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% M-file: prob5 2.m
% M-tile to display a capability curve for a
% synchronous generator.
% Calculate the waveforms for times from 0 to 1/30 s

Q = -4810;
DE = 5567;
S = 1000;

% Get points for stator current limit

theta = -95:1:95; % Angle in degrees

rad = theta * pi/ 180; % Angle in radians

s_curve =S .* ( cos(rad) + j*sin(rad) );

% Get points for rotor current limit

orig = j*Q;

theta = 75:1:105; % Angle in degrees

rad = theta * pi/ 180; % Angle in radians

r_curve = orig + DE .* ( cos(rad) + j*sin(rad) );

% Plot 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);
% Add x and y axes

plot( [-1500 1500],[0 0],%";

plot( [0,0],[-1500 1500],%k");

% Set titles and axes

title (\bfSynchronous Generator Capability Diagram');
xlabel(\bfPower (kW)";

ylabel("bfReactive Power (kVAR)";

axis( [ -1500 1500 -1500 15007 );

axis square;

hold off;
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% M-file: prob5_4e.m

% M-file to calculate and plot the terminal voltage
% of a synchronous generator as a function of load
% for power factors of 0.8 lagging, 1.0, and 0.8 leading.
% Define values for this generator

EA = 1328; % Internal gen voltage

1=10:2.51:251; % Current values (A)

R =0.15; % R (ohms)

X =1.10; % XS (ohms)

% Calculate the voltage for the lagging PF case
VP_lag = sqrt( EA"2 - (X.*1.%0.8 - R.*1.¥0.6)."2) ...
- R.*41*0.8 - X.*¥L.*0.6;

VT lag=VP_lag.* sqrt(3);

% Calculate the voltage for the leading PF case
VP_lead = sqrt( EA"2 - (X.*L*0.8 + R*1.¥0.6)."2) ...
- RAL*0.8 + X.*1.*0.6;

VT lead = VP _lead .* sqrt(3);

% Calculate the voltage for the unity PF case
VP_unity = sqrt{ EA"2 - (X.*1)."2);

VT unity = VP_unity .* sqrt(3);

% Plot the terminal voltage versus load
plot(Labs(VT lag),b-,'LineWidth',2.0);

hold on;

plot(Labs(VT unity),'’k--','LineWidth',2.0);
plot(Labs(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 25001);

grid on;

hold off;
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% M-file to calculate and plot the power sharing among
% three generators as a function of load.
% Define values for this generator
fnlA = 61.0; % No-load freq of Gen A
fnlB =61.5; % No-load freq of Gen B
nlC = 60.5; % No-load freq of Gen C
spA = 1.5; % Slope of Gen A (MW/Hz)
spB = 1.676; % Slope of Gen B (MW/Hz)
spC = 1.961; % Slope of Gen C (MW/Hz)
Pload = 0:0.05:10; % Load in MW
% Calculate the system frequency
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fsys =(313.2 - Pload) ./ 5.137,

% Calculate the power of each generator
PA =spA .* (fnlA - fsys);

PB =spB .* ( fnlB - fsys);

PC=spC .* ( fnlC - fsys);

% Plot 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-.",'Line Width',2.0);

plot([0 10],[3 3],%', LineWidth',1.0);

plot([0 101,[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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% M-file to calculate and plot the reactive power
% supplied to an infinite bus as flux is varied from
% 75% to 100% 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 full flux
dr =38.4 * pi/180; % Torque ang at full flux
Vp =277; % Phase voltage
Xs =0.899; % Xs (ohms)
% Calculate Ea for each flux
Ea = flux_ratio * Ear;
% Calculate delta for each flux
d = asin( Ear ./ Ea .* sin(dr));
% Calculate Ia for each flux
Ea=Ea .* ( cos(d) +j.*sin(d) );
Ta=(Ea-Vp)./(G*Xs);
% Calculate reactive power for each flux
theta = -atan2(imag(la),real(la));
Q=3 .* Vp .* abs(la) .* sin(theta);
% Plot the power supplied versus flux
figure(1);
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plot(flux ratio,Q/1000,b-','LineWidth',2.0);
title (\bfReactive power versus flux’);
xlabel (\bfFlux (% of full-load flux)');
ylabel (\bfitQ\rm\bf (kVAR)");

grid on;

hold off;
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% M-file: prob5_21d.m

% M-file to calculate and plot the armature current
% supplied to an infinite bus as flux is varied from
% 75% to 100% of the flux at rated conditions.

% Define values for this generator

flux_ratio = 0.75:0.01:1.00; % Flux ratio

Ear = 695; % Ea at full flux

dr =38.4 * pi/180; % Torque ang at full flux

Vp =277; % Phase voltage

Xs =0.899; % Xs (ohms)

% Calculate Ea for each flux

Ea =flux_ratio * Ear;

% Calculate delta for each flux

d = asin( Ear ./ Ea .* sin(dr)),

% Calculate Ta for each flux

Ea=Ea .* ( cos(d) +j.*sin(d) );
la=(Ea-Vp)./(*Xs);

% Plot the armature current versus flux

figure(1);

plot(flux_ratio,abs(Ia),b-', LineWidth',2.0);
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title (\bfArmature current versus flux’);
xlabel ("\bfFlux (% of full-load flux)"),
ylabel ("\bf\itl {A}\rm\bf (A)");

grid on;

hold off;

Armature current versus flux
570 T T T T
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% M-file: prob5_28fm
% M-file to calculate and plot the armature current
% supplied to an infinite bus as Ea is varied.
% Define values for this generator
Ea =(0.65:0.01:1.00)*13230; % Ea
Vp = 7044; % Phase voltage
d1 =27.9*pi/180; % torque angle at full Ea
Xs = 8.18; % Xs (ohms)
% Calculate delta for each Ea
d = asin( 13230 ./ Ea .* sin(d1));
% Calculate Ia for each flux
Ea =Ea .* ( cos(d) +j.*sin(d) );
Ia=(Ea-Vp)./ (G*Xs);
% Plot the armature current versus Ea
figure(1);
plot(abs(Ea)/ F000,abs(Ia),b-','Line Width',2.0);
title (\bfArmature current versus \itE {A}\rm");
xlabel ("\ofMtE_{A}\rm\bf (kV)');
ylabel (\bf\itl_{A}\rm\bf (A)");
grid on;
hold off;
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% M-file: prob6_2d.m

% M-file create a plot of armature current versus Ea
% for the synchronous motor of Problem 6-2.

% Initialize values

Ea=(1:0.01:1.70)*384; % Magnitude of Ea volts
Ear = 384; % Reference Ea

deltar = -36.4 * pi/180; % Reference torque angle
Xs = 1.1; % Synchronous reactance

Vp =480; % Phase voltage at 0 degrees

Ear = Ear * (cos(deltar) +j * sin(deltar));

% Calculate delta2

delta2 = asin ( abs(Ear) ./ abs(Ea) .* sin(deltar) );
% Calculate the phasor Ea

Ea = Ea .* (cos(delta2) + i .* sin(delta2));

% Calculate Ta

la=(Vp-Ea)/(j*Xs)

% Plot the v-curve

figure(1);
plot(abs(Ea),abs(Ia),b','Linewidth',2.0);
xlabel(\bAItE_{A}\rm\bf (V)");
ylabel("bf\itT_{A}\rm\bf (A)");

title (\bfSynchronous Motor V-Curve');

grid on;



SIS 5l puible Jalune g ks
)}

ol o e
AT % Y-# WIPE 31 :
Ko (G 398 sl sl b

260 T T T T
i i ' i
1 I 1
1 i
[" ] N, | SN S A —— - -
S -
- - -
r E————
|
Py S 0 PSR, PO, =
swkivaaadicasas
PRSP R
F ] e . T E e b e - - -4 =
] [
E Ay gy
=
1 i |
220f -~ ==~ o i T
ey A== -
¥ i s e
R
|
Pt e R
i N
P, S sk dTraada
.1 e
| ‘
% i L
1 i
400 450 500 580 800 850
700

J9is0 Y&V e V-5 S

d¢>g0 Y Jlasl 4 518 42

5 3B 0.8 lgy oy .

i 60t 55 s ‘uy o yo b a8y (1000/p 2300V 45 i y48 —
o 0l 104Q 5 280 (o jiay ,pige Censli g ()

Sy o S

ools yLis Y- IS . s /8 ~
s 50 9850 ol 5l o dasin owwl 104 plp 1 oL e 5 B
RO 7 (R ry )SLQ
8 ) “-’3”9“4,0 P foees 9 200V b
?‘)‘;S)lsw‘jg’)‘ssw ‘L,. WQM%W@M%w%)yy&luéﬁb“]
wyo b o5 )L g PLf.:.a: bl QM‘F'Y I s Sl 00l
SR LS L .
] C ol i vo by a4z (I
N "-09-"—,»‘-.’,;-0% - - 5J‘° )lé;o Jae 83
s iz eyl oz lyz wsd sl 5% 299 83k (o
o g ; ' 25 5% Olae 0L &

. G D L s ok Sz
)wwl'“u*“-'»bl ' o b adgy jeige Alwgy B> 8 oley jad> § .C
Ol cape ;0 )98 bl Wl e dile 45" oF P 10t
) $gluaS oy SLe (0

ol juaz 3B 2 0.8 lgs
* e A ‘_}ly %)ﬁb )Q ?C«ul



nol 09 Sias (51039390 - s Juod

3000

2750 ="

2500 o R

2250

2000 /
|
|
1750 | — —
/ |
E
1500

Open-circuit terminal vollage, V

500 — I |
/ ‘ 1 |
250 - - :

0 | | | |
0.0 Lo 20 3.0 40 50 6.0 7.0 8.0 9.0 100
Field current, A

99 V-5 Wano 5350 jl o Luaseiio -5 JS&

iols 89935 Ol sl Jol5 L o (Wliga
By =Py + Py + B + P,

L 59939 015 b maysl Cosir |y gme Sl il ood cuailoisn |y o)l Gz o5 Glej b
5 09,5 e 1) eyl Olyz o 5 prglise Sy (pe DU ) (Shgptin b aloge ol 5o
3935 0I5 S o0 el ) (59955 Ol o DL Ao b o5l g0 iy 1) (o SAils
bl gy cme Slals 31 Al o b

P, =(1000)(746 W +24kIW +18kW =788 kW
b ol plp aoly D5ud o ps 3 s b bzl ple

P 788x10°

=] = = =
BV, PF 3(2300)(1.0)

A L

b Gl plp 1984 b2 3 256 e Al
P, =31R, =3(198)°(0.4) =47 kW
sl 5 Opgets JolS 5l )3 (699)9 Ul e (eSS G nlple
P, = (1000746 +24kW +18kW +4TkW =835 kW
el iz wly D)a8 i po 0 U g b Gl s eSS o
P 835x10°
B3V, PF 3(2300)(1.0)
ol il p3Y A3 sodsr 5ds el 2300/4/3 =1328Y gige ol 56 5L
E, =V¢ R 1, -jX,I,
E, =132840" —(0.4)(210£0") — j (2.8)(210£0" ) =1376/ ~253V




—

RIS S pudbile Jaluno &3 palis @ W

5 S s s sk & 425 bl VB(1376) 2383V Jlise s 5y L SBlite 556 5 ol
Syl 5L 4,64 lowe b,z 5ldg ol

bl plp azly ©)ad cpo 5 S 5L 5o H5iee plenly (@

n =£x100% :MXIOO% =89.3%
835kW

)] Ceoslie 31 1 oS oo Smetr ey Cuaglie Sl Sl Bie s ol > sl (&
5% e Sl ST g wals cslite jgige Brae Ol b lsliius £, SN G 05h Shyedar
393 30ly5 2450V Sl Jam oo 31y e 3 355 50 4834 ply disr e ey il el
b sl il 638 By oo 058 008 et T oS b ygise (B (o (g &5 )0 4z g
E, =2450/3 =1415V

1392 dolgs dpaz Holes Ayl culpliy

E . 1376
8, =sin ' (=2sin &) = sin ' ( !
» 1415

sin(—25.37)) = —24.6

b alS oyl Gl g

_V,-E, 132840 -1415/-28.3
TR, 4N, 0.4+ /2.8

LA Oy e Sl oud Cuie JB asgly Ll ced LS s plen 0 e b2

=2145/3.54

A

bl ol j9ige ade > x8 o5 g Sl 5B i c083.57 =0.998

0 =~3V,1, sin0 =/3(2300 )(214.5 )sin(3.5") =52.2 kVAR
(el o0 gt Ry a5 5D b ol ol anly &8 (o s 50 S 5lii pouSTa (o
CW,E,  3(1328)(1376)

g = : =5193N m
Dy s (3600)6%(2.8)
g 2aly> TBBAW 5550 53959 Ol oS faidro j5ige (Staglie DL I ST
3
=1 P 788x10

L BY,PF 3(2300)(0.8)
ool 1, =247£36.87 4 b, oplplo
L: W ).)‘).3 (RA )‘ )Jaad)..o L») )L‘Buwu 0.8 0‘93 oo ) 61>|.> [ A.Jg; )L.J5
EA = V¢ _jXSIA
E,=1328,0" — '(2.8)(210436.870 )= 2473687V
4 J
3V¢EA 3(1328 )(1829)
Tind max =
' meS

o =6093 N .m
3600)=— (2.8
(3600) =5 (28)




U,M\SLQ)SS,"MM

)L’ULAJad)l.}ks.’)o‘)(v—;)muj)&u)yy(lpwfIA)JSMV(SLQGJL..A -
(sl 2zl R ) 0sS oy JolS 5L g oL

52l e e )3 Ryl el plp JolS )Ly (ol b chad i loigr b 5o (63959 Ol

(w‘ LR u4)$
P, =24kW +18kW =42 kW
P, vy =(500)(746WV +24kW +18kW =3T3 kW

P, oy =(1000)(746 W +24kW +18kW =788 kW

8 ey b5l s o b caai (s )b 0 el sl il wxly Gl ps S

42x10°
SN . . ~10.54
"By, PR J3(2300)(1.0)
Fo__® 373x10°
A3y, PF - \J3(2300)(1.0)
P 788x10°

Lan = By pr 2300 10)
Lzl il axly Olss e po e aliSie sla)b b Bl (AS1s Bab wdgs 5Ls
E, =V, jX,I,
E,, =132820 - j(2.8)(10.5/0° )=13283/ 127V
E,, =1328/0 —j(2.8)(93.6£0 )=1354/-11.2F
E, . =132820° - j(2.8)(1980° )= 1439/ =227 ¥
V sla gt dnlre ;0 g2 ye BlE lyie 4 adilg o 0y Gls oo )0 09 By polie )l
V sl i plgi oo MATLAB Lo jo dsliy (s b o] Sles & (9,80 550 S5
S aly> F-F S O ygod b doie cpl sl ey Cdl aw jo S0
e Oy el jise caladi (ol 5o el 02ly Bl Gy 4 bog e pesins 3l e () o
e Gl 51 585 a2 Dl o )l Al b (Ao Gl Jols g S e By
S ,m6 Glyz 0 g WS e ByF ASeh w Al ol g o)l (il e i
Gl S o0 8L, Aol Sl (il Gl 5 00 S3lm S jgige Glaie (nl I S sS
s ST S Jos 3 b cile S &g Slgoe 95 sge S by J2S L
095 55 T a sl il Bk d ol JolS Sl b bl g uS o b (95
295



S Sl puble Jilune Zs s I A

Synchronous Moter V-Curve

Armature Cusrent (R)
g

0 " !
2 3 4 5 B 7 8
Field Current (A)

Gl 4w oy PS5V sl piois F-F Yo

St

O i3S oliST, LT sS IS SOz S 3 55 60Hz (50,5530 s a2l by 51 (0280
(S S8 X 04090 oy 3956 8,L,0 1 plesal ) S0 o s L oo 1) 60HZ e Lo
sy e e plis 1) oyl 093 Jeall wSe 5 B, Joall oS 5ty I (g ,850u (uilST, wga
b bite Todiine 5y 85100 5 0092 (B ) yznem] (ommeblie ghe 51 530 yzmeny] Jodll S
S 83 oIl e wiS e gl gl e (59, (ebline Gl &S Sl ey
oy awles YL B, el Jeall puSe 515 5 035 e gl | Hgibiod mhaw g By gl
5955 Sy arlia johy ol S8 L calite Lesditens sl Jodll nSe 55 cnlpl
Lot b X5 JS (39,50 (udliST) conlpl ol GuilS 2 b enlite Lot 55 y2ma)
2 s b i ST 5 i SOH 4y 600z S 58 51 3l S5 ol
Db oo ol

Il g 5082 0.85 g5 oy b e i (SOHZ J00KW 480V s S s5ise 5 (9=9)
W) )Ja"d]“aj"’gs““’? olals ‘ w‘,&-b)m)] wsl.o.oj 1.5Q uj)S.....; u,u.:L".Sl LS‘ oY
ol o s IS b’IOOOr/mm i 300r/m1n 6L®p‘.¢)‘w g )......S)o Wb 4790 ‘_,,l o
$39: J S o0gazee OJJ 3O g m).._..u &b ‘_glorJ A 0 (699,59 milS 3 (._n.H

by U s o) B, s (@

“CM»‘)J.S} (u)w..a)o o0 dwlxe E, bj‘sﬂb &y )0 Hgige u‘jﬁ‘ ).a_ﬂdo- (z

Secnl jai> 300 7/min ey j0 E, iSTas (o




U9 S $ld )9ige - uid Juad

300 7/min Cas pos 10 55550 Gl =S las bl azdl als 831l ay sus Jleel 5ldg 0aS™ (558 (o
LA N V-ES

il sl 1S53 L 300 7/min e s (il oo

_n, P (300)6)

=15Hz
Je=T0 = 120
£ oM _(00006) o
© 120 120 B
el S 15-50Hz bsgazma ;5 wb (uilS 53 ol il
b ol iy o Sl g e )] Ol (o
T S (LA
AT BV, PF J3(480)(0.85)
v, =%=277V ol sl 5ts 5 o)ls Y Jlasl optle cnl ool 1, =141.5231.8 (ol ol

(Cwol ool Jaid o R, 5D b cwl plpn (51 ouls adgy 5ldg .ol
E,=V,-jXsl, = 27720 - j(1.5)(141.5231.8) =429/ -24.9
sl B, =429V a6 gl s, ol i
b Sl il 095 g0 95 (0) Ceand By jlade b ol S j0 o5 Sy 25> (2
_VEL _3(277)(429)
=y
Sl 300 7/min o s Jlade iSlas Wil (EalS Wl 3 L b o jsea Wb B, a8 el s

=238 kW

E, 0= %(429) =129¥
v, =%<277) =83.1¥ oo el 2alS E, 5lul ples 4 ¥, Jlasl 51y 1o

Lolys ol o yeige a5 gy Sl .w\sté%(l.S):OASQ & S B pized

_3V,E, 3(83.1)(129)
X 0.45

Dygods (39,50 H9ige Cubl gd se edalin (o) 5 () ltend anlic L as jsbles (5

=71.5kW

WS oo S e Sy b Sl



RS sl puible Jaluso Z pabis \Y-

b 404 ol 208V 205 s S 5l ekt Jlail b 2087 (5 S 5550 Sy (W)
0.8Q 550 5,5 bS], ol 274 Luls nl s Ghie ol i8S oo axly Gls o
DS e )8 a1 b e daseie ol
iS5 5Bk 0.8 les oyl 30 y550 U sl @3Y (lae 1o Sl ax (@
fowl jadiz (@) aa yo 55kl &l (2
ol 404 2ea )] b,z 5 1207 gige ol 5 5ty (Gl g
L$ Sl ).g‘).g k_$J.>1o o ..\.JQI )LJ9 o=
E, =V, =R, —jX I, =120£0-j(0.8)(40£0) =124£ 149"V
ol el e b esline Lt a5 1, €080 8310l il Sl g0 sods Olg os (o
1,,%(0.8)=(40)x(1)=1,, =50/36.87° A
b ol Rl Ol s sl ¥ B eads 5l
—“R,I,,—jXI,,=12020" - ;(0.8)(50£36.87 ) =147.5/-12.5V
b ool oo E, 31 odss 5Ldg
e bz b cenbite Loiitune )L oS o

o | e Q....‘ 359 QL\.:.A ub):- Assd 0 ]

s . E
62936 p1 L5 0-F Y I,=—4], =14v7(2.5)=3,2,4
E, 124

o3 049 5 jma] Cnglin s 36 15 0200 (5 Sins pnble S (33,500 il (A
oeile ol $,9155 b sl ygige uile cpl LT il ¥, =480£0 o E, =46048 31 .cul 5l
g iz el (l Sams oo Jigz Ol & L g 0 S oo (S et 5l (i Ol i

s oo g2 Ol Al 055 (oo (oS s S i e

097 WS oo Bpan ) D)8 s by ol oy lgs a5 Sl jgige SO Gndle Gl g
E, cos0 <V, 52 &S oo Spas i |y Fud>pé Gl Guizmen .l V6 5l sode B L



W l V9 S S y9ige - @il Juad

Lol plp ile cpl jo )l L cl
_ Vy—E, _ 480£0-460£ -8

= =33.6£-9.6 4
R, +jXg 04+;2.0

A
bl plp jgige (Brae > o5
P =3, cos0=3(480)(33.6 )c0s(9.6 ) =47.7 kW
b sl 2l 5 )5ise (Srae St Olss
O =¥,1, sinf =3(480 )(33.6)sin(9.6 ) =8.07 kVAR
Ryg oS o 5 5B o5 cuypd 0 a5 Sl (9,50 j5ise a5t Jloged F-F JSS g"(’j

gl se Sy 5 Al 5l 55lisS &gl5 590l jo ol Hho H9ise

I
tanﬁ:M
Vy+Xl, sing
S—tan’ X1, cost

Vi+Xsl,sing

Xglycos 6

Szlan"( Xglycos 8 ) E,

Vg +Xgly sin 0

i

270V Caogliio (35,8 )85 )3 0930 930 (509345 Jldges F-F S

el 00 o0l UL‘“" v—;ng 3o ).7!-3.0)1 wgl.aao U';'é)f )Ja$ o l.: 6)5).:3 )'Oj,o) &

A
X1 sind
V. 5 A
8

27| Caoglio (29,8 S5 )3 b ygige (509,545 N3ges V-5 S



S Sla puible Jaluo g sabs i Py

easlo V=7 JSS 4 ax g5
X I,cos0+R,1I,sinf
V,+Xsl,sin6-R,I, cosd
Xl ,cos@+R, I, sind
Vy+Xgl,sin0-R,I, cosd

tand =

S=tan"

ST, el Y Jlail 5 5608 lss warpds U (3TS KVAABOY oy S yoilis o4
L BOKIW 480V ()5, Sow j5ige oy )55l35 (nl ol 22U oo, Cooglie 5 0.4 Q0 (4,8
o i o1 ] Cnglia 5 11O 5T g S puiliST a5 Y Jlail b B 0.8 olsf o ps
L1y Golssb Olss (g5 s99e (5B a5 ol o olais Lz (9,5 95155 a0 oo g e
sl iy 4807 iy slaibl, 5y i e aly gt oy

S Dl ptle g0 sl |, B, sl ¢ baojiadl (Gl

Baz ke fams o (59) 4z D8 i LG 5Ly gl sl oL 10% jeise ,Li ST (o
Sol jas>
el iz gige L LRI 5l o j5ise (I8 oo (2
b cl Rl ssise bz Glple WS e )15 92y Gl b g (b Ol ) 5350 (liga
P 80x10°

ok 3y, PF J3(480)(1.0)
Lol oy o565y cnlplo ol Y Jlast uile cpl ol 1, =962207 -l ks
v B0 7y
SNE)

L: S )‘3‘)’ )5.’5,0 ‘}5‘6 IR W) J.:.]j.: )U5 A-¢ J&u) a 495.) l.:
EA,m =V¢,m _jXS]A,m
E, m= 27720 - j(1.1)(96.2£0) =297/ -209°V
Sl Candylee g8l A3 gy s cnlpla el oo 8L, el55 ) Gl o)
EA,g :V¢,g —jXSIA’g
EA,g =27720—-j(0.4)(96.2£0) = 280.7.9°V

1
. AL Am .
40 ) R j1.1 &
Y Y Y e—Y Y ¥V
+ +

b O o v Ow

4
®:

09 Sk g3l 35 j1b S Uslre lae A-F JSS



\\"!I U9 K Sl 9390 - @b Juod

Ol ;010%  ralidl el Cob jgise Glawe by i b gl 55 Jawsd 9390 a0 Ligad Gles (0
Ll s olosle b 5okl @ly amoe il (LD(297)=327F a1, 5ige LSls 5l
285 nlyS A )0 gz e lgie & Slewle (o o 1) B Ayl cna
el e S Bz o 5l eslanul b

EA,g :EA,m +j(XS,g +XS.m)[A

L
I = EA,g _EA,m
A .
J (XS,g +XS,m)
RPN ‘rv-’)-*-i’ SS s ol elp ) S sloygige Olgi dolre uily oo
= ——BEA’g Eim siny
Ksg+X5)
:["'i)b 9 Sl 5m+5g ﬁ‘ﬁ YLJ :\.EJ) )-b V4 aS
X. +X. )P
y =sin™" ——( 52 s.n) =sin™ 4——(1'5)(801614/ ) =259
3E,E, ., 3(280)(327)
:M)b U"‘)’L"'
/ = E,.,-E,. B 280/0" =327/ -25.9 _ 957,57 4
K X)) j1.3 o
g wly i S 5y B 585 A 0 g e b
Vy=E,, —JX 1= 28020V —j(0.4)(95.745.7°A) =286/-17.6°
gl oe Sawt oy slagl > 5 by (oo 8 sz e 1,V ST >
V,=28620V
E,, =280£76V

E,,=327£4-183"V
1,=957/133 4

el AL a5 s 5L g Az o ol V= J3(2867 ) = 495V ALl was 5kl
&L 5y Lgly 5l ol &gly 1y el 5By 008(=13.3%) =0.973 j5i50 da> (lg5 oo (z

el e 13.3°

o5 cure b Y Jlail s oz 5 SOHz 00K 480V cy5,S ,55e <2 (110
ST, 5 0.08Q mee] Canglie il aoyo 91 jgige planil, JolS L s el Bt 0.85
sl A5 e IS b b 5 eoble a5 al8in Ty ) e ool TQ g S

Prh TP Py G P (o 1, [0 By (o m, (2 83955 Ol95 (@ (o795 55tess (]
b ool i Ol 595y G257 e g Sel (B ez etle (I g

_ 1207, _ 12060)

n =1500rpm
m P p



SRSl sl padile Jaluno & pais i \vé

P, (100x10")

Tt = —2 =637N .m
@, 1500 2"
60
b el ol (6995 Ole (&
]J'i" :P"'”’ =M=110 kW
n 0.91
il (Sl Cee sl (2
n, =1500 r/min
P 110x10°

IAEPAE NG (VTIS(pF) - J3(480 )(0.85) )

:oel b .cos T 0.85 =31.8" ¢ o 5 ol 5l iy 0.85 lgs cu o
I,=156/31.8 4
old By delos gl
E,=V,-R, -jXlI,
E,=(277£0 )-(j0.08 )(156/31.8" )~ j(1.0 )(156£31.8" )=375£-21.8 V
ool 1564 ous,] b, 85100 (o
Slge Gy B =B, =P, dolas lawgs (Sl 4 (S 580 sas s olss G
P, =3IR, =3(156)°(0.08) =58 kW

cu

P, =P —P =110kW -58kW =1042 kW

P .+P  +P, =P —P =1042kW —100kW =42kW

mech core stray conv out
< L0
ST, L ol il (gl o als s A5 IS o o Slasein o (g S 5390 (1B26)

¢l )A.Q_> (SAL' .’a.ylf..; 39 EA 3)‘Ju‘ (o

Coles Ol b oS (oo sgama |y (25,5 Ul sl Olyz LT Sl jude a8 ol 8 wilss oo
fauS oo Bras Jlgy ax b lasld o o Jloe (o

fowl jad> L5 5L 5o je59e ol ool (o

> o g e =g > g o ) Fly Sl jadiz (Wb blpd o s8ige ()5 5leiS (g



WIS SR 9390 - paiudh Juad

“ GENERAL @ ELECTRIC ”

SYNCHRONOUS MOTOR

SER NO 8374051
EXECTADY N.Y. woewusa '

1F=F die 4 gy oo 09 S g0 Dliasies -5 JS&
Sl Swdle 90 (nl glp b poliesdar
Vi sme = 6600V

T ,base
—66ﬂ=3811V

d.base \/g

Ly e =11 e =1404 4
S,.. =P, =3V, I,PF =/3(6600)(1404 )(1.0) = 16.05 MW
b el ol ol Glei o pe )0 55ise (99,5 (ool g3 (A
P, =3 V,I, cos8 =~/3(6600 )(1404 )(1) = 16.05 MW
Cbgiy w1 By ke Gy el 1, =100 pu o V, =1.0£0 pu b L)i o (o

Vv

L.base

base

1 i L
E,=V,-R,I,-jXI,
E, =(1£0")—(0.02)(1.0£0")~ j (0.90)(1./0") =1.33£-42.6" pu
s By sl ol ol 6600//3 23810V [gige inl o3l (sline 5LJs
E,=(1.33£-42.6)(3810)=5067£-42.6 V
12,00 0929 Slam b ped Ol sl Cadgame 90 45 il oo edle (g bl s Sl (2
A g 035 gy allaz O jsoa | alaS e Wb eig, Obz Sl g jeliul L e xSTas
oS Sl ol
$295 0195 led Jlade (plaiS go s ] Heilinl al 0Ly 2SS Gailiul g yall lgi o
bl gl Gy nlple S o S 02ly lg curs p0 seige &5 (g el jeise (U
ol 3l 5eie a5 cemSle > i Gl il IOMW (539,5 Gly ST .conl 16.05 MV A4
b el plp a5 o cblas g5l
Q =S?—P? = [(16.05MVA) —(10MW ) =12.6 MVAR




i ISl Sl bl Jsbuno s pakii 1142

Sy oy 55590 (Sl 0ad pal 8 led e S e 1) 99, Ol b s
10MW
16.05MW

L s gliaS sl (0.623pu ) LOMW g o
it NP (090)0623) o
V,E, (1.0)(1.33)

s oSl B, L ol call33pu L 5067V iy esSbe B, .ol =0.623 pu

wd aleS yamee)l Gl TOMW ol g (ool 5ty 5o
Vy-E,  1£0°-(1.33£-24.9)
R, + jX, 0.02+ j0.90

=0.633£20.2" pu

A

il el il szl 28l Ol
1, = (1404)(0.633220.2°) =931..20.2° 4
el ol TOMW s g woa3She By Lalpd 50 a5 (Ao o Oy
O =¥,1, sin6=3(3811)(931)sin(20.2') = 3.68 MVAR
OlF Al g aasge ) bl ol sl el Gl e E 8 Ohee Gl e
Lewl 368 MVAR L) i cpl 1o auS 0gi Wilgs oo j9ig0 &5 cad> u8
L ol Rl e (Bras Ol (ool Ll p0 p0
Py =V 1, =(125)(5.2) = 650W
(sl 21X10°p -l 5350 (ol (lg9) b ol 2l JolSJL 55 5390 Cal oo3ls o
(21x10° hp)(746)
16.05x10°
S a8 le b 54y oSS g ST glaasly e (25,5 )sllS G
P, (21x10°hp)(746)

P
ﬂ:%xloo%: x100% =97.6%

in

Ty =24 =124700 N.m
D (1200)2l
60
7 = 5252 P, _ 5252 (21x10° hp) — 91910 I i
. n 1200

m

Sl ol 65 55 150 el s Y Lt b e 480V (5 S 5550 S, (020
el QORI y35m &y i Ol3 il 28708 Hglias Byl a5 el o oudai Lz s
Sl iz eibe ol o B, 5LJs 85l (!

ol jaiz 550 Ol o pd Tal jade edle o eyl Ol 2 &ly 5 o5l (o

Sl i &S el Wl oo cpaiile ol &5 i (g5 mes S le wiiley <l e b yz S (2
5l e e g3 Uoleo ol QOKI jgig0 45 Ligms o3 (il g




V9K B )9ige - il Juad

:M)b EA 3)..5.)‘ ‘_g‘]g u"‘)"l""

F o PXs _ _00)s) oo
Y W,sing 3(254)sin28

V,-E, 254/0-377/-28

i : =129/24°4
' JX g JjLS

e i 0.914 gise g5 i
il ol WS (oo (el Sz Sl (Rl 50 g0 S b Ul e S (2
CW,E, 3(254)(377)
= X 1.5

=191.5kW

et LY Jlast s b it (A00Hz (200 kVA (460 5 Sicms 55550 S (11E=0)
Slals dea 5l el 0.5pu (g, (bS] g 52y ol Cloglie shls g 58 n 0.8 lgs
S o

foel iz )9ige onl 252 S (I

ol jadz (ol Laulps 50 9550 cnl (29,5 HolidS (o

Sl jadz (ol Ll 55 55550 cnl (L3 5y (2

Z95 09 perSle wiley o)l (@) Cd 3 j5ige a5 (g)lake Glea )3 plass Ol ST G
Sl oy eile ol (o

b Sl ply g B2 o (Al g

= 80007 / min

1201, 120 (400)
TP T 6
bl pln jsise (29,3 i wwgd i e DUl saled &S (9o (o
=P =S . PF=(200)0.8)=160 kW

in,rated out ,rated rated
Lol ol yeige ool )bl
P 3
T =”—’”:%=191N.m
D 8000,
60
el 460/4/3 =266V 5550 ol 63U (2
b el ply sgige cnl eyl b2
AT By, (PR) 3(460)(0.8)
Sl e e 53gm o1l Slie liel § Cond T, =251£36.87 A (ol b
3V 2
o = e 3OOy g6y
S 200000

base



Rl sl puibile Jaluas 73 palis \YA

Q.;'l &_Qéb ‘5A¢J53' jL’;.l, ! X =(0.50)(l.06)=0.53Q(58,,.‘é.> Q”SJ..» ‘_,..JL’;Sl) ‘Q.ll).gtg
EA =V¢ _jXSIA
E, = 26620 —j(0.53)(25 1£36.87° )=362/ -17.1V
il ol il led el Ll cal 55 Wlgi e 45350 45 g8 mensSTe (0
P - 3V¢EA _ 3(266 )(362)
e X 0.53

=545 kW

Conglie 6o A Jla) 5 0.8 ol cayd b 440V 100 /p oy ,Sims 5590 )
ol 89% oIS L 1 y5se ol 033 el 3 1yg S LuiliST, 5 0220 yea |

Sl adz H9ige (39,9 Ol (ool Ll ,o (Al

Sl jaiizr ol Ll 5o H990 51 (L2 5 b3 L > (o

flowl i WS (oo Bpae b g (ol Laalyd )0 5390 &5 (i 5ol g (2

fol jader (ol Ll )5 jgige B, Jals 5Ly (o

Sl jadiz (ool Lyl )3 y93ge Hoiliwl (e Sl (o

foml jadz ol bylys 0 P, (5

fo9d o0 Sran b sdsi joige bang (Aud> e (g 4z 9l o5 10% (E, ST

b Sl plp (ol dalpd 50 y9350 (609)9 (g (Al iy

P, (100)(746)

p, =tou =838 kW
n 0.89
b sl plp Jahyl plb g0 s by (@
P 83.8kW

NG V.PF 3 (440)(0.8)

L

bl ply 5se 5B bz ulplo sl A jgige JLas!
I, =%=%=79.4A
bl il llyd ol o 590 bawgd (aldsi bl g (2
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R
Sl 2 T Ceain o 05 Sy [ oz )31, S led b Al el s 5L

"5)5«5" "é)“""lz
Ll il S a0 S 2SS 05 b o o
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% M-file: prob7 9a.m
% M-file create a plot of the torque-speed curve of the
% induction motor of Problem 7-7.
% First, initialize the values needed in this program.
rl =0.200; % Stator resistance

x1 =0.410; % Stator reactance
r2 = 0.120; % Rotor resistance
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x2 = 0.410; % Rotor reactance

xm = 15.0; % Magnetization branch reactance

v_phase = 208 / sqrt(3); % Phase voltage

n_sync = 3600; % Synchronous speed (r/min)

w_sync = 377; % Synchronous speed (rad/s)

94 Calculate the Thevenin voltage and impedance from Equations
% 7-41a and 7-43.

v_th=v phase * ( xm/ sqrt(r1*2 + (x1 + xm)"2) );

z th=((*xm) * (r1 +j*x1))/ (r] +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
% is set to 0.001 instead of exactly 0 to avoid divide-

% by-zero problems.

s =(0:1:50) / 50; % Slip

s(1) =0.001;

nm = (1 - s) * n_sync; % Mechanical speed

% Calculate torque versus speed

for ii = 1:51

t_ind(ii) = (3 * v_th"2 * 12/ s(ii)) / ...

(w_sync * ((r_th +r2/s(ii))*2 + (x_th +x2)"2) );

end

% Plot the torque-speed curve

figure(1);

plot(nm,t_ind,k-','LineWidth',2.0);

xlabel("\bf\itn {m}");

ylabel("\bfitau_{ind}");

title (\bfInduction Motor Torque-Speed Characteristic');
grid on;
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% M-file: prob7_9b.m

% M-file create a plot of the output pwer versus speed
% curve of the induction motor of Problem 7-7.

% First, initialize the values needed in this program.
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rl =0.200; % Stator resistance

x1 =0.410; % Stator rcactance

r2 = 0.120; % Rotor resistance

x2 = 0.410; % Rotor reactance

xm = 15.0; % Magnetization branch reactance

v_phase = 208 / sqrt(3); % Phase voltage

n_sync = 3600; % Synchronous speed (r/min)

w_sync = 377; % Synchronous speed (rad/s)

% Calculate the Thevenin voltage and impedance from Equations

% 7-41a and 7-43.

v_th =v_phase * (xm/ sqrt(r1"2 + (x1 + xm)"2) );
z th=(G*xm) * (r]1 +j*x1)) / (r] +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

% is set to 0.001 instead of exactly 0 to avoid divide-

% by-zero problems.

s =(0:1:50) / 50; % Slip

s(1) =0.001;

nm = (1 - s) * n_sync; % Mechanical speed (1r/min)
wm = (1 - s) * w_sync; % Mechanical speed (rad/s)
% Calculate torque and output power versus speed

forii = 1:51
179

t_ind(ii) = (3 * v_th"2 *r2 /s(ii)) / ...
(w_sync * ((r_th +r2/8(ii))*2 + (x_th +x2)"2) );
p_out(ii) =t_ind(ii) * wm(ii);

end

% Plot the torque-speed curve

figure(1);

plot(nm,p_out/1000,'’k-", LineWidth',2.0);
xlabel("\bf\itn_{m} \rm\bf(r/min)";
ylabel("bf\itP_{OUT} \rm\bf(kW)";

title (\bfInduction Motor Ouput Power versus Speed');

grid on;

Induction Motor Duput Power versus Speed
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% M-file: prob7_17.m

% M-file create a plot of the induced torque, power

% converted, power out, and efficiency of the induction
% motor of Problem 7-14 as a function of slip.

% First, initialize the values needed in this program.

rl =0.075; % Stator resistance

x1 =0.170; % Stator reactance

12 =0.065; % Rotor resistance

x2 =0.170; % Rotor reactance

xm = 7.2; % Magnetization branch reactance

v_phase = 440 / sqrt(3); % Phase voltage

n_sync = 3000; % Synchronous speed (r/min)

w_sync = 314.2; % Synchronous speed (rad/s)

p_mech = 1000; % Mechanical losses (W)

p_core = 1100; % Core losses (W)

p_misc = 150; % Miscellaneous losses (W)

% Calculate the Thevenin voltage and impedance from Equations
% 7-41a and 7-43.

v_th =v_phase * (xm/ sqrt(r1*2 + (x1 + xm)*2) );

z th =((*xm) * (r1 +j*x1)) / (r] +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 0.1. Note that the first slip value
% is set to 0.001 instead of exactly 0 to avoid divide-
% by-zero problems.

$ =(0:0.001:0.1); % Slip

s(1) =0.001;

nm = (1 - 8) * n_sync; % Mechanical speed

wm = nm * 2*pi/60; % Mechanical speed

% Calculate torque, P_conv, P_out, and efficiency

% versus speed

for ii = 1:length(s)

% Induced torque

t ind(ii) = (3 * v_th"2 *r2 / s(ii)) / ...

(w_sync * ((r_th +12/s(ii))"2 + (x_th + x2)*2) );

% Power converted

p_conv(ii) =t_ind(ii) * wm(ii);

% Power output

p_out(ii) = p_conv(ii) - p_mech - p_core - p_misc;

% Power input

zf=1/( 1/G*xm) + 1/(r2/s(ii)+*x2) );
ia=v_phase/(rl +j*x1 +zf);

p_in(ii) =3 * v_phase * abs(ia) * cos(atan(imag(ia)/real(ia)));
% Efficiency

eff{ii) = p_out(ii) / p_in(ii) * 100;

end
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% Plot the torque-speed curve
figure(1);
plot(nm,t_ind,'b-','LineWidth',2.0);
xlabel(\bf\itn_{m} \rm\bf(r/min)");
ylabel("bfitau_{ind} \rm\bf(N-m)");
title (\bfinduced Torque versus Speed");
grid on;
% Plot power converted versus speed
figure(2);
plot(nm,p_conv/1000,'b-",'LineWidth',2.0);
xlabel("\bf\itn_{m} \rm\bf(r/min)");
ylabel(\bA\itP\rm\bf_{conv} (kW)";
title (\bfPower Converted versus Speed’);
grid on;
% Plot output power versus speed
figure(3);
plot(nm,p_out/1000,'b-','LineWidth',2.0);
xlabel(\bf\itn_{m} \rm\bf{(r/min)");
ylabel(\b\itP\rm\bf {out} (kW)");
title (\bfOutput Power versus Speed");
axis([2700 3000 0 180]);
grid on;
% Plot the efficiency
figure(4);
plot(nm,eff,’b-', LineWidth',2.0);
xlabel("\bf\itn_{m} \rm\bf(r/min)");
ylabel(\bf\eta (%)");
title (\bfEfficiency versus Speed’);
grid on;
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% M-file: prob7_18.m
% M-file create a plot of the torque-speed curve of the
% induction motor of Problem 7-18.
% First, initialize the values needed in this program.
rl =0.105; % Stator resistance
x1 =0.211; % Stator reactance
12 =0.071; % Rotor resistance
x2 =0.317; % Rotor reactance
xm = 5.244; % Magnetization branch reactance
v_phase = 208 / sgrt(3); % Phase voltage
n_sync = 1200; % Synchronous speed (1r/min)
w_sync = 125.7; % Synchronous speed (rad/s)
% Calculate the Thevenin voltage and impedance from Equations
% 7-41a and 7-43.
v_th=v_phase * ( xm / sqrt(r1"2 + (x1 + xm)"2) );
z_th=((j*xm) * (r] +j*x1))/ (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
% is set to 0.001 instead of exactly O to avoid divide-
% by-zero problems.
s =(0:1:50) / 50; % Slip
s(1) =0.001;
nm = (1 - s) * n_sync; % Mechanical speed
% Calculate torque versus speed
forii = 1:51
t_ind(ii) = (3 * v_th"2 *r2 /s(ii)) / ...
(w_sync * ((r_th + r2/s(ii))"2 + (x_th + x2)"2) );
end
% Plot the torque-speed curve
figure(1);
plot(nm,t_ind,’b-",'LineWidth',2.0);
xlabel("bf\itn_{m}");
ylabel("bf\tau_{ind}");
title ("\bfInduction Motor Torque-Speed Characteristic');
grid on;
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