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PREFACE

This text book can be used for either a single semester length course or for a two-
semester course sequence. The instructor should feel free to choose the topics for
the course. The selection would be guided by the objectives of the course and the
curriculum. The flexible organization of the material allows sections and entire
chapters to be skipped without loosing continuity. The instructor may also choose
the sequence of coverage - for example, some may prefer to discuss synchronous
machines before induction machines.

It is also possible to offer a short course in power electronics based on Chapter 10
on Power Semiconductor Converters and sections on motor speed control in
Chapters 4, 5, 6 and 7.

The Second Edition incorporates nearly twice as many problems as the First
Edition. When assigning problems, the instructor may select some from this text
book, while others can be freshly formulated or selected from another book.
Students may be critical if all problems are assigned from the same text book.

P.C. Sen
September, 1996

www.EngineeringBooksPDF.com



CONTENTS

Chapler: 1 .... . coeus o o o cvms v » o @ e 1
Chapter 2 ....... .. ... . . .. 13
EDAEHOE 5 ocn r o msns 5 o siies s mmonisis 2 s & winss 30
CHEDIEY *B ;oo i 5 gy 3 5 BEwS 5 5 R & RO % 0 a5 40
Chapter 5 .................... o s N 61
Chapter 6 ............ 0ot iiiiiinnnnn. 88
Chapler T . o v vuwws 5 sums 3 vt 3 G £ i . 111
LRAPIRY: B o i o sooummsrm 2 s i S i et O 129
Chapter 9 ... ... .. . . i, . 134
Chater 1O« covi o s v vommin v svam o 5 sos 5 B 148

APPEIIAIX A s 5 v ovms § oy & aves § @ S Ee 174

www.EngineeringBooksPDF.com



CHAPTER {1

E(ﬁ) H= N _ 2svxi00 - 50,000 Ad /™.
L - 0'S

H
-~ N¢& - _NB?E!‘LL__ NTRY g, IX0

—
4 4 L

2 o - S
250 » 4 ra7= 7 (14 1(2-? xto 1.) H

o-5
3a3~-4:3/°'~“
i[*i’(&i) Qf‘k' T

2000.47 . 1677 x 15 x10 x (&

-_—
g

1)

3!

= |gT (g 03
ﬁf{m - %wa‘_i - 4
L200O. 4TV, 10 ! xie XlO X110
= 318309
@mrm‘"‘i‘“ (Rm - QOBC}E‘ "?Lf
_ Soo X1 -
o) = G- 00 9921 Wh
S2398. 94 i
(b 0-00
00992l = p:ddlLuT
Thacie J50 % (o~ “
Bm‘n - O-00 4 %/ = 0.9 2T

B -_;//YA. = ﬂf?':fﬁﬂ?u S‘ﬂJ 00e = 00628321
L

-

N fo 71
£

y



j*3 B - Q0.0 2, - 08T
‘_] R ck 1§ X (o x 164 | £ T

Bl = 22002 - o7
(0 ¥ (o0 x (5"

H s - & #H[ma
: - -~ 318 31
Theek 2000 X 4K :-r:ra_-7 /
H‘ 2 = . [ o - L‘;'?“?,L{—«GH P
o 2000 x 470 x5 !
F - 318-31 X2Y 35 % [0_1+4'?7,Q{x2_y£+a}<'!3
= b04.79 Af.
'E - . 65‘7"'7? = (rlﬁclé A .
S oo

[L(i (@) U Hvo ‘mvmf,a ol ea.ch S Thas -
F = 600X 028 + 200 x 0.5 § =336 A+

L Y e B T
- AN 26 X 10
B = 14T - fmn Frg. 1y

(l") d = |k x2 v x {ﬂhtf ~ 0.000485 6 Wb,




R, Ry

Ay, = Agy = 25ans xid ¥ o s cid T
fR;\' _ _o-e5 K{a_:_1 . o £37eie ‘ At]wh.
| YT (6 '« 25 R0
R?;,, - o x t’u_L___ ¢ = ("2T4K ‘“(’4*/%
4x 16 ‘x 62T R 16
é‘ _ _(7#&_1&5) 0% = O.qurla_:f%.

6-637 x io®

%2’ < m K-G"-;- - C}_!?éﬂfn-‘;%

T

1+ 274% < (o0 ¢ 7
SR NI
‘Bgl -y 0'3‘?9—*“’-3 = 0-627 %Imm

6-25 (o h -
O-194 103 = a-j;SF%!m

e* 28 ¢ (o™%

(5)  Avuatoe ! For Si-sted H=275 At/ fo B2 1T

F = 27285 x 0.2 = ST At



Az :
T?‘-f ’ H' - ol .?_ = E-?E‘;:ﬂr,d--é/“\a
4T te
= S
F?""* = 2x O] xjo 1.: .25 xt0 = 7570 A

Pole + For cCand M: H = 500 A t]w ’F" B= 11T

de{‘_ = 2.z ,‘aurﬂ-lx oo = [l6o At

(ke . Cvoss - pecd om 1 yew v Aty o Rt '}
ASvvradione . Heonae -Ffmx ML_—’-J: (7ot
ha ym e in @ M—-LW MMF"F"’

‘ 2
F‘ym - c?ﬂﬂ E_qurﬁ = (4‘0 A’*

Tobt  mwf hampiied o
F = S , (75p + (60 + 64°
AW——-J‘E\H‘ %...\., J;._-ff_g_ - [Q02-F '
(IL) A’fl‘\a_l.o‘-vh-v. _PQME* § o Eﬂl = }'!’ ¥ ‘fﬂﬂ x{0 = a'ﬂééha;

~ 26405 At

J

(a) -

R R.

B

2 3
(& R, =Aa - 028010~ _, .39.9080x0 atha,

- N Coox & "
é‘ —JELLL. SN — 3 -5*0::?TLI"WL-.
2 Rg  2x39.788€ x10
B? - 00314 = o, 62% T,
Soo % te 1



N, = H‘}' 2, + H??_g,_ N P2
H;l HT"' = %n %l :., Ky
2:° 1 = 3
N, = 2_&_’7 _~
9 = ,A'-./f:t‘ g M LSEBN2O g 45 MM
T 5 8 2x 'Yy

'm@'} b-"\.n.q.m i.m-fﬁ,i 6},— Ceve ‘c ?_'F!fﬂ-f- )uln m =~ 0-5BIm
For cant Lt K. = toce At [w «J‘ B =)2T

Lt = K, Il . leoe x 0763 _ .5 A.
h | N 2 o0
) il 1 4
( Ac = A (Q_n.u: = (+26 x1D “'ti-

| - | ~3
. 2 A B » [2(x16 2 po = [SIxeo W

(& NCo= Ble il o= A By

. -3
L = looo x 6503  (2x2%i6 " _ ;2.0{4
2 0o af-_x fﬂ"zllm
-(ﬂ) B - H =
/"‘,/A /:../,. wrh
Bony = 2000x 4Rx107, 20020 _
O = 2-466T -
* :lnglﬂl ]qj‘ mld-i.
- = =1 200 %X 20
b B§.mm MRRCECT B r o Ol u-'Z. =:'£Tiﬂaﬂﬁ&
(b) =
(Baa = (ki (10-6) 152 da
= ¢
I/h 2.;m 6:04dv = M,{
p R l
= lﬂnaxq'ﬁxm X 200X 2r0x0-04 J"Faglé‘?ﬂﬂ%
p By o
<) B = =" Loox 2+0 - AT
[C-LMJ-*-.L +vooxX 4 TR0 X :).7:::&'::]6'2 = 20 !
B = B = i = 3269 X to - . ~ T
{m”ﬁ " A By o ¥ !a"'# = 20043 |

5



M @ w.:§ 3 % o
C

(b) M 20mn EM.?/E. ,{ >~ 4x30 = 12 Cra,

K, = . 12oxto * 3
% /“‘ﬂﬂ 2000 x 4 ExI6 x Jox 5 X !'5# S #/%'
- Hoo X [« ¥ '_'3
— s s Wwh
45249 X 10° oo S '

i3
E . 6""'& 311“:'_, = [ 157 1
{60 x & 'J'l'.fa_!f
' - £ *
(¥ L = tf-h{c » Hee = 4756 H.
95449 x|®

-I'I?. (
l | (@ v & * . ol ; |
ﬁ Y *_mﬁ "

d
(L) (R Clﬂ*‘l)xln 3%/
, .Zauar lf?i‘:l 7:51:::;&1" = q4-697 xr0 T/
& | X 1o #
= e . At
7 4Kxio | %50 % (o ¥ xr Pptes /%‘
§ . kHoox ) §
-— i - - O 1“““ h/g
@4‘-5‘17 + f##é-&é)xma 81
B - 6-3892 x (0 >
= — rng g A
LR g
L=%M7 - boo* w7
5 = - ——— = ’
3] R ) ? IS 4.5 6x 18 ST &
3 > 3 , R, =0,
s N""‘ %
e
- 5 "
ﬂ.a L-n Ag - fﬂgll G (e r{‘xﬂaé‘
6 x ,n-::".?



J- - — #
M@ F - l-l-,__lc-rl-i?l? ’ B __'Bg = 5 T

g =rﬂ"'{b_ Kiuﬂim ; {ﬂ .._._(4,,-_&__&.;:) f; - a-ﬁl!f Ma
Fowo Cont alid k= 30 At /e foo B 05T

F oz 3» « oigs + _OF ha-trxt§1=7¢3'?"*
4K e
I_g W\m_‘.’ d} Ca:vla aa d 2o A~ ‘{E‘JJ
L . 70823 _ |-olf
B
» ol /NG,
If wwnf o) et SPae :
L - 108382 _ .54 A
35> —\SP k4
b o 2 750 % 0-5X 4 X1 _ 24.0mk
Dok )f( > 5 708338
Lﬁ, -"'0 }r\qﬂmﬂ& A ""?'
LB - D\-E(:hfﬁ._gﬂl ~ I ROSXWXO  Larws
"-"g 753*3/:\‘5‘{;
- Lp - 3wb  =(Nay*
Nelo  Tx '—ﬁ;’ T NR)

= = 0+2668 KO
Loos live -—egmatren
B = 60T 864 — 0-2 66 8K x A
Faor H = (oo At ]wn —» R=0S8(4—-0-26602035
Evana e deavie el 6" R-H cwnva 2 |oad e
B 508571



E{ﬂ) B,, = 0-£T Bl—. = ﬁ;g-gu o-9 7T,

J |0

v s T2 = g ('1 s 7.5 x2 = I3 ™

{
Hr":-'- L{dﬂﬂ.'ﬂi_-‘_ - '?ﬂﬂ &'{' /‘h
. 0-8 | ‘
Hk = oo + Eaa-—-(fﬂ'_b ~ 700 A+ [w .
F
E

r 38
= “k‘(h + H,r Iv = 700 x -1 + 300 % O0-l4 = (47 At

1

I,V I N, = 2¢200 + I Xtow = (47 4t
, = — 253 A

+
1

0-¢ I'2  &4o» (oo > 2lo +56 =276 4t
é! - BH"‘AU = 0.8 KC."E’)(_[:T:')L_# G,r&m%.

; - Py
XY g TF /h hr. «{t—

-l p ~ 2
= (0 ¢ (o0 «x 3K 10 ’E_h (.‘.6;.) ey LGFIE { wtt.

(b) Iwwen ?’“‘V““‘T sb e Cove will pashonal
'F'“'.S'!“ Hewee # = S AIIES L e
{h - t £ & (0o 1.17?‘!5"1—;& .25 I3 A
N { >0 )

() Twiu wll oceecn ' H);n,ﬂfm arrd thand
e ot
-jp-o-..\.‘}/L-o-\_\_, L

L“&u; - (6D k 2.7 £ h.ll:r - a_lg'-f? A
(o

www.EngineeringBooksPDF.com



‘rl? Fyvva —'—1/,-.4):0" |- &40

E = Lf'f-tz-f N'-; ﬂEM:

Buaas 4-4~i V£ A
X T 5 sk hdalig @ mapmadal, 133 ot 134
2. y 2
-PI\ - k_F = K _E__
(4 44 *"'-Fﬁ) £
P K £ = K §
e -F (% a5 N{ﬁ) rE

H}-‘""—"“-’\.\ lﬁ-ﬂ-s . P
h(é=

e () (fiﬂ) (L)) - oo

Ei&-e( Cetnad [“,;j

,P_L_} _&-) .,.,.( /-2
(ﬂ) [oo
Avea £ Rt logp = 20x2:4 = 43
i - & I e |
Ua'{.uu.._, i} Cove - {E" % {p x ok o a (§ »is .,

?k -~ ISxi6 °x L& x g6 = 22838 W

by = Gun v £ & Q. "

:.4-L,c.fxm:.6‘b*‘-$‘xiﬂ X {2
Fa- S %8

‘ ?.ﬂ, (&) & = Bax o- ‘!5' 112 % 15‘:-:*:;419.9; RAm 377 X
= 28.C% (0 /‘?—m 377 %

e, - "ﬁ%%— = 200X 2&. 5% 10 L';.gj-; cn 117 4

= 2|y, 89 cr 3774 .
E, = 214-89 = )s(.973 V.
vV
(b B,,.,,, = fiLT H. = 119 Ay Qq#!‘fﬁ.

fa::lr:-r:r ® &K x e !

"'nur.z = 7349 x qox15
2-00

A, T 4297 pam 377 A
(€) By = M- 6, = 4%22150.973 =2 30324946V .
— F“‘"" ‘-pa--t-m lrho (Sawme flux Lok, bW wwndings)

Q

= o-4297 R



RBi = =
z a4 ML£A _ | T
Wi 5 ko b dnlig @ 2smpebai, 133 ,
€ " i - .
h = " o » 3 = K —=
T (4 #tr:'-Fa) fl
P“L = KE 'F’L & = K. F

(& 44 MEA) T
Hj&‘{v'u-o\,\ '1a.¢5.*: Ph. o - -1 *
Tim GG
Eiy-e( Coecent Eq;_g

PE{'&-J = (_E:_f_? | 1-.::-(__!_& L..:_._ ]- )
E(n) Ep {oo |
EI A Yea % ﬁ"‘H‘ lo{l; = o w2l = 4§

s -4 -5 .3
VG"IM“ f} Cone = (& wio x ok lo = (5 %o
?k - 1% (0 rx_ 44§ X 46 = 2-8F W
- - % o '
II'HI Ehm-a SN/ V) N_F A Lo .
devffﬁfﬂmxéb-ﬂfaﬂ[ﬂ X |2
=T i
m (a) fz Bax .95 = [+2.x 25 x (0 X0-9F panm 277 £
= ,ZEws.‘x.rﬂ-H/M 377 4
e, “V:%% = 200X 13—4‘}61;1,3‘}7 en 277 4
= 2ly. 89 Con 3274 .
E, = 214-89 = )5 (.973 V.
pie ' - = At [
(h’ Bﬂ*-:r- = J*LT) H‘m_-..: - {2 . - "?:'#? /

[O0OoO vy K x o
Amne = T35:49 X.ﬁ_gx[:il =
2.00
AT 64297 pam 377H
<) E, = %‘i— E, = %ﬂ%;;;;.TTl: 203-246V .

. i
‘*Fm% I+ 4y o (5%{%:%5&” ""?')
\ ' !
q

o- frq7 A



12 | 0L+ 4_1.
pee —> g =N & - 2 =3
4¢ - boox 24%16 7 | is.9v

2LE 45t
@ (¢) = —0 Sxto 5 25 £
§/ = =~ 5 3 ol T3 A
E‘lLﬁ-n rFxioe _,,%F;‘Ef_.h-_-__ais'{ia ;
-
3&,(47(.'}_8-1:

~ 3
Fly) = —028xe0 F0 g
( -f-"“'m (+_ J(—o)

Z | # >
i 1_0-155153_*3_5 G—L—&L&_’)T-ﬂ'ﬁﬁ‘h'%

(&> i 2o |
i &8 { 454
;(*I’) - 6-ry ngg -f-_?‘;_% [-t-_.}f-}u
}}TL':-; e t:j+ %‘BI':} (?L"-“ *fé‘a .:—TG:S"-Kln-%ﬂ;

[0



Iftro /722 97 f — st Aee
£ *;I'P o .
') e )




= | [§ T

i

I_Eﬂ@FVﬂm Flﬁ. {+ 2L 4 PW&/&C} db. thBm g Va)e | via e &t

d | E;
= &QFT Ko > -?,Sbk‘ﬂ/m, Hm&_/ 13‘73‘x:¢3'/m3

Py
-2
(b im‘-“ 04 % 10 ﬂﬂ'&‘__f = 0-00 727 € wm = 0-T274 Cm

3SW X o>k HT xS

5 2
Am = 0-¢ X225 X (o é‘mla 4* [4’[444 Cwa
O~ .
= 3 38& Cwa
(‘:,J V =3 lm Ah: G.-?'l.-'?g f‘l‘*‘)"'!‘f& 1.273 .
Sam, hg
V| = 6-06 x 27105 = (2-T5 (3 ¢
Mr
Vi - 32378 = 0-253¢

VM-“ j i'?-'-? ‘5-6:?

(%) From Fig L2k Hal, podmet o waximun af
% h‘a:{"; .B'-m-: i"éT 'H' -lf@k’qjmj H B,wmxmaf“‘

(b] im‘-‘* O-4xi0 Xo-8
| ‘t‘&t"xm « UK %10

I

— 000852308 wmaz= 0.0 %085 Cw

+
/. = o8& x2:8 x (o ‘*m'l. 2,739 ¢w

o

O 4 - 3 .
(<) V]MM“: 6-536F X 1-992) = |.7487 cwm
VIHHJ_ - |r?6&'3 — O'f:‘: ?-'6
Vi 2. 25617

j2



CHAPTER 2

2l o s pasiidane n—
f i 3 J‘
R'=aRr, = | (s0V ng:
= J 4
a ‘—J?;.. L-
Loas vitdwso |
¥ - ,Lv’.__ J—_.!!—‘,‘_..gfoa = 70-71
L Qa 2} ’{+Jl] Q
1
P oz Y
Ry
R, l 65~ \ o
" 1 4 1 1
5% Vv 707V
Vv, —
P‘-* | Spoe W SK&_—G-_WJ
221 () v. - N
(J B "ﬁ?"v; = S 09 X226 = [ v
[oeo0
(L) T, = ‘Tonn_ — LY YT A
[tog
= s e - 2421
> G4$ . 454s

() Jo Kva
(b T - _lovcoo — F G 1A
y = [ { o — - qﬂ 9
-
zz- = ite - & Bl fEln @AE
To-q




3
Vv - ~ Iaaxraj ~ (oooA
(vl ) = {00V, <y (vwid) =
) Fyvrn J)rw\ e ek '-'-/4‘"(';
R = fﬂnl a2 25 N
ct oo
T loo - &4 A
e 25
Imq_ - ,Cg'__q"' = Y- 474
XmL = {60 = 2237~
G4 |
Twsias vabhe a = (0008 = |0
- = & e
Redn 45 JM.V.. votese pfe e i
RCH = lflﬁ.lni: ls—ﬂﬂﬂJ X H =
R . (&> L O &
4 H {oo ~
" 0-5
Zopu * Zin N
X *» 3 0-4 665
%H - Jﬂ-s — 0 l?
EWW Cin Caank )"-F“F‘J"-"'-ﬂ—“ do fov. poele
e LT '
> O:18-n ) O-4465 © oy
T)
U“ P i J]-?- §
o .

- : o1l Jo-4 LS
C { ez .._-———-/\ﬂ-'_n."-_b_"'u
() Vf :V?*-J'Pz"‘?'“ - VvV 'In-, {

H VT
= (060 [s + 10053 (b-18+)0:44e8) »
} i o] L
- g 4 lES ,
M4 4 _ _st1l

a4 4= S (o2 ‘%
|oTD

VR =

W ngineeringBooksPDF.com



()
I!::. lee @t'

5
: :r?‘
v{:"l"‘*‘”t"‘

7
\i: foepy

15



G) v = V?' =+ I},r Teg, = (Lo —+ | /]-3¢9 (ﬂ*ﬂlfﬂ.rd-jﬂ-ﬂ'?'?‘?)

= low /2"

VR = jro08 — | g ;a = rn

l xaa/ 3~/
(<) =
V;nl

| ‘
I, = I}-'Jﬁ 9

LzréJ Mo load deak ‘f*'"“ e il |

{20 ) i S
Sk 6"459#/ LB
Ih__ - (2o § - S.-0A
ke ?6057'}-::"'
Loc = JSl-i- 0-1T ¥ © -0 ST A
Pac < (20 ¢« O-1§% = Uo W
Tkt et Heat jc—wh A oo v Al
IS w 18 000 L Y 1T A
< 2 fGoo
™ v
Vee = 417 « J 5> 45> = 263
YL W
P = 4.7 a5 > 869

/6



| ¢
Guov
go Kw
o+ & PF
{ “2))
(:) T - g0 ocoo
. - - .. = , 2 .
> Gio xO-& 22 3T
(_;5 = o 08 = 36-‘?") a=> % 7""‘;"; = &
|

3 - ?“7'?'1‘7/5* = kS u4s A

= 2200 [+ 45-45/-380 (11T + ) 45 )

> 2746g.2 [ 32 v.

(€) V, = 2200/ + 4S-45/[307 (1'75+J 6-1)
= 243430 %1 V.

S

www.EngineeringBooksPDF.com



240 PICCNPP of
oo - 2406 —
_-—f%_; 2.
°E ~ - ~ lond
--2(.,,1;*) = [2:¥x2 = 2¥A __q,,)ﬁ..l_ﬁ MI.

i , L
X,, = 018 x2o <= g.72

EWVM Civ et ﬁ-..a.-e..)a)\.l—ﬁl No  Hv 5L

028 J0.IS 0.2 Je-I1
—wmw LN - T

e
—> 5. 25
NI, & 4 vbr: 2906V

(b) I, :/2:7.1 / - 2719 =;4;,.7q,4

0. 45 +) -4 [-53773

i & = 24, = 283-4eA.

S
2: 10 (%
(1) I—Hv' - lloes _i“ﬁ““’ = #-7 742" A
' N\ 7 oo Jfﬂ'g“
Tuv (it ) = 300%0° = 27374,
“.Elaz
L,.1 "in %7 = _07 ~ 2.57 %
H v o - —x loo = 2 °
3 I"”‘ 2727 -
(i1) fPN'L. = P " Hnaalﬂ - 2 joo W
Ten b S 7 beo .
M .
& p
(1v) rPcH,FL s AN s T8 22X W

W EngineeringBooksPDF.com



I l HﬂﬂﬂV

H ‘ LV

A
V 127-¢ !#ED \
v
.)
\J

- L|.
(2"

-] V
a-?_
23 9 /
Iz}

/s
r 17T

= 2

£

“ﬂa.nk{g::

39~

I 2

(oo

9



=
73(._,,{ ] :;:i;& =0 €7gw! Pﬂa 22273k 2 5% = 1314 W
d) 3 I .
( L * Ty L-_‘f°=—J315~m —— l
/ \/ , v,
VL' - _’fﬁﬂﬂ_ bté-j?u'?-’f) H ’LT
255+, 85-375 *
)
{VL-{'-‘- H25% v, |
VR = llooo—|]258 ooy = —2:27 /o
1 25% |
IZ.H.. I(a) Lyys ff;f}i:_qzé-j.#?ﬂ-ﬁ i il;:= q=%_na -5
IL\-- - _!ﬂdﬁaq ~ 2107 3a; - e
G0 T T .
Ban y * LLIEIO s oros s Jouts spiseind
V‘ = 21 / _ 1!1*3’!‘“
LL 7390 X 0-158 = 34348V vﬂ——)@—
Hv
Pow >(27.390) w005 = 23(2 94w -
b XI:F‘ . - 25 )35
(& X_==)3185 fv PF= L P! \
/
frz_‘l;'_f_R -y hl}ﬂﬂ__ - oo ; E' P
S 4347¢ Viv r} Y £, | y C
{ = .I“laCtJL O— ‘ |
(RL_ = P8 pae & e
: .‘ 3
T SLés—-33I5 = S22 /248 A
Z, = 21749 = 2:077 N
: o , i
VL‘_ 2 43478 x S(-79 = 222999 v
V= 2221102 44l 9qe v
VR =~ 46 — 4485.97% ; ,
545, 99 -kien fo= 3dh Y,

20



2.13 _ -l _ ,'Jf-fﬁ
Q-ﬂ‘y = Ao — S

e
For wotd eane VR — 91_7--5'I*3'+

f

| Vi, Vi

I:H' s 15‘0'35_' - [OE"?:’I —-S‘J-g,_,' .‘p..._lt—-‘p
- 2 oo Y
T T > = 4 b= \J\‘ IHE‘?H

% u J 45> = r,

' - u= V€V

Ty Zeny = l081x 6°h ,

VR = -éjixlﬂﬂya = J3+03 /4

21oe
(ﬂ.) (PM = LY % 0 &% = 2,[-'}.'3'L(w
* c 6 W
= i = -8 = 47
?m - I'H Rq“,c = (O L &
;R
(Pcv’f-:. - ile. & | 171 S¢W
&4 5o

o = H"f-‘SGW
CP&{_.., - ‘]C.N.«: . QF?S‘KLU
‘PM — 2L S Qq-ﬁ'q‘ -

E’H . 2r4ans _Mﬂﬁza:' 78 {S‘Z

= 5475 + 156 41756

@J Pk = X088 = grw

§ '8
’I:::d'r¢ = loo ‘w"; ?WJFE b x 2 = 24o W
E‘fac = gooo ) “#z . Z

A



{'LJ X - J leo -~ B 6-4‘3_&_
L4

3
EHW : ¥ wew 4490 R B x (00 o
G"qtﬂ-éifﬂ‘ﬂﬂ-ﬁ) + /oo tloeo

- 96-67°

(¢) £ - O+ (6XxOTx0-8 XK 10 +[0x69 % 0-9x§
- |Lo. & Kwi .

Fﬂ'ﬂ"{ = (oo w24 xi’a_z:-_?_,-tf KW h

-3
2 L
EC« G (Z-Qa x 07 X (o + 240 *0°7 « &-).ﬂl‘p

- 2.7312 kwh.

- 120- & | )
- . & J8E L = gl
Eﬁ& 7 [26-& + 24 + 2273 / Ry

L = BS) _
'1’-'}uatr(w?) ;,3% (087 A o—a—a"!
)

CL) V"H‘V = 2300+ 2106 = 15%0v

VL—V ~ 2100 VvV
(<) kVHHv > 259 X (07 = IS5 ol Kva
KV A = 2300 I, 23vo x h T,
Lv

25 Jo { o8
- e K 5%,

Ll



SBov P 4bv
| |
¥ 3 D
(b) I,,, = lexie™ - &3-23A

[ P

Kval ., = 580 «831y > 4633 kVA

(C) —E—M{wm los5ee whaw wiad et -Feﬂmﬂ
1::»;5 = ﬁ‘ﬂlﬂa(f—ﬂ‘?é) = 6 W

Eff - 48330 X 0-9 .
= ~ X (60 /» — ?"Q" o
48330x0-9+ 36 /_ - 9727,

lioV

(ﬂ) T' " .:-

3
20kW

0-&pr
(1ead )

g-4AR
ALY
a - _4ée > 1-81 e o
{20 V. Ieaaes®y Vo4 bk’
X > qu“t‘, - |8 I2A o— -

23



24



Qaar;(d) =(0 045+ o l6) s> = |13+ )40~
Zeyi(y) = “3;“" = 038+ ) 1334

EBormivalmd 1 v et o

oS JI'S o35 J133 T
= ﬂﬁ_ J3 P ‘ ‘:-I:
v 132€ 245- ¢
o £ —2
3 _F
(e) T, = 3es %™ _ sor S4n

8 V3x 460

? - enlope = 31-8°

T, . 1326-5¢ = 753 /—308° 4

P T

Vi o Jaz2e/(e —r‘wal N-& (o8 & ) 283,

= 14 (S

S'A-JAT tad) Vb{ﬂ—-pc. CLn'mr. 4o Ln-u-:.) \fin"ﬁ'}": 25-?3'5V
(4) I = 72/ 53 = 41 48 A -
T, = 2§-Sa/ = '1.17 4 A

25



(ﬂ,) Mﬂllm
QMA}“( rl.h.-l.- E—#HJ\MJ
I, = 1;"”““3 $43
- #84

(b)
43 = Gﬂ'lﬂ&
? = J36- 3_?
250 Ca
10 -
. (3o~ 2¢-%1) = 248
.P - 2‘4‘5-: cﬂﬁ (gﬁ""'gé'&?) -— c? . oK KW
205 +98&. 295 = 24 g?‘ e
A 41 KW

-

(¢) T,
- S43- 48 x 46
T —= (¢8%8€. 98 A

(4)
= 75? xo0-% =&
~ Loo KW

% U Chrtmne é
oo - 2464(1@"
= 73‘2—7

346 -4

26



= Y3Vav . 52
VL‘“ I-|3Vﬁ”
| Ve Ty b e fome N bW pides 3 Ei{m”ﬁ“““
B
Hr
(a; B V ._ci"‘ W"E i{-ﬂm" Vﬂu‘ﬁ
e ﬂyn.}z VE. 2100 Vv 210V
Dose V&{f-w Sh 200 Kva 200 KA
Bnihe Shds 9524 A G574
T ase R et ——
4 Or £2C O
2* = V.b /IL - °5
(ID) 2*1, = (C}*’LS —rj I~5‘)/11-ns‘ = lO'aHBQ +J'gfoa’3
(<) _
tm J-l@'“ﬁ-ja-aw) 2 fo 1 ~ 001743 P
95 >4
4 2
'(j ’P{!-nr..;,, = 0o25 x 210 = [(|O2'5 W

{0 25
laﬁgaﬂn

= 00885 P».

o-0 134 Pu.

?M_n'l'ﬁ?mfﬁ'ﬂ/{tgf P.h"

1]



2 24
" o s froaF ' —mfﬂzt 9714 /.
[x6-85 + 0-DIS+ 0-01
oo Jo-ol

('D) L S '/_'Jp?“
—ky X ©
v, . Ve
—

iz 1ol & 1[-8 (o.015 + o 0k)

= o34 /2% Ppu.

VR = (‘094 Hl'c:x.lcm -/n ::.3.4.%
| [0 -

I = __fﬂ}ﬂﬂq - 25 R 6',13.,
b xR LR L

2 e .
<y (Lv) ° (0015 +] 0-06)x §:2¥ = 00929 +j0 375

Re(Lvy = 625 x 6o = 375

Xm(;_g) = 62y X 20 = (2T A
009284 JO.375

O
/o g iR S
% £ ) 125 Vi
"y
") - - -

(b) V;Ia 25 V
/ 250 |
I - . ey e = 5-4'"‘?4 ﬁp
{ S| [0-093y +j0-395_ 5 !
V. = S4ro4xsy = 2702 V.

- 250 - QLTo.72 - . ,
VR = —r ){[ﬂa%_. 1—7,49A

28



@

P.F

1.0000

0.80000

()

0.86 4

EFFICIENCY

0.82

X Efficiency P.F X Efficiency
0.0000 0.0000 0.6000 0.0000 0.0000
0.1000 0.9073 0.1000 0.8545
0.2000 0.9485 0.2000 0.9170
0.3000 0.9617 0.3000 0.9378
0.4000 0.9675 0.4000 0.9470
0.5000 0.9702 0.5000 0.9512
0.6000 0.9713 0.6000 0.9530
0.T7000 0.9715 0.T7000 0.9534
0.8000 0.9712 0.8000 0.9528
0.9000 0.9704 0.9000 0.9517
1.0000 0.9695 1.0000 0.9501
0.0000 0.0000 0. 4000 0.0000 0.0000
0.1000 0.8868 0.1000 0.7966
0.2000 0.9364 0.2000 0.8805

~ 0.3000 0.9526 0.3000 0.9095
0.4000 0.9597 0. 4000 0.9225
0.5000 0.9630 0.5000 0.9286
0.6000 0.9644 0.6000 0.9312
0.7000 0.9646 0.7000 0.9317
0.8000 0.9642 0.8000 0.9309
0.9000 0.9633 0.9000 0.9292
1.0000 0.9621 1.0000 0.9270

PF=i.0
’#ﬂfﬂ#ﬂfﬁﬂﬁ-_ PF=0.8
/ e ——
PF=0.08
#,ff”##fﬁﬂﬂﬁ_ T T——
PF=0, 4
0.00 ntan ﬂidﬂ | utau uiuu 1,00

P.U. K¥YA (X

27

www.EngineeringBooksPDF.com



CHAPTER 3

@ Wé‘ f d 2 v((?\ghzrzr?s(x-l_) ) dx = E"f"i ZI‘E‘CI')L

S

‘ﬁ S = (A s~ 25 A a(xA) 227 AT(XD)

0¥ N
. g B
'fm] = -5 AT (06-) 2 A
X =0-fm -
|3'2. a)
8 7 . (7“3 R
l“r — ‘*d?.' - A g o - = z
t - 9 - 9 b
f £ ;_[( .'-1.) <k Togk ™ 3
3
-F"n- = — oWy (?‘Ja)f = -2 27
- ] -
38 ‘}h.--w !2' “ 3
For U= 28 ocwd g = locm.
\ = fﬂ-:ﬂl%' ~ [£-97 :WL-—‘I"“""'“" .
J"ﬂ?-ln":'
‘fm S - /6?7 3‘2#‘:! ':‘--'-11615-”
Ia_ £ 1
(b) Wf _r A /- 7
A 1'-1' {2 x 2
5 f( 12, 20
-Fm = B_E-f_.(lgq)) :.._12:{113/1__{_ |
39 L= W 3 ?1 =
L:l‘-'-ucﬁnf_




——jz(ﬂ)l:w Caat Ml (F317), H = 35® A.-b/h ot B= 05T

(i) H - o-5 .
? "f'?tip--r

Nﬁl - H-.:[: 1 {'{?- ftj

. T :
Ste Lt = Q% ¢« g xlo + Oy L (xite

4167
L‘ - -2 A.
V =4 x> = G- 88 V.
(i 12
. h{g B™ v +w( #at)

.
v 2 3

5 ” ”
= o-5 ___ « g'nx‘:r.tn x| i = S“::S‘:Hﬂ x fo X
2-1'-9'1!.57 C@FI’J.SE})
I

. 0-24%7 T 071313

: - fe 2 =
(b) (_I‘) HL - H’: [g .
H'f_ =~ SPv x [(22 L B ﬁ-f"/“ﬂ-
Hﬂ{ﬂ_

e -
W — t‘)—- ___ . lg‘x[ﬂ ~ 1431 4 "
2% G “:7

i



(1) Avws waoves

Q9
W

B

i
1] ]

o e
b x IS X 410 _ foh4 mw
2% {4

j- e - -
4 — @ x foxto t- 16 x&ox 0 t&mmj

e 2x 4SS T
. _ty* *
= F—_—“ = ‘O 25 ‘) = | ??,64‘ kKN
€ 'rm_ =C 331 = —9’—1 '
I99- 64 X 10 ~7 3. 7—____»: Lt JB BT W
(000 X T8/ - —-‘Z}j;f) C?Mr

32



BSl@a = to wwm > 10 x> m
(i) rrl: - H?, '2.} - _‘Ei_ Ilﬁ- '

: b
L s [*25 % 2% lo }l‘.lﬂ -3 = e qs——{-? A
2500 4 4"'5:_' fﬂ"'j

(i) W, - % 2 1

'f 3 w—}g - B Uj_ - fls_,....—--? valf&;lailﬂ Klﬂjﬁfn?

/"“ 2 X4 XI0
= [q-8 ‘J‘
“[) ..F ._.-L L Aveea = _f‘lrl__ x PoOoX foX fﬂ-i{?g‘ak
?/“# LX 4T %16 !
(V) Masy = 198 = 20/ 64 ke
| 2. 81
(JD) g -~ Frvawa = ’S")Cl:nﬂlﬁuh
P B
L g W
. B‘a "’C( ) %’(5)

-
Fd‘v’dn. h.ﬁ-w-m pw-,ﬁv\f ?.= 5 mm ﬂu—fa—:fﬂ“‘“.
g

“l‘*? ) — Lii) 7 "H“!?)

Lﬁ = 397 €9 &,

_ I(m) N = 25T By = 1-5 T, (e 5 e R
Moo= H v ¥ ] #
30 T =Id
253D % I - e |
XS = 4_5;;:-—} =9 —> & = Jelilé ™
2L
We = BJ& Kngu-n--: S ol e (O ﬂa.‘é)(?quéﬂﬂs)
/“'5 -7-“4"5:::::
2 45 7

33



(b - B.? e
/ 76“‘ T xA_ = /Quan)xﬁ ﬁ/ﬂ——-__.“ﬁ',nﬂl
,'l/lfla 7 ‘]7.14, 3 = &
s E? A

& /“;_ (%) ol —ELL-
Qw.raﬁjx 6-001¢ ,..@:m s 415‘)1‘

23" N

= 0:/0 14 |37

qu—

——
iy

9 = 2-luth wmu ‘
Lo = 8- 1137 ., = 143238 W
(31416 x1673)

()

2 O
kS —, X beooflfd = /432 JFN

2% "% 10

5|
o~ - _Ba X =
_,F""*- g/n, ﬂ%
(dlxlj—rm) = 2oiBlI3T> . TS UTE .
S W (Sxw3)?>
=7 XX
) . O - = 0943 T
o By -/w:f:;. /g B + - S x5 3

’Fm :'—‘aa—-ur.Aﬁ: ﬂ'qlflri-ﬂﬂ.gafj:; S_Js"tffgﬁf
2% 4% 157

(i) %(MM'R)M__T, Conrtbmnt  durilp T dbion
4 W* Hornafore T focee ({0) Almays comdmd

-W]”I :’Fm“'j = S5 4ee Kﬂr;:]: 2-8276 7.
= - .
Oh L‘_{:/ :-—Z—gﬁ-—}ic"rz o 0.*‘?‘1-15 xﬂ-aaféwg-xﬁj
Srw 2 ¢ “2xg4mio !
= 2- k2767,
1 g =
W-:F/ 2 LB "4 - ?—E—ﬂa = 0
(0 W 2, - { B0
dw, = Wl _W+[_ = 282767
o vt i hnd
Vele Cﬂwgz eidd = (A ='vwe =0



37] @) - o = 3% anas
R
R STo e
3 .2 = 0-§»S8T
2 X SYSKX (o~

N 2 Belo = B 2
73 s
P

—
. - O0-F258 ;t?—’““f‘ = 2094
4 {5 x 4o
V= 5x2:07 = (o-45v (4¢)
() We = BT ¢ velaes g ahgnd
:F 3/":

p R
— ~7
O-5 258 r2r$‘5‘5’fﬂ+"‘m

2x 4% (6 °
= 0-§85 T .

o W . _%:7“* (fu.---’t /"?"ﬂ:")

| e & TS £ (5 xISISE KT

1)

= 4 vAGe = 4
= o:5%J
A
{L) L:-._flgj: -— H/ —-A' - u:-/hﬂ ‘?&
2
; sl >
o ~7 ~ &
- h&fﬂﬂ kK 4Kl10o x T XxZ X Lo = 0-2513 H
2-% (o 3

\f st . (=% b x 9-1?l35T
5

38



K4

_i st

S N P SIS TR

A § -

" a8 p 3 = * N

T :‘Tr.t; }f_} = 9 X(e 'I,-, "
Av
=g /

i 2
[b) & = (3-8 X106 "y 0o = |-38S redaoan.
:_Lq_:"xf-zn = 7‘?-‘35&

(£ L =2 45+ 18 (173¥) M = 2943 MM

:Z = D-o0IL —rJ 317 x 2949 x rc:{? g.ms'—pjo-au
(B = o-01&(- .
[V{ - 0-01 8%t x (0 - D"?'gvi

4
@y T= 4 c*gk =
Let U = V3 lo pa ot ,
1 = loo ﬂ-v;ﬁ'% ﬁ-cM(;uhf.zé)-ta-g-p&(#ﬁ’..f—i*{)]

1
2

g = &1 — S -

= 30 Aam (:z..u,“_{-'-is) = Do e 2wt i (2t =23
tlo pai (4ant - 45) - bo Cn2uF o (4eiat-44)

36



T = 30 pun (20,1t -.QJ) + 4o i (Gut ~ 44 )

_ !FIM (20,% —2.8 + 268 )4 o (24nt =24 - 26
~20] pm (4w to48 p2uh) oo (4t -4 - 2a8)]

N W, = t4 = _-;:zas-rv“‘/”"“
(!)‘3 Fa W, = £ 377 7’“‘9/’4‘1:
Toee = 15 M, ™ .
?M; = f;'ﬁ.'l'?‘? = S"(SYW
Fov ), = =+ 1885 ymch [ bee
ng' = lu(m‘FS
me - 20 Mm™
9 -~ nokiBg®S = 3T Wf

& = &%151—/&%45_—-35 25 86

TM: > 20 MS’"!*?I + bo P (0344 = £2.485 Mw

31



L o= D > b4
= de de R+ dB
T-:‘-"L [+ AL = -1 o> == &
% ?3_ 3 —¢Nf+i‘£1_-‘ﬂ '-=""J5_.¢' %_
- 5
(C) @ = ZX(0 - 105-»::4\49 - ﬁa,-. Gz‘mffﬂ

T= 548 = L4 T uR, v & (Gt +9)
%‘“%ﬂn :(_%- 4 (Wt +8) + en 26/ t pun 4(”'"“527
= ¢, L,m b (Wt £8) + & ,em§ 2 (200, +4S}
+ b M‘SL (2w,-w)t —+ 4—5;]

&) I) W = o 1% A=
( ( ~ 7 TG.V?_ & ¢)hn Ri M q’é-
5 4 A
TM‘"-' = "é’m &Q = (1 25 X 10 3) me--- 0- 504 M-
‘pw,‘ - Txw,.,. = O.

(\H) Ln.lﬁ = T _lﬁ_i— _ .7—1{161- - =+ )88 8§ ?LJ/?"C
Hv?'—‘- d>:tﬂqmlpw;q£:=oq.§3(a»~:4-§
T_M]c e 0"1—5_2 v, "-"'h.

?Mr = 0-283* Il"E"S" = 47 6

3¢



| 4 j_.l.éb'ﬂf
= ~ - "7 077 [
L ::J?.LS‘MM' e

7 e s b b N !'1..:7:*]
e, = 2 [0.08 co(nemt+l) 707
» T dx 7{-+5) J5x i8-8 tor(247E)
2 40K -
2032 o (

= H
ISyp-8 V oud ‘F‘:—- sl 3 »

{"I'M

(L) T: ";aﬂf“—ﬁ”' = —aj

= 2Mw
O =P e, nd /e,
£ = =+ 2W o rlzfﬂT |
P W T =f,0M‘“
i ng "—_b 7:-_:.:
T, = |

39



CHAPTER 4
!"‘*f(ﬂ-) 120 V machine —» .fap m:ﬁc&hj

240 v machine —» wave mindiﬂﬂ
: I()g:‘l ln_,“,-

. ’
(b) 120 V -machine ﬁi" Q

pParatlel. poths , a=p =&

Coils in senies im each path = 32 =
Total cCoils = 3px4 = 120

240 V'  machine

a=2 , coils in €ach path = =5~ =
Tetad Coils = s x 2 = (20

(‘:) 1206V machine.
do= Y4x L¢ = 4¢x§& = 2pA
K (20 X " 20x> « 2.4
2%0V  machine
Ioo = 2x T = 2x§ = (0A
Kw = 240 x (0x/p> = 2-%

(ﬂ)N: ':*n*.':n::':»‘F }:1#1&:2, % = 0-0625 Whbh.

Koq = _I¥b - 300 o 190.99
AR T = L

Ea = 190.99 X 6.p25 x /000 , 27r = STOV.
35

(L} T, = 2wirLy &= 304,
P 5o X 52 = 25 KW

—
-~

@"‘L} Wm = -"‘-:-i X 2 = 125.66 rad. [/sec.

Ko = 114 /15644 = 0.967 V/vad. /sec.

(b)) Fa = 14y :
Lo = ”*/(n..;-ﬂ_) o S1-82 A

() T = ka@PIa = 0.907 % $7.82 = 47 &-m
P = I:EL s $LE2 e 2 = $370. 6 w

4o



(@) kag = 0.%07 V/vad. [fsec. < depends on If and mel
on S‘peenf.

i)

S0 _ =
¥ x See = £v

(.b) Ea._=
() T = o0907x 3¢8s = 3/.33 Nom
Pz 3-ss'x2 = RBET-4I W
- (] T ) 6555 - A
11*-:1114 / 120" S .-
E—a\ = |20 + S8X 02 = [3oV.
ST h.%)m :
E:n.\ = 138 ¢ 1200 = joV;
(3-00 h&ﬂ- I5B®
I‘F ~ O- 6‘-]- ﬁ-—-} fvwn M—?M—Jf}n;'m Cahve .
(%) R-‘; B 20 = (| &7.% S,
0- 64
R . = [87.3 —leo = §T}4
E{ﬁj R (miv,) = (20
= 2%/ = 1-2A

I¢ (max) =
Ea (max) = 25V ( prom magnetijotin Cunve )

Rf (max)= 2S00
It (min)=s *Sf2gp = 0.48A

Eo (imin)= 92V { hrown Cenrve)

O.456n I-2R

(LJ Vt!ﬁl.. = En.. = {apV

It = oA (fom cuw)
= [0

R+ = (20 Ji.o

Rfc = (20= (0D = 20
= 1oV

Noe AR-» V4 = (20 - Sox ©.2

I‘f(ﬂnj= 5-4’8

If tett) = 1~ 0-1 = 0.9 A4

Eq_ - "-! 7-5 'l/ ;
Ve = HT.§ - 1 = (07-SV

4



JE{R‘) 1:{[“;) = .L?:;_D = 1-2A j Eﬁ (may) = 123 x fﬂ = I15¢e 25V
L ot s o _ -
£ (warin) = ._._._.,1'; = 0-4AA E‘-"-['M) Q9 x !;s;t NSV,
(%) V&} - E = J20V
il * {Svo
lﬂﬂ[“'}m
£, < I20 % {280 qév
oo /ST
I:F = 0-514 A — -F.avs— Mﬂ-?fvu.]o\'}a.)t\m Canh Ve
ﬂ.F = JA20 = 224 7 &F - 29 4. 72— 00 = [24- 72
0-524 ) C
No AR — V., = 1o - Svxo.2 = llov
= 0-l1A — I = 08y —0-| = 0 434A
E, > 833V = &9 15T - SV
&Jh_m 3 Eﬁ-,lm'- £ & ITN - o 478 V.,
V"’.‘ - 0 G118 - Jox 02 = ?{f‘?gv

. 6-5&.:: = _37’ A |

] (20

.ﬂ-[. r_F = |0 A cd i’J-—ﬂanrm —_ En: LoV,
V'{_-; 20 —Sv xo0-2 = lloV, |

. - = 64w
P, loxso = ITZvo W P. = l120x Sotlov 6

E% ) xfﬂ'ﬂ/ 35‘-‘74%

/
.(b) At I—F = ]'0 A cud fﬂﬂYjvw—b Eﬁn !lnwri_?; = [V
U_&':: (o = 3vx 0.2 = |LoV.

P = 1460 o = Jo30W
Po = 189 x50 -?Qabmffm:- Foco W

B - Tgg el > 60

42



@(--J setf - excited

Rf: Rifww = (PO A Line

Velu, = Ea(max) = 126V

Rf = Rfy+ Rec(max) = 180+ /50
= 28pA Line

Ve 'm_= Ea (i) = Pv v

6) Ve lue = Ea= 20V
R{ = (20/1 = I20

R{r_ = F:.ﬂ;' les = 264

¢i) S0A #lowss
IaRo = SOx 0.2 = "9‘3"
V¢ = (67 V
ZaRa Iﬂm{ = mmax vertical distance
betwean 1264 Line + Eo Cuwe =34

0. 2
Ve = oV
i) Ia= $0A —>» Ifc¢ary= 0.1A
From fl"t'a.uﬁ.k_ abe
Ve = (02
Fron. triangte ABC
Vi = T4V
-B8C = (éV
o = :i_ = 86A

43

www.EngineeringBooksPDF.com



ta) Ea (residucf ) = {6V
(b) R4 (crit.) = nbn/a.g = 4004

4.10

(c) Rf = 3ZX = /56254
Rfe = 186.258 - (33 = 23.25
(L) Eo & 7

D rocd M&ﬂd;aﬂ.{;% Cunve . gnr gﬁﬂ- '-“"Pﬂ"\.

Frele Re;is{.a.nce_, Lwe_ Dcl:u- 133 A
this mag, curve ak
Eo 2V

(e) ‘?Hﬂﬁme.{iﬁm‘ffm Cunve ol n Y P
imteasect #ho  Field resistance

—
e

Lsilf
?Cnr' 133 ot Eg= 200V.

Thenedere. , If= 1-5A .

mtensects

loso
Jeo

92V

Line

At (o60 rpm (for If=/-$A), Ea= 245V

N -y
Fihic
_2OD
245

“
leon

—

X /oop= §16.3 rpm

.-ﬂ

Ve 250 V

L- - Io.(_rn"to[ ) -
En,’

[Giliay Rated Isad

<57

b)) Developed power = Ealag = 258
Wy =
T =

' Y-R)
&0

(o320
(O¢%.72
"f‘l-'la.g,ﬂ&ﬁin‘hm Cunue

Iy = 1-86 A

i

X 27

@8.85 N-m

e) Fvem
e

(d) Pout = UeIt 2 250 (4o~ 1-8€ ) =

En.-: 1SEV

#

Pin = BoZo t Protationed = {6,326+ $00
F&. 12 %

-

_49s53¢
082D

. fo0

M =
hh
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245V

o S

R |1 4

I ¥sTa)- -1
ke iad

I-S AR

4oA

Ve + IoRa = 250+ 40x06.-25 = 258V

D = (0,320 W

{04, T2 Fﬂ.d/de;_

8§35 W

{0 0ao0W



[442] @) Ial, = 240°%/34p = lo0A

Eo = Ve + LaRa = 225 + loo x 0.4 = 237V~

Wm = 1068/44 xawm = (04 67 vad. [sec.

T — Eﬂ.:ﬂh— - _'2"31 X {00
LOumn (o4 &7

= 22643 N

(6) Ealy, = 240 v
EQ_JFL = 237 YV

nEq_'lAR= 240 ~ 237 = 3V

) mMme hegulrﬁd, at Full -Leoad = oo X 2-2=(320A-¢

MME  provided. by Shunt - feld uiuda&\?: boox /. §
= /o0 A-1

MME Prnufa’.&{ ‘5# Senies Jf&:’t{, W”:?dl}t\?
NseIs, = Nse Lo = (320~ (680 = 240 A-L

Nsr = 2E2_ _ 2. ¢ turns / ool
r TR /f =
o) Eal = will 6ccun ot Ry =0

Draw Field resistance Line #For
RF, -~ Ri‘ﬂ = fSﬂ_;L

Eoa (max) = 2222V

(6) Ta (rated) = 29202 . ,,0A

200

V-f (rafed) = 200 V

-t =
Rf{ = f-in_f.,_ /don

Rfc = 160 - (S0 = [Dn

() Ea = Ve + TaRg = 200+ loox 0.} = 2By

Pic = Eala = 210x (00 = 2/000 W

Wy, = ;ii& x2ay = (88.5 rad. [sec.
T = BaTo . 20000 . (/1. 4] Nom

Lm [88.§

5
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4. 13 Codvwed
(o) Drow Field  vesistance Lme at Rf= 1éon

At Vy=200v , If=1(.25A
crawy ‘frfana-a'-q_ ARC woith
a verticel, Line AB= [0V
and "ﬂnﬁsmu.{'af_ Aine BC

Ml\-ﬂ.'l-t.. L < o -iﬂo.ﬁﬂf.ﬁ Jﬂflﬂ\_
Cuane_

BC= 0.070 = If(ar)

(e) AR = 25V

Ta = :Fr = 250 A

Fon Full-Load ; Comstruct {'ﬂ‘a.n?(._
axy such thef ax= bV, XY= 0.094

Proas C c Pmaﬁfl.ﬁ o Ao such that
Cc is tangent 4o %aﬂne.f.}.n:b'm Cunve.

Dravy A abec . "”1.'1_1 s -Ha.o_ -eﬂ/l.aﬂ-i't
A that will 4it inside +he

'?ua.?he-&éa:h:?m cowwe. and  Feldd wesistonce. Lina

at C. A ABC s Same as A aba

AB= 25v = Ilapuax) Ra.

Lapmax) =

41302 a)

() Eao= Ve + To (Ro+ R:v)
= 200+ 00 ( 0.1+ 06.04)
= 214V
From the m—-u.&ﬁl::fi'&'c-:ﬁm curve. For Ea™ 214V

M.IFII‘-"!. — I:f (HR)

Lf (etf) = t-25A = If +

4b



el3 i nwued
Newo Iitar) = 0.09A ot Futl- Loao value % To

('prﬂm Pq,r'{', fd(.)
l/,é iﬁ'f- - Ea_ = 20V —7 er mn&he.{'.'ﬁaf,aﬂ_

e It = 1 A

Hence (.26 = | + —~ - 6.09

=2 Nsy m 4 08 '{'w*ns/}an/e_

ik _
(&) IQ[ = 20,000 _ 004. oy =ava

2-00

AL A
AV, = T R, = (0o x0-| = lov.

V{. > 210 V.
(L) dI_F - _|_?_'r5"r :,ﬂ N 3x |00
H‘F =+0:25 A
{200 "
é.\fﬂ_ = (o0 (ﬁ-l-i- o-og) = |3V, av,
A
AL

LUK os oo av, = 13V
‘-"““*-fl {ia- -~ 0-25 A Lok
|=0u~o\-.s w T  feenten
bice cnd wemgniydlo cwnve  give

v.t-'.!'.."'- 21 4 V. %
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[‘f'fﬁ'l (49 E, = 06V — ‘-@:mg 20x 0-1= /oo v

('6) Ea = 184V Ve = 184~ 4o X013 =
(¢)y E

172 v
a > 08 — U= 208 &;xq-ﬁti?av
M(ﬂ} E (552‘746“ = 35 2 N
2000 x .?.-"?E/-én
(b ¢. - dooxV4b | oo 8EE AW
s 0.9 k
Iq‘ - __89—- 893"}!__ -~ (8B 4G A
| 4 4o
lﬁd? Z 200 = knfhﬁlgmﬂ :?I-ﬁﬁkffr )04}
6::
T - _T - _loo = 94-2%A
* Ka 2 [-06¢
(ﬂJl En. = T o ’j" 2T % 0+ = ;},;n.S'?S'V
h = lin,S"ISﬁug;-, “’f""“ - ,fg-c;;.'z,y)‘wu\,
[ro b1 x 2%
(b)) E, =

= 229-4218& "V

S % fo =~ 20649 Y
f-:::élx'l.—'ﬁn 3fw~.

L, = 200
_F

—m = 9998
‘SO |
Fw‘rh 17" "MM'J%‘% Conve —> E,= 218V,
N - ZEP —_— = 6% ].
| &oo 7’"& n 6 , Llr '\4"“—
lﬂn
= - = O F714 4
R—F’-‘ T e = "F fn+1aa S
Fm 77 WNJ.:]GHA\% C N Ve — E et IWV”
_ZL — 2-00 VI. .
| gD = T

I —— ’2—4‘55}'-{"\-\.
N~ T e fufda ewsmd Leesamnen (G
ﬂ*ﬁ&eﬁﬂ mw-t_-:

4§



- 20 x (600
Fu 400

loo A.

a—

o) T,
r

o = 200 — 00X O'| = | Qo Vv

e ==
13° L1800 = 1T §& 8 v

218
(b)) 218 = kad 800
l.‘i-n * k. (02 %) n

Eﬁ/!h = "0 WV
e, I |
j EQ:‘- 260 — !GQ(O-{#—& ar):!&"&*v
, N = _18% X | oo IS 1 é\f«_
-~ - 3




t;‘Q'e -G'-Wv-\.ﬁwd’ I’F “ay — I_F=_-$:x$13 = 0-2087A

200

) :S‘QV“

ELL. ewvvyf.a»\_ﬁ‘_r Eﬁ at 800 I*uf;m-—} o
m\ﬂ qtﬂ,ﬂ_‘_’( e s N =, ? /1900
o N 200 — S"D(a-}-r- n-g;-) = |25V

n = 1923 X180 = L4167 Yo

AR
_(._‘L{. = Hﬂ{ u_]&z: X 2R —3 Kﬁ% = 0«26

T = 06.086sxtv = 43239 Mo

(b) Loz 12 A — -E)C = F .xdim = O 7 ET8,

26D

el 57}: [t2v 751._ W Mr-lijwﬁm Canh e

g
gﬁ{ g Pl v :aa(ﬂ'f-r—ﬂ-as‘) = _I:f&“ V.

h= 185 « g0 = 2973, 2 Y u=

= 0 394

3
] o4

)

v

~

3

J



"4.23 (a) l"\‘. < E:\,

—3 ITo. I'H-‘!'t ‘H'LL_ m&ﬂh;ﬂf_
—2> deter

) Irr, =

= &.25

40 % 0.25 = 4o0W

EaIn = 230%x 46 = 9200w

() 43 {200

m= =7 X 2T = [285.7 rad./sec.

- G260
125,71

= T73.19 N-m

(E-XEJ Load -H-\.nmm-#‘f{ Eo = Ve = 240 vV

240 = K¢#1‘HHL

Before. Load is thanen off
230 = K@pLi200

¢5HL e ‘?-"Ff_
So _n_. . _=2%0
{280 230
= %o {00 = 252.2 rpm
n 23D 5 i
(1) 240 = - KSw 2
230 = kBg 1200 = K (6.9)PB4. 1200
N = 240 x /3006 X 0.9 = (/27 rpm
230
4’*'}.‘1‘ b Pl-ﬁd.d ] P&’ = E;Iﬁ :(lﬂ'ﬂ-—l"nxgq)% - js-ggﬂw
— L, = 804 ~ (9204 — TI_= S04
Ea = %00 - Poxrxo-f = [FoL V.
&) c =0 —> Io = X2 o

e =S F 0 20004 .

Fm W w&sqﬂm Co Vg — Fﬂ.: > & v,

K =_2%

|%00 % 2K [ f»

1Eo0

=L IS — h= 192 - Y
Mwsﬁ'ﬁxﬁ" 3854 ‘

5l



zf‘ 24 CG\I': wcﬂ
m\_?_c - Q.ﬂﬂ}.-ﬁ— - ICF e PO i )

3I5%
- & = ISV > K, o . = 6-795
ﬂ’fﬁ‘m 2 = 1€ x 2%/ 4o " T
h - |9'L v '6‘9 ~ _
0.795% x2F 3T s

gf"“ﬂ "“'M'S'-e. IS 85.- 4 dn {230 39 ‘;j;n__

(L) 'PL_ ISV W ¢ = Joo W

J

) hd¥
= — = + 200 = &(.33314
@'f(_‘ o — I,{_ - Ic::.+ J:"_F gb ....-—-—-rm

P. = 200 g1-31y = /62166 6W-

I
Eg ("3 éo Tx[ua/ . 91.71/“

/6166 £ +30c¢

&_FC‘:. 26D N — J_{- = $v < 206 —_ &,.3‘7“-“1
AR
Puh— =~ 200 X 8-Sty =L 114 2BV
E%. = s [S 36v > K.Ir.'ra'/, '-"":7'35'57;

1611 L4. 28 +300
y 1y
[Zf*?-S'L (0 =K. dto - K& —-f'ﬂ—ﬁrﬁa:‘: T-mﬁ

Ke.2
200 = k g w, + I Ry .
(0 -~ 7200 — 2% X0 - 95 vod/sa = 18621 Y

¥

e
[+ o
(526 0T = 300 = KE L0 awd E = 600 = 05Ta= K& oD
W, = ”‘_z:xn-'t - 57, of yal [/ Fee - @
Fre ©,® 2@ — 30— = i — T, = 84 494

- boo— 0-5 Lo I$3-0& o J11E 1A
Lo= 84-43A. — Kk,& = oo

= 38307
(bJ Kad = 0:9x 3F0T =3 [qsg
Ta =200, = Q% 87?fﬁ-—a€~éoa-orx‘?3-879:

21957 - XZ- 06V
W= SE306 4 - T
3. 195 4% L& j [65 2.7 \j:m.

52



[#1 ca) Ea = 230 - (0.2)(260) = (96 v

(&) Eﬁjﬁ_= f?ﬂ:¢2¢u3=:.33;gaa w

Poood = 38,000 — $00 = 37, %00
_ 3750606

! - —
L 27 12004, = 298.4% Nm
{C) IF = 150 o i H
TR

I¢ = Ia+If = 200+ 2 = 262A

Fin = VaIy = 230 x mpa = 46, 460 W

_ 37seo :
1= %6460 ‘0% = Po.71%

. 23000 -
@(‘“‘) Ialp = =335 = l00A

Ea = 230 - l00x 0-] = 220V

(Ub) Ea(we)y = Vi = 230 = K @y 1S00
Ea (eL) = 220 = K@ i480

- 1500 220 |
¢FL ¢nu f’f*&OH Se = 0.97 ﬂm_,

Yo reduction = 3/,
(a) Ea = 230 + 100 x 0.] = 240 V

(b) $ince If and Io are. Same. fav beth. motor:

and 8_6#1'&-*0:&1'&3 Conclitiing , “machine chu.x i ATY f_m_;
Same .

Ea (gen) {FL 240 Kdro n

Ea (motor) ,FL - BBy K ¢r—::. 1450

N = 290 _
o X 1480 = /161¢.4 rom

(ﬂ) Ehhf%hJ(NL = k¢£ﬂ.fé!¢*6 = Mﬁ '

E&(ﬁ#ﬁﬂ”HL-= kﬁ%g ﬁ;ﬂo = 230

V& - [6 14 &
iS00

X 2230 = 29%7.£8 V
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429 [ (4 T, = 10000

- Lfﬂﬁ — E ~ 25p- 0.7 x Lo = 2oV
25D e -

W,, = ”é‘:’“_.r. LR = 1257 vyad [fee.
o

P, = E.To = 2kox 4o = Tboow.

-3 - malry, = !
( lq-ﬂ Y é; » hl -
E I200
. _{@}_’-‘:} (a) Use Sub acﬂ}a{ | for Lt = 1A
Md S‘ubscr}P{ 2 fu‘n I{= ﬂlTH
Ié':'?ﬂ; Ii{t"fﬂ P Iﬂ,r-"'?'-l:ﬁﬂ

q! M= [200 TP

E'ﬂ-l — lq'ﬂ - 6 X ﬂaTS. = 135:-5 v

Nerna _E,nh= kaqS Wa, = K4 Ls W Jcar- —ﬂdaﬁncﬁr_ /::::enﬁ
= KIf 1 where M is E’F.a,c_cL
Eo, = 2385 = Kk 12004

K = 23 g.«.‘.}'

1200
With, 14, = 0.7A

—r
— i

e Ypm

23H. 35
E“—L= kI{lﬂL:ﬂ' 36-

X ©.71 Mg
{200

lql(&a Eﬂ.l— =
§o

240 = Tasx 0.7S8

lq'ﬂ - In; W ﬂ.?f =

238:S 0.7 my — O
/2060

Fd

5k



4:30 Conknuend ;
New T = KagdILo = k¢ If Ia —> magnetic ..f:hem:-ﬁz
‘r, = kf 1 - &

B .. & = N 5 Frow, dead chanacterstic
T:_ a-T Iﬂ; ?IL (Tﬂ{ h)

4 {200 @

6.7 Iay o

(6) Ia, = 120! A
It = .8/ + 0.7 = J2.}/ A
Eaz = 2¢0 - 0.75x L0/ = 23099 v

Pdey = EasTar = 230-98 x3.0f = 27740 w = E‘l-v{‘

I

Pinput = Ve Te = 240 x 12.7/ = 2080.4 w

3080.4 '
@ 1T = _Eq;ﬂjﬂj:ir 235,85 -‘4‘6* = H-244 Mua
™ 1200 x 27 [ £y
(a) E.. <. - : = 438
- 2 o Loy 208 = 132“": xo-lh, -- 0,
-I_I'::l-(_f_s Ix § :TI:KJ;acaﬂ H._qu_-'-‘ 244 --@
F"ﬂﬁv\ | = .
® - Ko = L s g7
Tap = M2k L g4
~ e 874 x 0.7
(D - =
- 240 S5y 0,1 = .2}15;'?; 07 Ng_

h, = I700:25% Apr

55



TRy Ciq:uu-fd- % .
- - : 7 o= 1A
(b) Ta, = $-S714A T, = 83Ti4+ 07= 9274

Ear = 240- 85714 xoqs = 23557V

-~ QL00Y W =
piw s B3 Toop S§ TR rPG'MJ\L
¥

m = FHo X -1 2 2L VY4 . @ w
E’)E'F' = Z9%2 00 ’/, = 9o "/,,
2224 -§
4,31] CQJ Rﬁ'::. 5—/4‘0 =3 t:}-fzs"-ﬂ-—} i“‘&: }13-' _ /000 .
L Ta(vatid ) = S000//325 = ko A 0-/2%
(¥ T, >4 xiy = 128
o ~ —> R, = ['9583 =
e (25 + R-Er ©x

(CJ%"“T — 4o x @-(25 ~ 20 v

125 = K.® n.
20 - kn(a"ﬁé) { oo

N2 v, pex 1800 = [ 68718 M~
[0 .
@ Before I Lodd enhewit byike
L:c:a, =V, -T,Ro= Jro- toxo] =119 =K &N
rgmw&xnﬁﬂj ol T fidd ek it B

Ay ~ k(‘g'ﬂgis)ﬂ = 0r 085 %X |lg = £5.9§ v.
And FEgq = (20 - T, R, — I, 3 [20-5-98 _ (|4pCA
(b) £ w _ e O]

e eedy phli ol M fofa efouit biky,
N Corvat will fe panekh Bt &
ﬁ_e’F”-tE‘_fFJ.Q& Cen e f Lw/kej'r;-;}.f,g_cqlzkgm:—rw“d'
=y A, = Ji_j::r ( ! m"'t")"b k&lo = k.(ﬂ-ﬂs‘@').fq
,; o5 ~ 2°0h = stady bl et
Q =

(20 - 200x0/ = to0oV
Ml feo k(ﬂ*ﬂfﬁ)w - 3025 2 ¢
L K& | 800 . i |~

5b



Ile] @) Rat Rsp = S/s = In
S = knr-._ﬁ'l —_— Kse = 'S_/Q_S'= 0.2
T = 0.2 X% 10t = So N:-m

d:') Ea = kir Lo tdp,
= 0.2.x /10 x Boo/éo X2T = £2.83V

120 = 62.83 + (o0( ] + R ext )
1206 - 62.83
10
[%357ta) Ea = 230- %0 Co.26+0.9) = 214 V

P = EaIa = 204x40 0640 W

Wp, = f:nﬂfl'ﬂ' = [2§8.6¢ rﬁﬂ[-/ﬂﬂ.{’..
o

lz?l:-r{= -— | = {1‘.7.2.-!1.

T = 8640 = 63-16 N.
125.€£ &

(b) Ea. = Ksr Lo by, = KIan
Ea = 230- 20(0.26+ 0.1 )= 223V

216 _ 4o6x la00
223 20X N

= 24718 rpm W = 25°9. 5 rad. [sec.
P= 223 x26 = 4%éo w
T = 4466 259,56 =1719 N-m

Na{g: (ﬁ-] /280 rpm , 5374 N "‘?«éﬁlﬂ S'f-ui

-AE?A_ Ftorgue
(b) R2224. 6L rpm , 17:)9 N-m—-;*—;f;f/h .i‘,uea{
Lo 'EanHE..
b36 | Tobd hesiobome hesppusied af hant
- P = O
?‘T[ - GQE."‘_ _RQ.E‘-; - '_4::; Or 5T .
Rae, = &5 - 015 = 0.3¢ _a_,
WK T, heduicod o 200 A |
Eo = 200- 05 x 200 = loo V
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b:36 oA vue d

aMWM&W%wMM (2N
THat hegirbn R

R =~ 200 - !ﬂc: = 0,28
T 4o6
Qﬂ*ﬂl - 0108w Sl = oOrl=tr

WA.ZE Iq }I—Qcﬁw\.ual -ﬁ ?_0::3,4 3
E,,-L:—* 200 — p.25 x 200 = [Soev.

Totet -LLQILI:A"!'—ME—E fosininad c‘-féfﬁ.\ [*v‘-o-:‘l-O&-«-fM

QTS w TOp i IEE e B SR
4 o

La W8 vwAb wcﬁ-c_p_m—e-l*ozfdt:bﬁ Fos  Hr
heduntewneen e W i T plwba box
sz,"-;ff’:{S"--n:f)ﬂ*l = 0:2% n

Q’l: &E’l = O] -,

Ei!j(ﬂ.} Full Load Ia = S’uﬂf}/::.s-g = 20 A
Lowest speed 200vpm, If, =0.8 A, Ia=204
From Curve af 1260 rpm
Iém = 0.8 , Eam = 280 V

=3 — 66 ...
M’innrpm"" 280 x e & /. 6TV

'E,.,& - 4!.474- Qo (a2x0.8)= £1.6TV

Frema curve —> I-Fg_: O.163 A
H.?hf_st speecl * /200 rpm , Lfp = 0.8R , Ta= 20A

Ea“‘! = J-SFCIV

(280
En.a_ e Rfﬂ + 20 (2% 0.£) = 70V
F rom C:M-w&. e I‘% 1.2 A

Hence MSL&L&L@L range. /s 0.103A4 < I{a_ < /-2A
5%



437 ol mne d -
(b) I:Fﬂ_=:’-ﬂﬂ , If,, = 0.2A
Frova cuwe, E—aﬁ: 262V @ I@-— .o A
Eam = 262 - 20 (2x 6.§8) = 242 v
From Cuwe , Eaw ot 1200 vom ond If, = 0.2A Is

128 V
242
Hence n = [200x 245 = 24 206 rpm

432 |(a) Vi = _@;;65 ( 1+ Cos20°) = 2.2 . 5T

Eoo = 222.57 - 40 x 0.258 = 212.857vy

N = 211.57/5.13 = J{80.T3 rpm

(.E) T = 63-?6" A - 3
(c) P = 222-57 x40 = 8%02-8 W

3@ | _ 378 x217

= -~ (14 Cos ¢
¢ e ( )

= 324 ( L+ Cos)
L =0°
Vo = 324 (i+ cose) = 48V
Eo = 648 — /6.5 X 0.087% = £4%&.6 v

. bL46.6
ﬁp —_— ﬂg___g t‘?S"? 't"Fm
4= 20°
Vi = 824 ( {+ Cos30) = Lad. b6 V
Ea = 604.b ~ (6.5x0.08T4% = L03./4V
Ne = £03.16 = 1827.8 vpm

0:33%

(b) Ba = 0.33x 800 = 594 v
Ve = £o08. 4V

o8 = B24 ( 1+ Cesil)
— L = 28.¢°

(e) 2.48 %,



.ﬁﬂ {_a.) TLau.'P = T-un'hr . f‘iI: = OO0 N-m

If 'Enrsue_ LS Qﬂﬂ&"ta-ﬂi; Lo ancl :Ffu:.r. remain, Const.

Ve = AV = O0.85x Y00 = 200V
Eo = 200 - 40 x 0.75 = [ T0V

katp = T/1 = 24 = £

L-Um = f‘?ﬂ/g = SY%. 0 rﬂ-d-/&ﬂ.;. — 324_8 ,-Ipm

- _ _ EaZa. _ 170X 40 _ :
Fiat = WE = =Zrr T&i = 712
P = [TOX46 + 407 x 6.75 = 6800+ (200 = 608 W
Eff = £doo x looY. = 85 9.
Foeoo

(E'J W = 3¢ Pﬂﬂ‘-/&tc_
Eao = (70 %4

To ( Rext + Ra+ Rsr) = Vg = Ea

Rext + 0.7 = 4oo~(76 _ &§.75
&0
Rext = Sa
HP = Q.12
é& 800 &8
Ep - = i = 42.8
6800 + 406*xS.75 880 + 9200 '



HAPTER &

‘_E(a-) f.zF?aF ~ 17196

[20 X €&

A TRl
(b)) s = t“-‘r.a:;éﬂ = [8oo er-
s = ABoo—i7%6 _ , .3
1880

| (c) 7[:. = 0.63 X &0 =. /. & H"a

() ) 1860 vpm

(.I'I') o Ypm
{200 - ns - l'?-ﬂ"?ké'h - |00 h_+m

(% 003 . ,
l2co
N = lléd prm — M% pome an e

v

(0§, > 0:03% 60 = I8 Hy

(€) 1200 !‘bﬁ:m .

(A) 12 00 R v |

(e (1) Ny = 2°3x 1200 = 26 b — doisedion A oume
an B Rstoy wiohion

(1) 1200 hpw
([II) O I‘D%m
(ﬂ.) — 007 = | 200 -\n




(H) | 200 hpwa
(i) 0 hpwa
(ﬂ.)(;] n_; = flﬁ: {0 = { L o6 "PM
g = izoo = (10 - o.0S
- 1200
i) Ejy = 8Ey = 8 _;:':L,_

:L:.L--l.u

8-S :
| 208
EJS = d’.ﬂSK :2'{-6 ® \r-g- - 3 V

f. = 6.05 x o = SH&

di”_sf,;g rpm Ny = Shg = O.085 ¢ 1200 = £o rpm

- Wit heeeed 4o pbwtb~y —» 1200 e v
(b) Trverted induictionn “Mmoter

(i) epposite
i) E,g = SE; = SakEy =0

S = flﬂﬂ—-_fféy'___‘ o.03
izod

E,s = ©.063 %2 x 208 5 zZa V

—'FI = .03 x £go = /- 8 H&



o= g T
NE 3™ 3% 40

R, = IS5 ( 5ra'm 1nanqunza. between two
N 25
stator terpunods)

= a-ﬂ\'?én__

R = ©.136 — 0.0716 = 0-06

lﬂb/ﬁ
L) = rETE .42 A
= ‘)K = 0.389
Xg; = (o0.412" - 0.13¢ = O. e

){I-}-x; = ﬂ'-a??.n.

X, 2 Xa = 0.1948
4 .SB — 6.19¢5 = 6.3855

X’m=‘-
F

Precise value S Ra

R= Rg-R, = 0.136—0.0676= 0.06n

2
E_;: = (_ﬂ.i‘?%f‘ 5-‘3355_');,( 6.0f = 6-0 637..1.,
£.388585

Egu fvalent circld S

o.076 J0-195 S Jedts
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B = 3 _?aarpm
- '?an?;f?s ——"
F

L - o2l = 21234

T nput I, mpeahrrz 2

: : .f:j-quf?s_)
| ()6336) (2 _ a
Z\=0076%+)olis + 2,123+ (830640195, = 2.421 L2718

Input Carrent - _Holis _
PP I 2021227155 — 125.22 £-2716°

Inpuf' Pwer Pn= 33%): 12522 COS27 14°= 88 787 KW
Stator cu-loss, Pst = 3x125.22%x0076 = 3.575 kw

Airgap Fower Fag= 88. 767 - 3676= 85 M2 kw

Rotor- Cu logs = SPaJ= 063 X85 /92 = 2 556 kw

Mechanical Pwer deu@oea(

Prech = €1-5> Pag = 0 97x 85 192 = 82.636 kW
Pout = Prnech — Protational f:v.'.;

From no- Load test

Prot = 4200 - 3x 0,076 X40*= 38352 W
P"“’.": 82.634 xt03-38352 = 78 go Kuw/

=  Pout A I
Eff. — P x;ﬂa/ = ;:?z;— X/oo = Bg 772/

b4



(&) Prot = 500- 3x&5*‘x£—£—4 = 465.78 W
(b) From no-load test R, = 5;—#- =0,2752
— 208
V|, = T =120.1V

Zu = %‘i—r' = /8.48 @

RaL = ﬁzﬁr = 3.94%

Xow = [18.483 — 394% = [8.05Q
X tXm = Xy = 18.050
From blocked ~ rotor test

ReL = ;ii;, = 066678

R, = 0.6667—027 = 03967 R

Zo= 4B — o624

XsL =,j!.af63’_m= 0. 7669 L.

Xi=X%X' = 03834
Xm = 18,05 - Q3834 = |7. 6666
Precise yalue for RY

R=RKsL-R, = 06667027 =0.3967%
R;= 0.3834 +17. 6667 - _
17 6667 X 0397 = 04053 42

E?;maienf: Circuit ¢s
027 jo.3834 )0.3834

_ ¢ 4053
V. JITET 3
o .
o Nejfec.tinj Xm, Sy R _ 0.4053
| dRE+ (X +x7)3 Aoz27%+0 7668*
= 0.4985

Maximum torgue occurs at 4.9.857 of Jnd’?!’ﬁ!ﬂd speed
It is clas -D ‘tﬁ,.._ wodon

(dy Bi = _0.4053 _ .00
ZI — 0‘2?+J0333‘f‘+ Jf?ﬁ?(‘f‘ﬂj}-{- asajq.)

7053 7 /8 08 = 4.273/£21.83°

6S



57 (oA nwed:
_ 208 /13 e _ o
II e 4273 L 21.83° _— 23,304-4.{ 21.83
P.= 3x120.1x28. 104 x¢0s(~-21.83°) = 9396 8%/ w

Pag = 9396.809 - 3x 28.104*x0.27 = 8757.045 W
Prech = (1-0.1)x8757.045 = 788(.341 W

Powe = Penaft = Pmech = Prot = 7881. 341~ 465.78 = 74/5. 561 W
HPp = ZE2.381 — 9 94 cHp)

(@) N = l?:x’ﬁﬂ = |800 rpm %*— XE‘H'= /188.5 rady/sec
(b)

: . . jrox (2+)0.25)
Z =ai2+joa5+Re+)Xe = 042 +)0.25 % 2 +jr0. 25

= ai2 +j0.25+1.9538 + 08517 = 2.1314 L23,5533°%2

Re = 1.9538, Xe = 08517

- /20, | e 5 o
II . 21314 £ 25_5533: 56.34'??£ 23. ;533

() P = 3x (56.3479)°x0.12 = 143, 0309 W

(d> P, = 3x120.|1X56.3479 x Cos (-23,5533) = /86/0, 9774 w
Pag = Ps = P, = 17467. 7485w

¢y P = 583 = 0.05x1T467.9485 = 873. 3974 W

(f> Pmech = (i-8) Paj = 16594 . 5511 W

Pshaft = Pmech - Protational = (6194 5511w
(9 T= T o ITHT995  _ 45 6582 nom

/188.5 /8.5
P _ Fr‘
Towge = P = LEHIY 559127
_ P
(h) Eff = ——5?{'2 = 0g7jo2 xfm% =57-"’2/Z

(a) To operate the motor at the same flux [evel , in order to
avoid saturation, the supply voltage should be proporiiensd

to frﬂg.uency

V= x460-33.5 33y ( Line)

bb



5.9 Cg-.-x“wul-c'ﬂ
(b) i) ng = —"?-3‘_"5” = 1500rpm n= 1500(1—-003)= 1455rpm

f, = sfi=003x50=15Hz

(ii) In the eguiva lent circuit, resistances witl remain same but
the reactance will be propertiona.l to fregueng

R.-:- 0.258 P 31": 0.28 N x.=x{=0.5xg£§ = 042 @

xh'-'-'.. 39-":_? = 25
£

Ri _ o2
S ™ oo 6.675
Z,

- (J25)x C66T+]042) o’
AEXIE 667 +)25.42 il
383.33 221. 32 ©

V,= 15 = .2.?1'.32 I,= — G 687 zal.me = 33, o097 £-21.181°

PE = ¢os¢-2{.181°) = 0.9324

o |
I — - a _2 -,3‘;4! .+?. 3 4 o
: GoT+ 2542 X32.091< [.181°= 3. 475 £-64T7
1500
Ws= Z22x2m = /57.1 radian/see

Py = 3X 31.415%*x 667 = /9823. 427 W
4
T = L9823.%27 - .0 50 Mom.

iS5 L
Pmech = (1 —003)x19823.427 = 19228. 724w
_ /455  _
Prot = 1700 x s /142]. 552w

Pout = FPrmech — Prot = 17807.172 W

Pn = 3x221.32 X 33,097 x 0.9324 = 20489.568 w
Fy= _LZ8STAZ _ gqy

20489, 568
[ﬂ) I; 4 Jfﬂis jf-°55
0.28
S
2 _ l2o00
ng = _L__ﬂ;__iﬂ__ = [200 ypPm W.sjn — ?E"'X.Z?r = /25 &5 "‘“"féec.
= 3 . __2656% = J00.7 N
Ist 72566 (o.48)*+ (2.1u)* Xa#b REELIE" BX-IY.

67
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510 Covdininad ! -
(b asiﬁ = Joz"+ 2z = 2.12

Sp = 0.132
2
To= —32X262.6 3 ,2/2 = 399./N.m.

12566 x( 21212+ 2.11%)

z ’
© T= X e E T

(R.+?)‘+ Xy + Yy

Near synchronous speed i.e. s very small,

"J't?wi"—"ir"’-L >7 )!'|+X¢ and §; >> R,

= 3 V" 3 265.6% < -
HEﬂCﬂr T wfjﬂ X 1 XS = m X ﬁr X S = 69(4‘.35

6014.8S = 1.8 Wy =18 (1-S)Wsyn = 18x(1-5)x 125 66

S = 222 188 —— = 00362 n=(1-00362)x1200= /156 ¥pm

Vi= f,-;'& =201y X,=X =377 X025 X1073 = 0.09425 5L

Xm = 377x15Xx0™3 = J6555¢L
J'.?ﬂﬂ

ns = —E—?&={2M)PM s = 25 X2 = 1’255543'36(/3’6

'me eguation 555 with Ven replaced by Vi,
4
i --'-3—-—— ﬂ_ﬁ_"__;g = 31305

/20 664 o. it
TL = 12.7x0073x ¢125.664 (=5 ))* = 200,55 (1-5)*
= 7.

31305 = 200.55Ci~5)" S5=17.553, 005697
N =1200(1-0.05697) = 1I31.6 vpm —> /18,5 rad [se,
T = 3130X0.05697 = (78.32 N.m. P=17832x L2318 2w = 21131 kW

5yl (&) P = 4

( lés-s‘ci- o 2-65"53_' = 1T 3235H
2 I"‘ i 007+ 0:0% + (i-e+ L D O g 213
- 5 !LIS"Q'}_'},S‘) > 5’2__42- S3I N, .,
Z 88496 & o Rt
(€) 6. = | E g3 % Qeﬂ- = T 5.a1a8
; J(e 2T (2-3)

68
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@m) Thevenin, Eg’ cct,
Xy

V, 2 —————x2685.4= 2ST7
Xy + ¥ 0.2+ .8

f?‘q“i‘ jx%{, - (*(-5)( r 0.2 + Q-GT) - ﬂtﬂfﬁS&'??"fﬂJﬂ‘Y

0.07 + f0.2 +:f 6.5

Vi =

b o.ossed jo.9e7
257.71v

B i s

3x as7.7* x 005

) Tst =
9%.25 [ (0.06589+ 6.08) + (0-19467+0.2)%]

= L24%.7 Nowm

3w .25?.7'1
2% 9425 [ 006587+ Jo06581F (0.194740.2) "]

T%M = .

2.0 8 = ﬂ-;l#?

Jﬂ.&é&'ﬂ?"’ 4+ (O0.1947T+ "-"-1)1

«S‘fee_ci in rpm for whickh max ‘furgue:. aceuUrs
= (1~ Srm)ﬂ,g = (I— ﬂ-le?)?ﬂa - 73?-5- PP“‘

e oo e I
ST-mau( & _8 J‘Sl‘lr{ g
1"": r‘.: at start (
| o 0.12¢9 n
4 ’S !-Efart / i X ©6.05
¢ ¥ - —y T ———————— .
- {ﬁf’nr‘f Srmﬂ "9 o.1249 = 0%

s ‘”z.le.xt = (0.%- 0.35)/_21- = 822430

69



@Cﬁh} = /70 = [(20xfo

[543

S.1%

F
&) v, -

i

Vi

P
.09 — ¢

460 _ o R,
r £5.59

25

Vi

7

-2+ 35S

E‘H.. Al Sy
0-96Tx 265.8§F = 256.7%v =
VH‘_ a:%
R-H,, = 0971 x 6.25 = 0.-234 A ——— e I

Xet, = laa = X,
Usy,, j::ax’zn = (88.%49¢ vad./sec
2
2L54.79
Tst = 2 X 6.2
188.4%  (0.23¢ 4+ 0.2)  + (l.2+1.1)*
= S88.3] N-m
R 4 Puui ' b b
(c) S’T‘m— | St —— ex{ =_3-+ Rext
fm.:z.zq." + (2= 1.1)* 2-3)

} :
Rext = 2.31- 6-2 = 2.1la =R, ,
5!.2,. S P""""" 63 €<

S =

/860~ I1T%6 _ o532
1860

Pshaft = 1006 x T¢b = T4éoowW

IFech. = T4€vo + 3560 = T8l6o W

P
¢
Prn

K

(a) Pﬂ?

PEH;

- 181060 = S0&/6.5
I = 6,03

= 080S/§5.S+ 3000 = 8351S5-Sw
T4£L£00

- X fea = 3 ) o
835¢5.5 7 3/"

= 40- 6.5 = 39.5 ku

= (0.625)(3%9.5) = ©.981§5 Kw

(b)) Prech= (I-0.625)(39.S)= 33.S13 kw

70
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54‘ (b ) Contin H-ED(.

Pshaft = 38.613 - 2.5 = .01 kw

= 36.0/
O-TH{

n = Si‘:! Xxioo = 90.63 ¥

He = 4‘3.27/{}5

d
@) Ns = _(t:u‘:éfé‘*-?u f206 , h=[(266x0.975

= {176 Ypm
W o= 2 16 o f.z:’.-.g"ma{./;et_

co
T = géﬂfﬂ s
'____"f.az.s 293.9¢ N'hq_
S.i71¢a ) i2e x &o

Ns (Zm) = flbéﬂ' éo = /280 rem

3?1!:{ 1 = {8ép Yom = ?’l;;;“.)

S = i200—- /860

- = = 0.5
/200

fu = 0.5 xéo = 30H;
_ - - / o
=t BL = gt m2 e
‘PSH - _Huf"_Pmm - "(.I‘SJPQ_

= - (146.5)(-2) = 3p.u.

" Fam= ~2p. .
M = BP*H... P-EIML = P:.. = !P-h.

b = = i Al
(b) m /800 S = (200 ,..‘:. ff_nﬂ} == L5
(200 P
fo= 2.5%x o = /S0 He a.i;;:,_
Pr,, = = 0.4 s
I 3 =0.4
MT 2.5 P g Proac = | pre

7
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) I20 x 66
ns = 22X

= = [860 rpm

S5 = "_3-@"!7*2 - .05
| 860

Induction, “machine is ‘?Hﬂfhrshj

(b) Ri/s = 0:35/s65s = Tn
38 f?-ﬁq"hl}

T+ 4(38+411)
/-6 [-22-5 A

"

L
z, = (0.25+46-55) + 3 = 7.207 [22.5

I, ol ja&/ﬁ -
7.267 L2257

hto
e ) s (3 x208 x 14.46 Cos (22-5)= S544.36w -;»:Q;A'MA
O = Y3 % 208 x (6.6 8tn (22.5) = 2298.8 VAR ints machine

() .f'-;? = $544.34 - 3x16.6b'% 0.25 = &$336.2 W

Py, = 5&8_ = 0.05x $334.2 = 246.8] w

L) Pued, = ((-S)Paa_.w (i-6.65)533(. 2= S5069.397w
Pshatt = S0£9.39 — 228 = 484%4. 37 w

Ealq = Pg;.aﬁl' - Pmt&cmfr_,: dEY4¢. 29 - 228§
= 4617.37 W
Fon +the dc mfc ( %ﬂhmﬂ_)

Eﬁ, = Vt + IaRa

$4€19.29 - 226 + ZIax O.% (guadudtt::_ egm{':;m_)
Lo

To = 20.25 A o - S§70.254

Realistie volue g La = 20.254 ¢t f/mu
;rwé. 05 +hae de wmfc (e aenmﬁr)'

ol Ao - +

I 1o
Pshatt

—

IM E | pe m

72



[519) @) ¢ _ 18001890 - _ 6.0

{ 800
Iﬂiucifmx machine aperm:fes i tha caeﬂw.;‘a mode
(k) E_"i = 035 = ~7-0a
S ~0-05 #

Z, = (0.a5+j06.85) ¢+ 2. T agil) .75 [155-8
-7+ 7 (38+1-1)

; o298/ | y7.8[zis5:8
£.75 [ 1SS 8 17. 8 (22222

{c) Pm = JE x 208 x (7.8 cos {fSS-R):-. S84T.2W d:!-:"fd::c)
upp

O, = V3 x 208 X 178 Sn(iss-8)=2628.7VvAR ( drass f rem
Euppfr

(o) Pog = S8%F.21T 3x 1 7.8%% 0.25 = 608L.83 W

Feuy = 5P¢.& _ 6.06Sx 6o 86.83= 304.3¢ W

(2) Fuech = (t—.s)a.&= .65 x 6é08£.83 = 6371-2 W
Peloft = 6391.2 + 225 = 6162 W
EoTo. = 6616.2 + 225 = 6841.2 w
Ve = Ea + ToRa

220 = €841-2 | 7o (6-%)

Lo

( EW:: 8%1.:.:1127&)

| Iq__= 33.&9} 3*16-6,

Zo = 33.08 Floos imta The & machine

~ - +

33.68A

13



(.q_) ,E,gcm._ge' g Phq,sg, Eeguﬂncﬂ ﬂuen..iﬂ»_f, the.

Tﬂfﬂr‘_ s neow Tuta.'(:fhj opposite. to +tha_
Tb{‘n.'ﬁﬂi field .

f"fndé 06 cﬁpe,mﬁm 'S Pju'?'ﬁl"hj
b) 5 . 806 - (~i710)

= /.98
{860
)
R OD.35
—_— = = 0./798
S G b

430 (01795 + {11 )
61195 + (38 +1.1)

Z' = (ﬂ-ls“"'j ﬂ'-ss) +

=147 [75.-§° .

I, . 208//3 = 7/.9) [-75.5" A
[-67 ([ TI5-5
) Py = JBx 208 x T1.91x CoS 75.5 = £484. % (ints machine)

Rm = V3 x 208 X 719/ x Sin 716.5 = 25080.8 vAR inta mfc )
(ot) ﬁ.& = 84864 -~ 3x7N.9) % 6.25 = 2408-] W

Feur = 1.95 x 2608.] = 5085.8 W

@) Fuech = (1= 1.95) 2608. 1 = = 2477.7 w (it In)
Pshaft = R4T77.7+ 225 = 27027
Ealo = R702.7+ 228§ = 2927.1 w’-
W s Ba+ LaRe

226 = 292 7.1 4+ Ta X O.% —» (gua-nbn.o..z‘-':.)
Lo
123.65 A 2 $36.3€A

/2.6 A 1mta the do machine

La
La

P:Jmﬂ!'
,&—-i

- 4
. ‘—_J 11&;- I2.65 A
IM t \ DC M I

T4




15_'2.1 - : : '
, L lﬂ! J-03 L0155 J-ilf.S' J«138

VSI'-' q‘é'ﬂ/"fi ‘é_fg '-‘JES
n =+ 0:025)qo6 = 922'S rbm. 7 —> Tb : =e02¢

. =—[4

(j6.52(= 14+ j0 135)
J6.5 + (-1.94+ _j0.135 )

= 0.025+ JoIT5+ (~1.2863 + f0.403T) = —[.2613+]05797 = 1.39£155 35°

Z= o0.0|+ ja.a& + o.w5+ja_f45 +

If we take Vs as a reference then V5=J%e = 265 5811L0°y

= Ye o _ 265580k | _ /55 350
™2 1,392 155,35 /7 066 £ -0535

W =¥ - I, Ze = 265.5811 - (191.066£-15535 ) x (0.0l+]0.03)
264931 + j6.007= 264 9994 1.299°

i

(¢) Power from Source
Ps = 3x Vi x II‘ casel = 5 ngjssff X n‘qﬂa‘é X ("ﬂ_?ﬂ'ﬁ)= ""1334 5?-"3*'“"
The negative Sign means the power ;s dleliverec to the source

PF = €058, = (os (-155. 35° = -0 9089

(d) From Fig 533 (6>

Pﬂj = Ps + 3I%co0i+0.0/5) = /138.591x10%+ 3x (19/.866)°x0.025
= /41.3383 KW

Pmech = (.n-s;Paj = (I— (-0.025))x 141. 3383 x10%= 144.8718 Kw

Prot = 3 kKw

Pshapt = Frnech+ Prot =744.87/8 + 3 = 147.8718 kw
Fin = Ponage = 147. 8718 kw

= P _  138.593
Eff Pn = “747.8718 = 29372

5,221 (A) ns= —i8o0rpm N = 1740 rpm S= 'fffg'i?‘w—--_- /. 9667

(&) [ = /. 9667x60 = 1/8 Hz

ey B .. 02 .
Z W—ﬂ.fﬂf?'ﬂ

z
T = - (261.3) _
1885 X Coza+0./017)°+ (049405 ) XQfrol] = /00, T5Nm

Opposite to rotor motion

5
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[5-Q3|

..'5-1‘[' (o)

&)

= Rext = O. %S a

n£= (20X 6O = Qob rPrh

§
FU.M“-GQ&&. SPatd: / hFL .. ?ﬂ'ﬂ(f"ﬂ-ﬂg): 373 !‘PM

T oo ® /
= = T
€00 rpm (&73 ) Tew

9o0 - oo i

" Qoo 3

fosrpm

. = ! .
Lsith, Ra= 0.62 , ﬁfrp fnr‘ {'ﬂl'aua.. T 88

/

2
_ . T _ oo _ . ;
‘”a.u,._“ 8.83x - 0.63 X (PT;?.) CI1417
=L

To develop the Same fnrgue. at 8= é‘

Ra + Rext R o
s 00T
3 (o.02+ Re.:-é) = 0.0 O.01%17

f{; .03 S
=
T, | Sy v 1 2.F
Ts¢ 2 Sr., 1718

1-18 Sy, = § S, + 1-75 =0

¢ -(-5) 1 f S - ‘Hmr}(h?s}-
LS 2 (1.75)

= 2.45,0.%08

Take S, = ©.%08

T _ o+ Sh o 04087+ S

T = 2.5
FL EJT,‘, \S’;;_ 2 X 8-40 & SFL

SFL = j-?:-ss Y, ld?-aSS

Tﬂ.ka SFL: .08 8
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$. 244 () 2 g 75 Ra
S

Tse T 1151 JeL ( Ias7 “o.085
= m— — = —— = [.785
Tee Izme - Ssr Logg /
fast _ [ 415 o 453
Lipe s
I:e.sr = £53 Pu
2
(dJ _2;_*_1_ (Il.an) F.L abd Ilh:mc 0.088 e 5,0
Te lap, JTm Iz | O %08

I-lmd_u > 2-5 % O.8068 - 3‘46
I:-FL &.08§85

I:.'mq_g -— 3-#‘6 PLL
. 2 2 2 2
[538¢0) Tmex . 5o - Sremmy * SA _ Jria + 00w

g i———

TEL < 5?:.‘.;.; JFL 2% 0. 0% X STmax

3n1a;ﬂj 0.2 * [ 0.2.5 -4 (0.0018)

S'ﬁnu 2

= 0./19/6§ , 0-0083
Take §rpa. = 0-19/65—> n = (1-0:12165) 1800 = (45T hpm

(6) Tomax 2 Sr:,'q_., += 4 a;z?;.{,g"-.t-r = 2.7
Tst 2 Srwax 2w 0.19145

i & Ts,t = 2- 5/2_7 = ﬂ-?lg?

(<) For Same. “hax. ‘l"nr-au.e,
Ra | Ra+ Rext 0.5 + Rext

—
—

|

‘?Tm $I"T . !

= Rext¢ - Z 0]
(d) Foo Sama Full- Load tergue

Rﬂ. RI...+ Rﬂ"‘ ﬂ_s 5 O.5+ 2- {a9 #JFL-': 0.20872
SFL SEL o-04 5%
(l—ﬁ Zaﬂ'?‘l—) [&00 = 1424+ 3 h.‘,‘;m-..
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@(1) Sl'i;g S = fE&O;fTID = 0.5
iBoo

/
,Iflshr't - ?'E./(‘!--fjf.g)] . Y 628 Epw
fIf/sfut f EI/ fﬂ-ffi#.s)] 4.272

LY SO IR
T | A | &/ (22 ;r"“é'), J&o*+ 1.5*>

(b) Ts¢t = Ts¢ Couter) + st linner)

<

=_...§._.E-:_— l,t+i"_E X 0.5

MGI‘F'!'&I'G! g la:f‘j"}"gf

4 -
= K Y g fs2 0-§ 4+ & &+

- 3
her = 3 _E_.
where Lk A

= k[ 021918 + 0.02439] = 0.24357 K

Tee = Tee Couter) T Tew ¢ tner )
Y/ v.05 4 50 5/" o5 ] |
(LZ.65) % 18> us',) S

= K [&nfa‘&‘?é + 0.0 83 fé] = 0.075€4 K

K

-Eé = 02%357k = 2=$"§‘-6.§. o J.S’S%

TFL ﬂ.ﬁ?-féé K

C

(<) Tst (outer) = Q.21 E J.984
Tst (inner) Hetidcvney
T,-.-:__ (oute,) _iq.af-lit‘?é = ©./§

TFL { (rner) - e-08376
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4.
S=005, 2B - g9a o = 24R

»

L7 + 96C24 t343) °
J i /120 + 343 19.605 £.12. 78
F 2865 6 o
% 24 +J ’ ’ 6 ’
(I |= ]—-—-—-—ﬂ-—-—,ﬂ:ﬁ_i |11/} = 2.723 A {Ig;l=j,2”j*5 L] = 107224

%ﬂ= 31T, 1%
Pai = 3x (10.722)°x 24 = 8277.058 W
Wg = LBy o7 =/gg 5

_ = P _ T = 92?_?_':&5_%_
T 883 = /.33 N.m / T B85 = 43U N.m

T=Tot+tTi = 3524 Nm
or P3= 3x265 6 %111 c0sQ,’ = 3x 2656 x1341 x0.9744= 10412.824W

— P2
T= '3‘:51': 553;594 - =3524 N.m.
46055 Y

228)  Iy=245.9= —Zz 7 Zst
Ta=d3x g = 3.f5 Iy =3Iy = 352454 = 737.7A

2.29 = 200x746
529) (o) Ipated B R460 g 2o 244.8 A
b)) .
.-' v
I & Vmetor f ?) ’IT <
r .
Trut votemse 460 _ i.._.;l 153.3v _ ffi? = 0«1}
I-?:durtal‘ Voltege T v 2 T r Tf-.'{.a\f 2
= 460 _ trgpe s
P33V ; ME-IW* f-..r_cﬂ.mc_aci



5.30 @ Fon pome Lhux , V/# Ao Cmat owd

Y. _ %éo

$o 60

v = "l‘;ﬂ X &0 = 333-3 (-@fnf_—‘fn-‘.ﬁ:ﬂf_)
O

by R, L. '?193[59;51’&

Vi = Ey

From Eéuaﬁm s.8! . ?JC ys‘ 5 constont MGL
(Eﬁt?); Z’Zﬂrﬁua' dEF@‘Lds on ':)c,__ o Efr;u vpm

‘ 12.6 fa
ﬂﬁfip = ~

$lip rpm with. doHs a,oenoﬁ&n ot bl —Load 'ﬁ:rgwt.

= /(800 - 17855 = 4S5 rpm
For Yuwtl- Load {ursr.ge. with §o Hﬁ Suppfy S,-u.ec[u

]2 X506 _
N = }}5 (IIIH'..J - ‘ﬂ'—S = q. 45-

= [%SS5 rpm

vated power S % ST SRS R

) fra rated speec T 80 ¥ 2T/gp
Sl = (200U &0 = 0.07 &4 Poc = ﬂ_ﬁ' Tﬁ' 7 =379.17
= fado ?_ < (t=0.00667) kK w

Zagn Ryti¥p
PQJ-- 31}13?:6? L= #‘

3 Rey
Jrbm (%35 +jwka)
Z‘E:= Rafc + o (mtla)
JIrbts - 636738 - 3,828+ 1.808S
424§ + g (7267

—
-—

g0



531 Cornlinuad
&)E.lﬂ
2.20 -

2.00 -

0.80 1

0.80 +

Q.40 -

0.20 4

G,Dn A A WS RS SRR SRS MR T FT T T T M R N D LR g D S mmgm T OSSN SERSnagemOSjmd megem g GRS TN S mpms e s sy e e g v

1.02 1.04 1.08 i.08 1.10 i.12 1.14 i.18 i1.18 {120 {=E3)
SPEED (RPM)

(522 (a) F ..

|_____[( ) Fyom exomple 5oty

FL= 163 ity = | Pu.

() Tomau = 43168 Nw  (fome —ox. S 4)

- ﬂt'_u-é&* - 2 ‘
Ty 6S 4

() E= 2¢s)c' — (025 +jo.5) oI5 [=197
= 24 ¢, 27 [-3:8° y

)

E - 24%17 - 4,128
§ bo
-

F Yaa -QM S--*&'é

]
- 3><—/‘.L1 L4128
&K ( )LF

Whax LT x 1'32Ax 10 5
& PIELT = 4 U
(673 -

81



5,32 Codinued ;

o (1ii)  Fyem JEﬁnuﬂQZI}h 5. 96

3x 4 (7958 %15 3)1

T, = 2
W& 3 ,
4(7'? 5‘&-}}33);5 X 4276
42935 w2 2.63 Pu.
(b
T ] |
BPU.
————— H = constant
.1 — N WS —— --—-—E/f = constant
= e --=---=== V1 = constant
7 e S
:/ | “.-'""
l‘/ II ...h-‘...“'.."!-
-f/ H*H“"ﬁ |
4t b I B
/
/
/
D
! |
e
20 40 60
f2
55Z| (ay Fundamental torgue, Ti
N= |Tierpm, NRg = J.Z%L 1800 rpm
- l800 =yTio
5 = fﬁni - 0.05 .l.:i = _-55 o X'= 108
y 100} _  [00 ¥z 1.on
L ”[’m—uﬁf‘ j0.05 = 715 A
Ps, = 3x995%x10= 2970.22W m-%
T = _2970.22 = _ /15.757 N.m
1828 om
60 p——

g2
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39 Calinwcd
(b) Fifth harmonic torgue , s

Nst - . _l20x (5x60)
> 4 = - {Jooo yrpm
gg = _—fooo_17lo __ . P 0.5
~Gooo * JlY -*fsg = pr=oR2Q

5% = 5x1 =558 H'= a-r'??js = 2.99A
Pgs = 3x 2.99°x 0.42 = 11.2606 W

. /. 2606
s = 4 - = -0.01195 N.m

- Gooo =
Jood <21

é0
¢C) Seventh harmonic torgue , T

—  {2x(Txbo _ 1260017/
er L =i2,600Pm 527 e = 0.8643
R _ o038
= ooty o 0.5785 4L 7% = 7x1 = 75%
e {0
Ly = 0.5785 +)7 = {4237A &T = Sx1 4‘25724‘( 05785 = R5/13 W
Ty = 3.5178
i4 j2600 — = 0002666 N.m
=8 xam
(a) h=1l S= J%};ﬁlﬁﬁ,_aaf 7, a1 jr2 742
II= !ﬁﬂ = fﬂﬁ
ﬂf:.?l.’ 2_43 —fj.?zw - 'ZFJ?A H qs‘: ﬂi,;:m
Pg; = 3X7.T57:x12 = 2/85CwW o~ A
T = 2155 _
JB:'I o 1. 433 N.m
(> h= g DI09%C=4io o
v Ee - Q000 19 I o7 16 )6

Ig= %— =
5 S, o -%— 149A iy
~7 =05

T, = 3.33
5 - Gooo = -0.0035 N**m o
—-3-;—"':21!'



5:35] (4) - Livaided Muwmbeon q Mot <.
- Mown ~ it v dad Alhrads o ﬁif MMM
Condnebopn i et
~ Mpvs Ton choraobomis hea ot dev phed

1 T = qo0 hfn.
n_ -_J:ﬁgﬁ___‘_lh%m_} "M’"‘"k +o N,

15.3*6' (a) V= 2x50x107%x50 = 50 m/sec. = M.ﬁu/hr = (80 km/p,
v= (1-0.25)x180 = /35 km/},y,

(b) right to teft‘

W’] (A) V= 2% 3ox 16 "x 50 mjAte. = B0 v/
= 30x éox bo x (o3 k[ he = |08 kv [ by,
A = 108-75 = 06.2805¢
| lo &
(b) x,= 2750« D.Sx/0"% = 0.1STn  X{i= 275D x 0.8x (6% 0.25a
X, x 2TS0% $.0 X (Bo= 1-5Ta  Vpp= 300443 = /73.2V
7+87(0.818+70.251)
0.818+ 4 (1. 5T+ 0.251)

5.3? / ‘yz-‘p‘n 0.l 30.157 1&.28|

w—

[73.2 [o° 6 . E
I, = — = -42.% B
| ﬂ*g?!#z‘?: [?ﬁsL—-A Zy —>

2, = 0-1S+4 05T+

P, = 3VI, ces@ = 3x 113.2 X i"??zﬁ cos 42.% = T¢.6Tkw
P{ = CoS 4#2.4 = O0.7384§ .Qa.a

Po = Pin = 3L7R, = 74 6T x10% ~ 3(194.4) .15 = 67.63

Ihesd, = (r-s)F:j = ((— 0.3056)87.43 = 40tw

Frotor cu loss = SFg = 0.3056 (S7.43)= 17.63kw

Thm.st F = P?‘ /V.S = S:E;'j'é — [-F21 KN

C}'E{-k Fxy = P"‘Htc\‘\,
1920 x 103 x 7$x5°/(6oxbo) = 40 KW = frech

g4



(a) FI=FH""F; fﬂ='F|+)c;
speed greater than synchronous speed —» Jenerating mode

(b) fn = bo+5 = 63 Hz
!

(c) slip= -4 = T2
) Vs = 2x30x10"%x60 = 36 m /sec,
= Mﬁ- k“"'/h'l"' — 32?6 Km/hr'

o000 -
V= (1=s>¥ = (11— (-75) )i29.6 = 140.4 km/pr —» 39myp,

(&) X, =2mx60x08xi0°3= 03016

25
Xm = 2T Xbox 5 x10°3= 1.88551 %if = f—’z =-Q25X12 = -382

[I]1= 118851 _ @ 500 101.26A 1’ Jo.306%

1-3+)2,1866|

Ps=3x10.26%(-3)= - 92,286 TW 204

Power flows from rotor to
stator

v

[ #8
(§) Synchronous uefoc.itg Vs = 2X30xi0™x60= 36m fsec

- 2,286,
Thrust = L2287 _ 5505 55 4

E (ay f, =ﬂ+fu nN<Ng —» mm‘arfnj

F

Ve = 2x30x10"%x60 = 36m/sec. = "’!'f—:'_;ﬁ@-km,{ﬂ.: f.??,éhn%r

S§=2 =75 U= (1-75)%129.6= 118.8km

Xy = amx60x08xio™>= 03016Q
Xm= 2Mx60x5x103 = /.88 541 :5'1' = 222 p25x12= 352

Yiz
Al 882 - _1.885 |
L ' 3+ )2.1866 | f"‘"""- —;ﬁ—xzmr.mf.z&,q
Poi= 3xi01.26°x3 = 92,286.TW
= P _ 92,2867 _
F= 5= 55>~ = 25¢3.52n

fi=fotfa =0+fa = f =5H2 X/=2n5x0.gx103= 002515
Xm =2WS x50 xf0™% = 0.157/8L  S=1
A a.25+j::'::z Xipas %& = 10.584 A
B= 3xio0l.584 %025 = 7739.5w -
V= 2X30x107%x5 = 30010 = 3.0m fSec. <004 X, b o 015
Fitart = L2222 = 2579 8 N e

g5
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a) SPEED (RPM)

S+ 4

c)

0
40
80

120
160
200
240
280
300
320
340
360
380
400
4520
440
460
480
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960
980

1000

1020

1040

1060

1080

1100

1120

1140

1160
1180
1200

1025

TORQUE (N.M.)

991.70
1010.10
1028.69
1047, 42
1066. 18
1084 .87
1103.33
1121.39
1130.20
1138.83
1147, 24
1155.39
1163 .25
1170.75
1177.86
1184.52
1190.67
1196.23
1201.14
1205.32
1208.69
1211.13
1212.57
1212.88
1211.95
1209.65
1205.85
1200. 40
1193.15
1183.94
1172.59
1158.94
1142.79
1123.97
1102.27
1077.52
1049.,53
1018.10
983.08
944 .31

901.65

854.98
B04.23
749.35
690.35
627,26
360,19
489.29
414.78
336.95
256,13
172.72
87.18
5.26

674.95

CURRENT (A)

389.07
386,08
382.86
379.39
375.64
371.59
367.20
362.43
359.89
357.25
354.49
351.61
348.60
345,45
342.17
338.74
335.15
331.3%
327.46
323.35
319.04
314.53
309,81
304,87
299,68

. &%, 33

288.56
282,60
276.36
269.81
262.96
255.79
248.28
240,43
232.22
223 .64
214.69
205.36
195.64
185.53
175.04
164,16
152.91
141.30
129.36
117,13
104 .66
92.02
79.35
66.84
24,86
44,13

36.08
32.99

126.33

www.EngineeringBooksPDF.com

PF

0.489
0.499
0.510
0.521
0.532
0.544
0.556
0.569
0.576
0.583
0.5%0
0,597
0.605
0.612
0.620
0.628
0.636
0.644
0.652
0.660
0.669
0.678
0.687

0.696

0.705

0.714

0.724
0.733
0.743
0.753
0.762
0.772
0.782
0.791
0.801
0.810
0.819
0.828
0.836
0.844
0.851
0.858
0.864
0.868
0.870
0.871
D‘B‘E?
0.859
0.842
0.810
0.748
0.627
0.389
7.453

0.871

EFFICIENCY

0.00
2.75
5.53
8.35
11.20
14.09
17.02
19.98
21.47
22,97
24,49
26.01
27 .54
29.08
30.63
32.19
33.77
35.35
36.94
38.54
40.15
41.77
43.41
45.05
46.70
48.37
50.04
51.73
53.43
55.14
56 .86
58.59
60.33
62.09
£63.85
65.63
67.42
69.22
71.03
72.86
74 .69
76.54
78.40
80.26
82.14
84.03
85.92
87.82
89.71
91.59
93.42
95.12
96,27
3.37

82.62



(b) 54 Crnlli nued ;

INPUT CURRENT (AMP.) TORGLE (N.M.)

POMER FACTOR

(uES)

1.00 ¢

0.00 }
0.00 0.20 0.40 0.80 0.80 1.00 1.20 (wE9)

S8PEED (RPM)

3.00

2.00

1.00

ﬂ.ﬂﬂ e . v
¢.00 0.20 0.40 0.80 0.80 1.00 ~ 4.20 (wE9)

SPEED (RPM}

1.00

0.50

0.28

=i

0.00 0.20 0.40 0.80 0.80 1.00 1.80 (eE3)

0.78

0.60 ¢

0.00 v T : “
0.00 0.20 0.40 0.80 0.80 1.00 1.20 (nES)

BPEED (RPM)

87
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CHAPTER 6

[6.1)  Induction motor M)

Prn = iﬂ%{;sﬂ-— = $77. 647/ kW Sor= 2= 1255 7815 kv

Qzn = Stm gin (0570 T) = 295. 3771 KvaR
Lighting and heating load CLH)
Pou = /00 ki Quy=20
Synchronous motor CsM)
o = 300x 746 = 223. B KW
Fam‘ﬂg Powet~
Pe = B77.647(+ tc0+ 223.8 = 20/. 45 KW
PFe = 0.95 Sg = '%Eézi = /26468 KVA
Qe = 1264.68 5in (Cos-1095) = 394 9@ KVAR
2ychronous motor has to provide
Osm = 895 379 - 394.9 = 50048 KIAR
St = J223 0% + S00.48* = S48.24KvA

PFsn = €os (’tan"—_,-‘;_-%;'_—:‘i = 04082 ( {M%_’f)

(&) [BoHz supplg,
Fson=6 , Pigon =18, 4=%&E=fﬂﬂﬂrﬁm
(b} 4o0Hz Supply

Feon = 6, Pm”=-4-a n#%ﬁ&-:ﬂaﬁrpm

. (0 Sae 1—:-'»% FraP¢-3

5 Vo < }S‘xm oS V
ORA x ﬁ‘_ 844
T, - (95 %40 . 5 = 7505 84
ﬁxl?‘!’iﬂ
N g
Z, . FbfeS . = [1(S38
1598 ‘& 3
X] = 1878 x10° _ .4 £S5
N3 x7000
= I'S4és - ), 3Lho04 P
128 |
Xs‘ = UsxeS i3 92 —> /'0723T P

Pt V3 x50

ge



S &
\Y Q:"'{ )
20 Q
@ R
7 L
| 8 Q‘\ " G
16 + $ _ocs

15 KV

|

’ | £ i £ Y +- f “* '
v o6 200 360 4ov ST é&w 750 B0 Qv [oco

Fl‘j, Pé-3
€ T, - :2; [ex 08 = 06128 |3(87° P«
E—f = IL_E'-g- 0:S12§ /35'3;7 X [r 67723 Ljo

= 0-80/§ Z-?;:?'_Bn Pu.
I:F :ﬂ-&aléﬁ'}"s—h'-‘ 6ol-2A
Q) Lo=d hewoved oamd Lo = 60- 2 A
Fyivm. 0CE — 14: = 13. 4 klV (+£)

VR = -‘3"{—}5___ x{au‘y,_ = —7'33% I

IS

89

1200



20xbo
@) 3600= 25— > Pp=
| 750 X/

(6> Vo= 5 kv=144342v Ip= ﬁgﬁ;;‘ 17320 A
Zy= —LH342 = 83344

T 11320 3
KV, , 732 —
XSlmm= %Zf.ég = [73248L = WRH.-.?J?&Z P.U.
X’i\&h{- = %:;_4454ﬂ= %PH = LT732P K.
- _sorvhy 305

(&1 Ve = 1P, Ia=I1PK L=C0s709 = 1L-25.84° p u.
Ef = 140 + 12-25.84° X 1.732290° = |+ 1.73246416 "< 1407549 +) .5588
= 2. 3473 L4L.6133°

1@ (o) 8= cos'o.85 = 31.8°

P= 05 pu. = V Lo Cos O

.5 | x Ia. x 0.85

Lo = 0.588 /+31.-8° p-u.

Es = 110" - 0.588.31-8" - 0.24 [89.8°
= /.83272 /~:8-8°

If = /3272 % 200 = R285.44 A

(b)

(€Y From 0¢C (Fg. E6.2) ot If=245A
Vf_- Ef a [/5.45 Kv

@) In =0.588L0°pu. Ef= 10°-0.568L-318"X0B%LE9.8°=0.84684-2.5]"
If = 09488 X200 = |69.T6A

%J/\ﬁ.
I f

£

(6>

(¢) From OCC (Fig£6.2) at Ip=169.76A Vo= Eg =/2.85KV

90



. WK<o- Elof =25 .
[£7] Ef‘fmx"z'SP“- la= T jxs 72290 = 125LF0

&’mru Velp= x1.35= .25 p.y.

- 6_8! {a] v‘t = zaﬂn - 3323- vV ;J(;
165.8x16°= 3 Ve Ef R
Xs B /4 Vi
= 3x 1328 X Ef gn 45"
it -
Ef = 1769 [-65" v/ph
(b) Ta = Velo - E}.{:i - Jiz&,&: - f?é?df:_
T Xg /10 11 190°
= Sy¢./y [39-2 A
{(C) PF= Casg?-& = 0-77 .Eud,;,a

(d) Pmn = 0O Mrf_ so d =0
1328100 + 1749 Lol

(¢) Za= . :
11 L(30°
= = 4. [-?o' = #0./ &ﬁ_‘ A
PF= cos90° = o -ﬂeuﬂnj
(”) To.
<——L >———> &f
Lo Ix: V* 1-' In.&')fj
' o°
(Hl) Ia= Vi £ Ef £ IS  MIni mam i€, SE..I"-H

Xs {32°

if Vg = Ef Hence. Ef HhRas o be reduced
From 176FV to (328V ﬁf reduc}qj Is

IfI?IEI.u = fi:;  If(otd) = 0-75 If (old)

1



[ 6.9] (a) (i) Rated  Uoltage

Ve = 4¢ = 6.3¢ky
Ef= Vg = 6.25 kv
i _
" s = 1S+ 315 = [225+ 225 [ 1310

= /5.06 [3%43" Xs  Rs
6350
n-—-

el © 42/ 65A g, —PX
20
Iﬂ-/m-feof d ETT & el )
b) i) Ef = 6350 + 105 (=37 - 1$5.06 f243°
= 75/0 {9p v

(1i) . Ef < L#f

°/ increase in Iy = I5/0-~ 635D

X /60=]827Y,

8350
Q) P = 3% ?Izai:féﬂfﬂ s 3x 3.18 X 10% patls
= 9 5%0 Aw
@) ng = 22262 = 3600rpm
(5> Viase= 122 6920 4V/pwse Laase 2225 = 577574
7 sf:‘;g‘ri =12 Ri=Q05X1.2 = Qo188 Xs=085x12=]02%

) Ef: 120+ | £-3L8° X 0.018 + 1£-31.8"%1.02490°= | TT4 P u.
= J.774x 69284 = /12290.9 V

E

Ta

(d) |
(i) Prg> 3I*Ra = 3%5 773.T2x0.018 = 1.8 MW

() Rt = Power to Bus = [20%085 = 102 MW

Tarbine powes Pin = é% = |10.8696 MW
Total loss = 110.86% — (o2 = 8.896 MW

Rotationad loss = 8.8696 -1.8 = 7.069% Mw
(i) Torgue = o869 X0 . . 544 09 KN.M

3600
e %aN
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1410 _ _loxtof .
Em (ﬂ) w,rh-l-ed-—.. J—; =Bﬂ'83 V/}}kﬂse Ia*w— Jgﬁﬂ-’-ifﬁ“ H? 4A
8= ws' 0.85= 318"
o 5 .42-318")x 20 .90°
BBILO+ (412.4 L-31.8 Jx:2+(442 4 2 - .
8083 +700 - 4346 +4346.3 +j7007.9 = 13129.3+6575. 3= 14,683 /26

2O X 60
(b) P= 10X0.85= 8.5MW 7s= 55— = ;::iﬂrfm
W= 2822 xall = 3770 rodfsec. T= ~577 — = 22.5CKN 8= 266

4683
€€) Pray = _3XxGoB83 XIICZ2 _ gi7.8Mw

20 )
14 683/ 90°- 8083¢L0° J14683-8083 _ /4760.834118.8
{d) Iﬂ.= WJ&L?&' = P eV

= 838,04 ,.288°A |
PF = Cos 288°= 0.876 (feaaﬁri?)

Ej. Ia
lajXs
:B,ﬂ’
e
rﬁ-fz (R) 10,000 = /3 X 208 X Ia x 0.8
b & - /booo -
* Ex208x0.8 ~ 24.74
o
g = 3£.371° E;({; Ta Ve 10°
- 0

Ef = V¢ + IagXs
120 16° + 3473687 1.5 /98

/154.86 [+45.4° v

13



(b . o .
SR e A

Eg = 120 107 + 2.7-76&'-#51%“
= /27 U101

A4 d8) /27

If(a) T TIs<. 8 8 x ¢00 = 80.9¢6 Y,

6.3} ¢a)
5 /" \Iajks

Ia Ia.) Xe

) e _ . Vo

e = Vi + TajXe —> Take Ve as vef. —> Ve Leads Vo

Ef= Vr'l'.[aj;(s = Vet "‘Id.j“i*xg} —r Ef leads Ve

(b P=08pu = % SJHSE = ::; sin oe Se=11.537°
Al PF = (osB = (0S5 g— =] ﬂ?‘i‘-’r? C fﬂj )

P 8
Ia = = LA =
a Vetosd ixv434q ~ 0-8° H FA4.

(¢) Ej = Vot Id,j (Xs+Xed) = |+ 0804 ]L5.T685 X 175490 = 1.6424 L59. 5°

6.141 ca> Pray = \ﬁf" . smQo°= =X = 4PU = 4x500=2000MY

0.25
(0 Prax = .._I-E..f_..l'i‘— : . 1 x1
e Xst+Xe Sm o= 154028 — o0.5TH/RpP.U. = O.57TI4x500=280 TIHW

iﬁ_!ﬁl () |8o0 = l?%h'&n o P=4‘

6
by Vp = -%—3.55 = 38106 Vipn ILp=t500A Zp= ﬂié 2.541

Xs= 095 x254 = 241%48) Rgu=00i12x2.54 =0,0305 S

(< iy T= _220x 744
) ¢y T T8eo % 2 e = 74,152 .87 N-m

(i) Pop = 3 xbbo0 x1350X| = 15.432 MW
Pout = 20000 X 746 = 1492 MW Egp= 553 = 96687

G4



Wi) Ploss = 15.432 = 1h92= 512KW  Pra = 512510°- 3x1350°%0.0305 = 345 291w
(iV) P = 120 x55 = 660w

(V) Bf= 140°~ (0.015)x1.0£0° - {fo.95)%1L0"= 1-368 pu.
1368 X 3810.6 =5212.9v/,,

. 23 5
m (oo Vh.:ug = J;n = 1327.95 V/Ph Ibsse= ,J;';"Li;n = 25[.03A
1327.95 |

Zpase = ~SEios ™ 5296) Xg= ?5.—‘:;— = 0.95p.u.

(b> Power from supply

-%
Pin= iﬁi;:ﬁx@- = 03926 MW = 0.3926p.u.

Ia= ﬁi:.z;s — = 0.4619PU. @= cos70.85= 3).8°

Ei‘.= 1= 0462 £4-31.8°x 095/90° = |~ 0439458.2°= |—p23/3 -)es73|
= 0,7687- ) 03731 = 0.8545 £-25 9° P.u.

CCY New @xcitation Eff = 0.6E¢
S-,:l:ne.. pﬁdﬁf ‘bnmsfeﬁ Egsin8 = Ef.’SinS’
Sing’= =£ sinS=06sin259° S'=,52°

B¢
_ B/~ Ve _ _ 06308548 L52°- ;4* 08129 - (40
Iﬂ' ‘}15 - 0.95 £ 9o0* - 0.95¢ §0° = 08351<L ?ﬁf'ﬂg

PF. = @s75.1%2 0257 Fuax = 5527 = 05399 pu. > P ¢= 03926 )
Synchronism will hot be (ost duetv reduction of If

(@) Ef lags Vi , hence the Machine Esﬂpmirﬂ as & motor

() Ve =1L0°, Eg= 2222/ 00°a 154200 I« 10°~1528 os567L1286° .
7 f <300 = o a A?a‘:flﬂ_-_- =—W=ﬂ?JZﬁJ
PF = ¢0538.6°= 0, 7815 ( feﬁJr'ﬁ )

Pz 1X0.73 X 0.78/5= 05708 pU. = & 705 MW

[6.18]ca) 1. aso [-3681° hige, £

ﬂ {+S
Pout = Pin - mo JLpsses Ef & Ve Lo

En.# _3\{111:558 :3%’( 250 ¥ 0.8 - -t
= 796.8 kw
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(6) B4 = VelS -GI4s = 7o ~(as50)(4.5)[-3687+ 90
= J113 [=-5¢°

P = _.3‘6;“!5_!. 8in g

= *?ﬂﬂ L....q.-_ power

Xs

Proax = 3(12) (1328) _ qpy & 4,
$.5
T = Puax  _TELS . 547 kN
- B ;Fdﬁ/llfl

T = Ve- EfLS (328 - 2200 oo

J-x..ﬂ' 4.5 & -58"

P = CoS (-S’in') = p.bH2 -éa.?ﬂu:j

(@)

Ve [ rated = 2229 = 1327.9v/oh = | puu.
Feit =

Pin = Pout = 0.7%¢ p-u. > no ALosses
O.T%4¢6 = VIces@ =

= I % Ta X 5' 35-
Ta = LO-T4%¢

= 0.877 ;
v 8776 p.u.
cCoSg = 0.8 —» O= 318°
E.’f i Vt - IaXs

Il

| - 0.8774 /3.8 . 0.3 [90°
= 1.4968& [-23.8

(6)
P:Hax = [-4968 x 1 < ;‘-371’,5_;.;,: Tmox
0.8
C - = ®
<) 0-7¢6 f’;_ff 80" —> Ef = 0.5948 py.
I;anem

Y Radackine & 1 0.578 _ 5 39
It [partay T dgRa iy il

- ‘?ﬂ%

96



I
¢ Efm

Vb:: 3}? = fila%

1328 - '
Generator: Ip= _,;ij_,m_zsm Zp= <5, 5291 Xs=09x529= 4 76250

- _Soo xio7 _ 1328 _ 10.582 Xs=08x/0582~ B4658)

(5) Tiom —2onnltl .. .93 6K

J5 x2300x)
() Egfg=1328L0°+93.620°x 4762490"= 400,8.18.55" Ets
& 0°- 93 610" X 8.465 L§0°= 1546.4 £-308" ‘
Efn= 3284 _ Ve
Efﬁ
- b
6-2{ (_a..} vt!m{d - ﬁ_“%— - /20V llﬁ\“’ 3# 1:.;‘,
Ef = (.25 X120 = /SOV [HEH
Ide = O e V¢ =
P =0 — & =0 E;F*Véfﬂpkndt,
'S e V-ﬁ E
I, = &8 = Ve Lo - -
T ]
)
- /iS0 - :.a_E
3 /70,
= -?ﬂ- lq

PF = Cos (-%0) = O J?ajainj
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. () DC mackme is motir, Synchremous machine IS gencrabhr

DC maching —> Eq < Vi =2 exitation cb’ de. is b be
reducecl

Ide = £200 . 34.34 A

2210
S'fyi- ’f‘l-'lﬂ.ﬂj’lihﬂ.
000 = SX 120 X /SO St §
3
§ = 26.4°
Io = _(S0L2Y - tz0fo, 2.7 [—12.0%
2 /%0

PFE = Cos (~12:4%) = 0.9776& .Ga.ﬁ:h3

(¢) DC mmochmme is f--ﬁﬂn ena‘l.ta -
Syn . Mmachine. is mote r

Ea> Ve —> excitation, % dc machine is *o be
rediucedl

Loe = 36-56'- A ink 1"/1'&'__ bus

\.{I}fﬂ . mmachine

/
SEbE = __§_x r:.;x J’ﬂ_ sin§

JS’ = 26.?"

120 (80 - 5D [-284
i K (2.1
T = 22 ?%[ %

PF = CoS (2.1 = 0.9776 -Qﬁﬂrdfﬂg

Ja =

m (&) Rated Kvh = GEx 4.6 x 62.75 = 500 kvA

($) Cnpoi:?ﬂ' Curve.
Radius ter armoature ﬂﬂﬂfrhg s 8 r‘ﬂﬁ%ﬁ
S= VellIal = tv 1 = | p.y.
f{z 7-§A  Proeduces Ef = [-0p-u.

a8



6.22(b) contimued.

o vate o ;f sf /SA il I;ﬂr*ﬂcﬁu:-e, Ef = 2p.u,
{(at Comstamt Ve )

c. 1VellEs] / x 2 |
. bor Field heatin
h"f!l - / 0.8
Xs /-2 B i

Tha -Cﬂ.Pn-Hffﬂf Curve 15 ABCMD

(c) Dcl"ﬂ'i’h OMA
B
OM™ = 6R* + AM*-2 < 04 . ancos §

D

Cﬂ'lss - 0*&1+ .l"-»é.‘.*-- fl Tﬂ
2 X 0.8 x1.4 .
= 0.2s9 |
o A
S = 3)° 4
I x CosO = [ £ 8§
= O.8/8
e = 35°

m (a) Ve = N p-u.
Ta = 0.8 [2252% p.u.

L
Ve + L.xg Sing

- 'ﬂ-fx'q._'l X 0.9
| + 0.8x0.7T X 0.4934

O0.%085
S = 22.052"

l"

2584 + 22.052 = 4789
0.8 8in47.89 = 0.593§

=
!

I~
R
I

71



6.23 (a) Continued

Iz = 0.8C0S5 47.89 = ©0.53{4

Eg = Vg cos§ + T Xd
= [/ €05 22.05 + 0.5935 x |
= !'5‘209 P"L'
ib} Ej: = 0 ,25 = ?ﬂu
- B !
P o -...{....("-a'?) = 0.3 =
e 2 xl x 6.7 f« 4 Cealits pas
= 21.43 mw
0 = V¢+Ig*xi+r~g Xd, X
J AN Ef T Ty,

V¢ = - TdjX - Igjxel

For _Pﬂ‘lﬂﬂﬂf‘ di&gm V{ 1S M‘fwmce_ 5
- axis 15 at +45° .1'3 is a;.,._,,% g - axis .
I s alomg pesitive. d-axis te rqﬁ.,,Er the
Uaféa.ge. egua.é:'m :

TaXed = ngg > Vecoses® = Mg

Id = I¥E. = 0.707 p.u.
by = a.;x.r‘
Iﬂ. - Jd 1.0}
G + wj G707
P = 45°+ 38
PE = CoS3a

[00



(A4) p=| = Y Er | o. K*, ,

=0 = MWEg .
a=p 0.95 Cos25° l{ﬁ( Sin"25"® C0s’25°

, §228 X 0,
—I}Jr'!_ U = u=q*?€:¢ﬂu.

Sin25o

® b= Y s
i ﬂ-‘]ﬂja XIa X l.O
Id =108 Sin15%=04302 pu
Ig= 10i8 ws25=07226pu.

"Zs-l %
16 P__lVEf{{j{‘-“"g-F_

% =0 = 0:§(7 @n § + 6. U974 en 26
— cntf remnd—- 05 =o.
Cs>S - —~lt ) aeine |
T r_:_ <.l eF w 6-366 j--f"ﬂlfﬁ'.
Cn d = ol 66 — «f = L&X9"
0-b678m 6858 +0- 1667 2X68852=0724 P4

W 6714 x foMw = e 3 M e,

JH{'M{&*-.E_J ~ 6-931 Pa-
= 6-421 Ph.

Ve p S = Ip xg > T ;

Ve en§ = [Ep| ~[TaXal— Ty = 1—Cn685)
5

I:Q.:\EF'.Q‘LF&L-I-Q.CT‘J‘X— = [r021 Pu

- tg—--"u:'.r_&‘ o ! —Jm-'ﬂ"
’ = 4y T o 31, 3 VP Y
PF = ¢ LGyt = O] E.
uck: P= V, T, cnd $

= % bh&2AY 07718
= 0-734¢ Pu r,

[0]



ca) P=i00x08=goMw= % =04 pu

P 0.4
T ee— — .
Ia= 9% = 3 x08

From Fig6.27c, = @ +§&
Tan§ = -85z 0.85x0.8 _

I+05x085xsin3687 — 227079 &=1516°

Y= 1516+36.87=352.03 Ja=05x5in52.03 = 03942 Tg=a5xcos52.03: 03076
Efa VecosS+ Iy Xd = IXCOSIIfH0.3942 X1.45 = 1.5368 pu

)% X

=05puU = a.5£*.‘36.87"”Pa

- j=C ! 0.85) . : ; :
oy ¥ T#"Ei Sind + X145 %085 SN2= 068ITEfsing + 02434528

At static stability limit

dp
ds = 9 ™ 0.689TEfcesS + 046868ces 285 —> 08T Ef = - 04968 gfﬁ?

From QW&

P= Pmox =04 = -04868 %ﬂ:—%‘-si’n S+ 02434sin28

04 = -04868 cos28tang + 0, 24345in28 By trial X error 8= 53°

ITd Xq

Ep= - 04868 = cos2x53 02756

06897 6s53° ~ T Togoig = 03232 pu
ngg- = Vesing = [xsin53°= 07986 pu
Ig = igi‘ = 09396 pu

TdXd= WeCos§- E£ = IXCos53-03232 = 02786
Id = ﬂ}ﬁf = 01921 pu La=for921+093%* = 0959 pu

$= tan™ 232 = (1.555° $=53%11.555°— PF. = 0564555 "= 04296 (levcling)

[02.



: P o
@) Vo= 1£0"pu Tg= giom = 872 = 49/ 25 84°pu

From phasor diagram in Fig.6.27c $=¢-8

tmg = ﬂ-EEﬂ‘,TA’ﬂ-q — — o
I=-68x0 7504369 0.6668 _5— 33.69

Phasor Ja. (s between phosors W % Ef . The pbﬁmroﬁﬂjﬁm rs drawn
Vi JJd Xd

y
137373
I4 ¢ Ia

> —

i

= 33.69-2584= 785° Ig = 0.8Cos 785" = 0.7925A4 Ig4=08sin785=0lofsA
Ef = ke coss + JdXa (from ppasor dliagram )

= 1.OXC053369°+ o, 1093 1.0 = 09414 p u.
CHECK p. 120984 g, 33 oo, /3¢/-07)

/-0 2XIX07
= 0322401978 = p 72 pu. —p 72 MW

Sina2x 3369

_ . JCCI=0TY .
(b Ef=o , 28 =P° Ppax = Sinfo= 02143 Pu —» 2/.43Mw

. . 22X x0T
W"TE]C +}4QXJ+]I}X§ =j.£dfd *JI}XQ | %
[TaXa|= [Tgxe | = Ve cos45°= 2 _1,\'.;‘, Xﬂﬁ_ﬁ
= —t _ -
ld= x5 =overz Ig= ﬂ_.;':&. =).0/03 Ve
Id:/.fa?a?.zl-l- lolo3* = [.2331RU. ("-é

Y= ta”d% = 34 984°

P= 45°+3498¢"= 79. 994°
PF. = Cos 79 .-944-°= 01739

loy



o p
(a) lé-: 1 L0 P. . Iﬂ." I?ﬂ-FF- ="?%=d.9£'25.34‘ﬂpﬂ

From phasor diagram in Fig.627d $=¢-8

tans = 0.8 x07 x09 * = o
I~ 08x07x0.4369 - 26668 8 =33.69

Phasor Ja (s betwveen phosors b Ef | The pbﬁsﬁra{:ﬁjmm rs drawn

JJ1a X4
e y

g%

T

- S’

+ F

Y =33.69-2584=785° Ig=~ 08785 = 0. 79254 Iy=08sin185=0lofsA
Ef= W cosd + Id X4 ( from phasor a{,}ympﬂ

—

= 1.0XC053369°+ 0.1093% 1.0 = 09414 p u.

CHECK p= _l?%‘ii'l& sin 3369°% _/[2(/-e7)

TRIROT Sin2x 33 69

0.5222 + 01978 = p 72 pU. —> 72 MW

_ .,
(b Efzo , 28 =P Pmax= =20 g 0% 02143 pu—> 21.43mw

32X (x07
Ve = Ef +jbrd+j.1'3.)rg = jlaXd +J]'i_xi_ g
[ TdXd| = IIS.X51=%CM45’=J=:!- ——IXJJXq,J—-(—ﬂ-S
Lld= !—4}5_ =07072 Ig= ﬂ!'flxﬁ =j.0l03 A
Iﬂ:,j 07072+ L0fo3* = [.2331RU. ﬁeﬁ)
Y= tan” 27772 = 34.994° ©

=454 34 98¢°= 79. 994°
PF. = Cos 79 -984-°= 0./1739

Joy



T = “Q""g;": i‘i’.ﬁ ——- anpb{

T= f”i-”gl ‘ WI(XJ - Xz )
Xgr ek ""':_JGZL
For maxi mum torgue

%:;_-___ Vel lEf1 o Woxd-Xs)

sm2d

7 2% Xg. X2 o325 =0
Efcoss + —“t%“ Cos28=0
o e L L s s

= ~0.3846 cos(2¢0838-1)
0. T7692 Cos’s + COSS — 03846 =
o5d= _=l 3/ /2 - 4 CoT493)(-03848)

2X07692 =@ 305
058 = 0.3105 - Swe 7/.9°

1*Co§-065)
2X0.9x065 °SM2X

Ix i . -
Tmax = ~2a Sintg+

7.9° = 1.18 R4.
Ve = Ef +jTaXd +jToxg

3737,
}
J 1%
5
IeXe = W sing Ig. s -—";—.;‘fjjgru':: /. 482 P# )
TdXd = Ef - VetosS = | -Hes71.9°  Tu= [ZXOTT = 5 744

s 0. 744 .
Ta= [0766% 1.442* = 1.65 W=tan™ 2~ =27.65

P=S-4 =719 -27.65 = 44 25° PF = cas#%zﬁ'“éa.?fﬁ.

‘.6.3n|m,:~ { = IvellEf] _ 1 x E4
Xs 2-9

=3

(b P = | x Eg 4 1 (09-0.¢)
) = S § TR Sin2f

= I-t1t Ef Sm§ + ©.2778 Sin2a§

loy



dB - 14/ Ef coS§ + 0.555b Cos2§ =0

ds
GII'LPE.)';,, Pphn_x = meﬂd - !-ﬂp.u’_
o i e o O0.5854 cos 25 B8mé s 0.2778 s
CeS §
= | = = 0.5556 Cos2§ tam S * 0.277 8 82§
3 = £S. s® & 'érf'a.& v Eov
- S Co 2 5 .57 |
l- 1} CoS (£6£5-5°)
L
J. Es = 0.7 [&5S
n 3oe
6. 3| CAaJ f= Tz—":;" = ﬁ= "GHI = !%E}iﬂ-zﬁﬁﬁe
' o &= T3 x48ox085 = /31964

$= cos™085 = 3. 79°
Ef - %..;E- £0° - 13196 23179 X 1. 4514490 = 277.14L0°~191L121 . 73°

= 27704 - 10062 -] 162.53471 = 176,52 —)162. 3¢7]
= 239 8B247T £-42.6°

(€ (i) = 3Xx2T714 % 237.8247

o | 1500 rpm = e = /37.381 KW

' . 30

[\ 4514 x 322
1 8e

7800
= Pm.glm_ p 755 = 22.897 Kw

2 _ Jdeor _ Jaoxbo _ h 208
(b = __.é—‘lﬂ—- % =" 33}.‘]#3!2
me &nlf-ﬁ c‘?-_) - leﬂﬂ'ﬂxfu-j = -?3.93 N.-m )

[06

www.EngineeringBooksPDF.com



€€) §=90° and Ve leadls .Ef , Xe =377x20x10° = 7 5452
From the phasor oliagram, v
_dizortngt = 21.9519A ‘

T = 754

PR =cosp = —5f— - L%
I XS 21.9519x7 54

= 00,6887 [?Aﬂ\'lqj

SEs Ve 3x | i4xi20
Fower = -__)fs — Sinfe* = ;:5.4"_'-"5443

°F Puwer = Tew = 28.68 % £2x21 = 5443w

ﬁﬂxﬁa

— e Iaﬂ.q
f= 3t = 220 man

6.33] ca Soe xioe0
G @ g smmeee

@ re Thrust = —&f-,ﬂf‘-"— = 5.00x/0%
5 738 ¢q

= 259777 N= 36KknN

vmow?.ﬁ S & Bhaan bmﬂt }‘l-n'fl-f_a_f‘ vy 9o’
(= 360 —:—4) ; Sl e 6}-5 = 6, = Z'{,f_':lﬁj e s duvatoien

Ll e s bo* dhvcalliy oud, Siehasis
'?'Sr 4:::” Mﬁ:j:\.ﬁ

Veime  akhe AU M—-J—w polaa  cnd loiae odatn
F’f'\n/a—m Eack Bowy wereailad af &

sl fenval d} $o0° T mﬂ‘w\d—wu_ prafile and
‘LuﬁdiAde 4?»mvu1_ Vﬁ&wumi&nmq £¢Jk EMMAJL*f%?
oy ' anﬁ:: mfweﬁﬁtg emed Wy
M(ﬂ-aé;zw an Frg P ¢ 34-14
Q) WoaneLon g vt w—ﬁw.:.ﬂrwdme.ei5
%Mm?%@Pfgqamwwmm
! Conit Lonalle }""'M (407 coridt.)
(b) WW--fm 3u w ol are M - —'?1} PéE34 4.
hé#ﬁﬂ_ Whamwdtd fL- I thLﬁt
HW-—E-V-E-:"! e Letue WWW
( MMM& %M%éa‘w‘aﬂﬁ?‘?w'
€) War fr 120% o il ane v Py PE34c,

For > Ce it W ) (A a e H:-f--h.w-ﬂ,'
AVMV@/}QMMW m‘(ﬁc&«ﬂ-—d‘
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L_{6)

Feg 7634 3¢ SRM, b[4 Prtra, 652 6,= 40°.

@ 40° ewsonef wedlix
(b 20° cwrvruad e f s
(e) 290° eadvrent widts

CA) T i ke ae W aff- phose -a

(08

®)
o —~40 ﬁ‘d . Lo "gf * T >6
® i T I \ > &
-Y4o C 5o qe
B ]
[Aub L 2 oy
T:_ .
BE W | ] -c
B i o N o N o O
(I;) ) h'Di > &
l % [ 56
_ 4‘0' e ﬁ.‘ﬁat'b ?- z
W e
Le
L% — o
\Tﬂ[:"ﬂl'rbl’““ﬁl > Q0
©) ],____[ Ala
-Jo =20 Aﬂl} | | = &
o ,:i‘l‘ ;,L.:. > 8
~lo I:-c' }g
Al e [ W] [ .8
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€. 28

(o)

P(MW) If(A)

2.5

5.0

50.0
60.0
70.
80.
90.
100.
110.
120.
130.
140.
150.
160.
170.
180.
190.
200.
210.
220.
230.
240.
250.
260.
270.
280.
290 .
300.
310.
320.
330.
340.
350.
100.
110.
120.
130.
140,
150.
160,
170.
180.
130.
200.
210.
220.
230.
240.
250.
260.
270.

=R~ I~ B~ I R = I e I o A B = B = B - B = B~ o B B - B~ AR - = o I = B = - = =~ W= B = B - Y — B = B N I = I~ = I~ B = N O = Y -

1.(A)

436.1
398.7
367.6
339.2
312.5
286.8
262.0
238.1
214.9
192.7
171.6
152.0
134.5
119.9
109.2
103.6
104 .0
110.2
121.3
136.1
153.5
172.7
193.1
214.5
236.5
259.0
281.9
305.0
328.4
351.9
375.6
412.8
377.7
348.0
321.9
298.5
277.5
258.9
242.7
229.2
218.6
211.1
207.0
206.3
209.0
214.9
223.6
234.9
248.3

PF

0.236
0.258
0.280
0.303
0.329
0.359
0.393
0.433
0.479
0.535
0.600
0.678
0.766
0.859
0.943
0.99
0.990
0.935
0.849
0.757
0.671
0.59%6
0.533
0.480
0.435
0.398
0.365
0.338
0.313
0.292
0.274
0.499
0.545
0.592
0.640
0.690
0.742
0.796
0.849
0.899
0.943
0.976
0.995
0.999
0.986
0.959
0.921
0.877
0.830

LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LEAD
LEAD
LEAD
LEAD

LEAD
LEAD
LEAD
LEAD
LEAD
LEAD

LEAD
LAG
LAG
LAG
LAG
LAG

LAG

LAG
LAG
LAG
LAG
LAG
LAG
LEAD

LEAD

LEAD

/69

P(MW) If(A)

r -

10.0
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280.0
290.0
300.0
310.0
320.0
330.0
340.0
350.0
140.0
150.0
160.0
170.0
180.0
190.0
200.0
210.0
220.0
230.0
240.0
250.0
260.0
270.0
280.0
290.0
300.0
310.0
320.0
330.0
340.0
350.0
180.0
190.0
200.0
210.0
220.0

- 230.0

240.0
250.0
260.0
270.0
280.0
290.0
300.0
310.0
320.0
330.0
340.0
350.0

1.(A)

263.5
280.2
298.1
317.0
336.8
357 .1
378.1
399.5
460.9
£25.0
397.1
374.4
355.7
340.3
328.2
319.1
313.0
309.8
309.4
311.6
316.4
323.4
332.5
343.5
356.1
370.2
385.6
402.0
419.4
437.6
530.6
495.2
470.0
450.9
436.4
425.8
418.4
414.0
412.4
613.2
416.4
421.7
$23.0
4£38.0
448.6
460.6
473.9
488.4

PF

0.782
0,735
0.691
0.650
0.612
0.577
0.5645
0.516
0.671
0.727
0.778
0.826
0.869
0.908
0.942
0.969
0.987
0.998
0.999
0.992
0.977
0.956
0.930
0,900
0.868
0.835
0.802
0.769
0.737
0.706
0.777
0.832
0.877
0.914
0.944
0.968
0.985
0.996
0.999
0.997
0.990
0.977
0.961
0.941
0.919
0.895
0.870
0.844

LEAD

LEAD
LEAD
LEAD

LEAD
LEAD
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LEAD

LEAD

LEAD
LEAD
LEAD
LEAD
LEAD
LEAD
LEAD
LEAD
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
LEAD
LEAD
LEAD
LEAD

LEAD

LEAD
LEAD



(&

POWER FACTOR

B.00
5.50 1
5.00 ¢
4.50 4
4,00 4
3.50
3.00 -
2.50 +
2.00
1.50 4
1.00 ;

0.50 -

0.00
0.00

0.50

T T y T T
i.00 1.50 2.00 2.50
FIELD CURRENT

3.00

3.50

4,00 [%EZ)

1.20

1.00

0.80 -

0.60 -

0.20 o

Lng,

70

ke

Lead

fo Mw

35 Mw

0 W

0.00
0.00

0.50

i.00 1.60 2.00 2.50
FIELD CURRENT

\\0
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CHRAPTER 7
a.l Block Reter Test (v=52v, I=8.0A, P=255W)

P= 8 (Ri+R.)= é%(2+R.)= 255
L Ri = /.98 A
S22 . 6.5~
g

= X txl = S.139A K= XL = 2.57a

lz] = j(z.-l'f-‘?g)l'l' fx‘;+x’§.)1

No  Load Test

P: ILEHL
100 = 4£.5%Ry => Ry = 4938~
j1¢ i
= = 24
Ine 7 & ;
3 H’ G .)(‘ L
24447 = R+ (TP + X+

5 <
= 49387+ ( 2299 + 2.57 + 1.285)

2 jLS"f i&:i'_:'?
. #0117
1 o
4p.17
175
Ly
(b) Prot = 100 - 45T (2 + —?E
= 39 45 W
7.2 Sgtei
= 0.04

n = (i- ©0.04) /300 = |728 rpm

i



s 2. Contin u.eoL

I‘H ir ¥

Ls = Rg + 1X¢
_ jso(!-_TS/a.w- + 41-28)

-15/0.04 + 7 (30+1.25)

"

i3.62 + 1 R6-27 =~

25 = Rg + j.;‘fb
jan ( i-'a'.s‘/c:z-a.nw + ;}!.2_5'.)
1-15/(2-0.04) + 4§ (Bo+ 1-25)

il
—

O0.8222 + 53-1335’ =

Zin = 22+ 32-S+ R§+ X5 + R +4Xs
(2.2 + 13.42 + 0-8222 )+ (2.5 + 20.27+ /.2338)

e
——

= 29.2) [S5-2% A

b = /15 — _ - 4.5, 14“
I 29.2.1 [55-26 Bede® . .

PML 'Ucﬂ.f-{ﬂi"'
PF = Cos 55.26 = 05734 Laggng

It:pwé FPovsen

P = VI Co58
/15X 3.983Tx 6.5134

—
]

= 20 W

Z}E.uafnp e_a( Tﬂ r‘gﬁ_

&.:)-th =, fiiﬂ X 2L = [§8.5 P*dﬂl-/-se_c..

T I” (&
£-Ry)

I?‘n

Il

12



7.2 contin uecl_

2
= 3"?37— (13.42 - O0.F§222)
/188.5

= [-0523 AN-m -

Output, Fower

Praeck, = T Wsyn (t- o-04)
= (.06523(182.8)(/— o0.04)
= /70.42 W/
au.t = PH'EJ:-A, i 'D-"bt
= [F6.42 — (20 + 15)
= /S5S-4o0wW
Efficiency
Etf = out IS5.42  _ . B
ﬁa‘i&r i_?-__u—.ﬁoss.
Rt = 1*R¢ = 3931°(13.62) = 21.1w
Fab = I*Rp = 3.937°(0.8222) = 12.74 W

P = 5’%:‘ ¥+ (2-5) %é
= 0.04 X 2.} + (2-0-64)x /12.7¢
= 33-%42 w

13



1.3 At rated s peed_

Zf = /3 + ,jl’é-??
Zé, = O.6] + jI-SS ‘

P _ Emf _ Tm - ZF _ Ji32 + 1

Sb Emb I 2} Zé J&.é: ‘4 1852
/- €657
.7'4 ¢n1 = +tan' ‘;‘_—g = 59.74°
Pa (reguired ) = &9.7+° - 90 = - 30.2¢4°

~ 30,24 = fq_h_'(é—ai'f:)

= Xe = 10.67 1
£

c = A AF —— 25’-3.éﬂF
3717 x /0.67
No o Im _ _V/ 2w = Za (total)
Nen La V/ 2a (total) Zn, :
. &+ 46 - 7 10-67| 9. 243
(2.8 + 48| Bl S84y
= /.67 '

|14



Iﬁl (a)d Ebtﬂﬂl'"j condition —» anfj main m.'ndf;? i Circuit
standstill test ¥ y= 4,0y, T =588 W= /5w

P= 59’(.'&:*&’1 =$8%*C1851R) = 115w —> R =157K82
Zn =

55 = ?“7",\/(19&'-&: )% Cx X )
—~» XtX) = 6.195L — X, =X, = 3 150

No looof test —» vV=120v, I =40A, W=llow

10 = 4* Ryy —> Runi = 687551
ZHL = J_. .

R+ (2 4 B ) Mg = 490322

Runmng conclition enga.fent' circuit
I 85 )31 3155

(b Prot = 1o - 42 185+22L> = g7 84w

(S 185 J3.\ 31.56
: 6. 785
J24-57 20333 = 23.574R
: Ji-55 0,785
JH‘ET <~0033 = 0399 £
_ .

Ze = Re+ixp = 25T (23.574+j155) _ 29.5749x 2363503 %
F= = 23 57g e 511195 35852 47955
= 16,4975£45.83 = 11.5+)1.83
Fim 24.57£90° (aaﬂrH:SS} 24-57490°% 1L 75 54 °

0.37 + )26, 12 T 26,123 £89./25°
= |).505 £76435° = 0,353 +)).463

Zin= (R, +Rf+Rb3 +JCK-+Xf+X¢)— .85 +11.5+ 0353 +Jf3l+ll Bs-H 463)
= 13.703+)16.393 = 2|.366 £ 50.11°

|15

www.EngineeringBooksPDF.com



s e l3ﬂ - 1 °
i = T -5011°= 5 é24£-50.1

Pn= yrLcose= 1201562 Cos50.11°= 4£32.5W u@,_ ’smxm -rsasmd/m

= k;"(kf Rs) = j,g;“s (11.5-0.353) = 1,848 N.m

Pmech = 1.868 x 1888 (1-0.0333)= 3404 W
Pm:-l.-== 340 G = Preo¢ = 340,4-—57-94= 272.56 W
17‘ 45: ;— X 100% = 63%

(a) From tests
15

Zn= 5a=T0TR , Rn= T <3425, Xm=[To75 342 = 61952
Om = fﬂn"*zi': = &.1°

Z¢—£-5ﬂﬂ Rd— =4:@ﬂ

Xo = (5435 2ag™ = 3.58 eﬁ..= tan” 72 = 41.27°

Zm= 342+6.19= 70TL61.1° Za=408+)358= 543L413°

(29 = 120 = -4(.3°A
Im= g = 1697146174 Ia= 352575 2214 L
With Ks
Ipm ——2 = 122 /-3049"= ;7/-3504° In=169TL-6I A

408120047358  7.96
-V

I,
m
iy _Starting current 'Iif_
Withowt Rs .
IS{'= ImtIa = 1697 /~61.1°4+22.14/-41.3°= 38 53 £-44.8°
With Rs
To = 164TL-61.1°+1T4-3049°= 32.77£-4577°

Tst & Im Jo Sinal where o= £ 6y ~Om = KLaSinOl—r I, remaing same
rﬁ*’\ﬂnﬂ;= K 22.14-51n19.8= K75 Tﬁ,wﬂhﬂs= K1lsin 30¢41"= K8.66

|16



Tst | witn &g 864 . Tst|wimR  _32.77

- i ———— am .} - =ﬂ6-5
Tst | o &g 7.5 Lst | NoRs 38.53
&
B sk = iz - sua

C = S500HF

., j20 -
I“" 4.08+)358-53 27.09£2298°A
With C.

Ia
——

Im

With Cs —» It =16.974-61.1°+27.09£22.98°= 33424-7.34°A
 Tst= K2T.093in8409°= 26.45K

Iﬁé[mi%@_ _ 3343 = 087 IS'HWJHG_ 26 95 -
IstinoCs  38.53 Tl ™ 0 359

E‘ @y b= tan To-=41.0° Pulreguired ) = 41.1/%§0°= - 48.89°
-48.89 = tan™ .5-;’:} . |
-5 = _S=Xc
s = £ »
Ac=5+8.5X1.15= /478 C= Frram —'77. 47T HF
Im= 1220 __ _ _ /20
5.5+)48 7 3L41.11°
6> Without Cs T,= 2o /20 = 12.174-3047°

85+)5 9.8643047°

T RN R T E——— R I )

" §5+j5- 1428 = B5-[1.78 /296440
Tst &€ Inla SmA = Kln ff Im (s constiant-
Tot |without ¢ = K12.JTSin (-30.47% -4L11°) = k2.2£~
Tt | withe, = K926 5sin(4901--41.11°) = K9.265inF0/12"= K726

Ts¢ [withes 9.26
— =412
Tst |without-Cs o

17



(S Without Cs

*_V;-]:nb"
Ja
Im
(A) S = —‘-E?;;;Tm—=o.n5

9.5 Jrzoft  JéeSL
(b) -

: _J130 (108+)60) _ /30490 x /08187 L 738"
Zf = Rf' *J Xf‘ - 108+ ) 136 T T 173 666 Z51.546°
= B09TL41.634°= 60517+ )83, 794 |
130 (2.77+)60) _  J130 X 6609 £E5 217"

Zp= Rot jXo = Z574j36 | 736.028488 835
= 6.316 £64.384" = 3.53+J'5.737
Zin= 4.5+]12.0+ §0.517 + [53.794 +2.53+ ) A787 = (0/.g/6 £L4461"

; 230 _ ” o
In= —_—_—_—_jﬂf.‘ﬂﬁdﬂal“ = 2257 £-494461

€Y Input P.F. =Cos446(°= 0712 i%ihﬁ
cd> Pin= 230x2.257 x0.7T12 = 369. 606 W
. _ _2x¥r - BET N,
C-I:} Pmech = T-@m= [-567% 188.5x(/-005) =280.61W

Pshajt = Pmech = Rore ~ R,y = 28061 36-lo =235.61wW

— Pshatt _ 23561 _ 2354
Tshat = 222 B am = A = ).316 N.m.

118



3> E.H-= -——%—E&' = 23561 __ 55.757:

Fin 36%.606

Cch) er-fregmcg.

= 3 Ha
e o | - ﬂ'_ﬂ,s X&0o B
s(‘i—s}.F‘ = (2-005)xX60= I1F Hz
—_——

P5+= IIR{. = 2.257"x60.517= 0&.28 W
PBb= 2Re = 2.257*x 2.53 = 12. 89w SM/
’ * = 40.5
P, = o0.05x30828&+ (2-09°5)x/2.87
h B

=F 5 ==f £ 5{ 5170 62,798 Fo97 _ s
N E _ I&yr _ Zz - éo, 0L
€D ib = BEmd I2p 2 533+ %7 '

= ='§£"5‘1!3{m‘315‘=62¥5
T.00¢@) [z, = BZ = 5a 22 /
= & as-fal‘ A
Zay, =S¢ jéﬂ-#s /

f = .87 n
s = 3+ J6 = [0/[36.87

Xo. J
(6) Eﬂ..(-fa-fn_f:] = e (Rm + { Zm )
b.2
Ro (ex+) = I1249-8& = 449
= A0, . o I8 f=Ei-&2 A
e - 8 ($/.32

(i) Without Ra. (Cext)

Ia = 22 = /2 [-34-37 A
o =

lo [ 36.21 -
T = js/-sr.32 + (2 [-3€.81 = 24.78 LTL

14



.40 (&) contiayed
Ts = KIasind = KIo 8in (Ba - 8m )

= K12 Sin(-36.87 + $§1.32) = Kia s 14.45

- = K 2.99
(i) LOHh Ra. (ext)
_ lao . »
To = ek 8.6 [~25.66 A

23,1 [-#2°

I = /5 [-51.32 + 844 [-25-46 =

K 864 Sin (-25.64+ $1.32)= K 8-46 Sin28.4t

Ts =
= Kk 3.75
75 | with . -
fm:&&'a.{ext‘} - 3__?~_5._ = /.2542
Ts [ without RaCext) <l
I[wih Ratect) 2300 _ o piroy
£L.98

I | without Ra (ext)

I'?.li!(_a._) Im = §+ 76.25 8&/5/.32° a

La = &t+t46 = 10 [36.87°n

[ Zm ) + Xm
§x & ' K
- £ m—— - = =

T 8+ 625 W= ac

&
C ! !'ﬂ /a;:. = Bﬂf -f',.U..F

377 x 8.8/
b) 1, = _l20 = /5 g—ff.azﬁ Co
" & [/SI-32 o

() Witheut C



Tl b)) cContinued

o+ Ba
Io. = L20 = /2 /-36.87 A
jo [ 36-87

Ist = Im+ To = (S/[51-32 + /2 [~36.87 = 24.8 [=45

Tst = K Iwm Ta. SN (@a—'em)

i

kK Ta Sin ( Ba = Bm ) — Im s Cﬂﬂ&’*ﬂnﬁ

i 12 S (=3£-87— (-51-32))
k 2.99

(i) With, C

<
Ia._"- {20

——

§+ 16 - J 8.81

"

= /4.5 [/3-35 A

o
Ist = I§ /=532 + 115 /1335 = 23.8 [=17_A

Tt = k1415 sin(19.35 = (-51.32) )

= K [3.35%
Tsele  18.35 _ 4 uyp
Tst | Z-19
I-‘St’c_ _ 23. 3 - 0‘3?
T ok 26.8
Istl
7.-12%a)
- - -'Ttﬂ"? - 25 g a;-a_g
.5 5 0.5 J J
1 y : - o—f i —tett——
flﬁé G.S'
&
. ! o _
x"'iﬁ?nars
=""'J'T-ﬂ?

0.5

Q
i

j:n%_

[ 21



T02¢a.) Continued

at s%a.r-éinﬂ
I = 1-54+ §2-5+ 2( j2o// jo.3+ "'3']'—'- 2-424 + 14061
= 4729 /$7.17° =«
Re = Ra»(2-425 — 1-8)/2 204621
Za = 2.5+ j(25-T01%) + 2 (j20// jog+ 0.5)

3.424 — 3013 = 4561 /~41-35"

Tet = 2n lIa] ITm| (R¢ + R) Sin (Ba- Om)
Ws

. 2xl x {us)’x 2 x 0-442 s5in ($9.17+ ‘{-.’-SS)J

4.729 x 4.854] x 180 x 2T/ é0

= $.91! Nm
15 J2S JO-8
d’) .f_.f-—- = {0
0-05%
nsv 0
. -5 _ _ = a-zs“f
2-0:03
Full _Load slip S = "Eﬂ_ﬂ“"?’ﬂ - 0.05
/600

Rf + 1 X¢ = jln{/fﬂ«&'-f-f::ﬂ%-- 751+ 7438

= B 4% 36,45

- 4 L ; 0.5 - 0.237+30-7172%
Roe+ iXp = fao/l jo-8 + -3¢ i

= O0.803 _)i?'z'ﬁs
I.5 +42.5 + 7-81+7%38 + 0.237T+ 70-7T72

= 9347+ 4 7-452 = /2.003 [33-6!

iS5 = 9.58 A
2 .063

Zmn_';n =

I

(2L



T- 12() cContinwedl

r
1 = .;I"_“_ (Q._fm-fb}
T'hf Ws
2.68% ( 7.5/~ 0-237)
) 1800 x 2w / &o
= 3.5 N.m
{_C) _ Tsf 5_?’ _ fig?
Q&‘E ) CE TJ"#'}‘{; 3.5
-1
A ux { Some a3
mﬂiﬂ d"ﬂ,"ls -Qe;Fﬁ)
ﬁ‘lu a_.s
O
-q't S‘f'ﬂ.r"fl:-'ﬂ - | ) U“Léyf-'a.?‘j%
Ro+ 4 Xp m §20//(0.54;0.75)s 0444+
Rf + 1 X§ = "
Zm = [-5+ J2-5+ 2(0-%44% + §0.734%) = 243+
m =
) fq = 5319
Zoo= 2.5+ 1 2.5+2 (0464 +70.734) = 3.43+ 397
T - -
- S.2¢ [49. 2 = Ra + ;an.
(6) 1, - 120 L3534 m 25 8 /—58.34
M 65
30 f-%%.2 = 22.9 [-41.2
L, 5. 24 |
z Z.. + ZLea_ > | Ist] =Ff’-£. 55 A \
St = o

123



7.13 (b)) Continued.
2 ‘?‘&1 [Ia] [ In] (R§+Rp) Sin (Ba- 6m)
s
2% | x 229 % 2581 x 2 X 0444 xSin9-14
/806 x 27 /éo

{

O0-928 N-mn

i

@ Tt] L s Aat | 3

Tst i pyay

Rat jXo. = 343 +73.97 , Rm+gXm= 243 £43.97

[Zm | = 4.6S

=> X = 6-75nn = :«JLC: == lC = 382 uf

Zoo = 343 +4 3.97 - §6-95 = 3.43 -;2-98 = 4. 5%/ /40-98
I = {20 = AdH- 40.9 8

Rl .41 [40-9

Tct = T + Ia= 25.81/[-58:3% + 24.4) [%0.7F

11t | = [33.81 A

Ts¢ 2x1 x 26.40x 25.81 X2 x O-%44 S1n V-3 2
/] 8§00 X _1'[}"/65
— {é- Pl M""ﬂ
(.d-) tarthe b G —_— Tst _ 0. %26 = Dol M,m/ﬁ
Lst 44.55
Loith, C st _ -62 _ 0.1958 N-m
S P 33.8/ /- /4
- - 2 il
Z.14\¢a. ) s P, 2T P
1l3§ i_Lﬂ;*ﬂ?-= 204
18 7 2% - pgosa
4 .96
O
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T-14 (o) Continued.

R + 1 X5 = i i 5518 + §9.911

ji18

}
Re + 1 X6 = } : = 8-3LL & ;0-958
- =+
| 1! 0-488+ 1)

/6.2 /S48 A

Zinn = /16.08 +j'-‘2-7‘7 =

cos @ = 0-623

T = iE = %
o TS I-41 A

Pewt = T {‘R;—Rb)ﬁ“; — Pt = 4299 -%0= 389.9w

F;-h = /206 x 7.4l x CoS58 = '5-54"2- W
n = 3899 ‘0 | 70.35%
$5%.2 ‘
(b)) At Staadstil/ -
.2 ql9 i+
{36 " 1é+j2 3¢ 4
= 2:633 + 7 3.8655 =

Y + j % ?(nr Series acC moter

T-4f A

-
»
1

LarR Ea_
Ea = [WVi* - (zax)™ - IaR f
L Lax
e J‘flﬂ:‘ (T.41%x3.855)" = T.¢1x2.43 e >
= 7. 2/ -

Oh.f'puf Pt::--'..uP..r A Eoaloa — Prot = T %ix 7.2) -40
£860.3 W

i

|25



7.14(6) Continued.
97.21 + T.4i1x2.633

CosfP = = 0.973
7 - A &
P;;L — 4'2.& X 7-.‘%:"}(" ﬂ#?.?a ] 365‘3 W
w6808 /60 _ 7.4 °
g o i £ %

7./3) <a> PC Supply
(i) Ea= Ve -JaR = 40D~ 20x1.6= 368 |/
Pmech=Fq I, = 366x20= 7360w
i Pin=y 1, = Goox20 = Bocow

1= - _zase _ qoo

(b /Ac supphs_
i) Vol= CEa vIaR) + (Iax)*
Goo™= (E, +20x1.6 )Y+ (20xi0)*
Ea= 31449V
. = —%ﬂxlna= 178 75 rom.
c"f‘? PP=cosp = Eapdal. . 3uditdz _ 50/
(I Pmech = 3144 x20= 628824/
(i¥) Pin= VeIlacosh = 400 x20 xo0.86L = L9975 W

"?“ %xmn%= ‘?D.??Z

V) T$F=K¢_§,.|In.=zﬂrm
Eﬂ\ — Ksrlmm—h Ks'r"'a'

368
Jﬂf—'ﬁ%ﬂ‘-x.hr
Tast = Ciers ok = 37474
Tst- = 6.0872 x 39.99%= /37N-m

= a.ﬂ&,‘t?

2.6



ﬂﬂmmggﬂmigi Motor

) v* = (Bat R+ (Lax)*
120 = (Ea+ t6xS)Y+ (Lbx28)*
Eo. = [0S5.1%V
Pr = ZEa+ IaR _ _iu_s:.xf}--l- l.€x & - 0.943
v /20
U Prech = 105 )4 x 1-b = [48.22¢ w

(iii) Pin = /120x (-4 x 0.9%3 = [8l.0{

Feut = Fmech = Prot = (68.224-30 = /38.214
-’72' = M — 138. 224

. S 0.76 34 (or 76.-3¢°%)

(b) Ccmgg,ﬂsg,fgd Meoter

(1) Ea =/ v = (Zax)* = LaR = [J(/120) = (1.4x3)* - 1.bx5.S
= li{.10%

Ea = ko Ed Wnm since. Ia. is the same So is By

Ea {E& a
s« N = (800 — s b ted ) = [Jo02 rpm
=a..{um:nmpensa.tei)

(i) pp = 1H1-104% + 1-6x$.5 _ 5.9992
/20 _

/

UT) Frnech = 111-10% x1.4 = 177.77 , Pin=120x/.6x 09972
=19/.85%5
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7.16 (b) (iii)

(c) 7_ = kﬁl*ﬂ%iilhh
E51‘=

Fout = 177.71-36 = /4771, 7 =

Kse

18.16
18.44
18.73
19.03
19.34
19.67
20.00
20.35
20.71
21.08
21.47
21.87
22.28
22,71
23.15
23.61
24.08
24 .57
25.07
25.58
26.11
26.64
27.19
27.74
28.30
28.86
29,42
29.98
30.52
31.05
31.56
32.03
32.47
32.87
33.21
33.50
33.72
33.87
33.95
33.94

Contmued.

{7.T7 '
—] -? -0 P
/91. 5.8 1-02 /

= JQEP.I}:. <f4%“- .thiuu- #ﬂhnﬁihfﬂhhtgﬁruqxgrﬁT;)
i:ﬂr;quéahn
_{iSJ‘J-x 50

/-6 X (BO0O x 27T

0.806
0.803
0.799
0.796
0.792
0.788
0.784
0.779
0.774
0.769
0.763
0.756
0.749
0.742
0.733
0.725
0.715
0.704
0.693
0,681
0.668
ﬂ-653
0.638
0.621
0.602
0.583

0.561

0.538
0.514
0.487
0.459
0.429
0.397
0.363
0.328
0.291
0.252
0.213
0.172
0.131

285

Bin

586.70
575.68
564.51
553,20
541.74
530.14
518.38
506,47
494 .42
482.21
469 .86
457.35
Yyy4,70
431,90
418.95
405.85
392.60
379.21
365.67
351.98
338.16
324,19
310,07
295 .82
281.44
266,91
252 .25
237 .47
222.55
207.51
192,34
177.05
161.65
146.13
130.51
114.78
98 .94
83.01
66,99
50.87

< 4714,

= 0.34%6

Pmech

382.25
377.92
373.38
368.61
363.62
358.39
352,93
347.22
3u .27
335.06
328.60
321.88
314.88
307.62
300.07
292.2Y
284,13
275.72
267.01
258.00
248.68
239.05
229.10
218.83
208.22
197.29
186.02
174, 41
162.45
150.15
137.149
124,47
111.09
97.35
83.24
68.76
53.91
38,68
23.07
7.08
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Pout

347.25
342.92
338.38
333.61
328,62
323.39
317.93
312.22
306.27
300.06
293.60
286 .88
279.88
272 .62
265.07
257 .24
249.13
240,72
232.01
223,00
213.68
204.05
194.10
183.83
173.22
162.29
151.02
139.41
127,45
115.15
102.49
Bgil'I'T
76.09
62.35
48.24
33.76
18.91
3.68
-11.93
-27.92

Pg

498,46
490.11
481.57
472.87
463.98
454.90
445,65
436.20
426.57
416.75
406.73
396.51
386.10
375.49
364.67
353.66
342.44
331.01
319.37
307.53
295. 47
283.20
270.72
258.03
245.12
231.99
218.65
205.09
191.32
177.33
163.12
148.70
134.06
119.20
104.13
88.85
73.36
57.65
41.74
25-62

P2

116.21
112,18
108.20
104,26
100.36
96.51
g2.72
88.98
85.30
81.68
78.13
T4 . 6L
T1.22
67.87
64.60
61,41
58.31
55.29
52.36
49,53
46.79
4y .15
41.62
39.20
36.89
34.70
32.63
30.68
28187
27.18
25.63
24.23
22.96
21.85
20.89
20.09
19.45
18.98
18.67
18.54

Tst = 0.3484x 471 = 1. 734 A-m

Eff

59.19
59,57
59.94
60.31
60.66
61.00
61.33
61.65
61.95
62.23
62.49
62.73
62.94
63.12
63.27
63.38
63.46
63.48
63.45
63.36
63.19
62.94
62,60
62.14
61.55
60,80
59.87
58.71
57 .27
55.49
53.28
50.53
47.07
42.67
36.96
29 .41
19.11
4,43
-17 .81
-5Y4 .89



(b)

[E2a)

(b))

CHAPTER 8

wm (s) o

koSt K 2.733
- S | + 0.01515
¢
i3 | + Kps+ki _ 2.733 ,
S i+ 0-QI87S
_ (kps + k{)(2.733)
S (1+ 0.0i5718) + (kp3 + Ki)(2.733)
Lmés) _ ki {o.0is1s+ 1) (2-733)
w
“Wm(s) S(1+ 0-01575) + ki(o0.0187s+1)2.733
_ 2.733 ki
§ + 2-733kKk;
o x
S + L
A = |
2-733 K¢
; = { - = -
Ke 3.733 0.34659
KF = 0.0i57 X 0.3{85§9 = 0.00574§
10O
A S(S+85) B I o
6*‘&5(5) r + 5;:.,.5] S;'-t' 55 4+ 10
9.-,3{(5) - ‘sl
710
(3) = —
& § (s*+ $5+ /0)
_ T Wn
S(S™+ 25was + W)
Wn=vio = 3.1L2 rad./sec
=3 _ o. '
? s T 0-7%1
=d it -
O0t) = . - _Sin(WaNTo3T ¢+ cos™'t )
)= T I7-1%
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3-1{5) ﬂﬂﬂﬁu ue..d(.

- -2.54 o
= T [ | — (4345 @ Stn (1.9345¢ + 37.7 )]
d 6(4) ) _ Z 20
(dmf.{'} = -'gt-:- o Waa(s) = S&fﬁ) = ‘51'1"515 + /0
i.
_ FMH -imﬂ‘L
W (£) = € Sin waf7T-35% ¢
- 51.35€ 7% sin 1.934s ¢
TT F—*ﬁiﬂ
. +
{_a_,) _E!H = 4$0 Cos (l+7/20) = 50 ¢os (3o+i20)= - 4%3.3 v
Ean = %0 cosel = 50 Cos 30" = 43.3 v
Esn = 50 Cos (aé—fllﬂ) = 470 Ca5(3n-r1a)= -+ SR

(b) Ein = VIxS0x8in(306=126) = ~86.4 V

Eiz = V3 x$0x Sin(30+120) = 43.3 V
E!-.e‘ = EKS'GJ(-SJH-;&“E 4.3V
{E.’-f- E = 10sn(20—0) = /bx 6.34%2 = 2.42 V

Segumce is A, B,<C, D, A

13-6 4 phases o©n Stator

5 'pgfgﬁ_ & n roetor
Sa&mce; A, B, C,Db, A
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(ay a@=3°

(b)Y n= 5~ =24
(¢ I"P5=.- T:‘S
PMm= 5x¢0 = 300 rpm

(8] ca) 29=45° (T-F = 360 _ 4o

cb) 7 = _-i‘_;.= 8

rpm = | 5x4o= 400

(@) n= 322 =80

) 2= 30

5o =50

Seguence (s A, At8, 8, B-A, -A, -A-8, ~8,-8tA A

Bi2) c¢a) s
by 49 = £2=60" A,8,Coand A
Ce)
oA
cf‘"
T
2 | | F RS
VK 1
N\~ ¢/
A ) . G
B . s
._:
5 A’

i3



g2

(b)

8 14

gianq_l Phases HH&IE-
icoco 5 =
1160 ab 45
a1 00 h Q0 .
o110 bc 135
0o 10 c gl
0ol cd 225
oo0 | d 210
Y- da. 315
720 7 reuy nibbles Y _ i
- SEEJ Xx 8 ( e _) = 96 mibbles /sec .
(&)

S.‘jna/L Phase.

| 000 A

0100 B

0010 C

olelo N D

{ 000 A

(bY 4 phase frevolution

feo

rps= 2= = o4

rpm =

28 x 60 = (§00 ¥PM

132



50 }
Q) Tey, = e 4_ 1671 msec .
Teff = 20 = 2.94 msec .
fﬂ+l+5_‘

(b) Ve = (to+2)8 = 6oV

(<) Transistoy
Vee tmax) = 60+ 5xS = 8§V
Ic = $A
Disde

V= 606V
1= §A

() 2en

\

3( 4167+ 2.94) = 21-32] msec,

May . E%E‘ppinj ?'ﬂ..'("ﬂ = 2}_311){'&_3 e 46? EfEPS/FEC

When frﬂ.nsigrfgr- s On

Vs
2 + Rext

I: g =

hen transis fc-r- S ﬂff

& -1/ Vs
(= S5e 7t - 21 Rext

1
(1~ e 77)

|

f:-”e'é/t . e'*/‘r)

- 0. - b.001 /T
o=5€ﬂ°”/r-5(f-e )
e*ﬂ-ﬂﬂj/t - oS

— - 0. E'.'IQ]_ - f’q_g*-a s
T = _E"(a_s} 7 ec .
Lo 50
= = = f.n{f.'lf-
L Rus + Reyt 21 Reut <

= Ryt = 32-6bn
Vs

I

S(2+23244) = 173.3 V
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CHAPTER 9
“" K3, = /oo X :::: = 120 v/A

1200 rpa R:F

@ 1200 rpm If = 2R

e En'lllan = ki tub:’ I-f = j2pxd = 240V
Ealt) = (RatR.) lalt) + (Legt L._)ﬁ. lals)
| — A e
R L+

Take Yaplace Transform

|
Tocs) = Eelios y —
als) Rt SCi+ £Lg)

_ _i‘
tatt) = £ ‘{Iﬂ.(-ﬁ]} = z':n{"‘ < 4"")

-3
Lohe a Lrs o Ko*(8)l0™ .
re. Tait /Rr =T o] sec
Vi (4) = ; L, dta
+ () Re ta. + £, qe

= [8xi20(i-e-!°°%) + mrfﬂ_i(flnx fane."m“f)

= 214 - 94 et

(b) Ve(od) = 214 v

<) T= keIfla
Eo.= Kflgty = kg Iy
Kfldn, = k’a_

/00 -
K = = = — e
£ % 100 x 2%/, T

S. T = %c;; {a

-toot
= 229.20(/-€ """ ) Nem

ov T . Ea latt) _ il i e f p- €70

oy (200 % 27/,

= 229.2 (1-€C%) wem

13y
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@) Ve=Ri+ KmWm

Ve (5= RICS) + Ken COmCS) Ch
T= *‘mf"J%%"*fa..w..*r&.wm (=)
“ﬂi=3°'3%1+&wm |
KnICS)= TS+ BWmCS) =~ "~ - Cas
From O Y@

)
(55 = KnlOm(s) + ﬁ%—"i Om(s)

C‘S‘l . - kﬂl ;'5
s*‘“ "~ KntRB+RBSTm (% =& = 35 =/osec )

< 2 l
l'-fﬂﬂ { & * O =00,
(Kh )( 'Pé%;ag Tn) 21 o0%x025 (H" __ﬂ“ s m
= 0_4-834?—:’-2—-—
WasSd= = pq.;ga-_L_- .?_.z_ég J
" 8 o * {tpze4s S 1+ 0244-8

Walt) =976 (- o~ t/o.244)
(b) Wm(x) = Q1.6 rad/sec
(c) 0.95x97.6=97.6C! g Wo2us) »e” %"“aa_ps — T =0.7325ec,
cdy lalty= Ve = K ©Om,

Ra,
= _2%e-= 2.5:”;1—-.._.??-53 Yor4%) = Soo-488+ wbg e Vo2t
= |2 + 488 o~ t/0.244

iﬂ-liﬁ = I2A

I35
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9-3 a) BECMSt. Yufaﬁm\.c-ﬂ. Losces are ﬂEﬂfﬁﬂ{:‘.c{; I:l-'t.

Qfea.dg state. -moter dees nol produce ang iﬁrgu:.
Thera:?nu, before. +he v:Hna-E. Las c.hm&ei; Lo =0

Ea_: Ve

kmwm = [opV
ieo

2 — = G.637 V |
o IS0 o 2 3 / rad /sec .

é0

Atter the voltage was Changed. ,
V-é = Eo -+ Rn.:a.., = Kmblm + Enin_

Alse T = K I:n.. g J i“-’m
d tdm

Vi = 0.4 Lom+ 0-86 P
Vt(-ﬁi) = 0.6% (O (S ) T 0.%6 (5 e (8) — -{-Jmn)

fs.aﬂ = - -.. 3
whm Lome = ——é-;)l:lﬂ 157 1 rad /SEC.

120 - .64 Wm(s) + ©.86 S Wm(s) - 0.86x 157.1
o

fz0 + 125,115

) =
- S (0.6% + 0.8653)

120 + 135 .US _ 139.1 + 51.1 5
S 0.4 (L + %a) S(S+ ©-T44)

—r

- A g
o T T5x 074y

S

A = 187 / B".-lq'c’

| — 0.T4% ¢
Wnt) = .de mmfi)i = 187~ 299€ rad./sec.
~ 0. T4¥
b _ 487 9 e
(0} w“"tﬁi = 187 - 29.9
= I72-9§5 ra.d-/.se,g,_
(<) UWm(0) = 187 rad./sec.
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(@) Steacly state |
T=BWOm = Kmla
Io= ‘Ei,f'
%'-In.ﬂl..'-‘- Ea.™= Kmn
200= Ja Ra + KinWm = %&+mwn = (O ( Km +
= Om (2+ 2285 & w,, (2+005)
Wm = ::; =47 56 radl/sec, N= %¥360= q31.64 rpm

CoYAfter the voltage changes
%-"—'Ea.'l'iﬂﬁa.:" anm“l"ta-R& '
Also, T= Kmlas J’%%"-r BOm
Ve = Kmtom +8& (T9%n 4 Buon )= WnClint 248) + BT S22
= W (2+ S22 ), 2552 due = sy x2.05+ a5 LEn

o 4

BRe
g =2

W (5)= 2.05@,, (53 +0.5[S0m(5) = Whne ]
.I;JI = 2,05 We(H T2 ) fﬁwn(".i? - 4756
—lz"“ Fas, 0 ., Joete.0s . 01100 200 + 0.9756s

Wm (5= ool b = =
2.05+058S SCa.66§106s) 0.5sCs+ 322> SCs+ 4.1)
B
= 'é"" S+41

_ 200 +97.56s - 200 o
A— S+ 4 | _Sa-n 4.1 n % -73
B=

200 +47.56s _ 200 =97 sbxesl _
S [5=-4=| = - 4| 46.786

| ”
() Gm (x> = 48.78 e fiec = 3g Bybo= HE€2 rpm
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9-Ska) Km= Kftg = Ix20 = 2

No - Load —> Vt = EFa = 220 V = Em W
220
Z_

wﬂln bl

= /110 rad. /sec.

(L) Aften Unfﬁ% Mue.r-:.;n_f —> Va=-220V

Vt_ = o + Ra.to

kmwm + Eﬂ.iﬂ_

Vi = Kntom + n%ﬂ%t—':“

” o4 n 4SS dwn

= 2Adm 4+ 0.9 %—:ﬁ"’"

Ve (s) = 2 m(s) + 09 (S Wm(s) = Wms )

~220 = 2Wm(S) + 09§ W(s) - 0-9xHD
s
~ 24%. 4% + {10S
Wm(s) = S (S+ 2.221)
- ..B_ =% | 8
S S 4+ 2-220
tohere A ==-{(l0 K= 220
- | -2'111'&
Wmtt) = £ Lome)= -llo + 220€
| -~2.222%
L) © = ~{lop + 220¢€ .

+ = ©0.3!5 sec.

138
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Ay Khl-':lsc{}:!.n‘l‘*' Jf/md'/m

Wmo = 22 20 = 47,124 roel /sec.
- s

Ea = Kntdm =2 X47.124 = 94248V .= %ﬁ = /. fo4h -
(b)) Tm KmIa= 2X1).504= 23N.-Mm Tg=olx 47.124 =4 TIZ4N.M.

Te= 23-4Ti124= B. 2878 N.m

€Y T= Knla=0= J%@“—-r&..mn-r"ﬁ.

T (S WmCS) = Wmo )+ BWwm(S) +%=a

T SWm(s) =J Wmo + B om(S)+ _&Tﬂ'izp

Wi €5) = —”‘—“’-—-g:jﬁi = 942485 — 18,2876
2¢(s+005)>%

= A -+ _.._ﬁ.'.'.-..—
S S +0.05
= SWmn(s _ﬁ.Ms _*'B'ﬂ = - /82%7
o uidd 2 (S+0.05) /J'aa E7e
Az = (5+05)w CS)> i 94-248s ~ (8. 28?5 s
e ’SI-Q#E - - 25 I =08 = 230
Wm(s)= . _182.876 | _ 230
€ S+ 0.05

Wn(t)= —(92.874 + 230~ %°%¢

wWm(ce)= - 182,876 rad /sec

CHEGK.— Wm= ~182.876 123p = &47./24 = Wny
Ta= 0.l x 182.874 =18.2876 = T,
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IEl T. removed!

T= Kmia= 722"+ B, ©m

Ve = Retat Kmom= Km%-ﬁﬂa(;‘iﬂ? ;‘: )

= 20m +0.5x (X d.a;“’Ec..l. -_i-_wm = zm.,-;-o.ﬁ‘iﬁ“ + 0 025,
dw

122 = 2.02500n(5)+ 05 [Swmes) - 47.124]
= 2.0250,(5) 10.58S Om(5) —23.562 )

Wm (Sy= _ 5=+ 23.582

2.025 40 55 |
{oo +23.5628 o 200+47.R4s _Ai__, Az

Whn(($= 0.55(s+ 405) S(s+405) ~ = S+ 405
Ar=sontsd| = 222 < 4938

Ar= (5110128)0mS) | L fi::;}_'-_”‘“‘f;_= _i:-;_' = -2.26
WO cs) = 222 —s-ﬁf;

Wnit) = 49.3¢ -~ 2. 26 e—-ﬂ-.b‘if

Wh(ct)= 49.38
Wro = 49.38~2.26<47./12

((¢) = w&ﬂnmm . fﬂ; 52{115 s B Dby

= 200- 4(49.38~- _}169*4*5'&)_ 3 431.?9(’_8 -go5¢
L!ﬁ=2_43 +q.0= 11.52 A {'” = 2.48A —» WNo lead .

(a) H]cIf.-"- Ix2=2

[oo0= 20, + 0.5 x2.469= Ea+IgRa
(o = M = 449,38 radian/sec =
T=KfI§Ia=2xz-+6¢=4.qsaMm

4‘?58

=471.54 rpm

(b)) [00 = Kmtm + Rala
Km-‘:i-‘J%‘%ﬂ +Bom+Th
Joo = f(m%-rga[_’({: dﬁm*&%—+ﬁ ]

= 2Wn -}ﬂﬁ[iﬂm ﬂwm-r-ﬁ-]:;m”-fﬂsa—— +qm5fﬂn +2.5
q7.5=0.5922 4 3.625Wm

In S domain

B2 05 [swWmsi-W, ] 20285Wm(s) = 0.5 [SWn(s)-44.38] + 2028 Wm(S)

|40

www.EngineeringBooksPDF.com



Wm (3)= T2 +46 /95449383 Ay, Az 4.5 123K

0.55 2,025 SCS+405) S Sthor T S vy
| - Gost
O () = 45_'3‘“‘ f. Eﬁfﬁe
Wn 155 = (WDm (=€) = 48. 185 M/SEE — 4{'?.3 rypy

= Km (Om Joo -2X 4815 _
Talss = —%—:——= e - 7 A

Tlss = KmIa = 2X7.4= 4.8 N-m

T3] (4> (Wmo= 2158 2= 4q.382T rad foec

&0
Ta = oD "a-?;*?. = ¥ir s — >.48A
Km=KJIg =2

Ta=kmIs= 2x248 = 496 N.m

(b> If reduced o 1A  Finol omet)
km= Kelp = Ix1=|

2 X + “":“ _R?"fﬂ’" + "*f’“'m,... = mm-r"ég}" + 0,08 Wm,
Joe .
s

= WmS) T S Wn(S)— Wmo +0.05L0m(S)

120 4 4438 = Wm(s)(1-0515) |
‘&hﬂ'&l - fob ++?'%-B-§- = .._ﬁL.-r JJ‘-—

SCS+].05) S S+i.e5
A= To5 = 95.24
joo +49.38(-105) _ _[eo® -£1.88 = —4f
Aa = =(j-05)> = 1.o8 i

Wnit) = 45,24 — 45, 86 g~1-05¢
W, = a5.24 - 45.86 = 49.38 rad fsec

CHECK : @ |og=9524 radl fsec = G09. 4737 PN

Iﬂ.’:: _Jﬂﬂ' ;_E‘;qt'n#‘ = ?.5.2,4

T= KmIa= IX452NMm

| 4
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foon

g
+\f5-—L

V§ = Ry igg + L§ .‘5.(%‘:‘3

VF(s) = Rf Ife(s) + L§ s 14«}(5)

So -

== = (o0 T#g(s) + $0s Ifg(s)
L0

'T{ﬂ(” = S (ioo + $05)

'-E'% = ft:.‘.a_ £f'.‘3_

(s) = Kgq Ltg(3) = Soeo
3 § 9

SCtoe + $05)

[_‘n_ - .E& - Sm - "Ea. - I‘SHL:?;.-L
.34+ 0.4 &-9
iy &.9 ot

ﬂv? ﬂ_? 'ﬁit

dw

1«233% Eﬁ,t’s)" (-344Y Wp(s) = 175 9 Wm (s )

|42



MmﬁE-J i /-222 2 E&fi)
- 344y + (L75S
— /I-2222 ¥ Socan
S(itoe +56s) (13444 + 1-7558 )
- £9. 8%
SCa2+s){(e0-768§2+58 )
= A + B % C.
& 243 0. 7682+5
= 45.457 - 28.349 _ 73.8057 ]
= 2+ 6.7682+ S
- - 0- <
LIt ) = #H#S.45 7 + 28.349¢€ 2t — 73.808 e 0-7682
2.U)¢a) 7 5 — Ja )
- lrnax araali 7.67 p.u.

) %/ €
: L .S -%.
(b) lsctt) = [3 -8 * (3.53 E_Lg' e : T (ﬂf?-- ;-H)e- éﬂ]

XSinwt + 7.07 e~ ‘fo.25
=«fi(*‘v1§+ !-6n7€"ﬂ#6+ 2-1%3 E:-H'g{) 5‘”‘*"&
+ T-CiTe‘-q.é P,

. ~-0.08 -2. =
(c) lse I{;. a_l.—_ﬁ(:'.lgf' I-6oTe + 2.143¢ Eé)slnuf + 7.07¢€ o3
=z (2-882) Sinwt + 3./8 2L

Iscliaoz2= ¥ 2.842%+ 3.182* = 4.28 p-u.
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-(n.J From pre- fasdt conditior
E"= Ve + Tagxd = 1+ 1122 mai_‘?_?_ = 1.044 p.u.

L - EI'.H —_ 1. 044 - -3'
d"ﬂm T 5% ¢4 8 P
(b) Idc.fmq — B % 3.48 = 4921 p.u.
(<) Iiclmm{ = \/?3.4-311‘- 4921+ = é&.o0 27 p.u.

() From pae- foult condition

E;, = M,_. + Iaf{Xd = | + :Lﬁ'i@_ = [-41% p.y.

El = | +1.0-04[39° = 1.077 pu.

(sclt) = 15_[' LT + (27 f-#f*ﬁ)e-%s

O-

=
(Lot - L2 ) e ‘*3] Stnwt + &f?:-.:e R

-33.3¢
= J'i[r-wtf + 1.2785¢€ FERETS + 0.7875€

-5t
. Sinwt +  4.92)¢€

iscl

_ &[;. Y14 + 1.2785 x0.71b + 0.78 75 %0 | X
t=t.5

Sinwt + 4.921x 0.08 2 |

= 2 (2-52_‘?'-1-) + O. 404

Isc | ops = [ 2:3294% + o.4o4™ = 2384 pou

(9-) Pre :Fﬂ.l.l.f'é conditions 3 Vemtl.0p-u. Lo = | 1O, P-L.

Ei= Ve + TagXd = |+ G)(1.2)[90° = 1.562.[50:2

Ei = [.0 + (t)(uq)[‘?ﬂ - /.077 [20-8
E: = .0 -+ (;J{a z.s*)f‘?a {- ::3:::3.{!%

| LY



Rm&, 5/‘: Cﬂf‘rﬂﬂé

" 4 . _th o / _..1/,'_,
Teee)= LELL (1L 1Ect) 5, (18] _lell) e 7

¥ d Xd % d

- L2 0.4 /.2 0.25 D4

=%

= s.s.-g:z.+(1.a77_ ;.5;1)€-%1+(1.n3¢9_ 1.017 e—%./a:-.s'

= f{.302 + {.3918&

= -
+ f.‘f.-‘!a] e 4:‘:‘25,:.“'

(E') Leo(o) = [.302 + 1.39] + 1.4367 = % 1237 p-ur.

Isc(0-5) = 1.302+1.391(0.4592)+ 1-4307(2.0{x 10" ")

i

2,2 19 P,

Isc (5) [.302 + (-391(0-01&5)

[-323€ p-w.

From jrr«.famﬂ cond ition
Ei= VetTajXd = 1+ 1£-3687°% 1490 = |+ 1453.43%= [+06 + jo.g = 1. 794265 by

Ei= 1+ 1 4-3687°% 0.5495°= 1+ 0.5 £53.5°= f-r-nd-fja.‘i‘: 136 £17.1 p.4.
Efs 1+ 1£-26.87°x0354§0°= 1+025453/3°= |+0,/5+)023a /.17£99 4
Wors + fault condition

Tic |max = {3 535 =A% x468=66/8p.u.

. | i i o i i
(sccty= 3 [LFL + (436 _ 179 )o~ %, LI )e %2 ] sinwt + 4618~

= Z[1.79+ (222 1.7 % + (468 -2.72 Ve ¥t ] sinut +6 418 e "%
= [1.719+ 0.93€"%%%+,.98€"%¢ [sinwt + 6.618 €%

i‘“’b‘—*ﬁ.s = JZ[1.794+093x07788 + 1.98 X 0,0821 |sinwt + £6/8x 0.3677
= [ (2.677) Sinwé+ 2.435

I“Lﬁ: ’2‘577‘-}2.43&"" = 36188 py
tsc

o5= ]2 (2677)Sin2Txbox0.8+2.438 = 2.4835 Pu.
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(a) Ef=Ve-Ta)Xa= 140"~ 05L-F'x 08LF0" = | —04 =04

= '4 ' - .
T %Fiﬂs: ﬁ{{_ﬂ-glns =Q7ﬂ;n6’

ng = ﬂ‘?_r'P. U.

(6> E{'= Ve-Tjxi = I-05490° X026 L 7% = 1- 0125 = 0,878~
T= — 0.875 — Vf-'El”’

jx0.3% T WJ’}::J = 3.3'5’;#&'

T :
A=TS,~ Jf'issingdg 3.8 -~ —=

T

= T,8,-350- €034 )

B= [TSssinsds- T (m-28)  om|

= 3.5(2c088.,)-T) (n-248,
Area A = Area &
T, (M—-8§,3)— 3.5 - 3.500%;=0
ALS#" T, = 3.551n3: Hence 3.55mg, (7§,)~-3.5~3.85c3d =0
(- &) Sind, — Co3d, = |
3#vaﬂj for 3\ C Trial Y €rror)
Si1= 46.5° or 08116 racian

Y M-8 (

Therefore , T,=3.55in465= 35x07264 = 2.£388 p.u.

The torgue T, can not be sustained for long, because J‘ﬁﬁﬁ_’y State
Stability Limié s 0,75 pu.



'I‘m‘.l-cdﬁ;a T = | Pu.
A vl b B2 V- T iAgs - xo-4 /997 = 1o [20€ pu
Pt
T = W LB 08 - IXLoR o
ws\a,h. X&r f‘}(ﬂ*l}

AM: g' = —i-—- H—— é; - 1!-741 - ﬁj? ‘?J."L }"nﬁ.ﬂ‘-ﬁ‘ﬂﬂh‘

@ w | , :
Avea A = T:-:.Cg.“ D'ﬂ?‘i#)-— f‘g_.‘; (M.-.g.&;
0.179 % A/
= ’T}(Si-- 0-3rqk) - 271 ("‘ﬂ (0-31%4) """‘5-')
> T ¥ -00794) - 27 (6-228% - e d )
A-YM “‘B tf;-_ 2 (1@5‘,) - T}(T"“lé\[)
Aven A = Avae= L.
T;,(l"'?(lz__ 51).. 2.7 c.‘,, 45; .27 XO0-R289 20 —- @
Bt T, = 21 s, -~
Swhehbdg B w (D,
6’76'”-“ JI)M%_MJI'*&‘T)E?FG_
3| 0'?77 }'G'J""M
— 36 °.
;‘OJ—T;: 2] {"“":H"'}lﬁl'ff Pu .

Awn ad il hwad [ped "‘”'VHVM
4 [+2384 Pu feo oddad .

1,[37‘!":

\/

Slead, S+t
~ -tlo'x -2 03
= ].5 6% pu
TM - lvf'rg‘cl = {xf'.rﬁ’:l.- T—f'lﬂf-?ﬁk :
T Wegs X X 2
o Xd



From F‘3 10.17

Vims = [ 2k {712 osin0 y'el6 = ,Tzlé
Ums 6 _ 7
e TR i
KF = f(%“)i-r}%: (1.5704 ’-I)EL;- l.2114
&) From W‘m 70, 2

v
Vuc= o (1400300 = it

Vims = {2 (7 (/5 Ypsin6)do §* = 2

%‘% = %I %ﬂ =r:—-2*22!3
RF = ( 2.2218°~1 ) = /.984
RF is a measure r:f vipple content

v}

VNN N\
D i

)
Vc= 5[, 75V sin@ol= Tl

Vrmslv;,
Vrmg  _ —_— = L
Vae, 242

o
RF= (1L111°=]1)2* = 04838

(48



0.3 (a}

v
Ve
(o
LSI [
| ol ﬁ!r.t. L
Lo
t L [
{ | 1wt ag | |
{ o T | |

{b} vn - _{-llffl.ﬁ X (£+ Cos 6“:‘.)

Pometer = Ol-02 x 5§ = (216,33 W

i< V= 120V, of =4

I =15 ;';:: = /2.25A

VA = 1220 x i12-25 = (4697 W

P-E . Pmafnr = f2/§.%5 W
PFE = {215.3 6.8 27
{94-6%9.7
(d) /S
Iser = == = /0.6t A
Tz -

Ldiede = /1061 A

I4q
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P.= Lk R=IR=9.362% 10 = 878, 49W
Or o= UI.=9362x7362= 87 47w —> To !5 r{p,pft.-fru. because L=+

Supply VA = 208 x6.62= 1376 76

= 7
Supply PF = 375 4¢ = @437

L]

(€Y 0<KKL|Bo'
(d) No—» Up Cannot be Mjaﬁw, because a?f o ¥ 0o,

150



(b) [, discontinuous
A= 48° , Ep=72x1l0o= 72 volt

Az 120smp= 72 —> B=25"°

! = [80°-25¢ * =T
L=w * P ri2osin@ 2 ol = 72.9A
of = 400 o.6

(0 P=Eple =T72x76.9=S4E5W

fﬂ&l{ﬂ-}mj I‘Jﬂ. !¢ SBM’-"CQHLBF:E’“ -y E, b{{ﬂme;srm at W, 2T

Za .
I.Hr
S
L= J(Qnsinn +5, c5sn8) = 5 Cn Sin (h6+®,)
ﬂ|= %5_;115]“9&9 = ":'1'-‘{2 [-rpss, ]; — -;‘.—I'Gm]'}" ffﬁ"iﬂ-‘} - _?#L
b' = '#‘j; Ipﬂﬂ&gdg"_‘ -;r‘!ﬂ[S'l:ﬂ&J;: = 'zr;-—nrsjﬂf—ﬂ:l! ..11} s _%_r..'
L .
oo (G0 (-39 gy, 4=t o tulen =45
RMS Funodamental cument I = fi- =37 = 5582 &3TA ¢,=-45°
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(LJII‘-) Vo = 0.0585 x (oo =§G v

= SxT%é& _
Io — 33.9 A
Ve = 24z V coSol = /O08.02 Cespl = SS v
=
d = L o° ColSd = 0.5

Ui I = I, = 33.9A

J2

iy PE = 25 % 833.9 . o5
(120 x 33.9

(1v) n ”

G 4

IRY ¢

33.9A

1SZ
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i'l} Ve = _i%ﬁlﬂmao': sS4V Ea= 6.055 x20D = 114

In= FE = - 5“-&;@“] = 551‘5

(0) D machine is delivering powet- fo=1X6S = 7sw
€€ AC supply. is delivering power fuc=Po = I, =54x68 = 35 /oW

cd> AUl povers are going tothe resishince R, Fr=65%i= 4225w (= fat tac )

ce> Supply volt-ampere §= 120x65= 7800)A
RF, = --EE&" — .ﬁiﬁ.—= o q_:

= 78&o0
2 ! -~ _ 65A "
I | N .
o | I
4 - §5A
Vs "
—
]
T 65A oop
_*_ S
o
4 Z i
(1
) >
i bo® 1608 340° >
11152- S'ﬂ‘ : 1 S Sa
'ﬂ'ﬁ /\
wi
-
bo*
("
wt
-
o

49
iy Vom X000 pa shy Ea= $4-035x20=49y n= 33 = 490 vpm

i . L — .n,*ﬁ
D In’JnA Int.'m-s.} "{J-Jﬂ +(0.2X2p) = .2

PR =204"%x025= [0BW Pa= Fal, = 49x20 =780W

(V) P=p = RtPa=105+980= (085w

. JegS [0 85
PF= —3ox20¢ = 2ane =443
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1w.10] cas Refer-te Rg i0.21, tha. Waseform s are draon 25 follows,
|

v
wt
—
I' et e
wt
o T+ =
-.L "Iﬂ i

o Suflp?- current mas be repfemfed {rfz‘ée Fouriey as ﬂ'ﬁow

f= = (Ansnn®+Bacosnd) = L Lnsin (n6+%)
2= G o
where I, = (An 8, )3 % ’f‘t"q—%

For fundﬂm@ﬂfnf. current .

A aT.1... Tl 4T
A= 7 :I,s}n&af.9= ‘ﬁ"{'{ﬂSS‘} ol 77 CosX
'S T Gg4ls .
B = "'ﬁ;!" dﬂ?nﬂﬂﬁﬂdg s -'—zﬁ{[ﬂnﬂjﬂ = -5 SN
Z:I= AISiHQ'I'BJCﬂ'Sg Y e
=~ II Siﬂ(&""ﬁ) where I =l:,|fﬂ;3'+6,i = —Fr"j“ dﬁ == fﬂﬂ’ 2, = "ﬂ:f

Ii(wtl= S gin(wt-A)
Hence the phase angle &, of the funclamen?sd component o Supply

curréent ;‘5&(} i.e. the same as the f;rfnj apyfe _

| [ THA . 203
&> Average owtput Uatmjo. V;=—-,-i-“fﬁ..;§|fsmgda = S Veosd

Average outpukt current = Io = output rms curreat
Pouwer olelivared by ac source art- output = Vo Io
Fms :‘n,owé' current = I,

Lnpud voltamperes = VI,

o Iputpower . WL | u
S“PP%‘- powes™ tor input- voltamps Vi _"-}

= 22 rosl  ©C CosX

I5Y



& °
kb oy l(—!ln ——'l.il Sa o3

—» wt
{
r-nz. —-ﬂ-—-ﬁls—-—-a:ﬁ-—?:——t
: \ {
Vs ; l
St oN\!sip; Is20:\!
I ; | ] Tk
- ' ! I i
€} Vo = 34223038 4,4, Cos /20" )
20
| l l |
= Jo6.21V | | l |
V) I i 1 I
(d ) ik |
— ,
; > wt
-;IH

(&) Width. = £6°
Ia = IS [€0 = 3.6€A
{80
. = Te.2% x IS = 1053./5 i

I}:ow VA = u"s'x 208 x 8.6 = 31u9.8

Pr = [1053.:S

T il 0. 3%
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27-3643 A

L‘-—F

5-%729 v

S.4729
4}

oV
!S.8&n
% x 27 (L3 = 22. 24 29 A

Cos S§0°

T,

T

N3

25.4729~ 90

O.] x 90

27 263

Adz x {10

each. Cycle

A %leisfnr concdlucts Load c""""-‘”“t -F'”- /20

-
—

From Egm‘f‘ﬁ-ﬁ_ io. (o

l/‘; =
Le
in

Eac
T

- Ea
(b) &

10421¢a)

i
T
!

!

nag

[}
"
|
N
|
|
i
‘“"T":'
L]
i
H
I
L
|

........

e o - P Lk I

I
r— ——
|
-1
i
1
I
b
!
[

f
|
!
!
|
|
i

|

BN .

I
I:‘ 4
P S S SN S —-—--:--
|
|
i
i
o
k
|
I
!
l

V¥ xilox 2224 29 = 42.5'5'-*?'? VA

6-61 37
|
i
!
f\)
L N 1N
me
1
|
|
-
!
A
!
P B E ;] 3
-
]
L

——
-

R
I/
i |
|
I
[ﬂl.!
E.
T
i
|
r——
1‘I

—

2 1~ 5T
42 ¢ £
1 gt
Qs
Sgi
S
i
e

ringBooksPDF.com

www.Enginee

s

Y
i
i

"AL - -Jg.f . e
— .......-}........_ e
I

B : i
== .l.-i...“.l..ll i [ - TR T T .1.- =

A
_I
i |
E
t
i
l
: .y : = .I; -
. s fle.--l|
i
EE, [ g . W . & .
1
|
i
i
I
|
l
—

1
i 4
D’

i i,

(c) Swigly Volt - Cumbone

i
1
|

o
BRI S P O
1.

&
I

Fovt = VT, = 954729 x 27-3643= 242 ST W

®

- - = -




i3] ca

= ¢

Conuverter #1 can be uged for ma'runuj arcl cmverter#; for
r:ejeneraﬁ ve bra l?m_aj

8 | —
+
;Z¢§§ HL . y
=L
I~

(i) = HER2TT 0502 323 9631V
E.= 3239631~ 130x0,1 = 3l0, 963lV
n= —228= 15366438 rpm

b)Y ¢i»

(i) Ps=R = VTo= 323 9631 XI130= 421182 KW

) Ven
(V) \ %
- . = g
! ] - I .
Coaducting
| _{"'r:ctiﬁers
AL 586|146, IH 342, 384 384, HE 146, 1&213&82 L1
F____ PTG Tt S Tt MR QP R
. y.# I g e | T i \—
6
o v >
. .
il i{ Le
|
e . - O
7 i [ ,
|
I '
-
) At - lo
g
> 6
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1013

(i) V,= -‘u;“———ig—cnsfzn'r- -323.9631y
Vo = -En.“'In.Rn,
Eo= =V, + JaRa = 323.963|+ i130x0.1 = 336.9631 vy

n= —Q—L"—L:sq‘! = [I23 2] rPpm

(i) p, = 336.9631X130= 43,805, 2w (delivered by Ex)
Pe= 130*x0.| = (690 w ( ab sorbed bj Ra )

Poc = Pa— Po= 42052 W-—F{-co! back 4o .Supply
or UL =Pac= 323.968)x130 =42/52w

(iv)

t L4 546)146,1820342 344,562 556 166 1221342,
u ol I‘ .‘ - o e et - -

T ] : i o ﬂ

_:——_—-—_-.-. -“F—-—-———_ﬂ-' . — —

Zr.) . > 0

[§8
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0.1l Ty
e 54, B

A j‘ﬁ' 2 )
TR Jo (% Vens 810 6) 46y, Sz ¢
2 T # * # e
— 2”%5] {=Cos28 d 8 S, :
TR ¥ 2 '
n * ‘
= uﬂms [9 _ SlnlS} : l
2. W, U i | 1
R L
- _0_.[ T = o + Sinank . L S
Fa
= S28 (- + Elhl-&) L-/
L.

-

o’ 4800 W (w)

| Sin2ed
bo 3854 |
90° 2460 Iy
NEEE ffLiE_Lj
[ 50° 138
{80 | o |
3 > &
D

IGJSQ:L}{.E] 3

120V Sa

66 H,
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jo-1¥

Qi) Vo (rmg) = ';—If E(ﬁvi‘:n&)ldﬁ'
/2
f - Cos528 ]
(2]
B /o
- cﬁ&J
ﬁ [L(i Cos 28 )
_ _V_[a _ sm.-.-.el’ G
ﬁ
Vo
YXliaca) - Sl‘hlﬁ—slfﬂ&:{,]
JTI[ A=) 2.
L = 90° |
15= 90+ 1385 = a2% yl
20 [13sam) _ w}
VQ(rm&] = T [ % a b
= FZ-2V
b)el) & = cos"lo.7T = ¢s.4°
A 3 9’-5..§P

iy o = I15° < &
Cunrent s Sinusewdad aund fuiﬁ uﬂiéo.@?_ ns.
ackosS the Load

Vo trms) = (20V
! x T46

I“P“t VA 0.7T X 0.75

o= T = L¥20:95 . 4; o 4
i =0

SCR {r‘ms} i :

/60



cay AC Converter

Input ac ~» fixed voltage g fixed freguenay
Output Ac ~> yariabla. o iase but f-unJMenmi freguency same as
Input freguan

(b)

First hal{-tyele — D, 7, Da
2nd hﬁ’-f-‘ﬁyﬁft —e 2,7, 0

— Wt

o | e ot
N ﬂl\\lﬁ I/L

N\ LN,

m+¢
o ¢ 1"_’.‘# P "J'&

(@) Vi(rms)=120V Io(rms)=122=10A -
Ith=10A —> thyristo- carries both halfcycle of output cutrent

1&4
; M . - g | : :
Idmdf— 1= =T.0TA - wi

f) - scr conclucts afurinj both h::-.i.j-- dees, hence bello, Iy L‘]n.-s{m
4 SCR.

S g On-phle ondachoa drdp - Dwae ewdvunt
CornAan e S veﬂb-yc 6'.\’/}:5 Oy A4 oy E:,ZMW
and b Aodta—al] [ ai ponde |

(6]



zv

*) ke B i - W
O T |

e.17

. T &GV .
A= #J [3 3in@SinBAO = LJ ('t—ajag)d9= elg —-c(}-%-smiﬂL]: -—‘{TF-d-!'g‘Smﬁnf_;
b= &  snecsbdo=" [Tsinapde = Tt B L= l - 2y (cosD~t)

G2 fax+4b> = *'ﬁ-pf(ﬂ-ﬁ-l-',"ﬁn:ul]z'l'*(fﬂiiﬂ{-”

b Tbeﬁe isno even order fumamcs fnr n=3% 29---

Qn = __j- G FS'IHESMQdP"’ = fﬁ Im{nﬂ)&—-mﬁﬂ)ﬂ }d;ﬂmﬂ
-ﬂ[ Sin (N9 !ﬁ sjnfh*ﬂﬁ'[ ]= L#EM* n- J

ind D Htl
\ = --J J: HschﬁPdE.- 7r L [sin(hn)6 - Sln{""'iﬂjdg %'[M '_"mﬂll( '“‘HJ

T —— : R s
- -‘;.""i- i ! : ! i i " .
L] . - 3 ' . H -
= * b H B i - : =
a o i ""_‘ H . " H W i > 5
S {""';""""}':"" .......... SCETR LR : l_‘_...: ...... - ..-_a.l_-._..-..-...-..du-l-ii-r:'r!-i-!-i--. rrrrr 1: ++++++
Ll : . : i - . . i 4 = i =
- " H iy, = = [ F 9 . 2
¥y J 2 T - i e o2
; : . : Ta b . : : i : -
I E b 5514 = pomaa . s + e e rn b : -.-l;.--.-,a.E—-..- ‘. - —:\. - :
L : : = i, : " = - E : e
; . = : ‘"‘.‘ l'rp'i " x . i ; .
o s 3 : L _ = - :
ﬂ i i.l-rllEllllltrl #a rr“"i-- L} li}l- ir:' i IIEI-----------:
5 A = : ".'1 : E - E : -
F . - x - : " H b
= - 5 & T % = - A
o a : 5L g : . E .
L L
%; E & . 3 : | 3 & F =
T % TR - Pl
'm ; - : Y : = : :
o : . i % : -
m ................. 5 ........... E. .......... fErarem e r......'\;:':...,..:. ........... FEEEERL RN T E-il-l--i:- fffff FEEET N
L] R ] [} : il L]
[«] . L T 3 - 3
} » "' { i Pomy ! i .
& . £ b i L : a
4 2 ; ; ~ - 3 . .
L : : : : ~ : : :
é 4 v - : g = : ; .
* H i . ¥ N : i
- 2 : : . LY i ,
s . : R B e ; e Er L PP, e R e
e 00 RLijssepmaavapssa-nikmsnsn tamm st oa ek R L T o e L L .; ----------- z E
o : ' & S S TN -
i = H atl a a : s s
. 1 & 5 . L ¢ a
: g s . i N -
- '2 s : [ P = 5 % P sdl, :. E
LA L o b I
" R ] : ] 'H- H : =
: ‘.f,__.-r"""""-”""" n-h_ﬁ : ,.-""--Fh""""'-..,\\-.. : - .
= — - : .
..... semmE R e .:'.',.Il:’r.l.._i.‘..‘,..;.,....\...,_.-..‘.TT.'..'H,.-.-..-...:-.q.--------.-h.-----.ilili‘hi“ﬁqp;-:-----._
! . : *
: : : : ; : .‘v;‘
[ - - [ ] : z
' ’,4'" . g i . i = .
n r..l" : - H - L = lIIlIlI|II-|.=

Alpha (degree)
¢d) Mayimum 3rd harmonic uo[tye.. occurs at ol =90
Hsg= 032 = -3 for o=g0" = 0321120 =384V 5= 7o Y= 2844
72X _
H'd=n-&=%- V,=0.6%X120 =72V Li=55=72A
Hsd = ””'—é— Vo= ol X120 =132 Tg= ;32 =, 32A

(b2
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- | mﬂﬂ Vae Vea -

[
~_

. —

'L,q ® {ﬂﬂ"-'{{!q_

(C) Rﬂ‘ﬁnj; Jcnr' MOXi Mum ﬂu‘tput

R _an_cf. i q‘: =0
Hence. oL min = o° — Current is Sinusoidod
IgJ;. = 200 _ 208 —>» Tms Pﬁﬂ-se_ C.meaf.

IO
IR. = 20 = ¥, %A —> rms SCR Cwuinent
J2
e E X 200 = 282,? Y —7 Yhax, volta
V&::R_ peak, . R 8 SCE}L

(43



(a) Because af A — Connection , €ach phase can be :‘mpmﬂbg considered

oli Uas
La%- " ik | 1 tab
id = J: VapolB + 1¢ad) wt
- f:ﬁninaa{aw o—A f

s ALY _
= - ((osd (osw¥)

(b) Fﬂk" L—> Q:*E
For Current control =S- <oX<T |
dy A=60°<d —— hence current (s J}nuaaida-f
i 208 _ __=2°8 ;
() I.= “gC = InboxeXio3 = 5€I17A

(i) Tsca= S5 =39A , Vsch|pou = JEx208= 294V

KRR

o !2‘_&'/..\2##- \-’/

0 \\/L A i

+ 8

(64



[f0:20] @) a

6

(5) Ppyy = Shp=5X746= 3730 W
A
Pout = VAin"| RF. — Input VA = o8txod = 6LHHp = 4876. 6w

© PR=oBsrsP=08F > P =3 79— full lood rame os o< 3/.77°
(d> voltagerating. Vscrpeak = 20842 = 29416 v
Current mﬁnj=
L
VA=EBLV. , L= Aﬁfﬁé""-”‘m , Tpmase= 75= = 78/384A

Iscrrms = %=£f2£ﬁ

(e’ PF 0.8 <0.85 — Current discontinucus

Vmwl
0 bo? [’-\ — -
. A |
LB :
I
o7 - — o}
[10.2¢a) Vo = Ea + LaRa
= QP.05X /200 + 125X 0.5
= T8.75V
2
T . {0 msec = 4’41515.-
250
L = 18-75 _ 0.65 €3
i2e
'fan'—“- LT = 5-6563:‘1( 4 = 2.4 2 § msec.
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2-625=2d 4 "

(‘J ) Ve 'L izo J l" l | El:‘mseri |
¥ i {LSA

‘o - | I — D —I_ymsqu:.
. E
=" Pt e

L) ’L %
() EaI, = éox 125 = T7SooW
T = 1282 = $9.683 N-m

(2004, X277
P, = VoIe = 78.78 x 15 = QDE Y

126x 0.6543 = d2.03 A

4
7
I

P, = 120 x §2.03 QEYY W

{: v

] i ?Hf
MBS S S S
la CH ' D> | CH : » > wt
20 A
55] J . T
(b) Vo = (i-o)éoo = Ea = 0-3 X 860 = 240V
_ - 20 *
of = éco 0- &
(c) Is = (i~-n) 300 = (t-6.4) 360 = 1206A
P:. = doox {20 = T2 KW
oh Tg = P = E,T, = 240 x 300 = 72 kW
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o) g o= U= e LD 4L
= == L4 ..ﬂi
during bpf — = ~lo= L g1 1

Vin_ ._Vf_s&
%o o v= Ry =y
L3 v,
O 's)
0.6 vV
1.0 o<
by &4
5 e Wt
ﬂL‘ vV _ _
o +— — Wt
% .
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APPENDIX A

ns= 553 = 3 Efafs/,nnfi./,bhﬂ.ﬁb
{ = 139 = 20 ¥ = /80-1%0 = 4p
3x 3
~ distributiog factors are,
20

Ky, = Sin(3x 2% ) 0.9598
3 Sm(3%4 )
Sin(3x 3 x2%

gy w it 3 - 04847
3 s (3x297)

Kds = Sin (3x 5x 3% ) = 0.2/714

3 an(_fxlﬂA)

The. pitch factors ane

Kpy, = CﬂS(“L%) = 09397
KP,; = Co8§ (51:' QVJ_)f- a5
kpsg = cos{(§ x4 )= p.1736

The ulﬂdﬁahj Facters ane -
Kot = Kkd, ky, = 09598 x 09397 = 0.9019

Kwag = 8.2/76 x ©.173 = ©.0318

'3;-;1.“ eg- A1 , +he rms ?cﬂﬂdn.ﬂﬁﬁnfn.’ Un{fn&-e 'S
E; X Bi(max)Kuy = &kx i@ x 6.90/7 = 0-F019 K

Tﬁ;n_ 3vd ¢ sth Barmeonic Um‘%n&:s ank..

Ez= KB3y, Kwy = Kkx 0.4x 0.3333 = 0./3332K

Es = K Bspuu Kus = kx 0.2x 0.037§ = 0-0074K
Phase voltage is

:.& — -1 f/'l-
EI’-H- (E, + &3 +E§+--—--) .,
= k (6.9019%+ 0.13332%+ 0-0074"+-- Y-
~ 0.92118 Kk

(T4



Line=to-Line uu!fa.g.?_. IS

Eeo = V3 ( B + E5 + '"”)y"
)
= ;E, < ( o.‘mf‘?;-}- ﬂ.an'fél-f- - )/1'
=i k (0.90/9) o

Eg_ﬂ_ - & 4 ﬂ.?ﬂa’? - «3-
E, &. 2019

Fer o BxO%00Y _ = 0092914 )
Ein ‘b-?”g

Note that the Lina~to- Dine oltage is slghtly
Lower Tthan V@ Liges He phase vo Ha.&,e, clue.
o the oabsence %’ 3"‘1 Rarmenc. Cemponent,
in the Line-7o-_Line bnf‘éa-?;e.-

/o §
2xz " & slots / pole. / phase.

N =

Each slot Ras two Coil - Sides (doulafe_ ..é'wdtr-)
Tetal coils = /o8

Totad Turns = /(03 X80 = 224p

Turns  per phase  ANg, = 3141:/3 = {080

5( = /8¢ = -
(3)¢€)

'II" - l"ED- fs'ﬂ - gﬂu

‘F‘, = 0.6} Wi
‘?53 = 0.0/ x0.3/2 = 0.00! wh

P = 0.0l x 6.2/5 = 06.0004 wi
Koy = 0.9561 . Kp,=0.966 , K, = 0.923¢
kdj = 0. 6#?’ y. k,bs, = 0.707 y k-lds = ﬂ-*ﬁﬁ
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A. 2L Continued.

(5)

kd; = 0.197 , Kpse = 0-259 ., Kisg = 0-0&]

6 -Pnft. /1200 kprm —p '.F.r = 4o H:_
E; s 434 Mor §, @) Koy = %44 x 60 x 8.01 x (o080 x 0923%
= 26856.7 V/phase

Ey = 444 x 3 x 602 6.00l x 10806 ¥ 0. 45§53 = 3?3‘-’/‘.@}‘

Es = 444 x & x 60 x 0.co0% x (68 x 0.65 | = 29.,3%;.

Et-n = J 2656.7T% + 393% + 29.3% = 2485.8V

) Epr = VB3 [/ 26¢56.7%+ 29.3% = 4Loz2v

[A-3) @)

(b)

(c)

(et)

Total conductors = % x20 = 920
Totad  turns = {(930/5 = 966
turns per phase A’:,;L == —%E = 320

7o -make 3rd Rarmonic Uaa"{'n.a,a sene |

kF_; = Cos 3";/1_ = O = Cos 9o°
- SOKE 2
T = £o
Coil- Spasy, = 180 -0 = (206
j: {20 - ;;ﬂ_. - s-ﬂ HE’
/80 &
A = 24/ 8 = /&
N = ;f3 = 4 shits /pn!t/fAnSL
T = &o°

Sin (% x "'r/:g_)
i Sin J?L

kd,= = O0.988

k’d;: 5-653
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A3 d) comtinued

Kd:y = 0.205

Kp, = CoS 6o, = 0.86¢
RPS - Co0S (3 6% ) = 4
Koy = COS (s x624 )= 0.866

Kigy = ©0-82%¢

E, = 444 x50 x 0.12 x 320 x 0. 82946 = 7072 .V/,aﬁm.n.
Ez = O

Esy = 444 x & X 50 % -"-‘-"’"‘;_"“'f x 320 ¥ 0.5655
= 723 v/phase

Ew= J7072% 4 723 = T/08.7 vV
Eio = V3 J 7072+ + 723% = /12.313 kv

I 3 /
A4 (a) I2kv = (B + B+ ES)®

/
{ E;l + {d-lsE,Jz + (D“ﬂs EJ )L J /‘
/.032 E,

li

"
»
i

1. 63 kv
L3 = 0-25x 1163 = 2.907 ky

Es = O-05x 1.3 = 0.58/% kv
5 2 VA
{6) ELL":JE(E; +(ﬂ-ﬂ5£,})
i
= V3 (1435 ¢+ a.s&:u""')é = 20./4% Ky

15 SO, T _ 180 s°
N T ¢ Shbleeledphase L= Tpa 1S

¥ = (80— 135 = 4&°
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A.4 (¢) continued

= 0.885

1 kpy= 0.92.4 Kio

= 0.987 - o

Kay= 0 3 Kpy= 0.383 Kuos .
==0.0

"Qs = 6.6.5' k‘ps N 5‘.533 kus

S
kds = ®.20

E_& = 444K F J\f’qs.;. *ea...j.

g Es X Bhmax Kesh

Pa < B /4 A

E#
B4 (raxy = e

(65 = I13.14K
Bt max = k(a.aas |

2'?;"1) = [1.63K
C3mac = K 5.25

0.5314) = 7.-3595 K
B.S'mnx == k -0. 019

6. 56

LR

= | ! 0888
B;: 85:85 —
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