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A !:' ,“/," Lo X

Less than 5 %,

PR

Ot e O~

a,I Electrical Manufacturers As
-

sociation — USA) /I L
TV mefmicn

\

/ Pull- o%‘cf\z{f/ ve. g

Volgue 5,

4
Netes.

A Less than 20 % 500 % - 800 % 100 % - 200 200 % - 300 % Standard Design
Less than Class I3, 100 % for Large for
(Less for Large Motors, Most Applications.
Motors) 200 % for Small
Molors
B Less than S % Less than 20 %

350 % - 600 %
(Almost 25 % Lower
Than Class A)

C
o (n,(dfﬁ.

Jﬂ-@

oS

Less than 5 %

Less than 20 %

200 % - 400 %

100 % - 200
100 % for Large
Molors, 200 % for
Small Motors

150 % - 200 %

To Replace Class A
in

Recent Days.

100 % - 250 %

D

7 % 10 20 %
(Typical)
But Can Be 100

Can Be Up to 100 %

\

150 % - 200 %

Designed with Double-
Cage Rotors

(More Expensive)

200 % - 400 %

275 % and Higher

Up to 400 %

Design Class A
but with
Smaller Rotor Bars
& with
Higher Resistance Rotor

Bars.

Scanned by CamScanner




23 /o Lol /fecfﬂr& 9

auz,l:s Dﬁm) 7/%

? ,1-0 C séwe.a) wiph e fﬁ}@*
9# @Jolmﬂof (/Qg)cé) |

,,_ﬁ Qmége Qw%fﬁhf o U S S s S S
S 7 - %fhma, Carde (AQ D T
) - RSN
B e
e N o A Cu) o
W _evlgec— Ca@c (GGPC_J}CS\OQY\ ? —
R —>  Jecrease. amrhr%_eu\cw«ﬂ o

__‘_'-,__lndee?LéWﬁfva/ _}Of e~

_Jue_do Vel S e
i ) skin clbect ,7‘&5/‘\*&
*""“"FB%(_ @ l’)ofrmzﬂ C‘\mer‘@ gﬁ‘m’“f

. f“””””zf ¥ _--____._.-_Xl» X
SR> N—

Curbe(’: @ %rhﬂb X—
Q@ 5—(—‘1[_}1019 )(2 >> )(1,4»(19 f -y Cu({B"‘-@'
S Oobﬁan,('m}('fo\ (@ He —ouer
N ——5)06( ks R, —f5— (.ijar”ﬁ*“" TJheot _alt TL'Q

Scanned by CamScanner



b._.,nof.-r»:lf\f_(l_“e\nn;’zm% (~ )ﬂ!’k. ‘L \;j, - :E_Iﬂ &;«.;‘Qﬂ:‘"&f “’J —
d

: ©at ”Ofm(_mm,a? -
f G@ 53— OS) -}»0___#_ -

= oo R{Q@(—qma.m (educed
by Resistance more efeck e

S _*;, I

— fm’w Cummﬁs _are ¢censenbraded [ta) “H*e
intecned ccce. (normal ﬂmnwod ccuéQ)

__CéaSS )f codfontj_ﬁﬁ_/]/(o tog5 aceol il

(Ao Inswhedtlon  class)) / mtefinel Y
. #Wf\@hfe )2#/:#%\,&.4 r\?”sﬁ_*

s Aecor ] Fo NEMA— b (.(, el

__.@@5)‘8)3—24—“—4_—/ 05 C°

—pEeSern /2 Lg -fCao_‘ — ‘__ -
_,_gci\?% ,,A_F_: 155 Cmo(‘e_ Used / cos f E@%cﬂﬁ)

-——Qes:,@n_wH_»a J<Za_€ (Very E?KMW)

T Mefled o specd
%Cf«’fa” /L( c stk B
___ﬂ_*/}rm%m_m{wf_cwf@:( B

VHR e ———— F—- —>2 o _—‘
o \Va La@f&_ﬁ_g__z,ﬂ@% NelY j‘ V, o
—

|

Scanned by CamScanner



! \}\%m /—IQ ;‘*au.{Jqo—Wom%%dmr B B
0’P,JUJ’Q‘Q\“") - Lbfxza) WS
2 | > = p@m’{‘lﬁcﬁ(amcs ,/(,:M)l

. anﬁu”"’ — 5 (o) SMC_-VARWC ----
— T o (+fw)e Qeﬁuﬁﬁfﬂrwwu_

. @Mf d@c}&m csj(ﬁ%r\a&jv@ =2 Thfrenies .

Gl % VAR TAC .

wéefx‘ef ﬁmvw. ( ,},{:;9, sl ) -
e l\/;;});ﬁ;/e__lfmﬂ{age Cw&/o@__él/ls) 5/;:@5

' Scanned by CamsScanner



B . ¢ mﬂ)ée._:.A/i:_@j__\[r

S S o G g

- 0.05 of TWMJC—q,’-FfGM—ul/DZCf'—@"—ZCC
~ i S § 25 2

08 759{ ,J'V Tm&l‘ s | l/' }Sﬂi_a_%cfﬁ g?

@_i[_k}smis_ﬁﬂfﬁﬂe eﬁ( oéa_prj_)/ﬁ)e_h“_
— 0_1;—0,)-5“—711(-0 l'ﬂf__QW(‘O'e A

Scanned by CamScanner



3o /\o / 2ee aéc/aw Ao

<®Armm olfage conteel

@ &o@or [‘&S rSkqnce om/cfn-@ (mtmng t‘for“f "‘""'C\“‘“ )
Ny = constank (fixed) £ =constant (aked valw)
—Xg—F— R Reyebp—

_eIP &exe s odid o Hhe gote
e ——> 15 OQfBe/'é‘f.- /—'fec,(‘e() e

jmav,x

T 3uskt R
:\ { e 1 A 2
Ay 2 W’s[ﬂ”*h) Q.m-+CXM+Yz) SRS

S Rang

A 2 I S
T i O ) e
Inereased.

o 3uRRe) ‘—'_
— e wsf( RitreRY +Re><b Hepa, )J

= l;é h,—:r 1\ —Jf"L o

I N S

PR | JORLARS +Rexd) (ot X))

Scanned by CamScanner



___,,f’?_@__{f ve (;}) -

- i o, m JSpeed

max S -
1_'0 . CS;’\-A(“‘( . S_(_\? —————

-;__w__,giﬁ[__g.q;}u@l»_-a__ma%cs s more._{es5cs,

 ADVANTAGES B
___—_—sﬂec)uee&qré_@y__@ﬁ%@ -

3 Increage Stactiny Torgwe. | ~

- DISADVANTACE

s bopecsed ok oF Sl morc_ioss«,s ;ﬂ_
prcc_ﬁ bel«mj?

/ @D»gham S

T Rext efbeck on Speed(Ts forque
] _ olepctreszics curve. S

Scanned by CamScanner



I"’_—‘\ —_—r————— —

O hpt gk
By

_——— Gl G

o Sifpury

0ol

—

— N (}.o_Ja?'f_\_"\ié\._5_4!._“-»4*_“%—“ —

o NS N < upte S @ed)

) con e comeled L
S— Sfeea)_.m_-___..___._-w_-_- —

s % sbore. ke

. P ™
N %w o by M /
O A VNS
] Q@_Q_&&g =2 Nsery DS
v W F L ) TZ
— ﬁw/ (‘)}1-——-@1 g\~——60'-~‘~———'n2~*€ -~—«-—L@Jb~/} ......
o 2 == ,’ P L ¥ oo,
__-/,__ _ o ey Slel
. s
Y —— i\} r;t.CQQS.‘:‘ﬂ\.QL_ N

P | S— —_— 1 1

Scanned by CamScanner



@L)ﬁ:"d’\ ‘«f\Q +re.n “'7/ confsol
= S V‘fﬂ.l

—_— I

mayx

ko
E

_LJ-

—

_6@ o

o

ql@
=
)

I — — S—

2 [) Ryl JR%I«L()(%,,_XL)]

(”s xra}fm |

fn‘??\w/u;;}? alf’ae

Ry

T ’4)(7%% x @,——a

;f;:;“ o n ‘wz:ﬂ;;g; :

Scanned by CamScanner

=



‘)(R»rk 41%) - ()(Hn% e
1"0<£r > —__Lg{—Ue) > T% Ufr S
\}a\{ LAD) _ -

s P ' S Y Y
S ..,.W-..-ﬁws[C@mwn(xwx@)ﬂ -

e J—

/ L\e, /’Jcﬂzaxecg [/Q&Leg in_ ;e,f(-m?? C«WEVLQ

ﬁu& 4o WCW- 10 ft%mmp? 2y Mzg)

PSS SRS S 1 =l ! P | .l

|
SE——

Scanned by CamScanner



w-\ﬁlQea’uanf fp éeﬁpﬂ fcdl:cé Wl,uc

- qu\s SH ‘_ﬁ_‘w%éﬂ\ «S——m@re—él"tm(j@r"“ﬁ

_ @ ”’0 ut. feM_ﬂ%&_{?f%y{m?y ngbt {e%* 'eff”?
he  ellage constand
7 _,_‘/ ﬁiﬁ(ﬁ Cex_f-05 f)

S ¥ —aonstacl  — 5 P 5 P, o
,_},___’-'_’_“Z-x (})M, -

— ——— ™m — ., -— - - i

. I = 1 | 1 | i i i 1 i

Scanned by CamScanner



0 Te ke P =comspant (aﬁs,ﬂg UW; =
W T Kv\ae og B/ H_-Co\{m) — e

M s%;uu“' e kﬂﬂ“@”%‘“@@ fc&c‘)

Ve o SR e

LK kK RSN b, g
ape —"CRJJ) 0)33\>b BN VS & ;--ﬁé—ll--_ B
_.,#_.*_76___335 9J0Q2‘n—d-” W @J/‘p—y Q-Mfé— ==
____,QAIJJ _/-’( v (-of/z){)f (fq;w_»-U-b«‘—v;l/J/# .

Kach », \ ﬂl&) 9 S
M les

R — e e T —

Scanned by CamScanner



BPYE § 7 AN Y AT
N S ~;£ﬂdfof’-~~-oﬁ—~ (_f‘_i) e

S > g s b )

R S R T S
:p “"9 = M.&-‘_Cwﬁ}w&?ﬁf&@c&w

conspark
u_@owwh BN (U S ! i - | { ! 1 | ! ]

Scanned by CamScanner



| @ ujlflj/ ”ﬂl\' OODS%Q/U(Z )0 ﬁc*e Seceng ca,,%e\p
N _ !
%{CP—, TR 'ED) (£7)

_ U= D)) Lo
| 2‘1’!’{—0 iady o OL'&<—é:'

! cvoki: 450 e

s — -+ RO { by 5 @ Fatns. "R ANrn
3. = uM~§UGRMC) 6 3 ST i@ Ve asnnazﬂeola
e - T(en oy

[M Cona\t:Hiﬁ”’WS .

Scanned by CamScanner




el

CZO “40) 7 N eked -
L év\e,,.o a6 C\SCWD (etLLM-CI"\Cf_
A,_.,QJY)LNoOOS : : :
— I’)p (oq o0 e x’b\ —

R\ X

e Z Can_be n /cmlcc) [Oodi Q‘;‘ﬁt’f %C?.A‘,r??_,/yhloﬂ
aom S, aem\,@im M- 1/955533 . 0({ SPNE—
l——) PC(«,) = ~---- _ _ — N S —

P P BT, 9

-—
—

| PO I " T _@_J \]-/\ VL 15_ C oS8 Qmu\_,______ L L

Scanned by CamScanner



r (DCOF& p"" Paw/)

/}'D wWe . _alfe. chkﬁ&ﬂtg? L Coog)&. .

§ Stug ,,.?7 \ oo R
647&9/454{)/ —IME— aon,é B .
}’)éj/ﬁC/e' }Q‘ ISR N --/)Qﬂ(eag‘ 1‘6

- Pc&’ __ Ci‘“n) T Péro(leof-wmg)

L J

(?@Wmﬁj Q&T“‘M)> ( Eff"‘cﬁ“)”) Pﬁw zJﬂﬂ@))

e W D o Seprebe P
—B&“Mﬁoebﬂgj{/@ cﬁ'ﬁzo/f /9 Pﬁ{momﬂ

@¢9\>Ya6>f' U\F—zﬂ__- \\ (C&GA__‘_A I I SRS SN —a 't 7" (_ng
Vol -(—m(j'z:f‘ v, & \l ;

Scanned by CamScanner



i {osse\s‘ )\ C‘\{ D\ ogo)’k_) %u/ 3\2_1)_\ @
/%3/3\ U"’”Qj&g e fU a)\é_) R \erw lo 0 g
\f~0_,u\95;@ 3_”.,‘., o O\ =) CUJDM/ t/
.56_(30...-__W-,_@ﬁ__:ﬁ_\Ji__.ﬂ_,# = Powete O\
Au_@_wwbm‘ﬁq}@_ L;\L—g@x Losses N\ AW\

Ll L nu

gy g bimated

_____H__,cb___;'é‘o_wp'_-
A

| i | : | | - J _'Ojg)_)*‘,&/d_.a_d.) Q___D Lo 1

Scanned by CamScanner



o I P i T | I P _ S A e
—s Qos CBML B il P(\D{ b I'f--‘&wor'—-¥--—»»~-

3\/1"\" 1[3]" e carel .

—dy 006 Cem,) . @\\,ﬁ SO S

J—"’ '\]\ e 'I_ e e e T s e BB s

© Te= T = coslon — ;
I R e

’im C P\’\) - S

| _B\ QA il (R@ T_R Cc_
--o@-@*rQ\-@z— 2\—@-—2:&_3;* ®3_&\ - G—F\) i _’JQR_Q o KA

ht— R Rer e
o R = RRRaRprRaRe— Q—A‘"R—é“

e e _3_ B —-M@—R = =

@ Rp - P.\Qﬁ @%ﬁfﬁsﬁx ® R\ = RQ@QI

Scanned by CamScanner



@ 5(0@&55) /Qé(:o(l 1{6% PN |

= Gulelert o St clreatl Lok,
- Dame M/Q/?ﬂ?/ Oﬁéﬁ/&rm é&_@ Gls
Shafe

| X - } M=o
Do )) \/nv‘g a o"?;)w L/\o-@—of @{D@k&é)

__._,g_,__N M___’—_Qv__,___--A _‘ = e .

éGYJL{S—r Md} oy ) e I ¥ [

—_— ?}Vté@f abjf‘ﬂ"—l M-@ ———p --rp e
- e— 1/)/) k?‘v - —————

= 3/7h/ (o.qG] ”'"_“'p) pz.
—‘**‘"D——“Dy/y ﬁwy’ ’ S

») )Q«D/
G yj )7 )Dlye.gaélc BINE

Scanned by CamScanner



b1l 1204 s .

i) gnohmms ch&m&s ( 74/+crrwc%mr 5)

me.e Ac_matime Pore

| L @Wem/ _» QO&@(@ jfﬁq@ 0’67%6/&
o Dc_ SW(Q@WJ\Q__QamD@@n%C&Q %o[ /{& (osses.

_@ mﬂuﬂ[/% U&gf)__o,,g ﬂmmﬁ@(S (0 Ie O/QOV"QV«é}G‘-Q'{%)

¢ *T%sm..-ﬂwéune < (anmrﬁ? ML jﬁ)(eo) Sféeo) CUZC
oo Hme. ((SPee))- (\eadt&aﬂ'(@n—- TFElo) -

. ’ﬁa@,ﬁt@mﬂe._l/]ﬂtﬁ@em Jrg <<_k
( e ot L (Oe b c;? sxjvdmmlz“éc&c%
\le N over Sacle
“17 n:?fb_t‘a QP_{—L_ \ooa M'\KT) o
. ® One. ﬁMQ,éo,r fomef Shor{ o} [9&__-._ (655______

________%W., 0/ Oﬁ ’f{xe,;/)e-&u)b(“ﬁ CQ‘DG\CLM'BQ/@M i}
5 (e o) Aot o (eliallo ol Bialle

M@f@(oﬁon

Mewn constucgdod
Festules B

m S%Fw— C__/—} rmefu (‘c;)____ -
R Ls Where __J&,@ow‘er S

——> 5@&@/(’ C‘f)l— dé@ - Coepereted.

Seme. féa%w\es a s
Zla /’QClL’L(/HQn moto . -

Scanned by CamScanner



s Thze (2) phase 10indhngo ane diskcbate)

ﬂ‘o ~A€U\3(Q e &’l\e, (\f th'f*Ccl /U\LM.QC)E’\’“ @’ﬁ S
) /

- ..PD[rS. _ond ﬂ%@w&r. Y)ciaolec} I

@R@ Qgr . ( e éo }(c(#eé C&f‘cw'é))_. :
(M) Salient —ples waclives.

B cylindeieal ~tobor  macioes. :

s Salientopoles
S/7% >\ TN YA

r-

YW o fr atie vannih

— Sy et )
_ 3_@‘_@_94#0_/5(&02_[&5&_')?}( i
- {k Q:on{%“>“ Caced £, . -

Scanned by CamScanner



‘@%M@_ﬁﬂiﬁ_@a%s; =2 o_-b[usb_frs)m all (%%uffé{)
1o

cﬂéce}/‘

E taﬁgﬁﬁa@_éa@aﬁé_@i&q&d‘%_&@(_wé~

DC’/ ﬂMf;._EAM_J@ﬁ_/@&_/_‘
LBJ@WH ofaontiolled_(Eetifin _ate
O ,_lﬁ_\)_@f((/‘.ec) =

(
SN %
| owde =
| y—
o Ergs  \__/
B .JTU.QWZ(.‘GQ(C‘ fu.?_ﬁ D_.,_-\-not-uzfc‘m_)l_@ﬁﬁm

VY\Oé_’p(,

¢_E_m&é}ﬁé&.&.@_gn@@b%}—d’ﬁaiéaﬂﬂi@' 1

- - (etor

Scanned by CamScanner



~on_ S)wgé ((m‘Mw Jrq(teg @L&e %M@ 41?

#om 0%4 mecclung ’\“5%GQ€ bur ab Heo éeﬂj k?
fm’* %ch? gzﬁﬁ*rff@fw%
tPHOF kel nel
//L&MP(% e Zoof) ol Fle Jime. M J

oL
N Q@N‘

Scanned by CamScanner



— Uhmfcrra(f#u@gz Goowe.r\ 5‘@9%

i:w_é by Crerober |

s <=2, T R

,_amgj [ Grevcrcter S “;9

Scanned by CamScanner



The University of Jordan
Department of Electrical Engineering
Electrical Machines (I1)

A 400V, 6-pole, 3-phase, 50 Hz, star-connected induction motor running light (no-
load) at rated voltage takes 7.5 A with a power input of 700 W. When the rotor is
locked and a 150 V is applied to the stator, the input current is 35 A and the input
power is 4000 W. The stator and copper losses are considered equal under this

condition. The standstill leakage reactance of the stator and rotor as seen from
the stator are estimated to be in the ratio of 1 : 0.5.

1. Calculate the net mechanical power and torque at a slip of 4%. Use the T-
equivalent circuit.

2. Calculate the motor efficiency under the above condition.
3. Repeat (a) and (b) above by shifting the excitation branch to the input
terminals (L-equivalent circuit). Compare the results.

4. Repeat (a) and (b) above using Thevenin’s equivalent circuit. Compare the
results.

Assume the rotational losses included in the core resistance.
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The University of Jordan
Department of Electrical Engineering
Electrical Machines (ll)

(1) A 400 V, 6-pole, 3-phase, 50 Hz, star-connected induction motor running light
(no-load) at rated voltage takes 7.5 A with a power input of 700 W. When the
rotor is locked and a 150 V is applied to the stator, the input currentis 35 A
and the input power is 4000 W. The stator and copper losses are considered
equal under this condition. The standstill leakage reactance of the stator and
rotor as seen from the stator are estimated to be in the ratio of 1: 0.5.

(a) Calculate the net mechanical power and torque at a slip of 4%. Use the T-
equivalent circuit.

(b) Calculate the motor efficiency under the above condition.

(c) Repeat (a) and (b) above by shifting the excitation branch to the input
terminals (L-equivalent circuit). Compare the results.

(d) Repeat (a) and (b) above using Thevenin’s equivalent circuit. Compare the
results.

Assume the rotational losses included in the core resistance.

(2) A 150 kW, 3000 V, 50 Hz, 6-pole star connected 3-phase induction motor has a
star-connected slip-ring rotor with a transformation ratio of (stator-to-rotor) of
3.6. The rotor resistance is 0.1 Q and its per-phase leakage inductance is 3.61
mH. Stator impedance may be neglected. Calculate:

(a) The starting current and the corresponding starting torque at rated voltage
when the slip-rings are short-circuited.
(b) The necessary external resistance required to reduce the starting current to

30 A and the corresponding starting torque.
(c) The maximum torque developed in both cases and the speed at which it
occurs.
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(3) A certain squirrel-cage induction motor has a starting current of 600 % of the
full-load current at a full-load slip of 0.05 %.
(a) Find in per-unit starting current and torque for the following methods of
starting:

(1) Direct starting.
(2) Stator-resistance starting with a motor current limited to 200 %.

(3) Autotransformer starting with a motor current limited to 200 %.

(4) Star-Delta starting.
(b) What Autotransformer ratio would give 100 % starting torque?

(5) A 50 Hz, 3-phase induction motor has a rated voltage V;. The motor’s
breakdown torque at rated voltage and frequency occurs at a slip of 0.2.
Stator impedance is neglected. Answer the following:

(a) If the motor runs at 60 Hz while the voltage is kept at V; find the find the
ratios of starting current, starting torque and maximum torque compared

to the rated ones.
(b) Find the ratio of V1/V such that the motor has the same values of starting

current and torque at 50 and 60 Hz.
(c) If the motor runs at 25 Hz while the voltage V> is 50 % of V4, find the find

the ratios of starting current, starting torque and maximum torque
compared to the rated ones.
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The University of Jordan
Department of Electrical Engineering
Electrical Machines (Il)

(1) A 400 V, 6-pole, 3-phase, 50 Hz, star-connected induction motor running light
(no-load) at rated voltage takes 7.5 A with a power input of 700 W. When the
rotor is locked and a 150 V is applied to the stator, the input current is 35 A and
the input power is 4000 W. The stator and copper losses are considered equal
under this condition. The standstill leakage reactance of the stator and rotor as
seen from the stator are estimated to be in the ratio of 1 : 0.5.

(a) Calculate the net mechanical power and torque at a slip of 4%. Use the T-
equivalent circuit.

(b) Calculate the motor efficiency under the above condition.

(c) Repeat (a) and (b) above by shifting the excitation branch to the input
terminals (L-equivalent circuit). Compare the results.

(d) Repeat (a) and (b) above using Thevenin’s equivalent circuit. Compare the
results.

Assume the rotational losses included in the core resistance.

(2)A 460V, 25 hp, 60 Hz, 4-pole, Y-connected induction motor has the following
per phase equivalent circuit parareters referred to the stator circuit: R1 =
0.641 Q,R2°=0.332 Q, X1 = 1.10G &3, ¥2'= 0.464 Q , Xm = 26.3 Q. The total
rotational losses including the core loss are 1100 W and are assumed to be

constant. For a rotor slip of 0,022and rated voltage and frequency calculate
the following:

(a) Motor speed

(b) Stator current

(c) Input power factor

(d) Air-gap power and torque
(e) Output power and torque

(f) Maximum torque and speed at which it occurs
(8) Motor efficiency
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(3) A 460V, 25 hp, 60 Hz, 4-pole, Y-connected induction motor has the following
per phase equivalent circuit parameters referred to the stator circuit: R1 =
0.6410Q,R2’'=0.332Q, X1=1.106 Q, X2'= 0.464 Q, Xm = 26.3 Q. Answer the

following questions:
(a) If the motor runs at 200 % of the rated frequency while the input voltage

and slip are kept at their rated value, then calculate:
(1) Motor speed
(2) Stator current
(3) Input power factor
(4) Air-gap power and torque
(5) Output power and torque
(6) Maximum torque and speed at which it occurs
(7) Motor efficiency
(b) If the motor runs at 50 % of the rated frequency while the input voltage
is reduced such that the airgap flux is kept constant, and the slip is kept
at its rated value, then calculate:
(1) Motor speed
(2) Stator current
(3) Input power factor
(4) Air-gap power and torque
(5) Output power and torque
(6) Maximum torque and speed at which it occurs

(7) Motor efficiency

Comment on the above calculation results, compared to those of those
obtained at rated loading conditions.
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| (4)A 150 kW, 3000 V, 50 Hz, 6-pole star connected 3-phase induction motor has a
~ star-connected slip-ring rotor with a transformation ratio of (stator-to-rotor) of
3.6. The rotor resistance is 0.1 Q and its per-phase leakage inductance is 3.61
mH. Stator impedance may be neglected. Calcufate:
(a) The starting current and the corresponding starting torque at rated voltage
when the slip-rings are short-circuited.
(b) The necessary external resistance required to reduce the starting current to
30 A and the corresponding starting torque.
(c) The maximum torque developed in both cases and the speed at which it
occurs.

(5) A certain squirrel-cage induction motor has a starting current of 600 % of the
full-load current at a full-load slip of 0.05 %.
(a) Find in per-unit starting current and torque for the following methods of
starting:
(1) Direct starting.
(2) Stator-resistance starting with a motor current limited to 200 %.
(3) Autotransformer starting with a motor current limited to 200 %,
(4) Star-Delta starting.
(b) What Autotransformer ratio would give 100 % starting torque?

(6) A 50 Hz, 3-phase induction motor has a rated voltage Vi. The motor's
breakdown torque at rated voltage and frequency occurs at a slip of 0.2. Stator
impedance is neglected. Answer the following:

(a) If the motor runs at 60 Fz white the voltage is kept at V; find the find the
ratios of starting current, starting torque and maximum torque compared
to the rated ones.

(b) Find the ratio of V1/V, such that the motor has the same values of starting
current and torque at 50 and 60 Hz.

(c) If the motor runs at 25 Hz while the voltage V, is 50 % of V4, find the find the
ratios of starting current, starting torque and maximum torque compared
to the rated ones.

November 6, 2019.
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