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PREFACE 

It bile been our aim to provide the Virginia. Polytechnic 

Inetitute•s electrical laboratory with a portable synchro-

acope which would be particularly adapted to the laboratory 

.needs . e have put forth an honest effort in our work . and 

although nine months is a short time to make a study of any 

subject of this nature , we teel that we have accomplished a 

great deal and it is with a feeling of pride tha~_we submit 

the results ot our work . 

In order to thoroughly understand the meaning or this 

thesis we sugge t that the reader pay ~articular attention 

to the diagrams and sketches • 

• e wish to make gratef'ul acknowledgement to al l those 

who ,. by their generous counsel and constructive critioimn, 

.bavc hel.i:.ed us in obtaining our objective • . e especially 

wish to thank Professors Claudius tee . c. .,. Hoilman, and 

B. M. Widner of the department of .lectrical !:Dgineering 

and ~ir. Phillipe of the Electrical i'n€1neerine; laboratory 

tor their advice and assistance. 
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.. 
Introduction 

The prineiple ot the synehroeoo e i ot e e nti lly a 

od m dev lo e t . HoweVi r, although it 1 n.ot as c on as 

a other electrical in t_ ~nts and ters• it 1 a very 

oee ary pi ce t appare.t a to every po.e plant and el e• 

tric laboro.tory. 

Since the b ginning ot the use ot alt mating curre t 

chinel'1 1 t l:las been neoeseary to pr vid aome tllod ot ty-

1 in a new alt r.n8tor to th bu b r without ahuttine down 

t operation ot the whol ayst • This created tho noed tor 

ome dovioe tor determining wh synchronization• tween the 

1neom1ns and running alternators s reached.,. The synchroscope 

bas provided means tor tyi g in a n w lterna or to thQ bu! 

bare 1. thout i terrupting t •• e aerv1o • T re re y type ot 

ynohron1z1 devic i bu t doe not pelmit u to e 

ecmplete study ot each typ ; a cordinel.Y, are endeavoring 

only to d 1 with what o eon ider to be the most 1mportut 

types. 

(*) 'l'wo c1rou1to are in synchronian when. they he.ve the 

same :tl'Oqu ncy and their voltag e a in phase . 



Deeeript:lon E.!_ !h! Operating PJ'inc121ea 

A synchronism indieator is essentially like a am.all bi-

polar, two-phase , synchronous motor. Its component parta are: 

a rotor, an electromagnetic stator. an external reaiatance , 

and an exte:rnal inductive reactanco. The stator is built from 

laminated iron and it is Ecited by a continuous winding sup.. 

plied with a single-phase current fl'Olll the station bus. The ro-

tor ie mounted on bear.:tngs and 1t carries two windings separated 

i'rom each other by ninety degrees , and Joined together at the mid-

dl.e . Tll& outside end or each coil, and the junction ot the in-

side ends are connected directly to slip ringa . The junction of 

i;he rotor coile_is eonnected directly to one line ot the incoming 

alternator. The outside end of one rotor coil is eoiuiect~d 

through the external resistance to a second line of the incoming 

alternato~, and the outeide end of the othe~ rotor coil is con-

nected. through the external inductive reactanee to the same line 

ot the incoming alte:rnator. The reactenee coil is as near tree 

from :resistance as possible and its impedance is equal to the 

impedance ot the pure resistance coil . This enables the current 

i~ the reaetanee to lag the curr&nt in th& resistance approx• 

tmately ninety degrees . It te impossible to construct an imped-

ance coil which is absolutely free tram resistance , and, therefore, 

the current will lag slightly lees than n:Lnety degrees . 

When in operation the atator sete up an alternating field 
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around the rotor. This tlux l gs about ninety degrees behind 

the electromotive force or the bus hara , because the exciting 

current hes that lag due to the comparatively high inductance 

ot the f'ield windings . The windings B and D ot the rotor (Fig. lA.) 

each set up a field too . That generated by coil B (which 1s in 

aeries with the external reai tance) is pract1onlly in phase 

with the electromotive force ot th~ incoming alternator• because 

the imp dance ot that circuit is principally pure resistance. 

That generated by the coil D (which 1s in eries with th ex-

ternal reactanoe) lags practically ninety degrees behind the 

lectranot1ve rorce ot the incoming alternator. because the 1m-

pedanco ot' that circuit is largely inductive. 

The operation ot the indicato:r (Fig. U) under different 

posaible condi~ions 1 aa follows : 

(1) Aesume ihe case wherein the ineoming· alternator's frer-

quency la tb.o samo acs that ot the bus bar • and also the olectro-

motive torce of each machine are in phase (1 .e., the aynchro-

niztns switches can be closed providing the two voltages ar qual) . 

'1'ba stator flux 1s ninety degrees behind the electromotiv torce; 

the tlux of coil D 1a also ninety degrees behind the electromotive , 
:force , and , therefore , in phase with the stator tlux. The coil B 

flux is in phase with the elect:ranotive :t'ol'O'e and , theretore , 

ninety d grees ahead of and out of phase with the stator tlux 

and that of coil D. Under these conditiona the rotor wil l take 

a set position as illustrated in figure • because the stator 





~erts e. torque on coil D, but not on coil B. vhen the rotor ts 

in thia position th dial pointer points at:raight down (vert1c• 

ally) . ~'hi position indicates that the two machine re in ayn. 

chronism. 

(2) lien the electr otive :rorcc ot the ineoming machine 

and that ot the bus be.rs (l"UlUl1ng m.achi have the :f're--

queney, but the electromotive force ot the incoming machine is 

ee.y t enty degroee e.head . Tho pointer on the dial will then 

turn twenty degree in a clockwise direction. 

(3) n the tr qucncy of the inc ing me.chine ia higher 

ttan that of the bu bar • The pointer Will then rotate clock-

wise . 

(4) Vlhen the l otranoti ve torce of the 1:ncom1ng machine 

ie twenty degrees behind that ot the bue bara , but both machine 

have the same frequency . The pointer will then t rn twenty d 

gree in oounte~olockWise d1rect1o • 

(5) hen the frequency of the incoming machine ie lower 

than that of the bus bars. The pointer will thon rotate in 

counte!'<oclock iae direction. 

Elootroetatic $;r;!chron1!'£l Indicator 

The eloctroatat1c inetl"lmtont consists essentially or an 

electrostatic glower, metallic condens r hood • switch tor cut-



~1ns the gl.01e in and o t of the ci.cuit , a.nd a hook tor sus-

pending the indicator • the li and leadil'lg the current to 

tha glo er. One te ina.l of the glo er is conn cted to n p rk 

gap and then to the lo ·er tcnuinal of the suspon io book. T 

other t :rminal is connected to he cond no r hood. The loop in 

the suspension hook enableQ th indicator to be hun ov r th 

line by mans of the orainary type or s itch hook us d ror 

operet ng dieconnecti lev r witches . The glo r lwnpe a 

operated by the chargin curront ot ouspension insulators used 

ne condens rs , one et o. in ulators being required tor ch 

phase of th incomi and opcrat d lines.- Th~ lamps aro mount• 

ed in a ease and project throu h holes in the cover to permit 

obee:rvation trom th eidea as rell ns tl"Otll the front . The i n-

trument is mounted on a i ol with t o t a.pole a itehee, 

hich connect it to the inco.:ning d operating lines. Th 

pension insulators ~ ve an innul ti atron€th greater than the 

maximum oltag used on th line. Tho glowe:r lam.po hen not es:-

citcd h vc the appearance ot ord1ne.:ry spherica1,t:rosted ,1noan-

d scent 1 p bulbs . hen th prop r difference of potential is 

auppl1ed across the lamps t'ey glo 1th a reddiah hue , due to 

the speeial gs.a that th y contain. 

Ono ot th gl.01e:ra 1 connec d to tlle 11 or th incom-

ing and running rnachinee so that ho €lower ill be sho 

circuit d by one ot the poles of the s itch when the lin s are 



connected toget "er. The other two glo .ers have their connec-

t tons to the line through the insulators rev-ersed,, so thllt e.t 

synchroniem th y nr connected noross the t o remaining phases 

ot the lines with one co~..nection on each glower on the othor 

aide ot th ynohronizing oil circuit b~aker. 

Whan the lines are in synohroni , the glo ers will indi• 

eate in an order similar to that ot ordinary synchronizing 

lampe the np ront direction of rotation, denoting wheth l' the 

incoming machine ie running too :rast or too slow. ~ hen synchrQ.. 

nism 1 reached the:ro ill be no rotating etrect end the glower 

hich ia connected t .o th correepond1 lines will be dark 

while the other two glowers w1ll indic te at a.bout on halt 

brilliancy, which is the . condition for throwing tha ma.chines to-

gether. 

The instrument will give satitsfactory indications on cir-

oui ts of aa low pressure aa 13,20 volts and it can be applied 

to lines ot any higher voltage by connectin in an adequate 

numb r or insulators . 

The electrostatic typo of indicator is suitable primarily 

tor indicating synohronism between high tension circuits where 

th voltage and current aro measured on the low tension side .• 

It consists of fe· eiroplc and inexpensive parts , and can be 

used to advantag in main stations. a itchin st tiona, line 

junction etationa, and earo subatstiono . r.lho ueua.l method or in-



dicating when machines may be synchronized by us of y:nohro-

nous indicator or ls.mp • employs al~o s a ru • potential 

t:mnsto rs . hia arro.ng ent 1 very sati :factory but hen 

it is desired to connect two system to ther whore tran ro 

era ar not nee ed tor in<ioati ~or easuring purposes the· 

electrostatic type ot indicator is satisfac ory Glld com.parative-

ly inexpensive . 'I'he higher the volt ge the ore does this apply. 

Tt General leotrio Ca any manuracturee an electrostatic syn-

chl'onizor which recru1ras or o.a)erotion only the cb.arg1n current 

ot the line . 

~he el ctrostatic synchroni indicator can also be used ae 

a ground detector by connectin one te:nninal ot each lower to 

the ground and the other t :rminals to the lin • A lighted glo 

er ill indic te tba.t the line io at a potential higher than 

that ot the ground, that is , not grounded. 

Induction 

Construction; (see 'ig . 2) The inductor type of nynohro-

ecope consists ot three stationary coilo N, 11. and O, and n 

moving eyet consisting ot an iron. mature A rigidly attach-

ed to sh.art S which ie suitably pi voted and mounted in beaiw 

inga . The moving system. is balanced and is not subject to any 

reotraining force or epriDg such ae a gravity control . Tbe coils 
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and have their axes in the same vertical plane but ninety 

degrees apart , while coil C has its axis in a horizontal plane. 

B and J are connected in epl1 t•phasc relation through an in-

duct! e reactance P and a noninductive resistance ~' and the 

two circuits are paralleled across the bus bar terminals 3 

and 4 . Coil C is connected through a noninduetiv res1stanc 

across the upper or ohiue termint'J.ls ot the eynohroscope. 

Principle 91. 9J>era.t1on: Current in the coil c , gnetizes 

the tro core carried by tha sh.a.rt and the two projections. 

Tha:m 1 • however, no tendency to rotate the ehatt . It current 

b passe through one of tho othei" coils • say • a Wt2'J.etic 

fi ld ill b produced parallel with it ax1a. Thie •'ill act 

on the projection ·ot th$ armature causing it to tul-n ao that 

t pos1t1T and negative projections a sume t h tr position in 

the field otM. A re• real ot the di:rect1on of th current 1n 

both coils will obviously not aftect the position ot the rm. 

ture ,. hence alternating current of the same :frequency and 

phase relation in oo1la C and M cause the .same directional 

effect as it direct current as passed through th coil • It 

current lagging ninety degrees behind that in coils C and M bo 

passed through N it will cause no rotating effect upon the a 

ature bee use the maxiro.um YalltO of the field which 1 t produces 

ill occur at the instant when the pole strength ts zero. The 

t cu:rrents in the coils N and M produce shitting lt!Qgnetic 
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tield which rotates about the shaft s an axis. all currents 

are aosu:ned to be of the same treoucncys the re.t or rotation 

of the field is such that its d1reot1on corresponds ith th t 

ot the annature projections at the instant when tho poles in-

duced in th y tho aur.:ont ln th coil C are at a ........,' ................ , 

value a th field shitta through 180 degrees in the SB! in-

terval as ia required t'or the reversal ot the poles . •his 1s 

the casential feature of the instrur1ent; namely. that the al."m"" 

eture projections ta e. os1t1on in the rotat n magnetic 

fi ld which co~responds to the direction of th field at the in-

troit when t~e projections are r...a netized to thoir max1mu:u 

strength by th ou:rr-ent in the· coil C. t tho treQuonoy of the 

currents in the coils which produce the sbif'ting field is less 

than that 1n the coil which magnctizeo the armature then the 

a tu.re must ~urn in order toot 1 t y b p ra.llel . 1th he 

field when it poles are at maxim strength; consequently 

rotation ot the a;rna.ture ndicateo difference in t:requ ncies, 

and the l te nd direction ehow hich hbs the higher frequency 

and th amount of dif"fcrence . 

I.incoln e Synchroscope 

The Lincoln :ype of synchroscope has been developed for use 

in large stations whel'O it is eceosary that tho instrument be 



vieibl fro each prime mo ~r. 

Construction: (1e e ig. lJ\.,. pa e 5a) ,\£! ma.y be oeen 'by 1 

speotio or the igu • this inst .t consists of an alt 

atil'ltl our~ent bi-polar otor it a lru ine.ted 1xon field 

and v• e.nd a e re on .hich 1 distributed two--pha e 

winding Fl an D and "hieh ie oo acted in plit··pho.ao relation 

trough a noni duo·ive ro iatance r1 nd an inductive re ot. 

ce r"l . The reeie ance conaist o. o etat.ionary illUiilnBtins 

lam.po located on the glass . dial , and r,ovablo lamps aro attac • 

od to th i ica~- poi ter. 

a ound t o f'ield coils connect d. to t two 

bus bar leads S end 4 . Current iD carried to and. troru th a 

tu.1'0 by .eons of a set ot three collector rings and correspond-

ins brushea . 'l'he armnture h al o carriea an 1nd1catine point-

er aup.orting the movine indicating l s . 

PrinciRle .2£ OJ?_e:rat}on: In a tor, as ohown, tho a u 

tends to take position auch that th current in its coil pro-

ducee a magnetic field in the a direction as the magnetic 

r1old produced by the stati nary ~·eld coils . It a di ct cu 

rent b p a od throut;h the ield <mile d e.1 o through th .n;n.r. 

ature coil D• ··hen th mat~re ill aos e position as shown 

in the tisure. It the dir<'lCtio ot tho current be simulta ously 

:reversed in both coils tbe po3itio or the azmnture is obvtou&o-

ly UDAf'fectcd . ence. f ltom ti ~ current be substitut d. fol' 
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tbe direct eur t the position of the an:iature will remain un• 

changed provided th alternating currents have the same frequen-

cy and t pbaae lation. s ond current having a dit-

r: rence ot phase ot inety degrees may be passed throue.h tho coil 

B ot the a ture . Thie will emus the po ition ot the rnnt\11'9 

to eh1 tor the re eon that t gnet1o ti~ld it produoee 1 

a max when toot produced by the sta ·tonal'7 ti ld ooila 1c 

zeroa b noa the ta no effectiTe torque produe d. The t o 

rents 111 the al'tllatu:re :produc a progressive hitting ot tht:r di· 

c ion ot the magnetic field e.nd ( aa all tho current re ot 

the same trequency) the roto ot rotation ot thi& magnetie field 

is such that its direction coiaa16 s with that produc d by the 

tatio:n.ary t1eld coil at the instant that the latt r a.re t a 

ma.ximnm wlu • This is the aaMtia.l teature of th inStruinent J 

ly,. that the rate ot physical rotation of the gnetie 

field produced in the al!lltlturo must be such that it coincide 

in direction with the tield produced by the stationary field 

coil hen the latter are at their maximum value. As above e 

cribed• it th trequenoy ot the curre in all the coils is the 

t a ture t ca th position as illustrated in the fi 

ure . SUppo th treq noy of the al'mQturo current is less than 

t t ot the current in .the atat iona;ry field coil.a; then the ~ 

tatin8 ti 1d does not shift quite 160 degrees vhilo the ata ion-

Cll",Y' field rt'Yt'Orses . henee a torque if: produ ed and th arizture 
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turns .. It tends ·i;o rotate t such a a..,ee that its shifti 

tiold oves through a phynical angl of 180 egrees during the 

reversal ot the field curr·nt; that i , the speed of the ~ 

ture J.'Ota ·ion equ. 1. t e differe ce in the '"'t;netic rotation. 

'l'lle seed of the annat rsi and th. pointer ttached to it, 

therefo , so a the ~tf ·r nee in tr q·eney bet en the al· 

.. erna .:1 o u .. rent in the an · tu and tha in the s'tatio:nary 

1"1eld .. 

It is advisable o ' se lamps as an addi tiona_ check because 

the aynchroacope cannot follow in differential frequency hen 

synchronizing i b gun with a g t differenc in ap ed of the 

gonorator • Synehron zing lmnpa 9houl be usod until the speed 

is within ten ;·er cent or the speed of' the running maehine • and 

then the synchrosco;e ill r ·1 in st p and indicate by the di• 

rection ot i ·s rot tion the speed relation between the incoming 

machine and the us b rs . 

sync ronizi.g device ·s sufficient in sin~l phase fer 

paralleling machines a ter the corl"tlot rertlltlnent oonnectiono 

have b en made to the c;yuc·ronizing s itc es. 

Aut a 1e $ypchl-onizer 

The autO!l".a.tic· synohronizer io pri ·rily intended for uae in 

stations op rat in large oe.pac1 ty l chines, and he. it is s-
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eential that a cln onizing be done rapidly and safely. 

A sucecssf.ul autornatic synchronizer shoUld c ose the cir-. 

cuit when all oonditionc a au1table for closing, and it 

should p:rc .nt h closing f circuits until t ese conditions 

er involve~ the follo ing re.u1re ents: 

(J.) It shoulu permit the co pling of the .maehiner- a soon 

as tt..e diff rcnee ot speed 1~ withi sQfe limits , and it ehould 

prevent the coupliD.(; of the machines at all other times. 

2) It should permit th coupling of machines whe the 

loetramo 1ve torces aro ~ith1n the proper limits , end it should 

pl"event the coupling of thQ machine hen their lcetramotive 

forces ar too far out of phase , 

(3) It should pe:rnJ.it the coupling of tho machines whnn 

their oloctromot1 e foreec are qual , and it should prevent 

the eouplin or the machine when their 1 ctromotive forces 

are too idely di crgent . 

(4) It should close th rel y circuit for coupling these 

mchinee on th first ooeaeion hen the three foregoine; con ... 

ditione oecur. 

(5) It should close the :ro!.ay cont eta in advance of the 

period for couplin by a sufficiently large interval to allo 

the aw1tch to act at tho exact tllOll1 nt or synehronisnf the 

i:reater the difference in oppod the gre ter should be th ad• 

va.nce in angle in ord~r to mal:e the t:irr,e e.llo.ied constent .. Ae 
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d1tf, rent types of itches require ditteront amounts of time 

to clo • the time ot advance should be adJuatable . 

(0) It ehou.ld be c rta1n and eat in its operation and it 

anything in the chant te.11 it should prevent coupling. 

The autanatic ynchronlzcr is especially well a4 pted tor 

u in ower station ot larg railway syat • n acc1d nta 

oecUl" which entirely ehut down one or more oubstations, 1t 1s 

excee 1ngly important to ~tart up again w1 h the least PQse1bl& 

delay. 11th altorna'ti current otors tor starti 1 and an 

automatic synchronizer tor each rotary converter, this can b 

done ve:r,y quickly. Unle the Toltage ot the syste hao be&n 

disturb d it 1a simply necea ry to close tho starting motor 

switches an.ct the automatic ynchl'oniz r will 4c the rest, 

1th the incoming maehine in phaee 111 th the l"UJ1Jling ma.chin , 

o.a in synchron1smt tba gnot:to tielde induced by the currents 

i the left hand solenoid oppo e each oth r. then neutralizing 

the pull ot their co at tho same instant, t etic 

fields 1.nduced by the cur:rento in the right hand eoleaoid 

e aist each other, thus giving a maximum pull on their core 

and d?"Sw1rig it to the bottan of the eoleno1d. en the in-

coming machine is not in synchroai the magnetic fields in-

duced by the currents in th left hand solenoid 1st each 

· o~her and e::a:ert a maxim~ pull on their iron core • en tho in-

comi:ne machine and the runnin machine a.re in ninety degree phae 
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relation the solenoids exert equ l pull1;1 on their iron cores. 

which take up equal distanceo from he bottom of each solenoid . 

Th displacE.llllent of the be t the firot synch1~nizing p 

aition (due to a d11t renc in yhaae :relatio s bet~een the t .o 

chi e } impart to it a w:llki ct1on, nd thi mo e-

ent up and do corresDonds to the dark and light periods of 

lamps. or to the pointer :rotation ot the regular oial aynch 

scope 

'l'h inorea. 1ng variety of phase anglo measurements requ1• 

ring low burden instnlment bas created a need tor a phase 

an~le motor having low power cons mption. This is especially 

desirable for synchronizing po er circuits when only poten-

tiale irom. condenser buahin de~icno are available . However, 

a low energy 1n~trum.ent iD desirable tor all applications . 

A ne iron-vane eynchroscope haA been developed withe bul'-

den of about four volt-ampe s per circuit~ which is about one 

fourth or the enerr;y conaumption of pre ious typ e . The rote.-

ti tiold or this ynchroscope is s t up in an efficient 

magnetic path ot low :reluctance by coile connoeted to the in--

caning me.chine. The magnetic ciroui t is practically all iron 

except for th gap between the moving i:ron-vane and the stator. 
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el ent i o"" ligh .. . ight • r. 

1in abe.1' to wbi ch A.}:'{ at .a.ch iron a ea . The vanes a.re or 

hip rnik, a lo ·loss 11 n. ip :cnik lw. high pe bility at 

l H spooially ouit b for this c se . 

The smite mcohan sa1 lt:1 bei· sc<: Hh dii"fe:rent l: indingo 

in po :r factor e . i ·th e. n &l de reo sea.le . Such ins. ru-

montn u fUl o. cireuita subject to po er tlo veraea 

in ·i · ction. as 011 ie lines . o lrull'Y dynam eter pow r 

sool ecessi t t "witching tl1e inatrument 

t:ran for· ·e1· conn ctions. but this ia avoid,,d in the met r with 

rosoope ... 1 -; t 1 t in·lio the oe.se whieh has been 

d ve1o s a s nda . ror a ltchboard in trum e. Thie pe 

its int l'Changea.ble ca c and co r part as el good a 

p a.ran e. Th mechanism can also be u e as a. posHio:n i ... 

ca to• by u~ ing t on th ta.tor or connec• 

ttona to controller otor ot t duplicate position yp • 

T e sea e i more itom and ace re:te:s th n on proviou in.di• 

c tors . le lo ti n D i"t po ibl to operate 

more indicators tram a given aiz con' ller, or to operate 

indicators at gr ter distance. 

Obj ct: To conat ucv a ~ynchroscop 01 uae i th ~1ec-



-19-

trieal ineering boratory. This synchroscope is to be Sl:lD.ll 

and a very canpaot unit, which will be portable and of eucb 

sturdy construction that it will not be damaged by the frequent 

handlin of inexperienced students.• 

f.!,ethod ,2! Procedure: After a thorough research of the ex-

1 sting typea ot instruments, ynchroscop ot the Lincoln 

tn>e was chosen a& best suited for tho given object . The oon-

&truction ot this type ot synchroscope is essentially that ot 

a wound rotor induction motor. This involves the construction 

ot pole pieces, field coils. and a wound rotor. 

Th& pole pieces were cut from laminated sheet steel to the 

desired size and shape and then bolted together (see Figs. 3 & 4) 

Aa tha instrument was to be used on llO volt, 60 cycle cil'i> 

cuite the number ot turns on the tield coils was calculated as 

follows: 

eum.1ng 40,000 lines per aqua.re inch to be the flux 

density or the laminated iron poles, the number of turns was 

dete.xmixied trom the relatio~ 

e : 4 .44 t N I 108 volte 

where ; tis the ·f'requency 1n cycles per second 

N is the number ot turns 

I is the flux 

e is the impressed voltage 

The required number of' turns was found to be i.100 for both 
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ooila,. or 500 turns par coil . The large t wire whioh coul<l be 

placed 1nto tho avn!labic apace s fou d to be nU111.ber 19 B.& s. 

enameled, sine;.l cotton oovemd, eopoor wire . ooden eo11 tome 

w:ra then oonstructed, upon tthfoh the coils vr re WO'Un4. The 

coils were ncltt wroppGd with insulating tape and soaked in 

ble.ok 1naulat1n.g vam1shi and,attcr being all.owed to dry, ere 

then placod on t e field oles. 

The a:rmature was wound on a trame taken from an old Thom-

son watt• hour meter. This tmme was :fj,rst cut down so that it 

would be of th& p:rope:r dia."leter tor the field poleo. The t\'lo 

a.1.Witure windings were then placed on the core at right angles 

to each other and leads were b:t'Ol1ght out to the colleotQr ~inga. 

Each 1nding vaa composed of' 00 tu.ma of number 3.P B.&. 8.1: 

enemoled, single cotton covered, copper Wire. ThG complete a 

aturo wao of ery light constr..iction* due mainly to tho fact 

that it was ot the a1r aore type. 

Brass frames {Fig. 3) were attached to tbe field poles to 

provid:e bearings tor the a~ftUrG shaft, anti supports tor the 

bn1sh boldors. The field ooi~a , polos, end armature wore then 

assembled (Fig. 4) ancl mounted in a amall wooden box. 

~~e 1nstramont,ae it 1s, 1s not a ~omplet unit because it ie 

necessary to p:rov:ld.e a phase eplittil\.g dovice tor tho windings 

on the annaturtt. J?raot oally ell co~rcial unite have the phase 

eplittiae device aa a separate unit from the in-trument itae1t. 
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Since 1 t e our ori.ginal 1d to the aynchroscope c 

pact unit ithin itself• our nett ova was to design a resist-

ance coll e a r& etanee coil ao that th y could both be pla-

ced in e box containing the other mechanism. A the maximum 

ar.natu:re urrent to be a fractio ot an ampere (o.ns am-

p res), resistance ot pproximately 130 obma was eeesa:ry. 

This resistance el o 1nolud d tht\ ~es!etanc.e ot the ar.re.turo 

coil which s in aeries ith it. 'l'he~tore11 in ord r that th& 

pbaa should b split ae r ni oty degrees as possible,. a 

totc.1 1nduct1Ye reaotance ot approximately 130 ob::ns was noce 

ry. 

A 11. circular. l.Bminat,d, iron core waa selected tor the 

construction or th · actancea but b tore the b~r of turns 

nec~ssary to give the reouired .ctance could be determi eda 

the satura.t1o .. curve ot th iron core w s det mined and the 

correct tJ.u.x density we. calculated• Then, with. the flux den-

1 y, frequency• a <l voltage known, the nutnber of turns neees-

ry to gi the :required reaotance s calculated trom th& 

relatio 

e : 4 . 44 f I 108 olt • 

Arter ha ing wound the coil 1 t t und too th n er of 

turns Vias inautf1Q1ent to give the d aired :results. Consequent-

ly • moJ:<e tums were added un.t 1l the total numbe.r ot tums was 

1'112, which satieta.atory sul:tr.J when balanc d against tho 
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l"e$1St ce. Th reactance coil s ound 1f1th number 28 B. & s. , 
enem 1 d, single cotton covered copper ire. It e.e the t pe , 

ke in a ·llao, and moun ed in the box w1th the other p rte . 

The ei tanoe was mad up ot fort,-sevo. te t ot re iatance 

wire ound in a amall s:piral and mounted on a s eet of ca. 

This o then placed 1 the bott or the bo With an op :n grill 

in the front tor ventilatio and to allow excess heat to escap • 

A fac wae then put on the box ith an indicating needle on 

the armature shaft in tron·t ot the taco, ao that the needle 

coUld indicate the point ot synchronism. 

Conclusions 

tter the construction of our eynehroscope was completed ,we 

proceeded to teat 1 t out in the laboratory. e round 1 t v 

positi e indications ot synchronism in every oaae, and e re 

more than ati tied 1th the reaulta obt ined. though our 

work as campsrat1vely poor in relation to that don by men 

ho have spent their enti lite on such aubjects , in eona1dor-

at1on ot the time and the materials that e had to er 171th• 

feel that have aeeanpliehed our purpose and have derived 

gre t deal or benefit t our ye r ot work. 



Su itted by: 

• • Watson 

/ • s. Jarps 

H. • a1'.lo , r . 

Virginia Polytechnic Institute 

1934 
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