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Coma erciai Tests of a Transforaer. 

The financial success or failure of a lighting or pow- 

er enterprise is aeasured by the efficiency of the iaach- 

inery,and the efficiency of the ..Machinery depends upon 

that of each piece of apparatus of which it is co.aposed. 

In alternating current distribution the transforaers are 

frequently scattered in large nuabers throughout the sys- 

te.M,and their accuaulative losses,foraing a large part 

of the total energy wasted in the sytea,greatly effect 

the efficiency of the plant. 

Transformers are devices used for raising or lowering 

the voltage in alternating current circuits .The use of 

such saves .auch expense in trans.Aisqion of power.rlect- 

rical power -oust be transaitted at a high voltage or the 

cost of copper will be excessive.High voltage however is 

very dangerous and also Many kinds of apparatus dma and 

low voltage,therefore transforaers ..lust be used to lower 

the voltage.Thus it is seen that the use of transformers 

greatly reduces the expense of the plant. 

A transforaer consists of two windings placed on the 

sane iron core;one winding called the priaary is connect- 

ed to the power supply;the other called the secondary is 

connected to the load,the receiving circuit.The priaary 

alternating current produces in the core an alternating 

aaagnetic flux,which in turn induces voltage and conse- 

quently currents in the secondary winding. 
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Transforaers .aay fírYt be classified as to the style 

of winding.If the electric surround the _.iagnetic ciruits, 

that is if the core is inside the coils of winding the 

transformer is of the core type.If the core surrounds the 

coils the transformer is of the shell type.In the shell 

type the iron is cooler than the rest of the transformer, 

but in the core type it is hotter.As the "ageing; "of the 

iron,or the increase of the hysteretic coefficient with 

ttae,is beleived to be caused by heating,this is claimed 

as a point of superiority of the shell type.However the 

pr.i:aary object in keeping a transformer cool is to prod 

tect the insulation and not to save the iron. The corn 

type has less iron aid generally less iron loss, so the 

advantages are not very. Much in favor of either type. 

Both types are built or used by the sane company in many 

cases. 

Transformers .aay be classified as the ratio of trans- 

formation, which is the ratio of the 'number of turns in 

the secondary coil to the number of turns in the primary 

coils. If the ratio of transforaation is greater than 

unity, the transformer is called a "step -up" transformer 

and it delivers electrical energy at a higher voltage 

than the voltage at which it was received. Step -up trans- 

formers are used chiefly in generating plants where the 

alternators do not generate current of sufficient high 

voltage for economical transmission. 

If the ratio of transforaation is less than unity the 
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transforaers is called a "step -down" transforaer.step- 

down transforaers find their greatest use at the points 

where the energy is distributed to the consuaers. The 

use of the transforaer to raise or lo wer the volt- 

age in alternating current is ouch cheaper than the 

use of the motor generator set in direct current. 

Transforaers are also named in regard to the Method 

of keeping thew frac heating excessively. Soue trans - 

foraers have enough radiating surface to take care of 

all the energy lost through heat but the large trans - 

fón.iers Must have soue artificial method to redue, 

their temperature. There are three coa.aon methods of 
a 

cooling transforaers; by direct rada ion and conduct- 

ion to the air; by water circulation; and by air blasts. 

in the first two methods the transforaer is i 41ersed in 

a tank of oil. The outer surface of the surrounding 

tank should be large enough to radiate the heat quick- 

ly. These are called self cooled tr.ansforilers.A water 

cooled transforaer is one which has coils of pipe in 

the oil of the above tank through which cold water is 

circulated thus keeping the oil cool and consquently 

the transfonaer. 

In air -blast transformers the heat is dissipated 

by .deans of a blast of air forced through the coils by 

-Rotor driven blowers. 
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If the coils of wire of a transfonaer had no resist- 

ance, if theft was no .aagnetic leakage and if the re- 

luctance of the,iron core were zero there would be no 

losses in the transfonaer and it would deliver as .ouch 

power as it received. But this is not the case as that 

could be possible in an ideal transfonaer. In the ac- 

tual transfonaer however, the coils always have ..lore 

or less resistance;saae of the Magnetic flux; sane of 
h 

the so- called leakage flux; and furte r, a certain a- 

Mount .aagnetaaotive force or aapere turns are necessary 

to force the magnetic flux through the transfonaer core. 

Thisaakes the action of the transfonaer quite caapli- 

cated. The behavior of the actual transfonaer is how- 

ever in Many respects quite stailar to the behavior of 

the ideal transfonaer. We find that in actual practice 

of operating that itis only necessary to consider for 

make use of the theory of the ideal transfonaer which 

is very staple, but in designing, one has to take into 

consideration the effects of coil resistance, magnetic 

leakage, and core reluctance. 
ly the sane 

The iron losses in a transfonaer are practical ̂in a- 

mount at all loads.They depend first upon the frequen- 

cy,upon the flux density,upon the quality and quantity 

of iron,and also upon the thickness of the laainations. 

The copper loss is nearly zero when the transfonaer 

is not loaded, but increases with the square of the cur- 

rent and becaaes v ,ry excessive when the transfonaer is 
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greatly overloaded. 

When we speak pf the efficiency of a transformer it 

is understood to be the ratio of the power output divid- 

ed by the power input.The efficiency is very low when 

the output is s,aall;and it increases as the output in- 

creases,reaches :aaxi,aud and falls of again when the 

output is very great.The falling of of the efficiency 

of a transformer when the output is great,is said to be 

due to the great increase of copper loss. 

The all- day "efficiency of a transfonaer is the ratio 

of energy output to the energy input during twentyfour 

hours.We find that the usual conditions of actual prac- 

tice will be .,let,lf the calculations are lased upon the 

assuaption that there are five hours fell load and nine - 

te "n hours no load in transforaers used for ordinary 

lighting purposes.W ith a given licit to the first cost, 

the losses; shoul be so adjusted as to give a ulaXI4W1 

all day efficiency. We ,a ight take a case where a trans- 

for,ìer is supplying light to a private residence. Under 

this condition it would be loaded only a few hours each 

night. This will ,.lake the core losses which continues 

through the twenty -four hours very s.aall, and the cop- 

per losses which continue but a few hours caaparatively 

large. Thus we see it is advisably to design a trans- 
/ 

fonder so as to have as s.aall a power loss as possible 

in the iron, even though the design.aay envolve consid- 

erable increase of power loss due to a copper resistance. 

a 
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Too ,such copper in a transfonaer however, will give bad 

regulation results. In oases where a transfonaer is 

working all the time under a load, there should be a 

greater proportion of iron thus requireing less copper 

and giving less copper loss. We find that this is de- 

sirable in than a loaded transfonaer has usually a 

much greater copper loss than core loss. From a finan- 

cial point of view it is advisable as iron is much less 

expensive than copper. 

When a transformer is loaded there is always a cer- 

tain falling off in secondary voltage, and when the 

load is thrown off,the voltage rises, the action being 

similar to that of alternators. As transfonaers are 

designed to deliver current at a certain voltage it is 

important that the regulation be as near perfect as 

possible. The deï inition of the regulation as authori- 

zed by the American Inatitute of Engineers is as follows; 

"In transformers the regulation is the ration of the r 

rise Of the secondary terainal voltage fray full load 

to no load (at constant tapressed prtaary tenainal ) 

to the secondary full load voltage: This definition 

applies to constant frequency and non -inductive loads. 

If all the lines of force induced by the prtaary coils 

were available to the secondary the voltage regulation 

would be perfect. But part of the prtaary electro- laotive 

force is used to overcaae the resistance of the coils 

and part of the induced magnetise acts in suc' a way 
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as to neutralize the tapressed voltage. All the defects 

increase with load and thus the transformer regulation 

varies with the load. The regulation of a good trans - 

fonaer is auch closer than that of an alternator, be- 

ing aeldaa over three per cent on non -inductive load 

or six per cent for inductive load of power factor of 

.g0 . Thus it is seen if good regulation is desired the 

inductive drop .laudt be liaited because it has a large 

effect on the terainal voltage if there is a lagging 

current. 

In aanycases it is difficult to measure voltage and 

regulation under actual load condition. This is especi- 

ally true in high power, high voltage machines. There- 

fore the voltage regulation is predetermined fray a sta- 

ple short- circuit test. By this test the tapedancesof 

the priaary and secondary coils are.aeasurpd.Tren the 

Tesistances of the coils are .aeasure(i by direct current. 

Having given the impedance and the resistance the re- 

actance is easily found and used in the predetenaination 

of regulation at different loads. In determining the 

reactance frac the given impedance and resistance , 

the secondary resistance .gust be aul tipli ed by the 

square of the ratio of transforaation. This awakes it 

equivalent to a staple circuit and frac this equivalent 

reactance is found. 

Following will be found data and curves taken frac 

tests of a 1ransforaer,rated. 110 -55. 



Efficiency Test 

Pri:Aary Priaary Secondary Secondary Secondary 
Laper es volts f.apAres Volts Watts 

(1) .444 101.25 1 45 15 

(2) 1.77 141.75 4 63 25 

(3) 2.66 150.75 6 67 27.5 

(U) 3.55 157.50 g 7o 32 

(5) 4.44 160.00 10 72 36 

(6) 6.66 165.75 15 75 45 

(7) g. gg 173.75 20 77 60 

(5)11.10 175.50 25 7g 75 

(9)13.32 150.00 3o go 95 

Ratio of transforaation = 2.25 : 1 

Resistance of priAary coil = R = E/I =.146 ohne. 

Resistahce of secondary coil = R = E/I =.045; ohas. 

Priaary 
IÑR Loss 

Secondary 
I.R Loss 

Iron 
Loss 

Efficiency 
o/o 

(1) .0257 .o45g 15 89.5 

(2) .465 .735 c 

o 
92.5 

(3) 1.035 1.65 n 94.5 

( 4) 1.g4 2.94 t 

a 
95. 

(5) 2.55 4.55 n 
t, 

95.5 

(6) 6.5 10.32 96. 

(7) 11.53 15.32 96. 

( 5) 1g.00 25.7 95.5 

(9) 25..5 41.3 95. 
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Regulation Test 

Fr. i.aary 
Amperes 

Fri.aary 
volts 

Secondary 
A,lp-r-G 

Volts across 
Water Box 

0 115.5 O. 11g.5 

2 117.5 4.5 117. 

4 116.5 g.g 116.25 

6 116.5 13.4 115. 

g 116.5 17.4 114.5 

10 115.5 22. 113.5 

12 115.5 26.5 113.25 

14 115.5 31. 111.5 

16 114.5 35.75 110.5 

1g 113.5 4o. 110. 

20 113. 44.5 108.75 

22 113.5 45.5 10g.5 

24 112. 57. 107. 

26 112. 57. 106.5 
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