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1ightly cwmslative, 

utral (Fig. 4), the machines 

the ssriss fis] 

2¥8 avaliable, 

? AQPYORS oulers, across 
A} tor terminals respectively, 
and in mot: 

ot ively Ve 

Tazwgils 
rly & bitmh W 
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on yen 

Pairs ¢f poles ver machine, pairs of amainre 
circuits, 

Nugber of armature surface conductors. 

Percent over compounding, 

balanced load, set vumning light: 

Ty (rat 2a) + 26 

(v4 vg) + % | 

Ru yee B 
0 iw {1 4 

“r unbalanged load, set susplying unbalanced current 

neutral wire, 

Hotoy induced sem.f,, @ = 7 
# 

For flat compound 3 

For gver-compounding, 100 pe, 



The required full load series fleld smpere turns for 

flat or any desired compounding oan he detewmined for any of the 

three cases shown in Pigs. 1, 2, 3 and 4 by the following simple 

congivuction®, Fiz. 5 represents the magnetization curge of the 

too machines composing the set, Ni, represents the shunt smpere 

turns and By the running lisht flux: a represents the equivalent 

nem tive ampere turns due to distortion, neutral setiing of 

brushes assumed, If brushes ave shifted Trem neutral, direct 

reaction mst be taken into account, 

From equations (4) and (6), spveads R are salculated 

with full load motor and generator induced a.m. 0's. 8, and Ba 5 Bnd 

for several values of f and Bg + the ampers turns Ni, , NL, ete., 
and ¥i.., Wi, ete,, corresponding to each value of Be and of By 
being taken from the magnetization curves Pia. (5). 

. 
Then the series smpere turns ver cirouit of gameralor, 

ES 

and of motor, 1 gg [gp [a + on | i433) 

The values of series ampere turns so obtained plotied 

azainst epeed are, for flat compounding, shown in full line curve 

of Piz. (6). The point of intersection of motor and ganarator curve: 

cives Tull load speed and esries smpars turns Tor aqual series 

ampere turns in motor and generator, i1.8., seriss fislds connsctasd 

in the neutral (Sea Pig, 4); the intercepts with ths horizontal 

above the intersection of the curves, in the prepertien of motor to : 
generator currenty for the series fields connected each in series 

* A similar though somewhat less dirsct determination of one CRSe, the series fislds connected in the neutral, is given in Ny. Pranken- field's paper above mentioned. 
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From squations (13) (14) and (3) or (8B) together 

saturation and comppunding curves Figs. 5 and 8, voltage division 

and speed can be estimated for any load, 

With shunt fields grossed the Mequalities in volte 

age division st loads between no load and full load, exact ade 

Justment ot those two points assumed, are vractically negligible in 

sets of noderale or large capacity; with shunt fislds connected 

straight and tavved to neutral the variation of veltage curves 

from stiraizhi line is usually very slizht, In Rize. (8) 1s in- 

dicated clearly the general character of the voliage remulation 

ang the mmount of variation from the straizht line which 

he obtained in a very small eat, The ealsulsied and test 

rgsulis for a 400 wopere halsacer over same load range showsd no 

measurable departure from the straight lines. 

Division of current hetwasn moter and genevator. 

Let In, Lg = Losses (Except shunt fis1d) of motor; generator. 

Lar Wa =3 Motor & Genevalor friction {journal & brush), 
windage, and fron losses including lead 1o68os. 

With full unbalanced load, 

bf =T 4X (15) 
n | Tg 

¥ith no unbalonced load, I, = ¢ 

ve m= TT. a) IL, Tg I, (16) 

Since motor and generator are oparating as seuarataly 

exciiasr machines, the motor cut-put eqials practically ithe 

zenarator armature in-put or, 

- B gigt Ig 
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value of Te from (19) is slightly smalls 3% than 

$ 

4 o 

from (17%) ar from (20) slightly larger than from (18) 

wii 

motor and generator was found to be:- 

From {(17)% ¥ (38) I = 113 ampores 

I = 87 u 
<4 

Prom eq (19)&(20) 

Values by equations (19) and (20) ave shout two vereent 
high in metor and low in generator current for full load in 

moderate sized sets: Tor partisi loads the peremntage inscouracy 
iz greater than om Mull ond, Far large eats, the Mull load 

= aluas of currant division cheek mors closely, within ahout 3%: 

Tor small sets the difference is as mich as ag, 
bits m % iy 4 i Pr #4 " A +8 
the current division, in percent of neutral current, will 

average about 48 ne iv generator, 58% wotor; in very larpe Buia, “tz af 
i; aor 

a it may vun as Jow as ify, goneraton 935 motor, while in vary 
small sets, 35% generator and 627 mo: 

r sais, 

b. 5 Tn “arm svg Zan eTang = 
(2%) 

Filth close 



Por 

other loads, 

gives an unfair, or ai least an incomplete sf 

the economy with « 1 gquibments handle tha 

land, It has bean proposed that the balancer sificliancy 

be expressed in ter of unbalsngs sd power delivered ito the 

external eireuld, Bg In » and the increase in powar demand upon 
the main generator or plant, ® § + Tap } 1 

oh Ze ln 

CE(L v1) (25) 

Gf ine 

transformed energy has Ye added to bi nanerator and denoming 

of the fraction ( Pig. 24) sapressing the ratio of ON\rgy Lranse 
formation in the cet this hardly conforms 19 recosnized cone 
goeptions of eff clan 0 

In order to sive prover wai ht Lo balancer lesson 

the set = 2d iy nneetion with the main gene; 

ecessl | Wy Tor srhitrary 

alansor loading 
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MeB 

Walch combined with (26),= — 2 

With all apparatus operating at one half the voltages batwaen 

outers, I 
Agua fon 

For example consider a 2050 K.¥,, 250 Vo) 

with a balancer to tke care of 209 unbalance currant 

neutral, a 200 amp. 250/125 Volt set being required, I, 

Assume 927 full lead elTicioncy of generator, 

= 2.5% amos, 

T1471, 9+ bags 
i 

firs Pur % ” Sa O30 -— ihen on full 108d, 1a8 . i +3801 a 3 0; ~ 90.6 +4 5 

the plant efficiency being lowered 1.52 par cent hy use halsncar. 

On partial louds, even sssuming thst ihe balancer load decreased 

in proportion to main lead, the effect upon Plant efficlancy would 

he more marked, 

In large plants where ihe barcentage of unhalsnced load 

i; the balancsy losses lowsy only slizhily the plant 

efficiency; while for very small Planis, the influence of 

than sugsesstied above, 

* 1p Ts = 400 sgreres, a 120 ab. balancer would he raqguired 

for the sane total sensvator 

aesuming balancer loss 2 bout 2600 watis becomes 91.257, 

loess in efficiency of only .9 percent due to halanoar, 
a 



Commutation: 

Since the units composing a balancer set act alisr- 

paltely as motor and generator, the brushes must be set on or near 

the no load neutral position; advantage can be taken of the commtat- 

ing fringe from the main pole only in a limited way,” and reliance 

Hachines de=- 

signed or selected for such service should have excellent comumtate 

ing characteristics, or else be proportionately undar-rated. 

Choice of constants and of machine proportions 

leading to low reactance voltage, a emall value of armature flux and 

8 flat main field in the interpvolar sisce tend to insure good commute. 

tion{ High resistance brushes are in the main, desirable, 

In general where Ln number of turns per amature coil 

L= Length of armature in inches. 

wv = Peripheral velocity of armaiure 
in Tt. per sec. 

L = Peripheral current density of 
armatupe in smpores per inch of 
armature circumference, 

: % —7 
the permissible value of the armature constant, WN £ vAd0, varies 

* 
between 0.12 x 10 and 0.2 Xx 1% The reactance voltage per coil, 

¢ should preferably be kept within the limits of to y And 

the short circuit voltage betwasen hrush tips, A y of to 
KB. 

In such equipments, since commutation rather than heating i» 

usually the limiting factor m in design, suxiliary commutating 

fluxes can be amploved to sdvaniags, «© ol 

J Let Qreta 

* Brushes may he given a slight shill against rotation; giving to 
the motor, which carries the heavier armature current and has the 
wanker malin field, a slight advantage in posltion, 
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THESIS IN ELECTRICAL 
ENGINEERING. 

UNIVERSITY OF TENNESSEE. 



transformation of 

geocnowy is gn important factor. Especially is 

lighting circuits; wh the ns former 

eighteon hours cu ff eval twenty fou: the power consumed during 

to the year 1835, 1% 

importance were thoss made on only a 

Ryan, and published in 1889, and the more comprehe: 

by Mr.Plerming in 1892, The latter determined eXxperin 

the wost accurate westhod for transformer tes 

great nuwber of converters of different 

51268. The losses 

out-rut of each machin snd so did not admit of seperation. 

In 1895 Mr.Arthur Hilyq 1 made a number of experi 

upon different s: and makes of transformers, 

wined the pp er 8 iron In y Seperately, tiwus raking it 

hile + ude ransforwers 73 sly by Lheir Tull load efTic 

egfficie which two quanti- 

widely 

following tests are not compl Only three 

3 wy 1 3 py Pur SRE 3 
moagern design in obtained, 

makex,~ the penere ctric Company. 

riments may 

3. determine losses 
; 

’ 

II. izing current and power factor on open Set. 



A 

1:1, Regulation -='t0 determine drop ing econdary pressure 

as transformer is loaded up. 

1V. Heating on cren circuit and Tully locadsd. 

Besides these it was hoped to work out some prob= 

lems reffding the all day efficiencies of transformers under con- 

di%ions of oPsration on some of the lines of the Qity Tight & 

Power Company. 

METHODS OF THSTING.~- There are various methods used in 

tasting transforwars, but the Wattmeter methods aré now accepted 

as the wost re! iable. 

The effieieney determinations were made by what is called 

the stray power method, i.e.5 the iron and copper losses were 

found ssperately by exXpsriment, from which the efficiencies were 

calculated frow the formulae V. y Where WwW. = any 
H.= 

Wet 1 

assumed secondary out-put,and L.= the loss for that load. 

RON LOSBES. -- The method here used is that of Dr.Sumpter; 

the connections are explained in the following drawing. The low 

| Ly pressure coil f the transforwer to be test- 

3 (¥ S gd is connected in a circuit of of voltage 

| | | 
equdl to that which the low pressure termi= 

R
0
8
0
 

na.s of the transformer are designed to give. In this circuits 

o
d
 

is placed a wattweter and an ammeter, and acroseit is connected 

a voltmeter. The reading of the wattmeter when the high pres=- 

sure coil is on open circuit willgive t he ironflossiat that voltage. 

Ammeter and voltuweter readings will give data from which to cal- 
PERL IR 



culate Power factor on oben circuit, from the formule W.= EC cos. 

whe T's We, i8 reading of wattmoter, and E.& Cey the volt and ammeter 

and Botel the power factors, 

Ths magnatizing ciirrent is sal to the anigher reading, 

divide by K, the ratio of transformer. The CR.1loss under the 
3 . 

. pd ahove conditions is posite gible gy, amounting to about 04 % of total 
+ 

os 
wattmeter reading. 

Iron losses were cowPuted both cold and hot. Hot losses 

were voter lee heating test, both on open circulty and Tully 

loaded, 

COPPER LOSCSHS. =-- These were calculated for different loads 

after having measured the prirary and secondary residances. These 

resistances were measured by the fall Qf pressure method; connect=- 

icns are shown in the accompanying cut. The current flowing 

S-Di : S MEAT through the o ils was readfromthe shunted 
YS 
5 

| mille voltmeter, reading up to two arperes ? & 3 

the voltage drop was read by a Western volt- 

mater for primary coils, by a mille-voltmeter in series with a 

100 to 1 multiplier for the sscondarisga. The resistance was then 
Be 

X3¥R calculated from Ohu's' 13w -- R, =0. 

REGULATION, -- The <tests for reg lation were rade, as 
connecting 

shown in is accompanying cut, byatwoe transformers geross the high 
— R080 

ST | =r] pressure circuit, Across the secondary 

terminals of each a voltmeter is connected. 

The transfcrmerfhas in its secondary cir= 

cuit a bank of lamps, which can be made to 

vary the load from open circuit to one half over-locad. The other 

transformer is kept on open circuit. Simultaneous readings of 
7 

Ee 
ow 



the two wachines for increasing loads on ths ons to be tested. 

are taken. The differences of those readings will give the 

Pressure drop for e¢ ach load. 

HBATING, ~- The transformers were operated for six hours 

both on open circuit, and fully loadsd. The heating of the 

air space between the transformer and the casing was taken witha 

Centigrade thermometer, the bulb of which was wrapped idwaste. 

The heating of the coils, which may be taken as approximately that 

care, was obtained by measuring the hot resistance of the primary 

COL Le ir Reg stands for resistance at temperature a, R.} the 

resistance atftemperature 'b® aud a, the temperature co-efficient, 

then the equation 
Re ,= Rl + &(a - b.}) gives the relation be- 

tween the resistances and temperatures. 

BOURCES OF CURRENT, =- The transformers for heating and 

regulationftests were operated on the 2080 Volt altermating current, 

lighting cdrcuit of the City Lighting Company. For iron loss 

measurrents the 104 Volt secondary circuit from the szme source 

was used. The frequency is 133 periods per second. For re= 

sistance measurements the 550 volt direct durrsnt of the Street 

Railroad was used. All of these sources were very conveniently 

arranged in the testing room of the Kfoxville Light, Power & Trac- 

tion Company. In allt he voltage was very umsteady. DUring the 

day #%#me,the alternators are run from the same shaft, as the 

Railroad gensratorse. The shaft specdpf gourse varies with the 

load upon 1%. 

The instrurents used inthese eoXperirwents were; 

i Pe 



Weston alternating current Wattmeter, reading from 0 to 

150 Watts. 

Gardew Voltmeter, reading from about 30 to 120 Volts. 

Thompson's Alternating Current Voltmeter, reading from O 

to 125% Volta, 

Queen Electro-dvnamometer, reading from 0 to 5 Amperes on 

the light coil,and from 0 to 20 awperes on the heavy qoil, 

Thompson Altermating Current Amweter, reading from 0O.to 

Weston Direct Current Mille-Voltmeter, reading from 0O.to 

20 nmille-volts; with its 100 to 1 multiplier from O to 2, volts, 

With its shunt reading from 0 to 2, 20,and 200 Arperes. 

Weston Direct Current Voltretsr No. reading from O 

to 15, and O to 100 Voliz, 

my. 
L he Weston Voltmster rsad low by two of the small scale 

divisions. 

CALIBHRATION OF INSTRUMENTS, =- The ThompsonAlternating 

Current Voltmeter and Cardew Voltmeter were callberated on direct 

current ~% using Weston Voltmeter as standard. The following 

table gives readings of each,and correctiop to be rade for each 

reading. 

so ip By wn 



BIRT oURBREANT. 

WESTON Vm. 1 CARDEW Vm, 1 _ THOUPSON ALT.Ve, I ELECTROSTATIC V 

standard. Readings. Corect. Readings. Corrsct. Readings. 

34, ~-.5 31.5 +245 —-— 

48.5 +1 B50. * 

57.5 +X 58,.% 

+3 64.5 

+35 71.6 

82, 80. 

88.5 - 88,5 +3, 88.5 

105.5 103. +2, 104. 

115, 111.5 _=1s8 108, +B 109.3 

Average Correction,-.3 Nearly +1.8 Short. 

* These readings were only approximate. 

ON ALTERNATING CURRENT, f.= 133. 

CARDEY Vm. 1 __ THOMPSON ALTERNATING CUR.Vm. 

Readings. Corrected. Readings. 

108. 107.7 110. 

105. 104.7 107. 

103.5 103.2 106. 

103. 102.7 105. 

106. 105.7 

104.7 

102.7 



Average Correct. -2. Yearly. 

* The corrected Camdew Reading is taken as Standard. 

f= = 133 

ELEC TRO~DYNAMORTER. 1 __THOMP . ALT. CURRENT AMITETER, 

Readings. Amparas. 

203.5 3.1 

20 5.4 

7. 

8.7 

10.4 

12.9 

15.8 

19.4 

23.5 
“®*Thg rgading on 

approximate. 

this ra 

Readings, 

2.* 

5.7 

7.2 

8.6 

10.1 

12.5 

15.1 

16.2 

2, Io 

Correction, 

41.1 

-ed 

-, 2 

al 

+.3 

+.4 



The first reading of the electrodynamwometer was takerfon the 

light coil, - all the ot ers onthe heavy. 

The electro-dynamometer, using constant of 0.217Vreading 
» 

for light coil, and 1.21 Vreading (as determined hy writer) 

for the heavy coil, is assumed as standard in caliberagtion of 

Lan: Sannin 
the mhompson Alternates. The .wattmeter was a Weston low reading 2 : 

Wattmet or and was assumed to hs correct. 

Plate 1. shows curves of caliberaticn,. Carves 1. and 2. 

give readings of Ccar~dew ad Thompson Alternating Current Volt= 

matters on direct current circuit. Curve 3. gives comparison of 

Thompson Alternating Current Voltmeter with Corrected Cardew 

readings, assumed as true volts. 

Qurve 4. compares readings of the Thompson Alternating 

Current Ammetser with the Queen Flectro-~dynamometer, as a standard. 

The record of laboratory measurements for each test are 

made, and following these are the deductions and calculations made 

from the experiments. Curves ofefficicney and copper loss are 
fee ; a %) eRe 

found on plates 2. and 3. aprended to this thesis. 

For brevity, the 1500 Watt General Electric Transformer 

will he called No.l. 4 The 2500 Watt Transformer No.2.ed The 

O00 Watt Transformer No.3. 

fe 

r comparison with shunted Mille Voltmeter. e
A
 



IRANSFORMER NO .1. 

Iron Losses =-- Cold. 
Reduced Rdas. 

WattMeter. Volt.Alt.Vm, __Elec'yn, ASM 

33. loz. P25 «586 

A = I WU SUT STA ME A SA NTREAR NAN SRE SA WE SRSA WY 

RESISTANCE, SECONDARY WINDINGS. 

Shunted M.Vm. 0 to 2. Anperes Bguive M.Vm.Mult., Volts. R.=C, 

9e2 «82 «4 04. 043 

9.4 «94 «4 04 042 

Average R. = .0425 

PRIMARY RESISTANCE. ..s.s 

Shunted M.Vm. 1 Amperes.l Voltmeter. _-¥ Bp, 

8.4 84 38. 95.24 

8.8 «88 39. 44,32 

| Be «8 36. 45, 

Be «8 36, 45, 

Average Resistance=44.9 

TRANSIT ORYUEBER XO. 2, 

Iron Losses == 001d, 

Wattmete~e Thonp.Vm. Rlectrod. Reduced Rdgs. 

40, ; 102. 8.5 «629 

APTHR RUNNING Liz HOURS ON NO 1@ab. 

Watta., __ Thomp,Alt.Vim., _ FElecdy. __ Reduced Rdgs., 

37. 100. 58% 9. 

Dw 



AFTER SIX HOURS RUN ON FULLLOAD. 

Wattmester, Thomp.Alt Mv. Elszcdy. Reduced Read'gs. 

36. 100. 2.5 +668 

0 0 oF A OB SA NE 

SECONDARY RESISTANCE. . 

Shunted M.Vm., Amperes. M.Vi#iMultp. Vols. Rex — 

4 8.8 .88 2.5 .025 .0284 

9. «8 3 «03 «0333 

9, .9 2.5 «0256 0978 

Average Resistance.= .03 

PRIMARY RESISTANCE --- TIMP, 21.5 

M.Vm. Shunt, Eqaiv.Aup. Voltm. Corrected Vm. Rum 

Bed 83 17. 13, 22.9 

Bed «83 17. 19, 22.9 

eB 7 988 18. 20. De? o_o 

Average R. = 22.8 
~ 

PRIMARY RESISTANCE APTRR © HOURS RUN ON BBEN CIRCUIT, 

MeVmoe+Shunt. Equiv.A. Volym. Corrected Vm, Roem 
Ue 

9. .9 2. 22. 24.4 

9.3 «93 21. 23 24.7 

8.6 «86 19, 21, : 24.4 

Average Resistance = 24.5 

EE 

~ PRIMARY RESISTANCE APTHR 6 HOURS RUN ON FULL LOAD. 

4 ))10(( 



PRIMARY RESISTANCE AFTER S1X HOURS RUNON FULL LOAD, 
B. 

ie Vm.+Shunt. BEquiv.A. Volym. Qorrected Vm. Rem 

9.4 «94 23. 25. 26,6 

967 37 24. 26. 26.8 

9.7 +37 23s 25. 25.9 

9.2 «92 22. 24. 26.1 

Average pesistance 26.3 

TRANSFORMER NO. 3. 

Iron LOsses =-- Cold. 

Wattm. Electrdynm. Amperes. Voltmeter. 

73. 2b. 1.085 100. 

__IronLoss After G6’3 Hours Run on Open Circuit. 

Wat tile Elecdyn. Amperes. Voltmeter, SL 

71. 26.56 1.096 100. 

68. 25. ~ 1.085 98. 

IRON LOSS AFTER © HOURS RUNON FULL LOAD. 

Wat tm. Blecdyn. Amperes. Voltmeter, 

71. 26. 1.107 99. 

71.5 27. 1.128 99. 

66. 25. 1.042 97. 

wa] Low 



SECONDARY RESISTANCE 
E. 

Cs 

1. 12.6 0126 «0126 

«96 12.usarly .012 +0125 

PRIMARY RESISTANCE.-~ TEMP, 21.7 

Shunt .M.Vm,. Amperes. Voltm. Cor.Vm. 

a4 .84 8.5 10.5 

8s .8 8.15 10.15 

.88 8:9 4 30.85 

Average 12.5 Ohms. 

a I ge 2 

PRIMARY RESISTANCE HOURS RUN OPEN CIRCUILT. 

Shunt... Vm. Amperes. Voltm. Corfected Vm. 

9.8 «98 10.56 12.5 

10.1 1.01 1l. 13, 

+96 10.4 i wi lB.4 

Average Resistance = 
172.8 

ES AS 

PRIMARY RESISTANCE SIX HOURS RUN FULL LOAD. 

(Over) 

Po Ta 



Shunted M.Vm. 

10. 

Qe 

8.4 

Anpres. Voltm. Corrected Vm. Rem —~ 

ER oS a Ce 

1.0 11.1 13.1 15.1 

.9 11. 13. 14.8 

.84 1047 12.7 15.1 

.9 11. 13. 14.8 

The standard transformer registers its 

Thompson Alt.Vm. 

Cardew. 

Average 14.5 Ohms. 

REGULATION TESTS+: ses 

in each instance, 

Several readings were made at each load. 

voltage on the 

the one to be tested onthe 

Transfor- 

mers were tested for open ewesmendt circuit up to one-half over-lcsd, 

TRANSFORVFR NO. 1/. 

Stand'd. Trams. . __ Trans.No.l. _ nods oe 

THOMP/ — CARDEW Vm, AIRS, 
109. 110. (Open Cir.) 

110. 108. 6.5 

109. 105. 10. 

110. 105, h 

111. 107. # 

112, 108. 10.2 

110, 105. 16.7 

109. 105, 16.5 

112. 105.4 16.6 
(Over) 
EL 



109. 104. 19.8 

108. 102. 19.7 

108. 105, 19.8 

1035. 103. ! 

TRANSFORMER NO.2, 

Std. Transformer, Trans.No.2. Load Amp. 

112. 110. Open C. 

117. 105. "oon 

111. 110. nom 

109. 106, 8.3 

108. 105. " 

110. 107. n 

109. 105.2 17.3 

110. 106, 17.4 

111. 107. 17.3 

108. 103. 23. 

110. 108. 23.2 

110.5 1056.4 23. 

109. 103. 10+ 

111. 105. 10.1+ 

318.2 104. 10.24 % 

* Plo ammeter was shunted with copper wire, the read=- 

ing reduced from 23.2 to 6.7, 

at. B. 3 V¥s.at s 

Load = 3.46 X Reading. Cardew Vm, 

ld 



TRARNSPORMER NO. 3 

Stand. Transf. Transformer No.3. Load Amp. 

110, 114. Open Circuit. 

108. 113, | " 

110. 113. 11.2 

110. 114. 11.3 

108. 113. 21.7 

1089. 113. 21.8 

110. 113. 8.14 

110. 113. 8.1 

109. 111.5 10. 

110. 112.5 10. 

111. 112. j 11.9 

110. 112. " 

li. 112.5 " 

110. 111.6 15.9 

111. 112. 13.9 

108. 110.5 14. 

* Apweter shunted from 21.7 to 6 or Igad = 3.6 X Reading. 

00000000 

TABULATION OF RESULTS. 

In the following tabulations all readings have been cor= 

rected to true volts, amperes, or watts, as the case may be. 

LOSSES AND EFFICIENCIES, -- Te primary and secondary 

way Bis 



copper losses, and combined copter losses, and the efficiencies 

are calculated for 1/4, 1-2, 3-4, and full load, and 1-2 over= 

load. There are three iron losses tabulated; Cold Losses, 

Phose after ruuning on open circuit, and those after running on 

full load. The temperature given in each case is that of the 

primary coil. The iron losses are corrected to equivalent 

losses at 104 Volts. In this comnection it was assumed that 

the iron loss varies as the 1.6 power of the elec#ro-motive force, 

which is approximately true, since at frequency of 133 the eddy 

current loss is low. The current varies with the elector-motive 

force. 

Where more than one measurerent was made the average is 

taken. Transformer No.l. was removed before any heating tests 

could be made upon it, so that only cold losses and resistsnces 

could be got ten. ; 

Sh ol -dsq 2h 
In the caleulatidn it was assured that the transformers 

ran on no lead nineteen hours, and full load for five hours dur- 

ing the day. 

TRANSFORMER NUMBER 1. 

Iron Losses. 

Wattmeter. Excit.Amperes., Volts. Primary. Tenps. 

- 3852 4609 104. 44.9 -— 

.0304 Amps. Magnetizing current ofi 2080 Volt Circuit 

Power Factor on Open Circuit = .56 . ff. = 130 Sepper Fons 

nn Gee 
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COPPER 

COFFER L. PRIMARY Ce. SECONDARY C, SECOND. AMPS. EFF. 
Loss. Joss. loss. 

1.46 .55 2.01 3.6 91% 

5,83 242 8.03 7.2 94.5 

12.1 5. 17.1 10.8 95.5 
23.32 8.81 32.13 14.4 95.7 

52. 47 19.83 72.5 21.6 95.4 

Primary Resist. 44.9 Secondanry Res. .043 

Maximum Efficiency 95.7 at Pull Load. 

All-gfficiency --- 88.3 nearly. 

TRANS ORMFR NUMBER 2. 

Iron LOsses. 
WattMeter. Excit.Amps. Volts. Prim.Res. Temps. 

44.3 .654 104, 22.8 21.5%" 
41.7 .69 104. 24,5 60.° 

40.5 «702 104. 26.3 76. 

Mag.Current on 2080 Volt Circuit = ,0327 Amps. 

Power wactor on Open Circuit = ,65 f. = 133, 

Prim.C.loss. 

ER = SRI I 

Coprer Losses. 

Sec.C.Loss, Copper L 088. Sec.Amps. EFPf. 
Watts. Watts. Watts, 

1.93 1.07 3.00 6. 93.3 

Te72 4.29 12.01 iz. 95.8 

17.37 9,66 27.83 18. 96.4 

30.87 17.16 48,03 24, 96,5 

69.47 38.61 108.08 36. 96 ,+ 



Primary Resistance = 22.8 Temp.= 21.5 

Secondary Resistance = ,03 Maximum Efficiency 96.5 at 

full Load. All Day Efficiency 90.8 

TRANSFORMER NUMB¥R 3. -- Iron Losses. 

Wattm. Excit. Amps. Volts. Prim.Rest. Temperature. 

el. 1.15 104. 12.5 28.° 

78.7 1.169 104. 12.8 50° 

78.4 1.17 104. 14.5 77+ 

Mag.Current on 2080 Volt Circuit(Cold) = .0575 Amps. 

Power Tactor on OpenCircuit = ,686 F. = 133. 

bbb 

Coprer 10SSESescooas 

C°Rep. Loss. Watts. Bs. loss. Watts, Total C%.Loss Sec.lo@d, EFT, 
Watts, Watts. 

3.6 1.8 5.4 12. 93.5 

14.2 7.2 21.4 24. 96. 

32. 16.2 48,2 36. 96 «® 

56.9 28.8 85.7 48. 96.6 

127.9 64.8 198.7 72. 96,1 

Prim.Resist., =- 12.5 Temp erature 2°¥.7° 

Secondary nesist. .0125 Max,Efficiency 96.6 at full Toad. 

All Day Efficiency -- 92%. Plate 2. gives curves of 

efficiency, copper and combined losses. 

wwe] Brn 



REGULATION. 

The results of these tests ar. given in the following 

tables in which the symbols are used as follows. Cp1Css Rpgand 

Rs, for Jrimary and Secondary Gurrents, and resistances. CRp. 

and CRs. for the primary and secondary drop in pressure due to 

resistances in their respective coils. V.the total pressure drop. 

Es.= the Secondary Volts corresponding to 2080 Prirary. 

The table contains, primary impressed pressure, calculated 

frow corrected secondary pressures of the standard transformer, 

(from formulae Ep.= Zlis. where BY is assured as 20); Secondary 

Pressures str resin ng to 2080 Volts Primary; total pressure 

drop Trom corrected secondary pressures; CRp. and CRs., calculat= 

.ed from known resistances and lcads; Leakage drop*, which is the 

difference between the total drop and the added CR drops, or 

(V—-CR.) 

TRANSFORMER NUMBER 1. 

Ep.Volts. [Es Volts. V.Volts. v7. Valiejere. Volta fun, Load. 
Volts.) Amps. 

2140. 104. 0 0 0 0 ¢] 

2160 101 3. : .67 «27 2.02 6.3 

2200. 99. 5. 1.16 44 3.4 10.3 

2140. 98. 6.0 1,93 +14 3.5 17,3 
7190. 97.5 6.5 7.35 ey 5.95" 71, 

Primary Resistance =- 44.9 Secondary Resist, =- ,043 

Pull I°ad Cs.= 14.4 Cp.=.72 V.= 5.57 CRpp= 1.6 CRs.= ,62 

Leakage Drop = 5.36 .. 

* Becongdary Volts corresponding to 2080 Primary. 

—} Gowen 
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1} RANSFORMER NO, 2 

Ep. Es. Vv. CRp. Crs. V.=CR. Sec. 
Volts. Volts. volts. Volts. wVolts., Volts. Load. 

2200. 104. 0. 0. 0. 0. O. 

2140. 103. 1. 47 «25 +28 Bad 

2180 102. 2. +98 .52 LB 17.3 

2120. 101. 3. 1.31 .69 1. 23. 

2180. 100. 4. 3. 1.06 35 35, 

Primary Resistance =-- 22/8 Temperat.re 21+9- 

Seconadry Resistance .03 Full Load, Cs.= 24 Amps. 

Cp.= 1.2 

Leakage Drop = 1 Volt. 

TRANSFORMER NUMBER Bess 

Ep ES. v. CRp. Crs. V=CR, Bec. 
Volts. Volts. Volts. Volts. Volts. Volts. Load. 

2140. 104. 

2160, 103.5 +B 55 «14 01 11.2 

2140. 104. —-— .68 +27 Neg. 23.7 

2160. 103. 1. «91 «27 Neg. 29,2 

2140. 102.5 1.5 1.13 . 45 Neg. 36. 

2180. 101.56 2.5 1.34 .04 +82 42.8 

2140. 101.3 2.7 1.57 63 Bb 50.4 

: Primary Resistance =-- 12.5 Temperature 23.7 

Secondary resistance = 01256 Full Load el? 

*Cs.= 48. Cp.= 2.4 Ve= 2.6 CRp. = 1.5 C(Rs8.=.60 

Leakage Drop = .5 Plate 3. gives curves of total 

and of combined CR Drop.. =O = 



HEATING TESTS, =- For the heating test the transformers 

were worked for about six hours, both on open éireuit and fully 

loaded, as stated in the beginning. Transformers were kept in 

cases during bath runs. No experiments were made on the heating 

when running in oil as was at first expected. 

In the followin; tables only avera.e values are given, 

and these cannot be depended upon, ¥or this reason, Ho fractions 

of a degree are recorded, except in thermometer readings. The 

first line gives heating for open cirecuit,~ the second for full 

load. Transformer No.l. was removed before thi heating test 

could be made on it. 

00000 

TRANSFORMER, eevee ....NO. 2... 

Time =-- Temperature. Load. 
Length of Run. | Air.\ Core. | Rise. | Rise from Of Coil Amps. 

| Prim.Resist. tot YT. 

7 1=2 20.7 33. 12.2 39° 60°+ Open C. 

6. 22, 44.5 22.6 55° 77° 25, 
Fb 

TRANSFORMER NUMBER 36ce0cse 

Tike. Load. Temperature s/. 
Iuration. of Apperes. Air. Core. Rise. Rise from Of Coil. 

run =-Hours. Prim.Resist. t, +, 

6 1-2 open.7, 21.5 36. 14.5 28. 504. 

Ge 50. 22, 54, 32 55, 77, 

EVA 1 TR 



In the table given below, the attempt has been made %to draw 

together such records of, or deductions from the preceeding ex- 

periments, as arg of importance for a comparatime view of the 

transforiars. Losses, efficiasncies, and regulation wherein 

they vary wit 1 the load are rscorded below for full load. All 

figures have besn corrected for 104 Volts, Secondary Voltage. 

(For Table Sse Next Page.) > 



D> 3 ; 
~ gd : SR 3% . ; 

i, 3 Losses Efficiencres| N N § 3 Regulation. Heating. 
. A S J Sou Sian 

& S RS Q 3 3 Total Leakage oper Full 
S /ron |Copper| Max. |Ali-day| f% Drog “Fe | CAs Drop| Ciruty Load 
S we, 

Watts Watts | Walls | Ye % | Amps.| Cosg | Volts | Volts | Volts | Volts | Deg.C| Deg. C. 

/ 1500 B52) 3g/. 957 | 888] 03 B61) 5.87 | 46 62 3.55 

20 {pmol een 2s loss ooo! me |e 2st {ver | mm [0 30 55 

3 5000 | 8. 857: 9%6 | 92 |.0575]| 686 | 26 | /5 60 i$ lena 55 
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DISCUSSION OF RESULTS. 

CATIBJRATION OF INSTRUMENTS, == N'thing further need be 

added under this head to what was said in the beginning, eXcept 

a source of error, which will apply equally well to allthe other 

measurements. The variableness of the voltages, mentioned before, 

introduces no small chance of error, esiecially,as inthe case of 

the.voltmeters, when the instruments are not equally sensitive, 

and where for any reason the formulas for calculating results 

demand close accuracy. 

LOSSES AD R*PICIENCIES, ~-= The iron losses as shown 

by these tests are well within the limits of good design, as 

shown by the following comparison of values found and those given 

as maxima in Jackson's "Alternating Currents ". 

Sapasits. TESTED, FROM JACKSON, 
Capacity. Tron Toss. Capacity. | Iron Loss, 

Watts. Watts. Per Cent. Watts. Watts. Per C, 

1500. 22.2 2 3=8% 1500. 40. 2 2-33 

2500. s $4.3 1.8 2600. 60. 2.4 

5000. 81. Rel... 4000, dB, By 

The above comparison is hardly fair to the machines of this 

test, since the iron losses have bgen correct ed for 104 Volts 

secondary pressure, while those recorded in Jackson are correct 

for 100. Volt pressure. 

The C°R.losses at full load are No.l. 2.1%; No.2. 1.9% 

and No. 3. 1.7% of the out-put, which falls within the limits set 
os G3 60 me 



by Mr.Jackson of 1 1-2 to & 1-2 per cent. of the out-put. The 

efficienplas make an equally good showing with those recorded. 

Only ongy that on a 1 1-2 Kilo=Watt Transforwer in the table con- 

w
d
 

ained in Mr.Jacksoan's Volume, showed as high an effiecicnecy as 

that given by No.l. The average was about 1 1-2% below. 

No.2.compared even more favorably with the one transforwver of 

equal capacity tested by Mr.Pord; it had a maximum efficisncy of 

96.5, as against 92.5% of the latter. I could find no record of 

tests on 5000. Watt transformers. In allcases the efficiencies 

were maximum at full load. The foregoing comparisons, however 

speak ag little more favorawly for the transformers of this test 

than seems justifiable, since the frequency of the local system 

is 133 periods per second, while that used in the testis recorded 

by Mr.Jackson and Mr.Rord was 125. periods. A reduction to the 

lower frequency would slightly increase the losses. The per cent. 

gfficiency would probably he lowered from one to two Senta. 

The all. day efficiency is the percentage of the total 

energy (Watt-hours) put into the transformer in twenty-four hours 

to what is given out by tie transf Cer in the same time. The 

conditions assumed, of five hours on full load out of twenty-four, 

are probably more favorable, than those usually met with in prac- 

tice. Transformers used in incandescent lighting are seldom 

fully loaded, Tor rarely are all the lamps in its secondary, 

burning at the same time. 

The efficiencies, both maximum and all-day, increase with 

the size of the transformer. 

REGUZATION.=-~ A more marked improvement was shown in 
oy rein 2} By 



regulation than in efficiency for increased capacity, as a com= 

paritive lookht the full load drops will show. 

Transforwer No.1l., 86 Volts; No.2. 3.1 Volts; No.33;2.4 

Volts. The drop inNo.l. seems eXceSsive; the author intended 

to check the results by a second experiment, but the transfor- 

wer was sent out on the line before it could be done. Some | 

error in this test secms more probable from the large leakage 

drop of No.l. 3.4 Volts; No.2. shows comparatively small %inkess 

of 1 Volt, whils No.3. has only .5 Volts. 
: the samgy 

The Cr.drop IN the thre: machines remains practically, : 
a 

slightly favoring the larger units, while the proporticnally 
with 

CR. drop decreases wk directly increase in the capacity: the 

percentage leakages drop, shows even more marked decrease, varying 

more nearly in the inverse ratio of the squared capacity. 

HEATING, =~ For reasons, unnecsssary to state here, it 

impossible to test for heating of transformers inpils, as 

hoped. The determinations of rise in temperature, frou 

the relations connecting the electrical resistance of copper, 

and its heating, rrobably suffered larger chances of error frou 

the fluctuating character of the current than any ot her deductions. 
de Ra.~-Rb. 

1t is readily seen from the formulae,PX.=a.- % » that with 

d.= .004, small variations in Ra. and 3. hn 2h considerably 

magnified in the value of b. 

In all cases average values of resistances were taken, and 

the results obtained probably +ver¥ closely approximate the truth. 

To illustrate the range of error, to which they were subjectig,= 

wl] fe om 



the rize in temperature calculated from maximum cold resistance 

and the minimum hot resistance, is subtracted from rise obtained 

from minimum cold resistance , and wigwmum hot resistance. The 

result gives the ra ge of error. 

TRANSPORMAR. LOAD, RISE. RANGE, OF 
a A Max, Min. Error. HR 

No.2. Open QC. 42° 37.° 5.° 

No. 2. Full L. 59.7 50.5 9.2° 

No.3. Open 0. 32. 28. 9. 

No. 3. Full L. 67. _ 30. 37. 

This fluctuation in readings, especially on full load, 

was not due Lo Aes being radiated from the machine, for the re- 

sistances calculsted from successive readi igs, tended to increase 

ratner than decrease. A circuit of more constant voltage is 

ne sded for accurate results. 

CONCLUSIONS. 

Though these tests are too incomplete to establish con= 

clusively any general laws, yet some facts of general aprlica=~ 

tion can he deducted frow then. 

The lsrger the unit, the smaller the proportional core 

losse It is doubtless possible in largerjmachines to obtain 

closer joints and better lamination, thus reducingfragnetic re= 

luctance and cutting down foucalt curren loss. 

The greatsr the capacity of the transformer, the better 

the regulation. This result seems tobe obtained principally 

a 



throught the elimination of the leakage drop, though there is 

also a great proportional decrease in the Cr.drop. 

In calculating the all-day efficisncy of transformers, which 

run much of the time on open circuit, such as injincandescent 

> the 
lighting, the core losdes a more important factor, than,copprer 

losses, and shove Tiving lowest iron losses give best results. 

The maximurn efficiency in each of the transformers tested 

was Obtained at full load. As suggested by Mr.Ford in his tests 

this does not seer the most economical arrangement for in_candes- 

cent lighting systems, since during the period of loading( about 

five hours), the demand will not average above two-thirds to 

three-fourths rated capacity. It would seem well therefore to 

design for a maXimuwm efficiency at about this percentage of 

capacity, when intended for such running conditions. 

These tests owe their existance largely to the kindness 

of Mr.R,T.Scott, Electrician for the Knoxville Power & Traction 

Company, who furnished the transformers and facilities necessary 

to waking the eXpsrimrents. 
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