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FREFACE

In accordance with the custom of this college the senia
engineering students prepare a thesis during the last term of
their course, as a partial fulfillment of the requirements
for the degree of Batchelor of Science, The benefits to be
derived in carryinz out a thesis we Lelieve to be many fold;
it zives one an opportunity to outline and do something ace
cording to his own ideas and also to mcet an enginc-ring probe
lem more nearly as it will cve met in actual cxrerience after
leaving college,

After a careful investiration of past theses and nresent
subjects availavle, we decided that many of the probleus
treated were somewhat veyond the capacity of the ordinary
colleze senior and are capable of veing solved only vy men
of more nature judgient and experience, If some of the solu=
tions oftered were to be actually tried out they would doubte
less br< found imrracticavle coamnercially and inconsistent
with gnod enginecsring practice, wiich oftea denends as much
uron experience as uron uﬁre ti.eory.

tur reasons f1r s~lecting the subjecct chiosen were four
fold; First, this is a phase of electrical work in which we
were especially interested; Second, the <lcectrical derarte-
ment was reasonacvly well ejquirped for earrying on the necesse
ary work,; third, we velieved that the i§E§§$3¥‘gained would be
of nraetical value to us in f.ture work and; Fourth, that
previous lavcradory experience, classr:.oa work, and available

information ha# qualified us for ths work at hand.



It has not been our aim to sce how 7nany different tests
we could earry out vut rather to obtain the best possible ree
sults on those tests which we did run., OJeveral of the tests
were repeated when it seemed that the results obtained on the
firat trial were erroneous., In many instances, by retesting,
we have been able to eliminate difficulties and sources of

error which were encountered during the first run.
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INTRCDUCTICN

The object of this thesis is to nerform a series of
tests ucon a three unit motor .enerator set situazted in the
College ilectircal Laboratory, in crder to deterrine the seve
formance and characteristics of the macuines,

The unit com»rises three peneral ancdé distinct types of
Zlectrical Apoaratus, namely; A Dircct Current !ntor, an Ine
duction ‘otor, and an Alternating Turrent Zenerator. “he
name plate Jata of the individual m:chines is as follows:e
(1) General .lectric “irect Currenti otor.

shunt otor ..guinyed with interunles.
No. 325698 Volts 220 Azns, 38 HeP. 10,
Speed 700/1. GO 4 Poles.
I'quinped with a Cutler hammer Combination Starting Zox
and Speed Fepgulator.
(2) vWest#n Zlectrical Lquirrel Cagc Induction 'ntor.
" Yo. 39562 Phnses 3 Cycles 60 H.P. 10,
Volts 220 Atios. 25 K.P.1i, 1800,
The Ltintor is 4 ole and deltn connected, ecuinved with
a ostarting Comoencatore.
(3) Alternating Current Generator.
Yo. 163456 Y¥orm A K.W. 10 Cycles 60  °hises 1=2-3
Volts 220 Amns. 26 4 Pole R.P.I. 1800
kquinped with a rield Rhenstat.

These w~nchincs are mounted on a cast iron tase and con-
nected togsether by means of flange couplings with a leather
washer beteen to »revent bincin,: =2nd insure {lexibility. The

Incuction Yotor is rigidly bolted to the base in the center



with the Direct Current !otor 2nd Alternating Current Generne
tor on the ends. The end maciiines are e~.cn fastened to a
screw which is used to separate the machines for testing as
single units,

J>revious to actual testing; we consulted several books
on Zlectrical Testing written by wen identificd witn that
line of work. IJext we outlin:d the tests to be performed and
the methods to be followed in conductinz the tests. In rune
ning the tests nn attempt wns made to .exform them in any
definite or n»nrecetermined crier, the governing fa2ctor veing
the running of a test wnich required the least over-hauling of
the macnine fro.1 the nrevious test. The results were then
worked u;) and reccrded in tih« following orcder:=
vection I. Direct Current !otor ilxneriemts and Hesults.
Lection II. Induction !otor " n "

Section III. Alternating Current feneriator . xperiments and

.esulta,

Ilefererces "sed:i=
The rrinci»al iieferences uscd durin;; the ,reparation
of ti.is tl.esis wvicre;
l. C{omiercial ‘leciriec "esting, by L. . Collins.
2. lotes znd “.xmweriments, “irect Current, by .. Cory , “..ile
3. " " " , "lternating ", by !l Cory , D.ie

4, .xpcrimental lectrical (nginecring, by V. Laranetoff.

Y« Alternating Current !'-~chinery, by oneldcn ( kason.



Instruaents Used

Make Kind Nfg, HNo. Range Thesis o,
Yeston D.C, Ammeter 616 0 - 50 Amps, 10
" "o " 3562 0 =100 * 11
" .. " 2193 0-15 12
Heston D.C, Voltmeter 3414 0 «600 Volts 20
. " . 6792 0 =150 " 21
. . » " 3562 0 =300 \ 22
" .. . 1690 0 =150 " 23
Weston Wattmcters 207 0 -3 K,W, 30
" " 208 0«3 ®v» 31
Yeston A.C. Ammeter 38389 0 « 5 Amps. 110
. " ow ' 6153 0«5 * 111
" L) " 6177 O=-5 112
" "W " 8692 0O-5 " 13
" LI . 6978 0,-2 114
Weston A, C. Voltmeter €297 0 « 500 Volts 120
" " » " 4143 0 - 500 " 121
" " . . 6322 0= 50 9 122
" " . " 4547 0« 50 123
Weston Current Transformer 330 25 « 5 Amps 130
* " . 325 25 -5 131
" . " 352 50 -5 132
. " " 349 50 « 5 " 133
" " " 124 100 = 5 * 134

Veeder Tachometer 300« 2000 R.P.N, 140



SECTION ONE

DIRLCT CURHENT MOTOR EX¥I RIMINTS AND RESILTS.
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CCLT i 8BISTAYCLS (.0 DIIECT CLHUT !'GTGR.

The resistances of the difierent electrical circuits

were measurec by the drop of potential methcd and the values

determined.

That is ty a:3lyingz Chm's Law, viz; I= Z/R. The

temperature of the windings was 20° Centi :rade.

Inst. No.
Constant

Inat. No.
Constant

=

21

64,2
52.1
6
959
105.5
110
120

130.9
134.5

139.4

22
02

60.6
73 .
2.

86

THoT LATA
Shunt Field resistance,

Bl 1 I R,
(corr) (corr)
0.01
63.2 27 .232 246
0.9 30 o2 247.9
3443 36 «343 246
94,1 40 «381 247
103.5 44 «415 247
1C7.38 46 +439 247.5
11g.8 50 «A475 24.,
123.4 54,2 522 248
132.4 56 «539 248
137.1 58 , e5¢ 24749

Average 247433

Interpole liesistance

b3 I I R
(corr) (corr)
10
1
1.2C2 20.9 21l.1 «057
1.46 25.5 25.6 <057
1.536 2g ) 2g.o5 <0563
1.64 284 23.8 0057
1.78 30.5 30.5 +0572

Averagce 057



O~

Terminal Resistance,

i1 B 1 Re
(corr) (corr)

Inst. No. 21 10

Constant el 1l
93.1 9.13 23.5 23.6 «387
109 10.69 2747 27.8 .3865
104 10.2 26.5 26.6 «383
111 10.9 28.5 28.55 382
107 10.49 2745 27.55 W30
113 11.08 29 29 .382
120.5 11.83 31 31 «382
126.2 12.39 32.5 32.5 + 381

Averace 383

Actual Armature Resistance,measured between the brushes,

I E I 1 R
(corr) (corr)
Inst. No. 21 10
Constant o1 1l
68 6.6 24 24,1 «278
72 7« 0C 2553 25 .4 «279
77 5.56 2741 27.15 «279
90 e 2 31.6 31-6 0279
93 Yel2 32.7 32.7 279
94 9.22 33 33 .273
107 10.5 3775 3775 —2703

Average ,2738



DIRVCT CURETHT MOTOR SATURATICH 71T,

The var.iavle volta 3t Tor runiing the machine was ove
tained 9y placing the vooster and an iroa wire rheostat in
serics with the 220 volt line, A rhesstat was dut in the
shunt fiecld circuit to vary current, the motor ranning free.
The woltage imnreased on the armature was reduccd 4o nbout
50 percent noreal wvalue, and the field eurrent -ade very
low 2iving tlic nachine a sueed of 1200 R,P.M, The voltage
waa‘then raiscd by stecs tu 1) ypcreent avove nornal, at the
sane time increasing the ficld current tc hold the spced Come
atant. Readings werve taken at each sten of auced, field E
and I, and ar:zature @ and I,

A curve was then plotted with field aqncres ns aue

scissae and aracturc volts o8 ordinatecs,



MoTtor SATURATION TEsT
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TU3T DATA FOR EOTCAR SATUEATICH

Pield

Inat, Yo, 22
Cons tant 2

Corrected data
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Armature
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i Moror Saturation Test
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DIRBCT CUNRENT GLIILIATCR SATUKATICN TEST,

The direct current machine was driven as a generator
by means of an auxiliary D.C. otor at a constant s.eed of
1000 R.P.lf. Geveral rheostats were placed in the field and
the current was gradually raised irom G to 200 nercent nore-
mal current, takin; readings cf rrmature t ~nd field I. To
show the efflect ci hysteresis tiic field current was then ree
duceé to 0 in nine stens. Acurve was plottcd with field I

as abscissa snd ormature 11 as 21 dinates.

TLOT TARA
Arm. Arm. Field Field
i ¥ 1 1 TeP ol e
(corr) (corr)
Inst. lo. 21 11
Constant 1 .01
1C.1 1C.1 19.5 <189 1000
6Ge?2 84, 5 20.3 «193 .
91 89. 21.5 «205 .
9% e4 93.°¢ 22,5 0214 »
101 99.1 24 228 "
105.2 103of 25 0238 »
110.4 103, 2 26 0243 "
116,.4 14,7 27.5 262 "
121.9 119.7 29 .226 "
128 125.6 : 30.3 203 "
135 13«.) 32 «305 .
140.8 1 ‘.zo( 33.7 0321 .
148 145.6 35.9 «3238 "
Inst. No. 20
Constant 1l
1//.5 l/kc; 37.2 035j 1000
164 16C.5 3¢ «371 "
170 1L6.L 40.9 e 306 "
57 17345 4247 £ 407 "
184 1¢0.1 44,2 0622 .
19° 167 4645 o« 44 "
200 195 48 .459 "
207.5 202.5 50 «473 "
213 206 52.5 503 "
”

222 217 54,2 520



In'to No °
Constant

Constant

Constant

Fiela

11
01

56
5945
¢
64
66
70
7e
74
76
'fi). 5
SLe3
Ehe5
8o
02
9.5
97

0.1
10.

11.
11.

oW

<01

-
D

6
3.5
8
41
2.5

20

23

Field

(corr)

*239
«575

.64
.68

.62
513
2
~328
266
«219
176

o

10

RePolue

1000

1000



GENERATOR SATURATION TEST
D.C. MOTOR

CONNECTION DIAGRAM

220V LINEL

®
MACHINE IS DRIVEN BY AN
AUXILIARY DC. MOTOR
- +
[ 125V strage Battery
APPARATUS
NO KIND RANGE
) WESTON D.C. AMMETER 0 -/0 AMPS.
' « “ No LTMETER O -300 yolts.

THESIS - H-H.%, B,
1915.



Thesis - HHS8.
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BRAKE TLSTS OV L1rkEICT CURRCNT TCTOR.

The motor wad connected in series with the boostcr set
and run for about one and one-half h-urs at nearly full load
to wzrm up the windings and =2 ,proach, as nearly as no8sible,
normal runningz conditions.

The load was then thrown off sncd the srecd made a8 neare
ly 800 fi,P.l. a8 rheostat on starting box would nermit; holding
the line voltage constant at exactly 22C volts; reacdings were
taken of 1line volts, ampers input, K.P.l., and weight in pounds,

The weight was increased in 1 nound increments from § to
about 125% overloade The test was rese~ted at 1300 K.P.M. and
1800 R.P.ll. Curves

Curves were then plotted for each speed with liorse power
output as abscissae and Amns. in»ut, efricieney, iR.P.l., and
torque a2s ordinstes.

‘rom these curves and from the action of the motor it
is seen thnt the coeration of the michine is better and it has

a ;reater efficiency 2t £0C speed,



Brake Test on DC. MoToR.

CONNECTION DIAGRAM.

[ L2ZoviDe.

BOOSTER
MOTOR

APPARATUS USED

KIND RANGE

WESTON DC. VOLTMETER Q - 300 VOLTS
» bPC AMMETER O - 50 AMPs

SET SCALES AND PRONY BRAKE
BOOSTER SET

THESIS




BRATZ 1037 ¢d DIRECT CURLLIT 70%0i (Crigonal)

E. 1. R.P M, load 1lbe,
Const, 1l 1l 1l
22y g.f§ 799 0
" 6,7 793 2
" 8.0% 799 o
" 942 757 g
" 20.35 755
" 11,0 73 g
" 12,9 753 10
» 14,0 750 1l
" 15,6 770 12
o 16,59 779 13
" 18,1 774 14
" 18.35 760 15
N 20.5¢% 755 16
" 22,90 762 17
" 23.1 765 19
" 24,4 760 19
" 25,0 755 20
» 27.25 754 21
" 23.1 750 22
" 2945 752 23
" 1.2 750 24
" 31.8 742 25
" 33.1 740 26
" 39 735 27
" 35.6 730 20
L 37.0 B 29
" 38.0 730 30
" 39.5 726 31
" 41,3 730 32
! 42,0 720 33
" 43.5 729 34
" 44,6 77 35
" 45.6 717 36
b 48.0 725 37
" 43,0 702 33
: 48.6 710 38
Inst, Ho, 11
Const, 1l
. 51,0 723 9
" 52.0 710 go
" £4.0 713 41
" 56,0 720 42
" 57.0 702 43



o

N
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BRAVE "T00 o4 DICICY CUTiY T rU0R,  (Corrected Data),

Het
I R.P.M. 3Brake H.P, H.P. Torque %
Loak Input Outrut rff,
2.45 779 0 1.02 0 0
85 777 2.75 2.02 1.02 6.88
8.15 774 3.75 2.43 1.38 0.38
9.55 770 4.7 2.32 1.74
10.45 763 .75 3.088 2.1 g
11.9 767 0.75 3.51 2.46 16. 3
13 766 7-75 3.84 2.33  19.338
14,9 7@2 3.75 4,23 3.13 21,83 74.3
15,7 701 9.75 4,63 3.93 °4.gd 16,2
16.65 753 10.75 4.91 3.8¢ 8 79
13.25 757 11.75 5.26 4,24 29.33 79
19 742 12.75 9. 4,5 31 83  ©0.4
20.75 739 13.75 6.12 4,82 g 79
22,2 744 14,75 6.55 5.23 8 79.8
”3.25 747 15.75 &.896 5.6 g 51,
24.5 742 16,75 7,22 5.92 41 82
25.7 736 17.79 g.ss 6.23 ét 82,2
2&'3 735 16075 .05 0. 5() ROTD) (
23.1 732 12,75 n.23 5.86 49.;8 82.8
29.5 733 20.75 8.7 7.24  51.58 8
31.2 731 21,75 G.2 7457 5&.&5 (
31.8 722 22.79 9.375 7.52  ©6.82 &3
33.1 720 23475 9.76 d.14 59.gu 8
35 715 24,79 10.31 8.424 61.83 8
35,6 710 25.75 10,5 3.7 i 62
35 703 26.7% 10,9 9 .02 3
3 710 27.7% 11,2 9.24 c9.38 8
39.5 703 23.75 11,65 9.69 71.83 8
41.3 710 29.75 12,19 10.01 74.38
42 699 30.75 12,4 10,21 76,88 8
43,5 705 31.75 12,82 10,66 29.38 8
44,6 696 32.7% 13.15 10,83 21,88 8
45,6 696 33.75 13.45 11,19 84.g8 3
43.1 705 34,79 14,2 11,65 8 8
48,1 680 35.75 14,2 11.,3 39 38 8
48,7 689 35.79 14,38 11.71 g 8
50.9 702 36. 75 15 12,29 8 &
51.9 689 3g - 15.3 12,39 94 38 &
53.39 697 36.7 15.9_ 12,65 96 58 0.6
59.9 699 39.75 16.48 13.22 g
56.9 630 40.75 16.29 13.2 101 8 78,



14

BRAKN o7 O DIN'CT CURANT TGYOR. (Orizinal)

E 1 RPN, Load
lbse,
Inst, No. 20 10 140
Constant 1l 1l 1l
225 4,1 1374 0
" 9.5 1305 5
" 12 1290 6
" 14,5 1270 7
" 16,5 1273 8
" 18.7% 1270 9
. 21.25 1260 10
" 23 1254 11
» 25 1240 12
* 27.5 1235 13
» 29.25 1222 1
. 31.25 1205 15
. 33.9 1190 16
" 35.9 1170 1
" 36.7 1162 1
" 39.9 1150 19
" 41.5 1147 20
" 44,3 1150 21
. 45,5 1130 22
" 47 1110 23
" 49.5 1280 24
" 0 1055 25
. 53 1055 26
" 57 1060 2
" 53 1045 2
" 61 1040 29
» 61 1025 0



N
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2 3 3 8 3 3 8 2 28 3 3 23 3 8 8B 3 8 8B 8 3 3 3 3 3N

BRAKE TEST ON DIRGCT CURRUIT JCTOR, (Corrected data),

Wedium Speed.

Net
) R.P.M, Brake H.P, H.P. Torque %
Load Input Output BIff,
4.2 1324 0 1,27 0 0 0
9. 1305 2.75 2.83 1.71 6 o8 60.4
12,1 1290 3.7%  3.57 2.3 g 64.5
14,6 1270 4,75 4.3 2,87 8 66.9
16.6 1273 5.75 4.9 3.51 7.5
18.9 270 6.75 5.57 4.08 16 d 73.2
21.45 260 7.75 6.32 4,64 38 72.5
23.15 1254 8.7 6.81 5.22 8 7 .g
25.1 1240 9.75 g.4 5.7 77.
27.55 1235 10.75 11 6.31 26 8 77.9
29,25 1222 11,75 8.62 6.5 29.38 79.4
31.25 1285 12,75 9.22 7.31 31,88 79.5
32-5 1190 13.75 9.88 7.79  34.38 g9
360.7 1161 15.75 10.81 8.7 39.36 80.4
39.5 1149 16.75 11,66 9.16 41,88 78.6
41.% 11448 17.75 12.2 9.67 44,36 78.8
44,3 1149 18.79 13.0 11.24 46 o8 78.4
45.5 1129 19.79 13,41 10.6 g 73
47,05 1108 20.75 13.9 10.91 1. 8 78.9
49,7 1077 21,75 14,68 11.13 54.&8 76
50.2 1051 22,75 14.8 11.39 56.88 76.9
52.9 1051 23.75 15,6 11.9 9.88 76.3
56,9 1056 24,75 16,78 12,42 61,08 74,2
57.9 1041 29.75 17.1 12.7 64.38 74.5
60.9 1036 26.75 1g 87 13.1 66.68 73. 2
63.9 1015 28.79% 13.9 71.88 73,



BRAKE TEST ON DIRRCT CURRiLNT :fOTOR (Origonal)

. ) % R.P.'T, Load lbs.
Inst.No. 20 10 140
Consat, 1l 1 1l

225 5.4 182 0
" 13.5 177 g
" lo,9 1745 6
" 19.0 1730 g
) 22.9 1660
" 24,5 1675 9
" 27.0 1615 10
" 29.5 1600 11
- B B
" 4. 9
" 36.5 1450 14
" 3%.5 1450 15
" 33.95 1390 16
¥ 40,5 1340 1
" 42.5 1320 1l
" 45.5 1328 19
" 49,0 1370 20
b £4,0 1340 21
n £8.0 1325 22
" 60.0 1240 23
" §9.0 1270 23
. 62.0 1235 24
" 62.5 1220 25
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BEATT THIT Cd DLRICT CUKGUT MICTOR,

5549
£1.9
(2.4

RQPQ’}-.

1827
1778
1745
1770
1660
167%
1615
1600
1525
12¢0
1450
1450
1390
1340
1320
1326
1370
1340
1325
1275
1235
1220

Speed 1800 R.P.M,

Het
3rake
Load

H.P,
Input

1.65
4,01
4.96
5.0
6,07
7,26
747
3.7
9.9
10,17
10.77
11,05
11,62
11,94
13,52
13.4
14,5
15.9
17.1
17,39
18,29
18.41

(Corrected Data).

¥, P, Torque

Outnut

Lo {®]

® o o 6 o & o o
a0 OCONCNC\S,

OO CONC C\C e\ \C o

[

[Sel Xoleo T CaLNEA N N sl C2 R U210 N VLUV N

0

6.88

9‘0. t‘
2103
14,48
10,808
149,340
21,306
24,30
2(’. ;—)
29430
1.5
34_‘:‘;.
36.5;

39.&8
41,05
443G
46,8
45,30
51,80
54433
5G.LC
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MCTOR RI'GULATION,

Prom data obtained from brake test we figured the speed

regulation of the diredt current motor by means of the follow-

ing formula,
no load speed — full load speed

speed rezulation =
full load epeed

From the data, it is apparent that the machine gives

the best regulation at 800 R.P.¥,

Regulation data

229 = 710 — 6? —  9.72%
1324 531123 - 201 = 17.87%
182z4aol4oo = $22 = 30.45%
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DIRWCT CURRLNT GiiSATCR R:FV'LATION,

7e tried to get a "Saw Toothed®™ reg-lation curve by
running the direet current machine as a shunt generator.
#ith riieostats in the field ocdrouit adjust the field cure
rent to give 220 volte at no load, then put on one-fourth
load ourrent, note terminal voltage, Then the field cure
rent and load are adjusted to give 220 volts at one=-fourth
load,and one-half load was thrown on, repeatinz this opera=
tion until the macliine was carrying full load then open the
field ewitch and determine the rise in voltage, From this
data the curve can be plotted betveen armature volts and
anperes load showing the voltaze regulation,

‘#hen we attempted to perform tliis test we found we
found that from 0 to 4 load and at 1485 R,P.»,, the voltagze
would drop from 220 to 50 volts, then after raising the
voltage to 220 we found that the machine would carry only
& lit'le over } load vefore the voltage would drop to ¢,
also, when the load was thrown off the voltaze would rise
to about 1000 volts and flash over the comautator. At highe-
er speeds the generator would not carry § load., Not being
able to zet a low enough frequeney to run the inducetion motor
below 1456 R.P.M, a8 a ¢rivinz motor, ve had to abandon the
test,

Prom the above results it is evident that the direct

current machine was built as a low specd motor,



D.C, BAR=-TO~3BAR VOLTAG? TV3T,

The motor is 80 designed that it has four sets of
doubles brushes around the coamutator. Cne brush from each
set was raised and a band of fish paper about 2 inches wide
wae fastenecd around the conmutator by eans of stringzs tied
““to the brush holders, "he fish paner had holes drilled in
it a distance apart equal to the width of one coanutator
bar, and the holes extending over -ore than 360 elsctricl
dezrees, the first hole placed about aidway petween two
brushes. Then by taking two soft lead pencils attached to
the ¥woltmeter lecads, the voltnge between the first holc and
each succereding one was "casured, thc machine running under
the followinz conditions;~ (a) compensatinz windingz in, in-
duction motor and A, ©, zenerator runninz free; (b) coapcn-
satinz winding in, A, C. generator loaded; (c) same as (u)
with compensatinz windinz cut out,

Then by plottinz voltage azainst electrical degrees
we have the wave form. . The numuer cf ermautator bars vee
in7 expressed in electrical degrees, that is

1 commtator bar & 720/97 = 7.42 electrical dezrees

The curvcs show tiat the neutral point shifts for dif-
ferent loads, This i3 due to the fact thata:o load there is
zreater fringing vecause at full load tliere is lcss local
field due to =zreater ar-ature current wliich neut#alizes some
of the lines, ¢r in other words tiiis is due tc armature rece-

action,



D,C., 5AR=TO=-BAX VCLTAGE THET DATA,

Compensatingz winding in, Induction ‘'otor and A, C.

generator runningz free,
Ar.: . lure Armature

Bar E B E 1
(eorr)
Inst., No. 21 22 10
Constant 1 2 1
l 13 13 114 3
2 25 24.8 " »
3 36.3 35.6 " "
4 51 ) [ ]
9 60.5 59-g " "
6 71 69, " »
7 87 5.2 " "
3 96 94,2 " "
9 103 101 " "
10 102.9% 101,5 . "
11 103 101 " "
12 103 101 " "
13 101 99.1 " .
1; 100 98.% " :
1 9 97. "
16 9 05 9606 " "
1l 2 0.2 " "
1l 4 2.4 . "
19 75 73.7 " "
20 63 6 " ]
21 49 48 . .
22 36 35. . »
23 21 20. . "
24 9.5 9.% " "
25 - 6 - L "
26 -18 -17.9 " .
27 -32 -31.5 " "
28 -42.5 -41,5 ] "
29 -57 -5 " "
30 -69 -6 " .
31 =30 -78.4 » "
32 -90 -88.2 . "
33 -99.5 -87.6 " .
34 «103 «101 . .
35 -103.9 -101.5 " "
6 =109 «103 " .
37 -104 -102 " .
33 «103.5 «101.5 " .
39. =101 - 99.1 " "
40 =100 -98.1 " .
41 -99 - 97.1 " "
42 «C3 -01,2 " "
43 83 -81.4 " "
44 -71 -6900) . "
45 «60 -59 " "
46 -47 -46 " "
47 -33.5 .« 3249 . '






Bar n b Armature Amatue

(c&rr) 6 I

48 «20 =19.8 114 3
4 - - " "
50 7 ! : )
51 19, 18.8 " »
.52 30 29.5 " .
53 45 44 " "

Compensating windings in, A, 7. G cnerator loaded
Armature Armatus

Bar I b B I
(corr)

Inst. No. 21 22 10
Constant I 2 1l
1 12,5 12,5 114 25
2 24 23.7 " .
3 36 35.3 " v
4 26,5 45.5% " .
5 57 56 (] (]
6 63 67 " "
g 6 74.6 " "
2 80.4 " "
9 84 $12.4 " "
10 86 8443 " "
11 86 84.3 " "
12 87.5 a9, " "
13 55 813.3 " »
14 82 80.4 " "
1% 81 79.4 " .
16 79 77.9 " "
1 70.5 6903 . "
1 61 ¢0 " .
19 50.5 45.5 " "
20 35 34.3 " "
21 20.5 2043 . "
22 6 6 " »
23 - 9.9 9.5 " v
24 -21 =20, . "
25 -35 -34.3 " "
26 -4 =45, L] ]
2 -59.5 -58. " "
2‘ -g.? -700 " "
29 -0l -gZ.S . .
30 #90 -83.2 " »
31 =100 -98,1 " "



-y
-~

Armature Armature

Bar i I
(corr)
33 -114 -111.8 114 25
34 -116 -113.8 " .
35 «120 -117.8 " "
36 120 -117.8 " .
3 =11 -110.8 " .
3 -11 «115,8 " .
39 =116 -113.8 " "
40 -110 -107.8 " "
41 -107 -104.9 " .
42 -101 -98 " .
43 -91.5 -89.7 " "
44 -75 -73.6 " "
45 -61.5 -60.5 " "
46 -43,5 -42.5 " .
47 =33 =32.9 " "
4% -20 -12.8 " b
49 -7 -7 " "
50 7 L L]
o1 19 1¢.9 " "
52 31 30.0 " "
g3 44 43 L »

Compensating windingz cut out, A.C, generator loaded.

Armature Armature

. Bar 13 B L b ¢

(corr)

Inst. Ho. 21 10
Constant 1 23 i
l 12,7 12,7 114 25

2 25 24,7 " "

3 36 35.3 " "

4 46 45 " .

5 52 51 " "

6 €z.5 61.g " "

g 72 70. L] LJ

78 76,6 " "

g 23 81.7 " »

10 83 31.7 " .
11 82 00.4 " »
12 30 7345 " "

13 74 72.7 " *

14 76 74.7 " .

15 €5 4 " »

16 975 5.5 " "

1 5% 52 " .

l 4 49 " "
19 25 24,7 » :

L]



Armature Armature

Bar E f B I
(corr)

21 - g.5 - 3.5 114 25
22 -1 ‘17.8 " .
23 «26.5 26,2 " "
24 -42 ~41 " "
25 -58 -57 " .
26 .71.5 '76.3 » n
2 33 -81.5 " "
2 -93 91,2 " .
29 -99 -97.1 " "
30 -113 -110.8 " "
1 -121,5 -119,3 " "
32 -131 =125 " "
33 -135 -332.6 . .
4 -139 =136 N "
35 -139 -136 " *
36 «136 «133.6 * »
3 132 -129,5 " '
3 «126,5 -124,1 b .
39 -116 -113.8 " "
a0 -113 -110.8 " "
41 -111 =108.8 “ "
42 «112 =109.8 " "
43 00 -88.2 . "
44 -79 «73.7 " "
45 -62 -61 " .
46 ~44 -43 " '
4 "34 ‘33. " .
4 -20 -19, " .
49 -7 -7 " "
50 7 [ ] [ ]
51 18.5 18.3 " "
] L}
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)
COH T LUGY W iTs o7 dL2aT ORI TACITING,

A2 H.,P, Direct Currcnt aotor was us~d to drive the D.C.
machine thru a flanse enunlinz. The cold resistaic: of the
driving motor waa first taken, then it was separately oxcited
and eomnected 8o that readinzgs of armature v-lis nand aapcres,
and speed could be talken,

The itecat was then earried out ns followa:- The field
current of the driviag 1otnr was adjusted t>r auout normal
value and held constant throuzhout the test. The motor to
be tested was driven first withsut any field cxecitation aad
readin 33 takXen of input te the driviag =motor at several speeds;
third, starting witu the orusnes down and 0 field excitation
read ings of input into the drivinz 10tor were taken ns the
field curreat was increased trom 0 to 12%¢ noraal at the fole-
lowing spe-~da, 800, 1300, and 1300 R,P,M, ~“he driviaz motor
mas then diacSnnectoi and ita input necasur<sd while yananing
free,

The difference Letwson the innut to the driving rnotor
when the vrushes wore down and when raised zives the brush
friction. 3y subtractinz the Izﬂ loss and iniut to the drive
inz motor at 0 load from its innmut at each Jifferent field
strangth the core loss was fizured for each point,

Curves were plotted witn field amperes as abscissae and
core lo®s as ordinates, also with R.P,}, 13 avscissae and beam

ing, brush, and windfriction as ordinates,



Core Loss TEST

CONNECTION DIAGRAM

25N+ DG

APPARATUS USED

NO KIND RANGE

D.C.AMMETERS (WESTON) ©0-50 AMPS
D.C VOLTMETERS » o-150V

! WATTMETERS
FIELD RHEOSTATS.
& LINE »

o—/0AMPS

"

THESIS - HH%, B
1915,




CCI4 LC33 Ti8T (Origonal)

Driving Motor Running ¥Free. (7ith the Drushes)

A, Arm, Arnm, Field R.2..

Tde I. e %

Inet.lo. 30 10 21 23 140

Const. 1 1 1 1 1
070 2,0 36.5 45 799
.11 2.2 46,0 " 1000
135 2.3 59.9 " 1200
7166 2.45 D5.4 " 1400
.20 2.5 74,4 . 1605
215 2.55 79.9 " 1705
«235 2,6 £3.2 " 1500

Inst. Yo, 30 12

Const. 5 1
.15 2.0 39.1 n €00
.20 2.1 45.0 " 1000
« 253 2.29 54.0 " 1200
.37 2.4 €3.5 " 1400
31 2.55 732 " 1600
«41 2.59 7240 " 1700
«438 2,61 €1.5 " 1400

Driving Yotor Running Free. (Azainst the .irushes)

Ara, Arm, Ara, J'ield RePoi,
v, I. fle i.e
inet.No. 30 12 21 23 140
const, 05 1 1l 1 1
e 10E 2.0 45.0 45 1000
24 2,13 54,0 n 1200
«2G 2,27 63.0 " 1400
354 2,415 72.0 " 1600
. 429 2,61 0.5 " 1800
429 2,61 ul.0 " 1300
e 393 2,59 76.0 " 1700
. 362 2.5 71.5 " 1600
29 2,25 62.5 " 1400
<237 2,12 53.5 f 1200
«1c4 1,¢9 45,1 " 1000
13 1,75 36.0 " <00



CORE LOSS TEST DATA. (Origonal)

Brushes out, 0 field, of D.C.Machine; input to driving

Motor,
Amm, Arm, Arm, Fielad

Inst.No. KV, I, E. E, R.P.M,

Inst.No. 30 10 21 23 140

Const, 2 b § 1l 1l 1
.11 6.0 37.5 45 800
.16 6.5 46.0 " 1000
.228 g.s 57.0 " 1200
.278 .0 66.5 " 1400
« 330 8.25 36.5 " 1600
« 345 8.2 1.0 " 1goo
«373 8.4 86.3 " 1800

Brushes Down, O field,of D.C.Machine; input to driving

mo tor,

Arm, Arm, Arm, FPleld R.P.M,
Kw. I. E. E.

Inst.No. 30 10 21 23 140

Const. 2 1l 1l | 1l
<191 9.2 39.5 45 800
251 9.8 43.3 . 1000
.310 10.2% 53.7 1200 1200
43 10.9 37.3 " 1600
«479 11.3 3.0 " 1005
5l 11.9 87.4 » 1809



CoRL Losd £73

T {Crigonal)

Lrushes down,ficld excited,of D2,C.llacliine,

Inst.
Const.

Driving otorxr

K,
30
2

185
.19
.10

Aru,
1.
10

1

O\ \O02V\WV &
Ui

-
o

[ ]
i

-
-y
L ]

.
\Jt

OCNH OOV OC- & NN~

o
[
L ]

12,35

11,1
11.4

11, :
11.0)
11.9
12,15
12,8
13.2%5
14,2
14,4
15.1
15.8

Dl achine

Arm. Field Arm., sield =ield R.P.J.
B B % I I

21 23 20 22 11 140

l 1l 1l 1l .01 1l
45,3 45 .5 0 0 800
c.7 " 20.0 12 5 U
36.8 0" 25,0 15 7.5 "
39.0 " 53.0 34.5 14.% "
9.4 ¢ 54,0 40 16,5 "
9.5 " 6l &0 90.7 "
40,0 ¢6 70 29 "
3¢,6 " 103 o 33 "
43,0 " 113 100 41 "
40,3 % 143 110 45 "
40,5 " 156 129 49 "
40,7 ™ 1(0 130 52.0 n
63.7 4% 14 0 0 1300
63.9 " 30 10 4 "
63.0 " 45,2 1G c "
64,0 " 6o 35 14.5 .
3.7 " 9 40 16.5 "
4,0 " 112 5 23.5 "
L4.3 " 15 e 25.7 "
65,0 " 173 00 33 "
4.9 " 215 i 40,2 "
5.1 " 23y 119 44,3 "
65.¢. " 257 120 49 "
bL,0 " 2.0 130 53 "



CORE LoS8 TEST (Caloulated).

Driving Motor Running Free. (With the Brushes)

Vatts
(Corr)

79
75

110
100

135
129

166
160

200
191

218
205

235
219

Arm.
Res.

39

«58%
59
«58
'35

58
138

579
<573

373
571

571
JBn

Arm. I.
(Corr)

2.1
2.1

2.3
2.2

1R

e o o o o o e o e o * o
NN O OVW Od W WK v\

Ph PP P WW WW NW NN

o o

gVe)Ve)

n

Arm. E.
(Corr)
36.4
35.0

Wagts -
iy

76.4
72.4

106.9
107.1

131.7
125.7

162.6
156.4

196.1
197.0

211.0
201.0

230.8
214.8

Field E.
(Coxrr)
]

Av.of 2
Read's

74.4
107.0
128.7
159.5
191.5
206.,0

222,8

ExI.

Input
76.4
73.5

105.8

ob:8
133.0
128.9

136.0
126.3

194.5
193.5

211.0
209.0

224,0
220.0

R.P.M
95
00

1000

1000

1200
1200

1400
1400

1600
1600

1700
1700

1800
1800

(1)
(2)
(3)
(4)
(5)
(6)

(7)

L

(1)
(2)
(8)
(4)
(5)
(6)

(7)






CORE L0SS TZST (Caloulated).

Driving Motor Running Free.(Against the Brushes).

Vatts Arm. I. Arm. E. Field E. B.x 1.
(Corr) (Corwr) (Corr) (Corr) Input
& 1.7 35.3 s 6.7 (1)
4 2.0 44,0 " 88.0
32 1.99 A4.) . g7.8 (2)
119 2.12 52,5 " 111.4 (3
14 2,22 63.0 ' 140.0
14? 2,25 6%.5 " 138.4 (4)
1 2.41 0.8 " 171.0
161 2.5 ? ;0.3 " 1;5.5 (5)
oW e e g
214 2.61 .0 " 206.0
214 2.61 33.5 " 207.5 (7)
Arm. I2R vajts Av.of 2 R.P.K.
Res. Loses - IR _ Rdgs.
:¢ 1.8 & 63 S0 )
N 2.4 2. 1000
.6 2.38 30.3 91 1000 (2)
. 2.8 117.0 . 1200
.?3 247 112‘0 116.5 1200 (3)
.52 2.9 142,0 142 1400 (4)
o5 2.9 142.0 1400
.58 3.5 173.5 175. 1600
57 3:5 177.5 75.5 1600 (5)
<56 3:75 195.0 195 1700 (6)
oo ow LX) ow
56 .8 210.0 1800
.gé 3;8 210.0 210 1800 (7)






CORE LCSS TusST (Calculated).

Brushes Raised, 0 Field, of D.C.kachine.

Arm.

Vatits

(Coxr) (Corr).
220 6.15
320 6.65
456 8.63
256 «12
668 3.36
31
74 8.2
Arm. 12R
Res. Loss
<465 17.6
455 20.2
«440 25.
«430 28.4
425 29.7
.430 29. 7
425 31.1

ving )X

Arnm., 1,
(Cory)

R

0

6.0
250a
73-4
4.6

WQtts

202.4
299.9
430.4
527.
0 3
660.3
784.9

e He
(Corr)

45

Windage &
Bearing Loss

128
T
366.1
232.8
434.3
492.1

Brushes Down, 0 Pield, of D.C.Machime.

“Vatils
(Oorr) (Corr)
382 9.3
502 9.9
620 10.35
gg9 10.7
0 11.0
9 11.4
1020 12.0

(Corr)

8.
35:3

4.4

5 9
85:7

(Corr)
45

x
Input

300
00
426

539

660
720

R.P.u.

800
1000
1200
1400
1600
1700
1600

Qggztng Mg}gg
Arm. I. Arm. L. eld E. x

Input

8
2

597

i
1029

o\ LW

NN N

o pWwWN -~

31



12R
Lose

35.9
40.1
42,9
45.9

o4
5240
5645

Vatss
e IR

346.1
461.9
577.1
13.1
11.6
906.0

963.5

CORB 10SS TEST(Calcoulated).

Windage,Bemring R.P.M.
£ Brush Loss

800
1000
1200
1400
1600
1700
1800

N O\ PN

Brushes Down,Pield Exoited,of D.C.Machine. (800 R.P.U.)

Vatts
(Corr)

382

380
390
400
404
430

470
490
500
§20

Res.

415
415
<415
415
412

411
.41

<405
40

«40
«40
«40

g

O OWVWVOWVOVY @
® o o o o o o0 o
"

ONOSI V& N W

Sl
=
T\\n

4

L
o o]
.

O O\ O OO 00 00 O D
® & 6 o & o o o o o
N +WO PO $ OO

WM LWL VW LW LI LY

344, 4

$ LWL
=0 00O\

w

VW OOONONO DWW

O & OO OVOVOW

>
W

Esixlng}ﬂnsgz —
. Arm, B. PFileld E. E x 1

RoP.M.
(Corr) Input
45 8 800

. :

] 2% [}

[ 69 "

[ ] 73 [ ]

" 400 "

[ ] 414 ;]

[ ] “5 (]

" 462 "

L] 469 "

" ‘90 L
Total Field I Core
Loes (Corr) Loss
(vatts) (Vatts)
271.2 0 0
273. 05 1.9
233.6 «075 1.
282.5 <145 10.
291,2 <165 13.5
290.1 «207 18.4
316.1 29 44.4
R S
geg:gg :25 96:3

[ ] L ] 100 [ ]
3g8.2 .538 116.?

Lt Ve ¥ O B NN TN

= s O

DS\D(DQO\U\QWNH

32

o s
N -

OO~ O\ W )
st Nt s s e s Pt P P

N~ O



CORE LOSS TiST (Caloulated).

Brushes Down,Pield Excited,of D,C.kachine.

: Dr ng lot
“Vatts Arm., 1. Arm. E.
(Corr) (Coxy) (Corr)
9240 11.2 62.7
750 11.6 62.2
7he 11.7 62.
760 12.05% 63.0
82 12,1 62.7
00 12.35 63.0
842 13.0 63.3
960 13.45 63.9
954 14.4 63.9
970 14.65 64.0
1020 15.1 64.5
1080 16.0 64.9

Driving ligt
Arm. Wat ]
Res. Loss « IR
40 50.2 689.8
.40 54.0 696.0
.40 5g.o 697.0
<40 53.0 722.0
<40 58.5 723.5
+40 61.0 739.0
«40 67.5 gg4.5
40 2.7 9.3
<40 2.0 871.0
.40 86.0 884.0
<40 91.0 929.0
<40 103.8 978.2

(1300 R.P,N.)

¥Field E. £ X I R.P.H,
(Corr) Input
45 - 702 1300
" - 730 *
y e
7 0 "
" 758 ’
[ 77 ]
L] 24 [}
" 860 "
" 920 “ ‘
[} 945 “
" 97 [ ]
[ ] 103 “
D, CL U n
otal e N Te
Loss (Corr) ILoes
(Watts) (Vatts)
545.8 0 0
§52.0 <04 6.2
553.0 .08 7.2
5‘?\1.0 0145 32.2
5795 «165 33.7
59540 «205 49,2
630.5 «287 84.7
745.3 «330  199.5
72740 «402 181.2
240.0 <448 194,2°
§5.0 490 234,2
34.2 530 288.4
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GNP RAL COHNCZLUEINTS DRANY ¥R TI575 TTADD

ON TIi{! DIR'CT CU {2 'NT “TACI'IN:,

That the direct current machine was desizacd as a slow
apeed motor i3 elearly shosn »y th= motor and generator regue
lation tests, Lrake teats, and saturation tests,

Thile running at a slow apced we could sece that the
machine did not heat a.preciably and the connmutation was good
when over full load curreat was flowing, whereas at the highe
er speeds the machine did not secen to run stavle wien full load
was aonplied, that is, it bezgan to heat, and arcinz at the
crushes was exe=ssive,

Apvareatly nornal currens i3 flowing in the field when
at the s-eed of 800 R,F.M,, while a2t 1500 R.P., X, the field is
necensarily so weakened that it perrcits anoilhexr reaction to
shift the acutral and tius couse the difficulty. “he compene
eating widdings are intended tov remedy thnis fault, but the
range of sreed is8 so larzge theat it is imposeible to secure

as zood a performance on the hizh sreeds as the slor speeds,
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AUTO STARTER,
FOR T PHASE INDVUCTION MOTOR - SQUIRREL CAGE SECONDARY,

CONNECTION DIAGRAM.

‘
| ' <5 FUSES
{
i i CONNECTION ]
BOARD
|
; BACKCLIP
e [|le o ‘© || | BLock BAS
SIDE
MOTOR
GENERATOR
acswra| |l © o 0 © G SWITCH
CYLINDER
| FRONT CLIP
STARTING | | 0] Q 0] | BLOCK BASE

el SN Y Y



INDUCTION MOTOR RESIBTANCES

At 209 Centigrade,by the drop of potential method.

PHASE A - B

Inst. No,
Const.

PHASE A - C

PHASE B = C

E B 1 1 R
(Corr) (Corr)
21 10
.1 1
55 5.4 23.0 23.1 .234
59.0 5.8 84,75 24.85 .2339
62 6.1 26,15 26,2 .233
70 6.88 29.5 29.5 .2339
6 7.46 31.85 31.85 .234
86 e ¥3 R3 ;3332
Average .
31 3.0% 13.0 13.1 +2335
35.7 ?.5 14.9 15.0 «2335
55 o4 23.0 23.1 .234
59 %8 24.6 24,75 234
62 6.1 25.85 25.95 .234
73 7.17 30.5 30.5 .235
7% 7.36 31.4 3.4 234
Average .
26 2.57 10.85 10.95 2345
31.1 3.06 12.9 13.0 «235
40 3.9 16.7 16.8 .232
47 4.6 19.5 19.7 .2335
55 5.4 22.9 23.05 234
59 9.8 24.6 24,7 2345
66 6.5 27.5 27.55 234
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The following tests verc necegeary for reodectorainan
the perf racace 2f the inductiza otor:
1, uesintance i the stater windin.:,
2. Uxecaitation ~ith the actor ria..ing idle,
Yo Imuneaance with the ronor lockrd,
It may geen at fivat thet thest tests, Lot ther with

the neccasity of constructing a diaram, and other cale

culationsg, siiould tske 'ore time tiinn an risnry ovrake

3

test, ‘'Kperience shovs, Lhoweveor, that hetier o 5ults are
ovtained Ly the inaire~i =wetned, thaa 18 pogsivie vith a

vrake teat,

The rcoistance was measured vy the drog 9f cotential
wethiod, dircct current veans ar:lied velv-e¢a pair3 of tore
minnls, 1f the moter i3 Zecoiaceted tne resistonce (r),
of o1e phase will oec ogne n21f of the resisziznce of (RQ,
vetween tao tarainals, ad the e «r lods ol tie stator

io
3 12r or 3/2 1°R.

If the motor is dcltaeconnected, the resistaance (r), 18
3/2 or (R) «ni the corv vy los: is /2 1°R, ¥rom tuis it
is sern that in vwerforaing the task it is not nec-saary to

ascortnin the character of c.nnecticns in the uotor,

37

e
>



38
TH! CLICLT DIAZRAYT,

Excitation Zest or Hoelod Characteriastics of tiie induction

totor,

The rurpsae of thiid test was te det:-ra.n- taue watis
and a2neres tagxen vy theladuction motior at no load, and
the data was used 1n the ogoastruction of the eircle dinziran,
tozethicy with the dnta froa tnelapedance anl resistance
tests, “"he altern2tor in the enzine lauoratory, wiich i2 n
ten 1ole =mnchine, “n2 ran at a spcod of 750 R.pGY, during
the test to keep a conatant frejuency of 6J cyclis. A rheo-
gtat v~s3 prlaced in the field of the altermator in orier to
vary th- volta-e, Otarting with 1150 pated 701t e, the
voltage vas decreased in stersd of noeout 1) v01t3 #ich une
til the cur.eat reached a mwninua and ez to 1acrense,
taking simultaneous re=din 3 of voltu, aayores, anl wittse,
The powcr 1aput was gqessured oy toe two wati a=t-r 3 taod.
Murves veore nlotird +ith turﬁizul velty s escissae to

anp- =3 vor phage and tot=1l nt8s nu srdinatces,

Invedance Test or Ghortelircult Cnaracts-ristics

of the Induction ‘otor,

.

“he varewose of tihilid tesl wnhs Lo deteraing watts and
anpereg taken oy theialuction meotor with tiis rotor locked,
and the data wns also used 11 ¢astricting the cirnle dide
ZraM, The act ur was thie svi1e n3 for the exeitation test,
starting 7ith atout 290 rated voltae, reading:s of wat'a,
awereg, and volts wer s takten, ralually incrensing the

veliaze until rted curseeat =i renciied, TUTrVYCs wLre
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plotted with t-rainal volts as audcissae to =ajcres per
phaze and totnl watts as cridinates, The alvere curve is

a agtraizhit line and the 2atd curve i3 a jparacila,

Construction ol tihe Circle .Jia 'raa,

(1) :ozer Factor mairant, hLefrreace axcs Cx and Cb

were selected, Op wass taken ejual to 100k jpewer factor to
a convenient seale, “ith Cp a3 a radius the jquairant prg
w13 drawa,  For nany faector of priaanry current, such ns (I
the roer factor is rerresecnted by 0t, the ordinate of the
roint r where the vector intersects the aquairant,

(2) Input, “he arvarent horse novrrs input with the

rotor locked wag then flzired which s < ual to

148 I3
746 .P.

and tiiis value plotted to a convenient scale 23 the vector

CI at a nover factor ejqunl to

.l
100 3.
1.3 Y;

“e then plotted tlie aviareat horse ‘over intwuwt at no load

R Y3
o * —Tag

7y

rer cent,

horse power,

The powver factor Lving 100 i,

per cent,

A'senl circle was then 4r-wn thru the zeints 1, and I,
havinz itas ceater nn the horizontal line 15%, Yor ~ny
noint such as 1, tle veentr €I rere enly the a:rarent
horse :over inrut, nnt thie ordinate Id rerresentys the true

hora 1021 innut,
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(3) Primary “urrent. 7The vector of the primary

current coincides with the veetor CI of apvaront input,

Cl is mensured ia horse power, nnd the priaary current per

phase 1, = ;6 1 wareres,

(4) cutpat, A linc w23 drewn cenaceting Iolge “he
portion of any ordinate of the circle nuove the line IOI‘
as Ia, mensures the horse pover output,

(5) iorjue, %he horue rover loss was figiced from
the formula;

(1 1.1 5
o o
.-736 = horse pover loss,

This was plottrd, as 3, and the line I,g wis drawn. Jor

any invut, such as Id, the oridinate Ib =+asures tor;ue in
synchroiious horse 1over,

torque in s mohron, h,p., X 57252

“orque in ft, los, synchnron, rev, por mén,

(¢) <rue ¥fficitncy, The true effici=ncy of the

motor is cqual to the ratio la to Id, “he efficiency is
mexsured direegtly by producing IOI. to 1 and the vertical
line 1 drawn, The efficiency scale ' wvas ticn drawn at
such 2 distance from the axis G as to 3ot the lengtn HAY
eagily divisible vy 100, +ho efficiency corresponding to
the inmnut 1d was then outained by laying a straisht ed e
vetwcen the points 1 and I and the efficiency resd dirccty
in rer cent at the roiat n on the sane line,

(7) Arrarxent ' fficiency, This is ealculated as the

ratio of la to 10,
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(8) Slip, iecr cent 8lin 2ny we calcualat d as the
ratio of 4u to Ib, '‘he 8lip seals was coastucts® Ly drave

inz the line 3'5 =arallel to tha line I at 3uclk n diatance

r
o
ao to have 1t ~agily divisivl- oy 100. The slir for a
point, sueh a3 I, =was found Uy layini a straisht <} ¢ V6w

tween the pointe Iy and I, S's measuredl tie 3lip,

daxiaum Values fromn Zircle iaram,

(1) ¥axi=an (nput corresuonds to the voint at whieh
the tuigent to thie eir-le is jarallel to the axis Cx,

(2) “axi-u= torue corresnonis to the noint at which
the tangzent Lo tire circle is parallel to the line Igg.

(3) ‘*axinaum output corresronds to thesciat at which
the t2nn wnt to the circlc is rarallel to the liae 1013.

(4) vaxiwm efficiency corresronds to the point at
which the tangzent from 1 touch:s the cirle,

(5) ‘'aximum vorer fnetor enrrespnads t- the voint

«t vhiely th~ tanzent fro1 0 touches the circle,



CALTILATICNS,

nta tnken from the Ywitation “est,
1o 11 anneres at 720 volts,
¥om 4062 ~atts at 220 volts,
NData takea from th- Iaprodnnce Test,
“he an.fre curve ociny 2 straigit line ne ealeulated

the curreant input at 720 volts by direct proportion, as

Neyr
[ ) - 22 1. s 1C4,0 »aprren

i
3.3 4
i
3

s 200 ig = 1042 "

i!
J

;- - 29 i, = 1942

Averae 194,13 aqi.cres
In aa much ng thi~ watt input carve tikes tine form of
1 caraonlsw, the total power invut at normal volts e can oe
nbtanined from the follovingg W. : w220 - E2 : 2902, where

¥ i3 any voltngze and Wg ia the intut at that volt:ze,

Therefores
_;’_%E - ;3%3 i, = 39,600 watte
';':76" - 223_%:,. ig = 39,100 *
.-%5- - 3.3.%3 g = 39,300

Averae 30,400 wattse,
Apparent ilorse jover inrut equals

iQE Y3 = 11 x 220 )3 = 5,0 herse .over
746 746
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)
Power Factor = 100 o = 100 x 462 s 11,05%

!oE )S 11 x 220

Apparent horse jower intut with rector locked eyusnls

ig E )’s Y k|
_74.3— = 194‘137:6220 = 99 Liorae yover

S 100 ¥ 100 x 137,400 o
rower iactor = mg_ - W}mﬁ- = 53,37

The stator conper loss cqyuals 3/2 12R where R is the

regittanece ovedtwecen terminals, This resistance ino vosed on
n maximum tempecsture of CS° 0. (or allowin: 40% ¢, rise
in teapernture) and is detorwined Ly meaas of the followe
inz forulae

Ry = Ry ( %—%—%% ) "here ¢ 48 the initial, and T ihc

final tenperatures,

42
365‘ Rog 1 + U, : 53 ) = 0.234 (1,156) = 0,2705 o,

¥roa the dia.ram Iol8 s G4 horse rower
01, = §9 horae jpower,

Norae nowver 1083 = 3 x ( ig -I%;-'. )2 x /2 R

746
.3x(W)2x1/2x0.2705
746

s 18,9 hiorae rower

Impedance:-



InoucTiON MOTOR

ImpeoANce AnD ExcitaTioN Test
TO OBTAIN DATA FOR CONSTRVCTING THE CIRCLE DIAGRAM,

CONNECTION DIAGRAM

‘1 MOTOR
Xirl
i
- |
§ !
W.M.
SHORT CIACVIT SWITCH CURRENT TRANG.
FOR METERS,
APPARATUS USED
NO KIND RANGE
2 WESTON WATTMETERS 0-3 KW 0-20AMPS 0-300 YolTS
2 WESTON AMMETERS -AC. 0 -5 AMPS
) CURRENT TRANSFORMERS 25-5 AMPS USED WITH WM.
2 5} » 50-5 AMPS " " AMMETER
| WESTON AL VOLTMETER Q ~500VOLTS.

THESIS - H-H>«B.
1915.




¥ X0

Inat, No,.
Constant

Nonstant

IPATIC T15% CH LNDUSTLION NMoYer, (Original),

P HASY A

“®d, 1
30 110
2 5
'.65 ?.61
'0565 2.5
-, 475 2,20
-, 45 2,186
~,405 2,07
’035 1.91
‘03 1.78
“.27 1.71
-.235 1.59
«.205 1.5
‘.16 1.3
-.125 1.24
.‘1 1‘1
.03 1,04
"-06 .9
-, 04 .3
=.032 7Y
’001 .6‘]‘
2 1
-,008 <3
0 «292
.01 275
.018 27
+109 27
02 275
.021 .312
0023 «35
.02 .42

FUAST O

o T
31 111
2 5
<G4 2,68
G35 2.49
72 2,25
W60 2,1¢
.62 2,06
549 1.91
405 1,78
.45 1.7
« 365 1.58
39 1.9
W28 1.3
29 1.24
022 1.1
185 104
o106 .9
«135 o
12 79
095 05
2 1l
075 0305
07 .29
.00 o2
W05 .26
.05 .26
045 027
.04 o3
.04 .34
035 .41

250
240
225
220
212
200
159
150
170
160
140
132
120
110
100

¢Q

ol

69

44



EXCITOTCN PRlT o

VHAS! A

-1.3
‘1-13
- 095
‘.gl
-7
0,6
-.54
“04?
-, 41
-e32
-, 25
el
16
‘.12
-.08
-, 064
-002
016
0
.02
«036
04
042
.046
.04

1

13.3
12,75
11,05

FHALY

A

1,86
1.67
1.44
1.36
1,724
1.09

97

Yy T A o
AN A T Y

; C

P 0NN VWL & IR C
™ o\ N ~ownwn

® © 0 ¢ ¢ 0 © ¢ o & 9 & o 0 o° o

HMHEONCMIIVONIN0OToWIm N

. ereR, (Norrceted Data),

.
\
A8 41

0

.
W
~
N

O &L Gt
o o o .
WnNo-o
A AN S V]
N

CIINNV ™ U-JOWMNm N\
N QST

oo~

® @ o o o & ¢ ¢ ©* ¢ o o o ° 0

P O N MWW S DTN
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IMPEDANCY TLuT GX IUD'CTION '0T0R, (Original),

FHASE A PHASYE C
. K, 1 X
Inst.¥o. 30 110 31 111 120
Constant 5 10 5 10 b |
.003 1.16 .03 1,2 12.5
. 005 1.38 .038 1.4 1
.00 1,48 .045 1.49 1
.00 1.8 .072 1.87 20
.009 2.0 .09 2,07 2
.01 2.38 .11 2.37 2
.01 2.5 .12 2.5 30
.01 2,67 .143 2.66 31
.011 2.84 .160 2.8 33
.012 2.94 .1g1 2,88 34
013 3.08 .189 3.02 36
.0135 3.2 . 202 3.15 37.5
.015 3.35 .222 3.31 39
.016 353 .247 3.5 41
Corrected data,

PHASE A PHASE C Tctal Av.

. Kv. T E KW 1 Z
.015 11,6 .15 12 12,9 169 11,8 106
025 13.9 .19 14 1g .215 13.99 1.07%
.025 13 . 225 14,9 1 .25 14,95 1,205
.04 13.8 e3 18,6 20 .40 18.7 1.07
.045 20,8 .45 20.6 2 494 20.7 1.205
.05 24.3 575 23.8 2 . 625 24.05 1,16
.05 2c.5 .64 25.3 28.8 .69 25.4 1,085
.05 2&.1 <715 26,9 29,8 .Zés 27 1,105
085 08,7 .60 28.3 31.9 .85 8.5 1.12
.06 20.6 855 2%.1 32.9 «91% 29.35 1l.12
065 31 .045 30.6 34.9 1,01 30. 1.132
0675 32,2 1.01 31.8 36.5 1.076 32 1.14
. gs 33.7 1.11 33.3 38 1.185 33.5 1.135
.0 5.4 1.235 35.1 40 1.31% 35.25  1.135
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P:RFORVANCE DATA DETHRMIYED FROM CIRCLE DIAGRAY,

H.P. 8yn. Torque 01 I % % r R.P. M,
Gut. H.P. Eff, Blip P.P,
2 2.0 5.84 6.2 12,15 g9.o 1.0 42.3 1785
4 4.0 11.7 7.4 14.5 g.z 1.5 64,0 1775
6.2 18.1 9.0 17.65 88.0 2,1 6.0 1765
8 8.3 24,2 11.0 21.5% 89.1 2.7 3.0 1750
10 10.5 30.6% 13.0 25.4 8¢.1 3.6 87.0 1735
12 12,6 36.8 15.4 3).2 6.7 4.6 89.0 1715
14 14,6 42.65 17.4 34.1 87.6 5.5 90.0 1700
16 17.1 49.9 20.3 39.8 86.8 6.7 91,0 1680
18 19.4 56,16 23.0 45,02 86,0 8.0 91,5 1655
1= 246 x01
220 x )“3-

Torque in Ft.Lbs, = S¥n.h.p. x 5252

Syn.Speed,
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The purpose of this tctt .3 to ostarin rerioraance
~urvces of the inductisn motor. Ohlie motor ms run for avout
one hsur earryvin: nearly rated load, wvefore reciinig were
taken, to warm ur lrne viandings and ar ~ronen, w8 ncarly -8
rosaivle, normal running conditions,

“tarting with ) load read.n-g wers ik 0 of valts,
amncreg vore vhage, -atts inmat, RP.Y,, ad wel jht in
rounds, mradually inerecsins tne load cn the brake arm
in 2} increasents from 0 to 1327 overloni,

rurves roere tien yplotted with hicrae yower outuut s
auvscis=ae to the followin; ordinaten;= efficiency, alip,
and povwver factor, in per cent; torue, in foot :cunda,
sreed; and aspored per hage,

*he ealculationg were made 23 follows:=
W

Y3 K1

syncehronous speed = "'otor sueed
wyneiironous speaed

jover Jsctor =

“ 8lip =

Yorque s l:asth of vreke =1 x nrt weld git,

- 71448
H.P. inrut = -74-3-

H.¥, outrute 2 :sgogg
Jo




120

™)

18]

2 33 % 3 8 387D

©

2 8830

N
0

32 % 22T 3 8 33 3 3 8)

FHASY A VHASY C
Ko 1 1
Inst.jo. 30 110 111
Tonstant 10 10
..18 196 107
-, 06 1.1 1,16
.05 1.2 1.3
<19 1.53 1.52
33 1.83 1.3
.44 2.13 ?2.13
.56 2,43 2.4
o7 2.8% 2.8
~onstant 10
.47 3.6 3,56
B 4,4 4.3
.64 4,5 4,9
("orrected ata),
JHALL A —
K I
-9 1602 1.4 7:0
-3 11,3 1.9 1,6
Y 12,9 2.5 3,0
.95 1’).5 3,74 .2
1.65 11,3 36 G5 S|
2e2 ”l.3 4.73 3
2.8 24,7 5.4 04,1
3.6 25,8 6.1 23,4
4,6 LU § 3.9 5e7
Sog 40,0 .6 319.3
Ye 44,1 9.7 43,2
6.4 43,0 10.¢ 47.3

.
\C\w

W

HCRVON 6N ox\ G2 IP NN I

o 06 @ o o o
CIO C.C U\ -G C\\n
i

Nl ol
N\

yovcpcd o renon (Crigzinal),

1705
1050
1079
1650

SR o N, S, P S, PNy S SN PN
Mt g O G5 O\ BB N
N M O N

Vot Qs S
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“aloulated Data

H.V. n.p, % ¢ 5 R.P.M.,
injut outyut ff, Slip r,.r,

.67 ) ¢ .11 7.94 1798 (1)
2,145 1,49 9.5 61  36.8 1789 {2)
3.685 3,175 ©0.15 1,11 56 1780 (3
5.62 4,345 80, 3 1.67 72 1770 (4
7.5 6,51 £6.0 2,06 -0, 1763 (5
9,23 8.1 53 4 2 83 85 b 1749 63
11.0 5.75 3.1 3.56 L5 1734 g
12,94 11,31 7.5 .87 83.9 1730 g
16,9 14,45 (5.4 5.28 92,6 1705 §9
13.6 1f.“5 85,2 L1l G2,5 1690 (10)
20,6  17.83 £1.4 6.5  93.5 1675 (1)
22,8 18,7 62 5.34 94,2 1650 (12)
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IIMUCTICN WCen W IuLATICH,
Prom lnta outhincg from the Lrake testr e {ijured
the gnced wegulation of the isduction motor by =motsna of the

sllowing ©ormaulw;

. . vaa no 1ond sneed « Zll load snced
3 Y als .. . . - -
Vecd roolation full 1o apced

ata

Lﬂﬂﬁﬁa} - -%?-33 - 3.7



GENTRAL CCNCTLUZICNS DRATI FRCM THSTS

ON INDUCTICN ¥ CTOR,

The results of thest tests show that the efficiency
of the motor is very high at all loads, speccially doee it
hold up well unier heavy overload, It has a strong starte
inz torgque and ite power factor is very gzood under full
load. Also, the regulation of the machine as determined
from the broke test ie very good,

We believe that the results of these tests were ale
together satisfrctory as shown bty the fact that the results

of the circle diszram and brake test check very closely,

—



ALTERNATING CURRINT
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TESTS8 ON ALTHRNATING CURREKNT G¥N RATOR,

This machine has six slip rings with connections tc
thé winding which allows the machine to be uscd as either a
single phase two-phase or three- phase zenerator.,

Since three-phase systems are most comnon in alternate
ing current pradtice of the present day, due to economy of
line construction and various other reasons, we decided to con-

fine our tests on this machine to the three-phase connection,

Cold Resistance of Al ternator,
Taken at 24,7° C.
Drop of Potential Nethod,

Field Resistance.

E B 1 1 R
(corr) (corr)
Inst, No. 21 18
Constant 1 .01
48 47.9 99 «97 49.4
65.2 64,2 13 1.3 49.4
78.5 77 17.5 1.75 49.4
101 99 20 2,0 49,5
121 1138.8 24 2.4 49,1
130.7 ©128.4 26 2,6 49.8
140 137.8 28 2,8 49,1
147 144.5 29.6 2.97 48.7

Averaze 49,2



Armature Resistance.

Phase A'=- B
B b ¢
(corr)
Inst., Ko, 21 10
Constant S § 1l
27.5 2.71 7.5
g3 g.z 14,59
5 o33 23.3
91 8.92 25
96 9.42 26.4
102 10 28
108 10.6 29.6
113 11,1 31
Phase A « O
' 1. .08 8.
36.% 5.51 12.25
4 . 4,
61 6.8 16.;
gl 6.98 19.4%
2 8.04 22.5
88 2.62 24,2
93 9.12 25.5
Phase B « C
28 2.76 7.6
34 3.23 9.
47 4, 12,
72 7.08 19,7
76 7.46 20.&5
80 7.89 21,
90 8.82 24,6

(corr)

1Z'6§

23.45
26 45

28.0
29. 65

Average

.3562



RP GULAT ION.
THREY PHASE REGULATION BY EM.F, AND M M7,

HI'THODS,

The object of this teat is to determine the decrease in
voltage between phases from no load to full load and express

it in terms of per cent of the full load voltage,

Regulation — Yolts at no load - Volis at full load
- Volts at full load

When it is impossible to obtain regulation by direct
loadinz of the machine one of the above ndthode is generally
used, By these methods the only data necessary is a no load
saturation test and a short circuit or impedance test.

Very little power compared to that required for full load is
required for these tests, i. e, for the saturation test only
the power necessary to drive the machine at no load with full
field exciiation, and for the short circuit test it is only
that required to send 125% rated current‘ﬁr'the windings on
short circuit,

The connections for the saturation test arc slhiown in
figure one on the preceeding blue print, JFigure two gives
the connections for the short circuit test,

The machine was driven at rated speed by the D,C, motor
and readings taken of field I and armature E up to avout
100 per cent above rating., The curve obtained was practically
a straight line up to a little above rated voltage (220),
showing that the iron does not vecome saturated when working

under normal conditions,



SaturaTtioNn Test A.C. Gen.

CONNECTION DOIAGRAM

125v DC.

ALTERNATOR.

SHORT CircuiT TEesT
CONNECTION DIAGRAM

/125Vv DC.

Py

ALTERNATOR.

THESIS - H.HY%, B.
1915



In the short circuit test readings are taken of field 1
and armature I up to avout 125 per cent rated current,
SATURATICH "lIST DATA. A.C, GPNVRATOR
R.P.M, 1800

Phase B - C Phase A - C Aver, Field Pield
E B

E E 1 I
(corr) (corr) (cory
Inst, No. 121 123 11
Constant p § 1 .01
1 4 2 75 74.5 6 .34
37 39 gg 91 GO 22.5 .205
107 107 108 108 107.5 52 .50
124 126 125 125.5 125.7 60 .58
139 139 140 141 140 £7.5 655
155 159 156 157 156 g5 .73
1@5 173 176 177 1g6 4,52 .825
189 188.5 190 190 189.2 90.5 .885
205 204 206 206 205 99 .982
Constant i §
218 217 218 219 218 10.2 1.02
240 229 240 241 240 11.5 1.15
260 260 261 261 260.5 12.5 1.25
280 280 281 281 280.5 14 1.4
306 306 307 307 306.5 15, 1.55
325 325 325 335 325 17. 1.7
360 360 360 360 360 22 2.2
41 41 415 41 41 25.6 2,56
42 42 428 42 42 2 2.81
430 430 430 430 430 28 2.81
Decreasing field
309 309 309 309 309 15 l.g
190 190 192 192 191 8.5 .85
Constant .01
125 125 130 130 127.5 60 .58
65 6% 20 70 67.5 37.6 <356



OHORT CIRCUIT TEST DATA. A.C. GENERATOR.

ha ra n.g.n. 1822. L
Phase ne se Aver, Field, Field.
b ¢ 12""'1 _ 12"""%' I 1 1
(sorr} (corr) (corr) (corr
Inst.No. 110 114 11 11
Constant 10 20 1 .01
1.12 1.2 ,525 10.1 1,08 10.8 10.7 22 .315
1.5 15.2 5 9.6 1.47 14, 13.2 44
1.9 19 .9 17.8 1.87 18, 13.5 58 .56
2.21 22, 1,06 21.04 2,17 21, 21.68 68 .66
2.51 25, 1.19 22.6 2.4g 24, 24,66 g7 .75
2.74 27.8 1,31 2 2.68 27 26,9 B84 .82
3.1 31,2 1.47 29.2 3.03 30.3 30.2 94 .923
3.3 33.25 1.57 31.4 3.24 32,4 32,35 100 .995
Constant o §
3.66 36,7 1.74 34,8 3.58 35.8 35.76 11 1,1
4,02 40,2 1,92 38.4 3.93 39.1 39.2 12 1,2
Inst, Ko. 111
Constant 20
4.2 42.1 2.05 41 4,22 42 42 13 1.3
4,65 46,7 2,22 44.4 4.56 45.7 45,6 14 1.4
S 50 2.39 47.8 4,91 49 9 15 1.9
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AGULATICH BY THE L MJF, 15THOD

100 ».P.

| P 0,000
Rated current per terainal m=|3 E = y%":‘:"z’?o = 26,25
Average armature resistance between terninals measule
ed at 24,7%° C. = .356 Chnus,
The temperature 1limit to which the windings will rise
is taken as (5° C,
Res, at 65° C.B ,356 ¢ 004 x ,356 (65 - 24,7) = .411 ohms.

Araature IR -Jrop,,-;ﬂ_z_;ﬂ_ X 20,25 x A11 _ %.34 volts., and

is in phase with the terminal voltae since 10y PV, is ase
sumed,

The araature resistance drop plus rated voltage 1is

2200 9.34 = 229.34 volts,

The ficld excitation necessary to produce rated cure
rent on short circuit from the short circuidt curve is .81 Amp,
The no load vnltagze corres ondint tc this escitation fron the
no load saturatica curve is 173 volts, Adding: this at right
angles to the 229,34 volts we have
¥ (229.34)% (173)° = 267 volta

Regulation m 287 « 220 - o
——er———, - 30,45
<0

M. ¥, THOD,
100% ¥,F,

‘*he field current corresponding to 229,34 volts on the
saturation curve is I} = 1,08, The field current correav.,ondinj
to 26,25 unpe, on the short cirouit curve is I, = .81 anp,
Adding these two values at rizht angles we have

Iy e (1.08)2 + (.81)2 w 1,35 aups.







(B

The voltage corresponding to this field current on the no-

load saturation curve is 277 volte

Rezulation = 277 = 220 = 25.9%

DEGULATION BY E. M. F. 00 THOD
80% r.P.

Rated current same as above = 2¢,.25 aips,

Resistance,as before, = ,411 ohms,

Arﬁature IR drﬁp = 9,34 volts,

The terminal voltage may be considered as consisting
of two components, one in phase with the current and the ot-
her at right angles to it, The LK. .¥,7, in phase with the cur-
.rent is %y =B x .8 s 220 x .8 = 176 volts,

The E . M.P, at right angles to the current is

E, = E x sin cos"l.,8 = 220 x .6 = 132 volts
A dding, - 176 + 9.34 = 186.34 volts,
The iampedence volfage ao‘obtained from saturation and short
circuit curvee as before is 173 volts.
Adding,- 173 + 132 = 305 volts., Total » M ,F, at rizht

angles to the current.

Adding vectorially as before we hove,

yY(305)2 + [I85.33)2 & 357 volts
Regulation = 357 = 220 = 62.3%



RUGULATION s5Y TH M,M,P. ¥ THOD
807 P.P.

1= 26§2; = 26,25 = 32.8

In this case 13 s ) 112 . +A§Ti15 8in ocos 1.8

2

13 s Y (1.08 )'"'_Fy .8ﬂ‘+ 2 x 1.08 x .B1 x .0
= )Y 2.876 = 1,695

The voltage correspbnding to this field current from the no

load saturation curve is 330 volts

Regulation = 330 - 220 = 507

K'GULATION 3Y ACTUAL LOADING.

The connectiocns for this test are shown on the blue
print.

Hachine was run by the induction motor and the D,.C,
motor working together. %The reason for this was that neither
machine, working alone was able to maintain the rated speed
when the alternator was carrying full load,

The alternator was loaded to its rated current ocapacijpy
and the voltage adjusted to 220, Then the load was thrown
off and holdingz the same speed, open circuit voltage was reaqd.
This test was repeated several times and the regulation {s
obtained directly from the voltage readings, Following are

the results obtained by this method:



R EGULATION BY ACTUAL LOADING.
AC. GENERATOR.

CONNECTION DIAGRAM.

125V DC.

&
|

GENERATOR

WATER BARRELS
Y CONNECTED

APPARATUS USED

(o} KIND RANGE.

WESTON AC. AMMETERS 0-5 AMPS
n » YOLTMETERS 0 - 500V.

n CURRENT TRANSFORMERS 50-5  100-5
WATER B ARRELS.

Whwe 2

THESIS H.H% B
1215.



TEST DATA, SGULATICN sY ACTUAL LOA')L(G.
(original)

Phase Phase FPhase
Phase B, Phase C., Prose A, B« 0 A«B A-C RPM,

1 1 b I B B
Inst.No. 113 114 110 122 121 123 140
Constant 10 20 10 1l ) § 1l 1
2.65 1.25 2,6 219 219 220 1815
o 0 ] 270 270 270 1015
2.58 1.07 2,67 219 21 223 1815
0 0 0 269 26 269 1815
2,63 1.31 2.5 219 220 220 1812
0 0 0 268 268 269 1812
2.62 1,39 2,65 222 221 220 1808
0 0 0 278 278 . 278 1808
2.61 1.31 2.61 220 218 218 1800
0 0 0 271 271 272 1800
Corrected data,
%
Reg.
26.8 24.8 26,4 219 219 220
0 0 0 270 270 270 18.88
26.1 21,2 27 219 21 22
0 0 0 260 268 263 18.38
26,6 26 25.5 21 220 220
0 0 o 268 268 269 1815
26.5 25.8 26.9 222 221 220 54 g
0 0 0 278 278 278 *
26.4 26 26.5 220 218 218 19.4
0 0 0 271 271 272 *

Average 19,06



CCMPARISOH OF THY RUVGULATION AS DIITURYWINTD

BY DIFFURINT MiiTHODS,

¥ X.¥, Mebhod 100% PR, = @ @ @ @« ¢ o o ¢ @ @« = 30 o 4’
UN.F, Metiod 1008 PP, « = = =« = = =« = = = = = 25,98
Actual Loading - e e B s e e e ®w®mw® e me e = 19.06’



BIAKY TTOT ON A6, GVITRATCR
running as

A SYNCHRCOIS M™OTOR,

The rurpose of thia test wes to determine the perfore
mance of the A,C, zrnmerator while Tunning as a synchrcuous
motor.,

The notor wags started vy tirowing a low voliaze on to
the mnachine without sny field excitation, thus starting it
=3 an induction motor, ‘''hen ite speced had nearly reached
synchrcnism tne volta e of the line was rniacd to normal and
the field ew.tch clesed., #hen we did this the motor came
quietly into step and ran synchronously with the l-rge al=-
ternator, The field rheostat 7as adjusted to give unity
pover factor or until the line amm~ter readings were the
lowest at a zsiven lonad, The load was av:lied by means of
the pony brare, strrting =t 0 =2nd increasiaz Ly 2% incree
ments until the motor wrnt ocut ot synchroanism aad stopped,

At each load rending wer: taken 2f wwvatis inmut, aqns,
Iayut, volts, R.F.K,, 2and load, The two watt meter method
of thrce whase porer ueasureement was used,

Jrom thie data obhtained curves were 1.10tted with Lorse
p2ver outout as abscissae and n.ips. inwut, per cent efficleng,

per ceant power factor, and torque as ordinntes,



BRAKE TEST oN ALTERNATOR AS A
SYNCHRONOUS MOTOR

CONNECTION DIAGRAM

2zoV. AC.

~u-hNpoad Z

220V DC.LINE |

APPARATUS USED
KIND

WESTON WATTMETERS 0-20AMPS 0 -300VOLTS 0-3 KW
" AMMETERS AC ©~=5AMPS

CURRENT TRANSFORMERS 25-5 AMPS  used wiTh WM
) " 50 -5 n " W AMME TERS.
WESTON VOLTMEWER AC 0 -500V

FIELD RhEOSTATS
D.C AMMETER

RANGE

© =~ (0 AMPS

THESIS - H.H,""VB.
1915



Test data

ERAYT TEST ON SYNCHROMIUS MITeR,

(Original data).
Len:irth of orake arm = 30 in,

7eizht of urake arm = 6.5 1lus,

FFASE A PYACE C .
vy T KW 1 E R.P. Y, Load
Inst.No. 31 111 30 110 121 149 lbs,
~onstant 10 10 10 10 | 1
26 1,25 .12 1,08 223 1790 10 (1
.33 1.5 o2 1.37 223 1308 12 (2
$ 35 1.8 .26 1,7 219 1806 14 (3
.4y 2.15 .36 Zz.05 220 - 1810 16 (4
.49 2.g .45 2,4 218 1810 18 (¢
.55 2, .52 2.7% 222 1804 20 (6
.»o 3.2 665 .15 721 1806 22 (7
.64 3.85 .78 3.8 220 1807 24 (8)
W68 4,2 .91 4.15 223 1803 26 (9
Motor broke down at this point aut a little over
fifty ampcres,
Torrected dnta,
PHAST A* FHA S €
Ko, 1 . T B R.,P.M, Load
lbs,
2.6 12,5 1.2 10.8 202 g 3.5 ()
3e3 15 2 13.8 279 5.9 (2
3.9 17.9 2,6 17.1 218 1806 7.5 (3
4.5 21.4 3.6 29.5 270 1810 9.5 (4
4.9 25.25 4,5 24,2 217 1800 11,5 (9
5.5 26,3 5.? 7.7 221 1804 13.5 (6
5.9 32, 2 6,65 1.7 220 1806 15,5 g
b.4 33, 7.5 35.1 219 1807 17.% ;
6.5 42,1 9.1 41,5 272 1803 19.5 (9



= gt o

Total Av, H.P. H.P. % %
K¥, I Input Output EBff, P.F,
3.8 11,65 5.1 2,98 58.4 84,8
5.3 14,4 .1 4,73 66.6 95.9
6.5 17.5 .71 6.44 73.9 98.9
8.1 21,05 10.86 8.2 75.5 100

9.4 24,73 12.6 9.85 78,2 101

0.8 28 14,48 11,6 0.2 101

2.59 16.8 13.31 79.3 103
4,2 ’8'8' 19,07 15.08 79 97.6
.6 20.9 16.7 79.8 90,9
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SINCHRGACUS 'fOTOR V, CURVES,

The object of this test is to show the relation of the
armaturs current and power factor to the excitation of a Syne
chronous Mstor,

The cnnnections wvere nade the seme as shown on the Syne
chronous !fotor brake test coinectinn diagram, except that
gseveral theostats and an ammetcr were placed in the field cime
cuit of the mator, The machiue wag started on low voltage
as an Induction 'lotor and +hen nearly synchrcious speed was
reached the field 3wvitch 713 cloesed and the motor came into
step, The umotor will run synchronously rezardless of the
field current within certain limits, 1I{ the field current
is weak #he motor will draw a larze lagzzing current, while
if the field current is avove normal it will draw a large
leading current, there veing cne value of field current at
which the line current and ¥, M,F. are in phase, or at which
the power factor is unity,

In conducting this test the Load was kept absolutely
con3tant. 'The field current was reduced until the motor
drew about rat~d current, then the field w.s increased by
steps until the line current hnd reached a minimum and azain
increased to about the same vrlue f£s at the start, The
voltage and {requency were held censtant at £20 voltes and
60 cycles respectfully, Readings vere takan of Amps, per
phase, Watts input, Volts, K.P.M,, and field Ampe, for each
value of the field current, The test wrs performed with the
motor runniny free and repeated at anpromimately half load,

From this data curves were plotted with field Ampe. as
absoissae and lLine amps., a8 ordinates, also with field amps

as abscissae and percentage power factor as ordinates,



SYNCILCHUUS (ICTOR V="URVIS, (original),

#otor running free,
PHAS™ A FHA3E C Field
K7 LR I B RoPL, I
Inst.No. 31 111 30 110 121 140 11
~“on stant 10 10 10 10 1 1l .ol
-.18 2.33 .24 2.42 220 1795 3.5 il)
~.12 1.72 o2 1.8 220 1800 .0 (2)
«.09 1.45 .21 1.5 220 1600 6.0 (3
-.04 .8 .14 .9 220 1500 8.0 (4
.04 o3 .06 o2 220 1800 10.0 (5
.19 1.8 - 1.65 220 1803 14 g
28 1.95 15 1.62 220 1800 16 i
16 2.6 -,21 2.55 220 1800 18 9
.45 3.1 - 27 2 220 1805 20 (10
Brake load 12 pounds (aprcox, 1/2 load),
-.01 2.95 .54 3,0 220 1800 3.0 (11
.og 2, % o4G 2.6 220 1595 4,3 (12
.0 2,25 .44 2.3 220 1800 5.5 (13
.06 2,2 .43 2.25 220 1300 5.7 (14
.13 1.8 . 1.85 220 1800 7.0 (15
13 1.6 «35 1.6 220 1800 7.8 (16
«?3 1.3 .25 1.2 220 1800 10.0 (1
.31 1.4 .19 1.3 220 1805 1
«39 1.8 .12 1.7 220 1800 14 19
47 2.3 .05 2,2 220 1800 16 20
.56 2,85 0 2.75 220 1200 13 21
.65 3.5  =.06 3.45 22 1600 20 22
Corrected data,
Yachine running free,
__FPHASE A FEASE C __
K4, 1 K, 1 E
-1.8 23.5 3.4 24,5 219 (1
1,2 17.3 2.4 15 " F
-9 14,5 2.1 15,2 " 3
‘.4 8 1.4 (j " ‘
.4 3 6 2 " 5
1.2 7 -.8 6.5 . 6
1.3 18.1 - 16,6 " g
2. 19.g -1.5 15,2 "
3.6 26. -2.1 26 " 9
4,5 31,3 2.7 30.2 . 10



Corrected data,

Machine running free, (Zontinued),

O s e e

b d

AV, Total R.P.M, % Field
1 Kid. Y.F, I
24 1.6 1795 17.55 Lag ings39 (1
17.65 1.2 1800 17.9 .5 (2
14,85 1.2 1800 21,3 " .6 {3
8.5 1.0 1800 N " B8 (4
2.5 1.9 1509 105 1.0 (5
6.75 .9 1300 315.2 leadingl,2 (6
1g.35 1.1 1503 10,75 " 1.4 g
18.95 1.3 1500 18 " 1.6
26.4 1.3 1500 15 “ 1.08 (9
30.75 1, 1804 15,4 = 2.0 (1
Brake ioad 12 vwounds (oprrox, 1/2 load),
FHASK A PHASY €
K ] 1 K
~.1 29.9 Ye4 30.4 219 11
.g 25.3 4,9 26.3 ' " 12
. 22,5 4,4 23. . 1
.6 22 A.g 22.5 ) 14
1‘3 1709 ))0 1604 " 15
1.3 16 3.5 16 " 16
2.3 13 2.5 12 v 1
3.1 14 1.9 13 " 1
3.9 17.5 1.2 16,9 " 1%
4,7 2 .5 22 " 20
5.6 28.7 0 27.8 " (21
6.5 35.6 «.6 34,6 " (2»
Av, Youai R, P .M, < Field
I K. v.P, 1
30.15 5.3 1800 46,4 1=.;5n3 o3 (11
28.8 Hel 1795 97.2 " 43 2
22,7 52 1800 60.4 " 55 13
22,25 5.1 1800 60.5 " Y
18.15 5.1 1800 74 “ o7 15
16. 4.8 1800 79 " .78
12,9 4,8 1800 . 101 1.0 g
13.5 5.0 1805 97.516«'1’] ing 1.2 1
17.4 5.1 1500 77.2 " 1.4
22,5 5.2 1300 61 " 1,6 20
28, 2 5.6 1800 52.4 * 1.8 21
35.1 5.9 1800 44,2 "2 22
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CORE LOS3 TE3T CN ALTERNATING CURRUNT GHN¥RATOR.

This test was run with the same machine as & driving
motor, and by the same method as was used in the core loss
tests on the Direct Current Wachine. The only difference
between the two was the running of the former test at one
speed, because of this machine being designed for 1800
R.P.XK,

A curve was then plotted with field Amps. as abscissae

snd core loss as ordinates,



CORE LO33 TrST. (Original),

srushes down, field excited, of A.C, generator,

Driving aotor running a;ainst the brusics,

Amm, Arm, Arm Tield
K¥e X B B ) 4
Inst.No, 30 10 20 23 121
Conatant 1 1 1 l 1l
1,015 11.8 88 45 0
1,03 12,0 83 " 40
1,029 12,1 88 " 61
1,0 11.g5 86 . 5
1,01 11, 89 . 7
1,038 12 87 » 100
1,030 ee- 8 " 115
1,05 12,29 8 . 132
1,055 12.4 87 " 135
1.1 12,7 89 " 154
1,132 13,0 83 . 140
1.19 13,6 8 : 203
1,225 14,2 €3 " 223
1.289 14.65 83 " 247
1.405 15.8 90 " 233
Constant 2
«759 17.15 90 45 305
70 17,6 0 " 32
62 la .4 Q0 " 24
Constant 1
1.135 13,1 90 » 160
1.0 12,1 &3 . 143
9 1.4 87 . 9
<905 10.% 87 " 60
80 10,4 87 " 0
SINDAGY ATD BUARING W

Driving motor

Srushes raised, 0 field, of A.C. 2cnerator,

Driving nmotor running against the brushes,

Inst. No,

Caonstant

K,
10
1

.65
.6
i

1
10
1

Py
v O

Fi

4

2180

K
2

R
22
1

0
12

15
17.5

44
335
22

14
0
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A, C, jenerator
Irn. ’Iefd ?Iefa

1

RrM,
140

1800
"

RPN,
140

1800
"



COoRk LO8SS Ti3T,

(Corrected data),

72

Brushes dcvun, field excited, of A,C, Generator,

Drivinz motor running against the Lrushes,

rivinz moto
atte ﬁg Arm. YER

Fleld Arw. Ara, 7&55.
B b ¢ ;] Input Res, logs = I*R
45 11,9 8%.5 1015 1018 «399 56 959 1
" 12,1 85,5 1030 1035 «395 55.8 972 2
* 12,2 85.5 1035 1042 «395 53.8 976.2 (3
* 11.85 85.5 1000 1015 »395 59.3 944.7 (4
" 11,9 83,6 1010 1000 <395  56.0 934 5
" 12,1 34.5 1038 1022 395 57.8 980.2 (6
L wmeoe 84. 5 1036 T Y TS Y Y onvae ooen g
° 12,35 64.5 1050 104 «39 59.3 990.9¢
" 12, 85.5 1055 106 «39 61.0 994.0 (9
" 12, 84,5 1100 1081 «39 63.8 1026.2 10
* 13,1 B86.5 1132 1132 .39 67 1069 11
* 13,7 86,5 1190 1185 ¢ 39 73.2 116.8 (12
" 14,3 85,5 1225 1223 .29 0.8 1145,2 (13
" 14,75 85.5 1289 1262 <39 84.9 1204.1 (14
" 15.95 87.4 140 1496 «39 99,2 1305.8 (15
* 17,3 87.4 15 1512 «39 103.3 1409,7 (16
" 17.79 EB7.4 1560 1553 .39 123 1437.0 (1
" 14,5 £7.4 1240 126 «39 &2 1158,0 (1
* 13,2 87.4 1115 1153 <39 68 1067 19
* 12,2 85,5 1050 1043 .395 55,8 991.2 (20
* 11,5 84,5 979 992 «397 52,4 326.6 21
* 10,6 B84.5 905 896 402 45,2 59.8 (22
» 10,5 84,5 S99 1319 A0 44,3 B845.7 (23
A,Cqe Generatox
10 ore Arm, Field Fle
Total g: 1 Vleld
lose ose R.P MY, ¥ E I
749 0 1300 0 0 0 1)
762 71 . 49 12 «27(2
7662 75 " 66 15 «35(3
734.7 43.7 " 78 1745 .40(4
74447 53.? " 39 21 .45(5
770.2 75.5 " 100 23 9 (6
ane -—- " 115 27.5 .6 g
780.7 $39.7 ° 13 3 o7
784.0 93 " 13 31 .7 (9
326,2 125.2 " 154 36,4 .3 10)
859.0 164 L 130 42,8 .9 (11
906,8 215.8 » 203 48.6 1.01(12
935.2 244,2 . 224 43,7 1.1 (13
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"CRE 0L T 3T, (Corrected data), Cont'd,

Totai Core Am, Fleld rield

lves 16es R.P.X, by E I

954,1 303.1 1800 248 59.5 1,23 (14)
1095,8 404.8 " 283 71.0  1.45 (19)
1196.7 508,7 . 305 7.4 1,6 16)
1227.0 536 » 323 a,1 1,9 (ig;
94 257 » 249 59.5 1,2 (18)
c57 166 . 190 43,7 9 19
781,2 90,2 " 148 313.5 .7 (20
7166 25,6 » 98 22 5 {21
649,8 " 64 14 e3 22)
635.¢ " 0 0 0 (23)

SINDAGE AAD EHARING FRICTiICH, (Cerrected data).
Sruehes raieed, 0 fTield, of A.,7, generator,

Driving: motor runiing azainst the bruushes,

¥ield Amm, vatts  Armm/  I®R waLts
B 1 Res, Joss - I°R
a5 7.25 650 44 26,4 623.6
. 7.65 635 A4 25.7 609.3
" 7.65 640 .44 25,7 614,13

Averaze 615.7

BRUSH 1083, (Cnlculated).
965 » (210 ¢ €15.7) = 133,3 watts loss,
845,7 - (210 # 615,7)s 29 " °
A?erage 76.65 watts loss,
Note:
we contribute the conparatively poor results of
of thie test to the hizh sjeed of the wnachines varying the

friction lose, of the coupling vetween the two maclhiines,
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GINIRAL CCGNCLUSIONS DRAWN FROM THSTS

ON ALTVRNATING CURRi*NT GWNWRATOR,

The results of the test show that this machine per=-
formed very creditably, both as an alternating curren’ three
phase generator, and a synchronous motor,

The saturation curves show that the magnetic circuit
is properly designed for 220 volts at a frequency of 60 cy-
cles, The voltage regulation on actual load was found to be
considerable better than as determined by either the ¥ M.,¥,
or M M,P, methods, and is as good as can be expected,

As a Bynchronous Motor the machine ran very stable and
was capable of carrying a fairly heavy overload, 7The effie
ciency as a motor is not as high as that of the Induction
Notor, It is réaeonably good, however, and holds up well to
the break down point. The machine did not show signs of

hunting at any time,
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