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Abstract:

The circuit analyzer for polyphase induction motors is designed for use in the Electrical Engineering
laboratory at Montana State College. The circuit analyzer is used to obtain the current, voltage, power
input, power output, and efficiency for various motor speeds. The long and laborious calculations of
the analytical solution are unnecessary. Tests showed that the circuit analyzer results compared very
favorably with those of the analytical solution.
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ABSTRACT

The circuit analyzer for polyphase induction motors is designed
for use in the Electrical Engineering laboratory at Montana State College.
The circuit analyzer is used to obtain the current, voltage, power input,
power output, and efficiency for various motor speeds. The long and
laborious calculations of the analytical solution are unnecessary. Tests
showed that the circuit analyzer results compared very favorably with
those of the analytical solution.



CIRCUIT ANALYZER FCR AN INDUCTION MOTOR
INTRODUCTION

The polyphase induction motor is the most common alternating-
current motor in use at the present time for industrial application. The
motor is inexpensive, rugged, and has a nearly constant speed. Squirrel-
cage motors have no external connections to the rotor and can be totally
enclosed for use in adverse conditions where sparking or abrasive dust
may be hazardous.

The wide-spread use of the polyphase induction motor makes it
feasible to have a circuit analyzer for the study of induction motors.

Circuit analysis has been used in the study of transmission line
short-circuit currents by means of a calculating board. The transmission
line calculating board is set up with resistances connected to simulate
a short circuited transmission network. Direct-current voltages are ap-
plied at points where voltage sources exist and the currents at various
points in the network are measured to find the behavior of the system.

Since both inductive reactance and resistance are present in an
induction motor, power factor is an important item. Consequently, an a-c
system must be used in a circuit analyzer for an induction motor. The
equivalent circuit of an induction motor, derived on pages Q to 13, is
used for the circuit analyzer designed for use in the Electrical Engineer-

ing laboratory at Montana State College.
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INDUCTION MOTOR THEORY

Principles of Operation

The essential feature in the theory of a polyphase induction
motor is a revolving field produced by the stator. The operation of the
induction motor may be explained by representing the revolving field by
a rotating field structure NS in Fig. I. On the same shaft, there is a
short circuited rotor R that is free to rotate in any direction.

As the field rotates, a current is induced in the windings of
the rotor. With a clockwise rotation of the field, the current in the
conductor under the north pole will be out of the paper. The field pro-
duced by this current will be in a counter clockwise direction and con-
sequently, a clockwise torque will be exerted to the rotor Igr the inter-
action of the two fields. A similar torque is produced in conductors
under the south pole since both the conductor current and the field flux
are opposite to those of the north pole.

The rotor will not attain the same speed as the field because
the existence of torque depends upon the Ffield cutting across the con-

ductors.



FIG. I PRINCIPLE OF INDUCTION MOTOR.

FIG. 2 STATOR FLUX DIAGRAM.



Tha Reﬁa’c«ing F:Lel,gi

ﬂ:he f::.eld af an imduaﬁmn motor is shmm 0o be rotabing and of

censﬁan't maeni*bude by cansidez’ing the curren't in the ‘stator wind:ings ‘and.

, "uha space rela:t dnship @f ‘ths wﬂndmgm Al’bhough 'bhe wméings a.re SPread o ‘

o over 'bhe periphery of ﬁhe a‘bsfsor_a, each $eh of windings has an axig, fehe

: s -
axes &re equally 5paced m 'bha sﬁawr wi‘oh an angla of %69 @1%%10&1 .
degz*ees between them;, whsre n ds bha nunibez' of phage$¢ T ‘

tlzhe currerrbs ;!.n a threa-phase sys%sem ara

gy e e @ T
:x.ﬁ.%?xm cos (o ©+120% . . S S &)

Since 'bhe f:!.ux ia in phase v.rith the inducmg current, th,e flwc equata.ona

fgr the three-phase statov represented in Fige ‘2 may be wriltten asg
o B et <30t
4 spomot=d (%o . (k)
gy = & cos (© t-120) = § (edlo 6-120) 4 il E-1203)  (5)
go =B cos (® £+1209 & % ( gd(@ 120) &wj(w,t%lzw) (6)

The resul%ant flux of the stabtor is the vector sum of tﬁe‘ three

fluxes and is expressed by

B = far fy P g I (1)

=Jt§§_‘f‘l"%‘fz:&.m- gos @b . | - S RNV -
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Then’ : . - . ,
ﬂ{ = g [(5’3 b " ew@g C\)t) s 961200( 3( m'b-laa’) G 9‘-‘](’ mt-l?f?)) .
: 6-3129 (e;( mmmo‘) . e~a(mt4*120‘3>)] T (8) |
| !5 [36'3 Oi" PN . mt" ( 3. o 63120"* 9321@")] . o (9)

-Fx'ém symmawical cqupmnentS P . . .
“ealaoj eazh%o Co T G

" The rﬁéulrﬁanﬁfflm;f;ﬂi K

has & constanﬁ magnitude g G anda rotation of line frequencys Ttshould
. be noted 'that the rota'b:.om is in terms of ‘electrical degress. The fiew

‘quency of rotation jis, converted irto mechanical. ‘spead by the equation

= 12005 . | (12)
P
whers n " ig the s'pee,d of the Field m revolubiens per minutes;

f‘l is tha frequency of the supply system in cycles per
" second and

p is $he pumber of peles in the stator.

Equd valen‘b Clreuit. & Diagpam

The polyphase indugtion motor has many characteristics in commén
with the transformer. The motor may be considered as a polyphase ﬁransﬁ
former with the stator yepresented by the primary and the rotor represented
as a secondary that way move with respech to the primary. Ab shandstill,




| . =P o
them :s,s no relat.:ma motion between the z'e'bor and the stator, and ﬁhe

mo-&.or :i.s Sim:l.lar "60 a tradsformer with a shortecircuited’ seaendar;?’u o

As the mctor ‘builds up speedy the d-’r&quency of theg mtating f:;eld

xm'h respect 0 the robor is veduced. The relatmnshlp of ‘the retor. i‘re-z

quenay teo *!:.ha sgmchronaus fmquency is gilled slipg wh:e.eh is def:med as.

. . n - n - ’ " . B R . . . N . -. ->’ . . .
Ceamzr o S @

wlf;e#*é._" 'é.' z,s %he slip m ﬁaer»uniﬁ values | _
- | n i:-: bhe Synchrenous apeed :_Ln z'evalutiens per mmute, anci

- 0 _is ithe robor speed in revolutions per. minuke.
The robor spceel ILS (1 i, s) ng and the fx‘equena;}r of the induced eur;*enns |
:m the ' rotor. is si‘lq

' When: the rator is am standstill (s = 1), the traas.mrmer and.'wgy
:’;‘ijo'rxe pha,,s,e' pf. the motor is shovm by Fig. 3. When the rotor is 'rgavolm-
ing? the ,secqndaz*m voltage .Fi‘gs is sﬁg : éznd the reactance ,Kzs is sﬂzl |
Fig. b is the equivalent circuih wibh the rotor revolving. The mschanical
paﬁeﬁw auﬁpﬁﬁ of the motor may be réﬁesaﬁﬁé&‘ by a load with o volbtage -
(-8 52 appliod to $bs terminals. Sinee the mechanical oubpub is re=
prsem“bed in electmca.L Jmits 9 E’:Lg., k may be converted to the equivalent
circuit of a b::‘ansf@mer wn:t.h a ficticious load connechbed to the secondary.

- The *mla_es pf, equivalent resisiance and reactance vepresenting the
a‘.‘ic@ipiaus- ilpad. may 'be derived from :cﬁhé relation -

| By = sy I, | )
T 1558 AThendix A (P28 For svmbalsa ' ‘ -




-10-

WVAtnnrVvVil

IDEAL
TRANSFORMER

FIG. 3 EQUIVALENT CIRCUIT FOR POLYPHASE INDUCTION
MOTOR AT STANDSTILL.
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FIG. 4 EQUIVALENT CIRCUIT FOR POLYPHASE INDUCTION
MOTOR AT SLIP S.
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i‘z*am which the equa.valent resistance and re&ctwce are found 'bo be

;‘l ) R a 1 - =8

5 & an s J{2 \rsapective]ya _

'J;‘he equ.walent circuﬁ.t i:‘er the motor runnmg at slip s is shown
- on. Fmgo 5 s S:mce the load reac'bance does x:m; represen‘h rsal pewerg it :I.s

comb:s,ned wibh Xz aa

B - SV B ) . 1(
Since
fe T | (18)

the tobal vreactance In the secondary is Xg, which is nol dependent upon.
the rojor freqt;tencyq ' o
The idesl bransformer may be removed by referring all secondary

velues to the ‘primary in the follewing manners:

RR - a.g RZ :(‘19.).1
AL | (20)

e : 3: .
Ip, #=gTgg = Ipy | - (21)
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FIG. 5. EQUIVALENT CIRCUIT FOR POLYPHASE
INDUCTION MOTOR.

FIG. 6. EQUIVALENT CIRCUIT DIAGRAM.
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B‘:Lga 6 :Ls the equwalems circuit diagram wh:i.ch is used a,s the e:.r-?

Guiw ;ﬁ'ﬂx* 'bh@ mwaﬁﬁo .
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CIREUIT ANALYZER DESTGN
Thi$ pragact e nmdertaken to eonstruct & elreuid analyzer for

" polyphase inductian motors becauss analytiqal methods previously used are ~"

too Jong and dmvolved. It is desired to obtain readings of current, vglt-:

a,gé ,«" pewer inpub, power oulpub; effieie‘ncy;' and speed directly from thé ‘

board with as little calculating as possible. A per-unit bage is used to

. re‘cii‘zée‘ %’n‘e pz’pwer digsipated in the clreull beard, and the contz'al”sn'-énd

'mters a;:'e arranged to simplify the opera.m.bm

e}imua:t Elemms

The. elemen-bs used in the basic cirveult of the dnalyzer have been
chosen s&:} that any polyphase mduetz.on notor may be analyzed. Tha range
of ;h.valuas for the paramebers are shown in Table I. Rheostats are used in
the eircuit to represent the resisrtén@es- of the ecircuit, but since & ver=
ia.ble inductanee & difficult to build, endense‘x's are used o repiesem
the :mtiucmmao 'That change will cause the pWer factor to lead .maiaaad
of :Lag » bub there is no other change in the behavior of the circ:m.to The
reaetance is varied by sw:v.tching galibrated unibs of condensers :m ar oub
of ‘-_‘t}l_‘;@ circuit. Bach ¢lemenb, excepy for the ficticious load resz.stance“,
i;s-'c;élibgatgd in terms of ‘mhma‘ or mhos. so that the board may be easily ad-
justed %o analyze different moters. '

Peernlt Value

| All resistances and reactances in the analyser circuib are multw :
iplied by five hundred. The yolbage inpub to the circull is equal tq rbha

perwphasé voltage of the machine being ‘bested_ﬁ‘.] When high-voltage machines




TABLE I

ASSUMED MAXIMUM PARAMETER VARTATIONS
OF POLYPHASE INDUUTION MOTORS

Parameter | ' . Assumed Variabion to be Hacouitered

}’Rlv o - 0.0L %o 2  omms
‘,‘e,,é:..‘! “bo 2 | ohms |
h'i"',‘ixg,':' S - : 91 ' 540 olms
EF A 01 to 5.0 ohms
N 0001 to 0.0% mhos
N'Gn , | 0@61._ to 0.l mhos
I ) 040001 to 1.0 per-unit "
1 | | 20 't 50, amps
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az'e o be tested, Lhe voltige is peduced sa -that -the persphase Volta.ge is'
abaub 90 t.o 130 Toltse - The use of the J.av*ge paxw«unit. value of 506 reducfas
) the az.za of the ecndensers im a reason&ble Value and allaws thé usé af ;
- md:m t;ype rhees ta*bs.,

. Me’ber S‘ystems

Readz.ngs of currem and voltawe are easaly obt«a;med by plac:mg Y
maeter in series w:u,h the circun.t e.nd 8 voltmeter across 'bhe cwcu.xta

_"whe pawezr mput and power oub;put are metered by one meter in a smtchmg

'c:u.reua.to For the power i)::.pu:i:,9 the curz'en’u coml :1.3 :m semes 'Wl.t;h the Rl*’ o

.K'l' bra:gzch :.';_tfxd‘ i;he_ yq}@agg 1993:1,: %s ‘.aho‘z;?pss the ,sgm:{f:‘e‘o,_ :Ehea pewye;" Q}xtputv :i.s
: ijt,aé,g:e‘i :W?@*‘"m; fyhef current cc’si-i._,‘i_zo the. doad resiétam'e "brarioh em_él
i;hé ‘voit‘ag’e coil ﬁcr ﬁhé 1oéd -z;esisﬁéneea b d@ubleu-pole, doublea-thraw '
switch is used to change i‘rom pwer input 'bo power ouﬁput as shown iu
© Figs Te The efi’icieney is ca}.culawd from the inpub and ou%‘zpu%; aiter ‘c;he ‘
fx':.cbion and w::,nd,age haVe been subtraated fx-'om 'bhe outpub. S:mce ‘the pew
ductlon of' the :f:r:.ctmn and wmdage losses are conmenaated by ’ohe rm‘sor
core losses as the slip increases, the measured friction and w;mdage losses
e aSSumad to ke constant for all speedSa

The speed of the mwachine may be calculated from the slzp which is
ohtained from a .mgtezr circuit _des;ugned o measure the variable losd pres
sistancé in termé of slip. The slip meter is 2 médified qhmg?tng_in which
b@th-‘thg voltage and n,qste,x'. qi?gnii resigbances ave varied in proporiiocn ﬁa 5
the paramgter Rgf s The load resisténce is 'dezi'eﬁcient upon two indspendent |

vaériables, gz" and 8¢ If Lhe volbage and reéistanaa in an chmueter cireuit
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Ri Xi Re
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FIG. 7. COMPENSATING WATTMETER CIRCUIT.

TO RI

15 OHMS 33 OHMS

50 OHMS

22V

50 AIA

FIG. 8. SLIPMETER CIRCUIT.



. 1
are ma.de pmpormona;l. ta 3;2 5 ther current m.ll be mdependenﬁ of R2 nd -
'on:ty dspandenﬁ upon So Wz.'bh the ammeter calibramd,, the :Laad reqisﬁancé _—
| :may ba adgusteci in, terms @f a:l.:n,p by nhe ca,rcu:."a shovm in F:&go Be - -
o B;y' add:mg 'twa shum x'aszsbanees aéross the maf.er and ah@xﬁ; cz.reu:wm :
| mg pam a:ﬁ‘ 'bhe semes resz.stanea ;ln ﬁ'z,:.go % “bwa seale rangsa may be addeé,
tc) 'bhe maﬁwo il?he voltage requ:wed by ‘ohe slip met.er ci,réui’a :i.a 22 valts

" eim-e. A. 50 ma,orm-amp dw-G mater is used w measwe ﬁhe curremo

1‘0 adjust the voltage petentiame%ers 'bhe c:.reuz,t ;Ls sm:behed to a.

" ‘resistance thai‘. ;x.s c:al:.bra‘ged i‘ox* vane per cent slip ;E‘or all values eﬂ 32 o

f;.'he Veli}age a.s -i;hen mareased ’unﬁ:xl the s:Lip met.er readmg is one per cen'bo'

ﬂ&eter Gonqaensa:b:.oa '

- ” In mos’& cases, meter res;tstame will havs vex:y l.:.ttle effect upon

'i:,he c:a.r‘m;:f:i:.9 Whan the vol’oage ceil is placed a;cross the 1oad ms:zs‘bancég

bhe cimuzt has & parallel leoad res:.stance whmh lcwers the reszs'bance

seen by *bhe cwcuﬁ;o To compensate fer i;he‘ lawered, msisﬁancag the 1oad

' xes:.stanae is fncreased um:d. Yhe curx‘em mpu‘o to the cimu:i:b is the sama

aa ’c«hai, masumd beﬁoz;*e the valha@e c@il Was, addedo | _ |
|26 the Yesidtence of the voltége coil is léss than that of the

lead reamsba.naa, the pewer oui;put g:ammt be ma“bered by this me’ohcdo Th.a

wa’atmetez* used for the cireuit analyz.ar has a voltage range of 795/15 velha

and the wyoltdge ds steppad down with a potential transformer. '
. The resisbance of the voltage cm.l is mult:.pln.ed, by the t.uz-hs

;:t‘é.tio‘ :squal’ad when :s,t. is z!e;fliisctad 0 the pmma_ryf_ _:fhe large, val’t_a'agg. coil .

‘resistance ma;keﬁ it pﬁss‘iﬁla o bake readings for low valuss of alipa: ‘
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For yery low values of slip, where the veltage coil resistance is

less than the load resistance; o different method must be used. The cure

rent ‘in the lvad resistance can be measured by an ameter id the secondary

cwaui’o& and by calculating the load r@ﬂiﬁf'ﬁaﬂeéﬁ the power output may be
determined. Since the watbmeter will préiri&é rasults fox"\ oSy caéeéy. it
| will seldom be heceéssary teo calcula'ise the power autput.,

Gompensation for the smmeter is made by subtraetmg the ammeter
resistance from _Rlo Since the ammeter rasa.ﬁﬂfaancg ig in per-unit valug -

when ifi the circuit, the amount of vesistance subbvacted from the calis

brated disl for Ry is 1/500 of the amueter registances. The ammeber i

compensated in the calibration of R,,

'Tﬁ‘e waltmeter current coil is compensated by resistance m both
*bha;'pr:iméry‘ .and secondary branchés.. The resistance that is in the same
bi'mh_vas the‘,aurrent coil is short circuibed by a switch ag showm in
Fige 7. The compensabing resistances are included in the calibrabion of
R and Ra |
The complete ca.r:m::.t diagram of %he c:.rcum analyzer. is shown in

Figs 9e _A threespole, double-throw switch with a cenber off position is

used ‘to isolate the slip meber eireuit from the equivalent circuls diagram

while power measuremsnts are being taken.

Fig. 10 is a photograph of the experimental model cireuib analyzer

and the equipment used in calibrabing the ¢irewit elements.
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VARIAC CONTROLLED
A-C VOLTAGE

Fig. 9 CIRCUIT ANALYZER LINE DIAGRAM.

I0O00 OHM VAR. RES. 50 OHM POTENTIOMETER
1000 OHM WATTMETER COMPENSATING RES.
.0 MEG.

50,000 OHM FIXED RES.

22 VOLTS
20 MEG. D-C
0,1 MEG. 53 pFD CONDENSER BANK
5000 OHM 53 pPD

0.35 MEG. I "FD



«

i)



. P2 N
OPERATION QF THE armc’m- Amzm

A step mr stap pracess :&.s used uO oparate the circui'b analyzer

af e.v:‘ “bhe induetion mobor paramebers are detemined by & ruaning 1igh-b

2 ubld(&kad rotw isa%o '.Fhe complete praeednre i‘cm aperating 'bhe cwé"
"' ~':analyﬁez* ﬁ.s described 40 the follcwmg pa.ragr&phso " e
' mo sely up the analyzer; a veltmaﬁer 4 an aimeter, and a *’o‘a:f}tm@ter
| are canneet d 40 the es.ght ‘berminals on the i‘ron't' of .the Boedrd. 'I’ha
zsmver 1eads and calibrating leads are then connected 4o & variac ceni;ralled L
. ' a—-vc vol'bage suppl;y and a 22 vcl‘i‘: d=c supply respecﬁlvelyo ' . |

’ mhe rheosbats and eondensers are adgustad o equal the parama hér g
valuaso ‘J:here are four rheosta‘ha ﬁh&t mnst be seb for Rg — one in 'bhe
equivalent camui'b and ’ahx-ee in the slip meter e:.rc:u::ba ‘rhe s1lip meter is |
i -bhen calibrai:ed by Svn:behmg te 'é;ha calibration posmtz.an and ;mereaeing
"ahe slip mater ¢lreuit vol“bage unta,l the ma%er reads Qne per eent slip on
“'uhe l(m scaleo The m!emainder of the process is repeated for ea.vch value
of slﬁ.pu - | | | | | |

' 'L‘he load resistam;-e ::.s adausﬁed by m*bching tne power switch w

‘ 'bhe posifion marked "measnre“ and varymg the doad res:Ls-bance wrtik the |
desired slip is indicated on the slip meter. With the wattmeter switch on
the '%power Anw posibion and the power switch on the Mon® position, the
vol'b'age is inéreasad with the varise to the rated pei*—phass values Readw

 ings of volbtages current, and power inpubt may then be taken. To obtain

QMei:hods for ‘obtaining induction mobor parameters may be found in
wost alternating cbrrent machinery texts. ' .




the power oulpub, the wabtmebter switch is turned o the “power outputt
pusi'hicsng-'and the load resisﬁénée is increaséd wnsil the cﬁ,ﬁ'ent reads

i.tag 15 ‘bhe game as the reading baken while the power :mpu{% was measuredc

'The peswer ou'bput may then be measured since bhe voltage dodl losses are -
compensated b;r the imrease in the load resn.si:ancec The ,‘x.ead resa.si:ance

is ‘bhén addusted ;ﬁ'or another value of slip and the procedure is repeatedu .

. EE 3% is impoﬁsible to make the pmper ad,justmenb for v::urx'en*&

‘ while méa.surwg pofmaf owbpvt s the s«acondary current must ‘be measurepl

under the same condi*b:!.ons as the power input is measured. The powev mrt« |

pnf'c».;l;s- ‘theh calewlated by the formnla
| cizs ' e
L wuﬁput 1*2 (5@03 (3@) | o g;agg.

‘iﬁhe formujfa;s on Tabls II transform bhe data from the circuit

analyzer inte the actual metor valuss.
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TABLE It

FORMULAS FOR CONVERTING GIRGULT
ANALYZER DATA INTO AQTUAL VALUE

' Agtuél Value , Transfer Value

Ltmeﬁvrren‘b ' L . femps) ~ BOO' T
| B@ag Vg;l}'b&_ge ) ..(’mlbsj .
vaer -If%‘:%@or {per cent) f%%‘ﬁ (i00)
, ;?awsr Input | 'i _ (watts) -3(500) P;ihput

Gross PQY;!IQI' @&'ﬁiﬂ.ﬁ} (watta) 3{509) P output

“~F&W

Net Povey Owtput - (’Wa’b’?s) 3(500) P, output

3(5903 P:mput

speed v (wem) ,(3*“‘"83 s

 Efficiency . {(per cent) ~E& T (100)

gross power outpwh  Actual
speed - . Value

_ Gross Tergue’ ‘f: (Vosmite ) 7e<3145

Net' Torgue> (1bosfha) ,,015

" speed . Value

o, power output Aotusl -

aich'e Lorque formula is indeterminate when the slip is un:s.t;ro
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.The resulbs- obtdined from the circuit snalyzer are compared ho
tho?*e- obtained by the analytical method on Table III. &ince the proper
' | metéring equipment was hol available; the tests were run with a per-um.t
. Value af 100 instead of the design value of 500. The accumcy of bhe
| . resulta wa& not affected by the change dn pez*«»uni‘b valueo '

" The. results show that the c:.rau:a.t analyzer comparea very i‘avor~ -

abz.y withy the, enalytical method of solubion and that involved caleulstions

af.?,e; unnecessaxfyo With the circuif apalyzer, the time required to obbain
date, £oF & complete set of curves is much less than the biumg required do
caleulats the data for one value of slip by the analytical methode!
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GIROUIT ANATYZER TEST RESULYS COMPARED TO -
THOSE OBTATNED BY ANALYZICAL 8 awmmﬁh

?Gx’ & Snﬁhwsepawew 3»—p;1asay zao_wm 6~po:1.a M @»Gyalﬂg w;reu -

= 0,
X%*"Xg

R, = 0,383 Ohm (effectiVe)

530 ¢hm { ohmic)

cﬂmneei:ed inductian ma'bm' dperating at a3 pem “gent slip in whic:m

b @ OthBé mh@

= 10207 oluts (;5* * W)phase = L. watits

. Girewit Anaflyzgér; jﬁ?esﬂ :

Ja—— Yetbhod ..

Line cuppent

Phase yoltage
. Powey it

-Gtoss pewer oub

© Net powiexj' oub

Efficiency
Power factor
8peéd

Net torque

809 ampy

127 Volts perephass

2518.5 watts
2250 watis
2105.5 watts
82,8 per cent
751 per pent
116k rpm
12,73 Ibemths

8.89. amps

127 vo;.ﬁs per-phase
2532 watis

2262 watts

2117 wabts

8356 per cent

The8 per cenb |
1164 rpm

12081 Ibo=fho

L’qucoran . G;o & ancl Rcedg Hu Rw 1,939., EXQECTRIB% ENGINEERING

EXPERJZMNTSg P h’l?, John Wiley & Sonsy New York
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DISGUSSTON AND. QONCLUSTONS

Ehe analysn.s of the polyphaae induaisz,on motor by means of the
c.zrau:w analyzer is probably the most versatile me'bhaci in uses

- fhe analyzer is designed to represent the actual imiucﬁ:.on
‘ matmr andy aensequentlyg almost any tegh made on the inductien motox- '
way be 0 wﬁ:eh the a;u;'cu:},t anal;rzera Gem lﬂss and hysteres:.s tesﬁs
- camaﬁ be setc up on the cimuz.t analy;ser sinae i;!ae results clepem upon
the inéivmdual irm preperties of *bhe :mduc'bs,on me’aoro |
‘I ¢ The eff.’acﬁ of ehanging ’ahe parame*beva can be anaﬂ;ymed ta obha:m 3

g *bhe deé;gn of &n induetion motor for a spee:z.fa,c Purposes Sinde tha

-torqzze can be caleulated st amr peﬁ,nt exeemz when thes sl:.p ZI.S umty,; the
mrqaenspeed awves may be abtained f!az' vamous ratar resn.a’aancesu
' 3}1&6 c:zrcuiﬁ analyzez* x'esu:!,ts are ﬁempared o these obtained by

- the analytical xnethed becauSe smlar assumptmns are made in both ca.ses.,
It should be noted that; the accuraey of the 'c.z.rcua,t analyzer ag compared.
to the aetual mm‘;or depends upem the accnracy Bf hb.e measured motor para-
: ‘me’aez'sa : " |

- An. importanb use for the cireuit ana},yzer ig to check values
‘amamed by sbudents ‘using an analyt;ical $aluﬁmn¢

In conelusion,, the c:wcui'h ana],yzer of an induc-b:.on mcmor pmvz,des :
a i’ast and acourate ma‘bhad of analyzing the polyphaae induetion mator with=
"eut the use of long and mvolveé calculaoiﬁnso ‘




APFENDIX A

nibr oF smmsors

-Meaning

Pt o !

. primary. resistance per phase te neutral

. primary leskage reactance per phase 1o neutral

primary current per terminal

‘,pr:.mar:)r impressed voltage per phase to neutral
N Pr:mary induqing aurrems -

primary fz*e«:;uency .
secondary“%iﬁagé Ho.peutral at sbandstill
secondary currents pez' phase at standstdll

aecondary ras:.stance per phase

'secondary Pesistance per phase referred to the

primary

secondury 1aakage re&c’oance per phase ab
standstill

secondary leakage reactance per phase as .
reéferred to the prmary

slip in pemm,u%,valuea

robor speed in per«um:b values '

secondary voltage ta nam’;ral at sl:n.p s
sesondary current per phase ab slip s
seeondary leakage reactdnce per phase at slip s

secondary impedance at slip s




P .

pmmary exci'bmg conductance pex phaseg
representing core~loss

primazry excibing susceptance per phasey
representing the magnetizing ourrent, the
flux vardation belng considered lineay foy
‘bl range of- Qpemﬁ:wn

ﬁurns mﬁw beﬁween ’ohe prmry and saccndary' '_ .

Synahmneus speed Qf matoy m rpm
robor speed

instantaneous stator i‘lux
maximm stator f,lux ._
friction. and 'mdage doss
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APPRIDIX B

+'., GISY OF BQUIPNENT USED IN GONSTRUCTION OF CIRGUIT ANALYZER -

1’—*;@'mE‘g;—rmPz—fw';ﬁ-myﬂ.w#ﬁaiféy%

50 ohm’ 25 wab pa‘bén‘biemébef

160 ohm 25 wabh variable resisﬁer

- lﬁﬂ@ hm 2 walt vamabl& veslotors
>_ 50 ohm 2 wabb 'vamgbla m:sa;stor

- 128,000 ohm 50 watt variable resistor

051 megehum, irabié;ibie irasisﬁaé-‘ |

0.;35 Tmegolm, variable :ggaisﬁar

1,%'(5 ‘megohm varisble resistor

20 megohm vériable resistor ‘
wa%meﬂer campansatmg resistorg (i‘:bned)
5@,9@0 ehm Tixed mes:i.swr

15 obm fixed resistor

33 ohm fixed resistéx*

t:;’iplespole » double~throw, center off switchl :

. dotble~pole; double-throw switches

3 pole selector switeh

.doui;lempale s gingle~throw swibches

smglewpolag s:mgle-»throw gwitches

paraliel condenser unn.ts 5 53 pfd total in each

parallel coudenser um-bp . L pfd total

50 pa dmo anmeter
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APPENDIX €

. BETERNAT, BAULPEENT REQUIRED TO OFERATE CIRQULT AMAT¥ZER

ammeter 100 mg awe

e

© volimeter 150 volb a-c
* watimster o8 = 1,6 wath
" yavdsic
- pétenﬁﬁ;al" transforner
- su};ip;l,f 115 velb dec-
-suppiiy' 22 volﬁ'&sqc;'

T T
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