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conidercial Tests of a Transforier.

The financial success or failure of a lighting or pow-
er enterprise is .easured by the efficiency of the inach-
1nery,and.the efficiency of the aachinery depends upon
that of each piece of apparatus of which it is cocaposed.

In alternatgng current distribution the transforuers are
frequently scattered in large nuabers throughout the sys-
tei,and their accuaulative losses,foraing a large part
of the total energy wasted in the systei,greatly effect
the efficiency of the plant.

Transforiers are devices used for raising of lowering
the voltage in alternating current cirquits.The use of su
such saves auch expense in transdission of power.Elect-
rical power aust be transaitted at a high voltage or the
cost of copper will be excessive.High voltage however is
very dangerous and also dany Kinds of apparatus dedand
low voltage,therefore transforiers aust be used to lower
the voltage.Thus it is seen that the use of fransforiers
greatly reduces the expense of the plant.

A transforier consists of two windings placed on the
sals iron core;one windiny called the priasary is connect-
ed 1o the power supply;the other called the secondary is
connected to the load,the receiving circuit.The priuary
alternating current produces in the core an alternating
wagnetic flux,which in turn induces vbltage and conse-—

quently currents in the gsecondary winding.



Transforiers may firct be classified as to the stvle
of winding.If the elect®ic surround the uagnetic ciruits,
that is if the core is inside the coils of winding the
transfoniuer is of the core type.If the core surrounds the
coils the transfoniaer is of the shell type.In the shell
type the iron is cooler than the rest of the transforier,
but in the core type it is hotter.As the "ageing"of the i
iron,or the increase of thes hysterstic coefficient with
tine,is beleived to be caused by heating,this is claiued
as a point of superiority of the‘shell type.However the
pridary object in keeping a transfonier cool is to pro= ct
tect the insulation and not to save the iron. The core
type has less iron ahdngenerally less iron loss, so the
advantages are not very wuch in favor of either type.
Both types are built or used by the sade codpany in wany
cases.,

Tfansfonuers say be classified as the ratio of trans-
foruation, wnich is the ratio of the nuaber of turns in
. the sscondary coil to the nuiaber of turns in the prianary
coils. If the ratio of transformation is greater than
unity, the transfonuer is called a"step-up" transfonaer
and it delivers electrical energy at a higher voltage
than the voltage at which it was received. Step-up trans-
fomiers are used chiefly in generating plénts where the
alternators do not generate current of sufficient high
voltage for econouical transanission.

I the ratio of transforaation is less than unity the
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transforaers is called a "step—downh transforuer.step-
down transforuers find their greatest use at the points
where the energy is distributed to the consuiers. The
use of the transforier ' to raise or 10 wer the volt-
age in alternating current is mueh cheaper than the
use of the uotor generator set in direct current.

Transformers are also naded in regard to the method
of Keeping then ffou heating excessively. Soie trans—
foruers have enough radiating surface to take care of
all the energy lost through heat but the large trans-—
fonuiers must have sone artificial method to reduce
their teaperature. There are three %gunon methods of
cooling transfoniers; by direct radition and conduet-
“ion to the air; by water eirculation; and by air blasts.
in the first two wethods the transfomiler is lumersed in
a tank of 0il. The outer surface of the surrounding t
sank should be large enough to radiate the heat quick-
ly. These are called self cooled transformers.A water
cooled transforuer is one which has coils of pipe in
the 0il of the above tank through which cold water is
circulated thus keeping the o0il co00l anda consquently
the transfonier.

In air-blast transforiers the heat is dissipated
by @weans of a blast of air forced through the coils by

motor driven blowers.
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If the coils of wire of a transforier had no resist-—
ance; if ther® was no umagnetic leakage and if the re-
luctance of the-iron core were zero there would be no
losses in the transforier and ig would deliver as .uch
power as it received. But this is not the case as that
could be possible in an ideal transforaer. In the ac-
tual transforaer however, the coils always have uiore
or less resistance;saie of the idagnetic flux; sode of
the so-called leakage flux; and fur;;r, a certain a-
@mount magnetoaotive force or aapere turns are necessary
- to force the amagnetic flux through the transfonier core.
Thisunakes the aetion of the transforiner quite coapli-
cated. The behavior of the actual transfonier is how-
ever in uany respects qite similar to the behavior of
the ideal transforier. We find that in actual practice
of operating that itis only necessary to consider tor
make use of the theory of the ideal transfomnier which
is very siuple, but in designing, one has to take into
consideration the effects of coil resistance, uwagnetic
leakage, and core reluctance.

ly the sade

The iron losses in a transforier are practica%;in a-
dgount at all loads.They depend first uponnthe frequen-
ey,upon the flux density,upon the quality and quantity
of iron,and also upon the thickness of the laainations.

The copper loss 1is nearly zero when the transforier

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

rent and becoues v ry excessive when the transionier is



greatly overloaded.

When we speak of the efficiency of a transforuer it
is understood to be the ratio of the power output divid-
ed by the power input.The efficisncy is very low when
the output is saall;and it increases as the output in-
creases,reaches # wmaxiaui and falls of: again when the
output is very great.The falling of: of the efficiency
of a transforier when the output is great,is said to be
due to the great increase of copper loss.

The "all-day'efficiency of a transfonier 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 awet,if the calculations are hased upon the
assuiptton that there are five hours fvll load and nine-
tetn hours no load in transforiers used for ordinary
1ighting purposes.With a given 1liait to the first cost,
the losses should bhe so adjusted as to give a uaxiaua
all day efficiency. We 4 ight take a case where a trans-
forier is supplying 1ight to a private residence. Undér
this condition it would be loaded only a few hours each
night. This will wwake the core losses which continues
throuzh the twenty-four hours very siaall, and the cop—.
per losses which continue but a few hours couparatively
large. Thus we see 1t is adﬁisably t‘:dcsign a trans-
foriler so as to have ac« =saall a pqwer loss as possible
in the iron, even though the desién¢uay envolve a consid-

erable increase of power loss due to a copper resistance.
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Too duch copper in a transfoxnier ﬁchver, will give bad
regulation results. In @ases where a transfonier is
working all the time under a load, there should he a
greater proportion of iron thus requireing less copper
and giving less copper loss. We find that this is de-
sirable in that a loaded transfonier has usually a
duch greater copner loss than coré loss. From a finan-
cial point of view it is advisable as ircn is much less
expensive than copper.

When a transfonier 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
siailar to that of alternators. As transfoniers are
designed to deliver current at a certain voltage it is
ilaportant that the regulation be as near perfect as
possible, The def inition of the regulation as authori-
zed by the Aderican Inatitute of Engineers is as follows;
"In transforiers the regulation is the ration of the r
rise 0f the secondary teniinal voltage frou full load
fo no load (at constant ilupressed priusary terainal )
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 priidary coils
were available to the secondary the voltage regulation
would be perfect. But nart of the priiary electro-iotive
force is used to overcoide the resistance of the coils

and part of the induced magnetisia acts in sue» a way
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as to neutralize the iipressed voltage. All the defects
increase with load and thus the transforner regulation
varies with the load. The regulation of a good trans-
forier is .ueh closer than that of an alternator, be-
ing =meldon over three per cent on non-induetive load

or six per cent for inductive load of power factor of
«80 . Thus it is seen if good regulation is desired the
induective drop uudt bhe liaited because it has a large
effect on the teriinal voltage if there is a lagging
current.

In .lanycases it is difficult to measures voltage and
regulation under actual load cqndition. This is especi-
ally true in high power, high voltage wachines., There-
fore the voltage regulation is predeteriined f£roan a sin-
ple short—-circuit test. By this test the iapedancesof
the priaary and secondary coils are .ieasured.Then the
fesistances of the coils are .uaieasured by diresect current.
Having given the lipedence and the resistance the re-
actance is easily found and umed in the predeteniination
of regulation at different loads. In deteniining the
reactance froua the given iapedance and resistance ,
the secondary resistance .uust be multiplied by the
square of the ratio of transfonnation. This makes it
equivalent to a siuaple circuit and froa this equivalent
reactance is found.

Following will b= found data and curves taken frou

tests of a transfonier,rated 110-55.



Efficiency Test

Primary Priadary Secondary Secondary Secondary

Aiiperes Volts Alp=res Volts Watts
(1) .uuu 101.25 1 L5 15
(2) 1.77 141.75 y 6% 25
(%) 2.66 150.75 6 67 27.5
(%) 3.55 157.50 8 70 32
(5) L.yy 160.00 10 72 26
(6) 6.66 168.75 15 75 I
(7) 8.88 17%.75 20 77 60
(8)11.10 175.50 25 78 75
(9)13.72 180.00 %0 80 95

Ratio of transforuation = 2.25 : 1

E/I =.146 ohas.

Il

Resistance of pri.ary coil =R

Resistahce of secondarv coil = R = I/I =.0455 ohus.

Prisary . Secondary . Iron . . BEfficiency
I«R Loss I<R Loss Loss 0/0
(1) .o287 Y 15 89.5
{2) <465 «735 c 92.5
(%) 1.025 1.65 g 9k, 5
(4) 1.84 2.94 : 95.
(5) o.8% 4,58 g 95.5
(6) 6.5 10.72 1 96.
(7) 11.57 18.%2 96.
(8) 15.00 28.7 95.5

(9) 25.8 4.3 95.
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Regulation Test

Friaary - Priaary Secondary Volts across
Ailperes Volts Ailpares Water BoOX
0 118.5 0. 115.5
£ 117.5 k.5 117.

L 116.5 .8 116.25

6 116.5 13. k4 115,

g 116.5 17.4 114.5
10 1155 22, 113.5
12 115.5 26.5 11%2.25
14 115.5 51, 111.5
16 11%.5 75,75 110.5
18 11%.5 Lo, 110,
20 113. uh, 5 108.75
o2 11%.5 45,5 108.5
24 112. 53. 107.

26 112. 57. 106.5
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