x ;,nurfha ;, msysgk wlaIh ^isria fyda ;sria w;g& wkqj ;,nur j¾. 2ls' 

 (i) isria wlaI iq<x ;,nur  (vertical axis wind turbines)
(ii) ;sria wlaI iq<x ;,nur  (horizontal axis wind turbines)

ñka jvd;a m%p,s; jkqfha ;sria wlaI iq<x ;,nur u.ska úÿ,sh ksmoùu hs' ;sria 

wlaI iq<x ;,nur u.ska úÿ,sh ksmoùfï ;dlaIKfõo (technologies) y;rla 

m%Odk jYfhka y÷kd.; yels fõ'
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  (i) Type 1 : fixed speed with squirrel cage induction generators
  (ii) Type 2    : variable speed with induction generator having variable external rotor  

resistance
(iii) Type 3 : doubly-fed induction generators
(iv) Type 4 : synchronous or induction generators with full converter interface

uq,a hq.fha § m<uq j¾.fha (type 1) iq<x ;,nur u.ska úÿ,sh ksmoùu jvd;a 

m%p,s; úh' m<uq l%ufha we;s úúO ;dlaI‚l .eg¨ fya;=jka uE; hq.fha bÈ jk 

iq<x úÿ,s n,d.dr i|yd f;jk yd isõjk (type 3 and type 4) l%ufõo fndfyda 

ÿrg Ndú; flf¾'

 

m<uq j¾.fha iq<x ;,nurhl m%Odk fldgia 1'84 rEmfhka fmkajhs'

rEmh 1'84 - m<uq j¾.fha (Type 1) iq<x ;,nurhl m%Odk fldgia 

N%ulh

iq<fÕa 

ÈYdj

N%ul ;,

;sßx.

lKqj

fõ.fhka 
Èfjk BYdj

iq<x ÈYdj uekSu

fifuka Èfjk BIdj

.shr fmÜáh

úÿ,s cklh

iq<x fõ.h uekSu
md,lh

Yaw drive

Yaw motor

Nacelle

Pitch
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1'11'3   ffcj ialkaO (Bio mass) iy ffcj jdhq (Bio gas)

iQ¾h Yla;sh m%Ndixiaf,aIkh kue;s ffcj ridhksl l%shdj,sh uÕska ridhksl 

Yla;sh jYfhka ;sr lr .ekSu Ydl uÕska bgq lrk ld¾hhls' fuu Yla;sh u; 

uq¿ mDÓúfha u Ôjh r|d mj;S' Ydl iy i;=kaf.a mgl ;=< ridhksl j ;sr lr 

we;s Yla;sh ñksidf.a úúO Yla;s wjYH;d imqrd .ekSug Ndú; l< yels h' fufia 

;ekam;a jk ridhksl Yla;sh" ;dmh yd úÿ,sh ksmoùu i|yd o fhdod .efka'

by; ú.%y l< mßÈ ridhksl Yla;sh f,i .nvd jk ffcj Yla;Ska (bio energy)" 
úÿ,sh ksmoùug fhdod .kakd m%Odk wdldr 2ls' 

  (i) ffcj ialkaO (biomass) oykh 

 (ii) ffcj jdhq (bio gas) oykh

²   ffcj ialkaO (Biomass) oykh u.ska úÿ,sh ksmoùu

ffcj ialkaO u.ska úÿ,sh ksmoùfï § m<uq mshjr f,i ;dm - ridhksl  (thermo 
- chemical process) l%uhla u.ska ffcj ialkaOj, oyk Yla;sh jeä lsÍula isÿ 

flf¾' fï i|yd wêmSvkfha TlaislrKh (combustion), wvq Tlaiscka hgf;a w¾O 

oykh u.ska jdhqjla ksmoùu (gasification) yd wvq Tlaiscka hgf;a w¾O oykh 

lr 600 oC ;rï wvq WIaK;ajfha ffcj f;,a (bio oil) ksmoùu (pyrolysis) wdÈ 

úúO ;dlaI‚l l%u Ndú; fõ' fufia jeäÿr ilid .;a ffcj ialkaO (bio mass) 
oykh lsÍfuka ksmofjk yqud,h wdOdrfhka yqud, ;,nurh l%shd;aul lr" 

Bg iïnkaO úÿ,s cklh l%shd;aul lsÍfuka úÿ,sh ksmofõ' ffcj ialkaO ;dm 

n,d.drhl m%Odk fldgia 1'85 rEmfhka oelafõ'

rEmh 1'85 - ffcj ialkaO (gasification) ;dm n,d.drhl m%Odk fldgia 

ffcj ialkaO
yqud,h

yqud, 

;,nurh

úÿ,s 

cklh

úÿ,s iïfm%IKh yd fnod yeÍu

fndhs,rh

jd;h

jdhqj

oykh
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²   ffcj jdhq (Bio Gas) oykh u.ska úÿ,sh ksmoùu

ffcj jdhq u.ska úÿ,sh ksmoùfï § Ydl fldgia fuka u ñksiqka / i;=ka úiska 

mßfNdackh lr neyer lrkq ,nk wmøjH wdÈh o tla /ia fldg ld,hla .nvd 

lr ;eîfuka (anaerobic digestion) thska ksl=;a jk jdhqj bkaOk jYfhka Ndú; 

lrhs' fï jdhqj oykh lsÍfuka jdhq ;,nurh l%shd;aul lrjd Bg iïnkaO 

cklh u`.ska fuys § úÿ,sh ksmojhs' 1'86 rEmfhka fuu ls%hdj,sh fmkakqï flf¾' 

fuys § fndfyda wjia:dj, ixhqla; ;dm yd úÿ,s moaO;s (combined heat and power) 
Ndú; fõ' jdhq ;,nurfhka úÿ,sh ksmoùfï § msg jk ;dm Yla;sh u.ska yqud,h 

ksmojd tu ;dm Yla;sh iS; rgj, ksfjia yd fjk;a ia:dk WKqiqï lsÍug fhdod 

.efka (district heating).

rEmh 1'86 - i;a;aj ffcj jdhq mßfNdackh lr úÿ,sh ksmoùu

úÿ,s ckkh

ffcj jdhq

ffcj jdhq

ffcj wmøjH
i;a;aj wmøjH

ldnksl fmdfydr

jdhqfjka wmøjH 

fjka lsÍu

fojkjr l,a 

;eîu

wvq Tlaiscka hgf;a l,a ;eîu

úÿ,s ckkfha § msg jk ;dmh

District Heating

 

PumpPump

(Anaerobic Digestion)

combined Heat and Power (chp) unit

1'11'4   c, Yla;sh (Hydro Power)

c,fha .eí ù we;s Yla;sh úúO ld¾hhka i|yd Ndú; l< yels h' c,h by< 

isg my<g .,d hEug i,iajd tys we;s úNj Yla;sh pd,l Yla;sh njg yrjd 

lDIsld¾ñl lghq;=" ñksidf.a tÈfkod c, wjYH;d imqrd .ekSu i|yd wjYH 

ia:dkj,g /f.k hEu i|yd fhdod .kakd w;r" fï Yla;sh b;d wvq úhoulska 

úYd, mßudKfhka úÿ,sh ckkh lsÍu i|yd fhdod .kS' 
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 ●  c, úÿ,sh (Hydro Power Generation)

rEmh 1'87 - c, úÿ,s n,d.drhl l%shdldÍ;ajh

fmdaIl m%foaYh

úÿ,s n,d.drh

md,l ueÈßh

úÿ,s ckl ueÈßhckl Wmfmd< 

yryd úÿ,s cd,hg 

úÿ,sh iemhqu

fõ,a,

f.aÜgqj
i¾ck l=àrh

lmdgh

k, je,

msgdr k,h

my< we,
mSvk Wu.

c,dIh

c, ;,nurh

rEmh 1'88 - c, úÿ,s n,d.drhl wdlD;shla

c,dYh
fõ,a,

mSvk Wu.

i¾ck l=àrh

lmdg

k, je,

úÿ,s n,d.drh

.Õ
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c, úÿ,s n,d.dr ;kkq ,nkafka b;d fyd| j¾Idm;khla ksr;=re j u ,efnk 

Wia m%foaYj, h' fmdaIl m%foaY f,i ye|skafjk fï m%foaYfhka .,d tk c,h" 

ud¾.h yria lr fõ,a,la ne| c,dYhla ;kd .efka' c,dYfha /ia lr .kakd 

c,h 1'87 yd 1'88 rEmj, mßÈ WuÕla ud¾.fhka úÿ,s n,d.drh olajd f.k hkq 

,efí' Wia m%foaYhl r|jd we;s c, ialkaOhfha .eí ù we;s úNj Yla;sh" b;d 

my< ia:dkhl we;s ;,nurh fj; f.k tafï § pd,l Yla;sh njg m;a ù" tu.ska 

;,nurh N%uKh lr" Bg iïnkaO cklh u.ska úÿ,s Yla;sh ksmofõ' fuys § ,nd 

.; yels úÿ,s Yla;sh r|d mj;skqfha c,dYfha /ia lr .kakd c, ialkaOh (m)" 

.=re;ajc ;ajrKh (g) iy c, ysi (H) u; hs' fuys § ,nd .; yels úNj Yla;sh 
(E) my; iólrKh u.ska .Kkh l< yels h'

E = mgH 

c, ysi hkq c,dYfha c, uÜgfï isg ;,nurhg c,h uqodyßk ia:dkh f;la 

we;s Wi hs' c, ysi jeä jk ;rug ,nd .; yels úNj Yla;sh jeä fõ' c, ysi 

wkqj tu c, úÿ,s n,d.dr my; i|yka mßÈ j¾.SlrKh l< yels h' 

(a) wvq ysi iys; n,d.dr -  Low Head Plants H ≤ 15 m
(b) uOHu ysi iys; n,d.dr -  Medium Head Plants  15 < H ≤ 70 m
(c) by< ysi iys; n,d.dr -  High Head Plants      70 < H ≤ 250 m  
(d) b;d by< ysi iys; n,d.dr- -  Very High Head Plants  H >250 m

1'87 yd 1'88 rEmj, olajd we;af;a c, úÿ,s n,d.drhl we;s m%Odk fldgia h' tla 

tla fldgiaj, l%shdldß;ajhka my; úia;r fõ'

fmdaIl m%foaYh (Catchment Area)

c, úÿ,s n,d.dr ;kkq ,nkafka b;d fyd| j¾Idm;khla ksr;=re j u ,efnk 

m%foaYj, h' fï ia:dk fmdaIl m%foaY f,i ye|skafjhs'

c,dYh (Reservoir)

by; fmdaIl m%foaYfhka .,d tk c, ud¾.h yria lr fõ,a,la (dam) ne|" tys 

c,h /ia lr .ekSug c,dYhla ;kd .kq ,nhs' 1'89 rEmfhka c, úÿ,s n,d.drhl 

c,dYh mj;sk wdldrh fmkakqï flf¾'
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WuÕg c,h iemfhk 

ia:dkh (Intake)
fõ,a,

c,dYh

rEmh' 1'89 -  c,dYh

mSvk WuÕ (Pressure Tunnel)

fuu Wux ud¾.fhka c,h" úÿ,s n,d.drh olajd f.k hkq ,efí' WufÕa úIalïNh 

l%ufhka wvq jk f,i fldkal%SÜ wdia;rKh lrkq ,nk w;r" tu.ska c,fha 

mSvkh jeä lr .kq ,efí' WuÕska uqodyßk c,h weÍu / jeiSu i|yd f.aÜgq 
(sluice gates) fhdod we;'

i¾ck l=àrh (Surge Chamber)

Wux ud¾.h fl<jr we;s fuu i¾ck l=àrh u.ska flfrkqfha yÈisfha cklh 

keje;aùug isÿ jk wjia:djl ;,nurhg iemfhk c, iemhqu kj;k wjia:dfõ 

§ we;s jk wêl mSvkh ix;=,kh lsÍu hs' tfia ke;s kï wêl mSvkh ksid 

k,je,a (penstock) úkdY ù hd yels h'

k,je, (Penstock)

wêl nEjqula iys; j msysgqjd we;s fuu jdfka k,j, úIalïNh l%ufhka wvq jk 

f,i ;kd .ekSfuka c,fha mSvkh ;j;a jeä lr .kq ,efí' fuu k,je, Tiafia 

,efnk c,h" lmdg (valve) yryd fcÜ fyda úlÜ f.aÜgq u.ska md,kh fldg 

;,nurfha fm;s u;g fhduq lrhs' cklh N%uKh jk fõ.h (speed, r.p.m.) 
u; ckkh jk úÿ,sfha ixLHd;h (frequency, Hz) r|d mj;S' tneúka ixLHd;h 

(frequency) ksh; j ;nd .ekaug cklfhys N%uK fõ.h ksh; j ;nd .; hq;= 

h' fï i|yd .jkrhla (governor) Ndú; jk w;r" tu.ska fcÜ fyda úlÜ f.aÜgq 

md,kh lr fõ.h ksh; j ;nd .ekSu isÿ fõ'
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i¾ck l=àrfha isg ;,nur msysá úÿ,s n,d.drh olajd c,h f.fkk k, je,l 

PdhdrEmhla 1'90 rEmfhka ±lafõ'

i¾ck l=àrh 

(Surge Chamber)

k,je, 

(Penstock)

rEmh' 1'90 - i¾ck l=àrfha isg Èfjk k,je,

;,nur (Turbine)

c, úÿ,s n,d.drj, cklh l%shd;aul lsÍu i|yd Ndú; jk ;,nur 1'91 rEmfha 

mßÈ j¾.SlrKh l< yels h' c, ;,nur" øj m%d:ñl pd,lhla (hydraulic prime 
mover) f,i o y÷kajkq ,efí'

              rEmh 1'91 - c, ;,nur j¾.SlrKh

m%;sl%Shl j¾.h 

(Reaction Type)

*ardkaisia 

(Francis)

iaÓr fm;s iys;    

(Fixed Blade)
fjkia l< yels fm;s iys;   

(Adjustable Blade)
(Kaplan Turbines)

wjr fm;s  

(Propeller Type)            

fm,agka ù,a 

(Pelton Wheel)  

 wdfõ.S j¾.h

(Impulse Type)

fl%dia*af,da 

(Cross-flow)

;,nur (Turbine)
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c, úÿ,s n,d.drhla i|yd ;,nurhla f;dard .ekSfï § uQ,sl jkafka c, ysi 

(head, H) iy wod< ia:dkfha c, mßudj hs (volume of water or flow). c, ;,nur 

m%Odk jYfhka m%;sl%Shl j¾.fha (reaction type) ;,nur yd wdfõ.S j¾.fha 

(impulse type) ;,nur f,i fldgia follg fnfoa'

 
 ● m%;sl%Shl j¾.fha ;,nur (Reaction Type Turbines)

m%;sl%Shl j¾.fha ;,nurhl pd,l Yla;sh we;s ùug" c, myf¾ mSvkh iy 

p,kh hk idOl fol u Wmfhda.S fõ' m%;sl%Shl j¾.fha ;,nur tAjdfha ieleiau 

u; *%kaisia (Francis) yd fm%dfm,¾ (Propeller) f,i fldgia follg j¾. flf¾' 

fm%dfm,¾ j¾.fha ;,nur fjkia l< yels yd fkdyels fm;s iys; f,i fldgia 

folls' ñka jvd;a m%p,s; j Ndú; jkqfha fjkia l< yels ;, iys; lma,dka 

(Kaplan) j¾.fha fm%dfm,¾ ;,nurhs' fuu m%;sl%Shl j¾.fha ;,nur .,d hk 

c,myr Tiafia u iú lrkq ,efí' tA ksid c,myr ;,nurfha ;, u; tl jr 

m;s; fõ' fuu m%;sl%Shl j¾.fha ;,nur jvd;a iqÿiq jkqfha wvq fyda uOHu 

c,ysila (low or medium head) yd jeä c,myrla (high flow) iys; ia:dkj,g hs'

*ardkaisia ;,nurh (FrancisTurbine)

fuu *ardkaisia ;,nur m%;sl%Shl ;,nurhla jk w;r" uOHu c, ysila ^medium 
head, 40 - 60 m& iys; n,d.dr i|yd Ndú; fõ' 1'92 rEmfha fmfkk mßÈ wêl 

mSvkhla hgf;a úlÜ f.aÜgq ;=<ska we;=¿ jk c,h" jl%dldr N%uK ;, (runner) 
N%uKh lrñka bka msg fõ' fï ;,nur fndfyda úg wlaIh isria w;g iú lrkq 

,efí' fõ.h ksh; j ;nd .ekSu i|yd c, Odrdj md,kh lsÍug .jkrh u.ska 

úlÜ f.aÜgq weÍu / jeiSu isÿ lrhs'

rEmh' 1'92 -  *ardkaisia ;,nurhlska l%shd lrk c, úÿ,s n,d.drhl m%Odk fldgia

.jkrh

cklh

c,h 

we;=¿ ùu
c,h msg ùu N%uK ;,

(Runner)

úlÜ f.aÜgq 
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lma,dka ;,nur (Kaplan Turbine)

lma,dka ;,nur o m%;sl%Shl j¾.fha ;,nurhls' fuys ;, fjkia l< yels jk 

w;r" wvq c, ysila ^low head, 10 -70 m& iys; jeä c, Odrdjla iys; ia:dkj,g 

fuh jvd;a fhda.H fõ' 1'93 rEmfhka lma,dka ;,nurh c, úÿ,sn,d.drhl iú 

jk wkaou oelafjk w;r 1'94 rEmfhka lma,dka ;,nurhl ndysr fmkqu oelafõ' 

rEmh 1'93 - lma,dka ;,nurfha Ndú;h

cklh

ia:dhqlh

N%ulh

c,h we;=¿ 

ùu

c,h msg 

ùuN%uk ;,

(Runner)

úlÜ f.aÜgq 

;,nurh

rEmh 1'94 - lma,dka ;,nurh

 ●  wdfõ.S j¾.fha ;,nur (Impulse Type Turbines)

wdfõ.S j¾.fha ;,nur tys l%shdldÍ;ajhg fhdod .kqfha c,fha m%fõ.h hs' fuys 

§ ;,nurfha lerflk fldgi nlÜgq f,i ilid we;s w;r" c, myr iEu 

nlÜgqjlg u je§ug ie,eiafõ' fuu j¾.fha ;,nur Wi c,ysila (high head)  
iys; wvq c, m%jdyhla (low flow) iys; ia:dk i|yd jvd;a iqÿiq fõ' fm,agka 

ù,a (Pelton wheel) yd fl%dia *af,da  (Cross - flow) ;,nur fuu j¾.hg wh;a jk 

w;r" fm,agka j¾.fha ;,nur jvd;a m%p,s; j we;'
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fm,agka ù,a (Pelton Wheel Turbine)

by; ú.%y l< mßÈ fuu fm,agka ;,nur wdfõ.S ;,nurhla jk w;r" by< c, 

ysila (high head) iys; n,d.dr i|yd Ndú; fõ' 1'95 yd 1'96 rEm u.ska fmfkk 

mßÈ fcÜ u.ska ;,nurfha nlÜgq u;g fkdi,h ;=<ska c,h úÈkq ,nhs' bka we;s 

jk wdfõ.h u.ska N%uKh isÿ fõ' fuys N%uK ;, fndl=gq wdldrhg ;kd we;af;a 

fkdi,h ;=<ska úÈkq ,nk c,h nlÜ tflys ueog je§ fome;a;g úys§ hEu ksid 

wdfõ.S n,hla we;s lsÍu i|yd h' fõ.h ksh; j ;nd .ekSu i|yd c, Odrdj 

md,kh lsÍug .jkrh u.ska fkdi,h weÍu jeiSu isÿ flfrhs'

rEmh 1'95 - fm,agka ù,a ;,nurfha ieleiau

c,h md,kh lrk .jkrhg 

iïnkaO msiagkh

fcÜ u.ska c,h ú§u

N%uK ;,

(Runner)

cklh

c,h we;=,aùu

rEmh 1'96 - fm,agka ù,a ;,nurfha l%shdldß;ajh" yrialvlska

N%uK ;,

(Runner)

fcÜ u.ska c,h ú§u

fkdi,h

(Nozzel)
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 ● Odß;dj wkqj c, úÿ,s n,d.dr j¾.SlrKh

c, úÿ,s n,d.dr tajdfha Odß;dj wkqj o j¾.SlrKh flfrhs'

•	 b;d wvq Odß;d c, úÿ,s n,d.dr 0.1 MW olajd 

 Micro hydro power plants
•	 wvq Odß;d c, úÿ,s n,d.dr 1 MW - 10 MW
 Mini hydro power plants
•	 uOHu Odß;d c, úÿ,s n,d.dr 100 MW olajd 

 Medium hydro power plants
•	 wê Odß;d c, úÿ,s n,d.dr 100 MW jeä

 High Capacity hydro power plants

1'11'5   uqyqÿ r< Yla;sh (Ocean Wave Power)

mDÓúfha iy pJøhdf.a we;s .=re;ajdl¾IK n, fya;=fjka jvÈh - ndÈh iy uqyqÿ 

r< we;s ùu isÿ fõ' tys§ ksmofjk Yla;sh úÿ,s n,h ksmoùu i|yd fhdod .; 

yels h' uqyqÿ r< u.ska úÿ,s ckkh ;ju;a mÍlaIK uÜgfï mj;S'

úÿ,s Yla;sh ksmoùu i|yd uqyqÿ r< l%u follg Ndú; flrhs' 

 (i) jvÈh - ndÈh w;r c,fha we;s jk úNj Yla;sh m%fhdackhg .ekSu ^tidal   
     wave power&
(ii) iq<x ;;a;ajh wkqj uqyqÿ r<j, we;s jk pd,l Yla;sh m%fhdackhg .ekSu'

    ^kinetic energy in ocean waves&

 ● jvÈh - ndÈh w;r c,fha we;s jk úNj Yla;sh m%fhdackhg .ekSu

fï l%ufha §" 1'97 rEmfha olajd we;s mßÈ jvÈh wjia:dfõ § /ia lr.kakd c,h 

k< ud¾. Tiafia ;,nurh lrd f.k f.dia" tu.ska cklh l%shd;aul fldg úÿ,s 

Yla;sh ksmoùu isÿ flfrhs'

rEmh 1'97 -  jvÈh ndÈh w;r c,fha we;s jk úNj Yla;sh m%fhdackhg f.k úÿ,sh ksmoùu

/ialr .;a jvÈh ;,nurh 

u;g fhduq lsÍu ;,nurh iy cklh

;,nurh iy

 cklh N%uKh lsÍfuka 

wk;=re j msg jk c,h

c,h /ia lsÍug 

;kd we;s fõ,a,
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 ● uqyqÿ r<j, pd,l Yla;sh m%fhdackhg .ekSu

uqyqÿ r<j, pd,l Yla;sh úúO ;dlaI‚l l%u Tiafia úÿ,s ckkh i|yd fhdÞ 

.ekSug m¾fhaIK meje;afõ' bka tla l%uhla 1'98 rEmfhka oelafõ' tu l%ufha 

§ iq<x yuk úg uqyqfoa kef.k /,s u.ska c,frdaohla ^;,nurh& N%uKh fldg 

tu.ska cklh l%shd;aul fldg úÿ,s Yla;sh ksmoùu isÿ flfrhs'

rEmh 1'98 - uqyqÿ r<j, we;s jk pd,l Yla;sh m%fhdackhg f.k úÿ,sh ksmoùu

1'11'6   N+ ;dmh (Geo thermal) 

mDÓúfha wNHka;r kHIaál m%;sl%shd fya;=fjka we;s jk ;dmh iy mDÓúh 

ks¾udKfha § ckkh ù we;s wNHka;r ;dmh" N+ ;dmh jYfhka ir, j oelaúh 

yels h' .sks l`ÿ msmsÍu iy WKqÈh W,am;a we;s ùu N+ ;dmh msg;g meñfKk 

wjia:d fõ' fï ;dm Yla;sh úÿ,sh ckkh lsÍu i|yd fhdod .ekSug m¾fhaIK 

meje;afõ'

 ● N+ ;dmfhka úÿ,sh ksmoùu

1'99 rEmfha oelafjk mßÈ .eUqre fmdf<dfjys wêl ;dm Yla;shla we;s ia:dk 

.fõIKh fldg" tu ia:dkj,g isis,a c,h fmdïm lsÍfuka" c,h wêl ;dmhlg 

Ndckh flfrhs' túg r;a jQ c,h bfí u k< ud¾.hka Tiafia fmdf<dj u;=msgg 

meñfKk w;r" c,fha we;s wêl ;dmh Ndú;fhka ;,nurhg iemhsh hq;= yqud,h 

ksIamdokh lr.kq ,efí' fï i|yd ;dm úksuhla (heat exchanger) Ndú; flfrhs' 

tkï fuys § ;,nurhg iemfhk wê mSä; c,h" ;dm úksuh yryd heùfï § 

fmdf<dj u;=msgg meñfKk c,fha wêl ;dmh Wrd f.k jdIam njg m;a fõ' 

tu.ska yqud, ;,nurh N%uKh lsÍfuka Bg iïnkaO úÿ,s cklh l%shd lrjkq 

,efí'
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rEmh 1'99 - N+ ;dm Yla;sh m%fhdack f.k úÿ,sh ksmoùu

;dm úksuh

fmdf<dj uÜgu

N+ ;dm ixÑ;h

úÿ,s cklh

yqud, ;,nurh

PUMP PUMP

1'12          mqk¾ckkSh fkdjk Yla;s m%Nj u.ska úÿ,s n, ckkh 
 (Non Renewable Energy)
Ndú;fhka miq kej; kej;;a Ndú; l< fkdyels Yla;s m%Nj mqk¾ckkSh fkdjk 

Yla;s m%Nj f,i y`ÿkajkq ,efí' mqk¾ckkSh fkdjk Yla;s m%Nj lsysmhla my; 

olajd we;'

fmdis, bkaOk ^fossil fuel&

 ● fmg%,a" ãi,a" N+ñf;,a jeks fmfg%da,shï f;,a j¾. (petroleum products)
 ● .,a wÕ=re (coal)
 ● iajdNdúl jdhq (natural gas)

kHIaál Yla;sh ^nuclear power&

b;d wE; w;S;fha § ffcj ialkaO" úúO jQ fN!;sl yd ridhksl l%shdldrlïj,g 

Ndckh ù fmdis, bkaOk ks¾udKh ù we;' ta wkqj fmdis, bkaOk i|yd o iQ¾h 

Yla;sh uQ,sl ù we;s nj meyeÈ,s fõ' tfy;a L‚c bkaOk hï ksYaÑ; m%udKhla  

muKla we;s w;r" tu m%udKh  wjika jQ úg kej; ckkh ùug b;d §¾> ld,hla 

.; jk neúka tajd mqk¾ckkSh fkdjk Yla;s m%Nj jYfhka y`ÿkajkq ,efí'

;dm

we;s

ta

;dmh

WIaK;ajfha

oaú;Shsl

oaú;Shsl

;,nurh

;=<ska
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1'12'1  fmdis, bkaOk (Fossil Fuel) Ndú;fhka úÿ,s Yla;sh ksmoùu

fmdis, bkaOk úÿ,s n,d.drj," fmfg%da,shï (petroleum) .,a wÕ=re (coal) yd 

iajdNdúl jdhq (natural gas) wdÈ fmdis, bkaOk jeä jYfhka Ndú; fõ' fmdis, 

bkaOk u.ska úÿ,sh ckkfha § fndfyda úg my; mßÈ Yla;s mßj¾;khla isÿ fõ'

ridhksl Yla;sh  ;dm Yla;sh             pd,l Yla;sh fyda 

hdka;%sl Yla;sh

úoHq;a 

Yla;sh

 ● fmfg%da,shï f;,a (Petroleam) Ndú;fhka úÿ,sh ksmoùu

úÿ,sh ksmoùu i|yd ±úf;,a (fuel oil)" ãi,a yd fmg%,a jeks fmfg%da,shï f;,a 

j¾. Ndú; fõ' fuys § Ndú; jk odyH øjH wkqj úÿ,sh ckkh i|yd Ndú; 

jk ;dlaKfõoh fjkia fõ' oeúf;,a Ndú; jkqfha uyd mßudK úÿ,sh ksmoùfï 

l%shdj,sj, § jk w;r" ãi,a yd fmg%,a l=vd yd uOH mßudK úÿ,s ckl i|yd 

fhdod .efka' 

 

yqud, ;,nur Ndú;h 

;dm úÿ,s n,d.drj, jeä jYfhka Ndú; jkqfha fï ;dlaIKfõohhs' oeúf;,a 

odyH øjH f,i Ndú; lrk úg th oykh lr ,efnk ;dmfhka wê mSä; 

wê WIaK;ajfha we;s yqud,h ksmofõ' fufia ksmofjk yqud, jeä m%fõ.hlska 

;,nurh yryd hEfï § yqud,h ;,nurh (steam turbine) l%shd;aul ù Bg iïnkaO 

úÿ,s cklh l%shd;aul ùfuka úÿ,sh ksmofõ' 1'100 rEmfhka fï l%shdj,sh fmkakqï 

flf¾' 

rEmh 1'100 - oeúf;,a Ndú;fhka ls%hd lrk yqud, ;,nurh

c,h

fndhsf,arej

yqud, 

;,nurh

úÿ,s 

cklh

ksmofjk úÿ,sh" úÿ,s 

cd,hg iïfm%aIKh flf¾

fmfg%da,shï
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jdhq ;,nur Ndú;h

fuys § c,jdIam fjkqjg wê WIaK;ajhg m;a l< jdhqj fhdod .ekSfuka ;,nurh 

l%shd;aul flf¾' m<uq j msßisÿ jd;h jdhq mSvlh (compressor) yryd hEug 

i,iajd mSvkh jeä lr miq j tu jdhqjg oeúf;,a bisñka oykh lr WIaK;ajh 

jeä flf¾' fuu wê WIaK;ajfha yd wê mSvkfha  we;s jdhqka jdhq ;,nurh (gas 
turbine) yryd hEfï § ;,nurh l%shd;aul ù Bg iïnkaO cklh u.ska úÿ,sh 

ksmofõ' fuh 1'101 rEmfhka fmkakqï flf¾' 

rEmh 1'101 - oeúf;,a Ndú;fhka Èfjk jdhq ;,nur

lmdgh

fmfg%da,shï

oyk l=áh
msgjk wkjYH 

jdhQka

úÿ,s cklh

.shrh

jdhq ;,nurhlïfm%irh
jd;h

fõ. 

md,lh
ksmofjk úÿ,sh" 

úÿ,s cd,hg 

iïfm%aIKh 

flf¾

tkaðka Ndú;h 

fuys § odyH øjH f,i fmg%,a fyda ãi,a jeä jYfhka Ndú; fõ' fuu tkaðka 

wNHka;r oyk tkaðka (Internal Combustion Engine) f,i ye¢kafõ' ãi,a yd 

fmg%,a tkaðkaj, fjkila mj;sk kuq;a wjia:d fofla § u bkaOk oykfhka 

msiagk l%shd;aul lsÍfuka oÕr l| (crank shaft) N%uKh ùfï § úÿ,s cklfhka 

úÿ,sh ksmofõ' fuh 1'102 rEmfhka fmkakqï flf¾' 

rEmh 1'102 -  ãi,a jeks bkaOk fhojQ tkaðula Ndú; lsÍfuka úÿ,sh ksmoùu

f;,a úÈkh

msgjk 
wkjYH 
jdhq

Ndú; l< 
,sysis f;,a

isis,a c,h

lkafvkairh

ãi,a tkaðu

f;,a 
isis,lh

f;,a 
gexlsh

,sysis 
f;,a 
gexlsh

ihs,kairh

úÿ,s cklh

fmrKh

fmrKh

lïfm%irh

isis,kh l< ,sysis f;,a

fmrKh
fmrKh

iïmSä; jd;h

Fuel oil pump

 Lubricating
oil pump

 Cooling Water pump
isis,k c, fmdïmh

bkaOk f;,a fmdïmh
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1'12'2  .,a wÕ=re (Coal) Ndú;fhka úÿ,sh ksmoùu

fuys § .,a wÕ=re oykh lsÍfuka ,nd .kakd ;dm Yla;sh u.ska c,h jdIam njg 

m;a fldg yqud, ;,nurh N%uKh fldg tu.ska úÿ,s cklh l%shd;aul lrkq 

,efí' 1'103 rEmfha .,a wÕ=re n,d.drhl o< ieleiaula oelafõ'

 

rEmh 1'103 - wÕ=re oykh lsÍfuka ,nd .kakd ;dm Yla;Sh u.ska 

úÿ,sh ksmoùu

.,a wÕ=re

.Õ

c,h

lkafvkairh isis,kh 

lrk c,h

lkafvkairh

úÿ,s 

cklh mßKdulh

fndhs,rh

yqud, ;,nurh úÿ,s 

iïfm%aIKh

1'12'3  iajdNdúl jdhq (Natural Gas) Ndú;fhka úÿ,sh ksmoùu

fuys § iajdNdúl jdhq oykh lsÍfuka ,nd .kakd ;dm Yla;sh u.ska jdhq ;,nurh 

N%uKh fldg tu.ska úÿ,s cklh l%shd;aul lrkq ,efí' Bg wu;r j 1'104 

rEmfha oelafjk mßÈ wê ;dmhlg Ndckh jQ jdhq ;,nurfhka (gas turbine) msg 

jk msgdr jdhqj ^exhaust gas& u.ska c,h r;a lr c, jdIam ksmojd l,ska úia;r 

l< mßÈ yqud, ;,nurhla (steam turbine) l%shd;aul lr wu;r úÿ,s cjhla ;j;a 

cklhlska ,nd .; yels h' fufia jdhq yd yqud, ;,nur foj¾.h u Wmfhda.S 

lr .kakd wjia:dj, § tu úÿ,sn,d.dr ixhqla; pl% (combine cycle) n,d.dr 

f,i ye¢kafjk w;r tfia lsÍfuka úÿ,sh ksmoùfï ld¾hlaIu;dj jeä fõ' 
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rEmh 1'104 - iajdNdúl jdhq oykh lsÍfuka ,nd .kakd ;dm Yla;sh u.ska úÿ,sh 

ksmoùu

msgjk 

wkjYH 

jdhq

jdhq/ f;,a

jd;h

oyk 

l=áh

lkafvkairh

jdhq ;,nurh

yqud, ;,nurh

msgjk ;dmfhka 

yqud,h ckkh

úÿ,s cklh

úÿ,sh

úÿ,sh

úÿ,s cklh

isis,k 

c,h

1'12'4  kHIaál Yla;sh (Nuclear power) Ndú;fhka úÿ,sh ksmoùu

kHIaál úÿ,s n,d.dr o ;dm n,d.dr jk w;r" tys ;dm Yla;sh ksmojkqfha 

kHIaál m%;sl%shdldrl ̂ nuclear reactor& ;=< hs' kHIaál m%;sl%shdldrl ;=< kHIaál 

odu m%;sl%shd ^nuclear chain reactions& yg .ekSu yd md,kh lsÍu isÿ jk w;r" 

fuys § hqf¾kshï - 235 ^U235& uQ,øjH úlsrl wuqøjH f,i fhdod .efka' kHIaál 

odu m%;sls%hdfõ § ksmojk ;dmfhka yqud, ;,nurh ls%hd lrjd tuÕska N%uKh 

jk úÿ,s cklh yryd úÿ,sh ksmofõ'
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rEmh 1'105 - kHIaál Yla;sh u.ska úÿ,sh ksmoùu

kHIaál 

m%;sls%hdldrlh

yqud, 

;,nurh

úoHq;a cklh 

Generator

lkafvkairh 

Condenser
m%;sls%hdldrl n÷k 

Reactor Vessel

Control 
Rods

Pres surizer Steam 
Generator

kHIaál odu m%;sls%hdj isÿ ùfï § hqf¾kshï uQ,øjHfha kHIaáh úLkavKh (fission) 
jk neúka tys § wêl ;dmhla fuka u úlsrKYS,S lsrK o ksl=;a fõ' tneúka 

mßir ydksh wju jk mßÈ kHIaál m%;sls%hdldrlh b;du;a fyd¢ka mßjrKh lr 

we;' 1'105 rEmfhka kHIaál úÿ,s n,d.drhl o< igykla olajd we;'

wNHdi 6

^1& úÿ,sh ksmoùug fhdod .kakd mqk¾ckkSh Yla;s m%Nj hkq ljrla o@ tA i|yd 

WodyrK 5la i|yka lrkak'

^2& (a) c,h yer fiiq mqk¾ckkSh Yla;s m%Nj uÕska úÿ,sh ksmoùu" mqk¾ckkSh 

fkdjk Yla;s m%Nj uÕska úÿ,sh ksmoùï ;rï Ndú; fkdjkafka wehs o 

hkak idlÉPd lrkak'

(b) mqk¾ckkSh yd mqk¾ckkSh fkdjk Yla;s m%Nj 2la WÞyrK f,i f.k 

;jÿrg;a úia;rd;aul j idlÉPd lrkak'

^3& úYd, c, úÿ,s n,d.drhl c,h /ia lrk ia:dkfha isg c,h /f.k f.dia 

úÿ,s n,h ksmojk wjia:dj olajd fmkajk o< igykla we|" tys fldgia 

kï lrkak'
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1'13        úÿ,s n, iïfm%aIKh yd fnodyeÍu 
   (Electrical Power Transmission an Distribution)

úÿ,s n,d.dr fndfyda úg ;kkq ,nkafka ckdlS¾K fkdjk m%foaYj, jk w;r" 

úfYaIfhka c, úÿ,s n,d.dr msysgd we;af;a mdßfNda.sl uOHia:dkj, (demand 
centres / customer centres) isg b;d ÿr neyer fmfoiaj, h' úÿ,s n,d.drfha 

isg mdßfNda.slhd olajd úÿ,sh /f.k tau m%Odk jYfhka fldgia follg 

fjka lr oelafõ' tkï: úÿ,s n, iïfm%aIKh ^electric power transmission& yd 

úÿ,s n, fnodyeÍu hs ^electric power distribution&' úÿ,s n, iïfm%aIKh f,i 

y`ÿkajkqfha úÿ,s n,d.drfha isg mdßfNda.sl uOHia:dk wi, we;s cd, Wmfmd< 

^grid substation& olajd úÿ,s Yla;sh uyd mßudK jYfhka /f.k hEuhs' úÿ,s n,h 

fnodyeÍu f,i ye`oskafjkqfha cd, Wmfmd<j, ̂ grid substations& isg mdßNda.slhd 

olajd úÿ,s Yla;sh /f.k hEfï l%shdj,shhs' 

úÿ,s iïfm%aIK /yeka ^transmission line&" cd, Wmfmd<j,a ^grid substations& 
yryd tlsfklg iïnkaO j cd,hla ^grid& fia mj;S' tksid tu fldgi iïfm%aIK 

cd,h ^transmission grid& f,i ye`oskafjk w;r" lsishï rgl úÿ,s iïfm%aIK yd 

fnodyeÍfï cd, fol tl;= jQ úg th úÿ,s n, cd,h ^power grid& fyda cd;sl 

úÿ,sn, cd,h ^national power grid& f,i ye`oskafõ' fujka úÿ,s n, cd,hl o< 

ieleiaula 1'106 rEmfhka oelafõ'
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11 kV 220 kV

132 kV

132 kV

132 kV

33 kV

33 kV

11 kV11 kV

220 kV  132 kV

400V / 230V
30 10

13.5 kV

úÿ,s ckl

ckk Wmfmd< 

(Generation Substation)

cd, Wmfmd< 

(Grid Substation)
cd, Wmfmd< 

(Grid Substation)

uyd mßudK mdßfNda.slfhda 

(Industrial Customers) 

uyd mßudK 
mdßfNda.slfhda

m%d:ñl Wmfmd< 

(Primary substation)

fnodyeÍfï Wmfmd< 

(Distribution substation)

idudkH mdßfNda.slfhda 

(Normal customers)

ckl Wmfmd<

cd, Wmfmd< cd, Wmfmd< 

∆
Y 

∆
Y 

∆   Y

Y 
∆

Y   ∆

Y   ∆

12.5 kV

132 kV

úÿ,s ckl

ckk Wmfmd< 

(Generation Substation)
Y 
∆

∼

∼

∼

rEmh 1'106 - úÿ,sn, cd,hl o< igykla

12 kV

úÿ,s ckl

∼
∆   Y

220 kV 132 kV
Y   ∆
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1'13'1  úÿ,s n, iïfm%aIKh (Electric Power Transmission)

úÿ,s n,h" úÿ,s n,d.drj, isg mdßfNda.sl uOHia:dk olajd fndfyda ÿrla 

iïfm%aIKh lsÍug isÿ fõ' fufia iïfm%aIKfha § úÿ,s /yekaj, ^transmission 
lines& úYd, úNj neiaula we;s fõ' tneúka wvq fjda,aàh;djla hgf;a úÿ,sh 

iïfm%aIKh l< fyd;a wêl úNj neiau fya;=fjka mdßfNda.slhdg wjYH iqÿiq u 

fjda,aàh;dj iemhsh fkdyels h' wdrlaIdj yd wd¾Ól fya;= ie,lSfuka mdßfNda.sl 

WmlrK iïu; fjda,aàh;djla yd ixLHd;hla hgf;a ksh; Yla;s m%udKhla 

,ndf.k l%shd lsÍug ksmojd we;' tneúka wvq fjda,aàh;djla hgf;a fï WmlrK 

ksis mßÈ ls%hd lrúh fkdyels h' tf,i wvq fjda,aàh;djlska úÿ,sh iïfm%aIKh 

l< fyd;a mdßfNda.slhdg iemhsh hq;= úYd, Odrdj iemhSug úYd, yrialvla 

iys; ikakdhl /yeka ud¾. fhdod .ekSug o isÿ fõ' fuh lsis fia;a m%dfhda.sl 

fkdjk neúka úÿ,s iïfm%aIKh i`oyd wê fjda,aàh;djla Ndú; fõ'

fuu iïfm%aIK fjda,aàh;djka iudkHfhka 110 kV j,g by< w.hla .kS' we;eï 

ÈhqKq rgj, úÿ,s iïfm%aIK i`oyd 765 kV jeks b;d wê fjda,aàh;djka o Ndú; 

fõ' tfy;a Y%S ,xldfõ iïfm%aIK fjda,aàh;djka ^transmission voltage& f,i ±kg 

Ndú; jkqfha 132 kV yd 220 kV fõ' úÿ,s iïfm%aIK moaO;sh iEu úg u f;l,d 

úÿ,s moaO;shla jk w;r" by; fjda,aàh;djka l,d folla w;r mj;sk fjda,aàh;d 

w.hka fõ ^line to line voltage&'

úÿ,s n, iïfm%aIKfha § ^power transmission& th Rcq j u ckk Wmfmd< 

^generation substation& isg cd, Wmfmd< ^grid substation& olajd iïfm%aIKh lrkq 

,nk w;r" tA w;r;=r mdßfNda.slhdg fnod yeÍula isÿ fkd fõ'

 ² ckk Wmfmd< (Generation Substation)

idïm%odhsl úYd, úÿ,s ckl ie,lSfï §" idudkHfhka úÿ,sh ckkh lrkq n,k 

fjda,aàh;dj 10'5 kV isg 15 kV w;r w.hla fõ' fufia ckkh lrkq n,k 

úÿ,sh" n,d.dr wi, we;s wêlr mßKdul u.ska" by; idlÉPd l< mßÈ wê 

fjda,aàh;djlg m;a lr iïfm%aIKh flf¾' fufia ckk fjda,aàh;dj" iïfm%aIK 

fjda,aàh;djg jeä lr .kakd wêlr mßKdul we;=¿ wdrlaIK yd ñkqï fuj,ï 

l%udkqql+, j iïnkaO lr we;s úÿ,s n,d.drhg wh;a fldgi ckk Wmfmd<la 

^generation substation& f,i ye¢kafõ' fuh m%Odk mßKdulh yd iaúÉp wx.kh 

^Main transformer and switch yard& f,i o ye¢kafõ' fuys we;s wêlr mßKdulfha 

m%d:ñl o`.r ;drld (Star) wdldrhg;a oaú;Shsl o`.r fv,agd (Delta) wdldrhg;a 

iïnkaO lr we;' 1'106 rEmfha wêlr mßKdulfha t;=ï iïnkaO jk wdldrh 

olajd we;'
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L1
L1
L1

m%d:ñlh 

(∼12 kV)
N

L1
L2
L3

oaú;Shslh 

(132 kV/220 kV)

rEmh 1'106 - ckk Wmfmd<l wêlr mßKdulfha t;=ï iïnkaO úh yels wdldrh

 ² jeä fjda,aàh;djlska úÿ,s iïfm%aIKfha jdis

(i) mßKdulhla Ndú;fhka fjda,aàh;dj jeä lsÍfï § Odrdj o Bg wkql+, j wvq 

jk neúka úÿ,s iïfm%aIKfha § úNj neiau wvq fõ ^Voltage drop, V = IR&'

(ii) jeä úNjhlska wvq Odrdjla iïfm%aIKh lrk neúka cj ydksh o wvq fõ' 

^Power loss & 

(iii) wvq Odrdjla iïfm%aIKh lrk neúka /yeka ud¾. ^Transmission line& i|yd 

wvq yrialvla iys; ikakdhl Ndú; l< yels neúka wd¾Ól w;ska úYd, 

jdishla ,efí'

(iv) iïfm%aIKh i`oyd fjda,aàh;dj jeä lsÍfï § wêlr mßKdulfha oaú;Shsl 

o`.r" fv,agd wdldrhg iïnkaO lr we;s neúka /yeka ;=kla u`.ska úÿ,s 

iïfm%aIK l< yels fõ' fï`.ska o wd¾Ól jdishla ,efí' 

 ² úÿ,s iïfm%aIK /yeka (Transmission Lines)

wê fjda,aàh;dfõ we;s úÿ,sh" ckk Wmfmdf<a ^generation substation& isg cd, 

Wmfmd< ^grid substation& olajd úÿ,s /yeka Tiafia iïfm%aIKh flf¾' fndfyda 

úg úÿ,s iïfm%aIKh i`oyd wjldYfha" l=¨kqq u;ska Èfjk úÿ,s /yeka ^overhead 
transmission lines& Ndú; fõ' fmdf<dj háka Èfjk úÿ,s flan, ^underground 
cables&" úÿ,s iïfm%aIK i|yd fhdod .ekSu b;d úr, fõ' wjldYfha" l=¨kqq u;ska 

Èfjk iïfm%aIK úÿ,s /yeka ksrdjrK j mj;sk w;r" fndfyda úg kshñ; mßÈ 

ilia l< we¨ñkshï f,day ikakdhlj,ska ks¾ñ; fõ' we;eï wjia:dj, úÿ,s 

/yeka Yla;su;a lsÍug" we¨ñkshï iu. jdfka lïì iqÿiq mßÈ fhdod .efka' 

f;l,d úÿ,sh" /yeka ;=kla u.ska iïfm%aIKh lsÍu isÿ fõ'
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 ² cd, Wmfmd< (Grid Substation)

cd, Wmfmd<la ^grid substation& hkq iïfm%aIK fjda,aàh;dj ^transmission 
voltage), Y%S ,xldfõ Ndú; jk mßÈ 132 kV fyda 220 kV" fnodyeÍfï fjda,aàh;dj 

^distribution voltage), Y%S ,xldfõ Ndú; jk mßÈ 33 kV fyda 11 kV olajd wjlr 

mßKdul Ndú;fhka wvq lrkq ,nk ia:dkh hs' cd, Wmfmd<j, ̂ grid substations& 
úfYaI wdrlaIl yd ñkqï fuj,ï l%udkql=, j iïnkaO lr we;' fï cd, Wmfmd<j,a 

^grid substations& j, we;s wjlr mßKdulj, m%d:ñl o`.r ̂ wêfjda,aàh;d& ;drld 

wdldrhg o oaú;Shsl o`.r ^uOHu fjda,aàh;d& fv,agd wdldrhg o iïnkaO lr 

we;' mßKdulfha t;=ï iïnkaOh 1'107 rEmfhka oelafõ' fï fya;=fjka uOHu 

fjda,aàh;d cd,hg wjYH wdrlaIKh ie,iSug N+.; iïnkaO;dj ,nd§u i`oyd 

N+.; lsÍfï mßKdulhla ̂ grounding transformer& wjlr mßKdulfha oaú;Shslhg 

iïnkaO flf¾' 

L1

L3

L2

N

m%d:ñlh

132 kV / 220 kV

L1
L2
L3

oaú;Shslh

33 kV

rEmh 1'107 - cd, Wmfmd<l wjlr mßKdulhl t;=ï iïnkaO úh yels wdldrhla

1'13'2  úÿ,s n,h fnodyeÍu (Electric Power Distribution)

úÿ,s n,h fnodyeÍu ^power distribution& wdrïN jkafka cd, Wmfmd< ^grid 
substation& isg hs' úÿ,s n,h fnodyeÍu fjda,aàh;d uÜgï ^distribution voltage 
levels& lsysmhlska isÿ fõ' Y%S ,xldfõ § úÿ,s ckkfha isg mßfNda.slhd olajd 

úÿ,sh /f.k tafï § 33 kV yd 11 kV hk uOHu fjda,aàh;d o ^medium voltages&" 
400 V hk wvq fjda,aàh;dj o úÿ,s n,h fnodyeÍfï cd,hg ̂ distribution network& 
wh;a fõ' 1'108 rEmfhka úÿ,s n,h fnodyeÍfï cd,hl o< igykla oelafõ'
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fnodyeÍfï Wmfmd< 

(Dstribution 
substation)

(Bulk 
customers) 
uy mßudK 

mdßfNda.slfhda

m%d:ñl Wmfmd<

(Primary 
substation)

uy mßudK 

mdßfNda.slfhda

wjlr 

mßKdulh

N+.; lsÍfï 

mßKdulh

cd, Wmfmd< 

(Grid substation)

132 kV 

Y      ∆ ∆   Y  ∆    Y  

33 kV 11 kV 400 V 11 kV (3ø, 3 line)33 kV(3ø, 3 line) 
(Dstribution lines) 
úÿ,sh fnodyeÍfï 

/yeka{ { {

(3ø, 4 
lines) 

rEmh 1'108 - úÿ,sn, fnodyeÍfï  cd,hl o< igykla

1'108 rEmfha fmkajd we;s mßÈ uyd mßudK mdßfNda.slhka ^bulk customers& yg 

33 kV fjda,aàh;dfõ Rcq j u úÿ,sh fnodyeÍu isÿ fõ' óg wu;r j úÿ,s /yeka 

u.ska cd, Wmfmd< ^grid substation& isg m%d:ñl Wmfmd< ^primary substation& 
olajd úÿ,sh /f.k ú;a tys § wjlr mßKdul Ndú;fhka fjda,aàh;dj 11 kV 

olajd wvq flf¾' we;eï uyd mßudK mdßfNda.slfhda ^bulk customers& yg 11 kV 

fjda,aàh;djfjkaa Rcq j u úÿ,sh fnodyßk w;r m%d:ñl Wmfmd< ^primary 
substation& isg fnodyeÍfï Wmfmd< ^distribution substation& olajd úÿ,sh 

/f.k hEu ;j ÿrg;a isÿ fõ' fnodyeÍfï Wmfmdf<a § ^distribution substation& 
fjda,aàh;dj 400 V olajd wvq lrkqfha wjlr mßKdulh Ndú;fhks' idudkH 

mdßfNda.slhka i|yd úÿ,sh fnodyeÍu isÿ jkqfha 400 V fjda,aàh;dfjks' 

fuys § we;eï mdßfNda.slhka yg 400 V f,i f;l,d úÿ,sh o we;eï 

mdßfNda.slhka yg 230 V f,i ;ksl,d ̂tl,d& úÿ,sh o iemhSu isÿ flf¾' óg wu;r j 

33 kV isg Rcq j u 400 V olajd fjda,aáh;dj wvq lr .kakd fnodyeÍfï  Wmfmd< 

o /ila mj;S'

 ² m%%d:ñl Wmfmd< (Primary Substation)

m%d:ñl Wmfmdf<a § ^primary substation& úÿ,sh fnodyeÍfï fjd,aàh;dj 33 kV 

isg 11 kV olajd wjlr mßKdul Ndú;fhka wvq lrkq ,efí' m%d:ñl Wmfmd< 

wjlr mßKdul tlla fyda lsysmhla ;sîug mq¿jk' wjlr mßKdulj,g wu;r 

j wdrlaIl yd ñkqï fuj,ï o m%d:ñl Wmfmd<l l%udkql+, j iïnkaO lr we;' 

fuys we;s wjlr mßKdulfha m%d:ñl t;=ï fv,agd ^delta& wdldrhg iïnkaO lr 

we;s w;r" oaú;Shsl t;=ï ;drld (Star& wdldrhg iïnkaO lr we;' oaú;Shslfha 

fmdÿ w.%h N+.; lr we;' 
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 ² fnodyeÍfï Wmfmd< (Distribution Substation)
fnodyeÍfï Wmfmd< ^distribution substation& wka iEu Wmfmd<lg u jvd fjkia 

fõ' fnodyeÍfï Wmfmd<la hkq tla wjlr mßKdulhla muKs' tys wu;r j we;af;a 

mßKdulfha yd úÿ,s /yekaj, wdrlaIdj i|yd fhdod we;s ú,dhl yd wdrlaIK 

ms<shjK fõ' fnodyeÍfï Wmfmd<l § fjda,aàh;dj  11 kV ^fyda 33 kV& isg 

400 V olajd wvq lsÍu isÿ fõ' fuys § Ndú; jk wjlr mßKdulfha m%d:ñlfha" 

t;=ï fv,agd f,i o oaú;Shslfha" t;=ï ;drld wdldrhg o ilid we;' fuys § 

o oaú;Shslfha fmdÿ w.%h N+.; lr we;' 1'109 rEmfhka wjlr mßKdufha t;=ï 

iïnkaO fmkajd we;'

L1
L2
L3

m%d:ñlh

11 kV

L1
L2
L3N

oaú;Shslh
400 V

rEmh 1'109 - fnodyeÍfï Wmfmd<l wjlr mßKdulfha t;=ï iïnkaO jk wdldrh

33 kV
fyda

1'13'3 iïfm%aIKfha § yd fnodyeÍfï § Ndú; lrk w;HjYH Wmdx. 
yd WmlrK

 ² mßKdul (Transformers)
úÿ,s iïfm%aIKfha § yd fnodyeÍfï § m%Odk jYfhka wêlr yd wjlr mßKdul 

Ndú; fõ' ckk Wmfmd<j, yd cd, Wmfmd<j, b;d úYd, m%udKfha" úYd, 

Odß;djla iys; mßKdul tlla fyda jeä .Kkla Ndú; fõ' Y%S ,xldfõ Ndú;h 

wkqj fnfyda úg fï mßKdulhl Odß;dj 30 MVA j,g jvd jeä w.hla .kS' 

m%d:ñl Wmfmd<j, we;s mßKdul uOHu m%udKfha jk w;r" tu mßKdulhla 

fndfyda úg 5 MVA fyda 10 MVA muK Odß;djlska hqla; h' fnodyeÍfï 

mßKdulj, Odß;dj fnfyda úg 1000 kVA j,g wvq w.hla .kS'

 ² úÿ,s /yeka fyda N+.; flan, (Overhead line or underground cables)

 ² wdrlaIK yd uekqï fuj,ï (Protection and measuring equipment)
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WodyrK ( Odrd mßKdul ^Current transformers&
  úNj mßKdul ^Voltage transformers&
 mßm; ì`ÿï ^Circuit breakers&
 Protective relays         
 Autoreclosers     fnodyeÍï cd,fha muKla we;'

 ú,dhl (Fuses)  fnodyeÍï Wmfmd<j, muKla we;'

 i¾ck wdrlaIK ^Surge arrestors&  iEu Wmfmd<lu we;'

 N+.; iïnkaOh  ^Earthing&

}ckk Wmfmd<j, yd cd, 

Wmfmd<j, muKla we;'

 ² mßjrK (Insulators)

wêfjda,aàh;d Ndú;fha § mßjrKh ̂ insulate& lsÍu w;HjYH idOlhla fõ' úÿ,sh 

iïfm%aIKh yd fnodyeÍfï § iEu WmlrKhla i`oyd u wjYH mßÈ mßjrKh 

imhd we;s w;r" úÿ,s /yeka l=¨kqj,g iïnkaO lsÍfï § mßjrK ;eá ^insulator 
disks& Ndú; fõ' úÿ,s n, iïfm%aIKfha § Ndú; jk tla mßjrK ;eáhlg 

wdikak jYfhka 11 kV fjda,aàh;djla odrd isáh yels fõ'

 ² fnodyeÍfï Wmfmd<l (Distribution Substation) fldgia 

lKq folla u; iú l< ^double – pole mounted& fnodyeÍfï Wmfmd<la 1'110 

rEmfha oelafõ' ;ks lKqjla u; iú l< ^single pole monmted& yd Yla;su;a 

wdOdrlhla u; ;enQ ^plinth mounted& fnodyeÍfï Wmfmd<j,a o Y%S ,xldfõ § 

oel .; yels fõ'

rEmh 1'110 - lKq folla u; iú l< fnod yeÍfï Wmfmd<l o< igykla

mßjrK ;eá (Insulator disks)
mek tk weo yef,k ú,dhl

Drop down lift off (DDLO) fuses

i¾ck wdrlaIdj 

(Surge Arrestors)

ñkqï WmlrK
iïnkaO 

ì÷ï

wvq fjda,aàh;d w.%

(LV terminal)

Neutral

wê fjda,aàh;d w.%h

(HT terminal)

Panel board

wêOrd ú,dhl

(HRC fuses)
KWh

circuit 
breake

KVA
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1'13'4  úÿ,s ì,am;la ilia lsÍu

YS% ,xldfõ § úÿ,s ì,am;la ieliSfï hka;%Kh ^electricity tariff plan& ieliSu 

uyck Wmfhda.S;d fldñiu ^Public Utility Commission& u`.ska isÿ flf¾' úÿ,s 

ì, ieliSfï hka;%Kh .Dyia:" l¾udka;" fydag,a" fmdÿ" rdcH" mqKHdh;k yd 

mdi,a f,i j¾.SlrKhla isÿfõ'

.Dyia: mßfNdackh i|yd YS% ,xldfõ ±kg wkqu; úÿ,s ì, ieliSfï hdka;%K 

l%u folla mj;S' tla l%uhla lÜá lrk ,o wh lsÍfï l%uhla ^block tariff& jk 

w;r wfkla l%uh Ndú; lrk ld,h wkqj wh lsÍfï l%uhhs ^Time of use&' Ndú; 

lrk ld,h wkqj wh lsÍfï l%uh mdßfNda.sl leue;a; u; muKla ls%hd;aul jk 

f,i ±kg mj;S' .Dyia: mßfNdackh i|yd nyq,j Ndú; jkqfha lÜá lrk ,o 

wh lsÍfï l%uhhs' fuys § mßfNdackhg .kakd uq¿ tall .Kk muKla ie,lSug 

.kakd w;r tu úÿ,sh mßfNdackhg .;a fõ,dj ie,lSug fkd .kS'

tjeks úÿ,s ì, .Kkh lsÍfï hdka;%Khla ^domestic purpose tariff plan& my; 

úia;r flf¾'

udisl mßfNdackh 0 - 60 kWh w;r mj;S kï my; f,i wh lsÍu isÿ flf¾'

udisl mßfNdackh

^kWh&
tallhlg wh lsÍu

^  &

iaÓr wh lsÍu

^ &

0 - 30
31 - 60

2 . 50
4 . 85

30

60

udisl mßfNdackh 60 kWh j,g jeä kï my; olajd we;s wdldrfhka wh lsÍï 

isÿ flf¾'

udisl mßfNdackh

^kWh&
tallhlg whlsÍu

^ &

iaÓr wh lsÍu

^ &

0 - 60
61 - 90
91 - 120 
121 - 180
> 180

7 . 85
10 . 00
21 .75
32 00
45 00

N / 
90

480

480

540

 ² úÿ,s tallh

úÿ,s Yla;sh uekSfï § úÿ,s tallh hk jpkh Ndú; fõ' fuys § úÿ,s tallhla 

^Unit& hkq lsf,dafjdÜ meh ^kWh& tlls' 
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úÿ,s WmlrKhl jeh jk cjh okafka kï tu WmlrKh Ndú; jk ld,h wkqj 

jeh jQ úÿ,s Yla;sh" tkï: úÿ,s tall .Kk .Kkh l< yels fõ' 

ksoiqk 10

5 kW úÿ,s WmlrKhla meh folla Ndú; l< fyd;a jeh jk Yla;sh .Kkh 

lrkak'
 

úÿ,s Yla;sh = cjh « ld,h 

  E = p.t
 = 5 × 2 kWh
 =   

 ² úÿ,s WmlrK i|yd jeh jk cjhka

úÿ,s WmlrK i|yd jeh jk iïu; cjhka" fjd,aàh;dj yd ixLHd;h úÿ,s 

WmlrKj, i|yka lr we;' f;dard .;a .Dyia: úÿ,s WmlrK lsysmhla i`oyd jeh 

jk idudkH cjhka my; olajd we;'

 jdhq iólrKh = 1000 - 2000 W
 úÿ,s Wÿk  = 1000 - 4000 W
 úÿ,s fla;,h  = 1000 W
 YS;lrKh  = 200 W
 .s,ajk ;dm o`.rh = 1000$1500 W
 frÈ fidaok hka;%h = 1500 W
 j¾K rEmjdyskS = 100 - 300 W
 ìu Tmoukh  = 500 W
 weUreï hka;%h = 300 W
 iS,sx úÿ,s mxldj = 100 W
 fïi úÿ,s mxldj = 40 W
 úÿ,s bia;sßlalh = 750/ 1500 W
 iQ;%sld myka  = 40 W/ 60 W/ 75 W/ 100 W
 m%§mk myka  = 20 W/ 40 W/ 80 W
 iqixys; m%§mk myka = 7 W/ 9 W/ 11 W/ 18 W/ 23 W
 n;a msisk Wÿk = 600 W

 ² úÿ,s ì, .Kkh

úÿ,s ì, .Kkfha § by; idlÉPd l< úÿ,s ì, .Kk hka;%Kh wkq.ukh l< 

hq;= h' úÿ,s ì, .Kkh wjfndaO lr .ekSug my; WodyrK i,lkak'
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ksoiqk 11

.ïno ksfjil ffoksl j my; i|yka WmlrK muKla Ndú;d fõ kï Èk 30l 

udihla i|yd by; i|yka lr we;s wh l%uh wkqj úÿ,s ì, .Kkh lrkak'

 ² 11 W jQ iqixys; myka 4la meh 5la 

 ² 100 W jQ l=vd j¾K rEmjdysksh meh 4la

  Èklg jeh jk úÿ,s Yla;sh  = ^11 × 4 × 5& + ^100 × 4& Wh
  = 620 Wh
udisl j jeh jk úÿ,s Yla;sh  = 620 × 30 Wh
   = 18'6 kWh

úÿ,s mßfNdackh tall 60lg wvq neúka fï mßfNda.sl uq,a ldKavhg wh;a fõ'

tall 18'6 i`oyd jk udisl .dia;=j = re' 2'50 × 18'6

     = re' 46'50
              udisl ia:djr wh lsÍu = re' 30
               udisl úÿ,s ì, = re' (46'50 + 30)
     = re' 76'50

ksoiqk 12

kd.ßl uOHu mka;sl ksfjil my; mßÈ ffoksl úÿ,s mßfNdackh isÿ fõ 

kï Èk 30l udihla i`oyd by; l%uh hgf;a úÿ,s ì, .Kkh lrkak'

 ² 11 W jQ iqixys; myka 5la meh 5la

 ² 600 W jQ n;a msisk Wÿk meh 1$2

 ² 1000 W YS;lrKh meh 10

 ² 200 W rEmjdysksh meh 5la

 ² 100 W iS,sx úÿ,s mxld 2la meh 5la

Èklg jeh jk úÿ,s Yla;sh   = ^11 × 5 × 5& + ^600 « 0'5& + ^100 × 10& + ^200  
 × 5& + ^100 × 2 × 5&

 = 3575 Wh
udisl j jeh jk úÿ,s Yla;sh  = 3'575 × 30 kWh
 = 107'25 kWh
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mßfNdackh tall 60g jeä neúka fï mdßfNda.slhd fojk ldKavhg wh;a fõ'

uq,a tall 60 i`oyd wh lsÍu = re' 7'85 × 60

B<`. tall 31 i`oyd wh lsÍu = re' 10'00 × 31

b;sß tall 16'75 i`oyd wh lsÍu = re' 21'75 × 16'75

uq¿ úÿ,s tall 107'25 i`oyd wh lsÍu = re' 471 + 310 + 364'31

 = re' 1145'31
iaÓr wh lsÍï ^udisl ia:djr .dia;=j& = re' 480'00
tu ksid udisl úÿ,s ì, = re' 1145'31 + 480

 = re' 1625'31

1'13'5  úÿ,sh wrmßiaiñka Ndú;fha jeo.;alu

úÿ,sh wrmfriaifuka Ndú; lsÍfuka ;udg o rgg o uyÕ= fiajhla isÿ fõ' my; 

i|yka lreKq wkq.ukh lsÍfuka fndfyda fihska úÿ,sh b;sß lr" kdia;sh wvq 

lr .; yels h'

 ² Ndú; fkdlrk wjia:dj, § úÿ,s WmlrKj, iemhqu úikaê lsÍu'

 ² iQ;%sld myka fjkqjg iqixys; m%§mk myka (CFL) fyda (LED) myka Ndú; 

lsÍu' fïjdfha ñ, wêl jqj;a wdhq ld,h jeä ksid §¾>ld,Sk j jdisodhl fõ'

 ² lshùu fyda iQCIau jev i|yd jeä §ma;shla we;s úÿ,s myka Ndú; lsÍu iy 

wfkla ia:dk i|yd wvq §ma;shla we;s úÿ,s myka Ndú; lsÍu'

 ² úÿ,s myka yd myka wdjrK l=Kq ¥ú,sj,ska f;dr j ksr;=re j msßisÿ j ;eîu'

 ² jev lrk ia:dkj,g fyd|ska iQ¾hdf,dalh ,efnk fia jev fïi ia:dk.; 

lsÍu iy ì;a;s yd iS,sx i|yd <d meye;s ;Ska; Ndú; lsÍu'

 ² t<suyka wdf,dalkh i|yd o kj LED myka Ndú;h yd p,khl § muKla 

l%shd;aul ùug p,k ixfõol fh§u'

 ² rEmjdyskS hka;%" DVD hka;%" leiÜ hka;%" mß.Kl hka;% wdÈh Ndú; 

fkdlrk wjia:dj, § o tajdfha cj iemhqïj, (Power supply unit) úÿ,sh iq¿ 

jYfhka jeh fõ' tneúka Ndú; fkdlrk wjia:dj, § úÿ,s iemhqu úikaê 

lr oeñh hq;= h'

 ² merKs úÿ,s W`ÿka fjkqjg laIqø ;rx. W`ÿka (microwave ovens) yd iïmSvk 

W`ÿka (pressure cookers) fhdod .ekSu' Whk msysk wjia:dj, § W`ÿkaj, 

fodrj,a $ mshka úáka úg újD; fkdlr tl úg wdydr Whd .ekSu l< hq;= h' 
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 ² frÈ fidaok hka;%j,g m%udKhg jvd frÈ" inka iy c,h fkdoeñh hq;= h' 

 ² yels iEu wjia:djl u frÈ wõfjka úh<d.kak'

 ² frÈ ue§fï § tl úg ueo .kak' frÈ uÈkfha m;=, fïifha  

fkd.efgk fia fl<ska ;nkak'

 ² iS,sx mxld fjkqjg fïi fyda isgqjk mxld Ndú; lrkak'

 ² jdhq iólrK 26 oCg jvd wvq lr fkd ;nkak' 

 ² YS;lrKfha my< fldgfia WIaK;ajh 3 oC / 40 oC muKo wê YS;lrKfha 

-15 oC / - 10 oC muK o ;eìh hq;= h'

 ² YS;lrKfha fodr fyd`Èka jeiS ;sìh hq;= h' rn¾ îäu fyd| ;;a;ajfha fkdue;s 

kï udre l< hq;= h' ^rn¾ îäfï inka ødjKhla mskaif,ka .d YS;lrKfha 

fodr jid ;nd nqnq¿ u;=jkafka oehs mÍlaId lrkak' nqnq¿ u;=jkafka kï 

ldkaÿùula we;'

 ² YS;lrKfha wêl f,i whsia ne|S we;a kï Y=oaO l< hq;= h'

 ² YS;lrKfha wêl f,i wdydr msrùu fkdl< hq;= h'

wNHdi 7

^1& zY%S ,xldfõ úÿ,s iemhqfï ixLHd;h 50 Hz fõ'Z fuu.ska l=ula woyia fõ o@ 

^2& cd, Wmfmd<l yd fnodyeÍfï Wmfmd<l we;s fjkialï idlÉPd lrkak'

^3& úÿ,s iïfm%aIKh wê fjda,aàh;djl;a mdßfNda.slhdg úÿ,s iemhqu wvq    

fjda,aàh;djl;a isÿ lsÍug fya;= idlÉPd lrkak'

^4& Y%S ,xldfõ fnodyeÍfï Wmfmd<l we;s mßKdulhl t;=ï iïnkaO jk    

wdldrh rEm igyklska fmkajkak'
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1'14        úÿ,s wdrCIdj (Electrical Safety)

úÿ,sh ñksidf.a tÈfkod lghq;= myiq lrùu i|yd Woõ jk ienE ñ;=frls' tfy;a 

thska m%fhdack .ekSfï § ie,ls,su;a fkdjqK fyd;a ;u Ôú;hg mjd ydks lrk 

oreKq i;=rl= úh yels h' tneúka úÿ,sh Ndú; lsÍfï § ;udf.a fuka u wka whf.a 

o wdrCIdj ms<sn| j ie,ls,su;a úh hq;= h' wfkl=;a ld¾hhka lsÍfï § tajdfha 

l%shdldß;ajh weig fyd|ska fmfka' tfy;a úÿ,sh tfia fmfkk fohla fkd fõ' 

wm olskafka thska ,nd.; yels w;=re M, muKs' Y%S ,xldfõ úÿ,s ier je§fuka 

jd¾Isl j mqoa.,fhda 180lg jvd ñh h;ss' tksid hï lghq;a;la i|yd úÿ,sh fhdod 

.kafka kï úÿ,sh u.ska we;s úh yels wk;=rej,ska wdrCId ù we;s oehs iEu úg 

u ie,ls,su;a úh hq;= h' tneúka úÿ,sfhka wdrCId ùu i|yd úÿ,s ier jefok 

wkaou" tys § isÿ jk ydks yd tajdfha m%n,;dj ms<sn|j o oek .; hq;= h' 

1'14'1  úÿ,s ier je§u (Electric Shock)

úÿ,s ier je§u hkq YÍrh yryd úÿ,s Odrdjla .uka lsÍu ksid laI‚l j we;s jk 

YÍrfha W;af;ackh hs' úÿ,s ier je§u ksid ysßjeàu" fõokdj" ms,ssiaiqu fuka u 

urKh o isÿ úh yels h'

                                  

úÿ,s Odrdjla .,d hEu i|yd iEu úg u úNj wka;rhla yd ixjD; mßm:hla 

wjYH jk w;r" úÿ,sh .,d hkqfha m%;sfrdaOh wvq u ud¾.fha fõ' úÿ,s ier 

je§ula isÿ jkqfha hï mqoa.,hl=f.a fyda i;l=f.a YÍrh" úÿ,s Odrdj .uka lrk 

mßm:fha fldgila jQ úg hs'

mqoa., yd foam< wdrlaIdfõ uQ,sl wjYH;djla f,i úÿ,s moaO;sh ksis mßÈ N+.; 

lsÍu w;HjYH fõ' l%ufõoh wkqj N+.; lsÍfï wdldr lsysmhla fõ' YS% ,xldfõ 

Ndú; jkqfha TT l%ufõohhs' fuu TT N+.; lsÍfï l%ufõofha § f;l,d iemhqfï 

WodiSk w.%h ^fnodyeÍfï Wmfmdf<ys we;s mßKdulfha oaú;shslfha fmdÿ w.%h& 

N+.; lr we;s w;r" mdßfNda.slhdf.a úÿ,s ia:dmkfha we;s ish¨u N+.; w.%hka 

tlg iïnkaO lr N+.; bf,lafg%davhla yryd fjku N+.; lr we;'

fmdf<dj iEu úg u Y+kH úNjhla orhs' tneúka hï mqoa.,hl= fyda i;l= fmdf<dfõ 

isg f.k isák w;r" hï fyhlska úÿ,sh f.k hk ikakdhlhla iam¾Y jqj fyd;a 

/yek yd fmdf<dj w;r we;s jk úNj wka;rh ksid YÍrh yryd úÿ,s Odrdjla 

fmdf<djg .,d hhs' tkuq;a tla wê fjda,aàh;d /yekla u; jid we;s l=re,a,l=g 

úÿ,s ier je§ula isÿ fkd fõ' fuhg fya;=j kï Odrdj .uka lsÍug ixjD; 

mßm:hla fyda l=re,a,d yryd úNj wka;rhla fkd;sîu h' 1'111 rEmfhka úÿ,s ier 

je§u úia;rd;aul j ksrEmKh flf¾'
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rEmh 1'111 - úÿ,s ier je§u

úÿ,s ier je§u wdldr follg isÿ fõ'

 ² iDcq j u iïnkaO ùu (Direct contact under normal condition)                                                                                        
  

iDcq j u iïnkaO ùu hkq iÔj ikakkdhlhla fyda úÿ,s WmlrKhl iÔj 

fldgila YÍrh yd Rcq j u iam¾Y ùu hs' túg 1'112 rEmfha fmfkk mßÈ fodaI 

Odrdj Rcq j u YÍrh yryd .uka lrhs'

rEmh 1'112 - Rcqj iïnkaOùfuka úÿ,s ier je§u

 ● wkshï wdldrhg iïnkaO ùu (Indirect contact under fault 
condition)

wkshï wdldrhg  iïnkaO ùu hkq iÔj ikakdhlhl fyda úÿ,s WmlrKhl iÔj 

fldgfia mßjrKhg ydks ùfuka úÿ,s WmlrKfha rduqjg fodaI Odrdj ldkaÿ 

ùu ksid tu rduqj iam¾Y ùu fya;=fjka fodaI Odrdj YÍrh yryd 1'113 rEmfha 

fmfkk mßÈ .uka lsÍu hs'
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rEmh 1'113 - wkshï wdldrhg iïnkaO ùfuka úÿ,sier je§u

1'14'2  úÿ,s ier wk;=reodhl ùug n,mdk fya;=

ksfjiaj, fndfyda ÿrg wk;=re isÿ jkqfha úÿ,s WmlrK u.sks' tkï: tajd 

Ndú;fha § úÿ,s ier je§ug we;s wjodku ms<sn| fkdie,ls,su;a ùu wk;=rej,g 

fndfyda ÿrg fya;=fjhs' tneúka my; i|yka lreKq ie,ls,a,g .; hq;= w;r ;ud 

fukau wka wh o ta ms<sn| j oekqj;a l< hq;= h'

úÿ,s ier je§u ksid YÍrfha hï iq¿ W;af;ackhla fyda lïmkhl isg ms,siaiSï 

fyda urKh olajd jQ fjkialula isÿ úh yels h' úÿ,s ier ksid isÿ úh yels 

wk;=f¾ m%udKh yd iajNdjh fndfyda ÿrg r`od mj;skqfha my; lreKq u; h'

(i) YÍrfha yryd úÿ,s Odrdj .,d hk ud¾.h yd tys m%;sfrdaOh

(ii) YÍrh yryd .,d hk úÿ,s Odrdfõ m%udKh yd tys iajNdjh

(iii) YÍrh iÔj mßm:hg iïnkaO ù ;sfnk ld,iSudj

 ● YÍrh yryd úÿ,s Odrdj .,d hk ud¾.h yd tys m%;sfrdaOh

Odrdfõ .ukg olajk ndOlh m%;sfrdaO jk w;r" Tïf.a kshuh ^V=IR& wkqj" 

lsishï úNj wka;rhl § m%;sfrdaO wvq jk úg jeä Odrdjla .,d hhs'

idudkH jevqKq ñksil=f.a wNHka;r YÍr m%;sfrdaOh o< jYfhka 1'114 rEmfha 

olajd we;s mßÈ fõ' tfy;a tla tla mqoa.,hdf.a YÍrh wkqj o" ldka;djla o 

msßñfhla o hkak u; o" YÍrfha Odrdj .uka .kakd ud¾.h wkqj o wNHka;r 

m%;sfrdaOh fjkia fõ' WodyrKhla f,i úh<s iula we;s mqoa.,hkaf.a wNHka;r 

YÍr m%;sfrdaOh jeä w.hla jk w;r oyäh ouk mqoa.,hkaf.a wNHka;r YÍr 

m%;sfrdaO wvq w.hla .kS' tf,i u .eyekshlf.a wNHka;r YÍr m%;sfrdaOh" tA 

m%udKfha u msßñhl=f.a wNHka;r YÍr m%;sfrdaOhg jvd wvq w.hla .kS' 
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remh 1'114 - jevqKq mqoa.,hl=f.a wNHka;r YÍr m%;sfrdaOh

mqoa.,hkaf.a wNHka;r YÍr m%;sfrdaOh ksh; w.hla fkdjk w;r" th úNj 

wka;rh iu`. fjkia ùu o f¾Çh fkdfõ ̂ highly non- linear&' tkï úNj wka;rh 

jeä ùfï § wNHka;r YÍr m%;sfrdaOh wvq ùula isÿ fõ' WodyrKhla f,i 10 V g 

wvq úNjhl § 20 kΩ jk wNHka;r YÍr m%;sfrdaO 500 Vg jeä úNjhl § 500 Ω 

muK olajd wvq fõ'

;jÿrg;a úuiSfï § wNHka;r YÍr m%;sfrdaOh úh<s ;;a;aj hgf;a 1 kΩ isg 100 kΩ 

olajd jeä w.hla .kakd kuq;a" f;;ukh jeä ;;a;aj hgf;a 500 Ω isg 1000 Ω 

olajd wvq w.hla .kakd nj m¾fhaIlhka fmkajd we;' 

YÍrfha Odrdj .uka .kakd ud¾.h ie,lSfï § w;a fol yryd ^tkï tla w;l 

isg wfkla w;g& fyda tla w;l isg úreoaO mi ll=,g fyda ysi isg ll=,lg 

fyda Odrdj .,d .sh fyd;a Odrdj yDoh fyda m%Odk bkaøsh yryd hk neúka tjka 

wjia:d b;d wk;=reodhl fõ'

Tï  kshuh wkqj m%;sfrdaOh wvq ùfï § isÿ jkqfha jeä Odrdjla .,d hEuhs' úÿ,s 

ier je§ul § ydksh wju lr .ekSug m%;sfrdaO jeä lsÍug Wml%u fh§fuka 

Odrdj wvq lr.ekSug yels fõ' mqoa.,hl= úÿ,s ier je§ulg ,la jk wjia:djla 

1'115 rEmfhka fmkajd we;' tys § n,mdk m%;sfrdaO mfilska fmkajd we;'
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rEmh 1'115 - úÿ,s ier je§ï § m%;sfrdaO msysgk wdldrh

1'115 rEmfhka fmkajd we;s mßÈ úÿ,s ier je§ul § Odrdj .,d hk m%;sfrdaO 

m%Odk jYfhka fldgia ;=klg fjka l< yels fõ'

1' úÿ,s /yek YÍrhg iïnkaO jk ia:dkfha m%;sfrdaOh

2' YÍrh fmdf<djg iïnkaO jk ia:dkfha m%;sfrdaOh

3' YÍrfha wNHka;r m%;sfrdaOh

lsishï fjd,aàh;djl § jeäysá mqoa.,hl=f.a YÍrfha wNHka;r m%;sfrdaOh wdikak 

jYfhka ksh; w.hla .kakd neúka Odrdj wvq lsÍug by; i`oyka l< b;sß ia:dk 

foflys m%;sfrdaOh jeä lsÍug isÿ fõ' tneúka iÔj ia:dkj, jev lsÍfï § wêl 

m%;sfrdaOhla iys; rn¾ w;a jeiqï yd mdjyka me,£u;a" fyd`o mßjrKh;a iys; 

wdhqO Ndú;hla" .klu jeä rn¾ m,ila u; isg jev lsÍu;a u`.ska m%;sfrdaOh 

jeä lr" úÿ,s ier je§ul § we;s jk Odrdj wvq lr .ekSug yels jk ksid 

wdrlaIdj jeä lr .; yels fõ'

 ●  YÍrh yryd .,d hk úÿ,s Odrdfõ m%udKh yd tys iajNdjh

úÿ,s ier je§ul § .,d hk úÿ,s Odrdj ksid YÍrhg jk ydksh m%Odk wdldr 

3lska isÿ úh yels h' 

1' iakdhq moaO;sfha yd yDofhys l%udkql+, l%shdldß;ajhg ndOd we;s ùu

2' YÍrh ^Odrdj .uka .kakd ud¾.fha we;s wjhj yd iu& ±ä ;dmhlg n`ÿka ù 

ms,siais hEu

3' udxifmaYSka yels,S hEu
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m¾fhaIlhkaf.a fidhd .ekSu wkqj m%;Hdj¾; Odrdjlska úÿ,s ier je§u ir, 

Odrdjlska úÿ,s ier je§u fuka 4 .=Kfha isg 5 .=Kh olajd wka;rdodhl fõ' úÿ,s 

ier je§ul § Odrdfõ ixLHd;h o wk;=r fld;rï oreKq fõ o hkak ;SrKh 

ùug n,mdhs' m¾fhaIlhka mjik mßÈ wka;drdodhl u ixLHd; jkqfha 50 Hz 
isg 60 Hz w;r yd ta wjg ixLHd;hkaf.ka hq;a m%;Hdj¾; Odrd fõ' wm Ndú; 

lrkqfha o tu ixLHd;hka ùu wNd.Hhls' tu ixLHd;hkaf.ka hq;a m%;Hdj¾; 

Odrd ksid jk úÿ,s ier je§ul § b;d oreKq udxifmaYS yels,Sï isÿ úh yels 

jk w;r" túg oyäh oeóu jeä ùu ksid ifuys m%;sfrdaOh o wvq lrhs' tl u 

fjda,aàh;djl § ir, Odrd fuka u wêixLHd; m%;Hdj¾; Odrd u`.ska úÿ,s ier 

je§u o 50 Hz
 
- 60 Hz ixLHd;fhka hq;a m%;Hdj¾; Odrd u.ska úÿ,s ier je§u 

;rï oreKq fkd fõ'

1'116 rEmfhka fmkajd we;af;a mqoa.,hl=g wk;=rlska f;dr j hïlsis fjda,aàh;djla 

w,a,d ord isáh yels ld,h fõ' th m%;Hdj¾; Odrdjg ^ac& yd ir, Odrdjg ^dc& 
fjkia jk wkaou rEmfhka ukdj meyeÈ,s fõ' WodyrKhla f,i 100 V m%;Hdj¾; 

Odrdjla wk;=rla fkdù w,a,d ord isáh yelafla ;;amr 0'8l muK ld,hka jqj o 

100 V ir, Odrjla fndfyda fõ,djla wk;=rlska f;dr j w,a,d isàug yels fõ' 

úÿ,s ier je§ug wrdlaIdldÍ fjda,aàh;djka mqoa.,hdf.a wNHka;r YÍr m%;sfrdaOh 

u; fjkia jk nj wjfndaO lr .; hq;= fõ' flfia fj;;a 50 Hz - 60 Hz 
m%;Hdj¾; Odrdj" ir, Odrdjg jvd wka;rdodhl nj meyeÈ,s fõ'

10
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touch voltage (V)
rEmh 1'116 - w,a,d ord isáh yels fjda,aàh;dj

ir, Odrdj jqj;a m%;Hdj¾; Odrdj jqj;a úÿ,s ier je§ul § Odrdj jeä ùu;a 

iu`. isÿ úh ye;s ydksh jeä fõ' úÿ,s ier je§ul § YÍrh ;=<ska .,d hk 50 Hz 
m%;Hdj¾; Odrdfõ m%udKh u; we;s jk m%;sM,h o< jYfhka my; j.=fõ olajd 

we;s mßÈ ú.%y l< yels h'
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YÍrh ;=<ska .,dhk Odrdj m%;spdrh

0'001 A 

0'009 A

0'03 A 

0'1 - 0'2 A

iu k<shñka úÿ,s ier jÈk nj ±fka'

udxifmaYSka ;o jk w;r" iakdhq moaO;sh iemhqï 

ixLHd;h wkqj yeisf¾' 

yqiau .ekSu wmyiq jk w;r" úkdählska muK 

kej; h:d ;;a;ajhg meñŒug fkdyels jk f,i 

wk;=re isÿ fõ' 

yojf;a flaIsld ;ka;=j, l%shdldß;ajh wvmK 

jk w;r" laIKsl j urKh o isÿ fõ'

we;eï wjia:djl § Odrdj jeo.;a bkaøShka yryd fyda iakdhq flakaøhka yryd 

.uka fkdl<;a úÿ,s ier je§ul § ndysr fyda wNHka;r ms,ssiaiqï we;s úh yels h' 

fufia ms,siaiqï isÿ jkafka úÿ,s Odrdj .uka lsÍfï § mgl u; we;s jk ;dmh 

fya;=fjka jk w;r iu u; fyda YÍr wNHka;rfha udxifmaYSka fuka u weg o 

ms,siaiSug yels h' 

by; ir, Odrdj m%;Hdj¾; Odrdj fuka wk;=reodhl fkdjk nj i`oyka l< o 

ir, Odrdj ksid fndfyda úg ms,siaiqï we;s fõ'

 ●  YÍrh iÔj mßm:hg iïnkaO ù ;sfnk ld,iSudj

Odrdfõ m%udKh fuka u YÍrh mßm:hg iïnkaO ù ;sfnk ld,iSudj o úÿ,s ier 

je§ul § isÿ jk wk;=f¾ iajNdjh ;SrKh ùug n,mdhs' 10 µA g wvq Odrdjla 

jeä ld,hla YÍrh yryd .,d .sh o wk;=rla isÿ fkd fõ' tfy;a Odrdj Bg jeä 

ùfï § wvq ld,hl § jqj o oeä ydkshla isÿ ùug yels h' 

Tn okakjdo@

•	 weïmshr	 1lg	 jvd	 wvq	 Odrdjlska	 jqj	 o	 ms,siaiSula"	 oreKq	 wdndOhla	 fyda	

we;eï úg urKh mjd isÿ úh yels h'

•	 15	W /230 V muK jk CFL n,anhla ,nd .kakd Odrdjlska jqj o urKh 

isÿ úh yels h'

•	 f;;ukh	 we;s	 ia:dkhl	 kï	 wvq	 fjda,aàh;djlska	 jqj	 o	 wk;=rla	 isÿ	 úh	

yels h'

•	 úÿ,s	Odrdj	280"000	kms-1 l muK wêl fõ.hlska Cu lïìhla ;=<ska .uka 

.kS' tneúka fndfyda úg bka ñ§ug we;s ld,h iSñ; h'

•	 iEu	úg	u	úÿ,sh	iys;	wkdrCIs;	i:dkj,ska	wE;a	ù	isàh	hq;=	h'

•	 lsis	úgl	j;a	úÿ,sh	úikaê	fkdlr	úÿ,s	ier	je§	isàk	whl=	fírd	.ekSug	

fkd hkak' thska Tng o úÿ,s ier je§ug bv we;'   
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1'14'3 ksfjil úÿ,s moaO;sfha ;sìh hq;= wdrCIl WmlrK (Safety Devices)

úÿ,s WmlrK Ndú; lsÍfï § ksfjfia ta i|yd iú lr we;s wdrCIl WjdrK hï 

fodAI wjia:djl § ksis mßÈ mßm:h yd úÿ,s WmlrKh wdrlaId lrkafka oehs iel 

yer oek.; hq;= h'

 ² úÿ,s moaO;sh iïmQ¾Kfhka iemhqfuka fjka lsÍug yels 

mßÈ jyd <Õd úh yels ia:dkhl m%Odk jyrej (main 
switch) fyda fjkal=rej (isolator) iú l< hq;= h'

 ² N+.; fodAIhla fyda úÿ,s ldkaÿjla we;s jqK wjia:djl 

§ úÿ,s moaO;sh iïmQ¾Kfhka iajhxl%Sh j iemhqfuka 

fjka lsÍug yels mßÈ fYaI Odrd mßm: ì|skhla 

(Residual Current Circuit breaker - RCCB )  iúlr 

;sìh hq;= w;r" th wju ;rñka uilg jrla j;a 

tys we;s fnd;a;u Tnd th l%shd;aul jkafka oehs 

msßlaish hq;= h' 

 ² N+.; jhrh fmdf<djg iïnkaO lr we;s 

bf,lafg%davhg fyd`oska iïnkaO j we;a 

oehs ks;r mÍCId l< hq;= h'

 ² flá mßm: (short circuit) ùul § mßm:h 

fyda WmlrKh wdrlaId lsÍu  i|yd iEu 

Wm mßm:hla u (sub circuit) isÕs;s mßm: 

ì|skhlska (Miniature Circuit Breaker - 
MCB) wdrCId lr ;sìh hq;= w;r hï fodaI 

wjia:djl § isÕs;s mßm: ì|skhla l%shd 

úrys; jqj fyd;a fodaIh bj;a lsÍfuka miq 

j muKla isÕs;s mßm: ì|skh kej; l%shd;aul l< hq;= h'
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1'14'4  úÿ,s WmlrK Ndú;fha § .; hq;= wdrCIl ms<sfj;a (Safety Tips)

 ² úÿ,s WmlrKhla Ndú; lsÍug fmr ̂ úfYaIfhka 

l,lska Ndú; lr fkd;snqKs kï& tys wdjrKhg" 

iemhqï flan,hg ydks ù we;a oehs mÍlaId l< 

hq;= h'

 ² úÿ,s fmakqjla (plug) flfjks msgqjdklg (socket outlet) fyd|ska iú lsÍfuka 

miq muKla tys we;s we;s jyrej (switch) l%shd;aul l< hq;= h' tf,iu úÿ,s 

fmakqj .e,ùfï § o jyrej l%shd úrys; lr isàh hq;= h' tfia ke; fyd;a úÿ,s 

mq<sÕ= we;s ùu ksid ydks we;s úh yels h' 

 ² úÿ,s WmlrKj,g iemhqu ,nd§ug Ndú; lrk È.=jka (extension cords) l=vd 

<uhs bkakd ia:dkj, fkd ;nkak' tf,i u flfjks msgqjdkj, (socket 
outlets) w.%j,g l=vd <uhs weÕs,s .eiSu je<elafjk fia wdjrKh ù ;sìh hq;= 

h'
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 ² lsis úgl j;a flfjks msgqjdkj,ska (socket outlet) fmakqjla (plug)  .e,ùfï § 

flan,fhka we§u fkdl< hq;= h' fmakqfjka flan,h .e,ù hEfuka wk;=rla 

isÿ úh yels h'

 ² úÿ,s WmlrKj, we;s jk ;dmh bj;a ùu i|yd 

wjg fyd| jd;dY%hla ,efnk mßÈ úÿ,s WmlrK 

ia:dk.; lr ;sìh hq;= h' Ndú; lrk wjia:dj, 

§ wdjrKh lr fkd;sìh hq;= h' wêl ;dmh 

fya;=fjka .sks .ekSï mjd isÿ úh yels h'

 ² wêl úÿ,s cjhla ,nd .kakd úÿ,s WmlrKj,g 

^jdhq iólrK hka;%" úÿ,s ;dml" úÿ,s fla;," n;a 

msisk hka;%" frÈ fidaok hka;+ wdÈh& ;ks flfjks 

msgqjdklska (socket outlet) iemhqu ,nd Èh hq;= 

h' tu flfjksfhka tlúg fjk;a WmlrKj,g 

iemhqu ,nd fkdÈh hq;= h'

 ² iEu úg u l%shd;aul jk úÿ,s WmlrK wi,g l=vd 

<uhskag <xùug bv fkd ;nkak' tkï úfYaIfhka 

;dmk yd N%uKh jk WmlrK jk úÿ,s bia;%slal" 

úÿ,s fla;," úÿ,s ;dml" úÿ,s mxld" úÿ,s fudagr" 

úÿ,s W÷ka wdÈh iam¾Y lsÍfuka wk;=re isÿ úh 

yels h'

Educational Publications Department



133132

 ² wêl ;dmhla we;s WmlrK wi, fyda iam¾Y jk 

mßÈ úÿ,s flan, fkd;eìh hq;= h' 

 ² úÿ,s WmlrK ;=<g yd úÿ,s fmakq (plugs), flfjks msgqjdk (socket outlets), 
jyre (switchs)  jeks úÿ,s WjdrK ;=<g c,h we;=¿ ùu je<lsh hq;== h' ta i|yd 

cfka, wi," t<suyka ia:dkj, yd c, lrdu wi, úÿ,s WmlrK fkd;eìh 

hq;= h' 

        

 ² lsis úgl j;a f;; iys; w;aj,ska  úÿ,s 

WmlrK" flfjks msgqjdk (socket outlet)  
fyda jyre (switches) we,a,Sfuka je<lsh 

hq;= h'

 ² c, .e,Sï wjia:dj, úÿ,s iemhqu úikaê 

lr ;nkak'
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 ² rEmjdyskS hka;%" DVD hka;%" ix.S; 

WmlrK" mß.Kl hka;%  wdosh Ndú; 

fkdlrk wjia:dj, § tajdfha úÿ,s iemhqu  

úikaê lr ;nkak' thska úÿ,sh o msßuefia'

 ² úÿï hka;% Ndú;fhka ì;a;s ú§fï § ì;a;s 

we;=<; úÿ,s flan, ;sìh yels neúka ta 

ms<sn| l,amkdldÍ úh hq;= h'

1'14'5  úÿ,s moaO;shl jev lsrSfï § .; hq;= wdrCIl ms<sfj;a (Safety 
Precautions)

by; úia;r l< mßÈ ksfjiaj, flfrk idudkH lghq;=j,g jvd jeä wdrlaIl 

ms<sfj;la úÿ,s moaO;shl jev lsÍfï § .; hq;= fõ' tneúka úÿ,s moaO;shl hï 

fodAIhla ksjerÈ lsÍu fyda fjk;a jevla wdrïN lsÍug fmr my; i|yka wdrlaIl 

ms<sfj;a wkq.ukh l< hq;= h'

 ² ksjerÈ j úÿ,s wdrlaIK we`ÿï lÜg,fhka ieriSu ^Wod (- ksjerÈ w;a jeiqï" 

mdjyka Ndú;h&

 ² úÿ,s iemhqu úikaê fldg" mßm:h iemhqfuka iïmQ¾Kfhka fjka lsÍu'

 ² jev lrk w;r;=r úÿ,s iemhqu fjk;a whl= úiska iïnkaO lsÍu je<elaùu 

i|yd oekaùï mqjrejla fh§u fyda m%Odk jyrej w.=¿ ,Eu'

 ² jev lrk úÿ,s moaO;sfha iemhqu fkdue;s nj ;yjqre lr .ekSu' 

 ² jev lrk moaO;sfhys ikakdhl tlsfkl tlg ¨yqj;a fldg N+.; lsÍu'

 ² jev lrk moaO;shg wh;a fldgi fjka lr" wfkla iðj fldgia YÍrfha 

fkd.efgk mßÈ wdjrKh lr ;eîu'
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rEmh 1'117 úÿ,s moaO;shla jev lsÍfï § .; hq;= wdrlaIl ms<sfj;a

 ² úÿ,s /yekaj,ska úÿ,s ier je§ul § .; hq;= wdrlaIl l%shd ud¾.

by; úia;r l< l%shd ud¾. fkdms<sme§u fya;=fjka fyda hï w;aje/oaola isÿ 

ùfuka fyda fkdie,ls,su;alu ksid fyda úÿ,s ier je§ula isÿ úh yels h' tjeks 

wjia:djl	§	l,a	fkdhjd	wk;=rg	m;a	mqoa.,hd	bka	fírd.ekSug	jyd	mshjr	hq;=	

h' fuys § ksishdldr j wjYH mshjr fkd.kafka kï wk;=rg m;a mqoa.,hdf.a 

;;a;ajh ;j;a W.% úh yels w;r Woõ lsÍug hk mqoa.,hdg o úÿ,s ier jeosh yels 

h'	 tfyhska	 úÿ,s	 ier	 jeÿKq	 mqoa.,fhl+	 fírd.ekSfï	 §	 .;	 hq;=	 wdrlaIl	 l%shd	

ud¾. ms<sn| j oek isàu b;d jeo.;a fõ' my; igyfka fï wdrlaIl l%shd ud¾. 

olajd we;' 

Educational Publications Department



137136

^1& jyd úÿ,sh úikaê 

lrkak'

^3& ffjoHjrhl= 

le|jkak'

^2& wk;=rg m;a mqoa.,hd 

jyd tu ia:dkfhka 

bj;a lrkak'

^4& frda.shdg isÿù we;s 

ydksj, iajNdjh 

mÍCId lrkak'

^5'0& frda.shd milg 

yrjd ;nkak'

^6'0& ffjoHjrhd ,jd 

frda.shd mÍCId 

lrjkak'

^4'0& Yajikh $kdä 

jeàu$lïmkh 

mÍCId lrkak'

^4'1& Yajikh kej;S we;a 

kï ia:dkfhka bj;a 

lrkak'

^5'1& jyd lD;%su Yajikh 

,nd fokak'

^6'1& frda.shd frday, fj; 

f.k hkak'

^2'1& .sks ygf.k we;a kï         

jyd ksjd oukak'

^4'2& lïmkhla ygf.k 

we;akï ia:dkfhka 

bj;a lrkak'

^5'2& frda.shdf.a fomh 

Tijd ;nkak'

^6'2& frda.shd frday, fj; 

f.k hkak'

^1& jyd úÿ,sh úikaê lrkak

    

úÿ,s iemhqu l%shd úrys; lsÍu jyd l< hq;= jqj;a hï fyhlska Bg ndOdjla fyda 

È.= ld,hla .; fõ kï 1'118 rEmfha mßÈ fyd| rn¾ jeks m,ila u; isg úh<s 

,Shla jeks mßjdrl oKavla wdOdrfhka wk;=rg m;a mqoa.,hd úÿ,s iemhqfuka 

bj;a lsÍug l%shd lrkak ^fuys § úh<s froaola Tyqf.a bK jgd hjd bj;g we§u 

o l< yels h&'
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rEmh 1'118 mqoa.,hl= úÿ,s iemhqfuka bj;a lrk wdldrh

^2& wk;=rg m;a mqoa.,hd jyd tA ia:dkfhka bj;a lrkak

fuys§o Tyqf.a YÍrh Rcq j u iam¾Y fkdlr Tyqf.a we÷fuka fyda fjk;a úh<s 

froaolska we§fuka Tyq wk;=r jQ ia:dkfhka bj;a l< hq;= h'

^2'1& .sks ygf.k we;akï jyd ksjd oukak

.sks yg f.k we;a kï úÿ,s .sks ksùu i|yd Ndú; lrk ldnka vfhdlaihsâ fyda 

úh<s l=vq wvx.= .sks ksjkhla Ndú;fhka .skak ksjd oukak' úÿ,sh fkdue;s nj 

okafka kï muKla ta i|yd c,h jqj o Ndú; l< yels h' frda.shdf.a ms,siaiqï 

;=jd, we;a kï msßisÿ isis,a c,fhka isis,kh lrkak' 

^3& ffjoHjrhl= le|jkak

ffjoHjrhl= $ .s,ka r:hla f.kaùug lghq;= lr Tjqka meñfKk f;la my; 

i|yka mshjr .; hq;= h'

^4& isÿ ù we;s ydksj, iajNdjh mÍlaId lrkak

m%:udOdr iemhSug fmr frda.shdf.a ;;a;ajh mÍCId lsÍu b;d jeo.;a fõ' fuys 

§ frda.shd yqiau .kafka o" yojf;a l%shdldÍ;ajh hym;a o" Bg wu;r j YdÍßl 

;=jd," ms,siaiSï" yd wiaÓ ì|Sï wdÈh we;a oehs msßlaish hq;= h'
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^4'1& Yajikh $kdä jeàu kej;S we;a kï

lkakdähla kdih iy uqj wi,g f.k tafuka ta u; yqud,h nef|a kï Yajikh 

isÿ jk nj oek .; yels h' tfia ke; fyd;a ieye,a¨ lvodis lene,a,la kdih 

iy uqj wi,g f.k tafuka th p,kh jkafka kï Yajikh fyd|ska isÿ fõ' 

wf;ys kdä mÍlaId lsÍfuka yojf;ys l%shdldß;ajh mÍlaId l< yels h'

fuys § lD;s%u Yajikh ,nd §u i|yd uqjg - uqj l%uh;a yojf;ys l%shdldß;ajh 

i|yd yoj; iïndykh (heart massage) lsÍu;a l< yels h' fuh b;d blaukska 

,ndÈh hq;af;a úkdä y;rla jeks iq¿ ld,hla ;=< fud<hg ,eìh hq;= Tlaiscka 

m%udKh fkd,enqK fyd;a urKh mjd isÿ jk neúks' 

^4'2& lïmkhla ygf.k we;akï   

lïmkhla yg f.k we;a kï" kdä jeàu fõ.j;a kuq;a ÿ¾j, fõ' YÍrh YS;, 

iajNdjhla .kakd w;r k<, u; oyäh we;s fõ' túg frda.shd 1'119 rEmfha mßÈ 

Wvqne,s w;g ìu È.d lr fomh Tijd ;nd YÍrfha f,a .ukd.ukh we;s lrkak'   

  rEmh 1'119 úÿ,s ier je§ lïmkhla we;s jQ úg frda.shd ;nk wdldrh

^5'0& frda.shd me;a;lg yrjd ;nkak

by; i|yka m%:udOdr iemhSfuka miq my; 1'120 rEmfha fmfkk mßÈ T¿j u|la 

by<g kefuk fia ;nd frda.shd me;a;lg yrjd myiq bßhõjka" fyd|ska jd;dY%h 

,efnk fia ;nkak' 
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rEmh 1'120 m%:udOdrj,ska miq frda.shd ;nk wdldrh

^6'0& ffjoHjrhd ,jd frda.shd mÍCId lrjkak

frda.shd h:d ;;a;ajhg m;a ù we;a oehs ;SrKh l< yelafla ffjoHjrhl=g muKla 

neúka bÈß l%shd ud¾. .ekSu Tyqf.a Wmfoia wkqj isÿ úh hq;= h' tfia ke; fyd;a 

frday,la fj; /f.k hd hq;= h'

  

wNHdi 8

^1& tla úÿ,s /yekla u; jid isák l=re,a,l=g úÿ,s ier fkdje§ug;a úÿ,s 

reyekla t,a,S wfkla úÿ,s reyefka jeÿKq jjq,l=g úÿ,s ier je§ug;a fya;= 

idlÉPd lrkak'

^2& zzúÿ,s ier je§ul § ir, Odrdjg jvd m%;Hdj¾; Odrdj wk;=reodhl fõZZ 

fuh idlÉPd lrkak'

^3& fYaI Odrd mßm: ì`Èkh yd is`.s;s mßm: ì`Èkh l%shd;aul jk wjia:d i`oyd 

meyeÈ,s WodyrKh ne.ska fokak'

^4& úÿ,s moaO;shl jev lsÍfï § .; hq;= wdrlaIl ms<sfj;a fudkjd o@
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