
.-9lrl; a5 a3; -,li \-f .-[ft .u-;t c;il]t(- ,.,*+l;L O!u*+ .i_ .rr cstllr o,:L iil>
-t:t*rl ,_) '-J

r -0.1 m
at =ll3rad I s

B = 0.5 T c*.,1, d;-o*r tu

I :0.5 m

I -f <J.l.- g bglr 219> o:L, aib l-f JS.i

,..5 ,-,t*-- l) ,€,nd(/) ,rlr.: +iil> rr o.r; UUI jU9 (.lJl

,-,[* l, ,tr ,L-ra .i--,1 ou,ji J-b +iib .gtoCU-U" q 5f) ,lt (#gU. ;tt .5,- uJ ,a; (:

+5
.r*t* (v) .r-l J",_lF rc l, +iib .d.UiJl )9W e<a I ollsl (6

.r*5 -,L,.- (:) u+ J.,-l).; rc l, +iib J.*'E 6.-r.Jf .=S,.'SJI ;19; (c

J1rfll Jlf ti lr Oly C.l .r*5 -,t* (v) ur J--lF ,c l, aiil> t*,e; G-e,.,SJtS^ Jtf (e

e,,o(t) - Zra*t sin att

e,,o (t) - 2(0. 5X1 03X0.5)(0. 5) sin I 03r

e,*(t) = 5. 15 sin l03t V

fu.l5.f a*,-G. a;fu ail> J.*'E 6.l*Jf

'L 
.*,1 y.ly. ,19,: +iil> ,.: ou-.i; UiJl jU9 (iJl ,JE

AC €lngit".fq"



:Jtl S) J;y* tufb Ct-f ;y kS a.iib .gLoCU-U" q ,-^ol 5 c;9G- .i- fl (v

i(t) - e,,o(t)f R: IIr#q : l.o3 sinto3t A

:L i:*,t ,!, .=1GJl )9V*5 e<a : ";lsl (6

r,,o(t) - 2rilB sinatt

r ,,0(t) : 2(0.lxl .03 sin a/)(0.5X0.5) sin att

r,,o(t): 0.0515 sin2 attl{ -m .:rf .;LsL

'L 
,-*,1 f.l, 4A> L*'9:.u"i +Jy A,*SJI 319 (c

P(t) : e,,oQ)i(t)= (5. 15 sin arr)(l.03 sin cot) =5.30sin2 ail W
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f-A 41r.... 9 byr )ylfi )\ i:- "Ae*,r,. I -A JS.:!

tSs; )l *j;:,.. sly.r jt*, srr Olu*- ..rL-r: ,J*lU 2300t/ Jlu*.; .s;tlc; )dl fl (.iJl '.J-

,L.:,*,1 sll _tilfi .G I b Ot-f r.,+lrQ.;*,1 orL:*, $l;) JLiI (.r

ll. I =lr. I :Jr-- 1000x103 :25tAtAt rLr Jlr, Jr(zroo)
Io=Ir:2511-36.87"

v , =fL =t328vAJ:

,,o,11.: ff.lfh ..-*.,1 ,G.r*r.. 0.8 ;ly ?.-f
:L ..*,1 ,1, J*Xt- jt jUf

:,vrlc ,.r+t ,rEl.: jUr .slr

En=Vo+RoIn+jXrIo
E o =l328ZO'+ (0.15)(2 5tZ-36.87" ) +,r (1 .I)(2511-36.87")

E.t =1537 27.4" V

'r9.icf E u :1537V q ,EU- i! tl.u Jt-,-.; )Us (e

v, ,or: ..6(t 527):2662v

.;-'l 5.9A j! tlu. 2^b;tu 1l o.r.l d-*rJ., Olu*- Ot-f .1U9 ,l.rA ir.l ,-slr

:,r.,rlc .c;*,1 .rb.L' g ,gt-f 519: 4-r' -tl-t $l;t.tl c5J-:tt ;19 (':

Pout : (1000X0.8):800 kW

P* --3I1RA =3(251)'(0.15) = 28.4 kW

Po* =24 kW

P"or" =1,8 kW

P =Q,I Tru

Pn'= Pou,* P* * Pr* * P"or" * Prn* :870.4 kW



YY ugri$ .sts,lil,p) - ,.+1 ..1r^O

u,U ,c;*,1 ,,.ti9l ;yl;)..19" ,r:5 i.,..'b' l, 87O.4kW 3lE +.ti;"1;j LJgt 6,rll.:-S a.lt4
,L i;-.,1 tl; $l$ oi JL^rl )91:.;5..r,-L-i J..-'L l-, -,t* syn yl;-13 L' "rr* +ii--ic;r _l9r 3600

-P,n - 
379.4-tn:

o opp 
_ ____:+ = 230g.gg N.m

@* (360q(+)-'60'

,U i-*.,1 tll Q af.9;.* r*,-r (0 , Q ) il^;r jl ,-rl9 dJG r1-,.;o _tr tis_t Ot-f 6,19.r-:.-o (o

o ::r; - ]032q'? = _48 to kvARX, 1'1

:L .-*,1 )S ;y1t OL-_f 5o9.r:.-" 3lj

D. =T rE u 
-3(1328)(1537 

\ = 5567 kt/A- X, I'l
:;,*,1 ,,1 tU I i.* ff a, .glo;ts -,.r,yLl ,L-re 6.:9.r:,-o

S :T rI n :3(1328)(251):1000 kVA

rtf a. o.f 
"-5 r*-, ..,ly.s. lt -til-t).f.1 olf, dJG p.MATLAB ,; L[r, .l,_ ;;y tt

.u"i,!.* Y-A JrS-i
% M-file:prob5 2.m
YoM-tlle to display a capability curve for a
oZ synchronous generator.
%o Calcttlate the waveforms for times from 0 to 1/30 s

Q: -4810;
DE: 5567;
S: 1000;
oh Get points for stator current limit
theta: -95:1:95; o/o Angle indegrees
rad : theta x pi / 180; %o Angle in radians
s_curve : S .* ( cos(rad) + jxsin(rad) );
o/o Get points for rotor current limit
orig: j*Q;
theta : 75:1:105; oh Angle in degrees
rad : theta * pi / 180;% Angle in radians
r_curye : orig + DE .* ( cos(rad) + j*sin(rad) );
o/oPlot the capability diagram
figure(1);
plot(real(s_curve),imag(s_curve), b','LineWidth',2. 0) ;

hold on;
plot(real(r_curve),imag(r_curve),'r--','LineWidth', 2. 0);
% Addx and y axes
plot( [-1500 1500],[0 0],k);
plot( [0,0],[-1s00 1500],k);
% Set titles and axes
title ( \b fS ynchronous Generator Cap abi lity D iagram') ;

xlabel(\bPower (kW)');
ylabel('\bfReactive Power (kVAR)') ;

axis( [ -1500 1500 -1500 1500] );
axls square;
hold off;



Synchroaouo Gbnerator Captbility Diagrrm

-15@ L-
-1500 -1ooo -500 0 500 '1000 1500

Porcr (kW)

f-O aJ't... )ilfi Ol9; s.!Lb ,P f-O JS.j)

.J;L o$ El;r 4.5 A r[L r,: Y-A ak* )il$ clJ.- ot-r aJ ,-r;
f;*,1 )ri> )il;j .it-t" jU9 .rgi k9 20130" ;lu--l t c,li ,tt .5L- {. -tyl$ fl (ijl

..J ,*t ;il$.,*.1 .sl; l: ,st)G rlc9^; (v

f ;,*.,1 -,r"t L-lF .r.l _rr ;ilfi 6.j! (e

f.r;f*^ 6r=-; g cSfip rt"l^,.rli csjlr Jtl ,1, !.sF." LU!. d^L^ )L rJ.rci (.>

f"9^;.f r*ra rlr .r-l;l jt .r+ +;LL 1U9 (o

f-l rf *lrl ,l*L q ct-t, jUl L' 
"-5 

.r-! aA (l

ir.l jG )ds s.:e.,.ule.- 2385V rll j! rt- Jt-y )ds,J-iL4.5 A ul* ut-f fl (iJl ,JE

rl^id 2385 1^.,6 : 1377 V -rl1- -tilt)
J"t* ,lq ar-t .olLi*-, + i:li ,L.., ! .c*,1 o$ ai-.1 c)* ary,,a' 20130' O,-r*,!.ri.l - ! ,tl

;L:;; Y-A ,[Si ,.: Ol jG .St- J.L'* ,t,r. ..:9i6 6.667 230" e, 
"r.;l*.! 

o*, ! o-,L; t! 6. tr

..*.,1 oUj ofll

500
G

T
o
lou*
e
E
a)
a!oG -soo

"*)rIJl 
6lou*+iito,-l+L... e

1500

-1000



ugrli$ .stslilrj - f++ +^l

Er

or-{{) jr.ro g

+

vf,

f-A 4J.i.,.. g by.,. !r)b.7lr.l"-0 ,j.AS

6,667130"

It ol=
la ^l

t377

,L ;*,1 ;lt ;il91.r.1 _," ;G ;L; i;1.:

- 1377 :186A
lRo +jX, +Z | 10.ls +jl.t+6.667130 | 1.829

v o = I oz = (t86 )(6.667 ) =1240V
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v, = Ji v, :6 (1240):2148v
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,L ,*.,1 ;l;
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.;,*,1 f-A ,f5; ;r9.-q ;Jl- U.l .Slrr ,St)G r!"9^, .il.l,1Q
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A
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= 124010" V
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'r:fr=-:1328v

f.:,*,1 rr"? rGr'+ 0.8 ;19; ?--t' 9 d[ -*ldg$ \;S ory sr tily);U9 n*];s (6

f.:,*,l rrrt ule glg ?-f e dU -*ldsy'.{ \ _,5 ary .r tils);Uep*ts (.:

.+5 r*r ,oli *.-r Y r..Sl-,r.rL r**;:' * -t tilfi Jt --; lllgMATLAB rl octi;l L (o

,U.:,-,1 y.ly.-4,lfiCxl jG 9L; rL-r+,.r1;J.,-l-,,t"cr-lrQ.c*,1 orL;*.:ilfiJL;'l (iJl ,,Jr

^s 

* 
1x 106 z.-36.87"

-- 25t Z.-36.81"In=1, Jirr, .,6 (zgoo)

'L 
.--,1 ,rlrr aiL ;l;G 1U9

:r9-r,=.o ,..l*-j]t- ;l ,rBl.: dS S

Eu=Vo+RoIo+jXrIn

E o : 1328 ZO" + (0. I 5)(2 5 t/- - 36.87" ) +,r (l .l)(25 t Z - 36.87" )

E u =153717.4" 
.t/

gtjJ"'9 (t'Li u=s-f oly al-t.;*,1 gGL' 
9 e9-? ;lg 4^, slr -4,lfi;l .g;9r9 3!9;

,,orrll

Pour = (1000X0.8):800 kW

P", :31:RA :3(251)'(0.15 ): 28.4 kW

Pr* =24 kW

P"or" :18 kW

P -0,\IM

:J9-r,=,o 6Lu.;1, 9 6s9-t9.jlf Jt-
P,, = Pou, * P* * Pr* * P"or" * Prn, =870.4 kW

, = 
P.*-xrooo/o- 8oo xfiooh :9r.9o/o
P,, 870.4

,rJ.ilo )ds g ou; .g-,ljf ,\ Vo:l328lO' jLi ;Ut -: jG..r-" ,! r .fL kVA _,,: ,gl;'; (=
Sl-t )dS o,$i 45-ij rr .e-*,1 Vo:153720" 6*ejG jUr ..,tl;Q .o*'l Eo:153717.a" ul

:L i--rl

VR :1537 -1328 xloo% =t5.7o/o
1328

,rElc jU-l ..d! Vo=1328/.0" ;G )ds s.:9;.grl.rfrt,Gr+- r! r,_fL kVA \ $ly) fl Q
:L i-*,1 llr ol

Eo:Vo+RAIA+jXrI,
En =t328/0" + (0.1s)(2 s1236.87") + ,r(l .I)(251136.87") :t217 Zll.5" V



VR =l2ll -1328 xfiIo/o = -8.4o/,
1328

,rblo jUr,r"i! 1328/IO" -,G jUg 9 19;.stlf;tt.r-19;1e., +.f e dU kt/A\;il$ -il (.

:u; uotg'> ,.l*Jt &l
Eo=Vr+RoIo+iXsIA

E o =132810"+ (0.1 5)(25110")+i (1 .l)(25llo") =1393111.4"

,L i-*,! llf )dS u,Jo" .,*.lft t

r 393 - 1328

1328

..\Ar,p t, .,',1r, q.f Y r..slrr.;L ,'*p'\;il1i JL-; |cg,MATLAB L*^^ -rr,.j Lt,; (o
(J ) l))

% M-file:prob5_4e.m
% M-file to calculate and plot the terminal voltage
o/o of a slmchronous generator as a function of load
o/o for power factors of 0.8 lagging, 1.0, and 0.8 leading.

% Define values for this generator

EA : 1328 ; 
oh lnternal gen voltage

I : 0:2.51:251; o/o Cwtent values (A)
R: 0.15;% R (ohms)

X : 1.l0;% XS (ohms)

%o Calcdate the voltage for the lagging PF case

VP_lag: sqrt( E1o2 - (X.*I.*0.8 - R.*I.*0.6)."2 )
_ R.*L*0.8 _ X.*I.*0.6;
VT_lag: VP_lag .* sqrt(3);
o/o CalouJate the voltage for the leading PF case

VP_lead: sqrt( F,M2 - (X.xI.80.8 + R.*I.*0.6)."2 ) ...
- R.*I.*0.8 + X.*L*0.6;
VT_lead : VP_lead .* sqrt(3);
%o Calcdate the voltage for the unity PF case

VP-unitY: sqrt( E132 - (X.*D."2 );
VT_unity: VP_unity .x sqrt(3);
ohPlotthe terminal voltage versus load
plot(I,abs(VT lag), b-','LineWidth',2.0);
hold on;
plot(I, abs(VT_unity), k--','LineWidth', 2. 0) ;

plot(I, abs(VT lead),'r-.','LineWidth',2. 0) ;

title ('\bfTerminal Voltage Versus Load');
xlabel ('\bfload (A)');
ylabel ('\bfTerminal Voltage (V)');
legend('0.8 PF lagging','1.0 PF','0.8 PF leading');
axis([0 260 1500 2s00]);
grid on;

hold off;

.Jr-i,_/ d;*,& 2-A JS-f .gtorl.:9; a.[; .Sl-fl tt
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tfl$.S--- ! trl$ O-,-l ..:,-,1 a-iGs tJ -r9r 3670 J-[5 rl- *r-, 9 3630,-s;t+.;
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, P, = Sr, (f ,,, --f ,r,)
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(3630X2) 
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120 120
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j'lMW 
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',t,rlc ,r"*5.* a*,1-".. lrlarg:l;i,.JJIS} - ,llf P A P = Sr(-fr- fn)'4L,,1) J Jl--

S - 
Po 

-3MW :1.s MW / _"'o- f . -f- 2Hz /Hz
J nl,A J fl.A

.S^^ - 
PB 

- 
3MW : 1.676 MW /-PB f _f l.79Hz -'-'J /Hz

J nl,B J fl.8

S^^ - 
Pc 

- 
3MW :1.96t MW /-PC r -r l.53Hz ' /Hz

J nl.C J fl.C

,,o,r!.: 4.lrQ ,j*'l 7 MW sls [ )q (iJ!

Puoa =S ruffr,n -f ,r,)*Sru (f n,,u -"f ,r,)tS". (f ,,,, -.f ,t,)
7MW = (1.5)(61 .0-.f ,r,)+(1.676)(61.5 -f ,,,)+(1.961X60.5-l,r,)
7MW =9l.5MW -1.5f ,,,, +103.07MW -l.616f ,y, +ll8.64MW -l.96If ,y,

5.137 f,y,:306.2) fo, =59.6IH2

'L 
i;*,1 slt _til1; r$ c5u*Ji ,jlf

Po = Srn(f*,n - f,r,):1.5(61-59.61) :2.09MW

Pu : Sru(fr,u - .f,r,) --l'676(61'5 -59'61) =3'17 MW

P, : S r, (-f ,,, - .f ,,) = 1961(61- 59'6 l) = 1'7 4 MW

3MW .;-,. ,c9i Jlf r- J \ ,il$ Oly tr.j ri*j J# .-lild (iJt) c;*! t; .-.,1-t p+*o (.t

.;*,,1 ocrS )SW

.pJ r*-, .,AL; .Sbttl ,; l, [ory!$ Jli +J9r *::* ;,*.,1 ,:la; Jlry ifl q &q. dl (e

L.lt tElyl ).o q Lyf P 9 N.-,91 ;*.,.rr rtl ."* y.l-t f ,, d*6[5 to,r:-"4 i,,tl r*-,,-Sl-*

',or;!.> '".5 
r*r-r eFJp 'aLtlt ;l o,:[.0.:*rl

Puoa : (l.5X6l .0-.f ,r,)+(1.676)(61.5 -f ,r,)+(1.961X60.5 -f ,,)
5.137f ,y, = 313.2 - Pr*

_c 313.2- P^*
r svs 5)37

o/oM-nte,o .,r",,uffi,5;Ji}t';']."-?flr'u 
jl 

'-*L' 
r'tr* b-'vl;i rlf Fe'" d,*+-'

%o tlvee generators as a function of load.

%oDefrne values for this generator
frrlA: 61.0;% Noload freq of Gen A
fnlB : 61.5;% NoJoad freq of Gen B
fnlC : 60.5;% No-load freq of Gen C
spA : 1.5; % Slope of Gen A (MWHz)
spB : 1.676; % Slope of Gen B (MWHz)
spc: 1.961; % Slope of Gen C (MWHz)
Pload : 0:0.05:10 ; %o Load in MW
Yo Calculate the system frequency



uf1)iIJ!15t$U* iito +trrl. e,r&J

fsys: (313.2 -Pload) .l 5.137;
%o Calculate the power of each generator
PA: spA .* ( fnlA - fsys);
PB : spB .* ( fnlB - fsys);
PC : spC .* ( folc - fsys);
YoPlot the power sharing versus load
plot(Pload,PA, b-','LineWidth',2.0);
hold on;
plot(Pload,PB,'k--','LineWidth',2.0);
plot(Pload,PC,'r-.','LineWidth',2. 0) ;
plot([0 10],[3 3],k','LineWidth', 1.0);
plot([0 10],[0 0],k:);
title ('\bfPower Sharing Versus Total Load');
xlabel ('\bfTotal Load (MW)');
ylabel ('\bfGenerator Power (MW)');
legend('Generator A','Generator B','Generator C',Power Limit');
grid on;
hold off;
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.(;*,lVo:4160I Ji =2402V f.+i .srf, ;Ug ar.lrQ ..-*,1 orL; b-,ylrj Jl;'l) 'L 
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It ,l =ll. I : J- - lokvA :565.3Ar At t- L t Jl r, J\+gol/)

,1, .U'f JL;t ,L-ra ;.1 u*Jf ,-sll piY .i-F ,L-ra \ Y-A J5*! "t:e5 JL;'t 6ab )
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f;*,1 _,a"a

fri )S .*L; Clf ?.-t' s o\.f ,jUr ! L',:rl,: j! AF ,L-r+ 4" q :il$ ir.l (.:

,L i-*,1 ll-t -;.-*,tt Ct"r+ 9 L;.rL-ra (iJl ,..J.

ll,l=ll, l=j- - lokvA =565.3At At t Lt Jl r, J\+sol/l
,1,lt O)Lit.*L; jtJg.;,*,t I,t:565.31-31.8"A ,.1.1;tt+.c*,t ;Lir*.,. 0.85 oli *.f

..uol ;*, V 0.899 O.*L J--lr-:,;J or; gl+l Ot,S*, ,-r-Kt-, .,-*,1 V, = 480 I J3:271V

:L .-*,1 ;l; ,=J:;lc oa.i +Jf, jUt .f.l-*Q
Eo=Vr+RoIo+jXrIo

E o = 217 2.0' + (0.0 1 6)( 565.3 l- 3 1.8" ) + 7(0.89 9)(565.3 /-- 3 1.8" ) : 509 t 30.5"

j! ;!r. .-,taii; rt .c,*,t ..6(SOq):881V sle fuL-t jUl ti rl;1;; .r.L";t.: jUr i.*.1 (v

.rr-l.f ;*J& )*-l 0.535 fjY .5,-F' ,L_re

,,trrl,: jU9 F$i

vR =vr.n, 
-v, fl x100 - 881-480 

x100 =g3.5o/o
480V,,,

,;lojt_1, jUr .rri a:;t,.:r, Jt{,5tj ,l ,! 9 &iti ,5 Jtr t" ./U J1.lrr L. }lt, Al ;l
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fr.:5 ,lt* ;f -rj? q FA S _*:"-G9; t ps

-til$ ar.t _rr tSsg-tg jtf .F1*it? a:;!c l; ,ssg,s,jlf .\.,-ti JL.rl )9l;^;5 ,.-,r-,11 i;*r.L ..sl.; ,Jr

.c;*,! .,Lil,' og),l.ct A9-f Jli -rl-t

:.;*,1 ;1 ); *. 619,9 Cly I -,tjl,' ,,eN ,?S-f Jli
Pout : S cos I = (470 k't/A)(0.85) : 400 kW
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4u :3RAI'zA = 3(565.3)'1o.ot6) :1 5.3kw

Pr* --8 kW

P,on =7 kW

P -0,\ lrtu

P r'= Por, * Pu, I Pru, * P"on I Prt oy 
:430.3 kW

P
tn

'L 
.;*,t ;tr Jkl )9l;-:5 ir.l;Lr

T:
app

7.04(430.3kW)

1 800
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J"5 r*,-,1 c*L J.,-tr _," -,f,
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r^(9i: cS;***; ,Ll ,p' q ji + AgrJ ,.,i*b Jlf .r9; ._*Xp*t p^tl.*9tj,. )l fl (:
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-8 Eo sindLl +L_.f 
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'L 
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E, =(L\2,.^0,
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L

Fl.u. (I rl**ao.dA8l

SS 7t$ \...., .r. ,*.* $+.i> Ol,j I A-0 JS*i

:J9*J6-o 4i*,t... t.t .l, J ; _41-_f Jli 9

Q :T rI, sin?

a,r-i +Jy 1U9 t;9U. )l -rbuf !.;*,1 ,L-ru 'a'.9.,,ra:-.r-,le aJ..:*,1 .r*,t.r,."l *-1, e 6
:L i-*,1 rl; .*L l-_lF r.: ,=lil.:

E^ =Vr+ jX rI,t :277 20" +.r(0.899X565.32-31.8') :695238.4'V

,b1^* s. &*;19: MATLAB -rJ ,.j &L,1 !.;.*,1 6,:2J.5" 9 E,t,:461V ,-,*.1-*Q

.Jor,r-o ,h t, &L; e9-f \ 1 -A .-[5-J; .cai,=^ ,t*.,,
o/oM-filre to calculate and plot the reactive power
% supplied to an infinite bus as flux is varied from
% 75% to 100%o of the flux at rated conditions.
% Define values for this generator
flux_ratio : 0.90:0.01 :1.00; % Flux ratio
Ear: 695;% Ea at fuIl flux
dr:38.4 x pil180; o% Torque ang at fullflux
Yp : 277 ; 7o Phase voltage
Xs:0.899;o/oXs (ohms)
%o Calculate Ea for each flux
Ea: flux ratio * Ear;
%o Calculite delta for each flux
d: asin( Ear .lEa .* sin(dr));
oh Calcu/'ate Ia for each flux
Ea:Ea.* ( cos(d) + j.*sin(d) );
Ia: ( Ea - Vp ) ./ fixXs);
Yo Calculate reactive power for each flux
theta : -atan2(imag(Ia), real(Ia)) ;

Q: 3 .* Vp .* abs(Ia) .x sin(theta);
o/oPlot the power supplied versus flux
figure(1);

iitl...:.......... ...;....................-..........
;i
:i

;i
:i,:
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plot(flux_ratio, Q/l 000, b-','LineWidth',2. 0) ;
title (\bfReactive power versus flux');
xlabel ('\bfflux (% of tull-load flux));
ylabel (\bf\itQ\rm\bf (kVAR) ) ;
grid on;
hold off,

eB #.ff""ffi**ffi, o'e7 o'08 o'eo i

SS /ti ..3...> , d+!>* olf ll -A JtS,;i

Y. -A .-[S-.:; ..:9*,cf ro-_r ,f ."* f. ff;l Ot_r: MATLAB p i.) eU;4 ;;j;y t (c

.&J,.t' rbl, &L-rt ,ll &sf
% M-file: prob5 21d.m
%oM-file to calculate and plot the armature current
% supplied to an infinite bus as flux is varied from
% 7 5% to 100%o of the flux at rated conditions.
o/oDefrne values for this generator
flux ratio : 0.75:0.01:1.00; oZ Flux ratio
Ear: 695;% Ea at full flux
dr:38.4 * pil180; o/o Torque angat full flux
Yp:277; % Phase voltage
Xs:0.899;YoXs (ohms)
o/o Calcllate Ea for each flux
Ea: flux_ratio * Ear;
%o Calculate delta for each flux
d: asin( Ear .lEa .* sin(dr));
o/o Calculatd Ia for each flux
F,a:Ea.* ( cos(d) + j.*sin(d) );
Ia: ( Ea - Vp ) ./ (*Xs);
YoPlotthe armature current versus flux
figure(1);
plot(flux_ratio,abs(Ia), b-','LineWidth',2. 0);

Rarcmrupffisuuriur
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title (\bfArmature current versus fl*');
xlabel('\bfFlux (% of tull-load flux)');
ylabel (\bf\itl_ {A} Vm\bf (A)') ;

grid on;
hold off;

Hl[(1(qliltr"|*taS

tS 7l[i y r*1T ttb-n f . -A JSJ

L ,t!ec ,50 Hz .-jb.r-,0.85;le; ?,t' L. 12.5 kt/ ,100 MVA ,j9;*., r:rlrj .i-
.;,*,1 0.012pu ,->,-^rl c;9LiL 9l.l pu 39f*, .r-51_, .g!rl.: orh*, JL;'l

fc,*,1 -,Jra ro.t ."r,.- y. -tils-t -ptl &gb 9 j9;*, u*jt:St) (.--aJl

f ;,-,1 trq Jo,-l* cr.l -rr 6 )91u.;5 i.,911 f;,*,1 ,.r; .fU J--IJJ sr E u.rJit.: ;U9 6;lsl (-,

fr:S JL.'l ol q r,-! ts;sW o" J"tsrtr r. 4rl 6a^;lcrf .FJs -bu-r il$;l i:to.L' :l fl @

,,t,rls :il $._f.l .Sl_,r,ul.

V o 
:12500 I J, = 7217 tr =V 6,u*"

z, :3v;u^" -3(721-T2 = r.56 oo6e 
S u^" loo

:U ..*,1 flf rosl .1....- y. ;yly) ff) I ;*9UL 9 o9,;5*, o*Jt5l) (iJl

R.t : (0.012X1.56):0.0187 f)
X s = (1.1X1.56):l.716A

'L i:*,1 y.ly. ,1arl 6t-.,g (.:

It ,l =lt ,l:-L = loot'tw :4619 At^ A t t- Lt Jirr, Jilz.s*t, )



"*;li(l! 
15l$O+ii]to J+tllr. e).ir]'

I, =46191-36.87 A

'L ;*.,1 ;t_,r ,r.l-tc 1U9

E 
^ 

=7217 ZO' + (0.0187)(46191-36.87' ) +,r (1 .716)(46191-36.87") =13590127.6"

.;*,1 21.6' )t )9V-:;5 +.sl) s 13590V 1.l;,r1-!.: ..r^l; +Jlu 1U9 6,lsl .f.tfQ

',o,r!,: 9 ,:9, .rol9.- llf ASf Jtf ti cSrJ;9 31y ,;td,' ;l }auf \ Q
Pout : (100 X0.85):85 MW

n =l2of " - l20 (50) 
= 3ooo r lminsr,P2t

:L ;*,1 ;rl; Jkl )9l;.;5 .f.tfQ
85x-]d- 

=2iooooN.ml*r=li*t= )r
(3ooox;; )

?.t',13.2kV ,l20MI/A,=.t, oLJ.gtrls orLl*, JL.o,'t tl jG- j9f*, ;ilfi.S-,- (Pltt*O)

Cly.* 3l .;9U- r! 9 ;*.,1 0.9 O $ly),19-5*, ..r-5!_, .;*,1 60Hz .-rj5i I jGc.,-,0.8;ty

."-f -bur
!c-*,1 ;rit ;ilfi jU9 ,*LJ (...oJt

l, 60Hz .".;[5.e 9 .ll.r.- s -.7'.,tl -,t-ql,' oLo 9 r;.5 j[5 50 Hz o"S-p -tr -till_t .f.t .5! (.7

f"gi./ -,.it .-,1 qs;eU Cly r jUg .tj,tl a:;t.:

f;*,1 -,J"? 50H2,_*;[f; tr jUr F^Ljj (e

,L ;*,1 llt -#sl .f[ Ot--,a (iJl ,J.
C I2OMW11 l:l/ l:-j- =52494t-At t'Lt Jir, Jilz.ztttl

I,t =52491-36.87" A

',crrt,: if.t;rQ ,i-*rt orl; ;il$ JLo-;l

13.2kv[/.=--.-" =1629/oJl

,L ;*,t ;l; pls ;U,
Eo=Vr+RoIn+jXrIo

E 
^ 

=762110" +7 (0.9)(52492--36.81" ) = 11l2oll9.9"V

VR =l1l2o -7621 xfioo/o = 45.9 o/o
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'slicf ;U9 n Ja;:'9
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?.-p !.r-611 9 Jlf ,tilyt lU9,r^-.,1 ,t.r.L..r,L ,*i 50Hz a1 60Hz jl u*;[S-p -Sl Q

:,t,rl,: .r.t;ie .*L-.r .;os
vr,*,"0 =l{rr.r.ov ):lt kv

s,a"d = luOrrrro) : loo MVA

x , =|t0., ) :0.75 o

,ca .l.o19.- -#;l ,t-ra ,50H2 .*[ L_lr ;r (e
IOOMW

=--\'tll r'_

.,13(ll k't/ )
Ir ol:lr ,l: Jirr,

'prrlr .r-trQ .c;*,1 ;G.r*,., 0.8 319; ?.-t'
I A -- 52441-36,87' A

v ,:llkY- :7629v
'Jl

Eo =Vr+RuI^+ jXrI,,
E, = 635110" + i Q.7 5)(5247 I -36.87" ) = 9264 /19.9'V

VR =9264 - 
6351 

xrOOoh = 45.9 oh

635 I

,rf- .r-51, g oli.jUr d ,*,1 ;l ;J.c .i-*,1 o.:rS .91:-, jU9 F*LJ .5 "9;.t' o.rol::-"

J Fl "r rL;-, ra tr) ! ;*9UL ;l aS ;*,1 ,s;f -," .r.l +;Jl .srlr .lSi t .,L> 4l-l)

"#5i 9r _rr jU9 F*l;;J ..:rt.: ;9U';. + .r-5; ! Of ,,:9;t ;bur ff;l c;9G-

.s9 .roly; ;9G;

.r:-t5.,. a,i;' l) csttl p.o tl e )ly 48OV ,600 kVA +Ll ,.rrf- il$ er (frfc-O)

$ly) 9J ,f lr.- .rL-ra .=:-69 .Srl.: ,;lG; Js/, &il i-;.:"- ;ilfi l" .l.l a-Jgl .5too-ril.:r5

lbu*1 0.72 oli *.r L. 300A caFr I _jG.r-" 0.9 319; ?.-f L 400A ,=S-, .o*,1 .99t*"
..\or.4 J.*

!;*,1 ,{i>.Jo.:e J.p ,L. a'. _,9;l;j rr jl .i_ r" aS torgl;);r:j>* 9 & 319 (.i,Jt

fe-*,1 _,*t ,! JS 319 7,__;- (.:

;t-.5,- oli +-r\ $ly) eo L'se; e.^h +.ti d(- a? -rr G;ilfijt .5,_ _e Ob:- o\.f Q
f.r;.S )s

,1 ,*,1 ;.1;l-drEl;);\t>r; 9 & 319 (.-o-lt ,.1r

P, = Ji v, I , cos g = .,f11+20X400X0 .9) : 299 kw



8, = Ji vrl rsine = J1@80X400) sin (Arc cos(0.9)) :145 kvAR

p, = Jivr I ,cos d = ..f 1+ao; @oo)(0.72) =t2o kw

Q, = fi Vrl r sine : JigB0X400) sin (Arc cos(0.72)) : 1 15 hVAR

',t,rt,: 
.r,-!.f i-*r& J.t aLb -f g # Oly jl .,,5 Olg ?1.-f (?

P, = Pr* Pr:299kW +720 kW :419 kW

Q, = Q, +Q, =l45kVAR + I lskVAR :260 bVAR

pF =cos (tan-r f?n = o.g5 lag' 'lr
.+t- 

"1^ol5 
OLi^o -,* + r,-ti Y ,:il',,;.-,t.r*- Ot--'z I +t-.;"-lfl .s-! \ ;ylrj Ol"*-" Ot-f (e

*.raL 15kV ,120 M't/A rt-S- tlfi ,l-q;.5lrl.: o51*.S, .,,r!i pi-..*,.i- -rr

'o:* 
i*, .srls ;t*-Sr- .ts)-);!l .gtoa..;,u 9 J5.,. rS p^ ! .Sjlf af ;,*,1 jG.r-, 0.85 319;

3 Hz )^lSr! b' .Sr!.; )l u-* &il 45 ;*,1 ou; +-t! St* btylrj LJgl ao;;!c -F SGsrsS

9 .u.;.f.,. +Jf 60 Hz u;lS; _,s l_, 75 MW ;".1;,jlf 4. _r^ .b_,ylr; ,-r.l 1l c.rc 4*, .&jrti

L' .ro16 Fr, l) p:--**, _,J -,! ;lr**;; ,r^L*' ,l (.:rl.: eU -,grqU :ilfi o.f) r"-,t.q; $ls)
.st'? -41, 60 Hz )J fd,-..*r "#tii

4. .,^ c9r!.; ""it5i 
.;,*,1 60 Hz u;lS ; 9 260 MW i- ^:.*'r! JS .rl- OL-, .f-,- ,-: (jJl

!.:*rl -rJ"? fu:,..j*, .gtor9;lr:; ;l

pi-..**, &-J? o*,t5i ,ru5; *; ,9:l;j F+r tE I +t- &-;t 90 MW q F:--.*, t\ fl (:
f.r,.r-,r"?

60 Hz OL^ -&.. ,tl ,o--..,- .Jitif L' .r, p5E" &-tl 6)l.rL a? rr til-fi csrtl,:* .r,l5f (e

f.r;
n.r$ L; J $l-il S ,;ry rc,.u! rS Jtr tr (e) Q -rr o,$ e-o--af L-l,i ti pj*- -il ("

f.uc,=.o tSgs \ Jg*, !J"

cs;tr,st;l .r.,5;.;^oS e c;*,1 (1200)(0.85):l02MW )r $ly) art J*tS rtr Oly (.iJl ,Jr

:L;*,1 y.\:ilyt rlta.f.l .Slf .f5-f -Jli P d;*; er--.;-,1 3Hz ,l^lS ,L.l:

d l02MWJ, = :34MW lHz' 3Hz

.u.,L"; ,:lt: ISUW +.\ f -tilfi u;5 ,uJe;75MW Jlf Y s \ s \ .store;l;j tl 4. -p -Sl

,L .r-l lll \ -tilt. cSrlc,1 
"*;t5i

Pr = Sr, (f *, -.f *,)
7 5MW = (34 MW I H, )(f ,,, - 60Hz )

f ntt:62.21Hz



1.0 u9r:irD ,sLolfrli ) - 5a +ai

:L i:*,1 s.ls. * e_,t€ til$ csttr,.s* 
"Jlsi.;*,1 

+Li r., Y r Y ..5tor9;l;) o;L.r;. ""Jt5i
Po = S ro(f ,,0 --f ,,)
35MW : (34 MW I H, )V ,, o - 60Hz )

.f ,,0 :61.03 Hz

:L c*rl ,rl; ,..;:-.1*, &-J" .r*;Si .r*,- .u5; x*i; f L' \ .gtnr9;t;; t*Ji;: tUi; (:
Puoa =S n(f nrt--f ,r,)*S", (f n,r.-.f ,r,)+Sr, ffn,r-.f ,r,)+S"o (f ,o--f *,)
2goMW =(34MW Iruz16Z.Zl-.f , )+(34MW Iruz762.21-l",,)+...
... + (34 MW I ruz )62.21 - f ,,,) + (34 MW I Uz y't .9 t - f ,,,)
8.529=247.66-4f ,,,, )f ,r, =59.87 Hz

60Hz ."JS.e ,J .r*,; 60Hz a1 tt*.*+*, .r-5; L' "r, "t-; +! t*V til;; p*l;;: eLi Q
:i-;tc r".^lr f ,ylrrj .sl; ir.lrQ.r5 qJf l) 290-3(75):65 MW ,itf r,-tl -ts-r.V til-t)

Po : S , off ,,0 -f ,r,)
65MW =(34MW lHz)(f *o-60) ).f ,,0:61.97H2

.J*;t5i e*,,.ri-L^i +Jf l, 290MW .\,-t? F.r ;il',i a*r.Jgi lra t rl cr9-aqt; $ly) -51 (.
:.r-i ,rot9.> pi-.*-,

Puoa = S ,r(f n,, -.f ,r,) *Sr, (f ,, -.f ,,,) +Sr, (f ,,, -.f ,,,)
29OMW=(34MWlHz)(62.21-,f,,,)+(34MLtrlHz)(62.21-.f,,,,)+(34MWlHz)(62.21-f,r,)

8.529 = 189.63 -3.f ,,, ).f ,,, : 59.37 Hz

.1l5.,. ,n; 96.7 MW ,El;j Y rl el*f -e J.,-tF ,-r.! -,r

AjB)S .i- .t-tf ;lrL .gjr;l At-t! .glra qol9- 6^ aS r--j-""-b c'-,u:-qd L.l, q;5 ;Y
20MW il$ ,'..ti .S., L- 9 l\MW :ilt-t t-rttp 9s ,l .u-:-. o ;t+. L.-i ..J .S;5F*^-.'J

.Jgr *i l) .iU.il rs !/*, s 4.r.q;5 vEoL;l l, A
&.1 -51 Ll .r^iL ellK. l0,9:l;; 9,: ;l ;asr,.+ t yr:l)_rl s19,*. .;llll20 rgl;;4. ',r.
jl J1 -f\ ,"* orb';! :ilfi e.: rl a5 Jb -,..a; uole'- dbi2\Mw ,! pb'r+ Cts -tilt)

.rlf*. J-'t;!-,,.-,ty J 64 .5F.J.u.iL ,S )16,ily:

J,r 60Hz e .r$! er l3.8kv jGa*, 25MI/A oll; JL^;l ! .rlf! -,ylrj .i-
.;*,1 o.ui J*r.! -il e.V. 9 #; -rli .,i-1";i
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.r*it* -.;y.;,* _f 9 )G _,r ro.! pl.lt,ily);l o.r,"t-l gL;l 39rf-*, u;t;St, (iJ!

p Il-tvlfr rrl-i 380A C!u.-,L-r+.sljl q l, X, d-)- 6.t;; gl*,j;t u9f*,;tSl; (v
.J.*,-9*i +9;.,, f jG f roll

,uot ,.-...-- rlt:lf 9 J*tiJ 475A Ola.- .tt-rz .sljl q l; e--v., 6.tl; gt+*,1 ,;9-Sj*, ;1511 (6

.J.i*r-9l^i i.*f-*. S )G S

riit* l; ;i|t);l "L'f JLo.;l ;*i (.r

.i-F' .rL-ra ,sl .;*'1 +u .-,!.F ,L-r+ -ra rr :il$ or-$ tta-it ,9f*., .rl5l-, (iJl 'Jr
e.Li jl ..r-1,_f d/*r+18.3k't/,-*tr. al,-G jUl ttt,l.r-;9.11 e.Lu jl .{o1}rl -b _t" 380A1)

.roJ.r-o l) 1240A g-^rl ,L-r: ,380A.i-F ,L-_r.7 o.f .f.* o.roLL i*j "t;f JL;'l oy)l
,L .*,1 ;l; A)G jUr if.hl+ .,*,1 o_,11; -9ly) JL;l

t ^:t83!v :ro566v
Y ta

VJ
:L ;*,t -nlt ,ilfi o&li tl..;l ;9f*, .r-El_r ir.lrQ

X--10566=8.52f)Jil D4O

,L ;*,t y.ly. * ;ily-t .5tji- .r,l*t

Z, :
Dds e

3[/;b","

,s,DA\e

x ru ,, :Y = l.l2puru'Pu 
7 .62

jUf .r.,-1,=. c-*,.l, SCC 9 OCC J 380A Ol.r.-.tL-re.i- -,J "-u;;3t!l ,19;*,;[51; (v

til$ ue.- .o*'l 1240A "t;f JL;'l Ot-ra e l4.lkv )r 380A Ola*- Ot-f -,r j! ,lu. Joi

.r-Kl-r ;l;l,i .;-,1 I t :1240A 9 Va:l4.lkv lJi :8I4IV Ard;.i )J ,rrlc orL; J1.;'l

'L 
i-*,t )1. il.il,-r.l -,r ".rJ; g!--i;l ogf*,

- 8141 
=6.57 c)

t240
6.57

_ 3(796T'z :7.62 e)
25000000

'L 
.:,*,1 yl;. a;t1;- p t ;ilfi o.ull gl^;l ,ff- .f[:l5l_r a:r*lj 
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Ugr:iu .Sto;rl,p) - p+1 4^O

OCC jUl .r,-t,=. a*,.s SCC 9 OCC ;l 475A Ola.- Ot-;u _;J o..r; gl,:il ;9f.l*, .r-5; (e

Y tilfi JL;l ,9> ,i-*,1 1550A i*i "tj'f JL;'l Ct-_f e c*,1 l5.2kv y.ls I, =475A :s
,ir.t;! .;*,1 Iu:l55OA -*;L OL-re e Vo=ls.2kv lJi =871g/ ,-tl& ,G ;U9 ;*,t

:L i-*,1 )f ALi: ar_l _lr ..1"i gt{l o9f! ..r-51_r

X. -8776: 5.660" 1550

:t9, .rol9.> ..*f;e, p; oJ.:.j 3tdl 69f*, ..r-El-, -:

X, ,,,:y=0.743ptrJ'Pu 
7.62

-#-tl ;b; Ot_f .srl.: ,t! I p =365A Otr.* .rL__ra + a5 c;*,1 13.8kV ;ilfi,=.1; ;U9 (,:

'L ;*,1 fl_* .f U .[",_lF;.

r _ 25MVAt, --=1046.4' J3 Q3.Bkv )

Ot-;: q jt1, l046A.tJf Jb'l ,.rt-rz st-".! q91; oi "*.r o.roL::"-o ,r"lJ Jllz + d?f ti

,L .*,1 llt. :il;-t &t "t;95 JL;'l ;*i 6.!rh .o*,1 365A r9r>,c ,r,t.r*-

SCR = 
365A 

=1.14
3204

! .+.t+r.; Jj .S, \ fil$ ;t .;*,1 l.lpu oe,Sj*, .rL5lt e 1.3U _p-t I ;*9UL

e "15-p r*.!' oe+ \ e*>* t ;;> ,le ,^ sly.* aS 60Hz 
"Jt5i e 12.2 kV 1lJt

..;*,1 ou stly.u.t ir. t" .r=.J, ,-glc[L 1U9

f;*,1 ,r,ir-' ,ool ."..^.> ; -4ly) o9,S! u*;Ll5lJ (iJl

f;,*,! ,.ia,=.t; Llr; -tr -til-tj Eu |;1;1U9 (.t
f,:,*,1 _rr.o; ,-fU l--lri -,r j$L I u -#;l Ot_.rz (e

u\.f .rlji C J,ajr d ,EA,=J:;1.: ;dg _Sl.u;S,=-o r5.fU J,1lrJ r.: l.st _,il$.rJ ii (,:

f "f;.f _,JiA ,a-^rl Jr-J?

.r*JL"i ,l-FEo J..a)J YA 9 Y. .\A.\. ,.:oS ,Sl;l; (o) a+ (o

.*5 vs Eojl .*b'.a.-.> -tl_t _#tt OL-r+.MATLAB L[;,l o.:li:",| L (9

'[ ;*,t ;lt $lfiir.l .sL.- o-l*l .-*,r "'Tn = 7044 V :ily).*t .srG jue (.iJl ,JE
J3

7 =t' i^" - 3(704q') 
= 7 .44 {r2,,u6( suo," 2oxloo



R.q =0 s x, : (l.l)(7.44) : g.lgfl
',o.,-1ls fXl,XQ

:L i-*,1 y.lt -#t | .*U .-rL-_f (v

It,l=lt.l=J- - 2oMW :e46A
t- A t t- L t Ji r, Jloz.zttt )

c;;'rt--c ,=1-1.: o.ui *J9, jdS S;*'l I u :946/--36.87' .f.lfQ .;,*,t ,Gr*,- 0.8

Er:Vd+RoIr+jXrIu
E o = 7 044 lO" + i (8. l8)(9 46 I - 3 6.87" ) = 13230 127 .9" V

.I u =9461-36.87' :aj l;  ru;j .-[*i ot*,[-".. -ll (6

, ' Y \-A Jfr 6;9p ,lc9-., .itt- ,--^11 Ot-.,e ."r,L ,lo[5 .L.a)r A 6llsl a,E, .51 (.

x+n'dJgl Sf^ rr9q q.* 7..o..:rl,r,r-o o5; +lj'l.t o.9voc4.\?d a,-|*,a5 a*5;.!.:..r5,=.
jL.* .'s! .*lU -t -tilfi t-,9 

".r^:; 41Jf ;19 .;,t o)F

',urlc .-f.l-*Q
3V,E.

P - ---:-- --sind : const ) E o, sin{ : E orsind,
XS

,ti &i .\"lf y.lt 6, J-ty.r.l _rD 9 Eur. =12570 Z :p.,11; ,rf-;b 1l!9 5% 
"i-5 

ti

, .E ,, , .13230
d, = sin' (-insin d ) = sin-' (.--_ sin27 .9' ) : 29.5'' 'Eu, '12570

:.r; "ulg.> .\r-J? ff)t oL-re i.*.I;Q

1 , _Eor-v, _(t2510/-29.5")-704410' =8942_32.2" A' jx, i8.r8
y.ly. 6rJ-ty.r.l .rJ g E.qz:ll9\7V :,t-.,r|,: ,r1-1.: ';l;J9 l0% 

"i-l5 
ti

tr _, 13230
d, = sin-' (+sin4 ) = sin-' (#sin 21.9')= 3 1.3-- 'Eu, 'l 1907

:-"i.nl9.> &-q _#sl Ct_ru
Eor-vo 11907 231.3'- 7044/-0 

=848/._26.8" A

,clY *.r
,)l

.YU &^*! .r*lL (o

,L .:,*rl ,rl;

IA
i8.18

Eo, Eo,

',1n'
lrn,

O*/ sind

Qe* i>p f I -0 Jsib

jX'

1 /xrlo



1.1 ogr:ilrl ,Sts,rrlf ) - f4+ J,as

,ti &i, J"lf y.ll 6, J,ty,tl _rr 9 E,tz =tl246V ',trrls ,=.1";1.: jUl 15% ..ru5 t
tr . _ 13230

d" = sin-r (+sin d, ) = sin-' (;3 sin 27 .9 ) = 33.4'' 'Eo, 11246

:.$., .rol9.> Jr-q -cn*,,tl Ot-f
E ,, -v n 11246/33.4 -7o44lo' =8091-20.7" A- LA2 | 6

I_tl---..,---A jx, i8.18
,li r; r.l9- ;ly. 6, J_sy.tl -rr 9 E,tz =10584V :,t,rlr ,rblr )l!9 20% .l^l5 ti

d, = Sin' plrtsin4 ) = sin-' tl?sin 27.g") : 35.8- z - 'Eo, '/ '10584

:.r,J; .u!9.> .Ir-4" -#:l Ot-r+

J , =Err-V, -10584135.8" 
-704410' :7g0/.-14" A" jx, i8.18

:L o.; .Ll9- rl; 6, J;y.r-t -rr 9 E r, =9923V :,c,rlc ,=l>ts ;l;J9 25% ,-;^o[5 ti

d, = sin-r eosin4 ) = sin-'(ry sin27.9') = 38.6"' 'Eo, 9923

:&; .\-619i .\r-J? ;;n--rl U\.f f,*.1-*Q

E,, -v ^ 9923138.6" -70442.0" :7621-6.6" A- LA2 '6le -- * -" jx, i 8.18

! .r"*5.+ l9.l s 4:*1ii MATLAB L^v^ -tr l-t t) LLf Et * -t' Ia i;ll ,o-.,, .Sll (r

..rr-1.* c*r& YY-A ,fS,f; a-U; Slfl
% M-file: prob5 28f.m
o/oM-file to calculate and plot the armature current
% supplied to an infinite bus as Ea is varied.
o/oDefne values for this generator
Bu : (0.65 :0.01 : 1.00)* 13230; Yo E a

Yp:7044; % Phase voltage
dl : 27 .9*pi/180; Yo torqte angle at full Ea
Xs:8.18; % Xs (ohms)
oh Calsilate delta for each Ea

d: asin( 13230 .lEa.* sin(dl));
o/o Calqlate Ia for each flux
Ea:Ea.* ( cos(d) + j.xsin(d) );
Ia: ( Ea - Vp ) ./ (*Xs);
ohPlotthe armature current versus Ea
figure(1);
plot(abs(Ea)/ 1000, abs(Ia), b-','LineWidth',2. 0) ;

title (\bfArmature current versus VtE_ {A} \rm') ;

xlabel (\bf\itE_ {A} Vm\bf (kV)') ;

ylabel (\bf\itl_ {A} Vm\bf (A) ) ;
grid on;
hold off;



lmrlrta*nntrimut €a

'.9{
)

:

'i'"

i

i
a

'i

ii
g
{

0"$ r0 to,3 lt 115 12 !35
Erfi14

EA 2Ir"*l>;.-irYf-OJS,i



,rf; cff .il'(s, ,iy fl.r*5.,-
-rJy p -f r!$ 9 -t' -;j# *, ,t.ol; e.t* f;*,1 -,rra iy C.l e9p -,gL;l;t (..oJl

.u*5 it* -,t'
.Jr:or *i Gsg.c rl"t^, rl ocG;l !lr elt, f.:p;Li,r:-:0.S 9t9, ?).Jo b'"-5.r,-! at (v

frr.i .r _,.q L; Ct"r+ 3;tsl ..:9; ;GJ^,,0.8 ,1, oli *.r Fl Q
..:9r.ul9i flf F-uS.,- \ ASf : cSrg,s Jlf .&iti;telJ.-,-:*;yrfl (.i.,1 ,JE

:L .--,! y.ly .:,>19 ,:li +.f f tiy cStf_rf ..rty

p,, : 
"!-ztrrt, 

cosd =..[1+so;(50)(1.0) :41 .6 kw

rtod =Pou' - 41'6x193- =22llr{.m 'L.;*.,1 ;lt -*-;;9+ -.,..= -t',a9p )9l-;5am (1800). "'
60

:L;*,1 y.lt Jf -rj9r p -t d9-f -tSW S

_7.04Po,, _ (7.04)(41.6 x l0r)
L tod - = l63lb Jinm (1800)

45,J,trl il ..ru,,ilil ,jl .i-F ot-;+.r,L,1Gr:-.,-0.8 *;iy --,$ ?).t' r*;',-91_.; (:(.>- . ) . - \

a,p

-\-
I 
Io,

E* Do,
ge{sind

Dy Gtg* i;p l-t JS.5

.(4; .r:*,19 .S,"F' Ot-f q t! Olf,

lEnl..i-F' ot-r "L-lil 
li dlrQ

4E E n sin d ,l.r;i. ,)s +t_,.* .i-_lil
* p \ ;yy ,S;9F rl.t^, \-2 JS*! .$L.*

..\or.r-o ,.rl;.; .i-F' Ot-_f "L-lil 
ti

I u ,\.-r 4.ll: ,;^,-lil e.ct E u ,;t'-l;sl

0.8 ti' s_l$ ?).p d.2dj -,J .rf;,_*
..uL. -o .51'il lts. .'i-,. -lr5 l) -J ) l) ".:

a*)



J|-;'t 9 jGd+-0.8 oli +-y- t ,-&j;*lo 60Hz ,4O0hp ,480V .rtF- ryr .i. 4
..Sl5.tol ;hL';l at-"".,_r.l -rr.;,*,1 ;,--[ ff) I ;*9[lL 9 1.1CI o9;*,.r-t::Slt.glrlc c.Lu

.i;*,t o,u .*y"6$a )igA 4;a 9 (-stprtr

l-t Io I Eo'*.1;9 ollsl ..r5;^'L' jG.-.,-, 0.8 ;19; *.-f Llr4O\hp t*;l ,.: :iy C.l fl (iJl

J.it#

,.:35-*.d.UrJl )9l:-;5 p^,--fL" 4J .\> a-- [:'r9b5;t fl:S,r. -!f 6rrli5 g ;iy..*.t (v
f;,*,1 .i.; ,.tla*- Ot-;+ at

-,*rt -ryr .r,-u+ oli *.f f.r;.r^ -rJr? _#-t I OL-ru 6;l,sl .;9i .rL, .uor,: \6 ,EA fl Q
!a*r!

..*lf r*;9 4*,t ..r! J.,_tr.r.t _rr l-, -,iy JftV,r::* (.:

Sly.SrS;5,.-rl9,.J_l.t.\.19- Gsg-t9jtf ti ll-tr;>.Sf .llf .r9i.+f,p-t-.,LqL'rl ,ft (..-.Jl 
'1.p

P,u : (400)(746) --298.4 kW

tU,*rl

:L ..*,t y.lt b.f.! CL-f

IL
P

tn

Jir, rr

'[;*,1 ,rl;;Gr;*r. 0.8 tj'-_r$ +._t' rc Joi .rL-rz 6;lsl (6

41.6x103: ---=- = 62.5 A
J3(480 Xo.8)

Ir=
Jitr, rr

',trrt,: .f.lft+ ,c;*,t i;Ii -,iy J6l
= 44sf Jt :25e A

',o,rtr ir.l;Ll ,c;*,1 cos-'(O.S):-36.87" rL-re fu-rlj jG..,*,, 0.8 ti's-,$ +.f ,t)

:2591-36.87" A

,L ;,*,t tlx E o,=I';lc .9.\Jf 1U9 ;*::.^o
Eo:Vd-iXsIA

E o = (480 2.0" ) - i (1. l)(259 1 - 36.87" ) = 384 / - 36.4" V

'L 
i-*,1 yly. &f Js)*).r.!rQ .J;.f.,. ,S 60Hz 

"*iSi ,) 9 ,:rlr ', l^6 6 )9,r rr.! (./

120x60 1An... : = t200 rf min*6

298.4x103
=__LAO/

J3(480 Xo.8)

IA

IA



UgrLi$, €b/9lig. - f..r, +a.i

:[ i-*,1 y.ly. ,sl ,j.tiJl sslc.,J,5 s

Pnu, 
-298.4x103 = 2375 I{ .m-tnrl: 

-: 

1-am (t2oq+'60

,prl; .+.I.t' s*J.r-r si y e_* i Jli ;5lo ,q-J )l $ y .f.LiiJl )9t;;5 ,51.r-- ,l,rL
Y rE o 3(480 X384 ) ,T = -:-----:- = 
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+000ltr.miln ,max r/ 1 *@*A s ,].2oo\'"
'60

tr' (E) a*;t ,=Els 1U9 i;1.: .;"-lit L ;t_,,L .,.;*,t E^sind q.P:constant C* Q
:,o.,rl': 15%

E o, :l.l5E Ar : 1.15(384 ) : 441.6V

F .-,384
d, =sin' ("_o' sind,) :sin-'( -"' sin(-36.4')) = -31.1"' E o, t' 

441.6

v,-Er2 4golo" -441.62-3t.t"
= 227 Z-24.1"d " A2

lAz- *At jx, jl.l

.c;*,1 ,Gr*,- 0.913 J_,S +.-f 9 227A ff) I ;Lr7 i;1.:

.*-5.* lfl s Ai.Xi MATLAB L^^^ sslt t--t LLj; ,)yy JLS^! V P,o*,, .gl; (l
% M-file:prob6 2d.m
% M-file create a plot of armature curent versus Ea
o/o for the slmchronous motor of Problem 6-2.
o/o Inrtiahze values
Ea: (1:0.01:1.70)*384; o/oMagwtude of Ea volts
Ear: 384;% Reference Ea

deltar : -36.4 * pil180; 0% Reference torque angle

Xs : 1.1; % Synchronous reactance

Vp :480; 
'% Phase voltage at 0 degrees

Ear: Ear * (cos(deltar) +j * sin(deltar));
o/o Calculate delta2
delta2: asin ( abs(Ear) ./ abs(Ea) .x sin(deltar) );
o/o Calsiate the phasor Ea

Ea:Ea.* (cos(delta2) + j.* sin(de1ta2));
o/o Calc'',iatela
Ia:(Vp-Ea)/(j *Xs);
o/oPlotthe v-curue
figure(1);
plot(abs(Ea),abs(Ia), b','Linewidth',2.0);
xlabel(\bfl itE_ {A} Vm\bf (V)') ;

ylabel('\b fl itl_ { A} Vm\bf (A)') ;

title ('\bfSynchronous Motor V-Curve');
grid on;
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rI n sind : 3(440)(79.4) sin 36.87' = 62.9 VVAR

,L i-*,1 tly. b_l--i,.t.! _,r ,r!;1.: A+Jy 1U9 (c

Eo=Vd-RnIo-iXrIo
Eu :44020" V -(0.22)(79.4236.87") - j(3.0)(79.4t36.87" ):6032-19.s" V

:L ,*,1 xly. 4.lr ar-l .rr _,yLl ,=...- ;t-ol' (o

4u = 31 1R A = 3(79.4)2 (0.22 ) : 4.16 kw

'L 
.*,1 lly. 1.lr.r.l _lJ .S 

"lr-"., Jlf (9

P,on = P,n - P"u :83 .8kW - 4.l6kw : 79.6 kW
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lYl Ugr:iu €16/fr. - f.irs Lla.i

_-l;.r-lr;lc jlJJg J-,_q ,l.r-; .r+U_ obt-t 10% 6);1" .sqJ:, ;t:J, -Jl $
.r"J.r- _Fu-rRn 1l il:-,,^ 1l c""-ii ;l .5rLo.:L .gl; .r9;d Eo: (0.9)(603 ) =543V

:grl.: 4rqr ,c .,rjL6 4V E u olr*;' ,_!b _," E o sind rl.* .c.r.hQ

4 : sin-' -E'-ri,r 4 = sin-' $f sin(I9.5') : -21.8"' Er, ' 453

I.:Vo-E, -44020" -5431-21.8" :70.5117.7' -4^ jx, j3.o

:L i-*rl J,rl, Fi,-.*, a. ;iy L*'9 A.* ;i-J>F Cly I

Q : 3V rI u sin? = 3(440X70.5)sin 17.7" = 28.3 VVAR

.r*sc &t" \ A-2 ,.l*jt rt9r ;r ;_1 ;Yl9-, a,

.,.o1ji2;19, ,or,r! p*.i";l Oo:,t att ,&iti Vo=440/0"V g Eo:430113.5"1/ fl (i)l

U c J, -" , i i-,.r .jly .cr.,.ti pi-.:*, ;l ;#t ;l f .uc,=. ,-ji1b Jlf .jl + t- ;x5.*
-./-\5(J-)

f .ro,:,=-

rl5.,. if- t- .4J, (*Jl) .rr L_lF ,.: j*iL S l, Q ;\.i>* ,.-,lr r P ;i-!:i> ;le; (.:

fJ;.5.,. rE .,,"jt+. 5s9r:..o r.r ;Jt-- .r.l -rJ ar*;L t-l ..J -rL,.--

L ",J,e .si& ilg o;-*=., il n".it- G.t .&irq Vq:44OlO" V I Ea-:4702--\2" V fl (e

fros6 L_ "r5.* &*;19; ;r.r! F*.r.i*., 1l L_'i f.ro.:d r,.o*.o> .llf .jl q
r:5.,. .|t'^ t- +.J, (6) u+ l--lrr ,s ;*;L S l-, Q &* oli t P ;;*> ;!9 (r

fJ:5.,. rE ,_,..,;t+. 3r9.u.-o r; cJt-- .r.l _,r ,;*^!t t-l .*J -,1-,,-

EA jG l-,tj rc*-l -.,r.li d-^**, ,gly uj$>;19; 6uJJ-'tj .tilfi.t-_ a,*;t ;l 1.Jt ,1f

*>*'l Eocos|<V, l;r:uS..r. ,3f^ &* 6lrr i*;t;l ;;=.^o.;*,1 V, J;*
:[ ;*,! y.ly. 4.lr'ar.t _rr .tL-_re 9 15.,. .J^s. ,;lyj J.ty\,]l*:t ,.f.1 (.t

= 
Eu -V, _430213.5" -44010"
Ro+jX, 0.22+j3.0

P =T rI u cosd = 3(440)(34.2 )cos(-16.5') = 43.3 kW

IA :34.21165' A

,L c;*,1 ,1, J*^J;t L*,9;6.4Jf ,-,i*b drlf

Q =T oI n sin d = 3(440)(34.2 )sin(-16.5') : -12.8 bVAR



3ly *it ;l ;--l-^o .c,*'l Vrjl ;;G.r,, Enly.):;*'l -,y9^.S,- ,jjt- .r.l J.,-lr.f.l ! (e
.c*,1 E u cos 5 >V , lr,, :"r5,=. J*'U ;\i> *

:L .:*,1 y.ly. lly at.l -rr Ot_f .15.,.o k Es 4. i:-,y.{ ,j*;;t i.*l (s

440/.0' -470t-12" :33.1115.6'A
0.22+ j3.0

'L 
i--,1 ,1, J{*.,t- t*,9; Gf ,.,+b Jlf

P =3V rI, cos0 :3(440 X33.1 )cos(l5.6') = 42.1kW

,L i-*,t ,t, J*;L t*,9 64Ji 4*>* Jli
Q :3V 

^I , sin0:3(440)(33.1)sin(l5.6") = ll.7 VVAR
Q4



,ll .;*'l o.r-i pta"l &1i- JL-il .gtr!.: l00hp ,460V .t_U,Jt

).l--c7 rfti ,,.1 R, e--.9LiL .r-iL I o, :80A 9 Voc:24V

S;*,1

Rr jli ! .sjlr -,G r; \-Y Jti! ru;L .or!c c^lj- Jt i'l ,r.*"rl ,,,15

r DC .l{.tii l-Y JlsJ .srl.: rtr-i ,:y-tli;;'.5tot- Cx -'(1r

t4.::ll C^ll" Jtai'l :.Lr, JAlgi R,,rrb*,t &fh .f.lfq
Vo, _ R,(R,+R,) 

=?AIo, R, +(R,+R,) 3 '

R, _ Y ,, : 1, 24 
=0.45e)' 2Io, 2 80

.r*it* l,,,, ;LJ .Ji..,- )S 50 
"i;*J 

t ,.s+t ,ll;,Ga*, 220t/ .i.Wl )9,r .i-
+ii*!,:-t't9J p l;i,t i-;, (v +i^!c i fis gr,r,"",:tt& Oluy;,sr*,, (.-oJl

flo .r..- -n -d.,;Si (s i; ,-i/ Q
,ts)D Jt6 ,j*Jf Ot"* tk)a (..oJl ,,r.'re.;lr 9 '>*'ln,

,, :12Y 120x1:3ooo rf min'P2

n, -- (l-s ) x n, = (l - 0.05X3000) = 2850

n,tip = sn, : (0.05X3000) :150 rf mn

n ,. xP
s ttp

,L .*,1 S,ll tit i-;n, (.t

:L i-*,1 y.l;. ti; ,-;Jr;J ;uy (e

'L .*,t ;ll _ti_t;Lfi (,:

- l5ox2 
=2.5H2

t20
.f ,: t20



,_i1*J ti 60 Hz ,r.t rt-ea jL!a-., 480v ,-;.61 si y 4. .sl-c lr Y-Y 4J:* .sbJlr
!.uoc wlf 0.035

n" JY -l2ox 
6o : 18oo r fmin'P4

n,:(l-s)x n,:(7-0.035X1800) :1737 rf min

n,tip = sn,: (0.035X1800) : 63rf min

,L c*,1 tlS -ti-t .:c_p, (=

:L ,.*,1 Sly. sf ;..-i;J oo-t (e

:L;*.,1 llS;is;5i (,:

.f,.:
n,. xP

sup

120
-63x4 :2.1Hz

120

ti ,J.[5 r! tr 9 890 rf min js)a ! .s-,!.; l--tF _," 60Hz jlio*, .J.Wl ryr 4.
.r:5*. JlS 840 rf min .:c)*)

.5,-.st;l q cor (e f;*,1 tr"?.fL ttt ;r 1i-t.y-y' (v f,:rl.:.-Jos * $s ;l (..AJl

f;,*,1 t."a.r[ -,! f-,ka.i-,.slrl *;i; A;SJI ;t5i (o 9;,*,1 tr"?.fL -,tt e-,ka

,,orrls f.*.lfQ ..:,-.,! ;9r5:*, i-e)-,.i-"f cstq,ri je)-' (.ilJl ,Jr

n -l2of' = 890 - 
12ox6o 

= P = 8.09"PP
.;,*,1 900 rf min rl ;9f*, Js)-) 9 c*,1 ,r*tec;^o arit i.,tl;l+

',urlr .1i-;J .5111 (v

s - 
n, - n* 

xl11yo- 
900 - 840 

xlxOo/o = 6.670/o
ns 900

.g*.,1 ,*,t-r; )9l;^J;5 tl ,./FJ g J;5.=. r[5 "9.> 
Jc)-,-)9lS P,=ti o.:9.uc ;J ;iy (e

:L ;*,1 rh ,.rU ,\ Irs ,l;;J l.il

, = 1x (0.0667) = 0.0167
4

:L i-*,,1 y.l-t kV Js/.)

n, : (l-s) x n, : (l-0.0167)x (900) : 885 rfmn

'L 
i-*,t tls ,sN r! erka 4. .slrl \ ti-t .,S1;SJI "*;tii

.f , : tf , : (0.0167)x (60) :1, Hz



L+Wl €1,,6/9r.ig. - flrs +ai

)S 6oA'iiJ li J.[5;! L-lr rc,r*t!ril; ,60H2 ,440V ,50kW .f.Uijl _rtr.$-
,rU-.c;,*,1 600W a;-..a;t-a.L'9 300W 6t9.rL 9 .StSt.l gtnJ,'.-J.5 rtr J^,-IJJ rc..r5,r-

..qrrl d:*r+ .J-S ,! J--l/ .ts ls l)
*, .d.UiJl ,eh5 1c t' U e* * y. .,1 ,tl:;;,S 16 ,Ae-f ;le; (: ,,e>,^ ooy. (,il|

.y* * s -ti-t "#5i 
(" F dr#

(..oJl ,,J.

n- ='2'f '- 12ox5o 
= looo rlmin

' P 6 ---- t'-"

n, : (7- s) x n, : (l- 0.06) x (1000) :940 rf min

.;*'l 50kW e9-f ,19, (v
:L i-*,1 y.lt f ar# .a....- t )L. )9l:5 (e

_ 1* 50kw
@o, (940)".#

'prrlc 
.re.)9|ct' c:*r& l-1 oui 

"l*." 619; lul ..-t-UiJl )91;^;5 a*,b.. .gl; (t
P"o,, = Pou, * Poo* * P"oo * P_i," = 50kW +300W + 600W +0W : 50.9 klV

tls. -r .,,e# .n...-> , .i.UiJl )eb,l5 Jt--

- P,n,, so2!!- 
= 5r7 NL i,d : - l'gktr = 5r7 N .m 

'L c;'*'l

@o' (g4o )""#
tr c"*,t llt i-.o * ;. ;is;Srs ("

.f , : tf , : (0.06)x (50) =3 Hz

li,.l.tS r! J.,_lr .,,: 91790rf minJ-o)*) tr,-S;!,; r,:*J! rka jl!-.duiJl -,yr 5-
..qrrl d:*,& .J-S _,1+ r cgtlr:r .tsl, sys .=.(1.;SJI 

"*;[5i 
9 o"-J .b-fie 1720rf mi, *r

!c;-,1 ;* -ty y if.l oo_r, f"^EI
rls. st\e J*,-|,,r -," AiSJl 

"r-tS_p 
9 GF.;,*,1 1800r/min ,j*+L ixl .-,r-S! drs'r*,,Jlr

:L.*rl

s,, :TlLxfi17o- 180-0- 1790 x 100% = 0.560/ons 1800

.f ,,nr:sf , = (0.0056)x(60) =0.33H2

n -n 1800-1720
so =!x100%o-Lvvv 

L '2v xfiOo/o:4.44oh'' n, 1800

f,,/r =s/ = (0.0444)x(60) = 2.67 Hz



SR _ n,, - n tr x 100% _1790 -1720 xfi}o/o : 4.7oh
nfl t720

3t9 .9lrl.: o;L; JLo.,l \ 60Hz ,-t ,Q- ,208V o$ ,=:t^rrt*- ty; t, .;.61 'i"f 
5-

:11 .u:'rLc ,i y ,S.l gtc)l.tl .;,*,1 1 5hp aN
Rr = 0.2000 Rz :0.120f) X ,:0.4100 X ,:0'410O
X * =l5e- P*rrh =250W P*ir" = 0 P"o," =lBjW

.r*it* l, 5.1 ;.;li^ 5oh ./iJ .Stjt +

A;SJI .-[S*, r! .rjr'[,-"+ 3!y (c ,-+lro aLG Jli Q -,r[:;l ,r--- -,l-oJ,'(.-, t-;tr7 (.Jt

t -t9s 
pt )i9 isr, (L ,',#iL;Lsl, (; )L. )9l';.;]5 (9 o.l.;t-oJl ,9L.l5 (o ..rfutS. +

a.rti-r ,L-.1, , a.iG,:

,-Sr!(; a-;L! I -ti-t.r,l+l .J- .r.t ,;.;*,1 ou-i orl.-: .rLl; Y-V t!S-l; rc $y JtL-^ rlu' ',,p

.rf,-f J"., Y-V J5^! J-te.,,a . 9 oJ*, rio;L rl.u.p-osd JLllj Zr: Ro+ jX, L.l,

€
+

Dy J:l.z.2lr" l'-Y .fS^i:

liyi* o:L, ul:h.o 2lr.l"-Y ufiji

'L 
,*,t ;l-t Z, = R. * jX, )aL, .r,!+l Y-Y JS^i,lu,o ,,:

I= I - | -=2'22+j0'745:2342185"
I

-l

j ts 2.40 + j 0.4r

jx,

j0.41 fl 0.1?o o

jX*

Zr:Rr+jX,



dUJl 1gts,rfr. - flr$ +a.i

.. r20g_.r4,r - /:-:l2W ll; -tiy.-SjG jUl ,.f.!-*Q.i-*,1 orL;.*, dy J6l
V3

:L i;*,1 ;l; E,.tt-_,+ (-Jt

r -r = 
v, - l2ozo :44.81-25.5"- A 

R, + jx ,+ R, + iX o 0.2+ i 0.41+2.22+ i 0.745

'L 
,*,1 flf tyLl .* ;GL (:

P"u =311Rt:3(44.8)2 (0.2) =l2o5w
,L ,*,t fl;* .;.1f. 41,.,G ,jlf (e

poo :3r: L:3I1RF :3(44.8)'(2.22) =13.4 kW
.t

s ;i^t.gto;*9u- &9, JrL. c;91;L Ro l;; ..:*,1 J;t 3I:+:31'^Rr'l=-;1-, 6 u*5 oer

,t\.rr" &.-;45 r;5 it'^ IAOL-,+ rs lr;le, O* t,., ir.tr!..:*,1 .grL,r, uli
-,s

.r-5._* is,o^1,

,L ;*.,1 ,1, .=S*;tS. + .=(1.;SJI JS*i rl ou; &q, ;le; (c

P"on, : (l-s)Poo : (1- 0.05) x (13.4) =12.73kW
:L i-*,1 ;l; o.ui tjiJl 19L;5 (o

r - 
Puo 

-- 
l3Akw 

=35.5 I{.mLind - 1*a)s (3600) " ;
:L .:,,*rl lll li -t i-o)*):rL ,9L;f (9

n, -- (I- s) x n, : (l- 0.05) x (3600 ) :3420 rf mtn

',wrt,: )L ,9l:-if .Slr .r.lrQ

r =Pou, - 
l23kw 

=34.3 N .mLio*i - a-(1)m 
Q420)x a'O

'L 
i-*,1 Sl; Agf 3lr; r.;LSt, (;

Pou, = P"on - P^""h - P"o," - P.i," :12.73 kW -25U't/ -18U1/ -U4/ :I2.3 kW

',orrts .f.lft+

n = 
Po,, 

xrooo/o - \u, xrooo/o' fln 3xVonx I orxcosd

n = 
l2'3kw 

xtlOo/o =84.5o/o' 3 x 120x44.8x cos 25.5

,L ;*,1 ;tl a*,tj.rL-.!, * , c-t*-*'l 3420 +ii--is -f s9r P-t 1y9^;cy (L
)r

0* = (3420 ) ,.; = 358 rad f s



ufi/iIll 6L6g++iito +trlrc 612.^!6'

i-rfcrt.rt )9l;;5 fc*,| _,rq (,*--ft ,tl:,Sl urfrtr; )9l*;5 _,. .r,F V-Y ak .. .-gl;

f;,-rl .,&?
a*,1-"." I, j5ugt )tl::J5 tr.;,-y' s1*i.,9 ocl9l ;*r+t9,rt Jgr )ll-t -tiS J"t*rlu. luil ,15

,,o.,rlc Jti! Ji.l + +i tr ..{r& rb r. l) f-Y Jg .pJ..r

Zru
jX*(R,+jX,) (rls)(0.2+r0.41)

0.2 + i (0.41+ 1 5) 
= 0' 1 895 + i 0'4016 : 0'444 2 64'7"

= U 15) xl20/.0" :116.810.7"V
0.2+ j (0.43+15)

ixt fil

Rr+j(Xr+Xr)

tiy JtW 7!-r" lc-Y ,[-ti

'L 
c*,1 ,11, ul:SJ 9-f )9W -,r .r-r'J

vrH

S=
" max

'max

= 0.144

3vi,
zat,lnru +

'rlict' $y cf ts:^t lg5

T^u* :53.7N.m
2(377) [o.rsrs. ]

*nS ro*,-r 9 q,"t ." Y-V 4!* _trl_t _ty9^ js)i p -f Ag-f ;19;,r::* (,-,

.r"J.-* lfl'. d;ii l, y_lLVy -tiy G-*-)9u^;S a-an-ta *-t c9h (.i,1 ,J.
% M-file: probT_9a.m
o/oM-file create a plot of the torque-speed curve of the
% induction motor of Problem 7-7.
0% First, rnitralize the values needed in this program.
r1 :0.200; o/o Stator resistance
xl : 0.410 %o Stator reactance
12:0.120; o% Rotor resistance

-+"

1v v, ixa

3(l16.8)'z



L+liJl ;5l,,br9ljg. - flr$ J,a.i

x2:0.410; oZ Rotor reactance
xm : 1 5.0; o/o Magnetizationbranch reactance

ce from Equations
oh7-4laand7-43.
v_th: vlhase * ( *m I sqrt(rl^2 (xl + xm)^2) );
{_th: (0**m) * (r1 + j*xl)) / (r1 j*(x1 + xm));
r_th: real(z_th);
x_th: imag(z_th);
%o Now calculate the torque-speed characteristic for many
% slips between 0 and 1. Note that the first slip value

% is set to 0.001 instead of exactly 0 to avoid divide-
%rby-zero problems.
s:(0:1:50)/50;%Slip
s(1):0.001;
nm: (1 - s) x n_sync; % Mechanical speed
oh Calculate torque versus speed
for ii : 1:51
t_ind(ii) : (3 * v-thn2 * 12 / s(ii)) / ...

(w_sync * (r_th + r2ls(ii))^2 + (x-th + x2) 2) );
end
%o Plot the torque-speed curve
figure(1);
plot(nm,t_ind, k-','Linewidth',2. 0) ;

xlabel(\bflitn_{m}');
ylabel(\bfltau_ { ind}') ;

iitle 1'\b flnducti on Motor Torque - Speed Characteristic ) ;
grid on;

E30

V-Y 4J.f.,- tf y oc.2-t 2W & A-V JS'5

.p$.f l*l s Ai-j,i l-, ;; LLy is^ jst- * -f A9-f 619; ,;:* ,o*', .51-* (:
YoM-file: probT_9b.m
% M-file create a plot of the output pwer versus speed

%o cwve of the induction motor of Problem 7-7.
% First, initialize the values needed in this program.

si(I) loo 1500 2000 2500 S(Eo
n
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0

7
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rl :0.200; oZ Stator resistance
x1 :0.410; % Stator reactance
12 : 0.120; % Rotor resistance
x2 :0.410; oZ Rotor reactance
xm : 1 5.0; %o Magnetizationbranch reactance
vlhase:208 / sqrt(3); % Phase voltage
n_s)mc : 3600; % Synchronous speed (r/min)
w_sync :377; % Spchronous speed (radls)
oh Calcltrlate the Thevenin voltage and impedance from Equations
%o1-4laand7-43.
v_th : vlhase * ( *m I sqrt(rl^2 + (xl + xm)^2) );
z_th: ((j*xm) x (r1 + jxxl)) / (r1 + j*(x1 + xm));
r_th: real(z_th);
x_th: imag(z_th);
% Now calculate the torque-speed characteristic for many
% slips between 0 and 1. Note that the first slip value
oZ is set to 0.001 instead of exactly 0 to avoid divide-
%oby-zero problems.
s:(0:1:50)/50; %Slip
s(l) :0.001;
nm: (1 - s) x n_sync; % Mechanical speed (r/min)
wm: (1 - s) x w_s1mc; oZ Mechanical speed (radls)
Yo Calcr;Jate torque and output power versus speed
for ii : 1:51
t79
t_ind(ii) : (3 * v_th^2 * 12 I s(ii)) I ...
(w_sync * ((rjh + r2ls(ii))^2 + (x_th + x2) 2));
p_out(ii) : t_ind(ii) * wm(ii);
end
oh Plot the torque-speed curve
figure(1);
plot(nm,p_out/ 1 000,k-','LineWidth',2.0);
xlabel(\b fl itn_ { m} \rm\b(r/min)') ;
ylabel('\b flitP_ { OUT } Ym\b(kW)') ;

title (\bflnduction Motor Ouput Power versus Speed');
grid on;

t0

I

$
ag

I\

lndrctoo Loto. Ortpul Foffiru.rEagp{d

/,il
oL
0-o 60 r0@ t300 1000 af00 s0{0 rs00 a000

r, &rh)

Y-Y 4J.f..- 1f 9o di.cyt * I Atp Ol9li u;-*.. t-Y JS.i



L+UJI 15L6/9jg. - fl"$ +45

F^,--fL" )9!':;^5 L'"r, asL;l ,yr rl- { "r-ti ,J[jl ,.}tf trra V-V 4!* tiy slt
l: riy if.l ;of )91;;;5 ea;tu.(r5,-'- oSg.t* &s ci*,-) *" t-,.grlslol, l--lF-,.

S.*5 r*t .-ftjl &rG. tt

,,urrl,: l.J ..r;L \ -*!; S*u* .r,-! .grlslol, at:,J ,s F^,--ft )9l;..:;5 .trr9l d:*r& csl;'Jr
R2

C=
" max

I= )Rr:0.833
Jro. r8es)'z + (o.4ol6 + 0.410)2

.s9,i +!t.l -,ir rl* a.. u,L 0.713O .}rb.i-.r.lrQ.c-*,1 0.120 cl+r,-^9li^ u97

.i--,1 ou; r*_, V-Y ,$-; rc ,iy c.l Js)a )9li;5

kdra{sr llo{ot Torqr+$ad ChrrrsNt

i;iil\i
i , i I i ""-\-."- -'i -"'
iiiii\i
:ia

:i::1i i i :\ i i: i i ; \ ; i.iiili\ii:iii;\i i; :. i ; ; \: :

1000
,l

E

lf 9.o t:,r-2- 2gl;JS "Aa;,U Y-V JS.5
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ItY L+Wl 1916/9jg. - Flrs J,,^i

l, to*::a &[-* ,-f.l .ro---l.,. MATLAB t-r.. -tsl-t S) &Ul to,=.-r=;,-lJ-r9l c-*.,u, cSlf ,Jr

o.r; JL ./iJ ,**ij J.:t - af +iG.: tr -r9J f " ' L' YV" jl oS S.r t*, nm * -t'.

.J;5.,. p-_l .stl.f
o/oM-fle: probT _17.m
% M-file create a plot of the induced torque, powe
oZ converted, power out, and efficiency of the induction
o/o motor of Problem 7 -14 as a function of slip.
o/o First, nitialize the values needed in this program.

r1 : 0.075; o/o Stator resistance
x1 :0.170;% Stator reactance
12 :0.065; o% Rotor resistance
x2 : 0.17 0; % Rotor reactance
xm : 7 .2; o/o Magnetization branch reactance
vlhase :440 / sqrt(3); % Phase voltage
n_sync : 3000; % Syrchronous speed (r/min)
w_sync :314.2; % Synchronous speed (radls)
p_mech: 1000; o% Mechanical losses (W)
p_core: 1100; o/oCore losses (W)
p_misc: 150;% Miscellaneous losses (W)
o/o Calculate the Thevenin voltage and impedance from Equations
o/o 7-4la andT-43.
v_th: vlhase * ( x- I sqrt(rl^2 + (xl + xm)^2) );
z_th: (0*xm) x (r1 + j*xl)) / (r1 + j*(x1 + xm));
r_th: real(z_th);
x_th: imag(z_th);
oZ Now calculate the torque-speed characteristic for many
% slips between 0 and 0.1. Note that the first slip value
% is set to 0.001 instead of exactly 0 to avoid divide-
Yoby-zero problems.
s : (0:0.001:0.1); % Slip
s(1) :0.001;
nm: (1 - s) * n_sync; % Mechanical speed

wm: nm* 2*pil60;% Mechanical speed
o/o Cala;Jate torque, P_conv, P_out, and efficiency
7o versus speed

for ii : 1:length(s)
% Induced torque
t_ind(ii) : (3 * v_th^2 * 12 I s(ll)) I ...

(w_spc * ((rjh + r2ls(ii))"2 + (x_th + x2) 2));
o% Power converted
p_conv(ii) : t_ind(ii) x wm(ii);
o% Power output
p_out(ii) : p_conv(ii) - p_mech - p_core - p_misc;
o% Power input
zf : | / ( 1/(xxm)+ 1l(r2ls(ii)+j*x2) );
ia: vlrhase I (rl + j*xl + zf );
p_in(ii) :3 * vlhase * abs(ia) * cos(atan(imag(ia)/rea1(ia)));
% Efficiency
ef(ii) : p_ou(ii) / p_in(ii) * 100;
end



Yo Plot the torque-speed curve
figure(l);
plot(nm,t_ind, b-','LineWidth',2. 0) ;

xlabel(\bflitn_ {m} \rrn\b(r/min));
ylabel(\b fltau_ { ind} \rm\b(N-m)') ;

title (\bflnduced Torque versus Speed);
grid on;
o/o Plot power converted versus speed

frgtre(2);
plot(nrn p_conv/1 000,b-','LineWidth',2.0) ;

xlabel(\bflitn_ {m} \rm\bf(r/min));
ylabel(\bflitP\rm\bl { conv} (kW)') ;

title (\bPower Converted versus Speed');
gnd on;
ohPlot output power versus speed

figure(3);
plot(nrqp_out/ 1 000,b-','LineWidth',2.0);
xlabel(\bflitn_ {m} \rm\bf(r/min)');
ylabel(\b flitP\rm\bl { out } (kW)') ;

title (\bfOutput Power versus Speed');
axis([2700 3000 0 180]);
grid on;
%oPlotthe efliciency
figure(4);
plot(nm, e ff, b -','LineWi dth',2.0) ;

xlabel(\bflitn_ {m} \rm\bf(r/min));
yl ab e I ( \b fl eta (o/o)') ;

title (\bfEffi ciency versus Speed);
grid on;
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:Fr)lr B .r)E -tis .tr.sr;,_f P** Xz g Xt ,siy o."y5 q 4?f ti

Xt : 0.40X r :0.21 le) , Xr:0.60Xrn = 0.317f)

x , :5.4550 -0.2llQ= 5.244Q ,,orrtc .f.l;Q
.r,-1.* c:*r& \ 1-Y JS*l J.t - ,tu-o a:.;:-; ,,:

jx, ixz R2

lA-Y 41i..- ,tyy rbd7l> ll-Y JSJ

.r"*S.f
ohM-fiIe: probT_18.m
%$-ft\e create a plot of the torque-speed curve of the
% induction motor of Problem 7-18.
0Z First, initialize the values needed in this program.
rl :0.105; o/oStator resistance
xl : 0.211; % Stator reactance
12:0.07l; o% Rotor resistance
x2: 0.317; % Rotor reactance
xm: 5 .244; o/o Magnelization branch reactance
vlhase :208 lsqrt(3); YoPhase voltage
n_sync :1200; o% Synchronous speed (r/min)
w_sync : 125.7; % Synchronous speed (radi s)
o/o Calulate the Thevenin voltage and impedance from Equations
Y, 7 -4la and 7 -43 .

v_th : vlhase * ( ^* / sqrt(rl ^2 + (xl + xm)^2) );
z_th: ((i*xm) * (rl + j*xl)) / (rl + j*(x1 + xm));
r_th: real(z th);
x_th: imag(",_th);
% Now calculate the torque-speed characteristic for many
% slips between 0 and l. Note that the first slip value
o% is set to 0.001 instead of exactly 0 to avoid divide-
%oby-zero problems.
s:(0:l:50)/50:%Slip
s(l):0.001;
nm: (1 - s) x n_sync;o/oMechanical speed
o/o Calctilate torque versus speed
for ii : 1:51
t_ind(ii): (3 * v_th^2 * 12ls(ii)) /...
(w_sync * ((r_th + r2l s(ii))^2 + (x_th + x2)^2) );
end
o/oPlot the torque-speed curve
figure(l);
plot(nm,t_ind, b-','LineWidth',2. 0) ;
xlabel('\bflitn_ {m}');
ylabel('\b Atau_{ ind }'):
title ('\bfl nduction Motor Torque- Speed Characteri stic') ;
grid on;
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