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TRAVSFORMERS 1IN CONNECTION
WITH POLYPHASE SYSTEMS.

In considering the sslection of a thesis
subject my attention was directed by the chapter
in "Alternating Currsnt Phenomena® by Dr. Charles
P, Stinmetz headed "Transformation of Polyphase

- Systems". Many of the econditions obtained in

unbalanced polyphase systems, while generally taken
for granted, are not so backed up by pubiished data

as to give to the young engineering student any re-
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cords upon which the statements given are based.
This, together with the fact that the reg-
ular College Course as given must of necessity deal
only with fundamentals, with but few digressions
into the detail of any specific class of phenomena,

caused me to seleect for my thesis the investigation

of; first, polyphase currents in general and second,
a few specific instances of loading one phase only

of a three phase gsystem.
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PRELIMMARY TESTS.

In carrying out the desired tests it
wags very essential that the transformers used
should have like characteristies. 8ix trans-
formers, all of which were of the same capacity,
type, and design, were available. If the im-
pedance veolts, voltage regulation, ete. of each
transformer were not the same there would be an
unbalancing of the load and voltage, due to the
characteristies of an individual transformer
rather than to external conditions. Because it
was necessary to know the characteristies of
each transformer so as to guard against all
errors that might ar%}ee in the transform@#ion
of polyphase systems, the losses, axciting>
current, impedanse volts, voltage regulation,
and voltage ratios of each transformer were
determined.

In determining these constants tests
were made on each of the six Westinghouse air
cooled transformers, Capacity 3K.V.A., Volts
primary 220/110, Volts secondary 254/127,
Cyeles 50. Each transformer is provided with
taps so that a one to one ratio can be obtain-
ed with each of the fecllowing connections:

Y-Y, delta-delta, Y-delta, and T.
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The following is an average of each set
of readings taken:
Copper Loss and Impedance Test.
Serial Toad Watts ZFrequancy Impressed Resistance Resistance.

Neo. Current input Cyeles Volts Primary Secondary
per ssc.
278933 13.7 80 50 6.5 « 187 <179
2178934 13.7 80 50 : 6645 157 179
2789356 13.7 80 50 6e5 0156 179
278986 13.7 80 50 Ge 45 <1585 .180
27893% 13.7 80 50 6.5 + 155 «179
278938 13.7 80 50 6.5 156 .182

Core Loss and Exciting Current Test.

Serial Exeiting Watts Frequeney Impressed

No. Current input Volts
278933 - 458 15.4 50 110.5
278934 + 468 15.6 50.5 110.5
278935 « 668 15.3 50:.5 109.7
278936 » 468 15.4 50.5 110.5
278937 « 462 15.4 50 109.5
278938 « 49 16.1 50 111

Ratio Test and Regulation.

Serial  Volts Volts Perecent Regulation
No. Primary  Secondary Calculated.

- 278933 110 110 1.83

278934 110 % 7« S 1.83

278935 110 110 1.82

278936 110 110 l.82

278937 110 110 1.83

278938 110 110 i.84

The perecentage regulation of eagh transformer

was calculated by the formula;




4 2
% Regulation = P -+ ;3-&@ in which p =

current times resistance and g == current times
the reaetancé in ohms, each expressed in per-
cent of rated volts.

The characteristies of each transform-
er, as shown by the results of the tests given
aﬁeve, are very near constant which shows that
the transformers are ideal for studying the
transformation between polyphase systems. The
greatest variation in the pereent regulation
‘between any two transformers is 0.02 of one
percent. This is well within the limits for
acouracy of any test conseguently it will not
be necessary to make any corrsctions, whatever,
for differences of transformer charascteristics.

In determining the eeppér loss and
the impedance, the primary winding of the trans-
former was connected to an alternator, the
secondary'ﬁinding being short-cireuited upen
itself, as shown on data sheet. The speed of
the alternator was adjusted to give the rated
frequency of the transformer. The voltage
of the alternator was regulated until full
load current_(15.7}ﬁmperes) flowed through
the winding of the transformer.



The current and frequency were kept constant
and the following readings taken; watts input,
impressed volts, frequency and load current.
The resistance of each the primery and se-
condary winding of the transformers were mea-
sured by cénnecting the leads directly to the
binding posts of a dial testing set and the
resistance read directly from the diéls.

In determining the core losses and
the execiting current the primary winding of
the transformer was connected to an alternaftory
the secondary winding being left open. The
frequency and voltage of the alternator were
adjusted toc the rated wvalue of the transformer.
The frequency and voltage were kept constant
and the following readings taken; exciting
current, watts input, frequency, and impressed

volts.
The voltage ratio of each transform-

er was determined by connecting the primary
winding to an alternator, of the transformer
rated voltage and frequency, and measuring A
the impressed E.M.F. and the E.M.F. of the
secondary winding of the transformer. The
primary and secondary voltages were both mea-
sured with the same ammeter so as to eliminate
the error which might occur if two volt-meters
were used.

-5‘



Problem No. 1.

The purpose of this problem is to determine
thé*hnbalancing of the voltage when transforming one
three-phase system to another three-phase system when
only one phase is loaded, the transformation being by
meang of static transforrers delta-delta connected.

For the study of this problem three transe
formers wers connected as shown on page 1 part 2.

The primary 2nd seeondary windings were connectad so
ag to give & one to one ratio of trensformation. The
power was taken from the city distridbuting system
which has an E. M.F., of 2200 volts and is stepred down
to 110 volts by transformers eonnected delta-delts.
The load was non-inductive and was by means of a water
rheostat. A dynamometer board was cennected so that
one ammeter could be used to measure the current in
each leg of the primary side. All voltages were mea=
sured by one voltmeter. This was done so 2z to elim=
inate errors that might arrise from using different
voltmeters to measure the voltage on the primary and
gsecondary sides of the trensformers. A giance at

the data she@t page 1, part 3 will show that the doad
current divides, onme third flowing through transformers

B & C gnd two thirds flowing through transformer A.
This takes place becanrs there are two possible paths

in which the current may flow (see fig B page 1 part 2).



In one path there ars two transformers in series (B &
C) and in the other path there is one transformer (A).
The path BC has twice the reactange es has the path

A consequently only one half as much current will flow
in BC as will flow in A.

The current in each transfermer will be in
phase with the load current except for a small current
flowing around the delta, due to the tendency of the

load te shift the neutral. The perliminary tests
show that the trensformers have a regulation of 1.82%7.
The curves on plate C show that the regulation of
transformer A in this ease is 3.2%. This could not be
true if the load eurrent were in phase with the E.M.F.
of the transformer. DBecause of this faet the current
in transformer A must lag behind the E.JLF.

Figure B shows that the E.M.F. of trans-
former B leads the BLM;F. of transformer A by 120 de-
grees. Therefore the current in B is more that 120

degrees behind the E.M.F. This will cause a drop

in voltage of the transformer due to & lagging
current flowing through an inductive coil. The E.M.F.
of transformer A leads the E.M.F. of transformer C by
120 degrees therefore the current flowing in C will
be less than 120 degrees ahead of the E. M.F. of that
transformer. This will cause a rise in the voltage
of transformer C due to a leading current flowing

through an induetive coil.
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The curves on plate B show that the voltage
across tranaformer C rises as the load is applied,

and that the voltage across transformers B & A falls

28 the load is applied, dbut much more repidiy than

the regulation of the transformers for = non-inductive

198(1. ’
The eurves on plate A show that transformer

A takes approximately two thirds of the load and that
transformers B & C take approximately one third of
the load. The curves for transformers B & C do not
coingide because of the difference in voltages.

The eurves on plate C were made from the
curves on pletesA & B. These curves show that trans-
Fformer B has a much greater drop in veltage than has
the loaded phase for the same K.V".A.- of the trans-
former; but one must not infer that the drop in B
will be greater than that inm A for a given applied
load. The curves on plate B show that the loaded
 phase has the grestest drop in voltage at any losd.
"In thevaelta.ndaltg connection of transformers be-
tween three Pha-ﬂewzfsys}tems’ each phose is transformed
by & separate transformer. Therefore the voltage of
the system remains balanced sven at unbalanced load,
within the limits cf voltage mriatien due to the
internal self-inductive impendance (or short eircuit
impendance of the transformers}®. Even though & none

inductive load be applied to one phase the power-



Factor in no phase will be unity. The voltage reg-
ulation of each phase will be the aa@e as that of each
transformer which will depend& upon the internal self=-
induetive impendance of the transformer ﬁnd the power-
factor in thet tronsfgrmer.

Yhen only ons phase of the three»ph&sesis loadw
ed one transformer takes approximately two-thirds of
the load and each of the other trensformers takes one=-
third of the load. This wiil not be the e&sa.if the
short-cireuit impendance of the transformers ere  not
the same; Because of this fact when 19&6%55 only one
phase of thé three-phase syatem 1t is not négaasary to
have three transformers of the same sizey but unless
gpecial reactive coils are in the unloaded ﬁransformera
it will be necessary that the smeller transformers be
large enough to take one~£hird of the applied load.

If speciai mesng were provided to keep the
currant from flowing in transformers B & € the power-
factor in A wouid be nearer unity and the regulation of
each of the three phases would be bettsr than in this

0033,
The regulaticn of & three-phase system when only

one phase is legded is not 80 goed as is a single-phase

tranaformation.



PROBLEM NO, 2.

The purpose of this problem is to determine the
voltage regulation of transforming one three-phase system
to another three-phase system, when the transformers are
Y - Y connected and only one phase is loaded.

In this problem three transformers were connec-
ted as shown on page 8, part 11I. The power was taken
from the c¢ity lines as in Problem No« b %4 Ho ammeters

were used on the primary side of the transformers Wecause
' there is no closed circuit as in the came of a delta con-
nection, consequently the current in each lég of the
primary will be equal to the current in the corresponding
leg of the secondary.. A variable non-inductive load was
appliéd and the voltages on the primary and secondary side
of the transfdrmers were measured in the same manner as

in Problem No. 1,

The curve on plate A, Page 6, Part 1I, shows
the relation of the load current to the K, V. A, of the
loaded phase,

The curves on Plate B show the relatioh between
the load current and the voltage transformation between

each of the three phases, and from the neutral to each line,

i



¥rom the curves showing the voltage trans-
formation from the neutral to each line the regulation of
each transformer may be obtained. The transformer from
neutral to line No. 1 has a regulation of 100%., This is
because no current is sllowed to flow in the secondary
winding, and thie¢ makes it impossible for any current
other than the exciting current to flow in the primary
winding. The transformer from neutral to line No, 2

has a much greater drop in voltage than the transfoiw&r

between the neutral and line Ho, 3, This is due to the
fact that the current in each transformer is in phase with
the load current and that the E, M., F., of the transformer
from 1 -« N is approximately 120 degrees out from the
E, M, F, of the txangformer from 2 - N, Then the power=-
factor in transffrmer 1l-N will be different from the
power=-factor in transformer 2-H. From the regulation
of the transformers (preliminary test) and their regula=-
tion in this case it is evident that the current leads
the E. M, F, in transformer 3-N and lags behind the E. M.
F, in transformer Z-N.

The regulation of phase 23 is better than the
regulation from 2-N and is not so good as the regulation
from 3-N; but the combined regulation of 3-N and 2N is



mich better than the regulation of the phase 2«3, there-
fore, the neutral has shifted and the angle between 3=-N
and 2=-N is no longer 120 degrees but is something less
than that amount.

The curves on plate C show the relation bee
tween the load XK. V. A, and the regulation beiween the
phases, These curves were plotted from the curves on
plates A and B. At full load phase 1-3 has'an increase
in voltage of 1,5%. The corresponding phase, problem
No, 1 .(delta-delta conneotions) has an increase of 0,9%.
Phase 1~2 has a drop of 4.1%., The corresponding phase
in problem No. 1 has a drop of 2.7%. ©Phase 203 has a
drop of 5.1%. The corresponding phase in problem No, 1
has a drop of 4,5%. From this the delta-delta connec-
tion is shown tgrmneh better.

In the Y-Y connection we have what is termed
the floating neutral and if another test was to be con-
ducted with the same tranéformers but under different
eonditions there is no doubt that different results would
be obtained.. In this problem, altho the same current
flows in transformer A as flows in transformer B, the
work done by each transformer is not the saume, This

is due to the shifting of the neutral which causes a
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a higher voltage across transformsr B than across trans-
former A. The K, V., A, of transformer B is then great-
er than the XK. V. A, of transformer A and may result in
over-heating thé transformer, especially #f the neutral

should shift more than it did in this case,
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PROBLEK NO. 3.

The purpose of this problem is to repeat prob=-

lem Ho. 2, but using a different source of power.

The tests for this problem were conducted in
the same manner as in Problem Ho. 2. The source of
power was a 7,5 K. W, alternator, in which harmonics are
known to exist,

' The curve on plate A, page 9, part 1I, shows
the relation between the load current and the K, V. A,
of the loaded phase,

The curves on Plate B show the relation be-
tween the load current and voltage regulation of each of
the transformers and between each of the phases, in
this problem, because of the harmonics and the size of
the sysiem no smooth curves could be obtained, as in
Problem No, 2, The loop in curve le-N, plate B, is
caused by the neutral shifting as the load is applied
f, and then, to a limited extent, returning to its natural
~ position as the load is further increased, A glance at
the data sheet will show that at a load of 25 ampers the
voltage of transformer B (3-N) is more than twice that
of transformer A (1l-N). This shows that the K. V. A,
load on transformer B is more than twice that on trans-

former A. At this point there is no danger‘of over heat=
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ing transformer B because the loaé is less than the

rated X. V. A, load of the transformer; but at 33 amperes

the transformer is likely to heat because it has an over=
load of approximately 30%.

In this problem the neutral was very unsiable
- and was constantly shifting. This, to a limited extent,
is due to the current causing a sihifting of the field in
the alternator whiéh in turn reflects back upon the trans-
formers.,

The curves on plate D sgow very plainly the
regulation of transformation between the three phases,
‘The voltage in one of the idle phases rises nearly one
per cent and then, instead of going higher as was the
.case in problem No, 2, it returns to normal agasin,
’The voltage drep_invthis'problem is much greater than
that in problem No, 2; but here the alternator was not
capable of maihtaining a.voltage 28 nearly constant as
.in problem No, 2.

. This test shows that the regulation of trange

ormers connected Y-Y depends largely upon the sourcé
of power and that the shifting of the neutral hependa
‘pgn external conditions as well as upon the applied

oad,

-—15-.



PROJLEE RO, 4.

The purpose of this problem is {o load one

‘ghaae of 2 three phase system, when the traansformers

are comnnecled Y-delta, and determine the unbalancing
of the voltage.
The curves on plate B, page 15, part lI,

’ ghow Lae relation between the applied load and the
l-?altage from the neutral to the line, These curves
_show that there is = shifting of the neutral and that
excess voliages are likely to occour, altho there is a
ﬁ#lta conneetion on the secondary gide it does not have
a great tendency to keep the neutral from floating in
space. Tais is because the voltage in the delta de=
pends almost enlirely upon the voltage impressed upon
the orfmary of each transformer (volts from neutral to
line), If the neutral on the primary side ten ds to
!ﬁift, the neutral in the delts shifts sdeordingly and
iithﬁnt offering any great amount of resistancs, bee
nse the cireuvlating current in the delta will be mmch

& when on the secondary side ihan when on the primaxy
side, The tendeney for the delta to hold ihe neutral
w shifting will Bhen be less in the case of a Ye=delta
nection than in the case of a delis - Y conneection,
ihe curves on plate € show thai the load cure
t divides in the delta, one third flowing through

- [ Hw



transformers B and C and‘two thirds flowing through transe
formers A, In thié_ease the current does not divide
according to the raé@tanceg of the traﬁaformers; but it
divides in this way because the primsry current of the
 loaded phase must return over the other two transformers.
Because of the high reactances of the unloaded transforme
ers we have nearly 207 drop in voltage on two of the
phases and nearly 35% rise in voltage on the other phase.

(See curves plate A.)

»lTe



PROBLEH NO, 5.

The purpose of this problem is to repeéf probe-
lem fo. 4 using the city mains as & source of power rather
than the 7.5 K, W, alternator,

The connectiors for this problem were the same
as the connections for the problems No. 4.

The curves on plate A, page 18, part II; show
the relation between the load and the voltage regulation
of each of the three phases. In this case there is
only a 6% vrise in the voltage of the idle phase {1-2).
In problem o, 4 the corresponding phase has a rise of
approximately 30%. This can be accounted for by the
fact that the city system is larger than the 7.5 K, V.
alternator consequently it will not be affected to such
a great extent. The curves on plate B show that the
neutral has not shifted so far in this problem as it did
in problem Ho. 4.

In comparing the curves on plate B, problem
No. 5 with the curves'an plate B, problem No, 4 it is
interesting to note that there has not been enough
shifting of the neutral tec cause a rise in the voltage
frow neutral to line, This, however, was the case in

problem FNo. 4 and was the cause of the great rise in



secondary volts,

the curves on plate C show the ratio of the

load current to the current in each of the primary legs
and the current in each path of the delta or secondary.
The load current divides in the same proportions as

it did in problem Ho, 2, but the totai current in the
delta is much greater, This is due to the faet that
the reactance of the transformers, from which the power
was taken, is much less than the reactance of the alter=-
nator which was used in problem Mo, 2. This will allow
¢iréulating currents to flow through the transformers
under test and the transformers from which the power is
vaken, i. e. There will be an exchange of currents
between lune two banks of transformers, Curve I, shows
ﬁhat the current in the loaded phase of the primary ‘side
ié nearly 30% greater than the load current of the sec-
ondary side., This would not be allowable in practice
for there would be heating in transformer C,

The shifting of the neutral in a Y=-delta con=-
ection depende to a very great extent upon the source
f power and the size of the system from which the power
is taken., There will be no serious trouble from a
-delta connection if the transformers are connected to
ﬁch a large system as to have no effect upon the whole

ystem, In problem Ho, 4 the system was small as com=



- pared to ilhe amount of power taken off and the unbal-
énced load affecﬁed the whele system, The delta was
not capable of maintaining the balance for the whole
gyatem and as a2 result there was a great rise in volt-
sge on one of the loaded phases.

These tests show that if a small bank of
transformers are to be attached to a large distrib-
‘ﬁting gystem or to any other source of"péwer with a
large capscity there will be no serious unbalancihg
ith the transformers Y-delta connected with only one

phase loaded,

=20=




P roblem N o, 6,

The purpose of this problem is to determine

he voltage regulation of a three phase system when the

The connections were made as shown on page
part 2, a non-inductive load was applied Lo one
phase and readings taken in the same manner a8 in the
revious problems,
The curves on plate A’, page 21, pagé 2, show
he relation of the load to the voltage regulation between
he three phases., This is the first problem in which there
éés been no rise ih either of the idle phases. ‘The phase
=2 has 100% ratio of transformation, This is because there
is no closed circuit on the secondary leg of £ransﬁnrmer B.
t4is therefore impossible for a leading current to flow
n transformer B and raise the voltage as has been the
ase in the previous problems. The drop in phase 2-3 is
‘greater than the drop in the transformers. This is due
b the shifting of the neutral, but the shifting of the
eutral in this case is of a definate amount and corres-

onds to the voltage drop in the transformers A and C .

& 0L -



The curves on plate B show that there is

. a shifting of the neutral but only to a limited ex-
L tend. The change in voltage from the neutral to lines
%ﬁ 2 and 3 is due to the impedance oi the transformers,
;3 although the neutral changes its location with respect

to the three corners of the triangle one cannot say it

- floats as in theYdelta connection, In this problem the
delta is on the governing side of the transformers
:Evand it regulates the amount of shift according to the

.~ load.

When transforming unbaianced three-phased
systems with a deltaYconnection there will be no phase
in which the voltage will rise. The drop in the other
;:two phases will have a definite amount and will depend
iiyrincipally upon the characterestics of the transformers

and the power-factor within each transformer.



PROBLEM NO. 7.

The purpose of this problem is to repeat
problem no. 3; but instszad of using a dalta connected
soures of power a Y connsction was used, the neutrals
of the Y's being connected.

The eonrcctions for this problem were made
in 2 similsr manper to the connsetions in proklem no.

5. Instead of losding phase 1-3, phase i-2 was iczded.

The originel source of power was 2 7.5 K. V. alternator
Ja%;a connected which delivered energy te & bank of trans-
formery dsltaYeommeoted which in turn deliversd energy to
the bank of transformers under test.

The curves on plate A show thet the ratioc of
tranefarmatien at no load was not 100Z. The transformers
are the ones used in the previous testis and have a one to
one ratio (as shown in preliminary test) The curve repre-
senting the amperes in the neutral, for different percen=

tage of full load ¥.V.A., shows that 15 amperes is llowe
ing at no-load. This gives a leading current in phase

1-3 and a lagzing current in phase 3=-2. As a result
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ﬁ% the voltage across phase 1-3 is raised 2% and the voltage
f;facross phase 1-2 is lowered 2%, As the load is applied
ﬁ_ﬁhgyglowuoﬁ current_in the neutral becomes less until a
é'mﬁnimum of 4lamperes is reached at a load of 63%. As
;ﬁthe load is increased beyond this point thes current in
;lthe neutral increases and finally reaches 11 amperes,

2 This flbw of current will heat the transformers and is

; likely to cause great damage,

ﬁ‘ The curves on plate B- show that there has
§€been a shifting of the neutral in the alternator, Curve
;’185 shows that as the load was applied the voltage across
i_that phase decreased and then increased again. This curve
; corresponds very closely to the current curve on plate A,

| The above problem was repeated but instead of
f;llsing the 7.5 K,W, delta connected alternator as a source
; of power a 7.5 K.W, rotary ccnverter was driven by a
;metor and used as a generator. T he connections between
E;thé transformers were identical with those of the above
g'problem. The current flowing in the neutral at no load was
{ only 4.5 amperes, At full load the current in the neutral
; was 0.6 amperes. The ratio of tranéformation, for phase

. 1-2 was 89% ; for phase 1-3 was 92.5% .



The above figures show that regulation of

ransformers, connected in this manner, depends entirely
pon the characteristics of the alternator that is used

g5 2 source of power.



PROBLEM NO, 8.

The purpose of this problem is to repent

problem no, 7; but with no fixed neutrals,

The curves on plate B, show that the inpressed
volts vary almost exactly as in problem no, 7.

k Thé curves on plate A show that transformer
,?regulation, or regulation between the phases varies
nearly as in problem no., 7.

When only one pvhase is loaded it m=kes very
little difference, with the voltage transformation be-
tween the §h§aes, whether the neutrals are connected, or

whether they are left ifree,
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PROBLEM NO. 9.

For this problem the power was taken from the
cigy'liuas, as in proklem no. 1, and then transformed
through & bank of transformers ( of the same type and
design 28 the tranaformers undor test) connected delta-
Y. The tranaformers under test were connectzd Y-delta.
The neutrels of the Y's weie eonnectead.

The connections fer the trorsformers tested

were the game ag in no. 4.

The curves on plate A show that there iz a
rise in voltags of over 19% on one of the unloaded
phages, and a drop of over 1) volts en the other un-

loaded phase which i3 nearly equal to the voltage drop of the

loaded phase.




PROBLEM ¥O. 10.

This problem is the same as problem no. 9
excert that the neutrals of the ¥'s are not connected

and are left free to move.

The eurves on plate A show that the wvoltage
regulation is not very different from the voltage reg=
ulation for problem no. 9. The voltage in one of the
idle phases goes & little higher then in problem no. 9,
the dreop in the other two phases being slightly greater.

The data sheet shows that the velts from neu-
tral to eaeh line is nearly the same in this problem as
they were in problem no.% Therefore it is not necessary

t¢ connect the neutrals of Y connections when loading

only one phasge.



PROBLEY ¥NO. 11.

This problem was carried out to determine the
external characteristiec ecurves of the 7.5 K.W. alternator
used in yroblems no. 3,4,7,and 8.

Firet: The alternetor was connected Y and
ene phase loaded.

The curves on plate A show the regulation between
the load-current and the velts across eszch line. Note
the rige in veolts at the end of curves 2-3 and 3-N. This
rise in volts was nore pronounced in problem no. 3 than
irn this ecase; but that ie due to the fact that the field
current wes increased in no. 3 and held econstant during
this test.

Second: The alternator was cornected delta and
one phase loaded. '

It is interesting to note that the volts across
phagse 3 first rose slightly and then dropped. This drop
is due tc the large circulstiig current flowing in the
delta. This currsnt is registered on the data sheet under

the heading (113 The eurrent under the heading (I) repre-

gent the load current.




SBUMARY.

.~ The above tests show that the voltege transe
formation between two three-phase systems ar no lozd
may nrot be the same undevr different c@hditionﬁ, that is
» with different sourmes of power. In'some cases the vole
tage of sech phase of thé three-phase gygtem was travsforme
ed ascording to the ratio of the traveformers. In cne
case there was s slight drop moross one phase and &
sorresponding rise across the cther two phases. In one
cage thara_was 2 drop across two phases and an inorease
acrogse the other phase. In one test, which is noct re-
corded in this thesis, & condition was obtained in which
the volts aeross eaeh on the %hree phases showed o rdse
of 1.5%' Yo cage was found in wh*ﬂh a ﬁrep aoross all
phases could be obtained; but 1n che prodlem there was a
drop in twe phages and no inerease in the other phasé.

For loading only onc phase of a three-phase
system the delta-deltn connection pives the best results.
The ¥-Y comnections with and withﬂu£ fixed neutrals show
eprroximetely ths same results. The Yedelte connection
" both with and without fixed neutrals gives a very great
rise in cne of ﬁhe lozded phases and = very grest drop inm
the other twp phases. The delta=Y connection stands in
second plece and gives nearly as good results as the

delta-delta.

=%0m



With but one exception (the delta«Y connecw
tion) if a Y connection is used, whether it be in a
Y-¥, ¥Y-delts, or = single Y connection such &s an
elternator, the neutral of the ¥ should be fixed, or
on phase moy tske nearly all the load snd heating will

be the resuvlt.
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Problem No.l.

DATA SHERT.
Current Volts primary Volts secondary
I1 Iz I, 14 1=2 1=3 2«3 1-2 -3 23
0 O 0 Q 114 113 317 114 115 137
8 T.2 6 2 113.% 112 118.5 113.56 112 115.5
9 10.8 ¢ 2.9 11%.5 112 114.5 113 112 114
i2 13.5 13.2 3.9 3112.5 111 113.8 13132 331 312.8
15 .186.5 14.5 4.8 112.5 111 113 iii.5 111 112
18 19.%7 172 6.7 112.85 111 112 111.5 111 111
21 22.6 20.6 6.7 312 3111 1il.5 111 111 110
24 28.8 23.585 "T.7 112 i1l 1i1 116.5 111 109.5
27 29 26.56 8.8 11i.5 110.5 110 110 111 108
30 32 30 2.8 111 110 109 110 110.5 107
33 35 33 10.8 111 110 108 10¢ 110.5 106
50 110 109 104 107 110 100

Frequency held constant at 50 eycles per second.
Serial number of trensformer A, B and C; 278933, 278934 and
278936 respectively.

wl=



Prot’lm EQ s ‘Be

DATA SHEET.

Yolts Primary.

i1-2 1«3 2e3 1-N 2= Sl
110 1x 110 68 68.5 68
109 110 108 69.5 68 69
109.5 110 110 89.5 68 69
110 111 108.5 69.5 87 68
110 111.5 )08 69.5 67 68
110 111.5 107 69.5 86 87
110 110.5 106 69.5 66 66.5
108 110 106 69.5 65.5 66
109 110 106 69.5 85 66
Volts Secondary.
Toad Current
110 110 110 68 68.5 68.5 0
108 110.8 107.5 68 . 66 67.5 10
108.5 112 107.5 69.5 66 68.5 14
107.5 112.5 106 69.5 656 €8 i8
107 112.5 104.5 69.5 64 67 22
106 112.5 102.5 62.5 863 67 26
108 112 101.5 69.5 62.5 66 28
108 112 100.5 69.5 61.5 66 . 30
104 112 29 69.5 61 65 33
The above test repeated.
Volts primary.
114 114 118 70.5 71 71.5
113.5 113.5 113 70.5 70 70.5
313 3136 212 70.56 69 70
312.5 3113.5 311 70.5 69 69.5
112.5 113 110 70.5 68.5 68.5
1l12.5 312.58 110 70.5 68 68
1l11.5 112 108.5 70.5 68 68
112 3133 108 i 67.5 87.5
112 112.5 107 71 6% 67
Volts secondery.
114 114 115 70.5 71 71.5 (4]
112 114.53 111 70.5 69 70.5 10
111 114.5 109.5 70.5 68 69.5 13
110 114 108 70.5 87 69 16
102.5 114 107 720.5 66.5 68.5 19
109 114 106 70.5 66 68 21
108 113.5 104 70.5 85 67.5 27
108 114.5 102 70.5 64 67 30
107 114 101 0.5 83 66.5 33

-Dw



Problem No. 3.

DATA SHEET.
Primary
Current Volts
' Load
I, Iy 12 1-2 1-3 2«3 18 2«8 3-N current.
¢} 0 o 110 110 1180 18 @5 10 0
i1.8  10.8 0 105 99 110 1§ 87 85 10
15.0 = 14.3 © 102.5 5 110 15 88 Bl.& 13
i7.8 17 2 100 92 330 17 82 77 16
20.6 20 (4] 9% 93 110 20 79 74 19
23.2 . 23 v} - & S 88 116 235 76 7i 22
26.2 25.8 © o5 86 310 30 73 87 25
29.3 29 O 82 82 110 32 70 65 28
2.2 32 O 8% 80 110 34 65 64 31
35.0 4.8 0O 88 80 116 36 63 63 33
Secondary
Volts
Lgad
1«2  1=3 23 1= 28 3= current
109 10¢ 110 14 95 100 o}
101.5 g6 110 14 86.5 95 10
89 . 92 110 14 84 81 13
e5 88 110 i4 80 7 16
93 86 110 135 78 74 19
21 84 110 17 75 71 22
89" 80 110 20 72 67 25
86 - 7% 110 22 58 64 28
82 - 7 110 25 63 62 31
81 3 110 30 8z 63 33




PrOblem HQ o 4o

DATA SHEET.

Primary side.

: I Losd
Rdabodin Volts field of current
generator amperes

I, I, I, 1=2 1=3 3e2 1N 2.8 3N

5

6 0 0 1160 110 110 64 64.5 64 1.5 0
14.2 7.9 %.2103 131 11C 62 61.5 66 1,52 12
19 10 9.5 100 111.5 110 61.4 6.2 66.2 1.55 16
21,1 11.2 10.8 97 111 110 61 6%.5 67 1.57 18
23.5 12.2 11.9 97 111 110 61 B¢ 67 1.6 20
26 13.213 95 111 110 60 59 67 1.6 22
28.2 14.6 14.2 93.5 111.5 110 60 58 67 1.61 24
30.5 15.9 15.2 91.5 111 110 67.5 §7 67 1.62 26
33.2 17 16.7 91.5 111 110 58 57.5 68 3.85 - 28
36 18.2 18.1 88 111 110 57 56 68 1.65 30
28.3 14.8 14.2 94 111 110 58.6 57 67 1.6 24
23 12.211.9 97 111 110 60 89 67 1.59 20
17.5 94 9.1 101.2 111.5 116 61 60.5 66.5 1.54 15
0 o 0 110 130 110 64 64 64 1.5 0

Secondary side;

I 1=2 1-3 2=3 Load
& Ib current
Q 0 110 110 110 0
75 2.5 114 104 103 iz
9.8 6.5 118.5 112.5 101 16
0.2 6.8 116 101 100 i8
1z2.%7 8.5 116 100 08 20
15. 7 T2 118 9% o7 - 22
14.8 % 118 96 96 24
i16.2 8.2 119 96 85 26
17.5 o2 118.56 03%.5 093.5 28
19 2.5 118 g0 e1 30
14.8 7.8 117 g8 85 24
12.3 6.8 117 95.8 09 20
8.2 B.4 1186 102 101 15
0 Q0 110.5 110 110.5 ¢]

Frejguency = constant == 50 eyeles per sec.



Problem No.5.

DATA.
Primary side
Volts

12 2«3 1-3 1N 2N 3=N 4 I

3 2 13
114 114.5 1i8.5 68 67 66.5 0 0 0
111 114 11l 656 66 66 9.6 & 4o 5
110.5 113.5 111 64 66 86 3.5 7 6.0
110 114 111 64 656.8 66 198 8.9 9.2
110 114.5 110.5 63.5 65.5 66 22 11.2 10.8
108.5 114 109.5 63 65.5 685.5 2B5.5 13.2 12.5
110 114.5 110 63.5 65.5 65.5 29 15 i4.5
109 118. 110.5 863 65.5 66  B1,8 16 15.5

Secondary side.

Volts. Load
current
1-2 2=3 1=3 I& Ib
114 1i4.5 113.8 0 0 0
114 112 110 7.5 5 3
114 111 108 10.5 © . 8.5
118 111 107 35 b % 3 B
116 110 106 17.56 12.5 &
115.5 1089 105 20.5 14.5  ;
116 10¢% 104 23 16.5 8.5
115.5 108.5 103 28 18.5 2




?ro'bleul NO- GSe

DATA.
PRIMARY
Volts Current
12 1-5. 2-3' 13
110 110.5 111.5 0
111 1ii 111 7
111.5 i1l 31313 10
112.8 110.58 11 13.3
1lz2 116 110.5 16.5
112 110 110 20.5
112.8 110 110 y 23.7
111 108 108.5 gg. 7
111 107.5 107 51
112 10%.5 i07 35
111 108 106 39
SECONDARY.
Tond
ocurrent
1-2 13 | 23 18 P 4 Zeall
0 110 110.5 11i1.5 64 64 65
6 111 110 109.8 64.5 84.5 64
g 111.5 110 108.5 65 64 - B3
12 11z 09.85 107.5 68 64 83
i5 112 108 108 ‘65 83.5 62
18 11i.5 10%7.5 104.5 65 63.5 61l.5
21 112.5 10% iC4 &b 63 60. 5
24 i1l 105 108 64.5 62 BB. B
27 111 104 8.5 64 6l.5 58 :
- 30 112 164.5 8.5 65 61 5%7.5
33 1ii 103.5 96.5 64.5 61 66



Problem No. 7.

AT A,

PRIMARY.

Load v
current Il 12 13 In 1= 1=3 2«2 l1l=N 2N 3-N
0 5.6 2.7 0 4.6 108 102 1l1C 60 65 62
10 13 i0 0 2.5 86 83 110 44 81 60
13 15 13 1.9 7.5 78 110 38 59 59
18 7.7 16 0 1.4 7C. 5 ™ 110 53 5% 60
19 20 1% O 1.2 82 76 110 30 55 60
22 22 22 & 1.5 54 78 110 25 52 62
25 24.5 285 0 2 45 82 110 18 49 64
28 26.6 28.2 0 2.6 35 87.5 110 18 46 66
31 29 318 0 3.2 28 94 110 26 44 70

SECONDARY. |

4
current 1l=2 13 23 1.8 2N 3N
0 104 98 110 56 65 62

10 84 80 110 40 61 60
13 74 76 110 34 &8 69
i8 66 74 110 28 56 60
19 59 73.5 110 i8 54 60
22 50 76 110 15 2 62
25 41 80 110 15 48 64
28 30 86 110 15 46 66
31 15 92 110 20 4o 69




Problem No. 8.

DATA.
PRIMARY.

Toad )

current I, Io, - Iz 3.2 1=3 2«3 1-N 2N 3N
0 0 o © 108.5 107.5 110 16 93.5 99
10 1 36 O .88 86 210 17 75 75
15 16 15.5 0 1B 79 110 18 62  69.5
18 79 18.5 O 65 77 110 19 58 70
21 21.8 21.6 0 57 78 110 21 44.5 73
24 24.5 24.2 0 46 g1 110 22 32 80
29  27.5 27.5 0 35 87 110 22 2 B
28.6 20 28.5 0 . 30 o3 116 25 17 9%

SECONDARY.

Lead b/ :

current 1-2 1-3 2«3 3N R-N 3N
0 107.5 108 110 16 93.5 99
10 85 104 110 s 75 76
15 7 76 110 15 61 69
1 & 75 110 16 51 70
21 53 76 110 17 43 73
24 40 80 109.5 17 % 80
27 30 86 109 17 17  88.5
28.6 15 91 108.5 17T A7 9




Problem No. 9.

DATA.
4
Load
current Il 12 13 In 1=2 1=3 23 18
0 0 ¢ 0 ¢ 110 1ic 108 64
T Ar 62 5.8 0 108 108.5 108.5 62
i3 38.8 § 7.5 © 102 107 108 61
16 20.2 10.8 10 0 100 108 107 60
i8 22 1.8 1311 © 100 106 108 58,5
20 - B23.§ 1.2 313.8 9 99.8 1056.8 107.8 60
22 286 so+% 15 0 98 108 107 58
24 28.8 14.8 14 o] 94.5 102 1058 5%
26 30.%5 15.8 15.2 0O 94.5 102.%5 108 58
28 33.5 17 1.7 O 94 101 105 57
30 38.5 19. i8 8] o5 103 107 8%
32 39 20 12.58 0O 94 102 108 5%
SECOHDAszf
Load ;
surrent le2 13 2=3 Ib Ia
] 110 il15.5 109 O 0
7 111 106 108 2 5.8
13 111 102 102 4 8.8
ié il 89,5 102 8.6 10.8
i8 110 98 101 6.2 118
20 111 a8 100 6. 7 12.5
22 130 95 98 7.2 13.8
24 109 82 =+ 98 T 35
26 110 o2 979 8.3 ¥ Yy 4
28 109 90 94 9 17.6
%0 112 20 o6 9.8 1%8.6
32 112 8¢ 96 10.3 20.6



Problem No. 10.

Load :
current 1=2 1-3 Z2e3 leN 2N 3-8 I, I, 1.

32 g2 101 108 56 5g 63 &9 20 19.2
30 96 106 iil 56 60 66 36.2 18.5 18
28 a7 2105 100 87 60 & 3.5 127 17
26 88 108 110  58.5 61 64 31 16 15.4
24 100 106 110 59 6l 64 28.5 15 14.2
22 100 3106 110 80 61.5 64 28 13.2 12.8
20 100 106.5 110 6G 61 64.5 23.8 12.5 12
8 102 107 110.5 61 62 64.5 21.8 11.5 11
i5 103 108 110 61.5 62 64.5 18 10 1,

10 107 109 110 63 63 64.5 12 6.8 6.2
o 312 132 111 65 65 65 0 0 0
Secondarye

Toad
currsnt 1=2 13 2= Ia Iﬁ

32 111 87 95 20.7 10.2

%0 114 90 08 19 9.8

28 113 80 £9 17.8 $.2

26 113 24 100 18.3 8.8

24 114 26 101 16.2 8.2

22 113 97 102 18,7 7.6

20 113.5 99 103 12.6 7.1

18 113 100 104 11.5 6.5

15 113 102 108 9.5 5.8

10 112 106 108 5.5 4

4 . 112.5 113 112.5 o 0




Problem No. 11

DPATA SHEET.
Volt regulation test on Central Laboratory Alter-

nator with non-inductive lcocad spplied to phase 1-3.
Phases 2«3 and 1-2 unioezdad.

Part 2.
Alternztor connectad delta amneters to measpure

load current and current in phase 2-3.

Loed Current in Volts acrose phase.
current idle rhases
1=2 13 2=3
0 5 112 f § &4 112
65 6 109.5 108 113
9.8 i 108 108 113
14 8.2 105.5 102 113
20.8 10.8 - 100 26 112
28 i2.7 93 88.5 X110
31 13.4 89 85 108
34 i4.2 86 8l.5 106.5
38 15 80 77 104
42 15.6 73 71 100
Part B. Alternator conmnectasd star.
Load - Volte Volts
current
d=Z 1=3 P 1N Sl SN
O 112 112 112 65.5 58.5 68.5
5 114.5 104 99.5 66 B3 88
8 112.5 95 1] 65 61 52
11 110 a% 83 62 58 46
13 110.8 72 71 59 53 36
15 o1 86 61 50 48 30
17.8 70 25 51 34 40 17
i7.8 50 O 85 22 36 20

P& o
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Problem No.l.

CALCULATIORS.
Load 7 of load Secondary volts in
Current % of primary volts
A B c A B c
o 0 0 0 100 100 100
6 15.4 7.6 7.5 100. 100 100
) 22.8 11.3 11.2 99.6 99.6 100
iz 33.2 15.0 14.9 98.4 99.5 100
16 37.4 18.4 18.3 99.1 99.2 100
i8 44.4 22.3 22.2 99. 29.1 100
21 51.3 26.0 26.1 98.8 99 100
24 58.3 29.4 29.7 9©998.6 98.9 100
27 64.8 33.0 333 98.2 98.8 100.5
30 71l.4 36.7 36.9 98.1 98.8 100.5
33 77.8 40.4 40.5 98 98. 4 100.5

50 iil. 59.1 60.8 96.2 97.4 101

Probvlem No. 2.

Load , Parcent of
Current Secondary volts in % rated K.V.A.
of primary volts for one phase
of banks.
1-N 2.W 3-N 12 1e3 2«3
o 100 100 100 100 100 100 ¢
10 100 8.6 100 o8.5 100.5 28.2 3%
13 100 ©8.5 8%.6  98. 100.8-  987.8 41.3
16 100 7.1 99.3 e7.8 101 97.2 5%7.5
19e 100 97 29.8 97.5 101.1 o 687.8
21 100 o7 99.3 o7 101.4 96.4 T4.3
27 100 95.5 ¢99.2 96.8 1I01.5 ©5.8 98.8
30 100 94.8 09.2 96.5 101.8 94.7 102
33 100 94 09.2 26.5 101.5 94.4 107.5




Provlem No. 3.

CALCULATICNS.
Loed & of rated Secondary volts in % of
Current K.V.A for primary volts

PRETINSS 208 1@ 33 NE W N
o - SR 89.2 9%9.2 100 99.2 100 100
10 35.2 o7 o7 100.8 99.2 99.4 100
13 3%2.8 96.5 96.7 100.9 99.2 99 100
16 47.0 98 86.5 100.9 82.8 97.8 100
19 54.4 94 94.5 100.9 78.5 929 100
25 - 66.8 93.7 94 106.9 66.5 $8.5 100
28 71.0 93.5 92.5 13100 &9 8%7.2 100
31 774 92 93.7 100 74 97 100
33 80.0 92 @l.5 100 86 o7 100

: Pr@blem H@o 4.

Ioad Secondary volts in Z of rated K.V.A.

Current 2 of primary volts if only one phase
ig loaded.
1-2 1-3 . R=3 :
0 100 100 100 4]

12 101 94 94 41.5

16 118.5 92 922 54.5

18 119.5 91 20 60. 4

20 119.5 20 8¢9 66.6

22 124 89 88.1 72.7

24 126.4 £5.5 8%7.1 76.8

26 129 85 BE. & &3

28 129.5 84 88 : 8%. 4

30 138 8% 82.8 91

gaggg KE.V.A. taken as 27.2 amps at 110 volts or 3,000

Currents in %'of full load eurrent.

fa Iz 1y I, Iy Licaa
118. 4 65 60 62. 5 30 40
117.5 62.2 60 87 32.2 60
11%.5 60.8 59.6 64 32.58 66.6
118 60.1 §9.1 62.4 326 73.2
11%7.5 61 59.4 61.9 32.4 80
118 60.9 59.5 62.5 32.9 93.2
120 80.5 60 63.4 31.6 100




Load
Current

Load
Current

- a8
10 e 5
i5
17.5
20.5
23
25

Load
Current

Problem No.bH.

CALCULATIONS.
%'of rated Secondary volts in
Ke Vo Ao % of primary velts
1=2 =3 13
o 100 100 100
37.8 103.1 o8 07.5
53.5 104.7 9%7.5 96.5
6243 105.5 96.2 96.2
71.8 105.7 95.5. 26
80 108 95 o6
86 106 94.5 94
£ of full Z of load current
logd eurrent Il o IS Ia Ib‘
25 126.5 66.6 60.2 66.6 40
38 128.5 66.5 6l.8 66.5 33.3
50 126 66.2 61l.4 T73.5 34.6
58. 4 126 64 6le6 T1.5 34.2
68.5 125 65 & "N 34
76.8 126 8b.2 &3 71.6 37
8358 127 64 62 T4 36
 Problem No. 6.
%'ratad Secondary volts in
K.V.A % of primery volts
1=2 1=3 23
L8] 100 100 100
21.8 100 99.5 99
32.5 100 99.5 g8
43 100C 99 97
53 100 98.5 96
626 100 98 95
727 100 87.6 94.6
81l.6 100 o7 24
89.4 100 97 92.6
8.6 106G a7 92
106 100 o7 91.3



?rOblem HOO 7.

CALCULATIONS.
full load Becondary volts in Load
current % of primary volts , current.
12 13 PG
4] 86.2 102 100 (¢]
33.3 ¢8 101.5 100 10
43.5 €5.5 86.1 10¢ 13
B3.2 3.5 96.2 100 18
63.2 3.8 96 100 19
753.2 g2.5 26 100 22
83.5 %1l.2 7.6 100 - 28
83.5 86 98.2 100 28
103.,2 64 o8 100 31
eres in neutral in % full load. Toad
5 of full load eurrant agurrent eurrent.
16.3 0 O
8.3 33.3 10
6u3 43.5 13
4.7 53.2 16
4 . B8R ie
5 ’ 73.2 22
6.7 B3.6 25
8.7 93.5 28
10.7 103.2 31
Problem ¥o. 8.
full load Secondary volts in Load
current % of primary volis current
1=2 l=3 L=
C 9%.6 100.5 100 o
333 96.5 g8 100 - 30
50 o5 o6 100 a5
60 94 7.5 100 i8
70 o3 87.5 100 21
80 87 98.5 0¢.86 24
20 85.5 o¢ 9%.2 27
88 50 100 88.7% 28.8

wlies




IK. V. A.

24.6
44.2
54.3
60.5 -
66.5
- N2
76
82.5
8%
05
102

% of K.V.A.

110.1

9'30 2
87

80.8
74.6
68.7
62.4

2.5
36

CALCULATICHS.

Provlem No. S.

Secondary volts in
of primary volts

1-2

100
106
108.7
111
110
111.8
112.2
115
116
116
118
119

1=3

101
28
95.5
24.2
80.5
92.7
20.8
90.2
89
89
87.4
87

2=3

101
97
94.6
85.8
95.8

Load

aurrent

Problem ¥O. 10.

Secondary volts in
% of primzry volts

i-2

121
119
117
114
114
113
113,
111
110
105
100 .

5

%

1=3

86
85
85.¢
88.5
90.5
l.5
83
€3.2
94.5

97.4

101

2=d
a8

88.2

90
2 8
22
e2.7
93.5
94.4
98.2
o8
101

-Yead
current






