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A 220-V threg-phase six-pole J0-Hz induction motor is mzeing at a slip of 1.5 percend. Find:
fal The spesd of the magnetic Galds in revoleticns par drmie
B The spesd of the roter iz revoldons per mizis
fc) The slip speed of the rotor
i} Tha rotor fregqeency o heatx
SCuLmon
fal The speed of the magnetic fields &
_1xy, 120{30Hz)
P &
b} The spesd of the robor i

w1 04D 1mim

r, =(1-s5) m__ =(1-0.035}{1000 rimin | = 965 rimin
gl Tha slip speed of the rotor is
M, =R, = l'.'l.[lﬁi:ll: 10040 :r-‘::|:|.i.|:|.:| =15 r'min
fdi The rotor fegeency is
_af _(s3cimin)(e) _

- 1.75 Hz
R 120

§3. A throc-phase 60-Hz indnetinn pecdor rems 21 7175 riedn 2t oo load and at 70 r'moin at foll Joad.
fai How many poles dogs this meodor hane?
B What is the sHp 2t rated Joad?
fied WWhat is the specd 2t mne-greartar of the rated load™
) Wkat is the rober”s electrical frequency at one-quarter of the rrizd load?
LTI

faj 'This machine has 10 peles, which prodeces a synchronous speed of
120 120{50 Hx)

> T = T2 r'mim
fB) The sbp at raked load is
—-H_ T20-&70
i - =100% -,—_l[ln-'lllﬂ'-i-l.‘rﬂ'-i

fo} 'The motor is operating in the lisear regiom of Tts torgee-spesd curve, so the shp at b4 load will be
5 = 0.25(0.0694) = 0.0171

The resukting speed i
m_=(1-s5)m_ ={1-0.0070){720 rimin)= TOE rimin

fd) The slectrical frequency at % load is
i, = gf, = [OLO171){ 50 Hz) =1.03 Hr



&5 A 2V four-pole 60-Hz Y-conmected wound-roter indectinn motor is rated at 30 hp. Its equivalent
CirCuit Components. ar

E =0.1000 E, =00m00 X, =100
X =02100 I =02100
P =50W P_ =0 P =40wW

For a slip of 0.04, find
vz} The ling comreat [

B} Tha stator coppar losses L

v} The air-gap powsr P

vl The powsr coaverted from slecical to mechamical form P
¢z} The indneed tomgme LA

ift The load torque 7,

fg) The everall machine sfScisncy

&} The moter speed in revoltions per minute and radizm: per second

Sonamoe The egenalent circuit of this inducticn moter & shown balow:
Ls

— i A L f
+ 010F 0T A .06y @
: Lmg
Vs po? 3*‘“’ 3 B|—|
1.337

F L*
"

fa! The sasiest vay to fnd the Ene current (or armamre corment] & te jget the egeivalent pedance 3'_.
of the rotor cancuit in paradle] with (Y, . and then caloalate the cusrest s the phess voltage divided by the
sum of the serws mpedances, & shown below.

Ls
[EE— H| _|'.-!'i.1 _,l.-{r iy
N Y Y T T A

* 0107 a7
LE

The egehalent irpedance of the rotor circedt i parallal with (F,, is:
fom T : R : T m] IE+ 03RS =] 3741637 0

X, £, 0D 140+ 021




Tha phaue voltage is 208743 = 120V, 5o ling corant I, i
Fof - F, _ 12050 W
YR X 4R, X, 010D #0210+ 13180+ p0.3B6 0
Iymi, =TROS-228" A

(b} The szior copper loswes are
B. =R -3[?3)'.'! .H.:l'.li'.'l.][l =125 W

fc) Theair gap powsris P, =345 237 2,
&

(Mot that 37,'R, is equal © 5.:'_.'%-—. since the ooby resistamog in the orgmal rotor cincuit was R, /5,
and the redsiance in the Thevenin equivalest ciocoit s R, . The powser consemoed by the Thewanin
wquivalent circait et be the s2ze as &e power commmed by the criginal cirouit.)

P —Sf:-i-.h'_..-'ﬂ, -3 TED .-'-L_':"l:l.EILE 0 =240 kW

; J

{di The powr comveried fom alectrical to mechamical form is

P_omll-s)p, =(1-005 ) HOKW) =228 kW
{el 'The indnced forges in the maotor is

:,_-:'-'- - ]4:2:?;.1”1:@* 1274 N-m
- 'Ill = :
== 1EH :r-‘1:|:|.|.1:|_,|"—:l T | I___ﬂ'.'l )

(! The catput poarer of this motor is

P, =P_—-F_-F_—P_=TEEW-300W - S00W - 0W = 209kW
The output speed is

A =(l-s)m__ ={1—-0.03 ) 1500 r'min | = 1710 r'min

Theresoms the load fonges is
g = tiam _ ‘]I_P;Wﬂ%__] —=123N-m
% (Mormm) S|
, lr J| &0s [
{g! The overzll efficiency is
P . Eyn
 —l g T ——— = 1 0%
TR WimE
218 kW
=] 0 = 6560

7= L0V TED A)jcos22.8°
{h) Tha motor spesd in revolmtons par mrinnts i 1710 rfedin. The motor speed in adians per wecond i
{1 rad’y ] min®

|=179 ad's
i, Ir 0 60s |

@ = 1710 r'main |



Fer the motor of Profblem &3, bow mmch addibonal resistance (refomed o the sator cizonit) weoeld 1t be
necessary o add to the rotor crcudt fo mals the maxizmm torque ocour at starting conditioms (when the

shaft iz not moving)? Plot the torque-spesd characteristc of this moter with the additional recistance
insarted.

Eopimnos To get the maxismm tongee at startizg, the T omst b 1.00. Tharufor,
R

T -

T Ry Ky 2 XY

L.m-]‘#—
[0.0958 ) +({0.2066 £ +0.210 O

R, = 0428 0

Since the exisfing resistamce is QU070 £k, an sddifiomal 0358 ©F mmst be added fo the motor circeit. The
resnlting inrqme-speed charscharistc is:

Byl ey Bt T oot e -5 o) iy ot 0B

1] 1

0 o do Eg a0 0m am ;o IEm 1Em
l-'\l

10 A thoe-piase $0-Hr tanc-pols indnction motor mms at a no-load spesd of 3360 redn and a foll-load
speed of 3440 r'min.  Caloolaw the slip and the electrical frequancy of the rotor af no-load and fil-load
conditions. What is the spesd regalation of this motor [Eqeton (3-5E8)]7
ooy The synchromons speed of this maching i 360 rmin. The sbp and alecmical feqeancy at no-
lzad conditions iz

5, =t TP pgey o BH035RE e, -0 5em
n_ 3800
£y =af, = 0.0055)( 60 He) = 0.33 Hx



i1l

Tha slip and slectrical frequancy at full load conditons is
gy = T8 e, 3OO 3B e g aeng
- J&00

£g=5f = 00444] 50 Hz) = 267 He
The spesd regulation is

Ry =Ry e o FTEOIRD e a7
My a0

EE m

The power croasing the adr gap of a 6 Hz, fowr-pols indnction motor i 27 kW, and the pomner comyaried
froem edectrical to pechamiral form in the moter 35 23.3 KW

b What iz the slip of the motor at this Sme?

B} What iz the inderod torque in this moter?

fcd Assumving that the pechamical losses are 300 T at this sbp, what is S load torgoe of s peotor?

SCHLTION
faj The synchmomoms spesd of this motor is

130 130( 50 Bx |
m,_ = .':"j. - 3 —m |2} C'ovin.

The powser cormried o slecmical fo meckanical form is
P =(1-5)P,
o
F _234EW

jm]l— =]

P 25 KW

or f.4%.
{hj Tha spesd of te motor is
w, =(1—s5}n__ =(1—0.064) 1800 rimin | = 1553 r'min
The induced mrque of the moter i
5
- = AEW —=132.6H -m

= d Il- Y 0
B (1683 plmin)| 2% 2 |/ 1 min |
' LT

Alternately, the indeced torque can be found as

fel

—

AL 1'_‘21‘1&”[ — 1326 N -m
=] T T, | L Em
1500 rimin | —
e T Ty

The cwtput power of this mobeor is
Fo=p —F  =13400W - 300 W= 231000 W
5 T
"'-‘"‘:.f"" _3;:1:.11:::1 HeEe
= (1683 p'min)| —— } ——
(1685 simin | =2 LTy,



k15 A 480V S0-Hr fowr-pole Y-conmected imdecton motor i raskd at 25 bp  The squivalent cimcmit

PARESET AR
£ =0150 £ =010 X, =20
X, =0g530 X, =10860
By =4HW F_ =150W P _ =400

For a slip of 01.02, fmd
fa} ‘The line comeat [,
b} Tha vizior power Sactor
¢} The mior pownar factor
{dl Tha moior frgquency

fe} The stator coppar lowses B,

(f Tha air-gap power F
{iz} ‘Tha powsr comvested from alectxical to mechanical foom P
ki The indnced fongoe =
{3} The load moqme =,
(i Tha overall eaching efficiency 5
ikl The motor spesd in revolmibons per mimute and radizzs per second
T What is the starting code letier for this motor?
Scnarnoed The egeivalent circuit of this indnction mober i shown balow:

L

—_— ba i _|'.-:'i.1 ,l'-ﬁ i
BB e Y i T e ——
+ 0157 08527 SLDEEY  Bd
- (1-1)
Vs a7 f M 2 R|
rhan

fa) The sasisst way o fnd the Ene curreat (or ammmm curment) i e get the equivaleat impedance £,
of the roter circnit in paralle] with [X, , amd then calculyin the corent aa the phase volage divided by
the sum of the veries impedinces, o thown balow.
Ls
—_— # ot Ky i
A Y Y A ——

Yo00sT  aEsT

LS




The egovalent impedance of the roter ciroot in parallel with oF,, i

7 - 11 — : ] =6.123+ 325 = 6.932.5280" 0
+

X, £, 00 7.70+ /1068
The phase volage is ‘I-IS-I.‘.'-'w..E =266V, w0 line commant § is
o ¥, 266.40° V
LRI R 4R, + X, 015D £ 08020+ 61804+ 3250
I, =f, =3594-332" A

(B The sixor poweer Suchor kv
FF = cosi 3327 | = 0E3T lapgging
fgi  Tofind the rotor power facior, we omast find the impedance 2ngle of the rodor
. X, . L O5E
fomian —— =i = T.88"
. A | .70
{d? Tha mobtor fregeancy is
_,l':-J:__I"_-I':l.[l::II:ﬁ-[l['l!}—lIH:

Thersfome the rotor power fackr is
FE, = cos7.58" = {.89] lagging
fgl The simior coppar losses are
Foo =M R =H3I5TAT (015 D)= 56T W
: . LTy
(il Tha air gap powar is F,, = 3. —-:--in'_..R._
{Moie that 3 7R, i5 cgml o Sf:'i. sinca the cmby resistanse in the ongmal roter circutt was R, /¥,
)

and the meadsiance in the Thewmin eguivalest circoit iz A, . The power consemed by the Thevenin
equivalent circedt emst be the same a5 Sie power connmed by the oripinal circnit)

R . . .
P =317 = 31k, =3(355 AF (6123 0) = 315 kW

fg! Tha power comried from alectmical to mechanical foom is
P =(l-s)fy, =(1-0.02) (2315 kW) =226 kW

{h) Tha synchromons speed of this moteris
1207, 130(50 Hz)
=""p 3
, . [ 2xr ad’y 1 min’| ,
'I'u-"-lm"'lm-'l- T .I_'.ﬁ.ll-lﬁ:.f-nd.-'.
Theresome the indnced tonges in the motor i
R
T Faa _ 2w w2 EMN-m

D (1500 pmin) 2T Y1 =2
v\ 1r M &ds )

= | E{{l rpzan.




{1}  The owtput power of this metor s
BigmP _-P —-F —P =X EW-400W - 400W - 130W = 21.74 kW

The output spesd is
iy =ll-slm = (1-0.02) {1800 rinsin ) = 1 764 rioxin

Tharedore the: load torgae is
- ILT4KW -
i ™ ; - ‘_l Iﬂﬂ. ,,|-11'.'..-3-I'-m
= (1764 rmin) = || =)

(it The owerall efficiency s

'_T- 'l::l:I ':IW“'.I- 'F:F.I o I.l:.:ﬂ-l'

P Wi oo
1 TR EW «100% = 91.7%

EI| 266 'V)[355 Ajoos(33.27)
{t/ The motor spesd in revolntons per mimute 13 1764 r'oexn. The metor speed in adians per second s
(" 2x mad") 1 min"

= {1764 rizmin )
" AT Me

15347 s

(I}  The equivalant cinenit of this mincticn moter ar searieg comdigions is shown balow:
L

s ] A e A
Y Y A ——
- 0167 08527 SO Y L1547
Vs ga 3 o

The sasisst way to find e line corent (or e cornt) & fo get the equivalunt mmpedance £ of the
Totor circeit I parallel with X, , and then calcolais the corment 25 the phase voltage divided by the sum
ofthe series impedances, as shonn balow.

L

—F i .|'.-:'i'1 _.I.-t:r iy
B Y R el ———

* 0157 sy

LE




The egenalent imysdance of the rotor circot in paradle]l with pF,, is:

3 : - : - =138+ 71.013 = 1 0237622 2

]
+_ L.
X, E 200 0154+ fL065

Ly -

The phase veltage is 460V43 =266V, 5o ling comment §, is
Jyomi, = L - ey
- B+ K, +R,+%, 0150 + 08520+ 01390+1030
Jomi, =402, 812" A

The starting kVA of the meotor is
5o =30, =3(266 V) (140 A) =111.7KVA
The locked rotor KV A hp is
111.7EVA
T
Therefore this mwodor is Starting Code Latier D.

KVA/hp - 447



