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1. SCOPE: 

1.1 This document is limited to units meeting the definitions of para. 1.3 
and covers the following general class of s,ynchros: 

26 volt, I~00 c,qcle s,ynchros 
115 eolt, ~00 cycle synchros 
115 volt, 60 cycle svnchros 

l.l.l Under each of the above general classes of synchros the following specific 
type of synchro is covered by this document: 

Synchro Transmitter - Torque 
Synchro Transmitter - Control 
~ynchro Control Transformer 
Synchro Differential Transmittex - Torq_ue 
Synchro I}ifferential Transmitter - Control 
Synchro Differential Receiver 
Synehro Receiver 
Synchro Resolv~r Transmitter 
5ynchro Resolver Control Transformer 
Synchro Resolver Differential 

1:2 Code for Type Designation of Synchros: Synchros are classified according to 
frame size, function, power supply rating, environmental capabilities and the 
type of shaft and method of electrical connection. This information is con- 
tained in the type designation which consists of five blocks of alternate 
numerals and letters as follows: 

i5 	 ~ 	 _l 	L..~.1 	 3 

~ 
Frame Size 	Function 	Power Supply 	Variable 	Environment al 

	

Ratin~ 	26 Possible 	Capabilities 
10 Possible 

1.2.1 Fra~r►e Size: The first two numerals of the type designation number indicate 
the maximum diameter of the unit in tenths of an inch. If the diameter 
is not exactly a whole number of tenths, the next higher tenth is used. 

CoPYrl~ht 1959 ~~~~ of Automoth~ Ensin~~rs. Ina 	 Print~d in U. S. A. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

61
a

https://saenorm.com/api/?name=3c4311989eb2941ab5a775dbb775b4de


~~ 

~~ 
~~ 

~~ 

~ ARP 461 A ~'' •"'° 7-1- 55  ~ 	 I 
R.~~..a 11-~5-59 	 snt~os 

~, 
-2- 	 ~ , 

FYsme 31ze 2 Numerals 
Nominal Diameter 

f~8 0.7g0 ineh diameter 
10 0.937 inch diameter 
11 1.062 in¢h diamQter 
15 1 •437 inch diameter 
16 *1.537 inch dia~ter 
18 1.75o i.nczh auameter 
~,9 ~* 

23 2•250 inch disaetQx 
31 3 .100 inch diam~eter 

~ Size 15 chara~tsristic~ xith rotatable stator 
~ 3ize 18 characteristica with rotatable atator 

1.2.2 Funetion: The s~eand block o~ t,he ~ype designation number consi8ts of tv~o 
letters vhiah indieates the f'~actio~al applications as Pollows: 

Function ( TWO I,etters 

TX Transmitter - 7.brque 
CX Transmitter - Control 
CT C~ntrol Tran~Porm~er 
TD DiP~erc~ntial Transmitter - ~ic ►rque 
CD Differential Transmitter - Control 
DR Differential Receiver 
TR Receiver 
RX Reeolver - ~ansmitter 
RC Resolver - Control 7~aneformer 
RD Resolver - DiPferential 

1•2, 3  Power S~ipply RQting: ~e fihird blvck of the type d.esignation number eansiste 
of one nwneral i+hieh indicates the naminal. pover suppl,y system utiliz~ci ae 
follm~r,s : 

Prn~rer S~PP1,Y Re~ting (1 Numeral ) 

l~c~tinal 	S'~rstem 
Volt~;ge Frequency ~, 

1 	115 	60 

2 	u5 	400 

3 	26 	 400 
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1.2.~ Variable: ~he fourth bleek of the type desigaeition n~ber eonsists of a 
lett re~vhich iadicatee s~rsriable applieable to the partieular unit such 
as tezminals, l~ds, sha~'t, e#~,c., in accarelance vfth #,he lollaving tsble: 

Varisble (Ehze Lett~r) 

A 3tisr~inal eonnection, smoot~h shdi~t 
B Flesible lesds, S~ooth shaY't 
C Rlsxvtinal connection, splined shaf`t 
D Flexible leads, splined. shaf`t 
E Rotatable - outline figure 3 

1•2•5 Eavironmcntal Gbpsbilitiee: ~e PiPth block oP the type designati~n number 
eonsists oY one aumeral to indiaate the service cenditions r~hich the un3t 
is designed. tc►  yrithst~nd according to the f011awing table: 

IIivironm~ental Ca abilities 
~1 —Nuateral. 

1• Unexposed 

	

	Units vhi~h are nox~lly in8tallcd xifi,hin prvtected arees 
~- 55°~ ta +71°C) that do ~t require more than a 2~ haur hvmidity check, 

sueh as sealed instx~tents. 

2• F~cposed o 

	

	Units which are nor~ae~lly installed in unprotected ereas 
(-55~~ ~+71 C) that ~io require me~re t.han 24 ht~ur humidity check, such 

as unprateated uaits in computer racks. 

3• oi~ ~̀tP~ 	Units Whiah are normally installed ia areas sub~ected to 
~-55 ~ to +150°C) ambients betveen 71°C and 1~°C for geriods oY 2~ hours. 

1.2.6 Illustration: 15CT3B3 indieates a size 15 Synchro Coaitrc~l Tranaformer for 
use in a 26 volt, ~00 cps systeffi, has a snooth shaPt and flexible lead$, 
and Tr,ds designed for vperatien in a~bienta ovcr 71°C and under 15~~C. 

1•3 Definitions: 

1• 3• 1 S~rachrn : A synehro is an electrc~-ma~etic device ~iah is pri.mari~ ►  used 
for tratis~ission, reee~ption ar Qoaversiott of angular d,ata. 

~ 
~~ 

~ ~' 
•,,, , 
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1.3.1.1 S~rnchro Transmitter: A unit ~herein the rotor is mechanically positioned 
Por tranemitting electrical inf~rmQtion eorresponding to angular position 
of the rmtor rrith respect to the stator. 

(a) A torque tre~nsmitter is constructed prime ►rily Por opera~tion 
vith receivers, torque diPfer~ntial transmitters, and 
differential receivers. 

(b) A control tranamitter is cmn~tructed primsrily Yor operation 
With control transfmrm~ers or control diPferentit ►1. trsnsmitters. 

l. 3.1.2 Sy~chro Centrol TransPormer : A unit frherein the statc~r is supplied with 
electrical angular in~ormatimn and the rotor output is a voltage propor- 
tional t~ the sine oP t,he dif~erence between the electrieal input angld aud 
the cmatr~l transPmrmer rotor angle. ~his unit i~ cmnstrueted pri~sarily fo 
operation Wi.th control transmitters and control dit"~er~atial tranamittera. 

l. 3. l. 3 S~rachro Dif'~~rential Tre4nsmitters : A unit `rherein the rotor ia mechanieal- 
ly positioned for modif~ing electrieal angular inP~rmstimn received by the 
stator ~`rc~m a transmitter and re-trenamitting eleetrical inPormstion corres 
ponding ta~ the sum or difference of the electrical input angle a~nd itm 
rotor pvsition angle depending en the syst~ iriring. 

(a) A torque differential transmitter is constructed primaril~ 
for operaticn With torque receivers. 

(b) A control differential transmitter is con$tructed primarily 
Por operat3on with control traneformers. 

1.3.1.4 S~ur~chra D3f`Pdrential Receiver: A unit where3n the rotor is txee to turn 
to sse~ a position with respe~t to the sta~Cc ►r in aecordaaee with the 
sum vr diPterenee oP the electrical angular inP~rmation rec~ived by the 
atat~r f'rmm 0ne ~ransmitter and by the rcator Prcam a sec~nd tranemitter. 
'thi~ unit is eonstructed primarily for operation with ts~o synchro torque 
trensmittero. 

1.3.1.5 Syna~ar~ Rsce3ver: A unit ~rherein the rotor is free to turn, to assum~ a 
positi~n wit~13 respect to the stat.~r in accordance `rith the electriesl in- 
~'ormation received when the rotor is prop~rly energized.. 7.his unit is 
primarily constructed for opeaetion vith torque trans~mitters snd torqu~ 
diflertratial tren~mitters. 

i.3.1.6 Resolver - Tranamitter: A unit which has two perpendieular xindings on the 
stator, that has its rotor mechanically positioned for transmitting elec- 
trical inform~tion corresponding to angular position of the rotor with 
respect to the atator. 7.his unit ie~ intended primarily for use with 
Resoiver - Control Transformers and Resolver - Differentisls. 

1.3.3.7 Reaolver - Control TransYormer: A unit vhich has t~ro perpendicular rrind- 	,- ~ 

ings on the stator that transPorms electrical angular inPormation from 
the atator to a v~oltage proportional to the sine of the difference bet~en 
the electrieal input angle and the reaolver control rotor engle. 'lhis 
unit is intended primarily for use rrith Aeaolver - Transmitters and 
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1.3.1.8 Resolver - Bifterentisl: A unit vhich haa txo perpeadieular xindtaga on 
bot,h the rotor ftnd stator that has ita rotor ~eehanically ~ositioned for 
modif~ring electrical angular information received.from a transmitter and 
re-transmitting the eleetrical infornstion corresponding to the avm or 
difPerenee of the electrical input angle and its rotor position angle, 
depending on the system ~i.ring. R~is unit is inteaded primsrily for use 
~ri.th R~solrer -'~ ►„a*~it~~s aad Resolver - Control Transfox~ers. 

1.3•2 Hefiniticns of 'Perms: 

1.3.2.1 Direction of Rotation: Clockvise or counter-clockwise ia detersiaed irhen 
flscing the shaPt extension end of the synchm. i~en tw~o ehat't extensions 
exist, the one oppoeite the lead or terminal ead ahall be the ~uue cwnaidered 
for this definition. 

1.3.2.2 I~tc~r Angle: ~e rotor angle of the synchro is the angular displacment 
of its rotor Prom the synchro zero position (ae~ 1.3.2.6) m~eaured es an 
incr~sing poeitire angle in a counter-elockvise direction. 

1.3.2.3 Prim~ry and Secondary Windings: Zhe primsry wind.ing ie the one vhieh re- 
eeiv~es energizing po~rer fx~ either the supply line (as in transmittere 
or receivers) or fro~ another synchro (as in coatrol trensfornrers). In 
the ease of difPerential transni.tters and differential reeeivers, the 
Primaz'Y vindin8 is the outer winding. 

1•3•2•4 Electrical Aagle: 

1.3.2.4.i Transmitter and Re~eiver: ~e electrical angle is the engle "a" di8placed 
in a posititr~ dir~tion tx~m synchro zero tirhieh +eatisries the relstive 
asgnitudes aad polarities af the seeondary vrilt~ges oi a ~ehz~ trans_ 
nitter or receiver in scaordamce with the fellc~ing e~ustiana; 

E(313)=nE(R~)sina 

E~S32 ) • nE(R~)sin (a+120°) 

B(3~)=nE(R~)ain (a+2~W°) 

i~ere : n' is the ratio betx~een the msxim~m x~s voltsge betineen er~y t~ro 
aecondary termina ►la, rith the third tie~mmin~l vpen, and the 
Primnr3~ volta8e : 

E( R~ ) is the voltsge bet~r~en te~ i ,"~7 a~ an.d Rl  . 

$( S~ ) is the v~ltsge bet~e~n termine~la Sl  and S~. 

Other ~roltages an similarly defined. 7hese second,ary voltsges 
are in time phase vith ~ne another and uauAll.y displaeed a 
nc~inal a~rount in tise phase fram the ~ri,mary voltage. 

~.-/ 

~ 
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1.3.2.4.2 Control Tr~ ►nsformer: 7he electrical sngle "s" ie ttie angle displaced in 
a positive direction from synchxro zem vhieh ~atisfies the reL►tive 
ma~itiude and pol.arities of the sedondary voltage of a~chrv ~ontrml 
trans~ormer,in accordauce with the Pollowing equations: 

E(R~)=n [P(S13)ain(a+i20)-E(S32)sin~ 

E(313 )+E(S32 )+E(S~) =0 

Where: n is the ratio between the ~ax3mam ~s v~oltage betveea the 
secmndary terminals and the primary voltage rhich is applied 
between aqy one primery terminal and t~he other t~ro primr ►ry 
terminals which are connected tog~ther. 

E( R~ ) iB the voltage betx~een te~i:nsls R l and R2 

E(S13 ) is th~ voltage betaeen terminals S1 and S3. 

Other voltages sre similarly d,efined. 

1.3.2.~.3 Diff~rential Transmitter and Receiver: 7.he eleetrieal angle "s" i~ t~e 
angle displaced in a po~itive directimn Prom synchrm zero xhieh aatisfiea 
the relative me~~itudee and pmlaritie~ of the seeondary veltages of a 
~nchro diYferential transmitt,er ~r a differential receiver in s~cordonce 
~ith the PolloWing e~zations.: 

$~ ~3 ~ = n [E ( 313 )  a ir~ ( a + 120 ) - E ( S3~ ) ~in ~ 

E~~~ = n [E ( S13 )  sin a- E(S32 ) sin (a + 2~~~ 

~~~ = n [E ( S13 )  ain (a + 240) - E (S32) sin (s + 1.20~ 

B(sl3 )+~(s32 )+E(sti, ) =o 

Where : n is the rativ between the meacimu~ rms volte~ge betrreen aqy two 
secondary terminals, ~.th the third terminal c~pen, and the 
primary voltsge Whi~h is applied betreen e►Ry one primary terminal 
snd the other t~no primsry terminala, rhich are aonnected together. 

E(R12 ) ia the v~►ltage betveen terminals R~ and A2 

E(S13) is the ~roltag~ between terminals S1 ~nd 33 

Other voltagea are similarly defiued. 

/~ 
L~ 

~ ` 

~ 
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1.3.2.4.4 Resolver Trsnsm3.tter: ~e electrieal saglc "a" ia the angle displaeed in 
a positive directien frcn synchro zero vhich eatistiea the reletiv~e 
ae~gtaitudes and polaritiea o! the secondary voltages of a reeolver trana- 
mitter in gccordanee irith the following equatictt~s : 

~s (S13) =nL(R13)cosa 

E(3~)=nE(Ri3)•ina 

iihere : n is the r+~tio bet~een the a~dmum rms voltage betw~en ~ro 
secondsry te~i ng~ A( 31 and S3 or S~ esnd S4 ), with the other 
tWO texm.f.nals epen, and the prime ►ry voltage : 

E( Rl3 )  is the v+oltage betw~een te~ne ►la Rl  and R3 

E( 313  ) ia the voltsge bet~reen terniinals 81 and S3 

Other voltages are similar],y c~efined. 

1.3.2.4.5 Reaolver Cantrol Tran~~erm~er: 'ihe electricBl angle "e" ia the angle 
i,taplaced in a positive direction frem aynehra~ zero xhiah satisfiea 
the relat3ve me ►gnitudes and polarities of the secsondsry voltsge o~ s 
rea~lver control tranaformer in accord,anee vith the fellmring eeluation: 

E(R~)=n E~(3~)co~s- E(S 13 ) ~ina~ 

Where: n is the ratio between the ms~~m  rms v~oltage between the 
secand,ary te~+inAi s and the primary veltage app~ied betveen 
tiro primary terminals (Sl and S3 or 32 aud 34). 

$(R'24) ie the v~oltage betveen texminala ~ and R~ 

E(S~3 ) is the v~oltage betveen tet~inals 31  and S3 

Other vc~ltage g  are similarly d~efined. 

1.3.2.k.6 Resolver Differential: '~e electricsl sagle "a" is th~ angle diaplaced 
in a positive direation fram synehro zero ~hich satisfiea the relative 
me~gnitixdea end ~ol.e ►rities o! the $econdary valte~ges of a resolver 
differential in accordance ~~ the folloWing e4uationa: 

E(R13) = n~E (Si3) cos a~ E(S2~) sin ~ 

B(R~~) =nLE(3~)cosa-E(813)s~:na] 

i~ere: n is the ratio betveen the ~ rma v~oltage between trro 
seconde~ry tezminals ( Rl e~nd ~ or R2 aad 1~+ ), irith the other tiro 
terminals opeu, and the primaxy voltage ~hich is applied betveen 
tWO primax-y tp,~,~{ *+•~ s( Sl sad S3 or S~ and 34 ). 
E( R~3 ) is the vOltePje b~ttiieen te~{ ns~l a g l  ~~j,  g~ 

E( S13 ) is the wltage bet~reen terminale S l  and 33 
Other wltaQes are aimilar v defined. 
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1.3.2.5 Ti~e Pha~e: ~e tim~e pheae at a point in a synchro sy~tm is the phase of 
the v~oltage st that point itith r~spe~t to t.he en~rgizing voltwge oP the 
synehx~o syatem. ~ie tlme ph.as~ is ~ssured in d~egrees. Time phase ea 
dePined hcre shsll not be conf'uasd vith electrieal angle whiah is also 
meaeured in degreea. 

1.3.2.6 synehro zero: 

1.3.2.6.1 Transmitters and Receiver: ~e synchro zero position of transmitters 
and receiver ia that positimn of the xbtor irith respeet to the sta~tor 
at vhieh miui~um voltage is induc~d in the s~cmndsry circuit S 1  - S3 
and at vhich the secondary wltagea E( S ) anal. E( S32 ) arn approximatel.y 
in tim~e phase with the prime ►ry voltage F~R21 ) . Rhe miniraum voltage 
position ia delined as the point v~~re the secondary voltage of P~nda- 
m~ntal frequeney, that is in time phase xith the aedondary voltage at 
ma~d.mwa coupling, is zero. 

1.3.2.6.2 Control Transformer: ~e synchro zero position of a control transPormer 
is that position of the rotor xith respect ta the stator at which minimum 
voltsge ia induced in the secondary circuit R1 - R2 rhen the unit is 
energiza~d by applying 0.866 tin~ea the rated voltage b~trneen texminal 
S~ and the terminal S1 Whieh is aonnected to S3. It is so detexzni.ned. 
that for small defZections of the rotmr counter-elmekWi$e fr~rm synchro 
aero the induced voltage E(R ) is approximatQly in time phsse xith 
the ~oltage E(S21 ) or E(S23~'Eae minimum voltage poeition is cLefined 
as the point where the seeondary voltage of Pund~ntal iYequency, that 
is i.n time phase with the eecondary voltage at maximLmn ~oupling, is zero. 

1.3.2.6.3 DifY'erential Trsnsmitt~rs a~nd Mf'fer~ntial Receivar: 7he synchro zero 
position oY digPerential transmitt~rs and diYferential receivers is 
th,at position o~ the rotar with respeect to the stator at vhich minimum 
voltage is induced in the a~c~nde~ry cireuit Rl - R and at tirhieh t.he 
voltages S(R32) and E(R ) are approximately iu ~ime phase rrith the 
correspondiag veltages L~~ ) ac ►d E( S~ ) wh~n the syn~hr~ ►  is energizad 
tiY  aPP~.Y~B 0.866 tiu~ea the rated voltage betWeen terminal 32 aad terminal 
SZ tirhich i~ cenz~cted t.o S 3 •  ~1e 10{nia~""" voltsge position ia defined as 
the point vhere the seeon~ary voltage oY fundemental Prequency, that 
is in time phasee irl.th th~ sa~~ndary voltsge at maximum Qoupling, is zero. 

n 

~~ j 

r ` 
~ 
~... % 
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1.3.2.6.4 AesolvQr ~aas~titter: '~ syt~ehro s~ro ~ositiou of a resolv~er tretns- 
a~itter ia t.hst pesitiaa~ ef the rotAx~ xith respect tA the stst~r at tehieh 
ainjnum voltage is iaduaed in the seeond~ry cix~uit S2 -  9~ ~~a the 
unit i~ energized vith rated roltage betvera te*+s+*+~~~ x and R 3. It is 
se determined that !or amall a,eflectiaae of the rotor couater-ciockvise 
Pron synchro zero the induced ~olt~ge E( S~ ) is a~proxisste]y is t3~re 
phaae with $(Ri3 ). '~e minin~„e yoltage position is dafined as the point 
vhere the secondery vmltsge of Yundamental ire~uenety, t~hat is in ti~e 
phaae ~rith the secondsry ~oltage at maxintan coupling, ia zero. 

1.3•2•6•S Rcsolver Control ~ansferser: ~he synchro sero goait.ton of a re~olv~r 
a~trol transformer is that positien of the rotor xith respect to the 
stater at which mininaaa v~oltage is induced in the seeenctary eircuit 
~- R2 ti+hen the unit ie energized irith ra~ted v~oltage betveen ter~*+a~ ,~ 
Sl aad S3 .  It is so determined, that for smsll defleetions oP the rotor 
counter-elocktiriae froa synchro aero the ind.uced v+oltsge E(1~. 2  ) is 
app2~caximeltely 3t1 t31e~ phase w3th E( S13 ). '81e mt n,{  ~= v~oltsge pOB3t3~1 
is derined a ►s the point irhere the secoridary voltage oP t~ndamentsl 
fre~ueaey, that is in ti~e phase with the secendary voltage at ma~ci~a~mt 
ec~upling, is zero. 

1.3.2.6.6 Resolver Difterential: '~e aynehro zero positfon of a reselv~er d3tteren- 
tial is that position of the rotor with respeet tc~ ths stster at vhieh 
minia~m valtage ia indueed in the aecond,~ ►ry circuit R2 -~ a►nd st 
~ieh the voltage ~(R 3 )  ie ap~rc~xitiately in time phase vith the 
Prim~rY v~oltage E( 513~ ~rhen the synchro is eunergised by spplying rated 
voltsge between terminal Sl and S3 .  7he ainimuia voltage positicn is 
defiaed as the point Wher~ the eeeondary v~ltege of 11rnclaa~entel fre- 
~ueney, that ia in time ~base rrith t.he aecondazy volt,e~ge at me ►xiaan~ 
cat~plin,g, ia zero. 

1•3•2•7 Tranaforse ►tion I~tio: 9he transfozmstion .ratio of a aynchro is the rstio 
of the n0-load mdximuffi Yt~ndsmental seccar~dar~r voltage te the 21~ndemental 
s~p]y voltage a~plied to the primary. 

1.3.2.8 Electriaal Err~r: '9ze error at e given rmter poaitiea is ~elined a~ the 
me~.t~aieal rot~r positi~ atnus the electrical pc~siti~a. 

1.3.2.9 l~its: Unleas othervise ~peaified the uaits for Ang].e~ are degrees, ainutes, 
and se¢oads. Poteatiel i+~ volts s~ua. I~dance ia o~ms. CurreaL ia 
a~►erea rnus . 

~..J 
~._ 

~ 
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2. SYNCI~tO CFIARACTE~ttISTICS : Whenever the at~aospheric and power conditions Por 
s partieular test ~re not definitely epecified, it is underatood. that the test 
is to be made at the ~ollrnring stetndard conditions: 

~rature: 25°c ± 5°c 
Pressure: 	3p~~ Hg + 2" Hg 
HumiditY: 	75~ ~. 
S ourc e Volt age : Nc~i.nal ±2 y6 

Source Frequency: Nc~inal t2~O 
Source Waveform: F]ssentially sinusoidal 

2.1 Physieal: 

2.1.1 Envelope D3mensions: Figures 1, 2, 3, and 1+, together with their acec~mpany- 
ing dimensional charts, gives the synchro envelope dimensions, shaft con- 
figurations, and el~etrical eonnections. 

2.1.2 Lead Wire Identification: For units using lead wires instead of terminals, 
the follc~ring color desi~stiun is to be considered stazidard: 

~,NSMITTIIi.S, (IONTR~L TRANSORMII3S AND RECEIVg2S 

Rotor 	 Stator 

R1  - Red 	Sl - Blue 
R2  - B1.sek 	S2 - Black 

S3  - Yello~s~r 

DIFFERII~iTTAL - ( TRAN~SITl'Eft, RECEIVII3 ) 

Rotor 	 Stator 

Rl  - Yellenr 	Sl - Blue 
R2  - Black 	S2 - Hlack 
R3  - Blu~e 	S3 - Ye 11av 

RESt)LVER -( TRANSMI3TER, CONTROL TRANS~URMER AND DIF'FE~EDTTIAL ) 

Rotor 	 Stator 

Rl - Red 	S1 - Red 

~

- Black 	s3 - Blaek 
- Yellar,i 	S2 - Yellov 

R~,  - B1ue* 	S~ - Blue 

*7n the case of 3 wire rotors the color of R3 and R]~. eoamwn will 
be black. 

r 
~~ 

~~ 

~ i 
~ 

~ ` 

~~ 
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~~.~.~ 7-1- 55 
 ARP 461 A SYNCHR03 	 Revla~E 11-15-59 

~ 

~ 

-11- 

~IMENSTONAL CHART 
or 

~IGURE~P 0. 1 

~Y1rTCHRO SIZFS 

Dra~xszoxs o8 ~o ii 15 
AND 

LIMI1'S 

A t1/32 7/~ 3/g 5/16 1/2 

B+.003 0.750 0.937 1.062 1.l~37 
-.oio 

C +.0000 - o.8i23 i.~oo 1.3120 
-.oO~Og ~ 

n+.0000 0.5000 o:5ooa o.6250 0.5000 
-.0005 

E*.0000 0.1200 0.0900 0.1200 0.1200 
-.0005 

F Max. ~1.658 1.2l~6 1.687 1.627 

~«-a~1.812 - - 1.9?8 

c±.005 o.obo 0.038 0.062 0.040 

H t.005 - 0.062 0.062 0.132 

I t.o05 0.062 0.062 0,093 0.093 

J t.005 0.062 0.062 0.050 0.076 

K±.005 0.625 0.835 0•975 1.312 

L - 3-(2-btt) 4-(1~-b0) !~-(lt-40) 

K t.o03 - 0.678 0.812 0.8T5 

N - 0.001 0.001 0.001 

P - 0.001 0.001 0.001 

# For unit xith flexible leade. 

~ For unit with termina].s (exclusive of scre~ws) 

~ 
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ARP 461A ',•"•a 	7-1-s5 
R~vl~~d 11 -15-59 

syxcxR.os 

_~~ 

t~IMENSIONAL CHART 
o~ r -' 

FIGURES NO . 2 and 3 

SYNCHRO SIZFS 

DIMENSIOIV~ 11 15 2.6(a) 18 & _ ..._ ~ 

LIMI15 

A+.olo 0.555 0.51~0 0.540 0.5l~0 

B+.003 1.062 1.lt3? 1.l~3? 1.75~ 
-.00g 

C+.000 1.000 1.3120 1.3]2~ 1•5620 
-.000s 

D+.0000 0.6250 0.8750 0.8750 0.9375 
-.0005 

E+.000 o.i85 0.185 0.~.85 0.~.~5 
-.002 

F Max. 1.789 1.9~ 2.593 2.67 

c f.003 0.062 0.040 	, 0.01,0 0.0l~0 

x f.003 0.062 0.132 0.132 0.132 

I f.003 O.o93 0.093 0.093 0.093 

J t.005 0.050 0.078 0.078 0.078 

K f.DOg  o•975 1.312 1.312 1.625 

L 1~-(4-40) i~-(~-~o) 4-(i~-~o) !~-(1~-40} 

r~ ±.003 o.~i2 i.loo i.ioo i.25o 

1~ 1.318 1.6~6 1.61~6 1.959 

p 0.001 0.001 O.QO1 0.001 

R +0.0005 ~.o0D5 O.000g o.0005 
+r~.001:5 ~.00i5 o.00i5 a.00i5 
+.00 	.~ *Rcaeivers 

+~ ~ only 

s Max. o.3oa o.a6~ 0.263 o.a63 

~ Max. 0.36~ 0.200 0.200 0.200 

U 21 21 21 21 

` J 

~~ ~ 
~. ~ 

i 	, 
~ 
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~ti7 

~ 

~ 

~~lvc.E~tos ~""'~ a.~a.a 7_1-55 11.-15-59 ARp461 A 
-1.3- 

D1MII~tSIONAL CHART 

for 
FIGURFS NOS. 2 and 3 

Con't 
SYNCHRO SIZES 

DIMII~TSIONS 

& 
r.nKrTS 1i ~ i6(8 ) i8 19 
v i2o ~o ~o ~o ~o 
w t.005 0.175 0.175 0.1750 o.i75o 0.175 
Y +. 0000 -~0.1247 

-•0005 0.1872 o.i872 o.i872 0.1872 0.187 
Z ~x• Q•155 o.ig5 0.155 0.155 0.155 
aA 20° ~o~ 20~ 20° 20° 
AB 10-32NF-2 10-32NF-2 10-32NF-2 10-32NF-2 10-32NF-2 

~j-~+ONF-2A 

AC t.003 0.~.25 o.i25 o.i2~ 

AD ReY. 0.062 0.062 0.062 
AE +.000 

-•006 0.506 0.665 0.810 

AF t5° ~+5° t~5° ~50 

AG +.008 0.170 0.281 0.281 
-.000 

ax ~.t~. 0.125 0.100 0.100 

~ 0.281 o.28i 
AK Mex. 0.325 0.325 
`~' 0•565 a-565 

ar~t +. o00 
-.002 1.451 1.825 

~ 96 120 
`~ 72 72 
AR +.0000 

-'~5 1•3333 1.6666 
AW +.0000 ~0.12~+7 

-.0002 0.1872 

ax Mtn. 0.1~+6 

~Receiver only 
(a)lliu~ensions Por Control Transformers only. 
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ARP 4 61 A'""'~ 7-1-s5 	 s~~~~ 
~.~~,.du.-i5-59 

~ 
DIMENSIONAL CHART 

or 
FIGURES N~. 2 and 3 

on 

SYNCHRO SIZFS 

DIMENSIONS 11 	15 	16(a) ,_. 	— 	— 
18 	19 — & 

LIMI TS _— 

AS ~ .0000 
_.0005 1.361.i 

AT MAX. 1•2959 

AU 2~ 

Av ±.005 1.537 

AY +.000 
-.010 1.062 

.DIMEhTSIOAtAI, CHART FOR FIGURE N0. 11 
~YNCHRO SIZ 

DIMENSION ~ 	23 ~ 

A o.719 +.00O o.676 +.000 

-.026 -.015 

B 1.990 *.000 2.70o Max. 
-.00S 

C 2.250 +.000 3.l00 +.000 
-.00i -.002 

D 1•9995 ~.~0 2.750 ±.001 
-.0005 

E 3.990 +.000 2.700 Max. 

- .005 

F o.2t~o5 +,000 0.2405 +.000 
-.00i -.00~ 

G 3.5a~ Ref. 1t.52lt Ref. 
~3.830 

g 0.l~22 +.000 0•99~ +.001 
-.012 -.006 

~ 
~J 

~ ~ 

~J 

~Differential 

(a) Dimensions for Control Transfox~er On1y. 
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~,f 

~ 

~ 

SYNCHR03 
~s.~~ 7_~-s5 
Revised 11-15-~9 ARp  4 61 A 

-i5- 

DIMENSIONAL CHART FOR FIGURE N0. ~t 

S 

DIMENSION 23 ~31 

z o.l~20 +.000 0.625 +.000 
-.005 -.003 

a o.250 +.000 0.250 ±.00i 
-.002 

x o.203 ±.005 0.250 ±.005 

L 1.9995 +.0000 2.750 ;.001 
- .0010 

M o.005 0.002 

N 0.00~ 0.002 

P 0.001 0.001 

R 0.001 0.001 

S o.267 +.015 0.267 ±.015 
-.000 

T o.387 +.005 0.l~68 Max. 
-.000 

U 22 22 

V 96 9b 

W 0.2291 +.0000 0.2291 +.0000 

-.0020 -.0020 

~ 0.2405 +.0000 0.2405 +.0000 

-.0002 -.0002 

As o.205 ~. 0.205 rra~c. 

AC 20° 20° 

AD 1/l~-28UNF-2A 1/lt-28iJNF-2A 

AE 0.125 ±.001 - 

AF 0.062 ±.003 - 

AG 0.061~ +.010 - 
-D000 

~x !~5 tl~ - 
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2.1.3 Coarae S~►nchro Zero Msrking: When required by the detail specificatien, 
synchro 2cro shsll 'be approxime~te],y located to vithin 10° by providing an 
erro~t atamped ~ the ~ratne and an index mnrk an the shaf't extension. 

n 
~ ~ 
~J 

~~ J 
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2.2 Electrical: 

2.2.1 High Potential Zhsts: The synchro should withstand s~tisfactorily a specified 
sinusoidal potential at a Prequency of 60 cycles per second applied for 15 
seconds between windings and case and between windings insula,ted ~rom each 
other, but on the same iron structure. 7~e applied potential should be 
raised from zero to the specified value in not less than 5 second.s and re- 
duced to zero at the same rate. ~dindings having nominal ratings of 115, 
90 and 57.5 volts should be tested at 900 volts R.M.S. and those rated at 
26 and 11.8 volts should be tested at 500 volts R.M.S. ~e High Potential 
test should be perfoxmed only once on the completed synchro. Repeated High 
Potential tests, made by any agency after shipment from point of ine,nufacture, 
are to be made at values not to exceed 80°~ of those specified for the com- 
pleted unit. 

2.2.2 Insulation Resistance: ~e insulation resistance of the synchro should be 
m+easured aPter the high potential test. With 500 volts d-c applied between 
the tirindings and the fram,e Por a du~ation of one minute, the insulation 
resistance should not be less than 50 megohms. 

2•2•3 Open Circuit Current and Power: Die input current should be measured with 
the synchro energized as described under paragraph 2.2.8 and with the 
secondary leads open. ~e msasurements should be made with the synchro 
at normal operating temperature. 7he open circuit current and pover should 
not vary by more than 2 percent as the rotor is turned through a complete 
revolution. 

2•2.3•1 ACCUracy of Measurement: In order to assure correlation of ineasurem~nt 
with the manufacturer~ meters having the following accuracy are rec~anended: 

Current: Dynamometer type millia~¢neter with an accuracy of .25~ 

Power: 	Law power factor Wattaieter with an aecuracy of .50~. 

~ 

~ 
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2.2.1t 	Synchro Zero: rleasurements of all an~ular displacements of the rotors of 
synchros shall be referred. to a standard position which will be designated 
as "Synchro Zero", as defined in paragraph 1.3.2•6• Caution should be 
taken in testing units without dampers to prevent their spinning. 
External friction may be applied or the voltage made very low at first 
and t~~en increased to normal after the rotor has come to rest. The 
values of applied volta~es for types are tabulated below: 

Nominal System 	 Ap lied Volts 

Vol~'i.s 	 Figures 

	

_ 	7- 	9-10 11-12 13- 	1-1 

	

115 	115 	78 	78 	115 	9~ 	9~ 

	

26 	26 	10.2 10.2 	26 	11.8 	11.8 

2.2.1t.1 S chro Zero of Transmitters and Receiver: The synchro zero position 
o a transmitter or receiver shall be determi_ned by connecting the 
primary and secondary as shown in figure 5. 

r V ~ 

S BLU 	 YEL S 	 L—~ 

i 

8LK R 

APPLIED VOLTS 	2 
RATEp  FREC 

	

RED R ~ 	BLK S 

Figure 5 

~~ 

~ 
~ . 

r,, 
`~ ~ 

,. i 	~ 
` J 
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The synchro shaft will rotate to either of two positions which are 180° 
apart. The correct approximate position is that one which produces the 
smaller voltage reading in V. The synchro zero position should be accurately 
determined as follows: Flithout rotating the synchro shaft~ reconnect 
synchro as shown in figure 6. 

BLU 	YEL 

B LK R 
APPLI ED VOLTS 2 	 NULL 
RATED FREQ 	 ~METERI 

RED ~ 

	

	 ~ — ~ BLK _ 

~ 
Figure 6 

Rotate the synchro shaft through the smaller an~le that will produce a 
minimum reading on the null meter. That position is the synchro zero posi 

2.2.l~.2 Synchro Zero of Control Transformersz The synchro zero position of a 
control transformer shall be determined by connecting the synchro as 
shown in figure 7. 

APPL) ED YOLTS 
RATED FREQ 	^BLU 	YE 

~ R~ RZ 	~ V ~ BLK 	RED 	BLFt 	~ 

Figure 7 

~I 
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The synchro zero position is approximately at the minimum voltage posit 
This position should be aceurately located by connecting the synchro as 
shown in figure 8~ without rotating the synchro shaft. 

LU 	YEL 

APPLI ED ~!OLTS 
RATED FREQ 

Figure 8 

Rotate the synchro shaft through the smallest angle that will produce a 
minimum reading on the null meter. That position is the synchro zero 
position. 

2.2.4.3 S chro Zero of Differential Transmitters and Differential Receiver: 
The synchro zero position of a dif erential transmitter or receiver 
shall be determined by connecting the synchro as shown in figure 9• 

Figure 9 

,~ ~ 

/ `, 
`✓ 
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The synchro shaft will rotate to either of two positions which are 180~ 
apart. The correct approximate position is the one which produces the 
sma.11 voltage reading in 9. The synchro zero position should then be 
accurately determined as followss Without rotating the shaft, reconnect 
the synchro as shown in figure 10. 

NULL~ 
S BLU 	YEL S 	R YEL 	BLU R 	I METER I 

	

' 	 ~~ ~ 	' 	~~ 	_ J 

~ 

~BLK 	 ~BLK 
Figure 10 

Rota,te the synchro shaft through the smallest angle that will produce a 
minimum reading of the null meter. That position is the synchro zero posi 

2.2.lt.l~ S chro Zero of Resolver Transmitter: Phe synchro zero of a resolver 
transmitter sha 	e de rmined by connecting the primary and secondary 
as shown in fi~ure ].1. 

YEL 	 ~LU 
- 	 S2 	S4 

RED 	 RE, S~ 	I 	V 

APPLIED VOLTS 	~ 	 — 

RATED FREO 
R 

3 BLK 	
BLK ~~~1 

	

I 	I YEL~ BLK 

	

R 2 	4 

~ 
	

Figure 11 
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The resolver shaft shall be rotated to the position that produces the 
smallest reading in V. The synchro zero positipn should then be 
accurately determined as follows: Without rotating the resolver shaft, 
reconnect the resolver as shot~m in figure 12. 

I ~ 
NULL 

I METER I 
L_J 

R RED VCxx/ RED S•I 

APPLIEO VOLTS 	~ 
RATED FREG 

R3 BLK 	 g~K S3 

~~ ~~ 

YEL~BLK 
2 	4 

Figure 12 

Rotate the resolver shaft through the smaller angle that wi11 provide a 
minimum reading on the null meter. That position is the synchro zero 
position. 

2.2.l.t.5 	S chro Zero of Resolver ~%ontrol Transformers The synchro zero of a 
resolver control transformer shal be determined by connecting the 
primary and secondary as shown in figure 13. 

YEL 

~ 
`= 

; 
~\ 

~J 

APPLIED VOLTS 
RATED FREQ. 

YEL S 	S BLU 
2 	4 

S I RED 	 ~ RED~ 
I 

x'~ 
X~ 
~.. _ 

S 3 BLK ~~ BLK 3 

YEL 
V 

Figure i3 

i , 
~ 
\J 
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'~e ~res2~~~srex ~1~.~'~ sh~ll ~ne ~z~~~a~~. 'ta the ~aaaller ~ea~ ~lta~e pasitio~ 
:~s ~eacl ir~ ~i1a T3~e s~n~hro ~ero positien sho~ald then be a~ccuratel~ 
deter~rai.ned as follows: t~Tithout rotatir~~ the resolver shaft, reeonnect 
'the resolver as s~own in figure 111l~ttv 

YEL S 	S BLU 
2 	4. 

RED S~ 	 ~ E~  RI APPLIED VOLTS 	 fc~ 
RATED FREQ 	 ~ ~—~ 

S 3 BLK ~~ BLK 3 

~ 

2.2.4.6 

Figure 1G. 

Rotate the resolver shaft through the smaller angle that will pravide a 
minimum reading on the null meter. That position is the synchro zero 
position. 

S chro Zero of Resolver Differential: The synchro zero of a resolver 
1 erentia sha 1 be determined by c~nnecti.ng the primary and secondary 

as s hown in 
figure 15. 	 YEL 	 BL 

~..~/ 

S 	S 	~ 

S ~ RED 	 RED R 	
V 0- ~ 

APPLIEO VOLTS 	 ~ 	L__J 
RATED FREQ 	_ 	 n 

LK 	 eLK 

YEL R 	R BL.K 

Figure 15 

The resolver shaft shall be rotated to the position that produces the 
smallest reading in V. The synchro zero position shall then be 
accurately determined as follows: 
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Without rotating the resolver shaft, reconnect the resolver as shown in 
figure 16. 

r-~ 
~ r 

YEL 
S2 	S 4 

S RED 
I 

APPLIED VOLTS 
RATED FREQ 

S 
3 BLK 

YEL 

BLU 

RED R 
I 

R3 
BLK 

Figure 16 

Rotate the resolver shaft throu~h the smaller angle that will provide 
a minimum reading on the null meter. That position is the synchro zero 
position. 

~~ 

~ 
~~ 
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2. ~. s 	: Ia ~z ~ w~ ~rs~sl,atirn in 3api~a~ ~as~r~at ~ 
proe~tlnz+~s w sp~titi~d. ~,i~sitie i~oN ~ws at~ ast 

~art ~t t~tis r~oo~d p~+aet1K ~sd ~hw~ b~ at~o~~is~d dtti 1~ 
yrs~Rr~ a~ao~if~al~r. 

2.$.s.l t~asl: ~e syn~hr~ ~l+d D~ ao~umted in a li~rs ~s ~v~n ta ?1~r~ 
i. ~riag 1~e8~eet ~aur~at. '~» a~raeYro adanld be titld ia ~la~e~ 
~,7 s~ ~t~~ni al~~• ~~ PLtt ~iwtl~d be !'laisbb ni~ 
Dlaoi[ a~odi.st. '~ aa~.na p]s!~ sho~il,d b~ ~rC~d ~• b~~ a~i~ ~t 
a~q s+~it~l~Le ~at is~s~tlatlaa a~t~rial. '~ b~s~ aYo~tld all~o~ ►  ~prosi- 
aat~e~,1 1/k" aLar~a~ bs~tw~n ~~o~mtina pLte ~nt aiq o~rer a~rhss. 
~e s~adurc and ita ac~tia~ shonld b~ l~oeat~d ~ win+~ ~ia~a~ ~fl+~et 
l~oa sir ~urt~ta aiad a~Di~t l~e~+at~ riN, ~ed ~otild 1e ~iataia~d 
ia aa a~aosp~ ot P~'C. t~C ~til th~ y~re rwd~ss • sts~ a? 
~uilibrtv■~. 

2. 2. s.1.1 lbaatin -Tist~u+t :'ms ~siL ot ~e aamLi~s~ fia~sr plet~d is 
o. 	srr s~as~ im li~u:+e ~o. 18 ~ud l~. 

szac,a~ ~acnrrL ~ ~ 
~ 

~ ~. 17 
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~ 
29 

232 

~ 
6 

SLOT •1880 W~DE 188 5 
~--- 6 	 x 8 D E E P. —~ 3 4 

l~aterial: Linen Ietninated Bakelite or other 
suitable Insulating Materisl. 

MOUNTING PLATE 

DIA. A 
/' 	. 

C 	 ~ 	~ 

~ 

3-56 NF-2 B 
3 HOLES EQUALLY 
SPACED ON DIA. B 

C 

F'rame Size 	 Dimensions - Inches 	 Material: Alwainum 24 ST 

DIA. A 	DIA. B 	C 	
•187.max. 9hick 

Finish: 	B1ack Anodiae 
+.001 	±.002 
_.ppp 	 1dOTE l: Unless specified, 

	

8 	0.501 	1.000 	2 1~4 	tolerance on decimals ±.005, 

	

1Q 	o.812 	i.187 	2 13/16 	fractions ±1/64 

	

il 	 l.00l 	 i.3i2 	 3 13/6~+ 

	

15 	1.313 	1.687 	4 5/16 

	

1~ 	1.563 	1.956 	5 1/4 

SYNCHRO MOUNTING FIXTURE, 
FOR SIZE 19 APID SIutALLER 

FIGURE 18 

~ 
~ 	, 

,~, 
•. .J 

~. 
i~ 
~ 
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!qATERIAL: ALiJM?NUM 2~+ S~ 
F'INISH: 	BLACK ANODIZE 

fi.000 
312 .00i 

~..~~+ 7-1-55 5~~~ 	 ~.~h~ ~~_15-s9 ARP 4 61 A 

~ -,l_ 

BASE 

, 
~ 32 DJA . 

~~2 
~a~ttza,r. - Lnv~r 	 ~' 
LAA~IIdATED BAKF~.ITE OR 
OZ'HER . SUITABLE ZIQSULATING 
MATgiIAL 

] 	4 

~ 
I6 

rrarE: r~x~ i x~gnt 
and 1 Le~t 

I ~- 
~ 1 

I~ 

~g 

, 	-) 

t.00 i 
~-~_ ~---- 3 4--~ r-- 313 .00 0 

i~~  
"A" D I A. 

GENTERED 
ON PLATE 

- 	~ 	" 	3 
- 	~~2 4 

9 
MOUNTING PLATE s 	4 

6-32 THREAD 
I/4 DEEP 2 HOLES 

~ 	 CENTERED 

~ 	C 
' -~ _ + T ' 

~ 

6.-32 TH R EAD-~---~ 	I 	I 
3 HOI. ES  ~-. 	C 	- i 

EQUALLY SPACED 
ON "B" D1A. 

4• 75 

~J 

FSrsme Size Di~nsions - Inches I30TE 1: 	Un.less 
ma •  A Ma• B C othervise speciPie 
+.001 tolerance on deci- 
-•000 ±.002 zoals t.005, 

23 	2.001 3.00 6 3/~+ ~ractions ± 1/64 
3~ 	2.751 3•50 9 5/16 

SYNCHRO MOUNTING FtXTURE 
FOR SIZE 23 AND LARCsER 

FIGURE 19 
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UNIT UNDER TEST 

~ ARP 4 61 A' ~.~ iz115559 ~ 	s~c~o~ 	. 	~ 
~~ 

-32- 
	

~ , 

2. ~. 5.1. Q Cireuit : Iapec~saca raadings shauld be takea ai'ter the s~ ►aehro h~s bea~ 
e~oaited ior oae hour or hu reaehed a stable te~eratwre ec>aditiexi. ~e 
uait shvuld be set at synchro sero exce~pt v~here othervise noted. The 
power source should be sinusoidal with a harmonic content no~ to exceed 
2~. Both voltage and frequency regulation should be better than 1~, at 
tke paints of ineasuz~rent. 

~e fspedance veluae in ohas shauld be cletermined xith s aeriea resonaaae 
bridge es ahavn in Figure 20. '!he elem~eats of this bridge mu~t h~svve an 
aecursay oi at lea~t ~.1~. ~e null cieteator ahould be of the oscillo- 
seepe type, if possible. If vacu~ tube v+eltmeters are used, they ehauld 
have an e ►ccuracy of at lesst 1~r. 

2. 2. 5.1. 3 Prvcacture : 

l. Ad~ust excitstion vt~Its~e until. tlze ~roltage at the VTVM is a~ specitied 
voltsge. 

2. F~ergize synchro fir 1 hour or untiltherisl~y stabiliaed v3iilc mounteci 
in rec~aam~ended te8t Pirture. 

3• Ad~u~t C and R for null re~ding. 8A  _ RB  ,̂ ,~ R 

4. Z = F~+~ 	1 
2?'fC 

lIQi~B 20 

~ ~ 

~ 
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~.2.5.2 Measurem~nts: 

2.2.5.2.1 Transmitt~rs, Control ~amsfozsners, Reee3ver: Impedance measur~ments 
ah~ll be made at synchro z~ro exeept as nmted b~low. 7~ie readings shall 
be r~corded after t}ze synchro has be~n excit,~d Por one hour or haa reached 
a stable t~mperature cm~adition. 

3he follow3ng impedance measur~ments axe to be made: 

(a ) Tmpedance Z~ 

k~ccite rotor at nominal rated excitation, s~e Section 2.2.8, with 
stator open circuited. 

(b) Impedance Z~G 

~cite sta~or sin~le phase at nam.inal rated excitation, see Seetion 
2.2.8, wi.th  the rotor open cireuited. For this test, connect terminals 
Sl ~,nd S3  to~~ther and apply exei+ation between the strapp~d S 1  - S~ 
tanninals and S~ . 

( c ) ?s¢pedance Z~ 

Excite the rotor, with the etator short circuited, at the current 
va,lue obtained in measurement ZRO• 

(d) Impedance ZS~ - 90 (For Se ►lient Pol~ Synchros) 

Apply nc~.i.nal ra,ted excitation, see Section 2.2.8, to terminal 
S~ and S~. Connect S3 to Sz. Rotor terniinals sha13 be open circuited. 
Rotor to be positioned 90o  from synchro zero. 

~ 

~~.J 
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ARP 4 61 A~,N. i1115559 snJ~os 

2.2.5.2.2 Dd.fferentials - Transmitters, snd Receiver: Impedance measurements 
shall be made at synchro zero except as noted below. 'Ilie readings shall 
be recorded af`tcr the synchro has been ex~ited for one hour or hss reach- 
ed a stable temperaturt condition. 

Zhe follo~rl.ng  impedance ~asuremarts are to be made : 

(a ) Iiupedsnce ZRO 

Apply na~inal. rated. excitation, see Section 2.2.8, to terminals R2 
and R1. Connect R3  to Rl . Ststor terminals to be apen cireuited. 

(b) Impedance ZSO 

bccite the stator single phase at no~inal rated excitation, see 
seation 2.2.8, srith the rot,or open circuited. Fbr this test, connec 
tex~ainals S1 and S3  together and apply excitation between the strap- 
ped Sl  - S3  tex~3.nals and S2. 

(c) Impedanee ZRS 

Connect R3  tca R1  and exeite the rotor terminals R, and R2, with the 
stator short cireuited, at the eurrent value obt~~ned in measurement 

ZRO• i1 
~ j 

~' ''. 

L ~~ 
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2•2•5•2•3 R~SOlvers -'~'++►yAmitter, Qontrc~l TransYoxmer and DifPerential: Imped,ance 
measure~nts shall be mm►de at synchro zero execpt as noted belov. The 
readings shall be rec~rded after the synehro has been excited Per one 
hour or hes re~ched a stable t~erature condition. 

~c folloving impeclance aeasurements are to bc made: 

(a) Impedsnce Z~ 

ESccite r~tor texminals R1 and R3 at no~inal excitation, see Section 
2.2.8, vith the stator epen circuited. For this test connect rc~tc3r 
terminals R2  to A~. 

(b) Impedance Zsp 

E~ccite stator terminsl S l  - S3  at nomij.nal rated excitatian, see 
Section 2.2.8, with the rotc~r open circuited. Stator terminals 
S2  - S~ ,  should be shorted together. 

(c) Intped8nce ZRS 

Fxcite the rotar te~ninals R1 and R3 , with the stator short circuit- 
ed, at the Qurrent value obtained in measurement ZRp. For this test 
connect roter terminals R2  to E~,. 

(d) Repeat st~ps (a), (b), and (e), but exciting fihe other phase ~rind- 
ings R2 - Ri~. ( etc . ) . 

~ 

~ 
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Terminals Giving 
Iargest Secondary 

Voltage 

~~minals Giving 241 

S~nallest Secondary 
Voltage 

Value 
of 
N 

/~ 
~ J 

~ ARP 4 6~. A~••~•d 7-1-[5 	 sn~rcxxos A.~~..~ 11-15-59 

2. 2. 6 Accuracy : 

2.2.6.1 IIectrical g ror_- Proportional Voltage Method: Before testing the synchro 
for eleetrical error by the proportion~l voltage method, the synchro zero 
pos~tion.of the synchro under test should be accurately determined as 
described in 1.3.2.6 as applieable. Zhe synchro zero should be determined 
under open circuit conditions and shall not be ad~usted bef'ore performing 
electrical error test. 

2.2.6.1.1 ~is method consists in co~paring the rotor angle of the synchro with 
the electrical angle. ~e electrical angle, a, oP the synchro is related 
to the equivalent position ¢~, by the following expression: 

a= ELectrical angle ■ ~+(N + 3M) 60° 
R= 1/2 - 1/2~ cot (~ + 60°) 

R= one of the smaller secondsry voltages s A ohms 
largest secondary voltage 	 10000 

M= 0 when Voltage E(S13) is in time phase with voltage E(R21). 
M= 1 when Voltage E(S13) is Z80° out of time phase with voltage E(R21). 
and N is determined from the follawing tables: 

S2  - Sl 	 sl -  s3 
	 0 

sl -  s3 	 s3 -  s2 	 1 

s3 -  s2 	 S2  '  Sl 
	 2 

'Ihe basic circuit employed for electrical error testing of synchro trans- 
mitters is shoWn in figure 21. The unit should be energized with rated 
voltage and frequency across R l  - R2. 

~ ~ 

~ 
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H.ectrir„~l FYror - Tran~mitters and R~a~iv~ers (SEe pagea 	NUIL ~ 36 ana 38, ~. a.2.6. i. i} 	 I VFTF~i ~ 

NOTEs The 1~ZSO  delta connected 
loads may be replaced by an 
equivalent ~rye connected load. 

Figure 21 

Basic Circuit ~loyed for Electrical Error Test of 
Synchro 1~ansn~itters and Receivers 

~ 
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D~ree 10,000 ohm resistors should be connected in delta across the output 
circuits S1, S2 and S3. At least one oP these resistors should be capable 
oP being tapped. 24~e three resistors should be equal to within 0.01~. Zhe 
voltage divider should not produce a phase shift of more than 10 minutes. 
~ps should be such that the ratio R should be accurate to .O1°~ at any point. 
Impedances sbown as 4 Z$  should be four times the value o~ Z SO ± 15~0 of the 
type of unit under test ~ref. para~raph 2.2.5.2). 2his load ahall be resis- 
tive. 7his load should be such that srhen three error curves are msde, each at 
one of the three possible connections of the load, the maximum difference in 
the error curves should not exceed 10~0 0~ the allowable transmitter error. 
With maximlun output volta~e o~ unit under test spplied across one of the 
impedances, the max3.~n~m pickup across aither oP the other 2 impedanees should 
not exceed 0.005~ oP the applied voltage. 711e voltage divider should be 
conneeted acroas the secondary tex~ninals giving the largest voltage, and the 
resistors ahould be connected across the terminals giving the smaller voltage. 
~e variable tap on the divider should be connected to the common terminal o~ 
the two fixed resistors through a phase sensitive electronic voltmeter having 
an impedsnce not less than thet oP a 500,000 ohm resistance shunted by a 
capacity of 30 umifd, and should be capable of indicating 0.2 minute displace- 
ment of the unit under test from a null position. ~he reference phase of this 
voltmeter should be ad~ustable to coincide ~ith the output voltage oP the 
synchro under test. It ahould also be able to discriminate againet a value 
oP quadrature of l~ of msximum output veltage oP the unit under test so as 
to produce a m~ter reading less than that produced by a 0.2 minute displace- 
ment Prom the null position of the unit under test. ~e voltage divider 
should be set at the proper ratio (R in the for~u].a) for ~he d~sired electri- 
cal poaition and the synchro shaf't should be turned until a zero reading oP 
the null meter is obtained. Dze position of the rotor i~ then reeorded. 
~e error at a giv+en rotor position is defined as the mechanical rotor posi- 
tion minus the electricel position. To facilitate fi.he settings of the volta~e 
divider, a table oY values of R corresponding to various value of ~ is given 
in the following table: 

Valuea o~ R Por Various Values of Angle Q~ 

~ 	 R 

0 	 .000~~ 
5 	 .o96i7 

io 	 .i847g 
15 	 .2679 5 
20 	 •34730 
~5 	 .~2~23 
30 	 .g0000 

35 	 •57577 

40 	 •65270 

45 	 •73205 
5p 	 .81521 

55 	 -90383 
6o 	 i.00000 

~e meucjmum error, in absolute value, of transmitters should not exceed thase 
given for its clsasification in tabulation under section 2.2.6•5• 

~ 

~1 
~ J 

, ~ 
U 
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2.2.6.1.2 Control Transformers: The basic circuit for electrical error testing of 
con ro trans ormers is shown in Figure 22. The stator terminals of 
the control transformer should be connected to the correspondin~ stator 
terminals of a matching control transmitter operated at rated voltage 
and frequency. The output terminals R1 - R 2  of the control transformer 
should be connected to the n~z11. meter. The energizing transmitter should 
be turned until its electrical position, measured as described in 
2.2.6.1.1, is at the desired nalue. The mechanical rotor position of the 
unit under test that produces a zero reading of the null meter should be 
determined. The error at a given rotor position is the mechanical rotor 
position minus the electrical position. The maximum errors, in absolute 
value~ of control transformers should not exceed the limits ~iven in 
2.2.6.5. (When required, coding may be added to define the angular 
position of the second harmonic error}. 

2.2.6.1.3 Differential Transmitters: 

2.2.6.1.3.1 Differential Transmitter Rotors: The basic circuit for electrical err~ 
esting o the rotor win ings of differential synchros is shown in 

Figure 23. The unit should be energized at rated frequency with 0 .866 
times the rated voltage across terminal S2 and terminal S1 which is 
connected to S3. The electrical position of the rotor is obtained 
from the following equation: 

Electrical position = ~! + (N + 3M) 60~ 
where ~ is determined as described in Section 2.2.6.1.1. 

M =  0 when voltage E(R~3) is in oime phase with voltage E fS 3). 
M° 1 when voltage E(Rl ) is 180 out of time phase with vol~age E 
(S~3) and N is obtained ~rom the following table: 

Terminals Giving Tez~►inals Giving Value 
Largest Secondary Smallest Secondary of 

Voltage Voltage N 

R3  - R2 Rl - R3  0 

R1 - R3 R2 - Rl  1 

R2-Rl R3-R.2 2 

The error at a given rotor position is equal to the mechanical position 
of the rotor minus the electrical position. The maximum errors, in 
absolute value~ of differential transmitters should not exceed the 
limits given in section 2.2.b.5. 

~ 

~ 
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` .J 

~ ` J 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

61
a

https://saenorm.com/api/?name=3c4311989eb2941ab5a775dbb775b4de


-l~1- 

IIectrical E~ror - Control TransPormers (See page 39, 
para. 2.2.6.1.2) 

~ 
~NULL ~ 
I METER I 

R E 2 
RATEI~ VOLTS 
8 FREQUENCY 

R~ 
F 

ENERGIZIN~ 
SYNCHRO 

TRANSMITTI 

~ 

SYNCHRO 
CONTROL 

TRANSFORMER 
UNDER TEST 

R2 	 I 
BLK 	I NULL I 

METER ' 
J 

I 	 ~ ~ssu~ 7-1-55  j ARP 4 61 A I SYNCHROS. 	 Revtsed 11-15-59 

BASIC CIRCUIT II~iPLOYED FOR ELECTRICAL ERROR TFS T OF COKTROL 
TRA~ISFORMERS 

Figure 22 

~ 
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BLU 

RATED FRE~ AND 
.866 RATEO VOLTS 

LK 

SYNCHRO 
DIFFERENTIAL 
TRANSMITTER 
UNDER TEST 

NOTE: 'Ihe ~ZSp deZta connected 
loads may bc r~laced by an 
equivalent zrye eonnected 
losd. 

Fi.gure 23 

/ °, 

~ i 

~ ARP 4 61 A~ ~.,,,~,a:i1115 559 1 	
SYNCHROS 	 ~ 

-L~2- 
	 ~"1 

ELeetrical Error - IJifferential Transmitter Rotors (See page 39, para. 2.2.6.1.3.1) 

BASIC CIRCUIT II~LOYED FOR ELECTRICAL ERROR TEST OF THE ROTOR WINDINGS 
OF THE DIFFII3IIV'I'IAL TRANSMITTII3S 

2.2.6.1.3.2 Differen~ial Tranamitter Stators: Jhe basic circuit ~'or electrical 
error t,essting oP the atstor ~ ►indings of differential synchros is sho~ra 
in Figure 2~+. 7.he stator terminals of the synchro under test shall be 
connected to the corresponding stator terminals oP a synchro trans- 
mittcr of eqnal or larger size, operated at rsted voltage and Prequency. 
Rotor termiaela Rl - R3 oP the diPtereatial transmitter s~ll be 
connected to a null metcr. Th~ energizing ~Cransmitter shall be turned 
until its electrical position, measured as dcscribcd in 2.2.6.1.1, is 
at the desired value. 71ic angular position of the unit under test 
thst produces a zero reading o~ the null m~ter shall be determined. 
~he error at e given rotor pc~s~tie~n is dc~ined as the mechanical rotor 
position minus the electrical poaition. Zhe maximum errors, in absolute 
value, oP difPerential transmitters shall not exceed the limits given in 
section 2.2.6.5. 	, 

, ` ~ 
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I 	 Issued 7-1-55 	 A SYNCHR03 	 Revise~ 11-15-59 ARP ~+ 6~,~ t'~ 

IIeetrical Error - DifYerential 
(See page 42, para. 2.2.6.1.3.2) 

Transmitter Stators 	 I 1i1FTFR I 

-~3- 	 rNULL~ 

RATED VOLTS 
8 FREQUENCY 

ENER61Z1 NG 
SYNCHRO 

TRANSMITTER 

ULL~ 
~TER II  
_ J 

SYNCHRO 
DIFFERENTIAL 
UNDER TEST 

BASIC CZRCUIT FI~'IPIAYED FOR F~ECTR.ICAI, ERROR TFST OF THE STATOR 
WINDINGS OF THE DIFFERENTIAL TRANSMITTERS 

`J 

~ 

Figure 21~ 
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YEL 

R RED 
I 

RATED VOLTS 	o 
~ FRED 	 a 

R 
3 8LK 

NULL 
M ETER 

~ ARP 4 61 A ~„"«  ~_~-55 	 s~~~os R.~i..a 1.1-1~-59 

-l~1~- 

2.2.b.l.lt Electri~'al Error - Resolver Transmitter: This method consists of comparing 
the actual position of the synchro rotor with the electrical position of 
the synchro. The electrical position of the synchro is obtained from t he 
following equation: 

Electrical Position = P ~ + (N + 1/2 - P/2 + !tM) !~5° 
~ a tan -I R 
R = smaller secondary voltage/larger secondary voltage ° A1 
A1 + A2 ~ 10,000 ohms A2 
M = 0 when E(S13) is in time phase ~ith noltage E(R~) 
M = 1 when E(S~} is 180° out of time phase With volt~ge E(R1~) 
N is determined as follows: 
Id ~ 
N = 

3 when ~ is larger or equal to V2  and V1  is 
2 when 	2 is larger or equal to V3 and 01 is 

larger or equal 
larger or equal 

to 9~. 
to Q'2. 

N = 1 when Y2 is l~rger or equal t~o V3 and V1 is smaller or equal to V2. 
N = 0 when V3  is larger or equal to V2  and V1  is smaller or ec~ual to V3. 
P~+ 1 when R increases xith increasing positive angle. 
P = -  1 when R decreases with increasing positive angle. 

C~ 

YEL 	BLU 
S~ 	S4 

R~ 
RED 	 RE~ 

RATED VOLTS 
8 FREQ 

R 
3 8LK r~~l BLK 

RESOLVER 	~ 	~ 
TRANSMITTER YEL 	BLK 
UNDER TEST 	R2 R 

~ A2 

A~ 	 A~ 
1, 

A2  _ 

/1 
~ 

~ i 

i ~ ~ i 	--•-  

YEL R 	BLK 
4 

Figure 

~ ' 
~_~ 
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II.ectrical gror - Resolver Trans~nitt~r -(Cont. fra~ pg. ~+4, para. 2.2.6.1.~) 

Four n~-inductive voltage dividers of 10,000 ohms each should be connected 
across the output circuits Sl-Sl~, S2-SI+ as shawn in Figure 25. Sa~pedances 
shown as 2~o should be tyro tim~s the value of ZSO t 15~0 of the type of unit 
under test ref. paragrsph 2.2.5). Zhis load shall be r~sistive. ~his load 
should be such that ~our error curves are made, each at one of thc four possible 
eonneatimns of the load, the:maximum difference in the error curves ahall not 
execed 10~ oY the allawable transmitter error. With mQxitnum output voltage of 
unit under test applied across one of the iu~pedances the maximum pickup across 
the other impedsnce should not exceed 0.005°fo o~ the applied. voltage. The 
voltage dividsrs should be equal to within 0.01°~ and produce a phase shift 
oP no more than 10 minutes. ~e varia,ble tap shall be conn~cted to a null 
met~r having an imp~d.ance not less than that o~ 500,000 oYim resistor shunted 
by a 30 ~P capacitance and should be capable of indicating 0.2,minutes dis- 
plac~ment of the unit under test fraan a null position. It should also be able 
to discrjminate against a value of quadrature oP 1~ of maxitman output voltage 
of the unit under test so as to produce a.meter reading less than that produced 
by a 0.2 minute displacem~nt fram the null position of the unit under test. 
3he voZtage divider shcnzld be set at the proper ratio (R in the Por~mzla ) for 
the desired eleetric$1 position and the synchro shaft should be turned until 
a zero reading oP the null meter is obtained. 'Ihe position oP the rotor is then 
record.ed. ~ie error at a given rotor position is defined. as the m~echanical 
rotor position minus the electrical position. 

Vslues of R~or Aarious Values of Arigle ~ 

~ 	 R 

~ 	 .00000 
5 	 .087~9 

lo 	 .17633 
15 	 .26795 
20 	 •36397 
2 5 	 . ~+6631 

~o 	
~877105 
• 39 

~+5 	 i.00000 

~e ~►~ ~~ errors, in absolute value, oY resolver transmitter should not 
exceed those given in seetion 2.2.6.5. 

~/ 
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2.2.6.1.5 Resolner Control Transformers: The basic circuit for electrical error 
testing o reso ver contro tranr~formers is shoxn in Figure 26. 

	

YEL S 	BLU 
4 

RED 	 REO S 	 A2 

	

~ 	 1 
RATED VOLTS 	 A 
a FREO 	R 	 A~ 	 1 

8LK 	 S 

i

~~ i BlK 	
A2 

	

ENEROIZINO YEL 	BLK RESOLVER 
TRANSMITTER 	R2 R4 

" 	 YEL s 	3 8LU 

NULL 
METER 

	

CONTROL 	
g ~ RED 	 ~REO R' 

TRANSFORMER 	 ~ 
UNDER TEST 	

~— R3 

	

3 8LK 	 BLK 
NULL 

YEL R 	BLK 	METER 

Figure 26 

The stator terminals of the resolver transformer shall be connected to 
corresponding stator tenainals of a resolver transmitter opera,ted at 
rated voltage and frequency. The output texminals R 2 Rja  of the resalver 
control transformer shall be connected to the null meter. The e~ergi~ing 
transmitter sh~.11 t~ ~urned until its elect~ical. position, measured as 
described in 2.2.6.1.1~, is at the desired value. The angular position of 
the unit under test that produces a zero reading of the null meter shall 
be detern►ined. The error at a given rotor position is the mechanical 
rotor position minus the electrical position. The maximum errors~ in 
absolute value, of resalver control transformers sha13. not exceed the 
limits iven in section 2.2.6.5. 

`~ 

~` 
~i 

r ~ 
\~i 
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	 _~7_ 

2.2.6.1.6 Reaolv+er DiPfer~ntiel: 

2.2.6.1.6.1 Resolver Dif~'erential-Rc>tor: ~e bsaic circuit for electrical error 
testing of the rotor tiri.ndinga of reaolver differentiels is short~m in 
F1.gure 27. Aated voltage and ~equeney should be agplied to tcsrminals 
S1-S3. ~e error st a given rotor po~sition is the mechanical rotor 
position minus the eleatrical position. ~e maximam errors, in absolute 
value, of a resolv~er diflerentie~l rotor should not exceed the limita 
given in section 2.2.6.5. 

2.2.6.1.6.2 Resolver Dii`~erential-Stator: 7lie basic circuit for electrical 
error testing of the stator windin.gs of resolver dif'Perentials ia 
shovn in Figure 28. ~e stator terminals oP the resolver difPer- 
entiel ahould be conneeted to the st~tor terminals oP a resolver 
transmitter of equal ms~netic, eleatrical, and mechanical size. 
l~t~d voltage and frequency should be applied to the resolver 
transmitter. ~e output terffiinals R2R4 of the resolv~er differ- 
ential should be connected to the null meter. 2Yie energising 
tranamitter should be turned until its eleetrical position, me.asured 
as described in 2.2.6.1.~+ is at the desired f ►alue. ~e an~u.lar 
position oP ttse unit under test that prt~ducee a zero resding oP 
the null atet,er ahcruld be determined. ~e ~rror at s giv~en rotor 
position is the m~eehanicsal rotor poaition ~inus the electrical 
position. ~e msxinnun errors, in absolute values, of s resolver 
diPferential stator should not exceed the limits given in section 
2.2.6. 5. 

2.2.6.2 El.eetrical ~ror - Alternate M~thods; Produ:etien teating m~y be 
a~caaplished by c~~arison methods providing that the error curve 
so obtained xill not vary more than 2 minutes irom the error curve 
obtained. by the proportional voltage method. 

~~ 

~ 
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C 
YEL 

S RED 
I 

RATED VOLTS 
8o FREQ. 	S 

3 BLK 

YE 

~ ARP 4 61 A ~~~..~ i1115559 ~ 	S~~~o~ 	 ~ 
_r~g_ 
	

~ 

ELectrical Erro-r - Resolver Aifferential - Rotor (See page ~+7, para. 
2.2.6.1.6.1) 	 . 

~ 
\_~ 

Figure 27 

BASIC CIRCUIT FOR ELECTRICAL ERROR Z'ESTING OF 

RESOLVIl3 ~IFFERIl`dTI..~Z R0~0R W~NDI~?~GS 

1~ 
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Flectrical Error - Resolver Differential - S~ator :(See page ~+7, 
para. 2.2.6.1.6.2) 

YEL 	 BLU 
S2 	S4 

A2 

~ BLU 
4 

NULL 
METER 

S RED 	 RED R 
I 	 ~ 

R3 
S 	 BLK 
3 BLK 

NULL 

YEL 	BLK 	METER 
R 2 R4 

RESOLVER DIFFERENTIAL 
UNDER TEST 

Figurc 28 

BASIC CIRCUIT FOR ELECTRICAL EftROR TESTIlVG OF 

RESOLVII3 DIFFII3IIVTIAL STATOR WINDINGS 

RED ~~J RED S 
R ' 	 I 

RATED VOLTS 
8r FREQ 	R 

S 
3 BLK ~ ~ ~ ~ BLK 3 

I 	~ 

YEL 	BLK 
R 2 R4 

ENERGIZING RESOLVER 
TRANSMITTER 

YEL S ~ 
2 

A~ 

A2 

~ 
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ARP4 61 A ~i~~.,►~,N.1111~559 snvc~xos 

2.2.6.3 Receiver ~ror: Tests should be condueted under standard ambient condi- 
tions. ~e synchros should be excited at rated voltage and frequency and 
allowed to reach thermal equilibrium. 

2.2.6.3.1 Dynamic: Receivers should be tested ag~inst torque transmitters of equal 
mag}Zetic and electrical characteristics. During this test the receiver 
should be mounted with the shaft horizontal. 7he receiver error should 
be determined for 1 c~plete revnlution oP the transmitter at 1 RPM in 
both the clockwise and counter-clockwise directions. ~e receiver 
errors~ corrected for the calibration errors oP the transmitter, should 
not exceed the values given in section 2.2.6.5. 

2.2.6.4 Dif~erential Receiver E~ror: ~sts should be conducted under standard 
ambient conditions. Dse synchros should be excited at rated voltage and 
frequency and allowed to reach thermal equilibrium. 

2.2.6.4.1 D~mamic: Differential receivers should be tested against two torque 
transmitters having magnetic and electrical characteristics equal to the 
differential receivers under test. One torque transmitter excites the 
stator and the other the rotor of the differential receiver under test. 
~e differential receiver should be mounted with the shaPt horizontal 
during this test. ~he differential receiver error should be determined 
for 1 complete revolution of each transmitter at 1 RPM in both the 
clockwise snd oounter-clockwise directions. 'Ilze differential receiver 
errors, correeted Por the calibration errors of the transmitters, should 
not exceed the values given in section 2.2.6.5. 

2.2.6.~+.1.2 Procedure: Ilzergize both transmitters. One transmitter is electricall; 
conneeted to the different~.al receiver stator, the other to the rotor. 
Lock one transmitter on synchro zero and vary the setting of the other 
transmitter eontinuously as described above. 

Repeat the above test, but with the other transmitter clamped on 
synchro zero and vary the setting of the transmitter continuously as 
before . 

~ 

~ 
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Unit Size 

18 19 23 31 

lo l0 8 8 
8 8 
8 8 6 

8 8 
8 8 
8 
8 

Unit Size 

18 19 23 31 

60 60 60 ~+8 

(0 

~ 

~..~~ 7-~-[5 ARP 4 61 A snveHI~os 	 n.~aea 11-15-59 
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2.2.6.5 7~bulation of Allowable E~ror: 

2.2.6.5.1 115 Volt, 60 CP5 Syn~hros: 

Maximum in Minutes 

~ 

Electrical ~ror 

~ 

Transmitter - Torque 
Transmitter - Control 
Control Transformer 
Iliff. Trans. - Torque - Stator 
Dif~. Trans. - Torque - Rotor 
Dif'f'. 	Trans . - Control - Stator 
Diff. Trans. - Control - Rotor 

Receiver ~ror 

~ 

Receiver 
Differential Receiver - Stator 
Difflerential Receiver - Rotor 

~ 
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2.2.6.5.2 115 Volt, l~00 CPS Synchros: 

Maximum in Minutes 

Electrical ~ror Unit Size 

~rpe 8 10 11 15 16 18 19 23 31 

Transmitter - Torque 10 10 10 12 12 8 8 8 8 
Transmitter - Control 10 10 10 12 12 S 8 8 
Control Transformer 10 10 10 10 10 8 8 6 
Diff. Trans. - Torque - S tator 10 10 10 10 8 8 
Diff. Trans. - Torque - RbLc~r 10 10 10 10 8 8 
Diff. Trans. - Control - Stator 10 10 10 8 8 8 
Diff. Trans. - Control - Rotor 10 10 10 8 8 8 
Resolver - Transmitter 
Resolver - Cont. Transformer 
Resolner - Differential - Rotor 
Resolver - Differential - Stator 

~ 

Receiver Error 

P~ 

Receiver 
Differential Receiver - Stator 
Differential Receiver - Rotor 

. 	 Unit Size 

8 lo li 15 16 18 19 23 31 

1~j̀0 1~0 120 7.~0 lic0 60 60 60 Lt8 
60 1~8 
60 48 

~~ 
~J 

~ 
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Unit Size 

8 lo il 15 

10 lo l0 15 
lo lo io 15 
lo io io i5 

18 10 20 
18 l0 20 
18 20 
18 20 

Unit Size 

8 lo il 15 

1~ 154 12J 12~ 

I 	 ~uusd 7-1-55 
sn~cxROS 	 R.,►~.sa ii-is-59 ARP 461 A 

-53- 

2.2.6.5.3 26 Volt, 400 CPS Synehros: 

Nfaximum in Minutes 

t~ 

~ 

II.ectrical F~ror 

Type 

Transmitter - Torque 
Transmitter - Control 
Cantrol Trsnsformer 
Dd.~f . Trans . - Z+orque - Stator 
ITiff. Trans. - Torque - Rotor 
DifY. Trans. - Control - Stator 
I7i~f . Trans . - Control - Rotor 
Resolver - Transmitter 
Resolver - Cont. Transfot~mer 
Resolver - Differential - Rotor 
Resolver - Differential - Stator 

Receiver ~ror 

~ 
Receiver 
37ifferential Receiver - Stator 
Differential Receiver - Rotor 

2.2.7 Minimum Voltage: Zhe min,imum voltage and the fl.uidam~ntal component of the 
minimum voltage shall be determined by employing the circuit of Figure ~9. 
~ese voltages shall be read on a vaeuum tube voltmeter indicating the average 
value of the voltage wave in terms of the rms value of an equivalent sine 
~rave. 7.he synchro shall be connected as indicated in the table o~ Figure 
2 9• 7~e minimum voltage readings shall bc made with the synchro approximately 
at the el~ctrical angles shown in the table. With the switch in position (1) 
the rotor shall be turned to determine the miniunum value of the funclamental 
volt,age. Without f~.irther turning of the rotor, the switch shall be changed 
to position (2) and the total minimum voltage shall be read. 7~e maxisnum 
values of the mini~um volta~e and of the fundamental component of the 
minimum shall not exceed the values specified in 2.2.7.1. ~ie value of 
the ftuldamental voltage shall have been eorrected for the attenuation of 
the filter used. The filt~r shall have a minimum inpu~ im~pedance of 10 
times the maximum open circuit impedance of the secondar.y of the unit under 
test. 

~ 
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~1 
\ ! 

-~1~- 

Min3.mum Voltage -(See page 53, I~~ .  2.2.7) ~
LOW PASS I 

FILTER 

Pf 

(I) 
~RY 

O O 

SYN~ Nr~O 
UN~ER 
TErT I

ELECTRONIC I 
VOLTMETER 

ARP ~61 A ~~.~.~ ~-1-55 
' Rsvis~d 11-15-c'q 	 ~ YNCHROS 

Circuit far Det~rtaining Minimum Voltage 

Figure ~9 

~►ble of Cosnection.e Por Min3mum Voltage Test 

Teat vh~it 	Pri.mar~ suppl3►  Requirea rhz11 valt~ag~ 

Ac~o~s Volts Across At Slectrical 
'i~enninals Angles 

cx Rl -~ u5. o~ sl s3  0° - i8o° 
(~6)* s3 s2 60° - 240° 

s2 sl 120° - 300° 

CD S~- ( 81&j  ) 78. 0~-~t Rl R3 (3~ - 180° 
(10.2)~' F2 Rl 60~ - 2~0~ 

R3 R2 ]20° - 3000 

CD S3-~S13Z 78.0~ R2 Rl 0° - 18E)° 
(10.2)* a3 R2 60° - 2~0° 

Rl R~ 120~ - 300° 

cn sl-(s2s3) 78.0~ R~ 00 - i800 
(10.2)~ ~ R3 60 - 240 

Rz R1 120° - 3000 

CT 32- ~ s1S-j ) '78 • 0~ Rl R~ 0° - 180~ 
(10.2)~ 

sl_(s2s3) 78.0~ Rl R~ ~0 
o _ 	p 

240 
(10.2)* 

~j- ~ Sl~ ) 78 • 0*~ R1 R2  120 
o _ 	o 

300 
(10.2)~' 

~ Use t•hese values for "26 Dolt Unita". 
~ Use thcse values for "115 Volt Units". 

f ~~ 
\ _i 

/ ~ 
~ 
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Table of Connections for ~`"inimum Vol~a~e Test (Cont'd) 

~1est Unit 	Primary S~pply Required Null Voltage 

Acroes 	Volts Aeross At Flectrical 
7,lermi.nals Angles 

RX 	 R- R3  
1 

E S 
S 

0° - 180° S3  900 _ ~700 

RC 	 S1 - S3  E R2 1~ 0~ - 180~ 

~ _ S~  E ~ ~ 90° - 270° 

~ Sls2 )- ~ S3 S1~ ) • 7o7E R2 ~+ 45° ' ~5° 

( sls~ )- ~ s3s2 ) • 7o7E R2 R4 135° - 31.5° 

Rn 	 sl - S3 	E x2 ~+ a° - 180~ 
R1 ~ 90° - 270~ 

~2 _ S~+ 	E ~ ~+. 90° - ~70° 
R1 R3 0° - 180° 

( 5152  )_ ( g3g~. ) 	. 7p7E R2 I~ ~45° - 2250 

Rl R3 13 5° - 315° 

(sls~,)-(s3~2) 	.7o7E ~ ~y, 135° - 315° 
Rl R3 45° - 225° 

Where: E is the nominal (rated) rms primary voltage. 

~ 
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2.2.7.1 	Tabulation of A1lowable NIinimum Voltages: 

2.2.7.Z.1 	115 Volts, 60 CPS.Synchros: 

Minimuaa Voltage (Millivolts - Max.) 

~ 	~ ~ Unit Size 

~e 18 1~ 23 31 

Transmitter - Cantrol TSV 125 125 100 100 
Fsv 75 75 75 75 

Control TransPormer TSV 90 9~ 75 60 
Fsv 60 60 60 ~+o 

I7iPPerential Trans. - Control TSV 125 125 100 100 
F'sv 75 75 75 75 

2.2.7.1.2 	115 Volt, ~00 CPS Synchros: 

Minimum Voltage (Millivolts - Max.) 

Unit Size 

,e 8 l0 	11 ~ 16 18 19 23 31 

Transmitter - Control TSV 125 125 12S 125 125 115 115 l00 loo 
Fsv 75 75 	75 75 	75 65 65 75 60 

Control TransP'ox~r TSV 90 9~ 	90 84 ~ 75 75 75 65 
FsV 60 60 	60 50 	50 ~+5 45 60 ~+o 

DifP. Trans. - Control. TSV 125 125 125 125 125 115 115 loo loo 
FsV 75 75 	75 75 	75 65 65 75 60 

Rasolver -~5rans~ittaa TSV -- -- ~5 ~5 T25 115 115 100 100 
Fsv 75 75 	75 65 65 ~~ 

Res. - Cont. Tr~naPox~mer TsV -- -- 	90 80 	80 75 75 65 ~5 
FSV ~ 5o 	Sa ~+5 ~+5 40 40 

Resolver - DiP~erential TSV -- -- 12S 125 125 115 115 l00 1(3~ 
Fsv 75 75 	75 65 65 ~~ 

Wh~re: "TSV" indicatee total signal volts 
"FSV" iridieates f~ndamental signal volts 

~ ; ~ , 

~, ~ 

I 	' 
~~ 
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~ 

2.2.7.1.3 ~6 Volt, 400 CPS S~nahros: (Allo~rabZe minimum v~oltages) 

Niinimum Voltage (Millivolts - MQx.) 

Unit Size 

~e 8 10 11 15 

`"renamitter - Control TSV 30 3~ 25 25 
Fsv 20 20 15 15 

Control Tranaformer TSV 60 60 50 50 
Fsv 40 40 30 30 

Dif~erenQial Trans. - Contrel TSV 3~ 3~ 25 25 
Fsv 20 20 15 15 

Resolver - Transmitter TSV 30 30 25 25 
Fsv 20 20 15 15 

Resolver - Control Transformer TSV 60 60 50 50 
Fsv ~o ~+0 30 30 

Resolver - Differential TSV 3~ 30 25 25 
Fsv ~0 20 15 15 

Where: "TSV" indicates total signal volts 
"FSV" indicates fl,indamental signal volt~ 

~J 
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2.2.8 Transformation Ratio: ~he r8tio m~ ►suring deviee shall not alter the open 
circuit secondary voltage by more than .1'~, and shall have an inherent 
~ccureey of .2y6. 'tlie Prequency oY the supply voltage ahall be Frithin l~, of 
the rated fl~quency of the syaehro. R~e transParm~ti~n rdtio shaill be within 
2~,for 115 volt synchrns, or ~~ for 26 volt synehros, of the valuc given in 
aection 2.2.8.7. 

SUGGESTID TEST CIRCUIT 

A for transformation ratios greater than one (1). 

Prim~ry of Seeonclary of ~ 
Appliad volts C 	eynehro synahro rtot 
P~ ~.~d Frequency under test und,er test r}~P 

~ — 	— 

~-- 
Rtot Null 

~p Detector 	rt~ \ 

~ 
Zp times the open 

~ _ _ _ 	_ eircuit output 
imped,snee of the 
synchro under test 

Figure ~0 

Connect the synehro as shawm in the preeeding diagram and position its 
rotor at the maximum autput v~sltage position. Set r~p at any arbitrBry 
position, provided h~rever that the ratio rtot $hall be greater than the 

r 
transform~tic+n ratio oP the unit under t~st~ pVary l~p and C fcar a minimum 
null meter reading. ~e transformation ratio oP thc unit under test ia 
determined fro~ thc follaving equation: 

1~ _~ 

~ 
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Applied volts 
Rated ~req. 

Primary of 
~ 	synchro 

und.er test 

Secondary oP 
synchro 

und~r test 

`~ 

i..~.d 7-i-55 
S~~S 	 R.~,,.n 11-~5-s9 ARP 4 61 A 

-~- 
TransYc~rme►~ion Re ►ti o-( Con' t. fYom page 58, para . 2. 2. 8) 

T.R. =(r},~~1 ~ cos C 
~rteP J ~tot 

Where: A = tan'1  ~c 

Rtot 

XC  a 1 
2~r fc 

B for transfcrmation ratims less than one (1). 

~— - 

Rtot 

~--- 

Rtap 

— —~ 

IVtzll 
Detector 

~ 

~ 

~~ 3~ 

Connect the synchrr~ as shv~m in the preceding diagram and position its rotor 
at the m~cimum output vol~age position. Vttxy &~p and C f'~r a minimum null 
meter reading. 3he trensPorn~e,tion ratio oP the unit under test is detezmined 
~rom the follvaing equation. 

T.R. = ~P cos B 
Rtot 

Where: 9= tan~l 3~ 	Xc = 1 

Rtot 	2 ~' fc 

NO'1~: l. ?n both A and B above, the phase shiP't of the unit under test is 
equal to the angle A. 

2. ~e preceding eircuits srill not ftiwction if the time phase of the 
output voltage of the unit under test lags the applied voltage. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

61
a

https://saenorm.com/api/?name=3c4311989eb2941ab5a775dbb775b4de


ARP 4 61 A ~~,~d u i5559 	 snact~os 

-60- 

2.2.8.1 Tranamitters and Reeeiver: (~anaYorm~tion ratio) 

115 Volt S~►nehros: ~e trnnsformation ratio of 115 volt txsnamitters e~nd 
reccivers shall be abta,indd by applying 115 volts ±1 pereent across synchro 
terminals R1-R2  and turning the rotor until voltage E(Si3 ) is a msximum. 

26 Volt Synchros: ~he transfox~tnation ratio oP 26 v+mlt transmitters end 
receivers a 1 be cbtained by applying 26 volts ±l percent across terminals 
R1-R2 and turning the rotor until v~ltage E(S i3 ) ia a~ximum. 

2.2.8.2 Control Transfo~er: 

115 Volt chros: 7he transfor~ation ratio of 115 volt control trans- 
~ormer shall be obta ►ined by spplying 78 volts tl perccnt acroas tcrminal 
S2 and ttrm.inal S~ irhich ia aonnected to 33. ~he rotar shall 'be turned 
until ~ltage E(R12 ) is a maxi~um. 

26 Volt Synchros: Zhe transfox~stion rntio of 26 v~lt cantrol transfor~er 
shall be obtained by applying 10.2 volta ±1 percent a~er~ss terminal S2 
and terminel S1 vhieh is connected to S3. Zhe rotor shall be turned until 
volt~ge E(R~) ie a +~Y'~m~~m, 

~ 
`~ 

/ -~ 

1,  J 

~ ~ 
~' 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

61
a

https://saenorm.com/api/?name=3c4311989eb2941ab5a775dbb775b4de


~ 	 ~ R~~~«. il1i5559 ~ ARP 4 61 A ~ sYrrcxROs 

~ 
	

-61- 

2•~•~3• 3  ~i~terantial 	nR~i}},@I'S and Differential Reeeiver: (Transfox~ation ratio~ 

115 Yelt S~►nchros: ~e traneformation ra~io oP 115 v~olt differential 
traasnitters snd diYYerential receivers shall 'be obtained by app],ying 
78 volts tl percent across terminal S2  and terminal S vhich ia connected 
to S3. ~e rotor shall be turned until v~oltage E(R 13~ ie a ma~d~. 

26 Yolt Synchros: ~e tranefozmstion ratio oP 26 v~olt difPerential 
transmitters aad differential reeeivers shall be obtained by e ►pplying 
10.2 wlts tl percent across terminal S2  and texminal Sl  ~hich is 
eonnected to S3. Rhe rotor shall be turned until voltsge E(R 13 ) ia a 
m~ud~aat. 	 ~ 

2.2.8.$ R~olver-Transmitter: 

115 Volt Besolvers: 'Die transformstion ratio of 115 volt resolver trans- 
mitter~s sha11 be obtained by spp],ying 115 volts tl pereent betveen t,erminals 
Rl and R3 and turning the rotor until E(S~3) is a maximum. 

26 Velt Resolvers: 'lhe transformstion ratio of 26 velt res~lver trans- 
aitters shell be obtained by app]~ying 26 volts tl pereent betWeen termi.nals 
Rl sad R3 and turning the rotor until E( S~3  ) is a~d,meum. 

2.2.8.5 R~eeolver-Control TransYox~er: 

11~ Volt Resolvers: 7he transformQtion ratio oY 115 volt resolver-control 
transPormers shall be obtained by app]ying 90 volta ±l percent betwe~n 
termina].s Sl and S3 and turning the rotor until E(R 2~) is a maximum. 

26 voit Resozvers: ~e transformstion ratio of 26 volt resolver-eontrol 
transfornders shall be obtained by spplying 11.8 volts tl percent betWeen 
terminals S1  and S3  and turning the rotor until E(R~,) ia a mQximum. 

2.2.8.6 Resolver-DifYerentisl: 

115 Volt Resolvers: ~e transformation ratio of 115 v~olt resolver- 
differentiala shall be obtained by applying 90 volts tl percent betWeen 
tezminals Sl and S3 and turning the rotor until E(R~3 ) is a maxi.m~mn. 

26 Volt Resolvere: Zt~e transformation ratio of 26 volt reaolver-differ- 
entials shall be obtained by app~y3ng 11.~ volts tl percent betveen 
terminala S1  and S3 and turning the ~otor until E(R~3) is a maximum. 

2•2.8.7 '1~ibulation of Allowable Values: 

` ~ 

~ 

NO~  ~t~ 
Voltage 	Fre~uency 

~tio af 2~anaPormation 
TX CX CT TD CD DiR ~i RX RC RD 

u5 	6~ ~ 	•7~3 •783~ •735 l.ly~ 1.154 1.154  •783 -- -- -- 

u5 	400 ~.783 .783 •735 1.154 1.154 1.154 .783 .783~ .639 1.000 

26 	~+00 .~54- .~ 54 2. 203 1.154 1.1~+ l.ly+ .~+54 .454 1.906 1.000 
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2.2.9 Receiver Spin and S chronizing T`ime: The purpose of this test is to 

e ermine whether he rotor o a receiver or differential receiver will come 
to rest at the position of synchronism from any initial angular position 
without spinning. The receiver sha11 b e connected to a torque transmitter 
which is locked in the synchro zero position. 

2.2.9.2 Receivers The receiver under test shall be connected to the corresponding 
e~rmiTnals of a torque transmitter of the same size. A test dial as shown 

in Figure ~44 shall be mounted on the rotor of the unit. 

The rotor of the receiver shall be displaced 178° +2~ from synchro zero and 
the units energized ~ith 110$ nominal volts of rated frequency. This 
procedure shall be performed 3 times for a clock~aise displacement and 3 
times for a courrter-clockwise displacement. The synchro shall be considered 
to have failed the spinning test if it fails to synchronize in ar~y of the 
trials . 

The synchronizing time is the length of time required for the receiver 
rotor to synchronize and remain in synchronism within 0.1° after energizing 
the system at the rated voltage and frequency. The synchronizing time 
shall b e measured for initial displacements of j0° and 178° +2~ by means 
of an oscillograph. 

2.2.9.2 Differential Receiver: The differential receiver under test shall be 
connected to the corresponding terminals of a torque transmitter of the 
same size. A test dial as shown in Figure ~0 shall be mounted on the 
rotor of the unit. 

The differential receiver shall b e energized by applying the voltage for 
the particular type a s tabulated under section 2.2.l~~ between terminals 
S2 and S1  which is connected to S3. 

The torque transmitter shall b e locked in its synchro zero position. The 
rotor of the differential r eceiver shall be displaced 178° +2° from its 
synchro zero position. This procedure shall b e performed 3 times for a 
clockwise displacement and 3 times for a counter-clockwise displacement. 
The synchro shall be considered to have failed the spinning test if it 
fails to synchronize in any of the trai3.s. 

The synchroni2in~ time shall be measured for initial displacements of 30° 
and 178° +2° by means of an oscillo~raph. 

~ 1 
~J 

~" ~ 
~' 
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2•2•9•3 	Tabulation of Allowable S~rnchronizing Time Limits: 

3 

~ 
~ 
; 
f 

} 
~ 
~ 

a 

i 

Y 

~ 

; 

i 

~ 

f 

i 

;. 

a 

~ 

31 	i TR `" 1.0 	1.0 2.0 2.0 	a 

~ 

~ DR ~ 
i 

a.0 	: 	1.0 
; 

' 2.0 .0 

~ 

s 

~ i- t 

' 

`- 

Maximum S~mchrbniiing Time - Seconds 

~ 	 30~ Displacement 	179° Displacement 
~ 	Size 	~ 	Unit 	 1 V 	1 V 	j 	V~ 	1~ 	~ 	V 

~ 	 ~ 	6oC 	i~ooC 	; 1~o0C 	; 	6oc ► )~ooc ; t~ooC 

8 	l 	r~t 	 ~ 	 a 	2. o 	"• 	
~ 	

~ 

~+. o 
DR 	 ~ 	 t 	 : 2.0 	k 	 ~ 	{ 4.0 

i 	 ; 	 i 

10 	 TR 	 ~ 	 ~ 	̀ 	, : 2.0 	 i 4.0 
~ 	Dx 	 $ 	 : 2.0 	~ 	 ; 4.0 ~ 	 , 
E 	 ~ 

ll 	 { 	 1R 	 ~ 	 C~~ 	` G~~ 	 i` 	~i~ 	f~i~ 

y 	DR 	 3 	 .0 	, 	.0 	r 	 .0 	. 	+ 	.. 

i 	 i 	 " 	 ' 	 1 

~ 	 : 	 ° 	 ' 	 ` 	' 	 ~ 
- 	 _ 	 ~ 	 ' ---~- 	 f 	---j~~ 	---~ 

15 	 ~ 	 ~.0 	2:0 	 ~ 	4.0 	~+..o 
; 	DR 	 ~ 	 t 	.0 	2.0 	 oU 	.0 

; 	 ~ 	 ! 

1.6 	 ` 	 ~ 	 ~r~ 	 ~ 	 ~s~ 

; 	 t 

i 	DR 	 . 	 2.~ 	 ~ 	 .0 ~ 
; .._..~._ 
r 	 , 

18 	~ 	TR 	 : 	1.9 	~ 	1.0 	̀ 	,~.J 	2,0 	?. 
~ 	DR 	 .0 	~ 	1.0 	 .0 	.0 	f 
€ 	

'r 	 ~- 	 + 	 . 

19 	s 	 Liti 	 ~ 	' 	 ~ 	 ~ 	~ 	 ~ 

r 

r 

; 	 DR 	 - 	R 	- 	 - 	~ 	- , 	 , 	 ; 
, 

23 	~ 	TR 	 1.o 	S 	l.o 	 ` 	2.0 	~ 	2.0 	̀ 

` 	 ~ 	 1 

i 	DR 	 .0 	1.0 	 2.0 	.0 
; 	 i 
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A 

B 

C 

~ 
~\ _J 

/ ~ BALANCED CLAMP 
4 SLOTS IN HUB .031 WIDE 
EQUALLY SPACED 

.ois •ooi 

i..~.r 7-1-55 
ARP 4 61 A ~.~~...11-~5-;9 	 ~nz~RO~ 

~ ~ 
-~- 
4°~ 

~ 

~ I 

.067 DIA, 4 HOIES IN DISC 
0-SONF-2~ 4 HOLES IN HUB 
EQUALLY SPACED ON OIM. N B. C. 
FOR 0-SO FILLISTER HEAD 
SCREWS 3/64 LONG 

I/16 DIA, 2 HOLES 
P10TES : 	 ~ 
l. Unless otherwise 

specified toleranees on 
fractions ±1~64 
decitnals ±.005 
angles ±l~ 

2. R4aterial: 
Disc-tilumintun per ~MS 4037 
Hub-~luminum per AMS ~+120 

~- 7/64 DIA, 4 HOLES EQUALLY 
SPACED ON DIM. M B. C. 

I/4 

I/16 

G Z-  048 ~
.001 

~ DISCJ 
HUB-J II  ~ E 

h---- F 

.016 RAOIUS PERMISSIBLE 

BREAK EDGE 

SIZE OF 
Sl'P~1CHR0 DIMENSIOTdS AND TOLERAPICES 

.l1 B C D E F G M N 

I7i sc Hub 
---- ±.002 +.000t+ +.0000 ------- ±.00l ----- +.005 ----- ----- 

-.0000 -.0004 

To fit 

-.000 

8 S~nchxo 

10 Shaft 

. ~ol 

.00~  

~ee 

11-15-1G 1.500 1.200 ,5625 ,5625 .2~+5 .812 .300 .37 .68 

1.8-19 2.000 ~.200 .5625 .5625 .2~+5 .812 .300 .37 .68 

23 2.671 2.000 .6250 .6250 .307 •875 •350 .~+37 •75a 

3i 3.500 2.000 .6250 .6250 ~.307 .875 •350  .~+37 .750 

Figure 32 

SYTdCHRO DIAL FOR SYl`1G~iRONIZIl`1G & SPINNIIQG TESTS 

I ` 
~ 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

61
a

https://saenorm.com/api/?name=3c4311989eb2941ab5a775dbb775b4de


I 	 ~..~~ 7-1-55 ~~s 	 R.~~..~ 11_~5-59 ARP 4 61 A 

~ 

	

	
-65- 

2.2.10 ~eratux~e Rise: 

2.2.10.1 General: Zhe synchro should be mounted centrally in a s~usre aluminum 
pl,ate, as shown in PYgure No. 17. ~e synchro shall be held in place 
by reco~ended mounting clampa. All surfaces of the plate shall be 
finished. vi.th  black anodize. ~he plate shall be mounted on supports 
~rhich allrnr approx. 1/4" clearance f'r~om other surfaces at the 'base 
and held in an upright position by 2 supporting arms. 'Ilie base and 
upright supports are to be made of ar~y suitable heat insulating 
material. ~e unit shall be maintained at 22°C t3°C. until unit 
reaches a state of equilibri~. 'Ilie unit and its mounting shall be 
located to assure minimum effect from air currents and ambient temipera- 
ture rise. 

2.2.10.2 Mountin plates: ~e mounting plates, bases and aupports are shown in 
PYgures 17, 1 and 19. 

2.2.10.3 Cireuit: Zlie temperature rise of both rotor and the stator of the unit 
shall be measured. by the resistance change method. Measurements should. 
be recorded until e~uilibrium, (1 degree riae in 30 minutes), is attain~d. 
7he follo~ing f'ormule should.be used for calculating the temperature: 

~erature Rise ~C. ~ RH ' RC t 231~.5 + T~~ 
R~ 

Rg : reaistenee of ~inding at the final equilibrium temperature 

R~ = resisteuace oY irinding at the starting temperature T 

TC = ambient temperature °C. at start oP test 

A ache~tic diagram of the circuit to be uaed Por each type of synehro 
is shown in Figures 33 thru 38~ Switch SW1  connects the bridge to the 
rotor or stator as desired. Switeh SW2 connects the synchro to its 
eucitetion in the bridge circuit. It is imperative that there be no 
si~ificant cooling oP thc synchro While the measurements are being 
meule. 

~ 

~ 
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Temperature Rise - Transmitters and Receivers.(;~ee page 55, para. 2.2.10.3} 

6ZS0 

BALANCED LOAD 
(IF REQUIRED) 

6Z S~ 	 6Z SO 

8LU 	YEL 

	

S ) 	 S3 

SW2 

~ 	 R2 BLU 
—~ ~ 

R 
—~ 	 ~ REO 	S BLK 

2 
RATED VOLTS 
4 FREO 

SW~ —~ 

TO BR I DGE 

Figure 33 

Circuit for Tet~erature Rise Test for Zbrque Transmitters, 
Control Transmitters and Receivers 

~~ 
~ 	j 

f^ 1 
~ _J 

~ 	̀ 
~~ 
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Temperature Rise - Control Transformer (See page 65, para. 2.2010.3) 

S W2 

`~,J 

~ 

RATEO VOLTS ~ 

8 FREQ 

ENERGIZING 
SYfVCHRO 

TRANSMITTER 

A SYiVCHRO CO~TROL 
I 	 TRANSFORiAER 
~ 	 UNDER TEST 

SRIDGE 

Fi gure 31~ 

Circuit for ~e~e rature R~s e Test for Control Transformers 

f ~ 
~ 
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'i~ ,iersture %se - Differe~tials (See page 65, para. 2.2.10.3) 
ENERGlZI NG 

TRANSMITTER 	_ SW2 

BLU 	YEL S~  ~~ O 

R BLK 
2 RATEO VOLTS 

A FREQ 

~ RE D 
BLK 

U 	YEL~ ~YEL 	BLU 

t j 
` 

l~ 
~ ~ 

SYNCHRO 
DIFFERENTIAL 
UNDER TEST 

LK 

SW I 	 BRIDGE 

BALANCED LOAD AS REQUIREO SEE 2,2.10.4 

(check bot,h rotor and stator) 	Figure j~ 
~ ' 

~J 

~empera~ure Rise Test ~or DiPferential Tranamttters and Differential Receivers 
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