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2Urpose The purpose of this report is to oxpluin the
use of the tertiury winding in trunsformers connccted
in Y-Y; to present data resultlng frowm simple tostis,
and to state the conditions vnder which it is Jdesir-

able to use the tertiuvry.

In modern pruactice, step-up or step-down trans-
former bhanks are ordinarily connected Delta-Y, with
the Delta on the low-volt.use side of the trunsforner.
Ilowever, there eoxist Y-Y connected banks of transform-
ers that for many reusons curnot be conveundently chunged.
The tests herein desecrived, mude on a bank of three
single-~_hase trunsformers connected for tiaee~phase
transformation, nmay be oif value to tiose wic nawve hud
trouble with the ¥-Y connection. The results of the
tests would be applicuble s well fo uw thxvee-phuse
shell type trunsformer.

‘ertiary The tertiory winding in a bunk of Y-Y connected
rinding
single phase truwsformers cconsisis ol three independ-
eat‘windings connected in Deltu, one winding on the
core of each trunsformer. These windings may be a

fraction of the main winding, conuectel independently.



The purpose of the tertiary muy be to corrcet
he wuve form, ot the same time eliminatling dangerous
peaks in the voltuges, byvprovi&ing & path for the
circulating current; +to limit short-cirecuit currenis;

or to supply an auxiliary load.

3

3 sine wave is desired oin the gsecouduary of

o

e

@ transformer, the flux that induces 1t must change

a8 o sine Ffunction. The permecbility of traunsformer
iron changes as the flux density changes, as may be
seenn from & study of the hysteretie loop of the lron;
hence, the rate of veriuwtion of the flux density is
different from the rate of variwtion of thoe mugnoiliz-
ing current causing 1it. Therefore, if the flux dens-
ity changes aug o sine funcition, the magnetizing cur-

rent cannot be sinuvsoidal.

The nmugnetizing current must contuin some hor-
monle or harronics. - Assuming that, dus to the chunge
in flux density, o smowller negnetizing current is rTe-
quired in one paxt of the cyele than in ancther paxt,
the masnetizing-current wave will be peuked. When

tho flux donsity iu the iron is low, 4t the first purt
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of the half-crele, a smualler current, comparatively,
will be resuired than in the latter part of the half-
¢crele, when the flux density is high. It is evident,
then, that one peak per half-cyele is required, and
that the third harmoniec, huving o frejuency of three
timcs that of the funduwental, satisfies this condit-
ion. Owing to the fuct that the halves of the ¢ycle
of‘tha nacnetizing current must be identical, no aven
hurmonics can exist. If the magnetizing current
doss not cuntain the necessury third harmonle compon=

ent, the induced voltuze will not be 4 sine wave.

In o bank of three single-phuse transiormers,
the peuks of the third harmonic wuves occur ot the
same instant in oll three phascs, causing o triple-
frequeney c¢irculating current. If no path is yro-~
vided fox the flow of the circuluating currenit, the
third harmonic will uppear in the voltuge wuve from

line to neutral (ses Fig. 4). The resulting volt-

fead

anse wave may have o high pesk, causing hih st 3

hosbtressos

on insulations, and diigerous voltusas.

Paths for tiwe cirveunluting third hurmonic ars
provided in the following cuses:

1. Buanks with any Delte connection.



2. ¥~Y gomnected banks when neubrualg of
generator and transformer primary wure grounded.
3. Y-Y cormected banks when the Delta~-con-

nected tertiuary winding is used.

Three-phuse core-type trunsformers arg ﬁot
affected because the nuzgnetie cirecuits, belng it~
ually interconnccted, are supplied with masnetomnot-
ive forcgg necessary to produce a sine wave by an

interchunge of nuznetomotive Lorces from onc phase

to another.

APP ALRATUS

Genexal Electric Oscillograph, Type D-i, Form
C, o, 181916,

Three Westinshouse 10-kv-a. Transformers,
2500 =440 ,220,110 volts; Ho. JBBULG, No. 3994886, and

Vestinghouse Alternating-Current Guonerator,
96 kv~a., 2200 volts, 60 cycles, Seriul lo. 1616113,

1200 Tepam.
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PROCIDURE AD DISCUSSION

Fach of the three translormers contained four
low~tension ceils which could be connected in any way
desired. Tfoxr this work, two of these coils, connected
in parallel, formed the second.ry winding; while the
reraining two coils, also connected in purwllel, formed

the tertiory winding.

The primary and sscond.ry of the tr.nsforner
bank were bhoth comnected in ¥, while the tertiary wus
connectoed in Delta. The primary was supplied with
excitation freom the 2200-volt, three-phase, altornut-
ing-current generator. In serxies with the tordiaxy
Wi placed an wnmiebter and o switeh, in order that the
conditions, with wid without the tertiary circuit,
night be studied; oad that the ¢ irculuting current,

flowing in the tertiary, might be meusursd.
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Then, by meuns of the oscillogruph, the wave
forms of the volt..:es from line to line amd from line
o neutral, on the secoendary, with and without the
tertioxy, were observed and resorded by tracing. The
values of the current flowing in the turtiury when

the eircult w.s closed wers also observed., Akl volt-



ages from line to line and from line to ncutral were
measured with an oxdinaxy alterneting-current volt-
meter, while the voltages from neutrul to ground wund
from each line to ground were meusured with a stabice
volimeter. Readings were btaken with the neutrals
of the transformer both grounded and floating, us

shown on the duat.e sheet.

The wuve form of the tertlary cireulating cur-
rent wuag alsc rocorded on the oseillozraph. This
wave, vhich is of triple fre uency, was superirposed
upon the wave of voltage from line te line by opoerat-
ing the synehronous molor wnd one element of the oscil-
logrurh from the line volt.ge, und a seccond olement
from the current flowing in the tertiary. The result
(Pig. 3) shows very nicely the faet that the circuluat-
ing current is of triple freguency, und, therefore,
that 1t is caused, mainly, by the third hoermonic com=-

ponent of the masnetizing current.
The reason that this triple-fre ucney current

is attributed to the third hurconic is expluined as

Since identical points on the third harmonic

wgave oceur ol the swie time interval as the interval



prees with respect

£
i

between the phuses, 1.2., 120 de
to the fundamental freguency, 1t follows that the

third haermonics in all three phases must combine to
form a triple~frequency circulating current, whenever

a path for this current is grovided.

The secondary of the traansformer hank wus then
loaded by mcans of an induction modor, and reudings
of veltazes and currents taken us before. As showm

the data sheet, ne change in the amcunt of curreat
flowin> in the tertisxy w.s obssived. This wus 1o

e exXpecte since the circulating rent is a phen-
| xpected, since the circulating current is phern

ormeny due to magnetizing current, which doos not chauge

with the load

The oscillograms in Piz. 4 show the waves of
voltage from linme to nsutral, with and without the ter-
Liary. The distortion of this wave when the texrtiary
ig disconnected is evident in Curve 1. The shape of
the wave alse indicutes thoet the distortion is due
largely to o thirzxd harmonie conmponaent. Curve & shuws
the voltage wuve after the tertiary circult has been
closed., It is obvious that such distortion of the
voltuze wave nay lcewd to very high peaks, whieh will

b2 liable to cuase rupture of insulations.
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The size of the tertiary windin: necessury to
caryy the third harmonic cosmpenent of the mugnetizing
current in the transformers under test was Lfound to
be vexry small. With the secondary coils in purallel
for 110 vclts, the exciting current was 1.40 ompoeres
(supplied to secondaxy), or about 1.6 per cent of the
full- load current. The circulating current wus .14
apperes, or about 0 per cent oi the execiting current.
Therefore, the tertiary nced have o capacllty oi cunly
<16 x 1.6, ox about .16 per cent of the capacity of the
transformer. However, for transformers of larger size
for power work, the magnetizing curyent, unl counse uent-
1y, the terxrtiary curvent, is lurger in proportion. The
harnonic compenent of the magnetizing curvent is wlso
larger, being from 20 percent to 30

axn cent o the tot-

o

}'Z
al mametizing curzent. Therefore, instead ol o capuac-
ity of <26 pexr cent, the tertiary should huve . capacity
of fromm 1 to 2 per cent cf the tetal kv-au. capacity of

the transformer.®
For grounded neutrel operation, the size of the

tortiary winding is fixed by the short-circuit corditions,

*J. II. Peters, Hlectrie Journal, Vel. XVI, No. 11,
Poe 477430,



rather than by the conditions desexiboed sbove. The
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winding smst contain sulficient copper to store the

I%R loss during the intervad of time between the oc-

currance of the short and the operation of the cirecuit
breakers, which 1s generally not more thun three see-

OLUG -

The amount of the short-cirecult cuxrent in the
tertinry, as well us in the main winding, is dependent
upon the impedanee belwoen the maln winding and the
tertiary, aud between the primary and secondary of the

main winding.

If Iy is the noermal full-load current, Z¢ the
impedance between the nain winding and the tertiury,
and Zo the impedance between the primary and seconldary,

the shorxt-clreult cuxrrents will he as follows:

In the cas

w

of o round on the prisary side of
the transflormer, the short-circult current will have
a value of .»,:*%f. s i both the tertiary and the muin

PN
winding, with each of the fellowing conncetions: prim-
ary and secondary neutrals grounded, supply isoluted;
primaxry and supply neutrals grouwnded, sceondary isolated.

It is evident, then, that for faults on the primary side,
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the short-cireuit curreut is limited ontirely by the

impedance between the tertiary and maln windings.

In case of a ground on the sccondary side, the
short=-gixeuit current in the tertiary will have the
i 3In
2L * Zt' 220 * 23"

with cach of the following comnections: grounded neu-

value, and in the main winding,
tral on prximary and secopdary; and grounded neutral
on scconda ry and supply. When faulits on the second-
ary oceur, the short-circuii current is limited laxge-
ly by the impedance beitween the main winding and the

tertiary.

The impedance between the tertiary and the
main winding should, preferably, be made lurge, in
order thuat the shori-circult current, and, consgsesuent-

ly, tho capucity cof the tertiury, may be small.®

*J. H. Poters, Xluctric Journal, loc. cit.
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COLICT.USIONS

As a roesult of these investigations, it is evi-
dent that, wherce conditions necessitate the use of the
Y-Y conmneetion, the tertiuxry winding should be employed
to take care of the third harmonic component of the mag-
netizing current, which, il not provided for, may cause
i&ﬁgerous peaks in the voltage from line to aneutrul,

and hence to sround. Murthermore, since the Y-Y con-

&

nection nearly wlways makes grounded neutral operation
desirable, if not necessary, the tertiary should be
ugsed to lindt the shorit-circulit currents in cuse of

accidental grounding of any of the lines.

In some installations, it might be advisuble
to vse the terdiary to carry an suxiliary lcal, so
u65 to 2liminate the necessity of having idle copper,
such wus would ex ist where the tertiaxr; is designed
to carry a large short-circuit current foxr o short

periocd.
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