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T SFO 'mRS IN CO. CTIO. 

TH SE· SYST . 
In oons:id ri g t he s leot:1.on f a th is 

subj ct my attentio s dir cted by th cha ·t ;r 

n •AJ.ter -tin C rrent Ph no 

P. Stinm tz ead 

by Dr. C rles 

tion of Polyphase 

Systems•. co ditio-ns obtai d in 

unbalanced polyphase syste s , hil gen e ly t aken 

fo granted , are n -t so b eked u by publish da 

as to i e o t e youn e i n · r ing stu ent any re. ­

cord u on hich t he t a tem nts given re ba ed. 

This ,. togeth r i t h t \7. fact that t he re -

ul r College Cour a iv n u t o n c ·sai t d a l 

on1y ith £una.amentals , 

nto the detail of any s • cif'ic elaes of 

c used e to s lect fo r y th 1 t he 

omena, 

gat ion 

o.f; f · rat , polyp · e curr nt 1 g en r 1 i,..nd ond , 

few s ee:i.fi i n t ne of l oadi n o hase only 

of ree ph s 



p I RY 

I rry n o t the d sire te t it 

a . V~ ye en ial t t t e tr s r u ad 

ho ·ld ~ ike car ot ri""tic . Si tr 

o er , 11 o.t .. e ca ity, 

ype , d esignt er a ilabl • If th ·. i 

pe n e volt , roltag r.,,~"~t;;A,tion, et ,. o.f a .. h 

r er 

u b l nc:i · ng of th .... lo 

char ct i tios 0£ 

to t 

'at.'! n o y o· 

e C t .sfo 0 

rrors that mi t 

of po-1.yphase tems, 

.. .rrent, i 
C 

vol 

olt tios o 

ete i d . 

I d te ini 

th re o l b n 

v ·t ge, d t t e 

1n ·1v d l tr ns o r 

l O· :B cause it 

th~ r o er tic 0 

0 r t 

the tr f ri .t .on 

lo s. CX!Ci ting 

,. V lt ation , 

oh t _ an .to ere 

he - nstants et 

er · m .. de on th six st·nghou e 

cool d tr er~ c pac1ty 31{. V. A., o t 

pr· ary 220/110 , Volt co·ndary 2 4)127, 

Cycles 50 . ch tr to r is provi d . 1th 

tap th t on to n ca be obt ·n• 

eh :f th g onne tiona : 

yy - . lt - delt 
' 

Y-delt 
' 

and T. 
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o lo n is of s t 

oX r adi n- taken : 

Oop s~ ae T st . 

Ser l Loa ·8, ts Frequ n y I r .sed Ra 1 tanc Re i t an ei 

O• Curr· t np Cycl .,..olt Pri y -S con ry 
T 

2?8933 13 . 7 80 50 6 - 5 -157 . 17 
27 34 13. 7 so -0 6 . ... r.: . 15? . 1? 
27 935 13. ? 80 50 6 . 5 . 166 .J.79 
27 16 l.3 . ? 80 50 6. 5 . 155 .1.ao 
2'7 937 13, ? 80 50 6. 5 . 155 -17 
27893 l . ~7 80 50 6 . 5 . 156 . 182 

Core Los n • citin. Curr nt T at . 

8 .ri&l itin 1 t s Fr q eney Impresse 
e . C r nt i -· t 

, lt 

278 33 - 468 16. 5 ll.0. 5 
2?89-34 - 46 1.l5.6 50. 5 110. 5 
2?8936 • 00 l5. r.o. 5 0., . 7 
2?8 36 • 8 15 . 50. 5 110. 5 
2?89 7 . 4452 1 . . so 109. 5 
27 3 . 49 16. l. 50 l. 

Serial Vo ts lt . ro""'11t R~ l ·tion 
O• rlmary -eoond, ry Oal.ouiat (i. 

27 33 110 110 1 . a 
2?8 4 uo 1!83 
2 8935 110 110 1 . 02 
2?89 6 110 110 l . 82 
27 93-? ).l.{) 110 1 . 83 
2'7fk38 110 110 1 . 8d 

hep reen a regula 0 of aoh tr nsfo r 

s a l 1la ted y he .f u . ,. 



o l -tion = p ., 1 Vlhi t,h .P = 
otu·:r .. ,nt tim s re-wi tanc- nd _q ::::; ou:r.rent times 

th reac an e i.n ah!na , e ·h 

e nt o:f r t d vol s . 

.res.es · n 

he ehar ct , risti ·s of each · tr .nsfo 

r , a s ah , by th results of th · test,s given 

a ov , a.r ·ery n . ar con tant bich a.bQ· e t ha 

hetr -s£or r r i deal . or study-ing the 

tr . for. · . t .ion et en olypha · systW?it.S. • h 

gr test vari .. tion i'n th pJJ:re nt r a • -ia.t • on 

b · t eel! ... .y t o tr . n .,f'ormer"' s 0 . 02 o • cm 

er ,.; nt •. Thia • s ell l .,.: t 11 . t · 1:f. • ts :tor 

ceur oy of ~ · y t Nat eons q ntly it ill not. 

be 11 <HJ .. •qa. to mak any eorr ... e i . ns , • ha.tever, 

£or di.ff er nces of· ti- • .. a.form. r ch ract :ris1; i cs. 

h terna.to 

:t:r 

a;f t h ., altem t 

th • n ing of t 

s ,(i 

e eopp r l.oss an4 

f he tr .. na • 

al -em or, the 

ahort •eircu -ted u n 

S ·e t . T of 

ate · ..!,. g ve h - r · d 

t ran.sf o :rRr r . The vo1tage 

r _egul. 'te u _t i l 4·u11 

tr s.:fo er. 



The current and frequency ere kept constant 

and t h follo j ng readings t aken;. watts input, 

impressed volts, .frequency a nd load current . 

The resistance of' each t he rima ry and se­

condary finding of the transformers ere mea­

sured by connecting the leads direetly to the 

bjndjn " posts of a dial testing set and t.he 

resistance rea.d directly from the di a ls . 

In determinin t h core loss.es a.nd 

the exciting current the pri mary ·nding of 

the trans.former ,as connec t ed to an alternat;o .. r, 

the secondary in - ing being 1e.r·t open . The 

f'requ.ency nd vo.lt e o.f the alternator were 

adjuste to the r at ed va lue of th · transformer. 

The frequency and voltage were kept c onstant 

and the .follo jng rea dings t k en; exciting 

current, wat ts input, frequency, nd i mpress ed 

volts. 
The voltage r a tio of each trans.form-

er was determined by connecting the primary 

·ndjn to an a lternator, of t h e tra nar.o nner 

rated voltage nd .frequency, and measuring 

the impressed E. M.F. a nd the E.M.F. o:f the 

s eondary winding of the tranaformer. The 

p:rima y and sef~ondary vol tc .ges ere both mea­

su ed i ht e s ame ammeter so as to elimi nate 

h e error whj oh mi ght oc ur if two volt-meters 

ere used. 
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• 

The • rpo '"' or this ,r l e i t deter .. jne 

th ~ nbala· ing f' th.... olt.a.ge rhen ·ro f rmintr on -~ 

th.re ·-

" in· . y 

a.a to i ,re 

:r-heo·stat. A dynamometer -i oar<i ., as r o. neoted. s t , t 

on,; ter eott .l be us.ea: h · cttrre ·1.t • 

.(. C of t b 0 r1 .:; :ary ~ 

ur., - by on ...... ol ., .. . :.eter. 

in t ... errors t.rff!. • :Lght rrise .1,.'r m 1si ng di.ff :rent 

vol t-m t e rs o :m,.,~su.r tn.e vo 1 ta 

th • e .. ta ahe t 
t p g l • a r t .3 -,. • l;.l .11ow th: t the lo,ad 

ne thi r,. lo".ri 1.g t roll h tr t sf o ers curro t di.vi 

B tra:r s o ' -er A. 

t o pos ·n,le paths 

i t io the urr ( St, .f-ig :S _a . l. rt 2 ) . 



In one th there -re t o transf'ormer in series ·tB .. 

0 ) d r th ·o h r path there is on t1~ ns£ 1~1 r ( ).-. 

•r 1 path Jc 

·ently 0nly on half a m, ·c.h ourre.nt ~ ill .flo 

in ll·C as • :u. t1Q in A. 

Th . , ·rrent in aeh tra.n t.e - . ~r wi _1 b- . in 

phas • h the lo 

lo 

h~ urvea on plat 0 sho~· that th ! .tio 0 

:uTa st .rm,-er .A in as 3·. ·2%- Thi- coU·ld n ..! b·e 

t t 

.form ·r }; leads h • . M •. l"'. 0£ trans.torm .r .i by 120 de­

ree . _ib~r • or-. -he e r:tent • in· ~ is •• ore t . -at 12 

his. ill .. c ,.u e a .. :t"'o • 

eurrent 1o in t ugh an ind ctiv· C ll • The 1,. l\i . F . 

+" fran fa.rm r A l ads the ·. lit. F. of trana-.ormer c· 
.J.\,. 

120 e:e. th-ere.tore t · e current £lo in in O ill. 

trans.fo 

f t:ran· , erme:r C 'U t - a l .•·ng current f owing 

-.hrou .·· 1 an 'in ue ~ e 00~·1 .• 

-,y 



n l at » sho t t th volt·g 

er s tr sforlf r e ri a th load i • ppli • d ,, 

and. .'.hat the · olta. . a.oros. tra -· ~. nn(trs B & ! a1 s. 

t he l.od · i l.id, -bu:t. mu -h rer ban 

the re latio·n o , the ran f:o · • erft ;for a n. .. n - ;1:nti c·tiv . 

lo d . 
Th· eurves on pl ate how t hat tr .. n i:o. r 

At.a e a roxlmat~.ly t o tll ·.r~s :r loa.cd and ~hat 

tr , sf orme1· 

the lo d . Th 

C t ~ e _pro.xi ·ately on thi d o 

:r r t •• mstor ers -~ tv.;: C d n t 

coine·i de be-e "· s ·f th di ~e-re•n --a i:n vol t a • s .• 

e 1. • ea e-n 1, C . :re .tr . m th 

curve on. pl ates .A 13. Th-es.e oilr1re • sho tha \.• • na•· 

i o~ er B s a much gre ·tr -ro i~ oita ge t h.an 

t · a 1-o .d- · ase to t sam 1 . v . · . ·t t h _ tran -,.. 

to -r; but ne mu.st not i nfer t th dro l3 

r 11 b e • a r tb n t h~ .. t in A r . . -i.ve.n a .. pp ed 

lo d · T o rve e-n plat B sho that the lo d 

~ase 1'..as ·he ·rreatest drop ""t vo-1ta • at a y l ~d• 

ttin th el t<'.f,- d l a eonne.c, vl of t'.:-re.ns.'to r ... 

t :system e pll», is t 1.· n o rmed 

h r. tern ~ ins balanced 

hin th · l i m • ta o:r 'to1ta I,) vari ti n :i 

. c·ed l oad, 

to th 

·s.eir ... ~·n uctiv i m ewance (or a t · ircuit 

i :11.d.an - f th • r · n.ef'o r s )" ... ~v n thou • 

·n· u ·t · v e 1oad lr ., r.; li to one p e the. re -



F tor in no pha •rill . i ty. T , voita e r.eg- • 

·.lat:i.o. o:f e oh has .... •. i ll be t that 1· ac 

t1•i::.Jn: -.former ~hich J ill dep-e:tr -on t;h • ntorn;.al el.f-

• na.1 -ot:i v · im.p 1d. n ne oi' t;} 1e tr .· sJ'onne", a.nd th 

! :.:. .t.-or i n thr.,,.t tr · ,n t:arrme~r.-. 

o · of th,· t rwe -phv., s i..,, lo d. ­

t 1J1c, - th:i. :r.d·s of· 

th~ load a.na. t he th.~ t .t~.:'. . s.: 'or ,r taJkE,s e-

+h:. load. Thi , Ji l - not b .., the !UM • i.f tl 

·"•: . rt-cir,.. •• : t imp - - .nee of' th ·t _r ms.formers • ... r~.- .not 

tk. e s1xr1 • Be aume -0.f t.11ia .faot •. en lt:>adt ng onl y o e 

ha - of he tl:.ree- hase dysten1 1 t. not nece-~·. '3,l'Y t 

htrve t tr e tran for era of e same s:ize, but unles 

,..., ..... cial r,.,.. .e • _,, coil c r • n ,"'-1 un1¢~d d .. :ra.nsfo . er 

it , il. be neC'e ,,_,e~TY that he o,,, • 11 J.' r -sf·onn r tt~ 

l r g \;.i o-ugh to tak-__, on _ .,,,_,l • 1~tl ot t h~ ~:_:pl.i e·d :toa, •• 

! · • opei::i.el . ans ~-~re prov · l ed to k~-ep the . 

c.u ·3r t t om .flowi"" g ln tran £o r 1ers 11 -- 0 t po -.er-

fa,c ,o . • n d n -~:r r , :1i ·:y an,:i ❖ ... e :r · gt .. lr:.f,t • on o:r 

._ ac c· 'the thrGe phases oul· bv ·ti -tter th"' n in tl'. is 

The x~e . l .. t-, on or a ~3:'r e - p ... . o sy ten lfhen onl 

one pbas - s l a;.\. e i n .... so. i a .. $ i gl e- e 

tra . :to ·· "t1Co • 



PROB .o. 2 . 

T e purpo-se o t his _problem is o deter ine the 

voltage re-gulation of tran form1n one three-phase system 

to another t ree•p a e systen1, n the tra "'ormer a e 

Y .. Y connected and only one p ase 1s l ded. . 

ln t is • roblem t • ee t .ransfor er- •ere eonnee-

t ed as shown on page 8 , part II . The po ·e-r as taken 

fro e city lines as in Problem o l . o a ters 

ere used on the :primary side o he train fo ers .oause 

t ere is no closed circuit as i n t h aae a • e con-

nection , co e ue tly he current in each l -eg of t e 

primary will bee ual to the current i the corres onding 

leg of the eoond ry . Ava iable non-i1ductive lo d wa 

applied and tl e voltage 011. the p . ry d -ec nda.ry side 

of t e tra.ns.6drmers ivere measured i n the . a. e nner as 

in Problem No . l . 

The curve on plate A, Page 6, ·rt. II, sho s 

the relation of t · e load curren 0 t e • v. .A. of t e 

loaded pha se. 

T-h.e curves on Plate .B show the re1ation bet · ee-n 

t -e load current an t e v ltage transformat ion between 

eac o • e h ee phases , and fro the eutral to each line. 

- 1 0 



From the curves. sl1ovling t he vol tag-e tran.s-

.f ormat,i on fro the neutral to ea.eh line the regnlati -on of 

each t .ransf'ormer rtJay be obtain.ad. 'fh.e transformer ·from 

neutral to line· o . 1 has · regu at ion o· 100 ,g . This is 

because no our:re-nt is a1lows d o flow in 't.t.11-e s.e oondary 

inding, a nd th1 s make$ i t i· p ssi ble for any current 

ether than th,e exci t .i ng •6ur r e .nt to flo i n h.e r ·, ry 

wi ndi ng. The tratisiiorrner from neutral to l i ne ·e . 2 

has a. mue.h greater drop i n vol.ta.ge t an the tra.n·sformer 

be-tween the neu.tra.-1 -a.nll line -o . 3. 

fact that t h e current .i n eae tranj;r.for ~r, is i _ phase. with 

the load eurren.t a.nd t at the . F. of the transior - e.r 

from l • · :I j.s apu o%imateq 120 degr·ees ou·t fro·- the 

. F. of · he t .ra,nsf o er f r,on 2 -. -J ~ • Then the nower-

factor in transf~~mer l.• ill be different from. the 

Fr -m t · ·e regulation 

of the trans.former s ( prelitaina.ry t.est} and t hei •• regu1a­

tion i n t h is -0as.e l t is ev i dent t ·. at the current leads 

the E. . F. in t ransformer 3-JJ and lage be.hind -&he • 

F. in trans former 2~N. 

The regulation of phas ,e .2-3 is b.e t.ter than the 

regulation from 2-li a..n,d is not so good ae the ~e :)-ula.tion 

from 3- N; but ·the c .ombi ned r e u.lation o 3-B and 2- N .is 

• 



oh bette than ·the ~e.gul tion of t he phase 2-3 , the.re• 

e neutral. as ah:if ed and the an-1& be . een a- :· 

and 2- 1 . no l~nge:r 120 degree but is ·omet. ng le·as 

• t l:'. at amount . 

he rela ion be• 

twean t ll load ,- .. . A,. and t .e· regulation bet,we · the 

hase curves w~r$ plotted fro the curves on 

pla tes At f'u.l.l ~o d phase 1 •·3 has an increa.fHt 

obJ. a· 

~ a drop of 4. 6%. F . om this t h e delta-•del.ta oenn-ea .... 
be 

tJ.on ,is s.hown t :&r,. ~ch better. 

in the T- Y oonneoti1'·n . e have· hat i s termed 

the floating n..eut~a.l and ii another test was to be oon­

trans:rormers bu.t undier dJ.t:fer~nt 

conditions th er~ is no d.oub;t that differen-t resllJ. t woul-d. 

e obtained .. 

.fle .a in transform.er A as f lo . s i n tran:etor er a,. the 

ork , one by ea.ch trans.for. :er is n-ot the same. This 

.is due to th.e shifting of the neut.ral h j.-eh ca.uses a 



a hi :;.,"' e volt ... ·e aoros tran f rme " than ac oss trans-

"'o er A. e .... . v. A. of t ansfon er l} i s en g e t-· 

e t an J. v. 1t-- ~ of n f !11 r A. and y esu ~t ~ n L, 

0 er he t·ng t e tr·ans O"'.nl.8 · , e :peci ly ·r ~he neu ·a 

shou d ehi t m re than i t d i d i n t s C s e . 



o. :3 . 

he ur ose oft i s p oble 1~ to re ea t -r ob-

l e Jo . 2 , b us i n dif erent sou ee of p ·er . 

Tie tests fo t h is prob e were co ucted i 

t e same m.a.nner a i n Probl m o . 2 . T a-ource of 

owe Ma a . . 5 K. ,. . • 1 . e·rnator , i w ic x ar oni cs a.re 

.rn r, .. t o exist . 

e curve on .. late , page 9 , part ll , a o 

h e r e l "ti • e.tween the load cur . ent an n e ,,.. V • . • 

o_ the loaded ha. e . 

he curves o- late B aho th e tin be-

·ween h e lo cu rent and v l tan·e x~egul tio :f ea.ch of 

• h e t a . sfo e s and b ,t. en each o:f t 1 e nha.:>es . I tJ. 

tnia oblem, because the harxonics and e size of 

the sy e no ·mooth Cl ve s ould be btainedt . s i n 

ob m No . 2 •. Tl e lo p in curve 1 .... , l ,,te f is 

Cc-..U ed b. th eu.t.a.l s 'fting as t e l ad s a · lied 

e.."d tn. n, lim· ted exten. ~ r turning 0 its nat ral 

as the lo d ·s furt e :nc. a ed . 

a~ d a she twill an1 Uat a a load of 25 

gla ce a 

er the 

-olta e o"' t· ans o mer :a (:I- ) is ore t . n twice hat 

( 1 - · ). . h1s sho s ~hat t K . . A . 

load t a sfor ae" i s r e. he.n t ioe t ton t na -

A. At hi a oi t ere is o danger o • o r , 1vat-

- l '.•-
( 



• ran·forme B bee use th load· l -han e in 

r ed V. A. lo d • the t ransformer.; bu • 33 ru p e- es 

l'. n me • s 1· •• ly to eat e a.us · it 

lo d o ap r x i ·. tely 30 . 

n h i :r bl em t e n u t al •. s v 

and 1a s con~ t ~- n ~ ly sl1 i ·tin .. f ' i a , t a 

a a.n OV 

un .. t 

d e 

> e 

of the fiel in 

.. 

is due o e curxent caus·ng a kiftin 

·' he nl t er" ,tor h • ¢} i t rn refl ~c 1pon t .e t an ""' 

:fo . n...,rs " 

'11 e curv on pla. e D ·<r J vexy la. • n y tl 

~~gulation o . • anafor atio ·betwee i • - p asea . 

lhe v 1 ta, e i n one o he • dle phane :. i ~a nek .... rl: one 

ca 

en· and t e , ins· ea 

n rob em ~o . 2 , i 

o: •• ·o i ng h • gh. ... as rm •• t.a . ., 

retu ·n t rJnal a- a~ n . 

t"h voltag t i s ro 1- m is 1 u c}' r- ·...,at than 

o· that • n ro·b .. em _·to , 2 ; b t :1er tl .e- a terna to 

c able a Tia·nt ain i ng a Volta e ~ near v on- t ant as 

i n prob em :o . 2 . 

''l'h i a t .,,, t s;1ow • t .na.t the regu.l t • n of tr·· n ·• 

o e. s c nn ted Y-Y depends larg ly upon h e ource 

of po' e r and t · a . ., :r . h • ftL of the ne t:ra e:p nd~ 

pon exte~n l con i ~ ·ons as well as up n he a ~l i e 

load . . 
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tran • o rs B and C and to t h irds flo in through tr na-

form r · A. I n t i t,;;1· cas • t e current does not di i de 

acco:t di ng to the .;eacta.ncee of t . e tr nsf or:mers; but it 

divides. i n this way beea ae t e primary eu.rrent o:1"' the 

loaded pn.a..se must return over the crther t . G transf or ers . 

B.ecau e of the h i gh . e ·t a.nc ElS of the unloaded tra.nsfor ·­

er - we ha e nearly 20% drop in vol.tage on t wo of the 

phases and nearly 35% ri e in vol tag.e on t h e other phase . 

( See curves· l ate • ... ) 



B . 5 . 

'h p pose o this problem is to re et prob• 

le to . 4 u in 7 he city in a a soux ce o pm er r ther 

th·n the ? . 5 Y . l . n tor . 

the connectio o:r t., is robl er t e .. me 

as tl oonneotions or the roblems No. 

Tl e curves o , . art • $ ow 

the rele:~t ion ~bet, een th load a d th oltage re 0 ulaticn· 

f eac- the three phases . n thi case there is 

on y 6 cZ rise 
( 

i · 1:: e olt ·e 0 h e idl h . e ( 1•2) . 

In p 0 em o . 4 th · oorre·spondi h .s-e rise ot 

appr xi , -tely 30 o. r lS e be account d for by t ~ 

ac t t . at the city ey te i larger t 1an 

at n tor consequent y it vi1l ot be a feted to uch 

a great ext nt . T e cu vs n pla e - sho t the 

neutral as no s. 1ft d ao f r i :1 t • s. prol)letn a.., it did 

in probe . ~o. 4 . 

i 

n co pa.r ing the cur es on lat :a, pr 'b1e 

o . 5 w h t ~ e cu ve on plate .. . rob e ll . 4 it is 

• o o e hat there ha not be.en e ou 

s. iftin of tb. • n .-utral to ca.use. a rise- in the vo,lta 

fr ·n neu-tral to line . howe e , .1 e the ea ·e in 

o . 4 and a · t e cause o he . eat rise 1n 

- la -



c n a y l s . 

urve on pate show t I' i O. 

oad "rent i., th cu·: ent i n eac:h .t:• t.r e ega 

a. d l:e curr t n each :pa h c · ·t e delta. nd r r . 

1 h e loa u .i.t "'·vi de" i n t,1-ie _ .. e prop a 

it ·f . 2 , but ·he to cir e i ·}1 

e1·-a s _ru Jl g· e T1 is is due to the ac t t. 

the .·ea - nee of' t transfo .i_ll r..., , ··r m wn~ ~ t r 

wa ak n 
' 

i .tUU C.il .L ss l.an tr e re ,.eta.ne e e t 

na o - ·.1h· c" was use in p able ]".T o • 2 . 'hi ill llo 

cireu ~1n- cu ·rent 

u .. der tes and t. e t1-- ,r a ·o r fro1·· 1n ic:1 ,lh por r 1 

tak • e . 'lnere ,ri 1 be an e c r.: n >·e 

etwe e n "L:r.1.e t nk· o - a a orr u·v 

that ·:r ., u ent i n h e l ad ha e o· l 

is • ea:raly 301Q g ea ve "'·ha.n ~ e load , rr~n '- o , t se 

on l}_ i .;, '/0 l d Yl 0 -e a vale in p aot·ce 

f o .! " e e ·\• ultl e hea in i n ran or e C. 

'l'ne 6 1l i i l , 0 • th eutra i n a Y delta con-

ne tion de ends o a very r • exte ,h OUI'C 

o wer a.. ~d he size of the ystem f o 1 ,-,. Ci. ~;'1e 

t aken . ll e ·e wi l be o seriou rou }le ·ro u • 

- del a c nnec in i he trans OTmer re ·connected to 

sue a lar e s stem a to hav 0 n fee t unon th ~ hn le 

yste . I n - oble Ho . 4 t e 



:,ar .. d • o • e a l. o n t o ~o ~1 r · t' ., n o f and 1 e n al-

aced lo 0 d a fecte d .. 1 ·a 1;1a,a 

not ca a e of -i ('".li,i · t • ing ,h ba a.ne e fox· th who e 

syste d as a. :r:esu L re 1 brea.t l"i S in lt-

ae e one f t .. e 1oade hv es . 

'1'' se tes 1 0 ~1 :·a .• i' a s· a. 1 ,..y k 

r ansfo me s are to e at tached to (: large distr· 

u J. ·1 , ay t to ,ny ot, e source f o ci 

arge capacity there will· e nose i u~ nbai anc · a 

tra 1 :for 11era 1::_clel !) c nnec t ed wi h o 1ly one 

l oade ~. 



obl ·~ .i. o . 6 . 

The • r~1ose f' thi :Qrobl m i to deter _ e 

~ vol ge reg lation of t h re -- hase sys e when 

t""an~ ·o e1·s :::, ·e delta 
/ ---{ 

conn · cted ,_,na on y ne h a s e i"" 

lo ded. 

, 
1.., connectio1s ..,re m. de as i 0 r. 0 page 

23,. pa rt 2 , a no -indu tive lqa.d 'IJ a appli d .one 

ie... se a readi ngs a. e 
'\· 

er e, ·• in the 

r4'> d. us p: b l ems. 

e c.rves n pia e A , · age 21 , pa • 2 , ~01 

.he elation J:1 ' loa + t e vol tae; r o·u l a ion et men l, 

the hase i is t ·1 irst prob e in h ich here 

1 s no ris L i ·h er 0 t .r e i dle pha s s .. l1 a p ase 

- 2 1 0% rat· 0 tra f .. iation. is i becaus t here 

i- no co e circ ·ton t h seco dary leg oft ans· mer 

• is t er fore imposs ibl :fo, l .ad'n current to flo 

·a n f r n er Ban d • ise ·ne volt .ge as 1 a bee he 

c se l u • .r.te p-·ev iou s 'O ·ol>le s . Th rop i 

c.,rea c t' c,.n t h drop i t"'le _ r 0 .. sfor . er . 'I'hi s i due 

to the s _·ft i n'_ o t ~1.e neu • al • but t h ,. if tin of h e 

• ut. a i n .,.,his ca e i o ... a def .i1 ate amount and co .re -

po d to t h.e ·vo ta , e dr . p in • 11e t a:na o er, A a u • 

- 21 -



cu ·ve s on :· .te ..... s o ) t t h e e i s 

a if-t: g o t ' e neutral but orly to a i n i t ed ex­

tent . .,~e c.'.an· in volta e i x t.n e neut al o lie 

2 a .. 3 i s due to t .. .1. i 1:pedanc., o • t . e tr s 'o r ers , 

t u2;h t ·-le neut a. c a es its lo cat · on w • t re ·pect 

t e t . ee co . ·ners f t r.e t r i ., gl on cannot a. it 

loa' s as in ·' eYdel· a connection . ' i s p ·o ble t 1 e 

<ielta i ~ on :he - o·ffer in._;; s •• d o ·he ~an o me • 

(~ :nd i t re -rulr.:v te tne ~,no nt o" shi ft according o t:t: e 

lo d . 

, e tr ns r, ing; unba l anc e d th! ee- p ase 

~tC)ms i t l de ta Yeo nee ion t1 e.r e will b no pha.s e 

in Vl ic ·: e vol.tag - w·1 :ri ..., e . The ro) t , ot ·1e 

tw -phases -~i. l 1av- a de n i t a.n ou.n a i ll e:pend 

pri 1ci pc,.. ly upon t h e c ara t -est i cs o the tran.sfo 1 er 

and 1.,_1.e ! o w er - facto . wi _ L e ch ~ra: s or .. e . 

- 22 -



Y ~onnacti) 

rere mad 

i.n J 

• • al ·o nator 

cted rhich d l er en .rgy c a 1) 1r.: of tr n 

. 
e s .md r te t. 

_} ~L ves on 1 te 

transformation .,.J o loa - a . .:, nu , 10 fo. • h._,, tr~ ... ns ·o mers 

r t e on s u 

one ra.viO f . ) Th. . .1 r e re~ : e-

1 n the n l . ~ra , r ,.. r 1...J .f'!e , rxt p rca1:1-

t g o f 1. lo . _ ff. . 
ing at no-lo · .. cl . Thi .gi v ,.s a lea.tu· _g ~' rr • nt i , • pt.s.a.se 

d a J.t 

- 2 -



,. 
_,.,.· 

v ltage across h - 3 i s r 'sed 2% nd th volta e 

cross a l - 2 i s lowered 2%. As t he loa is a lid 

t r .1. ~. (Lov ~ o~ c l~ nt in the neutral bee m ; lees until a 

r ·nimum of 4 • pere.s i.s rea ed a a oad of 63%. k. . 

t ·e d i i 1c ~ a ed beyond t h is point t h e cu r ent in 

tl1 .. 

of cu 

to ca 

i ally reaches ll a per · s . 

n t will h e t the tran. !o eI and i • 

r a damag • 

rhe CU V n plate show t h e :ias 

n as. fting ~~ t £ n utral i n the alternat r . C rve 

o e n a 

t 

ore sed 

ry 

1 d • as appl ied t,ie voltage act·os.s 

t l n inc.eased a ain. Tis curve 

to ·th curr nt curve on plate A. 

•• Th bov p oble ·a repe.a.teo. b t i n t ead f 

s i n ~i · 7. 5 K. , el·a co necte 

diven .ya 

m -o~ a . us d as a ;.,e er ~tnr . T . eonnectio s betVi een 

t e t ans ·oi e s wer i ·enti al 11 it ·i t . ose o . he abov 

l . The rrent flo ing i. the neutral at l'l lo d 

4 . ~ res . ,t . ull load the current i n t neut:r 

, , o. amp re "£ 0 r-a -io of transformation, for phase • 

1 wa % . for ha $ 1-· va 92* 51 • • 

- 24 -
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h e ... 0 1 e .1.es 

t. ans or. e1·s , co necte .. i n 

u on t e cha eJcte ietics f 

e,B a s u c 

• 

S J.0, 

, 
is 

t h 

,, ,.., 

t at 

'r anne 

a. te 

egu at io 1 of 

• d e p end ent i el 

.. a t r t ; ~t i used 



p B o. 8 . 

m:ne r os . of t h i s . oblem- is t • rep·ent 

nrob em no .. 7 ; but with no fixed neut als , 

T c·rves on pl a te .B. show hat the in re s ed 

volt ·a · n: ost e ~etly a in pr-eblem no. ? • 

Th.~ c r e.s or pl .... ,t .A show t hat transformer 

r , l a t i on;, or e 1·-ti -on • etween t.h e -p a e s var1ea 

y as i n no . 1. 

e:n nly . ne phtH.le i'e oad . d it m kes very 

li t tle di .ff .. rence_., ith t h e voltage t:;:·ansformation be­

t ween ·1 e phases , nether t e neutral s a.re co necte , or 

~ et er the a re l , t fr ee~ 

- 26 -



... ROBLEM !O. 9 . 

th.rm"' ._, 

The c rmeotions -c : ... 

,r, er th~ sarJ1e , ; t' no . 4 

... 

ra tested 

ri in iroita g· , o...:. O'tfe. 19% on <)l1e :f t e unlot. ;. 0-d 

i!ha . eo, ¥,tr.Jd rop o:f over ll -rol ~- . en th.er Utt. -

loaded p'' e., .e .h.ic· :tan a.rl.y e .ual to tn..., i.roltage drop o ., 

loac ed p · e • 



Thi ·rob1em 1 ~ t 

e :~ ~pt h , ., h n -,utrel.v o th..., Y ' ew: n . t con • ·eote • 

and r~ 1 ft free to ov . 

c .trv-~.o on pl ~.t a-ho~ th.a.t th .. ,olta~e 

ree;ula; • n • s not ry dii: t·• r nt ..... '-:r t .. d rolt · .. ,·e I -

, l at i n or r( bl ' ,, o . • 

-dl ha ~ goes a 1 .ttle hi gher than in . obl t no . 9 , 

n .. • dro in the, otne:t" t • l".i.aaes ~i . • 1 • g tLy gr at r . 

The dat -a. h1vet sh 0t1s that tiie volts .fro· neu­

tra t each line i+;) n?· rly t same in hiq irobl . as 

th y 1: ere ·.n rob· -em .. o . 9 . Th re.for 1 t ·1s not n ,c a ary 

to eonne . t th~ ne tralh1 o Y connections v-1.b en loacdng 

only o phs.se. 



as carri d out t ··-etermin th 

of h 7. K. W. ~1tern tor 

l sa . n 8. 

'he alt rn~ o:r -as . (\ neeted Yand 

11he cL.. ~s on l tc A sh w· + ... ,.e r ulatj n et e n 

the r . e ·.n . o ts t t e n of curv s 2-3 and 3-N'. ·This 

ri e 1n volts ~~nor ronoun, o . 3 tnan 

nth s ~; b t that a du to th e,.et .i,.h t the .fiel 

• n reased in .no . S· and h l d c nsth.JJt d1 rin 

t ; a test . 

t n tor w ·s O, ~ 1eot elta and 

one lo d, . 

It • s int r st· ng t.o note thf .. t th ... volts ao s 

piw e 3 ~~r .t TC$ 01· , ,.t l y- an h :ro p • Th ;p dr p 
'!;,<. 

is d: \_, to the lar0 e o·rcul t:, • j_ curr n in th 

delta. 1s e rre 1,1.. is re ist red on ta et u d r 

t h he&d1n (I j Tba current u.n ..... r t~ ... e ading (I) r pre-

sent th load ·urr nt. 



s u y • 

• ,, a y not be t. e s~ . .me und.e-r 1."'.f.fe.ren·t r,ondi ti.on'S -, th.a.t i 

with di..ff'-erant aourv ec, 0£ power . I n• so· e cix,, -es the vol.• 

t -.. , ., f vt:tc.h ph~.se of~ the t'h:ree.- iXU°i t ayst. .m ,v:ra"'" t r ans.£0:nn~ 

, .... d ~O"o. rdi n , to th ratio 0·~ the tr-:>r..~ .fo rnL ... r ... u I n one 

cord.;..d. in this t :8'8i , "' c\6 .ui·t . 1.1. • a.ff o .ta.in ;d~ :1n ,.,..rhit'lh 

th vol ts- · -eross eaeh on th . tb.re phases a:how0d. • t . s ·e 

o·- l . ~%. . .. ·o eaae was .found in itrh.ich a .d:ro . •. r.o,... all 

pha.s-es coula. be obt·~ --ned ;. b t i ... 1 r1 . prot."1 em tner · -wa a 

.d p n t . , phatH: a.nd c i re r;,e :i.n tl1--e other ;h.asa. 

Fer loadin only one phra,se f a t ,1; r · · - phase 

~;y$t ·crm th del ~ .... delta co -e .. ti. fl. • : "' ves the ·b st :.resul .ts. 

• he Y~Y connec vio s .i th a: d t'?Yi tlio . ·t :f':t.~ed eu-trals sho; . 

e. · ery gr~at 

r:l.se in on 

Th elta.-.Y . onneetion stands in 

z.eo-ond pl- ce :1 gi 1 ,a .,a.r y a.a 0 00d re u11-s ~ th" 

delta- d lta.. 



fltl bit one xc ption (the dei·a•Y ·o 

tin} i£ a Y Jonne tion is usvd, h ther it b in a 

Y-Y, Y-del ,. , or i 3.i 1 0-l '- Y ,o:rme., tion ·ucn a· a.n 

e.1 ..,rn, . r, .1. e neutra.l o.t· t e Y sh ul c l be £i ed, . :r 

on ay t ~ . e ne .. rly l the load end hee1.>ting . i 1 

.• IJ t J • , !' {) t • 
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Problem No. 7 
Plate B. 

Load - /n1pre5sed Volt's Curves. 

,:~ - 3 r-, r-, r-a1 ,... r..:, ,... ~ 

:■ 
.... ..... ~ - .. 0.:.. ""' 

~ • ~ ■· - 0 [a 

ill ·• ~ IJ7 • 7 

- ~ ~ iiiii.ll!.J --~ 
~ l!'.,j 

~ 

· · ,,,,li:l 

II Phase /-2 Loaded 
Pha.5e5 2-3 and J:-3 

Unloaded ~., ~. 

P'a"I 
a.::.I 

II 
0 

-+ 
0 ·~-

C 

a 10 .Lo Jo 4-IJ • So 60 70 80 , 9'0 110 

Percent ot Fu II Load. Cvrrel'lt 
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Probl m 

D TA SHEET. 

Current V lt pri ry Volts secondary 

Il I2 lz t 1 - 2 1 - 3 2-3 1-2 l-3 2 - 3 

0 0 0 0 ll4 1-13 ll? l 4 113 117 
6 , . 2 6 2 -1:5. ·§ 112· 115. 6 113. 5 112 115. 5 

10. a 9 2. g 113. 5 l 2 4 . ... 113 112 l l 
12 13. 5 11. 2 3 . ll2. 5 lll l.13 . 5 112 lll 112. 5 
15 16. 5 14. 5 4. 112. 5 . 111 113 111. 5 lll 112 
18 19. '7 1,. 2 5.? 12. 5 lll 1 2 111. 5 lll 111 
21. 22. 6 20. 6 6·. 112 I 11 ll . G 111. 111 110 
2 25. 8 25 . 5 '1.7 l. 2 lll ll.0. 5 111· 1 -9 - 5 
21 2 26. a.a lll. 5 - 110 110 l 108 
30 32 30 • lll 10 10 l 0. 5 107 
s~ 35 33 10 . a 111 10 109 110. 5. 106 

50 110 1 · 4 107 llO 100 

r qu ney h ld con t t at 50 cycle~ e"" s . eond. 
Seri 1 number o-f tro. £0:rm r A. B O· ,, 27 33, 27893 - and 
2?8 35 r,., e ·i;vly. 

- .·- / 



l - 2 

0 
109 
109. 5 
1.10 
110 
110 
110 
l 
i09 

110 
108 
108. 5 
10?. 5 
107 
106 
l 4 

ioa 
104 

114 
11 .5 
113 
112. 5 
112. 5 
112.6 
111. ~ 
112 
112 

114 
112 
111 
11 , 
109.5 
10 
108 
108 
107 

Volt Prima y . 

1 - .5 

110 
110 
110 
ill· 
111. 
111·. ¥ 
11 . 5 
110 
110 

ll 
110. 5 
112 
.12. 

l.12·. 5 
112. 5 
112 
112 
ll2 

2-3 

110 
·10 
10 
108. 5 

8 
7 
6 

106 
1 6 

l -

o t .. econ • .. :ry. 

1 
l 7 . 
10'1. 
l.0 
104. 5 
102. 5 
101.. ~ 
100. 5 

9 

2-

. 5 
68 
08 
6? 
6? 
6 

6 

Th &ho t rep t a.. 

114 
l.l:3. 5 
l 3 ·. 5 
113. 5 
113 
112. 
112 
119 
l.1.2 . 

4 
114. 5 
114. 5 
.l.l 
11.4 
ll 
113. 5 
11 . 5 
l.14 

rolts prinw .. ry. 

15 
113 

12 
111 
110 
110· 
108. 5 
l.O 
10? 

?0·. 5 
?0. 5 
110. 5 
70. 5 
70.5 
? . 5 
7 ·, . 5 
?1 
7_ 

Volt oondary. 

15 
111· 
109. 5. 
108 
107 
106 
10 
102 
101 

- -

?0. 5 
70. 5 
70. 5 
170. 5 
70. 5 
,., . 
? • . 
,0. 5 . 
11() . 

, 
10 

6 se.s 
6 . 
67. 
67 

?l 
69 
68 

obl 

8 
0 

g 

68 
6 · 
66. 
66 
6 

6 ., 
67 

? . s 
70. 5 
?0 
69. ~. 
6 . 5 

8 

67. 5 
6? 

? . 6 
70. 5 

. 5 
69 
aa. ·5 
6 
6'7. 
6? 
· 6 . 5 

·Lo ·.· 1 r nt 
0 

10 

18 
22 
2 
28 
30 
33 

0 
10 
13 
16 
19 
2l. 
27 
30 
33 



Pro em Jfo. s. 

D T SHEET. 
Pr1mary 

Cur ~it V lt• 
Load 

I1 I3 ·2. 1 _2 - .-:> . 2 - 3 l - 2 -N 3-N eu: ent .. 

0 0 0 110 l 0 110 5 l 0 
11·. 8 10. 0 105 99 110 87 85 10 
15. 0 1 · . 3 0 1.0.G. 5 .fl l.lO 5 8 • ·5 1.3 
17.a 17 ~ 100 92 l.J.O 17 82 7? 1 · 
20. " 20 0 9 9 llO ' 79 '74 19 
23 . 2 23 0 1 88 110 25 76 1 22 
26. 2 25. 8 0 t5 86 ·.,10 50 73 6? 25 
~~9 - 3 29· 6 2 2 .l v2 70 ,,~5- 2-a 

2·. 2 32 0 89 80 J,10 l4 65 6 3.1 
35. 0 3 ..; • .J' 0 88 80 J.0 5 63 65 33 

Secon - ry 
0 ts 

a~ 
.., 

1.-2 1- 5 2- 3 l ~ 2- .. 3~ aurr nt 

l I 1()9 110 14 5· 100 0 
101 . • 96 l.10 l ao. o· 5 0 

99 9'2 110 l 8 81 13 
05 88 ·10 ·14 80 ?7 ~ 

5 86 110 L5 78 ff 19 
91 s· ll , ,ti '11 22 
8 80 .ti 20 72 67 25 
86 '16 110 22 64 28 
82 75. 1.10 25 ts 62 31 
81 1:3 llO ~o 62 rj:; 33 



obl 

Primary si e . . 

I Loe,d 
Vol .fi el o . & curr nt 

g ,ner . tor amperes 

0 0 0 l.10 110 110 64 6-rl ... 5 64 1 . 5 0 
14. 2 7. 9 7. 2· 103 l.ll 10 62 61. 5 nA 

0 1 . 52 12 
19 10 9.. 5 ioo Ul . 5 l l . 4 60. 2 6 . 2 1 . 55 16 
2i. 1 11.2 10. a 97 lll 110 61 6 .• 5 67 1 . 5? 18 
23. 5 1~. 2 J.1. '-'I l"1 lJ .. l 11 61 59 67 I l . 6 20 
26 13. 2 13 95 111 10 60 59 67 
28. 2 l A. G- 14. 2 S3·• r.i 

• I 

111. 5 110 60 58· 67 
1 . 6 22 
l . l 24 

30. 6 15. is. 2 g .. 5,. 111 110 5"/. 5 57 67 l . 62 26 
33. 2 7 16. 7· 9 • 5 lll 110 58 , . 6 68 1 . 65 28 
36 18. 2 18. 1 88 l.l 110 67 56 6 1 . 6 30 
28. 3 14 . . 14. 2 lll llO 58. 57- 67 1 . 24 
23 12. 2 11. ? i11 l.10 60 '5·9 67 1 . 59 20 
17. 94 . 1 101. 2 lll. 5 110 61 eo. 5 6 . 5 1 . 54 15 

0 0 0 l.10 110 11:0 64 64 M l . 5 0 

Secondary :de. 

I Ib l - 2 l --3 2- -2 Loa I\ 

eurrent 

0 0 l.O ]. . Q 110 0 
?. 5 2 ._5 l 10 10.3 2 
9 ·. 5. 5 115~5 112. s . 101 6 

10. 2 'H . 116 l,Ol 00 18 
2. ? 6- 5 116. 00 98 20 

15·. ? '7-. 2 118 9? 22 
l. • 7·. 7' ll· 6 6 24 
16. 2 a . 2 119 6 9·5 26 
17. 5 9- 11 .. . 93. 5 93. 5 28 
19 9-. 6 118 90 91 30 
l. -.e 7. a ll? 5 95 24 
].2. 3 6 . 8 i 7 95. 20· 

9. 2 5 . 4 ll5 102 101 15 
() 0 110. 5 ll.0 110. 5 0 

Freq e cy = co· tant = 50 y l r c. 

- --



robl m No . 5. 

DT • 

ima.ry .. d 

,o1t 

l - 2 2- 3 l - ·3 1-lf 2-N 3. - !" I 2 ' 1 3 ..&, 

114 114 . . 5 u .. ' 66 67 66.. 5 0 0 0 
lll 114 l.11 o5 66 66 9. 5 5 4 • . 5 
110. 5 ll -. 5 1.11 64 66 66 13. 5 7 6 . 6 
110 114 111 64 tl5. 5 66 19 . 9 9 . 2 
l.lC> 114,. 5 110.5 63. 5 65. 5_ 66 22 11. 2 J.0.8 
109. 5 114 l 9. 5 63 65. 5 65. 5 25. 5 13. 2 12 . 5 
110 llA.5 110 63 . 66 . 5 6-5- 5~ 2. 15 14. 5 
10 ., 11·5 . · l ·-o . 5 63 65. 5 66 -- ! , 16 J.5.5 

S -oonda :r-;y Sid • 

Vo1ts. _ Load 
eu:rr nt 

1-2 2 3 l - 5 Ia I., 

11 ll . 5 1 3. 5 0 0 0 
11 112 l 0 7. 5 3 
ll.4 111 108 l0. 5 ? 3 . 5 
115 lll 1-07 l5 li 5 
ll.. . 1 0 106 17. 5 12. 5 0 
1 . 5 109 10~- 20 . 5 l . s ? 
116 1 9 104 23 16. 8 . 5 
115. 5 l.08 . 5 103 25 9. 5 9 



D - T • 

V lt. OurreJtt 

1 - 2 1- 3 2 -. I-

110 no . . 111.. 5 0 
11 ll 111 , 
111. 5 lll. 1 ,1 10 
112. 5 11 · . o lll· 13. 3 
112 l 1 ·0. 5 16. 5 
112 110- ~ 10 20. 5 
ll2. 110 1io 23. 7 
111 08 0 . 5 27. 7 
111 107 • . 5 l 7 
11.2 -o,·. 5 0'7 5 
111 106 006 39 

S'EC01TD (J{ . 

Io­
current 

0 
6 

12 
15 
18 
21. 

., 24 
27 
30 
33 

1-2 

llO 
lll: 
ll .• 5 
ll~ 
112 
.l. l _. 5 
.112'·. 5 
lll 
lll 
ll~ 
lll 

1.~3 2~7. 

1 ·0 . 5 111. 5 
110 10 . 5 
10 106. 5 

l ,t . .5 107. 5 
10& 06 
107.5 04. 5 
107 10 
105 102 
lOA . i. 5 
Ol .• J °'8· 
·03. 5 96.5 

1 - 2- : 3-N 

fj4 6 65 
64. 5 . 5 64 
65 64 63 
65 ·64 63 

·5.5 &3~5 62 
·65 63. 5 • 1 . 5 
66 63 ~0. 5 
s~i.5 62 58. 5 
64i 61.5 58 
65 6.l o'?. 5 
64. 5 6J 56 



Prob· • ? • 

D T • 

Il y . 

-
"urrent I1 2 I3 In l.- 2 1 - 2- 3 l -N 2- 3-

0 5. ~ .2. 7 0 . 6 l 8 2 110 65 62 
10 3 10 0 2 . 5 86 · 3 110 l 60 
l 5. 3 0 1 . 9 7?. 5 78 1 0 \J8 5 5 
l.6 l . ? 16 0 • ?O. «· 77 110 35 57 60 
l 20 19 0 1 . 2 63 76 llO 3 55 60 
22 22· 22 0 l . 5 4 78 l.10 25 52 62 
25 2 . 5 2 • 2 45 2 110 18 9 6 
28 26. 6 2 . 2 0 2 . 6 35 7. 5 llO 18 66 
31 2 31. 5 0 ., . 2 28 110 6 70 

SECO. ll y . 
✓ 

Load 
currant 1- 2 1- 2-3 1 ..... 2- 3-

0 10 98 110 5-6 65 62 
10 4 0 10 61 0 
13 74 o/5 l 0 3 5 59 
10 66 ? 110 28 6 60 
l.9 59 '73. 6 10 l · $ 60 
22 50 ?5 110 15 62 62 
r •l 8 110 l.5 48 6 
2 30 a llO 1 6 66 
31 is 2 uo 20 42 



• 

DA r • 

y. 
}// 

Loa. • 
curr nt I I'!) - 1 t.) .- 3 2 - 3 l -N .). - 3-

,_, ... - y 

0 0 0 () 108. 5 l.O?. l.6 93 ,·5 

10 ll l 88· 5 17 '7'5 

15 ltl 1,5.5 0 7 rt .18 ,.2 
t . 5 

18 1 l . 5 0 65 7? 19 ,..3 70 

2 21. a 21. e f'/ 78 21 ?3 

24 2~- 5 2(, . 2 0 ._6 2 32 80 

27 2'7 5 2'"/ . 6 ·O 35 22 22 e· 
28. 6 2· 2s. e 0 30 23 17 5 

s◄ COJ D -· 
·..,oad 

✓' 

current l - 2 1- ., 2- 3 :t-l 2- 3 .. if 

0 1 ·7. 5 l 0 16 3 . 5 ., 

l 5 l.10 15 ?5 '76 

15 ?l l 0 15 61 6 

18 I • l 0 6 l ?0 

2 53 76 110 17 4 . ?5 

2 40 ao 109. 5 7 51 8 

~,- 30 86 09· 117 l? 88. 5 

28. 6 15 ~l 10- . 5 1"1 l? 95 



rob em • 9 • 

• 

p MARY. / 

✓ 
Lo d 

curr nt [l I2 I _3 1 -n l - 3 2 - 3 1 •N 2- 3-

0 0 C 0 0 110 ll.O 08 64 3 63. 5 
7 ll 6 .. 2 5-8 0 106 108. 5 J.08. 5 62 6 63 

l6 . 9 'r . 8 0 10 107 10 l 60 62. 5 
20 . ~ l0·. 8 0 l l 107 60 60 ~3 
22· ll. 8 l · 0 1 0 106· 108 58.5 61 6 . 5 
23 . 5 1:.1 . 2 • 1. 8 0 99. 5 1~-. l 7. ·;,.· 60 60 63 

22 26· 13. 4 13 0 98- 05 10? 58 5 2 
24 28. 8 l ~i . 8 14 0 4. 5 102 l 5 57 58 1. 5 
26 :O. 1 . . s 15·. 2 0 • 94. 5 02. 5 :t05 55 58 62 

8 33·. 5 l? 16. 7 0 9 .. . l l.05 57 58 62 
30 36. ~ l • 18 95 5 10? 57 58 63. 5 
32 3 20 19. 0 9 102 10 5? 5 63 

OOOt · 

- ad 
,urr .. t 1 - 2 1 - 3 2- 3 b 

I · 

0 ll 11 . r:= .10 Q , 0 
7 :t l !) 105 2 . s a 

1:3 ll.l 102· 102 8 . 8 
16 lll • 102 l .a 
18 110 Q"" ' .. 101 l.l . 8 
20 ill 98 100 2.·5 
22 1~0 95 ?. 2 13 . 8 
24 10 92 0 f] ,.. 7 15 
26 uo 02 97 . 3 17 
28 -109 ~o 94 17. 6 
30 112 90 96 ·- 8 .19. o 
32 112 a · 9 . l0. 3 20. -



0 o. 10. 

D T 

[Y. 

to ~. 
eur:rent 1- 2 l - 5 2 ... s l..- ·. 1 2 Ll' -3-N Il I2 I 

·3 

2 92 101 108 r:.:5 58 39 20 lQ . 2 

50 96 106 lll. 56 60 3:€, . 2 18. 5 18 
28 9? l 5 100 5'7- 0 53. 5 17 17 
26 98 105 J.10 • · 8. 5 61 31 16 15. 4 
24 100 l.Oo ll 59 6 2 ~ 15 14. .,::, 

22 100 106 110 60 dl. 5 26 13. 2 12. a 
20 100 10 . 5 l 0 60 6:l "'"4. 6 23. a 2 . 5 12 
18 l.0~ 0? 1.1.0 . 5 61 62 64. 5 21. 8 1l.. 5 11 
15 103 l: ·8 ll.0 1 . 5 o.2 J; 18 10 • \J 

l.0 . . 107 109 1 ·0 63 63 64. 5 12 6. 8 e; . 2 
0 .12 112 111 65 65 65 0 0 

Seooncary. 

Lo-d. 
current 1- 2 1 - 3 2- 3 I a I 

. 
32 lll 87 95 20. , 10 . 2 
30 114 0 98 19 9 . 8 
2 113 0 9 17. 8 s . 2 
26 l 3 9 100 16. :3 s.e 
24 11 96 101 15,. a . 2 

22 113· 9'7 102 ' • • ? 7.5 
20 l.13. 5 99 103 ·12.6 7. l 
lS~ 11:3 100 10 -U .• 5 6. 5 
l 115 102 l05 9. 5 6. 8 
10 112 · 06 108 I! . 5 4 

112. 5 lliJ 112. 5 0 0 



Probl. No . l 

i:rolt regtilatton te t on Cen r 1 Labor tory Al ~>vr-

Pt.,. rt ... 
. U:tern,itor c·:011nE>.ct . cl • £.l , a,mrut!.'\tera -to t .a.au.re 

. ,..,:0 €~0. Cur ~e:,nt in Volte aor se phase .. 
current iule r:ha ·ca 

1- 2 l--3 2~3 

0 5 112 l2 112 
6 . 5 6 109.5 108 ll.3 

. 8 7 10 106 11: 
14 e:h2 105. J.02 .113 
20. a l0-. 6 100 9S 112 
26. 12 96 91 110. 
28 12. 1 93 a ·. s 210 
51 13. 4 89 85 08 
34 .,., . 2 86 81. 5 106. 6 
38 l.5 80 1 104 

· 42 15. 6· ?3 71 ·_00 

l? rt B. Alt r a.tor oonne.ot ... d ta -
Lot c Vol a 01 •. 

current 
1- 2 1- .... 2-3 l.-N 2-n 3-N 

0 112· 112 2 65. 5 55. 5 s.o.5 
") ll . s ·iO 99. 5 6 63 5 
8 112. 5 95 99 65 61 52 

1.1 llt> 7 ·3 62 58 46 
13 110. o -r-12 71 57 53 36 
15· 91 56 61 50 48 30 
l?·. tit '70 25 51 3 . 40 17 
17.8 50 0 65 22 '56 20 



I' R T 

CALCUL 



ro l 

C CUI IO s. 

Lo d % of lo econ . ry olt in 
Curr t % of rimary l.ts 

C 0 
0- 0 0 0 100 l O 
(5 · 5. 4 • ,. l 100 
9 22 . e 1.1 . 11. 2 99 . 6 00 
2 33. 2 1 5. 0 -. .. 4 100 

15 3?. 18. 4 18 . • 100 
18 . 4 22. 3 22. 2 • 100 
21 51. 3 26. 0 26. • 100 
24 5 • 2 . 4 2 . ? • 100 
27 4. 8 33 . 33 . 3 . 2 100. ~ 
50 11 . .3 . ,., 3 . 9 98. 1. 100. 5 
·3 7? . 8 o., . • 5 a 100 . 
50 111. 5 . 1 60 • . 2 101 

Pr l O• 2 . 

Lo r n or 
C rr t ~· r t d . v. . 

for on se 
f 

l - a-,_ 3- 1-2 l - 3 2~3 

0 1 0 10 · 00 l 100 1 0 
10 100 oo.e 100 100. 5 . 2 3? 
13 lOO . 5 9 . 6 - Q. '7. 41. S 
16 100 . 1 9. 9?. 8 7., 2 57. 5 
1 0 97. 1. 97 67 . 
21 i. ? 96. 4: ? . 3 
2 100 • 96 • .a 9 • 
30 l.00 • 96 • 94. 7 02 
3.3 l.00 9-5 . 5 9 .. • 4 10?. 5 

- -



0 
Curr nt 

0 

0 
10 
13 
16 
l 
22 
25 
28 
31 
?.: 3 

0 
12 

6 
l 
20 
22 

·2 .. 
26 
28 
30 
Bat d .• 

K. V. A. 

I-1 

ll8 .. -4 
11 • 
11 ?-. S 
1l'i. 5 
1.18 
11'1. 5 
118 
l.20 

Prob o. 3 . 

CALCULA I E' • 

r ted ... o d.ary ,t in% 0£ 
· for r ry VO t 

phas 
l - 2 - 3 2 - 3- 1- 2- s-

·• 

0 g.,g. 2 99. 2 100 99.,2 100 100 · 
·5 . 2 ? '1 10 · . , 99. 2 • 1.00 

39. 6 915~5 9.6 . 7 .100. 9 9 . 2 99 00 
47 •. 0 95 5 , ,ii:· 1.00.·9 e2 . -r-- 97. e lOO • O 
5· • 94 9 . ·5 _oo.· 7 .··5 . 99 100 
6. -6 ~3- 8 4~r.t. 100. g 67 . ·4 98. ? J.00 
oe.a 93. ? 94 00. ·9 66. 5 9 .• 5 100 
?1 . 0· 95. 5 ,2. 5 ·o '· 6 7. 2 10 
~r1. 4 .2 93. 7 l-0 7 97 100 
oo.o 92 9 . 5 l.00 • 86 9? l 0 

Se or ary • ol s • 
% o ri a y ol s 

%o£rtd 
if ly o -
i &A.ed-

1 ... ..,,, 1 - 3 2- · 

00 100 100 0 
1'01 94 94 .1 . 5 
llfh5- , 2 · 92 5 . 5 

l~-. 91 90 Q0. 4 
119 .. 5 0 89 6-6- 6 
12 • 89 aa. ,2. 7 
126. 4 s . 5 "81. 76. 8 
129 ..., • ·5 . 4 83 
129. 84 ·85 • 4 
155 ·Bl 82. 8 ~;, • 

• • ta en 27. 2 at 1·0 volts or s.ooo 

Our.rent in% o- .full. 1-o d c· rr nt. 

12 
~ 

Ilo b 

65 60 2. 5 30 40 
62. 2 • 59. 4 :i. 5 . 2 5 . 4 
62. 2 ·60 57 32. 2 60 
60. 5 59 -6 $ 32. 6 66. 6 
60. l 59 . l 62. 4 32. 6 ,a. 
61 59. 4 61 . 9 ·32. 80 
,60. 59. !>. S 32. 9 93. 2 
60. 5 60 63. 4 31- 6 100 



Probl m O • 5. 

C 0 T 0. .. 

Load % 0£ r ted Secmndary vol $ in 
Current, .. , V, • •· .% ot pr1 · ·~ olts 

l-2 2-3 1, ... 3 

O· O· l 0 100 100 
7. 5 36. 3 102 .. s 98. ,2 .... 9 . 2 

l.0. 5 3?. e 1 3 . . 1 ~8 9'7 . 5 
15· 5 . 5 l .O • . , 9? 6. 5 
l?. 6·2.3 lOo. 6 96 .. 2 96. 2 
20. 5 ?4. 8 10 . 7 95. 5 96 
23 ~o 6 95 9i::: 

25 86 l • 4. 5 94 

Load % o:f l % of load o rr,nt 
Ourr.nt loe r:rent· Il I 13 lb ~ a. I 

1• -v 25 126. 5 66. 6 60~2 66 - 6 40: 
10;. 5 3~ l.2&.,5 68, •. 5 1. 8 66. 5 33 .•. ,3 
15 50 126 66. 2 61 . 4 73. '1 34. 6 
17,. 5 58 .• 4 126 4 71 - 5 14. 2 
20. 5 6f}. 5 125 65 71 4 
~3 , .. a J.26 tl5 . 2 71. 37 
25 8 . 5 127 64 74 36 

Pro l , . 6. 

Loa"'. % ra ed. S aondary v lts i • 
u:rrent K. V • . % of' PT ry volts 

- 2 1 - .... 2 - 3 

0 0 100 100 100 
6 2l- 6 100 99. 5 99 
9 32 •. 5 100 99. 5 98 

12 43 100 99 97 
15 53- 100 98. 5 e 

2 . 6 100 98 96 
21 ,2.7 l.00 7. 6 94. 5 
24 a+.6 100 ? 9 
27 9 . 4 100 97 92.6 
30 9 . 6 1 Q 7 92 

3 10 100 97 91 . 3 



% 
full lad 
o rre -t 

0 
51'?. . S 
.3. ' 

53·. 2 
63. 2 
75·. 2 
83. d 
9· .. 0 

103. 2 

IO • 

S con y volts i 
% 0£ r-imary- t 

1- 2 1-5 2- 3 
96 . 2 1.02 100. 

10· ·• 
96- 5- 6. 1 100 
93·. 5 9 . 2 100 
s. 96 l.00 

92. 96 l 0 
1 . 2 7-. 6· l 0 

SG 98. 2 100 
54 9 - l O 

.oad 
urrent . 

A]rt:per in neu ral. i - % :fu1l 1¢ d . L ad 
% 0£ full i d eurr 

% 
f .. 11 led 
o rre1.1t 

0 
~ - 3 
50 
60 
70 
80 
90 

5 . 

15-. S 
e. c 

• . 3 
.. 1 

S~eo 
% o~ 

l - 2 

99. G 
9-6. 6 
95. 
9 

3 
87 
8"" . 5 
50 

d ry volt 
primary 

- 3 

100. 5 
98 
9o 
97. , • . 

.9. 5 

100 

urr nt ... -r nt. 

0 0 
33. J . -o 

3 . 5· 1.3 
5:S-. 2 '16 

3. ,2 19 
73. 2 22 
83. 6 25 
~-i . s 2s 

103. 2 3i 

Probl o .• a. 
i'fl 

lt 

.2- 3 

100 0 
1.00 10 
100 ' 5 

00 18 
:lOO 2 . • 24 

, . 2 2? 
88. ? 2e . ... 



fK.' • • 

0 
2 .. 6 
44·. 2 
54. 3 
50. 5 
66. 5 

• 12 
76 
82. 5 
a, 
95 

102 

110. 1 
98 
93. 2 
87· 
80·. 8 
,4. 
68. 7 
e2 • . ~-
56 

0 

r bl 

10· . 
:l a y olt in d 
p imary vol ts ourr...,nt 

l.-- 2 1 - 5 2 - 3 

00 -Ol. l.O 0 
l-06 9-8 ()7 7 
108.7 95. 5 13 
lll. tM~. 2 16 
ll.0 90. 5 1e 
111. 5, 92. 7 20 
ll . 2. 90. 8 22 
115 90. 2 24 
1ie e 26 
116 89 2a 
ll 87. 30 
1·19 87 32 

Prob ·em ·o. o. 
e ond ry ~ lt i 

% o"' riW?ry v t • 

1-2 

121. 
-19 
117 
ll4 
ll4 
ll 
113. 6 
111 
110 
105 
100. 4 

l - 3 

86 
.85 
85. 6 
8 . 5 

0 . 5 
l. . 5 

·93 
. 2 

9.4. 5 
97. 4 

101 

88 
sa.2 
0 

01 
92 
0 2.. 7 
as. 

4. 4 
95. 2 
98 

101 

-Load 
CU:rl;'" 

32 
30 
28 
2 
24 
22 
20 

8 
15 
10 

0 




