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Drev’b #Kt>*3j tcOiY cOvsl
=)+ #K wewfbce mve-#+kb ch©3f D”P cviqui
cwientbi Rbth wekvj tbUIqvK© eéiiZ nq ,
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1] cOngwx Uavagkbt 230#Kwf, 132 tKwf
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wdWVvi t Rbelj GjvKvi mwnZ tRbv#iwUs t+k+bi
ms¥hvM mvabKvix tgvUv cwievnx Kvej*K wdWvi
e¥] A_evmve¥:+kbt ¥K Rbelj GjvKvi UavYdigv#ii
cOvBgvix ch©3l msthvM mvabKvix tgvUv
cwievnx Kvej*tK wdWvi ej|

wWw+2weDUit Rbeiij GjvKvi U2vYdigviii
tm#KUvix t_#K th jvBb tei n*q hvq Ges D* jvBb
cwievnx t_#K Uiwcs Kii MOvn#Ki wgUv#i msthvM

t’Iqv nq, D® cwievnx#K wWw+2weDUi efj]



:>mvwf©m tgBbt th Kvetji
gva¥tg wWw-+2weDUi t K
Uvwcs Kl M?vnK#+'i
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Gwm U2vYwgkb wWwm U2vYwgkb

1| wZb Zvi cO¥qvRb Ges 1| “yBZvi jviM ZvB Zvgvi LiP
Zvgvi LiP tekx Kg|
2| BUVK#UY, KicvwmUi, 2| BnviZ Gmiei cOfve tbB|
cviqgvi dvti Ges mv#ROi 3| Bnv¥Z w<b B¥d+ tbB]|
cOfve we'gvb | 4| BnviZ Bbmyijkb Kg
3| w<b B¥d+ we gvb| jviM|
4| Bnvi cwienb Kveij 5| *fv¥eR tiFjkb DboeZ|
Bbmy#jkb tekx jviM| 6| D* cwientb tfviéR#K t+c-
5| tfv#€R ti Ffjkb wbroegvtbi| Avc Ges t+c- WvDb Kiv hvq
6| tfvtéR#K t+c Avc Ges bv|

t+c-WvDb Kiv hvq]|



1.5 IfvitnW Ges AvUviMOvDU wm#+g
Gi g¥a'Zzjbv t

IfvitnW wm#+g AvUviMOvDU wmi+g

1| IfvinW jvBb mvavibZt 1| Bnv KUzBU ev tU?#Ai g#a”
KvV/Ks&wpU/6xj tevj A_ev w#q wbiq hviqv nq]
Uviqv+i Bbmy#jUtii gva¥g 2| Bnv¥Z cOv_wg&K LiP

Szjvibv _viK]| tekx|

2| cOv_wgK LiP Kg| 3| ijYvieyY LiP Kg|

3| iyYvieyY LiP ZzjbvgyjK  4|KUvzi “Gvwms Kg _viK
tekx| efj jvB¥b tfv¥éR W?3c Kg nq]|
4| KOv+i “GUwms tekx _v#K 5| Bnv#Z eé~'v wb+Z nq bv|
etj juBtb tfv+éR Wac tekx

nq|

5| mvRO tfvéR
cOwZiivwa eé'v wb#Z nq|




U2vYwgkib cwievnxi AvqZb Kg jviM Ges yZv tekx
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*fv@RUavagk*biZyjbvqan*fv*élRUavagk*bimyweavt
1| D”P tfv¥é*RcviqviU2vYwgk+bcwievnxiAvgZb
Kg jv¥M|
2| D"P HfviétRU2vYwgkbjvB+bi “jZve,wx cvq|
cOgvYt 1| D"P tfviétReviqviU?vYwgkibcwievnxiAvqZb Kg

jviMt
awi, wZb¥dRGwmU?vYwgkbcvIqvi = P Watt
jvBbtfviéR = Vvolt
HvWevlqidv i = cos ()
UavagkijB*bl NO~ =Lm
cOwZZviiitiva =RQ
cwievnxZv#iiAvicwyK tiva = pQ-m
cwievnxZviiicO™+"Q = Asqg-m



jV \/_vcos(b R= Z

pl

— 2J2R-= p 2
W= 3I"R=3 \/§vcos®) A

2
p?plL
So, A=
¢ wv?2 cos (2

ZvBjvBbcwievnxiAvgZb = 3AL
_ 3 p2pL2
wv?% cos (>

AZGe Dc#iv’ mgxKibt #K Avgivt'L¥Z cvBth
D”P
tfvtétRcvIiquiUvYwgkibjvBbcwievnxiAvgZb

Kgjv



Z—I D"P'F l“‘R|'a !'Z II. BII.
yZve, wxicOgvYt
BbcyUcviqvi= P + ¥gvUAcPq (jm)

—p4+ p?pL
" w2 cos 024

g¥bKwi, cwievnxiKv*i>U+wame =

" 14
Zvn jA ; (\/_v o5 07}

AZGeBbcyUcviqvi = P(1+ —

U av?wgkb ‘yZV — Output power

V3JPL

)

Input power

_ i 3]pL

=(1 V cos (D) I
GLvbt_#K Avgivt L#Z cvBth, D"P

tfviefRU>vYwgkbjvB*bi yZvtekxnq]



®» mgvb cviqui tcOi#Yi 1 wWwm “yBZvi cxwZi
Zzjbvg Gwm wZb*dR wZbZvi cxwZi Zzjbv Ki]
DEit Dfqty#img yi#Z;
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_»wamen‘y*Ig*wan
KUv+iGes Av¥ ©i g*a'weivRgvbme©vwaKtfviéR = V,,
JvBbKv#i>U =1
cOwzZjvB+bitiva = R,
AZGetgvUcviqvip =V, 14
cviqvijmw -2112R1
\nb*deZwaGwmrfy*It
cOwZ jvBibi tiva = R,
HvWdv i =cos @
jvBb Kv#i>U =1,
iy . Vin
#HvietRir.m.sGigvb =7




¥gvUcvlqvi, p=3V I, cos @
= 3], cos P
=371 cos

GescvIqviAcPqW = 31,°R,
AZGekZO©Ovbymv#i VI = 3V—’;‘ I, cos®

; V2
I = 32C0S Peeeveennnnnne - (1
X 3=cos @ (1)
3122R2 - 2112R1
mgvavbK#icvB,
R1 _ 1 _ ar
R, 3cos®? al
Total volume of the three wireac 3 1

=0.50.

Total volume of the two wire dc 2~ 3 cos @2




1|cOkcetDfh ty#Ith tKvbKUv+i I Av¥ ©i g+a”
m+ev©”P tfv¥éRmgvba#i
'yBZviwWwmcxwZimwnZGwmwZb*dRPvic x
wZiZvgviZzjbv Ki|
1 bsGigZ GKB iay thvMKi*Zn#ebx#PiAskUzKz

Total volume of the ac three phase four wire _3.5 azL _

total volume of the dc two wire 2a41L

32 ___ 0.5833 =58.33%

6 cos (P2
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KOvET TgFUwiqvj cOFqvRb nq, d¥ KUVZEi LiP Kg cFil
ZvB me©wbrce KUvti K+ ivL¥Z tfv¥éRiK mndeZ
e,wx Kiv ng|Avevi UvYwgkb tfviéR e,wx *cij,
BbmyzjUi, U3vYdigvi, myBPwMqvi I Abi’b hs;cvwZi
LiP AvbvcvwZK nvii teto hvqg| ZvB U2vYwgkb tfviéR
MOnYthvM~™ mxgvq e,wx Ki¥Z ng| me LiP
me©wbroe ch©Oviq ivL¥Z th tfviéR cO*qvRb nq,
ZviK wgZeix HvieR etj| GKUv +vUvW®© U2vYwgkb
tfvtéRn ivL¥Z wbincev® dvti #jv wetePbv Kiv

ng| U3vYdigvi, myBPwMqvi, jyBwUwbs Gti+vi Ges

BbmyHUimvicvUO BZiw |



|:va Kz#jkbt

BKvbwgKU2vYwgkbtfviéRKvjKztjkibiRb™
Kvejwimvm© nivUeyK KZ...OK
cO'EGKwUm~IAb~m, Znq| m~IwUwbnceifct
Lkm1 1_Zoad in KVA

(™ . .y PAPIVVITNT PLA'AL 1) 4’
lll-l\?‘.l‘l‘ll"q-l"‘ ‘ & ’;IIIII"JL‘AI ll

Al EAAVAA'A RSN N R AL

Uwee,,ZKlthOkoet +Kjwf*blwg2equ~Iwaee,,Z
Ki]

DEitkw?® cwienzbity# th cwievnxZviiicO™'#" Q¥
cOv_wgKLitPievwl©OK my’ I AePq,
KOvzitiwR+VYRwbZevwl©KAePqK...Z  GbvwR©  Ki#+i
mgvbngq, D3 cO'#'Q+'B wgZexcO'#'Q’|
cwieZObkxjevwl©OKPVRO Tk PA Gesevwl© KAcPqRwbZPvRO
:Hﬁ ,Z I.”E. Eiloi

mylbyhvqx, PA=



Do tHjwitbi-wgZegx m~IwlU-wee, Z 1

j‘> _evLv Kil :
1881 mvij weAvbx tKjwfb B¥KvbwgK KUv i
mvBR wbifctbi Rb'GKwU m~I cOeZ©b K¢ib, Zvnv
tKjwfibi m~I bvig cwiwPZ| Zvi g+*Z Uavagkb
jvB*bi evwl©K LiP b~bZg ivL¥Z th cO™'+"Q¥'i Zvi
eénvi Kiv nq, Zvnv nte me©#cyv wgZeqx|
eVLit eVcK A¥ © U2vYwgkb jvBtbi tgvU LiP yB
Astk wef’t
1| gyjatbi Ici evwl©K PVRO
2| evwl©K kw®i AePqRwbZ LiP|




[> 1| gyjatbilcievwl ©KPvROtU?vYwgkbjvBibi
Bb +#jktbimvgwMOKeg A_©vrKUv+imvicvU© I
Bbmy#jU#ii 'vg Geswbg©OvYeqBZvw'
Li¥Pievwl©OK m~" I AePqgyj| AZGeevwlOK m~"
GesAePq =Tk(P4+PA). . .(1)

2)2levwl©K kﬁPV*th&RMMP‘\ EwiVloKGbvwR©
AePgRwbZLiP= Tk. Z GLvibQ a’ee|

AZGeerm*itgvUAvw_OK ywZL= [Tk(P,+PA) +Tk.z]
GLb = =0 GB ywZicwigvbmetPtq Kg nte| ZvB
Dctiv’ mgxKib t_#K cviquhvg, PA=7 |



I ’ Graphical Representation of kelvin’s law: l
Ry




Hevivwd Wi th™ 160-
wK#jviquUcviqvimieivnKi+Zn+e|

ms- vcbmncOwagUV|Kve=l=j| ‘vg (6A+1.3)UvKv,
+hLv=FchwZKve=l=j|cO Q" A eMOfmw>UwgUvi |
evimwiK m~" I AePq 10% AePgK...Z GbvwR®©i 'vg 5
cqmv cvi BowU| Zv*iiAv*cwyK’rivalJSx 10~ °Ing-

cOwZwgUviKveiji “vg TK. (6A+1.3) UvKv, 1000wgUvi
Kve#ji 'vg =1000x TK. (6A+1.3)|
10% wnmvieevwl©OK m~" GesAePq =

10
100 X (6000A)Tk=Tk600A ,

p=1.75%10%0Q — ¢m A =? And —

=2



1.75%x10-°%x1000 0.175

ol
R7km-Z- v =——1

100x1000

= 2 = =
Full load current | = - =00 200 amps

"yB#KviitgyUGbvwR®© jm = 2J°Rt X 10 >KWH

0.175 1.23x10°

= 2% 2002 X —— X 8760 x 1073= ———KWH

cOwZBDwb*Uiwe yiLiP 5 cqmvwnmvieAePqK...Z

GbvwR©i tgvUAvw_©K g~j = Tk 0.05

5
1.23%x10 KWH = Tk61ASO

#Kjwfbim~it_#K cvB ,Tk™=> = Tk600A

A=3.201 cm?

I 200

Current density =_= — = 62.96 amp/cm?.







2.1 wm#$+g jmt

wm#+g jm wK?

Drcvb tK$H 2 wbR™A eénvimn hs;cvwZi AcPq,
cwienbK...Z Zv#ii tiwR:UY RwbZ AcPq Ges AbvbT
KvwiMwi-AKvwiMwi AcPq ‘yieeb mvgwMOKfvie th
AcPg nq ZviK wm#+ g jm efj|

wmi+g jm = (¥gvU Drcvw'Z kw’- tgvU eéiiZ
kw?)/(¥gvU Drcvw'Z kw?)|

wmi+g jmiK Av_© mvgvwRK tcOjvciU cOavbZ
'yBfviM fvM Kiv hyq t

g WITI+ =g Jim 3
KvwiMwi AKvwiMwi|




1| KvwiMwi yjmt K) cwienb jvB*bi InwgK
‘AePq,

L) eénvh© hs;cvwZi AcPq

M) B>UviKvib$¥tW 1tbUIqv+K©i
AePq,

N) wdwWs eé'vcbvi AePq ,

O) weyi tKH?i wbR™A eénvi
RwbZ AePq GB jfmi Asi©fz®|
2| AKvwiMwi jmt K) A%ocea msthvMRwbZ
jm|

L) KbRvaukb jm|

M) wewjs jm |

N) Kv#jKkb jm BZiw|



2.3 KvwiMwi jm Kgv¥bvi Dcvgmgynt

1| Drcv'b tK>2 n¥Z b6 BDwbU #jv hZ?yZ

mxd¢e mwitq tdjv ev tgivgZ Kiv|

2| ey+vi UvYdigvi eénv#i Ki#i tfviéR

ti FjU#ii gvb Dboeqb K#i]

3] tfQvU *QvU cevhUi gva¥g ~'vvbxq

Pvwn'v cyiaeb Kiv|

4| tKejgvi wcK Aviqvii wKeAv  wetkl

cwiw~'wZ+Z MOxW eénvi Kiv]

5] MOxXxW mvet+kib eéiiz U2vYdigvi,

myBPwMqvi I Abvb~K#U?vwjs BDwbU #jv
leZOb Kiil




AKvwiMwi jmmyn Kgv#bvi Dcvqt

1| A%oea we'yi msthvM Ly*R tei Kiv Ges
aiv cotj wew"“Qboe Kiv]|

2| A%oea msthvMKvixiK Ki#Vvb AvB#bi
AviZvq wbiq Avmv|

3| IewUhy? wgUvi cwieZ©b Ki#i ,bZzb
wgUvi ~'vcb Kiv]|

4| ""iZg mgtq e¥Kqv wej Av'vq Kiv]

5] cOvkvmwbK  AeKvVvigviK  1Xij
mvRvibv|

6| wbgwgZ wgUvi wiwWs gwbUwis Kiv |




2.4 cviqvidvziDboeqbt

Avgiv Rvwb, wKi#jviqvU
tKwfGxcviqvidvti

ZvB Dctiv’ mgxKibt ¥ K  Avgivt'L¥Z
cvB+h, cviqvidvtihZ Kg n*etKwfGtiwUs
ZZ tekxn#e]
A_v©Ore, nZAvKviiitgwkbcOfqvRbniehvn
vAZislevqgeijng |
myZivsmKjmyweaviK_vwe*ePbvK*icviqvi
dv+iDboeqgbKivwetklcO+qvRb|




tavi div+i Dhoeathi |

I1_J.I>+waG Gi gvb Kg nq , weavqg tewk cwigvb
wKijviqvU cviqvi mieivn Kiv hvq]|

2| jvBfb Kg Kv#i>U cOevwnZ nq, dij jvBb jm Kg nq
Ges U2vYwgkb JZv e, wx cvq|

3| cwievnx Zvi ¥jv wPKb AvK...wZi tekx nlqvq Kcvi
tmwfs tekx nq|

4| cv?Iqvi dvti gvb hZ DboeZ n+e jvBb titjkb ZZ
DboeZ n#e|

5] mvwe©Kfvie %oe'ywZK tgwkb I hs;vstki
ms~'vcb, msiyY I cwiPvjb LiP Kg nlqvgq cOwZ GKK

we yr Drcv b LiP Kg co¥e|




CVIOGVE UVl LJUEON RUD WD WIVWEL L,

BKZE:'@U Fjv eéliZ nqt
1| D"P cvlgvi dvii moaboe tgvUi t thgb

Kgfcb¥fmiUW BbWvKkb tgvUi ,wmb*&puvbvm
tgvUi BZvw' cOvq GKK cviqui di+ti cwiPvwjZ
nq| ZvB Bnv¥'i gva¥*g cviqvi dvti DboeZ nq|

2| t*dR GWfvYvi t *dR GWfvYvi tgvU#ii mwnZ
eénvi Kiv n#j, D® tdR & GWfvYvi t #K tivUi
mvwK©iU cOfqvRbxq G-vBwUs Kvii>U cvq, dij
tgvUi A*cyvK...Z DboeZ cviqvi dvt#i cwiPvwjZ
nq|

3] +vwUK KvcvwmUi t G cxwZiZ wZbwU
AvBfWbwUKvj KvcvwmUiFK =vi ev tWjUv
msthvM K#i, jvB+bi mwnZ cvivjv¥j msthvM Ki#i

cviqgvi dvti#K DboeZ Kiv n(q]



4| KicvwmiUY ey:vi t G cxwZiZ
cOwZwU jvBtbi mwnZ KvcvwmUitK
UavYdigviii gva¥*g wmwitR msthvM
K*i cviqvi dvxii gvb DboeZ Kiv nq|

5| wmbfpvbvm K#UYvi t hLb GKwU
Ifvi G-vBitUW wmb#uvbvm tgvUi#K
tjvWwenxb Ae'vq Pvjbv Kiv nq,ZLb
KvevwmU#ii bvg GwU jvBb t 3K

wjwWs Kv*ibU tbq| G aitbi Ifvi
GvB¥tUW  wmb#uvbvm tgvUiFK
wmbipuvbvm K#UVYvi efj]




x x .
mgxKibwUwbY©q Ki|

A _evt'Lvl th, cos 0, =\/1 — (%)2 |

DEi t cviqvidv+ifKth
gvibDboeZKitjevrmwiKmtev©”"P mvkOq N#U,D’
cviquidv i #FKm#*ev©O"P mkaqxchqV|dv+ iefj|

cOngtg*bKW| GKRbMOvnKcos ¢, cvIquidir i P KW
wcKtjyWMOnNbKi¥QGesmtev©”P Pvwn viRbT
ZvievrmwiKPvR© avh© KivntqtQcOwZIKwfGH+ZTK X
. cvligvidvti#KDboeZK*icos @, Kivnj| cviqviixKi#biRb
evrmwiKegcOwZwKijvfviG TK y. n¥jcviqvi U2vBGHYzj
+ 3K cvB,




%
7
O
KVAR1

N\
&
KVAR2

0 A

Power in KW (P) I

KVAl= —— =Psec @, , KVA2= Psec @,

cos 0q
Economical Maximum demand Charge in a year

= Tk.X(KVA1-KVA2)=Tk XP(sec @4-sec 0,).... (1)




KVAR Giwnmvet
KVAR1=Ptan @; , KVAR2=Ptan Q,
cviqvidv+iKv¥iKkbBKzBc*g>U KZ...©K mieivnK...Z wjwWs
KVAR = KVAR1- KVAR2

= p(tan @{-tan @,)
AZGecviqvidviKvxiKkbBKzBctg>UiRb eviIOwiKLiP =
TK. Py(tan 0{-tan ®,) .... (2)
AZGetbUevwl©KmvkOqS = Tk XP(sec®,; - sec®,) - TK.
Py(tan 0 -tan @) ...... (3)
Dc#iv? mgxKitbtKejgvl D5 cwieZ©bkxij|

AZGe*bUeva@Kmvkqxn*e:TS= 0

2




ds

— = ypsec P,%-Xpsec P, = 0
dd-y

AZGecos 0, =\/1 — (%)2

oo b-s 1' GI( |' I, g" Zl\ II ZI I IR
400 tfvé 1500 wKitjvigvU, 0.6 jyvwMs cviqvi
dv+#ii fjyW AviQ| G cOwWZovib +vi cxwZ+iZ
KvcvwmUi evsK eénvi K#i cviqvi dvt#ii gvb
0.8 jywwMs G DboeZ Ki¥Z KvcvwmU#ii gvb
wbYOqKi]




FIqvAv#Qt

P=1500 Kw V =400 volt,
cos P, =0.6, @, =cos 1(0.6) =53.13"
cos ¢, =0.8, @, =cos 1(0.8)=36.86
mgvavbt
KVAR = 1500(tan 53. 13- tan 36. 86)

= 875.39 kVAR
KvcvwmUiVAR/ph = 875'32 KVAR _ 791.67 KVAR
- Vi iRb'V.= 199 _
+vi msthviMiRbV,= 75 = 23094V
VAR/PH = Vplc =V, * wc
Therefore, C = VARZ/ pi

Vy " w







IfvitnW jvB#bi gyj Dcvskmgy*ni bvgt

1] mvicvU©t tcvj ev Uviqvi Gi D”"PZv wbf©i
K#i jvB¥bi Kvh©Kvix tfv¥é$Ri Dci |

2| pmAvg©®© I K-~vvaat +x*ii GtY2j TmKkb hv
Kv#Vi Zix|

3| Bbmy#jUi: PxbvgvwU ev Mgvm wbwg©OZ]|
4| KOv#i

5| MvB #=

6| jyBwUwbs G¥i=+vi

7| wdDR ev AvBfmvijwUs myBP

8] MVWO Iqvi




jvBb mvicviU©i
cOKvift

jvBb
m Uo©
¥ @@@ ¥

Kv#Vi tcvj +Xj tcvj szpU jvwUm +xj
A tevi

\'/ vj tKv_vq eeli
cOkoet Wirmivi I Rvadvi Gi gviS cv_ ©K Kx?
cOkeet tKvb aitbi tcvij Uvbv eénvi Kiv nqg?
cOkoet wmiYzj mvwKOU I Wvej mvwKOU ejfZ wK

Sva? Gi gvS Zzibv.Kil






eéiiZ wewfboe aitbi KUv+i t

1| Kcvi

2| Gvjywgwbqvg

3| +xj tKviW Gvjywgwbqvg|(G.wm.Gm.Avi)

4| MUjfvbvBRW +xj KUvi]

1| Kcvit D"P Uvb mnb ygZv I @' ywZK cwievnxZvi
Kvitb nvWOW?b +2viUW Kcvi DrK...6 cwievnx
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