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:L ;*,1 ,110.005 Wb )li +.Jf .sl-* prY ,r*..l"l;.;^ 69y1 9
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t
:U .:*,1 ll;. I o-5y't
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d.^. - (0.0033) =0.0022911/b
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F,o, - 425 
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4 .Jsl;, ol;l pt;
A# +, J r-L*.t r.a)r
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g L'ug.!L e-l:^ .Sd-rG u-5y'-,Rr.L.''g .-iL "tit:5ltRr5g*2 
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t. 1.08 ---^kAtD _ I _l')'l {_,t. 

-' /r,poA, (1500)(aax10-7X009X0J5) 
=127'3 *u

R - l, = o'3! 
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'rr9i c;*,u, d:A.B 'obl; J uly"o l) laart^! t" -,8 dl*
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=o.2ogr
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.r#t*.t l1 py, -t. s-tlg 69* 4a S orlsl .crif.r.
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'r-5
F = i (l x B) = Bil - (5AX1X0.25) =1,25 lV

"[-1.: 
c,.,o*, * g-;1- &.Q> 6d:-rl, a*r,: Jib # S

.c.*,1 a-z.;b

,-i_ .lD a5 .ror.r," ,h l, (J^*, V- \ J5;
stc)ttl u. *y ! ."5.* ;S 9 ,j*+Ll; Ol.l+

,J oJ.ii taJl 1U9 4a S ollSl .r[.! ,c o.r,.! o.rlc
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xx
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O#Srto ,)g-l; glao\io- r.J9t LFa.5

,L g-,,1 ,lt .,r-tA,l 1U9 6;lsl .,:*'l a,o;t.;;t c"^*, 4.r ou,; UJI ;U, d.{- :..1!

€ i,d = (V x B ).1 =V Bl cos 45o = (5X0.25)(0.5) cos 45o : 0.442V

,J ,lF A- \ JS^:, clt lt \ . 4lj *" 't

B=0.57

la,

ll-l lJi,.- 9by.r. u.qbLi.el4o7: oSp rJb.r:f*-,4-l JtS,i

,J5

€ id = V , B).1 =VBl cos 90o = (1)(0.5X0.5) cos 90" = 0V

100 163 1000

MagrDdzirg intflsity II (A . ornr/m)

I f-l 41r..- 9byy,f--lLi" LP 1-l JS.&

.rr,,s..; UJI 

't* tr cSjUf .f.l;t+

.grYt' jt V- \ Jt;'*, JS^t ;r-...6 i

;l ,=**.tL; .+ a5 c,-,1 o.r; a.;.>L

a.[.:*^ .i-*,t o"u; o.:1,: ;LJ! 1- \ ._[S.$ ,c

.4U' l-, /t, ;L. ;l tl "*5 ,lF lr Y- \

a; o.u; p,:* .Stnot";e .J-jS ,ai
6r*19.ol ?).-t' fr5.-,. .r'!f at -,Lj;

Gf ).1 f;,*,1 ,rra ,:Jt-- ;l )r 4.:...-6

aL* )J \ . . . [r .r"; ,-S.lSly.-,Jt _,,t|-,r

ef U.l Ulfc,*,,1 oc9.,,r:;1.: rri Y-\

f ;,*,1 q;*,)J .rJ5 ;Jt-t r.:
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,L .;*,1 ,rlr, a:*a al jl tS-t* JS ,f .o&l .-.*r& ,B JKa tt
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(0.0033x2.6)
--714

@21(4r x 10-7 x0. r s)(0. 15)
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d ._,rl c-*,.r, \ \-\ JSi J uli,_*l)0257 -,A,Jt<- +Jf ,.st; prY ,r.,*t[ Ol.*,-'.r;
.;-*'l 50At lm yly. r[L ;l
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:U i-*,1 rlr ejY u\.f I
, d,o, 8B'8 rt=-=-:J.224

t/ 400

;J .:#+"ro*- Ct-f -rl-* r; -rl ;J (:) ,*lt- )J r#..rqi, .rL-r+ af uor,r. ,h ..!t' ^hl,
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i:*,1 ,1, (.iJl) d:^*i l--lF ,a.l a:* ^o .:,*,1, ;..*r dt^! e6 4t I

D _ F'o, _ (50)(0.72) _ .,n . kA t
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r,orrl,: a*rl, d;-*, aiL; rc

8..,_,".=0 - o'ool3l 
=0.5247"''i'I A (0.0sx0.s)

'U 
.-*rl ;lr, a-:-.,o ri.: a-rLi d*r )J rf, JKa
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"*)rIJl 
€Lbg#d:,to +l$. err*J

R -R +R .+R +Rlol slray atgap t rorcr atEop z

,F,

;.1 jt o.+ )r .;*,1 1 .2 T ), .*,t; e Jt .-[C ,f, Jt<e t f- t .-[ft a., 4?f li (..oJl :J,-

.a^:,t ,l*,,r[S-i rjly,_f gl,-;:;l iJ:-,,- ,)hL
,L.:*,1 ;l; a:--o .,J5 rf, ,l.2T rh Jt(7 tr (V

d = BA = (1.2)(0.04X0.04) =0.0019 Wb

(3800)(aa x 10-7 )(0.04x0.04)

'L 
i-*,1 ,.,1; a:-,.o &.1 Jt ,_r[J5d_, (e

: 3800 :e-rl,: \ 1- \ Jfr J 1.2 T ,t Jt& -,"

:L ,*,1 y.ly. ,iLl .r-6y',

= 62.gkA 
t

Wb

:L ;*,1 y.ly. * :i; .*61-t
I 
-to,

F,otorA roro,

R =l' -t prA,

0.48

R rctor
:5o2kA t'wh

'U 
.:,*.,1 ll; *.*lr. klf .r[;Sy';

(380Q(an 'Xo.o+Xo.o+)

D n l *n* o.ooo5 _ .,", kA t
t\ r-tl 

--'-ost -'(Er lr*A* (4trxl0'11o.oots;t -- wb

,L i-*,1 _ylr, a-:-..o JS ;t SrJ, ff.t.*Lr

R,o, = R r,r* + R oiryopt * R ru,o, * R*oqz

R,o, :62.8+227+5.2+221 :510 #
'L 

i-*.,1 ;.lt * ,-F **f
F*, = fR,o, =(0.00192)(510 x 103) = 979 A.t

.c9, uolg; \ "' ,1, l*'.y: eiJ,fo1*, cgLadb slu' \A Ot-rZ !.Xl;Q

;l; .-,1 ,.-,1-r: 9 V :2802-30'V ;.l'y. t\.i- r 9r { "r^i JL.cl ;U9 uJ ;rs
.&:i! 1 =5/15"A

.&-trl d;*r+ l, ,tt i,*.1 t-,9; G-* UG^;!9 f;Jl

,! ir.l ..r*5 .,t* l, ,! ,_r.l 6.l'!i \. e_* ;i*>*;le; f;;1.; t- c*,1 .d.UiJl ,! .l.l (.:
!.uc.r.o e+ q t_ .r5.f e+ jl ,jr*i>J*r Jlf

(...oJl :Jt-

S : V.I. : (208 Z- 30" )(5 /l5o)* : (208/- - 30")(5 l- 1 5') = 1040 /. - 40" I/A

:L i-*,1 y.lS. -tL.;l .,r.r.d ?.-t'..:rl.:,rirB db rtr.f.t.*Q,;,*,1 ,=c..r,l**t ar9ll (v
PF = cos(-45') :0.707;Gr;,:,-



"l O#nLo ,)*l2r 6!A.os-{o- *JllLFai

:L ;-,,1 tl-t :\ ;;-$>* 619 .uoc6 Ci- q Lsi.*;>* Oly I $f e+ jt ,j.i*ii- Olf )t1 ar.l

Q =V/ llrlsin e = (208 )(s)sin(-a5") = -73st/AR

:L i-*,1 flf ttr 4*, o*ll.r1-ol t V =I202.0"V

Zt=5230"Q

Z, = 5145'fl-
Z, :51-90" a

V = 12020'V

I 1- I 41f.... g byr &lr! fr*'-, f .- I JS.i]

.J,FJ e+L, .rJ$ d* **, ;l 6rLr.: .,;,1 oYl!*, +

.*.rrl c:*.,.! !, ,! q A* .5ratl t ;;*;> *; 3l;;
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flrA .*-l.t' .r^*" 4? Cl- ;L--rU cSll Jf r-;"".: J*lS fl (e
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t, -l2olo" :242-30"A' 5130"

, _120/.0" _.,1^___'11_45..4' 5145"

:L i;*.,1 ;t; 6"; JS Ot-ra a:r*ij;r

'L 
;*,1 fl; 61; g-,$ ?_f

,,',r1,: rQ t ,J.f' 6pV 9 ,*F ,C*i> Oli 6l-r

P :lZllrlcos e : 020)(47 .59)cos(-37.5 ") : 4531W

g :lt llrlsin e = 020)(47.s9)sin(-37.5'): -3477 var

s = lzl lrl : trzo) (47 .se) = 57 rrvA

Ir+ I r:242-30o +241-45" :47.591-37.5" A

PF - cos d: cos(-37.5o) : 0.793 _rG.r-,

jUf C,1i- .;,*.,1 ou-l: ,[--g Jfu &l I o rl t a*, a-t ;3&; ac ;r.r-! F:.-+- 4.
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'L 
;.*,1 -rlf (-l' (tt_;e a-zt*i-j _;J

I -- I, + I 2 + I z = 24 l- 30' + 24 I - 45" + 24 190" : 38.08 I - 7 .50" A

'L ;*,1 y.l_t. * o-,$ ?--t'
PF - cosB = cos(-7.5o):0.991 _,G..r-,

,L.;-t ylt:L. q J.9^.gJatl .-,lf l.,l1e,*r..,j+ii--;t1;
P :lvllrl cos e = Q2o)(38.08) cos(-7.5o) = 4531W

O :lt llrlsin e : Q2o)(38.08)sin(-7.5') : -596 var

lsl = lrllrl = {tzo)(38.08) = 4570 vA
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:JJ ;.);L;h:. st-r.'l 6:*, ,5 q elJ OJtl ,J.

:ddlj JJ

P (t1 =, (t)i (t) : ?II cos at cos(at - 0)
1_

P(t1 = 2VI x:lcos(arr + ot - 0) + cos(att - at + 0)]
2'

P(t; =rllcos(0)+cos(2at - ql

'.r.rJ.r rt! ,.-l
cos(a - P) = cos4 cos P + sina sinB

P (t1 =VI lcos d + cos 2at .cosd + sin att sin?l

P(t) =VI cosd(l + cos 2at)+VI srn9sin2at

ihlr r"fr C:*! :J1; ;.) .=;Lfr. .:Hl Jt-

P (t1 :, Q)i (t): ?II cosax cos(a - 0)

P (t1 =VI cos?(l+ cos2att) +VI sin9sin2att

cosacosp = lf.o.1o + F) +cos(a - B)l,2,

:,crrl,: a;r*i-j ;J
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VR: 14330 - 13800

13800

P^, lPrr,*Pror"

x 100 oh :3.84o/o

'L 
a*,1 SIS )ds ptti

:L ;*rt ;!; a:-,,o 9 r# drt4L'

,L ,-*.,1 slt ;iL-pdli 6rjL

x 100 o/o :97 .60/o

P,, = I ,, R"r,, = (3623)2 (0.3g) = 4g.g kW

p -V )' - 
(14330)'? 

= 48.4 kwcorc Rc 4240

Poul 4000kw

4000kW +49.9kW +48.4kWry: xlO0oh:

(r9*".+ o.rilgi )il^)9i;l;;t-;u "5\ rl aS) c*'l 5% 4y.Xp f .r-Kl_, 91.2%

.c*,t ;;9, / 80 "rJu*+L; ;1.r.-l
.J.it i l,,yt*ri;l; '-:-;,Lls;-*,4., o.l; a!)l J"t*,lu- (iJl

r:t* -lG.r-, 0.8 ;19; ?.f 9 dti r! -,r l, ,gLrqi*;l,, jUl ,"*Es (-,

jl ,-*L' r;p\ t, a-,_9,1i' jUl .c;*,1 15kV c;tirl.rU )il^)9i,;!i Ull jU9 &5 C-f @

0.8 r.r.--19.jG..,-"0.8;t9: *.pslrl;r5.r.l ..*5r*;j-5rttL'.sr!.; jl ,!.rt-re

',wrl; t-#r*:r;::;

I"

z, -v:,," - (l5kv)') : 1.125 oD,se soo,o 2ooMVA

Rnq = (0.012)(1 .125):0.0135 O

Xnq: (0.05)(1 .125) = 0.0563 O

X , : (100X1 .125) =112.5 e)

lP
+

;,.^*J tu o.r; tt7tl ;fL rr;;l; J.:t - ,1.r.

.;*,1 o,s o,:l; ;Lij Y-Y Jfu 2,: c-o--r*a ,t-ls

A,Y

g o$ ltz.rlg...il;.J:1".71r. V-l' 
'[i3

ti:l,i
:1Ge*,,0.8 oli +._f tJ jUf F-Li (./
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2OOMW
=16667 A

(tskv )(0.8)

I ! =16667 t-36.87"

V =V'+I'Zpsseqp

V, =l5O0O/.0" +(166671-36.87" X0.0135+ j 0.0563) =1577522.24"V

1,577 5 - 15000
xl0}o/o = 5.03ohVR=

15000

.p*5.* lfl S c:*ii 'y'bo t r.. ;5|-t l) LL;; (6
% M-file to calculate and plot the secondary voltage
o% factors of 0.8 lagging, 1.0, and 0.8 leading.

% These calculations are done using an equivalent
o/o circdt referred to the primary side.
%oDefrne values for this transformer
VP: 15000;o/oPrimary voltage (V)
amps: 0:166.67:16667;% Current values (A)
Req:0.0135; o/o Equivalent R (ohms)

Xeq : 0.0563; % Equivalent X (ohms)

Yo Calqtlate the current values for the three
oh power factors. The first row of I contains
o/o the lagging currents, the second row contains
o/o the tmity currents, and the third row contains
o/o the leading currents.
I(1,:): amps.* ( 0.8 - j*0.6); o/oLagging

I(2,:): amps .* ( 1.0 ); %Uruty
I(3,:): amps.* ( 0.8 +j*0.6);o/oLeading
oh Calqtlate VS referred to the primary side
o/o for each current and power factor.
aVS : VP - (Req.*I + j.*xeq.*D;
7o Refer the secondary voltages back to the
o/o secondary side using the turns ratio.
VS:aVS *(200/15);
o/oPlotthe secondary voltage (in kV!) versus load
plot(amps, abs(VS( 1, :)/ 1 000), b-','LineWidth', 2. 0) ;

hold on;
plot(amps,abs(VS(2, :)/ 1 000),k--','LineWidth',2. 0) ;
plot(amps,abs(VS(3, :)/ 1 000),'r-.','LineWidth',2.0);
title (\bfSecondary Voltage Versus Load);
xlabel ('\bfload (A)');
ylabel ('\bfSecondary Voltage (k\D);
legend('0.8 PF lagging','1.0 PF','0.8 PF leading);
grid on;
hold off

.r,_1.* d:*,& A-Y JS^! ,-gtorl.:9^j &Ul .Slfl tl
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e@

$m
*t
E> 108*It
$t*

1g{

fo*oofuy Ycltrgp thr.ur i"oa{

I

Ld(r,

si!*. r5bgl9i ?-.,.o 1> 2\ g p )ril4ri;l; +-9;li )H9 j;y; A-f JS.i,

,GJ.:' )il^)r;*;ll - rl i;Ii-orl; JL,.;I ! jG* 13800 1480V ,;l..rri;l; .S_

,jl9-, &+U jUl ! s S _ts 614-fu ,l 1"+;*. 9 c*,1 o.u ,!5,l; 7967 I 48OV 9 l\\kVA a,L*

Cr_l jl ts_.St- )Li-i ;r oJ-i;*i';.:UL "L'f -lt.j'l Jl-,)lr.:..r-5,=- ciLr,:
:;*'l y.; Jty{. torg;LrX;l;

vrr:560t/ Pr, =3300w Ir, =12.6A

+Jtl jUl ,.ros ,[,9;' jG.r-" 0.85 619; +.p, cflj jUf -,r l-, rg- .*L -,tt a-c9aza J,l fl (iJl

f,.:,*rl _,.rt tart;Lrqi;l; b
f c;-,1 -,*a 4.,-r., ar.l _rr ;U9 sls (.:

jl .*L' r;y* lr *-yU' jUr..l.^::! l3.8kV al-i'rl.ra ,E!rei;l,, Ull ;Ul .J e; Q
;G.r:r.r- 0.85 9 l.-jG,_r*," 0.85.gtorli +_r sltls rS cr.l ..*5 r*, J*5 rtt L'.st!,_; Ot-f

.u*oc pta"l

Clsl; r5.,*.1 ..*5 r*; &5 rtt L, ..st!.; Ot"f jl .*L' J;y*l_, ,ylrrit;lt ;ds paEi'1.:

.r*-6r pt+l ,G6nl" 0.85 9 l.rGr*,- 0.85 .sbOly ?).-f
.ro1jgld d;-r.! l: Af ,k"s d;^-, J.l- .r,l.r,*l .ot;f JL;'t oy)l ;G)lll + +i ! l*+l,J.

:,trrto ..;*,1 orL; cSf _,b d;^*r JL.oi'l a5 ,vrll a--g

Vo.r, = 323.3 V

T_
'o,sc -



"*,)iIJl 
€LbO+iirLo JhLru. 612.iri'

p. - P" : 33oo : rloo w
@.DL . a

JJ

1Z ", l:lR"q * iX , l=# = 25.66 Q

d : cos-1 
Ptt 

= cos ' '109 = 74.3"
vrc J ,, (323.3)(12.6)

2,, R"q* iXn, =25.66114.3" : 6.94+ i24.7 A

R.q=6.94Q , Xea:24'7Q
(.il

I;,

I;,
V,

9p

V,
VP

V,,

-lookvA =72.55A
7967

:12.551-31.79" A

:V;, + I ,,2,,
=7967 t0" +(r2.2s/--3I.79")(6.94+ j 24-l) --8207 tt.s2

= .,llv ,, : Ji$zol) = t4.22kv
(v

8207 -7967
7967

l*,1 ;; et,9.oat 4J.:* F Sl-t MATLAB LNy (6

% M-file:prob2_l0c.m
% M-file to calculate and plot the secondary voltage
o/o of athree-phase Y-delta transformer bank as a
oZ function of load for power factors of 0.85 lagging,
o 1.0, and 0.85 leading. These calculations are done
o/o using an equivalent circuit referred to the primary side.

% Define values for this transformer
VL: 13800; YoPrimary line voltage (V)
VPP : VL / sqrt(3);o/oPnmary phase voltage (V)
amps : 0:0.0126:12.6; o/o Phase current values (A)
Req: 6.94;% Equivalent R (ohms)
Xeq: 24.7;% Equivalent X (ohms)
o/o Calc:uJate the current values for the three
o/o power factors. The f,rst row of I contains
oh the lagging currents, the second row contains

Yo the unity currents, and the third row contains
o/o the leading currents.
re:0.85;
im: sin(acos(re));
I(1,:): amps .* ( re - jxim);o/oLagging
l(2,:): amps .* ( 1.0 ), %UntY
I(3,:) : amps .* ( re + j*im);ohLeading
o/o Calculate secondary phase voltage referred
o/o to the primary side for each current and
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o/o power factor.
aVSP: VPP - (Req.*I + j.*Xeq.*I);
% Refer the secondary phase voltages back to
o/o the secondary side using the turns ratio.
oZ Because this is a delta-connected secondary,
Yo this is also the line voltage.
VSP: aVSP * (48017967);
o/oPlot the secondary voltage versus load
plot(amps,abs(VSP( 1, :)),b-','LineWidth',2. 0) ;
hold on;
plot(amps, abs(VSP(2, :)),'k--','LineWidth',2.0) ;

plot(amps,abs(VSP(3, :)),'r-.','LineWidth',2. 0) ;
title (\bfSecondary Voltage Versus Load');
xlabel ('\bfload (A)');
ylabel ('\bfSecondary Voltage (V)') ;

legend('0.85 PF lagging','1.0 PF','0.85 PF leading');
grid on;
hold ofl
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.-r,_l.f ;*r.r, 1-Y J-fu .5torls9..J *Ll .Slfl tr

a 2 4 eLo*d(Al 8 10 'tz 16

* )l ,*v y 1fV1tilly *.iV )Ve i:y;l-f JS,il

Src{nd.ry Volidgla kee}€ L6&d

\
i:
:

,

i'
:

i

;

&-.,1 
'[!i 

d;*! qLL (c



.,,f .slrls orL; -o,L; JL;'l L 230lll5kV e 100000kVA lba*' )it'^)e;;l;4
.c.*.,1 R. :ll0 pu 9 X *:20 pu 4.F'a;L!,rU; .o*'l 0.055pu .ft;5ll 9 0.02pu

6;9F rl.g ., ,.roc ,f,9;' ,L!r*,- 0.8 ,:li *.r ,': l, 80 MVA t\ :i!ll*li Cr.l fl (iJl

..*5 r*, 1, t;Grr;;li ;.1 jG .S.-

f ;,*.,1 ,."a Jr.lr ar.l -rr ,9Lr+;;t,l iut pps (:

a-o .u-5 ro--, t-r t;L.,9i;li ir-l '-:':a-; )Lij d:-o*r d-r o.l-:j tte;l jG.-t Jtt- ll* (e

.J*5 ,-,t*.> l, t;,*-; r[;s c--,*, a1 o&ir gt--rl .-5Lo;l'r*.ol

(iJl 'Jr

I. = =s - lo MVA :402 A'/'s 
J3 rvr, Jl , t 15 kv

I -. - -s,,," : l:oMVA :502A
' LS'hn'" - \5 rvr,.uor"- \6 xr15 kv

L- - 
I" 

-402 lcos-t(0.85"):0.81-31.8"puILS.pr- 
I**--502

.r9,,::.* r*,-, \ .-Y J.fu u;y* 1iG;*,li ;.t jG .s.- G;g9rltl,-
%

[ = fi" Bl-31"B'

4iV29;;1, jti .S,- Stilli i>g- | '-f JS'i]

V, =V, + IZ,, :1.010" + (O.Sl-31.8")(0.02 +70.055) =l'037 ll'6' p'
1.037 - 1.0

1.0

3 V6',u^" _3(tt5kv)'z :397 I
t00Mt4/

(v

',t.,;lc ,-r.l;tQ

Z,:
oase

Sro.,

R.r, : (0.02)(397):7.94 Q

X 
"r, 

= (0.055X397) = 21.8 O

& = (1 10X397) : 43.7 kQ

X* = (20)(397) =7.94 kQ
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lr. .t^
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=N"*22N, :23

sw N" N"
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:L

d (2000 kvA)
r... : :30.3 kl/-4" 3x22

,L i-*,1 y.lt ;!..;*;lif I ;G -,. )dg (e
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oI, R.,o lX*u-, I.,



l3'VV 
=7967 I/

!J

:L i-*,1 ;t; 5r:,:^- 6ii"ro1*, )dg s

Ery =7621v
\i3

u*;L rtlS.,' ,E!_,rit;l;9;t ;l;1, .7967 -7621=346V 'L i-*,1 y.ly. (I'{," ) cSf 61,p*- iUr
.c;*.,1 S = 30.3 kl/A 9 76211346V ,r^L; ,,.:G^ t? J9^,- )il^)9i;l; .f-

13.8kV jEa-, $i b .i- ,1, 9.: ;l ;l- -trj; sly. .;-Lr-, c/*,r)9r 6.:l-- .5. ,.:

120 kW .g!rl; o;E ;t tJ c5j_rl[*5 ol: .i- .(c,*,1 u"Jr*,,r ,.: ,;:i rq-,) ;,*,! ou; o,:ti-I*,l

+ jG&' .Sbt!.c-*.,1 ,Gr*," 0.9 +-f tr rG& 3t9; 50 kW sjG.r"O.S919, ?.-p tl jG- rtt

L .9r9;Lr9o;l; ,l asry .f.l -,tl J*-'ti' cslrr AS;.,-t Gf \.,r.itoa*i e.jy jGa*, o* uLS- )+
.r#t* l, ,yl^r,,i;li f. jl .S,- -ro cSLoOL-)? 9 tsjUg .r9*., olti;;t ;t c,Ji - jtr o;t; JL;l
r*5 ,J"f r#t* .cF./ p.l; ,E!r9-o*'l; f L*'9: S l-, &* S * .Sta,:ly

.(c*,1 480V 6;91.5 ,r-19 ;l nt$ oj--.*, jU9) .ru*.o Jlo.r.,l torgLrgn;!;

.;,*,! \ Y-Y J.fu utf* [:*,9, .;L-,J;i o:--^.*, ,Jr

lu*gt Gbtr|2 prq;- I l'-l'

.rottlo,rr-1,-f .:-r.!;b _r^ &*;ly ,o.l; ocl.: crtc),ttl q o?f ti

Pt:120 kW

Q, = 4tan0: (120) tan(cos-1 (0.8) :90 bVAR

Pz=50kW

Qr: Prtan0 = (90)tan(cos-l(0.9)) :24.2 bVAR

,L c;*,t y.ly. 5 ,oli *.r I J5 Olf .r.trQ
lot :170 k't4/ , Qr, :114.2 kvAR

\r..,
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PF -costan-1 (*): costan ,(+:)= o 83o j,.r.(l7ol

t70kw
..fx(a80)x(0.830)

ou; orl.: ;t:.j \Y-Y ,$; ,a

:L ;*,1 y.ly. ti!..;.;l; tu-i[' .!rt ,.: ..rt.- Ot-f

= 246.44

pa-
"---+

Isr= i4"81-183"9'A

Ye=796714" Y

I,qr = 14"81-63.9* A
,..***|,

+

)fL)+a*;t; ,! d*t- - j! o_,b*, JL;'!
.i;-,! o.l; o,:l; ;Li:j ul ,SS_, trOt_re

Irs = 2462-63'9' A

Icr = 248156"ln A
C

'&*2462'lZ3.Y 
A

Yss = 480/-120' V

Ir,s = 246l- 183.9' A

-+

Vai; = 48olo'

Ya*7967 l-12O" YI = t4.B/56.1"4n __|>
I,._

jt? r.}U" -j! o,rk- Jtai'l lf-f

,L i-*,1 y.ly. $G_t;";l; -f bi o..r; a.rii^; ;;*>* 9 .=;*ib Jlf
Pu : VurI ncos , : (480)(246) cos(O" - 63.9') : 56 kW

Qo = Vu, I u sin 0 : (480)(246) sin(O" - 63.9' ) : 106.2 kt/AR

P, : VurI rB cos d : (480X246) cos(-120" -123.9' ) : 1 I 8 kW

Qu =VurIou sind = (480)(246)sin(-120" -123.9" ) :8.04 kVAR

.c-*'l 60153.1"O Jlii:;l t- .r*,t+.\ 9 500236.8'f)

!c;*,1 -,*rt ;ilfijU: q r! jUr;*j.(a\f-Y #:-i) ry ks _,! a, L.Ji:...^ til$t'I (.lJl

f;,*,1 t.it p.:.*.*, JUUJ! sUL'

)r 10:l o.ua5 )il^)9i,;l; ..(,- S ;ilf -t dy? ,cl:10 o.r*.,-lil )il^1i;ti .i fl (:
nt-cL' f;,*,1 -,,rra tlfi jUt q ,! jUr &_q + 6pr-6J )l,.6 JG;:l L; )L. a, ,[o; .gk]l

.(l;5 Cf Jto.r,l t-, )i|^)9i;!;) fc;*,I _,$a .S!-l p:-. i*, JLii;;t
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V tod : I,o*Z,o* :(23.662-38.87')(500136.87') : ll'83/l'73" kV

R,,n" =lZ,,,"lcos0 =60cos53.1" :36 O

P,o,, = I?,n"R,,," : (23.66)2 (36) : 20.l kw
t .r*,1+! .;*,- .ro*aJ.,-o pta.l ;! Jrt ,. l, oL*,Lr.. ,,u11; ;i*lPli oS p9c ;JE -rr (v
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z ,,n, (10,/

'L 
i-*,1 .,l1. * jUr r Ot--,e ir.l;*h

I' -I - 13'210" - :26.371-36.89"A- Iine' Ioad 
e.60153.1")(500236.87")

V roa : I ,o*Z ,o, : (26.37 l-36.89")(500136.87') = 13'18510'02" kV

:L ;*,1 lll J1f ar.l -rJ L; u\.f
11L. : -l-L, 1:-Q637\ :2.6374

nne 10 
row 

10 '

P^u : I?,n"R,,n" : (2'63T2 (36) : 250W
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SSpr^.y" o.v,it &j22, .J:t".2l-r" l'A-l' uli!

,pr_rl,: .;*,1 ;L &J5 45 ,jJt-- rr (v

Z"u (0.010+70.040) +(0.00723+ i0.0482)+(0.040 + i0.170)+(1.513 + iL.134)

Z 
"q 

= 1.5702 + j 1.3922 : 2.099 141.6" pu

ll00I: - ?=:0.47652-41.6o pu
2.099 147.6

V,^-, -.. = I Z,^^, = (0.47651-41.6)(1.513 + jl.l34):0.901 /--4.7" pu
load ,pu rcaa

V,o* =V ,od,puv b^"3 = (0.901X480) : 432 V

ptooa,pu : 12Ruoa :(0.4765)'1t.st:; =0.344 pu

Proa = P^*,rusu^" = (0.344X1000) =344 kW

Po,ou =VI cose:0)Q.4765)cos 41.6" =0.356 pu

Q".ru --VI srne : $)(0.4765) sin 41.6" :0.376 pu

So.ru =VI = (l)(0.4765) =0.4765 pu

Po = Po,ouSb^" : (0'356X1000):356 kW

Qo :Qo,ouS u^": (0.316X1000) --316 kVAR

So : So,ousu^, = (0.4765X1000) = 476.5 kVA

PF = cos4l .6":0.748 _lG.*"
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Z"n (0.010+i 0.040) + (0.00723 + i 0.0482)+ (0.040 + i 0.170) +
(1.s13 + jt.t34)(- j3.36)

(1.s 13 + j t.134) + (- j 3.36)

Z ", (0.010 + 7 0.040) + (0.00788 + i 0.0525) + (0.040 + i 0.170) + (2.358 + i 0. 109)

Z 
"q 

= 2.415 + j 0 .367 = 2.443 18 .65" pu

. lz0"l-_=0.409/__8.65" pu
2.443/8.65"

Vrod,p, = I Zrooa :(0.409/--8.65"X2.358+ j0.109) =0.9661-6.0" pu

V ,od :V 
Loo,i,puV b^"2: (0.966)(480) : 464V

p,^-, 
-., : 12 R,^-, = (0.409)2 (2.358) :0.394 pu

LOAd,pU LOAO

PLood = Pro*,r,, S b^" : (0.394X1000) : 394 kW

Po,r,:VI cose:0)(0.409)cos6.0o = 0.407 pu

Q. -., =VI srn0 = (l)(0.409)sin 6.0o : 0.0428 pu4\J,pu

S o,0,, = W = (l)(0.409) : 0.409 pu

P. : P- ^.,5 ^-.- 
: (0.407X1000) :407 kW\r \i.pu OOSe

Qc = Qo,o,S u^" = (0.0428)(1000) = 42.8 kVAR

So = S 

",rus 
u^" = (0.409X1000) : 409 kVA

PF = cos6.00 = 0.995 jG.r-"

:i-*,1 ,L J*l5 45 ,Pg E -rt-0.!' (s

n,_- _,, : 12 R,,_. = (0.4765)',1O.OOIZZ) : 0.00164 pu
lrne. pu fine

P,,-- = P,,_- -.,5 ^^- 
: (0.00164X1000) :1.64 kWttne ttne'ptt o6e \ / 

:i-*,1 u*r J*r 4s ,#s 
'-.,u',

n,_. ^., = I2 R,,_. = (0.409)2 Q.oo723) :0.00121 pultne,pu ltne

P,,."- = P,,.^- -.,5^^"-: (0.00121X1000) :l.21kW
trne fine,pu oose
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v uQ):V * sinrrot

v u Q):V * sin(crtt -2t 13)

v, (t) =v . sin(ail + 2 tt I 3)
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v,,:;-y(Ddt =+
s r16

lr-tinatd(at)lm
,16

v.( ".6 ..6)_3#,.
=--r t--T.2rl 2 2) 2r

'U 
,*.,1 y.\ ,lSf 1U9 t-,9; rl.rL

_ -- 0.8270V ,,

:L i-*,1 tlS * A9-? jU9 i!- )l$.
1n/6

[r]sin'at d(at)
,16

function volts : halfivave3(wt)
o/o Function to simulate the output of a three-phase
o/o half-w ave rectifi er.
o wt: Phase in radians (:omega x time)
o/o Convert input to the range 0 <: wt <2*pi
while wt >:2xpi
wt:wt -2*pi;
end
while wt < 0
wt: wt + 2xpi
end
% Simulate the output of the rectifier.
a: sin(wt);
b:sin(wt -2*pil3);
c: sin(wt + 2*pr/3);
volts:max([abc]);
function r : ripple(waveform)
oZ Function to calculate the ripple on an input waveform.

%o Calcdate the average value of the waveform
nvals : size(wavefom,2);
temp: 0;
for ii : l:nvals

0'8407 v *)'-rxtoo oh=t8.3%
0.8270 V, )
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^r er,r\5 .-$rigjJJl- fy Llag

temp: temp * waveform(ii);
end
aYerage: temp/nvals,
o/, Calctlate ffns value of waveform
temp:0;
for ii : l:nvals
temp: temp * waveform(ii)"2;
end
flns : sqrt(temp/nvals);
%o Calculate ripple factor
r : sqrt((rms / average)"z' l) * 100;

Finally, the test driver program is shown below.
o/o M-fil,e: test halfwave3.m
%oM-file to calculate the ripple on the output of a
ohthree phase half-wave rectifier.
o% First, generate the output of a three-phase half-wave
Yo rectifrer
waveform : zeros( 1, 1 28);
for ii : 1:128
waveform( 11) : h alfw av e j (i i * p i / 6 4 ) ;

end
% Now calculate the ripple factor
r: ripple(waveform);
o/oPint out the result
string : ['The ripple is ' num2str(r)'oh.');
disp(shing);

> test halfwave3
The ripple is 18.2759%.
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v u(t) =V * sinatt

v u Q) =v * sin(at -2 tr l3)

v, (t) =v * sin(at + 2 tr I 3)
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v o. " = l'!: u\dr = 1' !, - 
sinatr ar = -)r'- cos,t l['

v o, " 
: -!r, *[-r - t]:1, -: (0.637X t6g.5v ) : 108 z
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