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CHAPTER IIIX

EXPERIMENTAL DETERMINATION

Introducticn. In the chapter II, the method used to
determine the equivalent circuit parameters and the motor
constants have been mentioned, In this chapter, the given
motor has been tested experiment ally and its significant
dimensions have been measured., The method of testing and

measurements are briefly listed as follows!

3¢lsl The no=load tests The no load test were carried on
while the starting winding connected only, and while the main

winding connected onlys

3¢le2 The logkederotor tests The motor was subjected to

the lockederotor tests for the same connection as those in

the no=load test.

3+1¢3 The lowest operating-voltage test. The motor was
subjected to the lowest operating=-voltage test while the

starting winding is disconnected and the motor was initially
start by the external torques The lowest power input to the

motor to run at noeload was recorded.

_ipl.i Measurements of the motor dimensionss The motor was

deconstructed into parts, and the type of stator windings
were studied, The conductor sigzes, the stator and the rotor
dimensions were measured, The performances of the motor were

then determined by calculations from those measurements,
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315 Me ements of starting torques A torque arm pressed
on a spring halancé?gttnnhed to the rotor of the motor. The

motor was then supplied at its rated voltage and various values
of the starting capacitance were used todbtain various values

of the starting torque,

32 Determination of the starting torque from equivalente
circuit parameter of the motor. The equivalent circuit

parameters were determined as followsi~-

342¢1 The mainewinding equivalent ecircuit. At rated voltage

and with the starting winding disconnected, the test results

are obtained as follows:

From the no-load tesi:

Aprlied voltage, vi : = 110 Veolts
No load current, I, = b,4% Amps.
No load power supply = 95,2 Watts.

The main-winding resistance measured after the test = 1,88 ohms,

From the 1oggakg§or tests

Applied voltage ?L = 75 Volts
‘npcﬁfiotor current I = 14,2 Amp.

Locﬁaﬁotor.powcr supply = 770 Watts
The main-winding resistance measured after the test = 1,80 ohms,

From fulleload test:

Stator main winding resistance measured after the tests 1,95 ohms,



From the lowest operating-Voltage test:

The power sup;yly for the test = 8,0 Watts.

Calculations

After several trisls, the value of K, is arbitrarily

assumed to be 1,04 '

vy K
P = .
& To ' a2
_ 110 1,08
00 * 51,04)2=1
= 22.2 ﬂhﬂso

By = ;fg = ot = 3,82 ohnms,
X, = ;[ZL—P'::F = / 5.28%.3,82°
= 3,64 ohms,
Simee 1. X, x 2 Ry Figh- %

then :r.] = 2.& = 1.82 ohms,.
amd X, - % = 091 ohm

B
Using the values of 2, and X, obtained above, the value

of Kz is rechecked,

¢ Refer to chapter II, item 2,23
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x2 )
KZ = lét = 1+§%
= 1.0"'1

which is close to the initially assume value.

Ry= » 2
' L 1
Then !'z M Ka

= 2:8221e8 (3,082

= 1,09 ohn,

For performance caleulation, the resistance measured
immediately after the full load test is used, The increase of
the rotor resistance can be assumed to be at the same rate as

that of the ests.t‘.m-;1P

therefore rz' (full load) = 1,09 (ifgg )

= 1018 ohm,

For copper-loss calculation the resistance measured at

the no=load test is used,

Peo.1 = copper loss in stator main winding
2
= Io :.'1

= (4.44)% 1,88

= 37 watt,
By the foregoing assumption the resistance of rotor
increases at the same rate as that of the stator, then, at

ne leoad,

* Chester L.Dawes, Electrical Enginecering, Vol I, 4th edition
Apprendix H., M Graw - hill book company, inc., 1952
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¥2 (no load)

co,2

1.09 (‘:fa'g‘)
141~ ohms,

Copper loss in rotor

(b))% 1,14

22, S watts.

P_y the wattage required at the lowest operating-voltage

which is equal to friction aond windage loss, = 8 watts.

Then, P

rot.iron’ Ph+¢

= Wo= (Pe + Pco.1 + P )

C042
= 95,2«(8+437+422,5)

= 27,7 Watts.

- Pli! i E"* Phoa

27.7
2

= 1"’ watts.

E1 = Voltage across the forward and the backward branches,

= Vo = Ioxq

= 110-#0“# X 1082

= 101.9

Volts,

c = the ratio of voltage across the forward branch to

the voltage aross the backward branch
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2! I 22,2
1/(;;')2 + (x5 )2 fo.507)2 +(0.92)2

2l.3

Voltage across forward branch

¢
By, o e 101.9 X 5%%555

973 volts,

Phee - 14
(nzpi ("57.3) 2
= 0.001""8
‘ 2
g!b Xh = 0,00148 (22.2)

= G.?} chm,

The equivalent circuit parameters are then listed al follows:

l’, = 1.95 °h”.
L
!'2 = 1.18 ohms,
l‘n = 0373 ohms,
x‘ e 22.2 Ohmﬂl
X.‘ o 1.32 ohms,
| ]
x& = 0,91 ohns,

The equivalent circuit for main winding can then be

constructed as shown in Fig 3.1
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3¢242 The sterting- winding equivalent circuit. At rated

voltage and with the main winding disconnected, the test
results are obtained as follows:

From the no load test:

Applied voltage ?1 = 110 Volts,
No load current Io = 2,20 Amp.
No load power supply W, = 85 watts.

Starting-winding resistance measured after the test = 7.65 ohms.

From the ;ocﬁaiotor test.

Applied voltage v, = 80 Watts.

Locﬁaiotor current IL = 5.2 Amp.
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ed
Lock=rotor power supply W = 345 watts,
Starting winding resistance measured after the test = 7,53 ohm,.

From full load test.
Starting winding resistance measured after the test = 7.82 ohm,

gulation By the same procedures and assumptions used in
calculation of the mainewinding equivalent circuit, the

calculations in this part are made as follows:

K, is assumed arbitrarily to be 1,05
0 1.05
x_ v
@ « 3 x 2(1.05)2 = 1

= 43,5 ohms,

2y, . 1‘%‘ = % = 15.4 ohms,

R, = "‘;‘:"'}' = f&é— = 12,8 ohnms,

% = 5 ? = R = {5.0%12.8)2
= 8,54 ohms,

Since %, » 2X,' = ;.1-_

th.n. 381 = g# = 'l'QZ'? ohns,

x;_.i!i = 2,14 ohms.

Using the values of x.é and x' obtained above, the

value of Kz is rechecked,
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®
2 2,1k
s TR < A BT
= 1,0492 which is close to the initially assumed
values
R.=r
Then, r; = Lz 1 . 52
. R28-25 (5052
= 2.” Ohl'lﬂc
' 82
r (full load) a 2,9 ( ;-";g-) = 3,02 ohms.
2 -
2
Pco.l = 2.2 (7.65) = 37 watts,
ry (mo load)s 2,90 ( ﬁ-g;) = 2,95  ohms,
P oes = 2422 (.2.95) = 14,3 watts.
The friction and windage loss = 8 watts.

Prot.iron + P

h+e
= 25,7 watts.
ph#o = 13 watts,.
El = 110 = 2.2 X 4,27

= 100,6 Volts.

= 85 « (8 + 37 + 14,3)

c = “n = 2
{2 A (xp) (252%)2 (2,102

= 16. 9



100.6 X I%?&I

= 94,6 volts.

2f

= A3, = 0.,00145
- (94.6)2

0400145 (43.5)2

e |
L}

= 2, 7% ohms,
The equivalent circuit parameters are thenm list as follows:

r, = 7.82  ohus.
r,' = 3.02 ohms,
= 2,7% ohms,
2, = b3.5 ohns,
xq = 4,27 ohns,

X, s 2,14 chns,

The equivalent circuit for starting winding can then be

constructed in 2
onstructed as shown 7_&13 3.4.27
' i ]
' ’
2.74 %"o"/s
j43.5 ? )2.14
Vi I
2.74 5.02/(2-‘5
JA43.5 J2.14
1 |

Fige 342 The equivalent Circuit for Starting Winding,
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3e2+3 Starting Torque Calculation from the equivalent-circuit
parameters

From the equivalent - eircuit parameters of the starting
winding and the main winding the starting torque of the motor
can be caleculated as followss

M Windin

The equivalent ecircuit parameters obtained are,

Tam = 1,95 ohm,

r. = 073 ohm,

r; = 1,18 ohme

%1 = 1,82 ohm,

x, = 22,2 ohm,

x;, = 0491 ohm,

at starting, & - Y

a = ('2;3) - :2' Xm
= 0473 (1.18) - 0,91 (22,2)
= - 1?.5#

b S S

= 1,18 (22,2) + 0,91 (0.73)

= 26.86“
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x
2 0,91
Kz = 1 4—;: = 1+ Zifg- = 1,0405

a (r‘+ré/§)+hka x!

RI = =
z " (r.+r2}5)2+ (k, x.)z
«19.44 (0,73 + 1,18 )+ 26,864 X 1,0405 X 22,2
(0.73 + 1-18)2 (1.0“05 X 22.2)2

1.09

Xe = 5

b (r-+ré/s) -a Kax.

) (r.+r;/s)2+ (K, x‘)£_

26,864 (0473 + 1428) + 19,44 X 1,0405 X 22,2
(073 + 1.,18)%% (1.0405 x22,2)°

= 0,935

1l = r1’+ Rf+Rb B 1.95 + 1009 + 1.09 = hols

n = Xy x‘ * xb = 1,82 4+ 0,935 # 0,935 = 3,690
m

= 1.*3‘. bel3 ¢ J 3.690

- g . o3 . 153

For starting winding,

The equivalent circuit parameters obtaiﬁed are,
e = 7.82 ohnms

T I 2,7% ohms

* Alternating Current Machines, A.F.Puchstein, T.C Lloyd, A.G.

Conrad, third edition, John Wiley & Sons, ine., New York.



at starting, S

= 2,73

a(rn + ’a}s’* b (l2 xXg)

3402
h.27

4345

2,14

b §

ohms,

ohms,

ohns.,

QMSQ

£yl :'2}3) - :a' X,

2.7% (3.,02)= 2,14 (43,2)

-~ 8449

(r2}3 )

3,02 (43,5) + 2,14 (2.7%)

136.8?

Xy + !2.3'-

) e w
k3.5

1,0492

(r, *rz;s;éq- (Kgx.) 2

-

(274 & 3,02) + (1,0492 X 43,5)

2+7443,02) +

6 (1

2 X &

52



b (rm+ rélé? i Kz !.

x = —— i s

2 2
+ (Kz xh)

L]
(rm + rafs)

130486 ( 2,74 + 3.02 )-(-84,9) (1,0492 X 43,5)
( 2,74 + 3.02)% (1.0492 X 43,5)°

= 2.2
1 = r 4 Aa (r, + R, + R.)
¢ 1ls f b

0 + 2.35 (7.82 + 2.7% + 2075)

® ,. 3046

m x, + aa (x1.+ Xf + xh)

For example, assume

¢ = 18 MF

capacitance installed by manufacturer,

6

x, = 22 = 17.7  ohm,
2750 X 180
‘l = - 17.? + 2.35 (4-27 + 2.2 + 2.2)
= + 247 ohms,
v Ve
1 5 ""z':" * aslle m,
& 110

413 4 3 3.69

19,9 | - k1.5
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v v
1 B o » 1':?'3»
8 B8 s
R [
30061',‘] 2.7
= 357 |-5°
| ol
R Zg?r X 411 aR, siny 1be=ft,

= ZO% 4 k% 16.9 X 3.57 X 1.53 X 2473 X sin(kl.5=5)
1500

n “SAY//Avett,

= 53,0 oz=ft.

For various values of capacitance, the starting torque has

been calculated =zn: listed below:

Table 3.1
c %y J) g %
MF ohns Amps degrees oz=fte
o 00 0 - : )
20 15940 0,78 775 | 17,1
40 7946 1.65 63.0 | 400
60 5340 2,46 47.0 \\\ 616
8 3949 3.03 32.5 \ 7245
100 1.8 3.37 20,0 ‘iﬁ.o
120 2649 3.50 12,0 ?@&3

140 22,7 3.57 b5 6l |



v xe | Ia 93 Tlll
MF ohms Amps degrees oz~ ft.
|
160 1949 3458 1.0 6045
180 17.7 557 =5.0 53.0
200 15.95 355 -8.0 k9.0
220 14,45 3.52 | =11.0 bh,7
2ho 13.3 3¢50 | »12,5 h2.4
260 12,2 3,46 | «15.,0 38.6
280 11.4 342 | #1645 36.2
300 10,6 3.0 | «18,0 3440
320 9.96 5o 40 «19.0 32.6
340 9.36 3.37 | 20.0 3048
360 8.85 3436 | 20.5 3041
380 8437 334 =21.5 28,6
400 7+96 3.33 | =22.0 27.8
%20 7458 331 ~2245 27.6
kho 7425 3.30 | =2340 26,2 |

3e3 Determination of starting torque from physical dimensions
of the motor The given motor has been deconstructed into

parts, the method of winding is studied, the conductor size,
the stator dimension and the rotor dimension are measured and
recorded as follow:

3341 Medn Winding

The main winding is of the concentrie type.

35



The gauge 20 A.W.CG, of enamel copper wire of which its cross
sectional area ia 0,000804 square inches has been used. The
concentric-type winding has been would in the following slot

orders 3

Slet 5 to slot 32 - 34 turns
b o slot 33 - 60 turns
3 to slot 34 - k2 turns
2 to slov 35 - 3% turns

The winding has been arranged into two circuits connected
in paralled.

Cem = Winding Comstant in Main winding

= (fg coil 5e32) { t 5632) + (foc0il 4e33) (t 4=33) +
+ (£5 coil 3-34) ( ¢ 3=34) + (£, coil 2-35) (t 2-35)

t 532 +t hazz * tzazn ¢ touzs

£, coil 5-32 s s cg X90) = 1.0
" 433 = sin ( ;x 90) = 0.94
" 33k = m(gxgo) = 04766
" 235 = sin ( ;.x 90) = 0.50

u_l'l-to;u&)d-c?ﬁﬁxlizoamlﬂ
34 4 60 + b2 + 34

g

= 0.82
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The number of series conductors in main winding,

x P hxzxp \

m a
i ;_mxzxk
2
g

The length of the half mean turn of each coil of the stator

main winding, lm

be2 (D 4 4)
1.“ = ———-s-;—-—- X slot spanned + 1

st be2 (3.90 +_o6 3+ 1.725
lm for 17 eocil growp = 5

5 B 315 inch,

1 for an coil group = M 5 + 1.725

Smm
= l’ “ m 36“011.

1 for 378 co11 group = ka2 (%;20 +2638) 7 + 1.725

= 5,435 dinch.

1., for B o4y group = i‘z—%—g&i’—éﬁ) 9 + 1.725

6e495  inch.

L = length of half mean turn of stator main winding

e 20315 X 34 4 %4375 X 42 4 5,435 X 60 +6.495 X 34
34 42 4 60 + 34

= h‘. 95 inche
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The resistance of the main winding, R..

Lem X Ny 04692

A ® o
sm
a . S‘mlo

= 195 X 680 X 0,692
2 X 0.00080% x 10°

= 1,45 omms at 25 °C

1.73 ohums at 75° C

3¢32 The Starting Windiag

The winding 4is also of the concentric type
The starting-winding conductor is of geuge 21 A.W,G.y enamel

copper wire.

Cross=sectional area of the ecopper = 0,000638 in®

Bare diameter » 0,0285 4n°

The winding is of one circuit winding and is wound in the

following orders.

slot 1 to slot 9 - 60 turns
slot 2 to slot 8 - 32 turas
slot > %o s8lot 7 <« 30 turns

Na = E%“ = 976
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The winding constant for starting winding, Cgy

(stn §-x 90°)(60) #(sin § x 90)(32) umj X90)(30)
60 + 32 + 30

= 0. B?

The length of the halfemcan~turn of each coil of the starting

winding, lm

1 = Mxﬂot spaaned + 1
5

st
lm for 15% coil group

4:2; 2=£ +=6E2 # 1.
36 + 1.725

» e 8‘*’5 inch. R\\t\

lope for 224 o011 group = 542(2,904.638) 6 + 1,725

= ,+Q 895 56 uCh.

d 4.2 x + 6 )
1 for 3°° coil group = s2(s9 #4638 £ + 1.725
sma 36

- 597 inch.

The length of halfemesneturn of the starting winding,

Lon = 345 X + b X 32 4 X 60
30 + 32 «+
= 5015 inch-
Resistance of the starting winding,
3 I"aa X Na X.0%92
sa * X 105
aXx ssa

= 5,15 X 976 X ,625

1 X ,000638 x 10
= 50"’6 ohm,
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3.3.3 The Rotor

The end ring end the rotor comductor are made of cast

alluminum alloy.
Inside diameter of the end ring = 2425 1inch

Qut side diameter of the end ring 3,812 4nch

Thickness of the end ring 0.,145 4inch

From Fig 2410 Kping = 1,04

The rotor resistance in term of the stator main winding

Rpm - ( BEE; + ;2—;:;—- + Kping )

6802 % 0,82° X 2 x 692 ( 1,69 +
10 .05251“

0.6k X 3.802  y 1,042

+*
47X 781 X.145

= 1,83 ohmat 25 °*C

1,83 X 1.15

2e1 ohms at 65. c

The constant term for the various reactance,

-8
s X T % N.ZCI%! 10

= 0.973

For stator slots

Wgo . «175 = J57h
Wg3 0303
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From Fig 2.9 ¢ s 455

’222 ,0:9 2 X «015
L s aaat e R

= 1.516

For rotor slot,

F.r = 0,62 + ﬂ::
= 0,62 “O
= 1,453
Xg « 2Tf¥2 c.2x10 [__ﬁ_}[,. -l-g';- r‘_]
- 973 54215’&1335][1.516 v 36 x 1453
= ,776

The zigzag leakage reactance for the stator and the rotor

refereed to main winding,

-8 (w * W )2
2 2,13 1 tsl trl
= 2Tenc2x10 [ - H“h.*"nr]

o [P g

= 0793

The end - connection leakage reactance,

-8 Ded,) (avescoil )
X, = 2Ten2c,’x 10 [TY( "s ;!;m 'pu]
= T(3.90 + 0638) ( 6 )
973 | e |

= 579 ohmse
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The rati¢ of stator slot opening to air gap length -.6gg- = 8,18

”o. fi Ee 2411 v = 3

The ratio of rotor slot opening to air gap length -.3%% = 5,45

from fig. 2411 ¥ = 2,45
Let K. be air gap coefficient for stator

Kr be air gap coefficient for rotor

K " Wil ¢ (y9) ¥ .25+ 3 x .011
= le2
Kp 'w&r‘:(xb)‘ -, 2,45 X 4011
= 1,135
K = Ko Kp
= 1,2 X 1,135
= 1,36
I. = nagnetiiins reactance
2 Te n* el x 1o Qb5 x1xT
S oKepuF,
F = saturation factor usually use 1.2

. 2973 X o645 X 1,725 X _3.06
“n

o011 X 1,36 X & X 1.2

= b‘s ohm.
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The skew leakage reactance,
2
Oy

xlk T xu "8 K,

Kp = stator leskage flux factor usually
= 0.9’ 2
he( &75 )
x‘k = 2 X 0,95
= 1.19 ohm,

Total leakage reactance of the stator main winding plus
rotor interms of the main winding of the stator

11. = x, + I’ + I. < x'k
= .ﬂ‘ + .?93 + 0579 + 1,19
= -3am

3.5.4 Calculations of the starting torque.
For starting torque caslculations, the d.c¢, rotor resistance

referred to main winding is increased by 10 %, and the effective

locked rotor resistance

erl = 1,10 X 1,83

= 1,99 ohm,
The total resistance in the main winding,

3. = R.a + an

i 10"'5 + 1.99
= 3,44 ohms at 25' c
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The ratiec of effective conductor

K Ka. c'a
N-. c“

- B
= 1,52

The rotor resistance in term of auxiliary winding.

R = 1.52% X 1.9
o b6 —ohi at—2% C

Total resistance the starting winding
R = Rop * Res
= 5."'6 + ll'oG
= 10.06 ohm,
The total leakage reactance in term of auxiliary winding
X2 x
Xa = K X3y
1.52° X 3,338

772 ohmg

The main winding looﬁagotor impedance

Zn » VQIi + ( Rgp + Rpy)®

o 3.338° 4 3,34°

= 4,82 ohm at 25‘ c

The locﬁugotor current in the main winding

Ism » -%%%E'

= 22.8 Ampe



The capacitance required for maximum starting torque

X, .xhogi—(z.-xh)

= 7472 4 20296 (4 85 . 3,338)

= 12.05 ohm,

Capacitance in microe-farads

0%

c =
AN B 4 xc

6
10
= 2750 x 12.05

= 26“’ /M P.

Starting torque

188 p E°K Bpy Ra X lp=Rp(X3,= Xg)
4

: [Rg2s X,2 |[R (Kia=Xg) )

, 2
. 0e92 X .Bsgohx;_lo X 152 4

X 10,02 ; 132? - 2,4#{2.22 - 12202 °’-n.
[3.M 4 3.338 [10.06 + (?.72 - 12005)ﬁ

= 92.0 o = ft,

The value of the starting capacitance is varied and the

theoritical starting torque is calculated and tabulated below.
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Table 30 24

Starting Capacitance Starting torque
'S ¥ 3 Ty ( 0ze=ft )
0 0
10 2454
20 Selt2
30 8.50
4o 11.90
30 1570
60 19.70
70 24,00
80 28,00
90 53440
100 38.40
110 43,20
120 ' 48.50
130 53470
140 58,80
150 63470
160 68,20
170 72440




Starting Capacitance

Starting torque

c (MF) T, ( pz-ft )
180 , 76430
190 | 79.80
| 210 | 85450
‘ 220 | 87.60
230 | 89.30
240 90,60
250 90.80
260 91,00
270 92,00
280 1 92,00
290 92,00
300 90.40
310 89.80
320 88.60
320 87.80
340 87.20
250 85400
360 8he2

67



3.4 Measurement of the Starting torque. The torque

developed is obtained by multiplying the reading on the balance
tc the torque arm lengths The starting torque for a starting

capacitance is calculated, and the average values are tabulated

belowi=
Table 3.3

Starting Capacitance Starting torque
c (MF) T, ( oz -ft )

0 0

10 0

20 0.27

e 3405

Lo 6,08

50 9.88

60 13.4

70 13.65

8 17.4

20 17.8

100 21.9

110 2646

120 I 3046

120 : 35.2
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Starting Capacitance

Starting torque

c(MF ) T, ( oz=ft )
140 39.2
150 b3eh :
160 4744 |
170 ‘ 50.2 E
180 5440 |
190 | 5640
e AN
210 AN |
220 614
230 | 61l.2
240 |r 62,1
250 I 6241
260 : 614
270 E 61.0 !
280 | 60.2
L e
300 58,7 ‘
310 57.8
320 5740 |
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Fig_ 3.4 En]arjed view of
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stator teeth.
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Flg. 3.5 Rofor punchms , b4 h.p. capacilor start motor
Dp = 3.878" Np = 44
Qb = f.?S”H Cast allumimum rofor bar and end ring.
® = o.on Inside dra. of end ring = 2.25"
Wer, = 0. 216" 3 Outside v o vooo= 3.8:2”"
Eir = 0.276 Thickness u ¢« = O.145
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