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TEST of G. E. TYPE H, TRANSFORMER.

Fundamental principles.

Alternating current phenomena are at the Present time approa-

ching a stage of development which, whén reaced, may be considered the
master means for the control of power and 1llumination, 8ince a great
part of the water power in the United States is being utilizged by the
engineer and converted into electrical energy and transmitted at high
voltages to distant cities. Herein lies the use of the alternating
current transformer.

A static transformer is a continuous laminated diron core in-
terlinked with two electrical cireuits, one of which receives electri-
cal energy and the other delivers electrical energy. TFig. 2, Plate H.
represehts a simple transformer.

Yhe coll which receives the electrical energy or that one
over which the E.l.F. is first impressed is called the primary, and
that coil which delivers electrical energy is called the secondary.
Fig.'s 3 and 4, Plate H. represent diagramatically the core and Bhell
types respectively. If the electric circuits surround the magnetic
curcuit as iIN (3) the transformer is said to be of the core type. If

the reverse is true as in (4) it is of the shedl type. The ratlo of

transformation is designated by the ratlo of the number of turns in
the secondary winding to the number in the primary Winding.l If this
ratio is greater then unity the transformer steps up the voltage, and
1f less than unity steps down the voltage. The one extensive use of

the transformer lies in the fact thet electrical energy may be saken
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into the primary winding and deéiivesed from the secondary at a differ=
ent pressure.

A transformer is designgied for great reactance and small
resistance in the windings. The result is that when a sintsoidal
BE.M.F. 18 impressed over the primary winding with open secondary, the
current which flows is small and lags practically 90° behind the im-
nressed E.M.F. When such is the case a flux is set up in the core
which is in phase with the exciting current, for the reason that the
induced E.M.F. is greatest when the time rate of change is greatest,
and the flux changes fastest at the zero walue of E.I.T.

The losses 1n a transformer are as follows:

Eddy Current.
Hysteresis.
Copper.

Eddy currents are caused by differences of flux distributi-
on in iron. As a result electric currents are established which in
solid core give rise to excessive heating and tend to demagnitize the
the core.

Pe equals V f2123m2

k equals dbéut 106 X 10711

V equals Volume of iron (c.g.s.)
f equals frequency.

1 ehjuals thickness of laminae.

Bm equals maximum induction.

Laminations offer an oxide resistance for the eddy currents

induces and decrease khis loss very much.

The drop of E.M.F. due to hysteresis is composed of two com-

ponents, the energy and wattless components. These are at right angles




to each other. The former is in phase with the primary current and

the latter in phase with the counter E.M.7.
Hystersis loss equals 10"7V FU Bml‘ﬁ.
V equals volume of iron (c.g.8.)
F equals frequency.
U equals const: equals (.002 to .003)
Bm equals max. flux.
In every transformer when loaded there is drop of voltage

due to ohmic registance and magnetic leakage in both the prinary and

secondary winding. When leakage ocemrs it is equivalent to cutting
out a certain number of coils in the transformer and putting the same
in circult to cause inductance. The ohmic resistance and inductance

are combined vectorily to get the equivalent drop both in magnitude
and direction. See Fig. 1, Plate H.
il
Copper drop equals 1. R, plus o 2
1. equals current of primary.
Rl resistance of primary.
H_‘,3 equals resistance of secondary.

r represents the theoretical ratio of the number of turns in
the secondary to the number of turns in the primary. This is modified
by the resistance and inductance of each winding. Practically, the
current in the primary is not 180° from that in the secondary on ac-
count of hysteretic lag. (See Steinmetz Diagram).

Leakage flux is considered that part of the flux which links
the primary coil and not only is useless, but sets up an E.M.F. oppos-

ing that which is impressed. In the secondary winding there is also a

slmilar leakage which is discussed more fully under transformer regula-
tion.




Steinmetz Diagram.

The diagram invented by Steinmetz is a device by means of

which the action of a transformer can be found for any load. From this

diagram the losses which take plsce can be readily obtained so that

'the power necessary in the primary coils to deliver a certain power in

the secondary can be readily determined. It is necessary in order

to uce this diagram to know the value of several constants of the trans-

former These constants, as will e explained, can be caleulated by the
deslgner or can be ohtained by making a series of tests on the trans-
former in question.

The following diagranm will serve to explain the method of

procedure:

The line 0 @ is drawn from any point o to represent the

direction in which the flux acts which is useful and links both the

Primery and secondary coils. The value of § is not necessary in the

désigniiof the transformer. The primary E.U.F. which is operative in




producing useful flux is at right angles and ig represented by E°
= D

8 required in the no losag exclting

current to neutralize the effect of eddy currents

In phase with this is the ampere turn

and to.effect the

hysberetic change in cycles. The value of the current required to

neutrallize the eddy currents may be caleulated by the designer by the

use of the emperical formulae - 1.6 V ¥2 y? B2
Is equals 100 Ep
And for hysteresis- Ih equals V £ .003 Bl'sm where
107 By

V equals Volume of iron in onm.
F equals
U equals thickness of one lamination in Cm.

o equals 108 V2E,
B m equals A Np WA~

Ep equals primary voltage.

ﬁp equals turns of primary coils.

W equals 2 f.

A equals area of cross section of core in square C.m.

At right angles to this and in phase with the flux is the

portion of the no load éxciting current that is returned to the circuit

called the magnitizing current. Its value may be calculated from the

formulae - 101P g
I mag. egquals 4 2 N, A Where :

P
1 is the length of the path in em and P equals l/y'wheré y is the

fermeability of the iron,so that we may combine the two components

and obtain what will be the no load execiting current with its angular

relation to the flux. In the dlagram this is used in relation to the

Primary and secondary currents in ampere terms.

The total E.M.F. impressed over the primary is not operative

in producing useful flux. There is a drop in voltage due to the re-



sistance of the coils., and at right angles to it leading, is another

by ¥ T o J‘J::Z
drop due to the inductance of the leakage flux. The secondary volt- LR

age is also cut down for the same reasons. To find the inductance due

to leakage flux the following formulae has bee deduced:

Lg=_8 qr N° Y (A+2X+27) + (B+2X+22)+ 57 AR
109 : 3(C+mY) i |

Where the dimeNsions of the transforier are represented as in

the following scheme:

This shows that the lnductance due to leakage flux is inde-
bendent of the current and remains the same for all loads. The resigt-

pnce of the coils can be found by direct calculation from tables in



handbooks. For sake of illustration let us assume now a current in the

secondary of I when the angle of lag equals 0%, between the intermal

volts and the current. The drop in voltage due to the resistance of

the secondary 1s in phase with this snd that due to inductence at righ£

angles and leading. These can be laid off on a larger scale, if the

work is to be done graphically, and the resultant obtained more sceu~

rately to be applied to the diagram at the same.scale as will be used
for volts. Let O Eg be the volts lost in resistance and 0 R; that
due to inductanee,then 0 E"the resultant. As we do not as yet know -
the internal volts in the secondary we cannot as vet obtain the value
of the external volis. We now complete the barallelogram of the force
lines 0 M and 0 Is sy 0 IST being the value in ampere terms of the
secondaryly, considering but one turn for the primary turns, giving us
the force line 0 Ip which is the ampere turns in the bPrimary. As we
have now obtained the current and its phase relation in the primary
we can construct the lumpedance drop ag in the secondary and knowing
the impressed E.M.F. of the primary obtain the operative E.M.F. 0 E;.
Having obtained this we multiply it by T and construct it on the oppo-
slte side as 0 B§ . The direction and value of the useful E.M.F. at
the secondary terminals can now be obtained it being 0 Eg . Knowing
the value of the voltagé and current in the secondary with the afigleceof
lag and the same for the primary we can at once calculate the efficin-
cy.

If we wish to obtain the constants as before mentioned, in
any transformer so that a diagram can be constructed it can be done 1in
the following manner:

On the primary side place in the circuit the in-

Fig.1 A g 2 e T
struments as shown in the following sbheme and teke the value of the




load reading on each instrument.

The cxosine of the angle Q% as shown in the diapram is equal

to the no load watts divided by the no loag volt amperes. In a five

K.W. transformer this angle can be considered the same as 0! for the
b

reason that the voltage drop due to lmpedence is very small due to a

small current and will not cause a perceptible difference in the two

angles.

As the dropr is very small due to the impedance, at no load

we can assume the lmpressed volts 0 B, = 0 WS . To find now

the value of T we divide the volt meter reading in the secondary by
that of the primary. It is necessary to use a very high resistance volft
meter in the secondary as a very small current will cause 2 much great-
er current to flow in the primary. The impedances can be found by the
methods discussed and the resistance by direct current methods so that
we ‘are able now to work any problem which may be acsumed.

To 1illusirate the method as described the following diagram
has been constructed, the constants obtained being given in the table
accompanying.

By means of this diagram we could calculate the efficiency
of the transformer for all loads and obtain an efficiency curve. As
this method would be tedious some other more simple method must be re-
sorted to. There are three different methods wsed in commercial prac-

tice which are called by the following names to desigmate each:

1. The single conversion.

2. The double conversion.

Z. The double conversion with a calibrated trans-
former.




The first method consists in placing the transformer with

the primary coils over the proper Primary voltage which is kept con-

stant and loading up the secondary with the desired bower factor

(In the specifications given in various books on testing a non-induct-

ive load 1s used except when otherwise called for). The scheme for
this test is as shown in Fig. 2, A.
The efficiency for any load on the secondary 1s equal to

Watt "
Watt *
d It was impossible on account of not having the proper in-

struments to obtain good results by this method.

The method number 2. consists in placing two similar trans-

formers together, that is, connecting the secondary leads of the first
to that of the second and thus step the voltage back. The connections

for this method are shown in Fis. 3, A.

H In this method the losses in each transformer are considered
the same, the efficiency of one being equal to _Watt "
wWatt . " .

This was the method used in the test for the efficiency on the trans-
l former in question. 1In one test the load was a non-inductive load of

lamps and in the other an inductive load of varying power factor.

Owing to some errors in the readings of the ammeters and voltmeters

the power factor could not be plotted with the efficiency for the entire
length of the curve. The load consisted of an induction motor belt-

Bd to a direct current dynamon on a constant load of incandescent lamps)
in parallel with a bank of incandescent lamps. From the nature of the

load and the power factor curve we know that the power factor was low

on starting and high as the load approached full load. It will be

noticed from the two curves that the one taken with the inductive load

This should be

falls below that taken with the non-inductive load.
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the case for the reason that the voltage in the primary which is oper-

ative 1s cut down a great deal more than if there was no wattless

current flowing, due to the impedance drop. The arop in the primary

volts is multiplied T times in the secondary so that any current in

the secondary lagging we will not have the same relation of the exter-

nal volts for a large angle of lag as for a small angle, for it will

be less. This drop in E.M.F., however, is not diredtly proportional

to the angle of lag. To prove this, that there is 8 drop in volts and

that it is not in a direct ratio, it will be necessary to refer to

the previous diagram. For the sake of convenience let us consider

the drop in relation to the ideal voltage in the secondary, namely EUED

LetIEg the difference between the actual volts and the ideal

volts T ﬁﬁb .

E°=9 0E - OB (I)
d P

8

2

i
. g o ke " a0 "t . ©© 2
OE_= [o + 0B 2 OE" 0E0 C o s (8 QS)]

0 0
OF = & OR
B b

’ s
2 — oF ! oy = &
2 OEP OE' Cos (6 Qp )]

OEO:[B'E_B + OE!
D p
Sub values in (1)
el OEP; Cos(6'-Qy)-2 OB'T -
[OE"'?I— T OE, + 0B'% 2 BB OE',Cos (6"-QQ )[6"E§+éﬁ -2 OE0F 'cos(e-@sﬂa.
D ) ; :
The variables in this equation considering the secondary
d 0 )
current constant and the angle of lag as variable are, QS » Ej .
and OE'. OE' being increased as the amperes in the primary are in-

Creased as will be explained later.

ot o o.ﬂ."
From the diagram it can be seen that as the angle Qs is in

creased and as these angles are increased the value of Cos (8'-Qp) and



Cos (8" - QE) increase and approach one. )

_~

When the value of
these variables are increased Eg ~1s increased ang =

boroaches a maximum

value when &' Qp as can be seen from (2). If, on the other hand we

decrease the angle Qg the value Eg is decreased to a minimum. We ean,

therefore, account for the efficiency curve of the inductive load

falling below the non-inductive as to arop in E.M.P. There is also a

detop in current which also varies as the angle is increased. From the

diagram using ampere terms (I N)d=I -I ¢
- D B L n
I=[0F 0T T- 2 Cos (a+9 0%Q0 ) F 0147
.. (1W)a=[orR TS T2 - 2 cos (a+90%00 ) OF o1 g% ~ IST]%
The variableé in this equation is Q% as in the equation for the volt-—
age drop. As this angle increases the quadﬁty under the radical in-
creases and resches a maximum when (a+—90°+ Og ) is equal to 180° .
This is then also another loss which takes place when the load is in-
ductive.

The third method of testing the efficiency of a transformer
1f by the use of a calibrated transformer connected with the one to be
tested as shown in the stheme Fig. 3 A. The transformer No. 1 is
calibrated so that its output at any given instant can be calculated.

The output of No. 1 is the input of No. 2 so that the efficiency at

any given reading of the wattmeters is equal to Watt"
Watt' X Eff. No.l .

This method is used a great deal in the testing of the large transformer
and where very high voltage is used in the secondary colls. The all-
day efficlency of a transformer is equal to the total watt hours output
over the total watt hours input during the day of 24 hours.

A transformer in order to have a high allday efficlency may
in some cases make it necessary to connect it in such 2 manner as to

lower its efficiency while in operation on a given load. In the trans-




former und=r test the efficisncy wag taken wiith the coils

connectad

in parallel as shown in Fig, 5, A. This, no doubt, gives a hipgher

efficiency than if they were connscted as in Fig. 4, &, on any oiven

the load during the day was thrown on only for & short

load, but

=

[N
i

period of the day, the increase in copper loss by connacting them in
gseries as in Fig. 4, A w

ould not over balance ths core loss if connect-—

ed as Pig. 5, A.

In order for anyone to determine which connsetion to uge on=

any 10 to 1 transformer it ig necessary to know the no load losses snd

afficiancy with both connections. The logges with both connections

for the day's r»un can then bs Sunmed wp and the method of connecting

which gives the least all day 1o

an

es is the one to use,

!
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EFF. DATA for INDUCTIVE

Primary Secondary

Watts. Watts

1150 840
1530 1315
2480

3200




EFFICIENCY DATA for NON-INDUCTIVE LOAD,

LTBI

Primary. Secondary.

Impressed Volta. Watts, Watte., % Pull Load.

Efficiency.

104 9125

Congta s
Jonstant 97.6
692 .6 98,2

76 .25 98

928
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0 B
- O
0 mp
0 R
T.0
P
F O
%E PP

DAT R POy BT A

Resg., Primary = .019 - - - - —
Tmp. Primary = .03435 ehmg~ —
Res. Primary = 3, - — = - - =
Imp. Seconddry = 9.882 — - —
= 104 Volts.
= 102.6 Volts.

= 1.815 Volts,

= 52.8 Amperes.

= 1.345 Amperes.

T =10.28
= 5,1028 Cos 13° 50' R
52.8 , 104 , Cog 150 &4!' 33"

GR AM.

Ohms

Ohms ;

Ohms ;

Chms
o0 = 1056. Volis.
8
Eg0 = 1028 Volts.
T EL0 = 5.4 Volta,
et 0 = 48.4 Volts.

A
X 100 = 94.5%




SCALE — | C'. = 2OVOLTS o 4 AMFPERES.
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DATA .

CORE LOSS.

Watts - - -Amperes - - - Volts - - - Speed (R.P.M.)

9

9
9
9
9
9

105 1200
96.5 1098
9€6.8 1098

121 1416

115

75

CHANGE of FLUX.

Watts - - - —-Amperes - - - Volts

250
280
300
380
490
570
670

830

l5

5




CORE LOSS.
. 3, Plate P is the stheme of test.

LNe Drecadino 5] F o5 ~
Lig brecscding curve sheet three curves are repregsented

raleting to the iron loss in a transformer. The data for (1) marked
50~ was obtained by holding the frequsncy constant and varying the
flux or vollage over the primarisg, with the gsecondary open circuited.

The equation for hystersesis and eddy currents as already

Ph =¥ £ n Bm' 8% 1077
Pe =k V £1°pn.

From these it may be geen that the iron loss
er does not vary directly with the flux but as the 1.¢ power and
square respectively. This accounts for the watts increaging in a much
greater ratio than the current. The curve practiczlly follows +that of
a parasbolsa.

t

Ancther factor which enters into the core loss is the fre-

guency. With this the hysteresis g8 varies rectly, while that due
10 eddy currents varies as ths 18 the frequency. If the =same
of test is msed and ths frequency held constant at 60~ curve ﬁz)
the relation of iron loss to the current. The ener-
gy lost by hysteresis appears in the form of hest and depends greatly
upon the hysteretic quality of the iron. Soft Norway iron gives the
allest hystersetic logs but it will not stand go great a flux density,
as stamped steel castings which are almosi universally used in the
best armatures. Sometimes it is found that after a few months' use

This ig gen-

the core loss of a tranaformer has increased about 100%.

£ 4 e J g ol o~ -",
erally caused by an effect called of the iron, which resul

from overheating the core and is sometimes of congiderable importance.




In the best commercial transformers this is remedied by ke eping dow

the heat. Iron which has been aged can ba brought to its natural con—

dition by annsaling.

o show more clearly the effect of frequency upon core loss

urve (3 Tas exi = g :
curve (3) was experimentally determined In this test the Flux in

the core was held constent sand the frequency UhFiady By oRTEID

the frequency this increases the cyclic chanses of flux and at the

same tims rapidly increases the eddy current loss. Rddy currents are
cauged by the difference of magnetic potential betwesn different parts

of the iron core. Such currents are s waste of ene rgy and if they are

Aude N2

not prevented will cause excsesgive heating in the iron. Laminating
the iron core serves the purvoss of introducing resistance in their
path and the resulting loss decreases as the square of ths thickness
or :

the laminae. In a great many good transformsrs the coating of
oxide upon the laminae is relied upon for insulation.

Let & d be the pressure ganefﬁted in the disc. and 2 d =
elect. resistance of the disc, Then the logs due to eddy currents
equals 8d . The E. M. F. e d generated in the disc varies as the
nwnb 2 ofucyéleﬁ and the number of lines antariné the dise, since it

f flux distribution causged by cyclic

o

dspends upon the differencss
changes, If the thickness of the disc is increased the flux entering
the disc increases in the same proportion. Hence r d is inversely DPro-
portional to the thickness of the disc. o°d then varies as the cube
: md

of the thickness of the disc. But the nux%er of disc is inversely
proportional o the thickness of each for the same amount of iron,
.hence the total heating dus to eddy currente when the discs are com-

] i ckness of the lam-
pletely insulated decresses as the squars of the thickness o1 ©ne lam




An important effect that change or frequency has upon the

ransformer is variation of impedance; this is directly influenced
.- g b2 LN . ot N U o - t e NS s

by cyclic change. -
Imp =/R*” + 2 ™ £/2

— e [~

| - = inductance, f = frequen




REGULATION DATA.

ot PRIMARY. SECONDARY.
Amperes Volts Watts Load Volts.

5.94 1000 5.950 5919 104

5.46 1005 5450 55.2 104

5.04 1010 5010 50.8 104

4.59 1020 4630 46.8 104

4.07 1027 4120 41.8 104

3.6 1032 3700 36.8 104

S d 1035 3120 31.8 104

104




YOLTS SECONDARY

ROO |

- AMPERES SECONDARY
GE.TYPE H 5KW.

TRANSF. REG.
CURVE,]




Régulation.

In order to render satisfactory service and maintein long

1ife *o incandescent lamps closes repulstion is

dsgirable. Pig, 2
Plate P is the scheme for the test.

The rapulation of a transformer may be

lowing formulae V — V! V = Volts no load
v V! =volts over sec.full load.

The drop in voltape over the secondary of a transformer upon bei

e
=

ng
56 ] Ja 21198 wr NnAd+9 one LS maeid . . .
loaded is c=zused by two condltloﬂ&, irsy; magnetic leakage; secong;

4 LS

resigtance of the windings. Part of the flux vwhich is set up in the

s
b3
n
ctk
o
0
o)

orimary and not the secondary coil, and part of the

flux which cutg the secondary coil does not cut the prima: Py R

—
—

v
pur}

3
Q

A

w0
O]
ot
b
o7
o
[43]
=

sets up a hack pressure which neubralizes part of the

impressed E.M.F. and furthermore not all of the E.M.F. inducad in the

gecondary can be utilized because of the lsskage. Leakage lux effect

o
o
—t
M
L4

the action of a transformer fust same as connecting an equivalent

0]

induetance in series and congidering no transformer leszkage. See
Fig. 1, Pidte P. Resistance affects the rsgulation because be-

cause of the ¢ R drop which incresses directly with the load. An im-

expressed by the fol-

$

redance which, when placed across the primary terminals and will 2llow

t_J

an exactly gimilar current to flow as the primary current, is called

the equivalent impedance snd ita components are called equivalent re-
sigtance, and equivalent reactance. TFrom this definition and the sec-
tor relations it can be proven that ths equivalent resigtance varies

directly as the resigtance of the secondary and inversely as the

square of the ratio of transformation. (See Shsldon's A.C.Mechines)

p. 98) R = eguiv. res. of saco
X = equiv. res. psactan
r = ratio of traned a
E=Hg T =18
WD




then let V s Volts over

and E 8 = sec. volts generated:

8 = Ind. of secondary:

q? — of lagliof I Joshind W
VS = [Jll)— 11) ( RI)J' -?-59 COS ?D sl ) (L.I)+L-5; ) 1l 6';_.?18 ﬂ

™ T
Regulation =_» I p - Vs
V 8

By increasing the amount of iron to prevent leakage the
core loss ig increased. A liber=l uzs of copper in the windings will
aid regulation to a great exte ant, but the working condition of the

plaht and cost ofpower limit the emtent to which low core losg can be

n

:|

-
-

[l

=N

ac

i

.ced for regulation. Where vower is cheap the matter of core

los

)]

is not so irpor and good regulations under such conditions
ghould be securead
The guaranteed regulation of a good commercial transformer

ranges from 1.5 to 5% according to their respective capacities, namely)

LJ!

25 K. W, and 500 watta.
Inductive loads effect transformers the same way as any

other alternating current appsratus. It causss excesgsgive heating if

"*)

the transformer is not of sufficient cepacity. Aside from this the
omic drop and leakage flux, which is the result of increased current,
causes bad regulation. The powsr factor upon inductive loads is
generally very changeeble, Since induction motors are the most common
form of load and which cause such variations where lérﬁe motorsg are
used, at various loads, their change of power factor sometimes effect
the whole system. This i very objectionable where such motors are

4.

i £, ey g £ o L 7 2 4
ovarated upon incandescent lighting circuits for rsason that it ¢

m
n

1S e

1]

: LR I - s [} AT AT QDT () " ¢ ’3}.‘:3,- .‘3(!‘1] e 'PO-"' e“‘LTCh
blinking" of the lights. Compensators cannot, easily regulat

sudden variations of voltage.



Watts - - Volts - -
30 10
39 14
42 29
72 35
91 $9.86
95 41
112 44
47

Watts - - - Amperes - - - Volts - — - -Speed.
890 2 e 101 1000
760 .93 94 1000
600 +81 80.5 1000
470 .73 €8.5 1000
400 .675 - 1000
340 . 825 52.5 1000
230 .30 40 1000

CHANGEof FLUX.

Impedance Test Data.

(Amperes - - Primary)- -(Amperes - - —-Secondary. )

20.5
2.05

24.9
2.43

30.2
2.98

563
3.6

40,4
4,03

41.2
e

45,95
4,53

49.1
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Impedance

4, Plate P shows

t ethod of meszsuri ng the impedance

of both windings of a transformer linked onlv

only with the leakage flux.

The low tension mains ars it wuld bve

o AR 1 PMceult Lo masanira
more smlh: o maasurs VO:}‘!‘AQET@, if the reverss CONI’IE‘Ct‘*

iong were used. The generator from which currsnt was taken was run

at normal with its fields e ed. The residuzl masnetism

current of 20 amperes in the second-

ter voltage to get full

gtep take simultansous reading:
Tatts, volts, and amperes.

edance test is importsnt because when transformers

are operated in parallel the load divides 'inversely as their imp
ances ,' i.2, the greatast 3d will f£all upon the transformer which
has the least impeda 1ig is made clear by insgpection of the for-
milas

greater part upon impedance. IF

desired a low impedsnce is necesgsary. The imped-

ance voltage varies from 1 to 4%. The impedance wattis range from 1
to 1-1 /‘, * the total capaecity of the transformer.

The impedance voltg shown by this test is 4.! 2% of normal
volts, and the impedance watts were 2.48% of the total capacity of
the trangformer (5 K. W.). e volt ampere curve should be a straight
line, because the current varies directly with the impressed volts,
gince the inductance, resistance and IT¢ y remain constant

The volt watt curve should be nsarly a parabola for reason

¥ = - . 40 E P o 5| & -,jf:l '}“’ T
that the leakage flux varies with the load anc IOT a1l practidal BEG

- " N £>
poses the watt loss varies as the square of




congider the equstions

From these equations it may bhe varies

as the 1

~
el

power and square

iTNe ola
ng elge

remaing, constant, Sinee in age flux is dealt with

| it is valuable in determining the inductance of the transformer and

is treated accordingly in the Steinmetz diagram.




Coml. Use of Tranafs

Among the many methods of power transmission, that
4 113} Lol & 9 wilel L

i2ans

of high voltage electric transmission has pained predominance where
R LIIO0 HMLGUOINY Ta S W i

<

the distance concerned is very great. A great desl has been done to

improvs the efficiency of transmission under s o] ditions. and an
3SR

important item to bhe congidered isg %he Proper use of trangformers,

A cormon condition to be met with in practics is to supply from an

available sourceé of power, a certain amount, over a given distance,

=T

at the bheapest possible price both Tor installation and the

power to

D

be consumed. The source of powsr geners 11y available in the west is

a small swifi stream of water which csn be directed into penstocks and
delivered to water fturbines. These turbines may have either vertical
or horizontal shafts. For high heads the gensrator is genersally
directly connected to the turbine, and for low hesads it is commonly
belted. The generator voltags is gteprved up *to high pressure, (de—
Pending upon ths distance ), and again steppsd down at the point of
distribution to low voltage.

In the Unitzd Staies very few thres phase transfommers are

ugsd, bscause it iz found that the extra cost of

congtruction, over—
balances the saving of iron, part of which is common to the three

phases. Where the three phase system is used throughout the individ-

T
&

ual transformers are connected in the different phases 2ither Y or A
See Fig's 2 & 3, Plate S .

If the delta connection is ussd the transformer has to be
wound for full line voltage and if the Y connection ig used the trans-
former need only bs wound for 57. 73 of the line of voltage. cCongider
3 transformers are connected as in Fig. 2, Plate S. At any instant the

| current flows in on one wire and out at the other two. Rach wire
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carries . amperes. This current results fronm subtracting the

n ot ad > P T
current c?.t 1:;00, or a-ddulllf’ then r*t 3000. The l_'i_]']_e Wj_l"e,{;

coil which makes it necessary to wind the cojl'
for full line voltage. Fig. 3, Plate S s

dlte S ows

which the line wires are connected over two coils at 1200 apart

resultant E.M.F. over each coil i8 E volits because

{e Fuo.'s gubtracted at 1200 or added at 300¢., The current in

each coil has t e wires. Whatever
connection is used 1t nowrer the same,
Two phass gensrators are also used for long dis tqnoe trans—

Their chief advantage lies in the fact that the volta \ge

may be stepped up to three phase by meanz of the Scott connection,

transmitted over the given distance then stepped down t0 2 phase through

the Scott transformer and delivered for power and lighting. See Fig.l,
Plate J.

Type H transformer has o »atio of 10 : 1 when connected in
paraliel, This ratio is generally congidered in & much broadsr gense.
OO ¥ T0 oF 1006 : 100 The Tfirat thing tobe considsred by station
managers when connecting up banks of transformers is their polarity.
Standard polarity is obtained by winding coils of a transformer

ion between the primary and secondary, and

with always a fixed relat
more imporssnt, a fixed relation betwesn the primary windings of two

differeht transformers. A standard polarity is established so that
in connecting up a transformer it is unnecegsary 1o teat for polarity.
A1 transformers are given the polarity test before peing put on the
market,

' ] t1 =
Figurs 1. A and 1. B, Plate S. show the scheme for the pol

s5ily made when the transformer is connact—




- A
X
2200 220 Al ‘
10
e il i
Y
el S, ; :
1'1'QQ ; 22.0 1100 s
(
e v 5
COMPENSATOR C‘.ONNF‘C,Tloms
O,
X T -
coo 1000 2000 i }( 2100
3 A WIS i
©
Ne A
T e
2000 Zeae 2c oo 2200
Y.
- L
T 73 T
(=Yoo 2000 1300
Gl N S jz ity
S




- 1%s windings. With the dimect

- bl

current flowing through one of its "indings connect a voltmeter across
‘ (5]

the terminals so as to get a pogitivs defledtion. Then iransfes i
. > - va .-:?

potential wires to the corresponding terminals of the oth

els] ar 7.?1]‘1(1'_5. n‘ﬂ' =

Next break the cireuit in the rirst winding and irf

& pogitive kick

of the voltmeter is obtained the transformer is of correct polarity

The direct current in the primary sets up a flux in the core
and any change of current induces an EJF. at 1800 from the impress—
8d, Now supposs ths corresponding terminals of the voltmeter are con-
nzctad 1o the other winding and the primary currsent is broken. In-
stantly the fiux tends to die away and an E.M.F. ig induced in the
gscondary which producss ths same polakity as the other winding when
the direeticurrent was connected to corresponding terminals.

In each winding of the ¢, 7. type H transformer therse are twd
coils and by means of a connection bhloek in the upper part of the
cage these may be connected for differsnt voltages. (a) of Plate ()
ghows bhoth coila connected in ssries In (b) the primaries are con-—

cted in parallel and the secondariss in geries. (¢) shows the con-
ction for the primaries in series and the seoondaries in parallel,
and in (d) both coils are connected in parallel. TFor whatever con-—
nection used the capacity of the transformer remains the same as may
seen by comparing (a) and (d). The latter connection is capsable
of carrying twice the amount of current as the former with the same

rise of tempsrature.

By knowing the polariiy of tranaformers some very coneenient

S o BT
compensator connections can be made when needed. Fig. B of Plate (L)

. -, a -~ P g &
ghows & connection of type H by means of which the line voltage can

i shows - ase. Fig. 2
|be deereased 10%, and Fig. 4 shows a corresponding increase €




boosts up the line voltage and Fig. 3 shows g finer degres of adiust
ras just—
mant. All these connections are useful to station managers if proper—

1y used, and by mean:

o

of two transformers an experic

obtain almost anyv voltage desired

encad person can

The temperature rige of a transformer should not exceed 50eo

Cwt. above that of the jurrounding &ir since the larger sizes should

radiate about 600 wa+t

U8 Per sq. in. of surface

,m

Small transforuers usually have enough expoged surface to

radiate the hsat dus to its losses, but since the size increases much

fagter than the radiating surface artificial nssng of cooldng has to

be employed in the larger

(,.)

izas.,

I .)

Thess are as follows:

-

Alr Cooled. Water Cooled. 0il Cooled.
Small lighting transformers up to 100 K.W. capacity are
geaerally oil cooled. In these the transformer 0il is is poured into

£

the coils and the tfansformer case ig filled. This 0il covers the
core and windings thus ssrving for an insuls iting material, and tends
to remedy any defective insulation. The natural circulation of oil
tends to equalize the temperaturs and carriss this heat to the casge
|
where it is dissipated. | f
Very large transformers hsve in addition to the natural cir-
ulation of oil, a number of pipes coilad in the oil through which
water is forced. These are the water cooled Pypes and by this msans |
:

: ra o i s 4 1 07
the desired temperature can be maintainsd., Other large substation

transformers are cooled by & forced circulation of air in case water

]

Very high pobéntial wires are gensrally subjesct to a small

Prush dischasrge which forms ozone and deteriobates the insulation

sometimes very rapidly. This is the chief objection to the ail cool-



ed transformers and is very serious for potentials over 10,000 volts.

This decaying action does not exist in the oi1 cooled type,

(See Elect-

rical Review, Feb.18,'D5) ) In every case where artificial means are

employed for cooling transformers thig bower is charged against the
same when considering the input to calculate the efficiency.
Transformers have an extensive use in connection with long
distance transmission lines. For such lines transformer hougses are
constructed outside the city ana the voltage stepped down to low ten-

slon for loczl use. In case a separate trangformer station cannot be

provided it is always best %o install the transformers upon insulated

supports on the second floor. Lightiquroteotion should be amply pro-

vided for in order to save burnouts. Complete lightning protection

must consist of a choke coil and light¢ning arrester. ‘The former
should have a2 high equivalent air gap, and the latter a low one. In
most cases inductance coils should be blaced on the high tension side
between the lightaing arrester and transformer except when the Horn
arrester is used. With this the same is found to be unnecessary.
Aside from the direct lightning strokes a more common and serious trou~-
ble is the rise of lime voltage due to induced charges from heavily
charged clouds. Upon certain 2200 Volt: 1lines such trouble has occured|
and upon examination of the coils it was found that the burnouts oc-
cured between the two high tension lines, and not between the pPrimary
and secondary coil as supposed up to that time. The remedy for such
trouble is to place a spark gap across the connection board of the
transformer. This spark gap igset so as to discharge at the desired
botential and thus save the transformer even at the expense of the
ptatlon fuse. Transformers should not be placed inside of buildings
except at central stations where special bulldings are generally pro-

vided and should have at least 6 inches clearance of air space around




the case.

In computing the

slze of transformers to be used on induct-

ive loads the power factor has to be taken into account. Suppose 4 XK.

W. 18 to be used with a power factor of .8. mThe required capacity of
transformer used should be 4000 - 5000 watts.
8 4
For induction motor it is usuel to install the same Kilowatt

capacity of transformer as the horse: power rating of the motor. Light-

ing transformers of moderate Sizes range in capacity from 500 watts

to 35 K.W. and have an efficiency of 93.2 ang 98.8% respectively.

It is always best to install a large transformer in the Place

of several smaller ones, both from the point of initial relative cost

and increcased efficiency.
The following page shows the trensformer distribution in the

city of HManhattan. iiost transformers are of the G.§. Type H. with
<080 Volt primaries and 110 volt secondaries. The power station as
indicated on the map consists of one 175 K.W. generator which is wound
Tor 2080 voltes no load, and a current of 39 dmperes full load. The
Primary lines are carried on 42 feet boles and are 1286 feet apart
within 5 locks from the station. The centire of distribution is at the
corner of Polntz Avenue and 3d Street. The current is cerried on No.
3 wires to the point of distribution and No. 6 wires are used for
delivering power within 3 blocks of the centre of distributiocn.
All other primaries are No. 8 wires. The wiring conforms to the Fire
Underwriters rules. The sizes of the transformers range from 2 K.VW.
to 30 K.VW. The centre of distribution might have been located sever—
al blocks west to allow for growth in the business district of the
city, and if, in the place of the three trnsformers between Houston
Street and Pointz Avenue, of 7, 7, and 30 K.W. capacity respectively,

one 50 K.W. were installed, the latter would be more efficient than the




1£37F :

present arrangement. The efficiency of the three combined would be

approximately 97.4% at full load, and the efficiency of 1 50 K.W. would

be approximately 98.8%. (See Foster P. BSOJ Three more directly
west of 15, 7.5, and 5 K.W. capacity respectively could be replaced by
one 40 K.W. also the 4 K.W. and 10 K.W. between 5th and Bth street

could be replaced by one 16.5 K.W. where the 10 K.W. stands. It

would also be economical to combine the two 16.5 K.w. on Pointz Aven—
ve with the 5 K.W. directly north into one transformer of 40 K.W. cap-
ecity. 1In the same manncr the capacities of 4, 4, and 5 K.W. respect—
ively between Osage and Freemont streets could be replaced by one 16.5
K.W. As a whole the transformer distribution for lighting purnoses

could not ecaslly be improved except by replacing the smaller transform—

ers as the needs for larzer capacities grow.
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