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khcs~°et 	RECONIMENDED PRACTICE ARP 46 I 
I ~~~ed 7-1-55 	I 

SYNCHRO SPECIFICATION 	 Revisst 

1. SCOPE: 

1.3 This specii'ication covers the following genera]. class oi synchros: 

26 volt~ ltUO cycle synchros 

i15 Yolt, 40o cycle synchros 

115 volt, 6o cycle synchros 

1.1.1 Under each of the above general classes of synchros the followi.ng  specific 
type oY synchro is covered by this specific ation: 

Synchro Transnitter - Torque 
Synchro Transmitter - Control 
Synchro Control Transformer 
Synchro Differential Transmi.tter - Torque 
Synchro Differential Transmitter - Control 
Synchro Differential ~.eceiver 
Synchro Receiver 
Synchro Resolver Transmitter 
Synchro Resolver Control Transformer 
Synchro Resolver Differential 

1.2 Code for 'i~pe Designation of Synchros; Synchros are classified accordi.ng to 
rame size, unc ion,.po~wer supp rating, environmental capabilities and the 

type of shaft and method of electrical connection. This information is contained 
in the type designation which consists of five blocks oY alternate numerals and 
letters as folloFrs: 

15 	 CT 

Frame Size 	~ 	Function 

1.2.1 Frame Size; The first two numerals of the type desigiation number consists of 
~WO numera~.s which 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. 

`1 

1955 
CopYrl~ht 	by Soclety  of Automotive Enaleeers. Inc. Printed In U. S. A. 
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~ 
Fracne Size 	( 2 Numerals ) 

08 0.701 ta .8U0 inch diameter 
10 U.y01 to 1.~00 inch diameter 
11 1.001 to 1.100 inch diameter 
15 1.1~01 to 1.5~0 inch diameter 
16 ---- ---- 
18 1.701 to l.$00 inch diameter 
19 ---- ---- . 

23 2.201 to 2.300 inch diameter 
31 3.~01 to 3.100 inch diameter 
3? 3.601 to 3.700 inch diameter 

1.2.2 Function; The second block of the type desi~ ation nunber consists oY two 
I'e~~ers which indicates the functional applications as follows: 

Function (Two Letters) 

TX Transmitter - Torqu~ 
CX Transmitter - Control 
CT Control Transfor~ner 
TD Diiferential Trans►nitter - Torque 
CD Dit'ferential Transnitter - Control 
DR Dii'ferential Receiver 
TR Receiner 
RX Resolver - Transmitter 
RC Resolver - Control Transformer 
RD Resolver - Differential 

1.~.3 Power Supply Rating; The third block of the type designation number consists 
0 one numera w ic indicates the nominal power supply system utilized as 
f ollaws : 

Pawer Supply . Rating (1 Numeral) 

Plominal System 
~ 	 Voltage Frequency 

1 	115 	60 	 ' 

2 	115 	400 

3 	2b 	~oo 

~ 

/ 
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1.2.4 Variable; The fourth block of the type designation number consists of. a 
e er w ich indicates a variable applicable to the particular unit such 

as termina]s, leads, shaft, etc, in accordance with the following table; 

Variable (One Letter) 

A Terminal connection, smooth shaft 
B Flexible leads, smooth shaft 
C Terriinal connection, splined shaft 
D Flexi.ble leads, splined shaft 
E Rotatable - outline figure 3 

1.2.5 Environmental Capabilities; The fifth block of the type designation number 
consis s o one numera o indicate the service condit~.ons which the unit is 
designed to withstand according to the follawing table; 

Environmental Capabilities 
Numera 

1. Unexposed 	Units which are nornially installed within protected areas 
that do not require more than a 2l~ hour humidity check, such 
as sealed instruments or servos. 

2. Exposed 	Units which are normally installed in unprotected areas that 
do require mor.e than a 24 ho~r humidity check, such as 
unprotected units in computer racks. 

3. Hi-Temp. 	ilnits which are nortnally installed in areas subjected to 
ambients between 71~C. and 150°C. for periods of 24 hours. 

4. Hi Hi-Temp. Units which are normally installed in areas subjected to 
ambients between 150°C. and 300°C. for periods of 2!t hours. 

1.2.6 I1lustration; 15CT3B3 indicates a 5ynchro Control Transformer for use in a 
'fs vo~].~Taa c.p.s, system which has a smooth shaft, flexible leads and was 
designed for operation in ambierrts above +71~C. 

1.3 Definitions; 	 ~ 

1.3.1 Definitions of Types; 

1.3.1.1 Synchro; A synchro is an electro-magnetic device which is primarily used 
o~' r~"ansmission, reception or conversion oi ang~il.ar data. 

1.3.1.2 Synchro Transmitter; A unit wherei.n the rotor is mechanically positioned 
or ransmi ing e ectrical information corresponding to angular position 

of the rotar with respect to the statar. 

(a) A torque transmitter is constructed primarily for operation with 
receivers, torque differential transnitters, and differential 
receivers. 

(b) A control transmitter is constructed pri.marily for operation with 
control transformers or control differential transmitters. 
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1.3.1.3 Synchro Control Transformer; A unit wherein the stator is supplied with 
e ec rica an ar ~.ntorma ion ana the rotor output is a voltage proportion- 
al to the sine ot' the difference bet~aeen the electrical input angle and 
the control transformer rotor angle. This unit is constructed primarily 
for operation with control transmitters and contrnl differential trans- 
mitters. 

1.3.1.4 Synchro Differential Transmitter; A unit wherein the rotor is mechanically 
posi ione or mo ying e ec rical angular information received from a 
transmitter and re-transmitting electrical information corresponding to 
the sum of difference of the electrical input angle and its rotor position 
an~le depending on the system wiring. 

(a) A torque di.fferential transmitter is constructed primari7,y for 
operation with torque receivers. 

(b) A control differential transmitter is constructed primari],y for 
operation with control transformers. 

1.3.1.5 Synchro Differential Receiver: A unit wherein the rotor is free to turn to 
assume a posi ion wi respect to the stator in accordance with the sum or 
difference of the electrical angular information received. This unit is 
constructed primarily for operation_with two synchro torque trans~mitters. 

1.3.1.6 Synchro Receiver; A unit wherein the rotor is free to turn, to assume a 
posi ion wi. respect , to the stator in accordance with the electrical 
in.f.orrnation received when the rotor is properly energized. This unit is 
primarily constructed for operation with torque transmitters and torque 
diff'erential transmitters. 

1.3.1.7 Resolver-~- Transmittert A unit which may have two perpendicular windings 
on e ro or or s a~, that has its rotor mechanically positioned for 
transmitting electrical infar~mation corresponding to angular position of 
the rotor with respect to the stator. 

1..3.1.8 Resolver - Cont~ol Transformer: A unit which may have two perpendicular 
win ings on e ro r or s a or that transforms electrical angul~ur 
information from the stator to a voltage proportional to either the sine 
or cosine oi' the difference between the electrical input angle and the 
resolver control rotor angle. 

1.3.1.9 Resolver - Differential: A unit which m~y have two perpendicular windings 
on e ro r or s a or that has its rotor mechanically positioned for 
modifying electrical angular information received from a transmitter and~ 
re-transmitti.ng the electrical.information corresponding to the sum or 
difference of ttie electrical input angle and its rotor position angle~ 
depending on the system wiring. 
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1.3.2 Definitions of Terms; 

1.3.2.1 Direction of Rotation: Clockwise or counter-clockwise is determined when 
acing e s 	ex ension end of the synchro. When two shaft extensions 

exist~ the one opposite the lead or terminal end shall be the one 
considered for this definition. 

1.3.2.2 Rotor Angle; The rotor angle of the synchro is the angular displacement 
o ~ s ro or from ttne synchro zero position (see 1.3.2.6) measured as 

~ 	an increasing positive angle in a counter-clockwise direction. 

1.3.2 .3 Pr'imary and Secondary li~Tindin~s : The primary winding is the one which 
receives:energizi.ng power rom either the supply line (as in transmitters 
or receivers) or from another synchro (as in control transformers). In 
the case of differential tratisnitters and differential receivers, the 
primary winding is the outer winding. 

1.3.Z.4 Electrical Angle; 

1.3.2.Lt.1 Transmitter and Receiver; The electrical angle is the angle ~~a" 
lsp ace ~.n a posi ive direction from synchro zero which satisfies 
e re a ive ma~i u es an po ar es o 	e secondary volta~es oi' a 

synchro transmitter or receiver in accordance with the following 
equa ions; 

E(g13 ) ~ n E(R21 ) sin a 

E(S32) = n E(R21) sin (a + 120°) 

E(S21) = n E(R21) sin (a + 21~0°) 

Where; n is the ratio between the maximum rms voltage between ar~y txo 
secondary terminals, with the third~.erminal open, and the 
primary voltage; 

E(R21) is the voltage between terminals R2  and R1. 

E(S13) is the voltage between terminals S1 and 53. 

Other voltages are similarly defined, These secondary voltages 
are in ti.me phase with one another and usually displaced a 
nominal amount in time phase from the primary voltage. 

, 

~ 
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1.3.2.l~.2 Control ~amsformer; The electrical angle "a t~ is the angle displaced in 
a posi ive irec ion from synchro zero which satisfies the re a ive 
magni u es an po ari ies o 	e secondary voltage of a synchro contxol 
transfox~ner 'in accordance with the follawing equations: 

E (R12 )  = n ~ (513 ) sin (a + 120) - E (83~) si.n ~ 

E tS13) + E(S32 ) + E(S21 ) ~ 0 

Where; n is the ratio between the maximum rms voltage betHeen any two 
secondary termi.nals, with the third~rminal open, and the 
primary voltage : 

E(R~) is the voltage between terminals R1 and R2 

E(S13 ) is the voltage between terminals S1 and 53 

Other voltages are similarly defined. 

1.3.2.1~.3 Di.fferential Transmitter and Receiver; The electrical angle '~a" is the 
ang e isp ace in a posi ive ~rec ion from synchro zero which satisfies 
the re a ve magn u es an po ari ies o 	e secon ary voltages of a 
synchro differential transmitter or a differential receiver in accordance 
w 	e o owl.ng equa ions : 

E(R~3 ) = n ~ (S13 )  sin (a + 120) - E (S3~) sin ~ 

E(R3~) ~ n~(S13 ) sin a- E(S32) sin (a + 2l~0~ 

E(R21) = n ~ (S13 ) sin (a + 240) - E (S32 )  sin (a + 120~ 

E ~513~ + y ~S32) + E (52~) = 0 

Where; n is the ratio between the maxi.mum rms voltage between any two 
secondary tenninals, Wi.th the third~erminal open, and the 
primary voltage; 

E(R12  ) is t,~ie voltage between terminals R l and R,Z  - 

E(S13 ) is the voltage between terminals S l and S3 

Other voltages are similarly defined. 

~ 
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1.3,2,Lt.4 Resolver Transmitter: The electri cal angle ~~a" is the angle displaced in 
a posi iv~e rec ion from synchro zero which satisfies the re a ive 
magni u es an po ari ies o 	e secondary voltages oi a resolver 
transmitter in.accordance with the following equations: 

E(S13 ) = n E(R31) sin a 	 ~ 

E(S24) = n E(R31) cos a 	 . 

' 	t~There: n is the ratio between the maximum rms voltage betWeen the 
secondasy terminals and the primary voltage: 

E(R3~) is the voltage between terminals R3  and Rl 

E(S13 ) is the voltage between terminals Sl and S3 

Other voltages are similarly defined. 

1.3.2.~t.5 Resolver ~ntrol Transformer; The electrical angle "a~ t  is the an~;le 
w ic isp ace ~.n a posi ive direction from synchro zero satisfies 
the re a ive magni u es an po ari ies o 	, secon ary voltage of a 
resolver~ control transformer in accordance with the following equation: 

E~R~4~ ° n F~Sj~2 ~ sin a+ E(S~3 ) cos ~ 

Where: n is the ratio between the maximum rms voltage between the 
secondary terminals and the primary voltage: 

E(R24) is the voltage between terntinals R 2  and R4 

E(S~2 ) is the voltage between terminals g~ and S2 

Other voltages are si.riilarly defined. 

1.3.2.4.6 Resolver Differential: The electrical angle "a" is the angle displaced 
~.n a posi ve ~rec ion from synchro zero which satisfies the re—Ia~i e 
magn u es an po ari ies o 	e secon ary voltages oi' a resolver 
differential in accordance with the following equations: 

E(R13) = n~(S2~) sin a+ E(S1j) cos a~ 

E(R2~) . ~ n~(S31 ) sin a+ E(S2~) cos a~ 

Where; n is the ratio between the max:imum rms voltage betWeen the 
secondary terminals and the primary vo tage: 

E(R13) is the voltage between terminals Rl and R3 

E(S~3 ) is the voltage between terminals S~ and S3 

..I 	 Other voltages are similarly defined. 

, 
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1.3.2.5 Time Phase; The time phase at a point in a synchro system is t he phase of 
ei~age at that time with respect to the energizing voltage of the 

synchro system. The time ~hase is measured in ~egrees. Time phase as 
defined here shall not be ~anf.used with electrical angle whi ch is also 
measured in degrees. 

1,3.2.6 Synchro Zero; 

1.3.2.6.1 Transmitters and Receiver: The synchro zero position oi transmitters 
an receiver ~.s ha position of the rotor wi~th respect to the stator 
at which minimum voTtage is induced in the secondary circuit S 1  - S3 
and at which the secondary voltages E(S 1  ) and E(S3~) are approximate~y 
in time phase with the primary voltage E~R~ 1). 2he minirnvm voltage 
position is defined as the point where the secondary voltage of 
fundamental frequencp that is in ti.me phase with the secondary voltage 
at maximum coupling is zero. 	 ~I~ 

1.3.2.6.2 Control Transformer; The synchro zero position oi a control transformer 
is a posi ion o the rotor with respect to the stator at whicn minimum 
voltage is induced in the secondary circuit Rl - R 2  when the unit is 
energized by applying 0.~66 times the rated voltage betKeen terminal 
S2  and the terminal S which is connected to S3 . It is so determined 
that for small deYlec~i~ns of the rotor counter-clockwise from syn cYnro 
zero the induced voltage ~(R 2) is approxi.mate7y in time phase with 
the voltage E(S21) or E(S~3~. The minimum voltage position is defined 
as the point whe re the secondary voltage of ~undamental frequency that 
is in time ~hase with the secondary voltaae at maximum coupling is zero. 

1.'3.2.6.3 Differential ~ansmitters and Differential Receiver: The synchro zero 
posi ion o 	eren i 	ransmi. ers an 	eren ial receiver is 
that position of the rotor with respect to the stator at which minimum 
voltage is induced in the circuit R1 - R 3  and at which the voltages 
E(R32) and E(R12 ) are approxi.mately ~:n time phase with the corres- 
ponding voltages E(S 2 }  and E(S12 ) when the synchro is energized by 
applying 0.856 times ~he rated voltage between terminal S 2  and ter~ainal 
Sl which is connected to S3. The minimum voltage position is def ined 
as the point where t .he secondary voltage of fundaMental frei~uenc~r that 
is in time phase with the secondary voltage at maximum coupling is zero. 
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1.3.2.6.1~ Resolver Transmitter; The synchro zero position of a resolver trans- 
mi er is 	posi ion of the rotor with respect to the stator at which 
minimum noltage is induced in the secondary circuit S1 - S3 When the 
unit is energized with rated voltage between terminals R1 - R3. It is 
so determined that for small deflections of rotor counter-clockwise from 
syncha~o zero the induced voltage E(S1 3  ) is approximately in time phase 
with E(R 1 ).  The minimum voltage pos3tion is defined as the point where 
the secon~arp voltage of fundamental frequency, that is in time phase 
with the seeondary voltage at maxiMUm coupling, is zero. 

1.3.2.6.5 Resolver Control Transformer: The synchro 2ero position of the resolver 
con o rans ormer ~.s a position of the rotor with respect to the 
stator at which minimum voltage is induced in the secondary circuit 
R~ - R2 when the unit i~ energized with rated voltage betxeen terminals 
S2 and S~. It is so determined that for small deflections of the rotor 
counter-clockwise from synchro zero the induced voltage E(R42 ) is 
approximately in ti.me phase with E{S2~). The minimum volta~e position 
is dePined as the point where the secondary voltage of funda~ntal 
frequency,tha~ is in time phase with the secondary voltage at maximum 
coupling, is zero. 	 , 

1.3.2.6.5 Resolver Di.fferential: 

1~3~2~7 Transformation Ratio; The transformation ratio of a synchro is the ratio 
o 	e no- oa m 	iun fundamental.secondary voltage to the fundamental 
supp7,p volt age applied to the primary. 

1.3.2.8 Electrical F~'ror s The error at a gi.ven rotor position is defined as 'che 
mec anie ro or position minus the electrical position. 

1,3.2.9 Units: Unless otherwise specified the units for Angles are degrees, 
m nu~es, and seconds. Potential is volts rms. ~npedance is ohtns. Current 
is ampei'e8 rtns e 

r 

. 
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2. SYNCF~t.O CHARACTERISTICS : 

2.1 Pi~ys ic al : 

2.1.1 Envelope Dimensions: Figures l ., 2, 3, and !~, together with its acaompanying 
mens ona c ar , gives the synchro envelope dimensions, shaft configura- 

tions~ and electrical connections. 

2.1.2 Lead Wire Identif ication= For units using lead wires instead of terminals, 
e o oFring co r es gnation is to be considered standard: 

TRANSMITTERS~ CONTROL TRANSFORMII~S,AND RECEIPERS 

Rotor Stator 

R1 - Red 	Sl - Blue 
R2  - Black 	S2 - Black 

S3  - Yellow 

DIFFERENTIAL - (TRANSMITTF~., RSCEIVF.ft) 

Rotoa~ Stata~ 

R1 ~- Yellow ' 	Si - Blue 
R2 -  Black S2 - Black 
R3  - Blue S3 - Yellaw 

RESOLVER -(PRANSMITTER, CON'1~'AlL. Z~AbTSF~ APD DIFFIItE~iTSAL) 

Rotor Stator 
__._____. 

R1  _ Red Sl - Red 
R3  - Black S3 - Black 
R2  - Yellow S2 - Yello~a 
R~ - Black S~ - B1we 
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~IMEPdSIONAL CHART 
ar 

FIGiJR~O. 1 

` SYNCHRO SIZES 

DII~ENSIONS 08 10 11 ~ 

AND 

LIMITS 

A tl/32 7/i6 3/$ 5/i6 1/2 

B+.003 0.750 0.937 i.o62 1.437 
-.oio 

c +.~o - 0.8123 l.000 i.312o 

-.0005 

D+.0000 0.5000 0.5000 0.6250 0.5000 

_,0005 

~ +, p0p0 0.1200 0.0900 0.1200 0.1200 

-•~5 

F t~ax. ~1.658 1.246 ~.687 ~.627 
~-1. 812 - - ~ . 978 

a t,pp5 0.040 0.038 0.062 0.040 

H t.005 - 0.062 0.062 o.i32 

I t.005 0.062 0.062 0.093 0.093 

J t.~5 0.062 0.062 0.050 0.078 

K~~a,c . o.630 0.840 0. 975 1- 315 

~ - 3-(2-64) 4-(4-~+0) ~-(~-40) 

M t.003 - 	~ 0.678 0.812 0.875. 

~ - o.00i o.00i o.00i 

p ~ 0.001 0.001 0.001 

* For unit xith Plexible leads. 

** For unit With terminals (exclusive oP screws) 

/ 
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DD4ENSIONAL CfiART 

for 

~'7'f~1RT6 NOS . 2 and 3 

SYItCffi20 SI~ 

n~sio~s 11 i5 i6(8) i8 
~ - - 

r~aa~aTs 

A ~ .~o  *0.555 ~0.5~+0 -~0.540 **0.540 

B± .~ 1.062 i.437 1.437 1.750 

C{.0005 l.000 i.3i2o i.3i2o i.562o 

D± .~ 0.6250~ 0.8750 o.875a o•9375 

E± .~~ 0.185 0.185 o.i85 0.185 

F A4ax . 1. . 775 1' 77~  2. 593 	~ 
*2 . 67 - 

* 1.93 2.52 

G f.003 0.062 0.040 0.040 0.0~0 

x t.003 0.062 o.i32 o.i32 0.132 

I t.003 0.093 	- 0.093 0.093 0.093 

,r t.005 0.050 o.Q78 0.078 0.078 

K t.003 0.975 1.312 i.312 1.625 

r, 4-(4-40) 4-(4-40) 4-(4-40) 4-(4-40) 

M t.003 o.8i2 i.loo i.ioo 1.250 

x 1..3~8 1.64b ~.646 1.959 

P o.00i5 o.,00i5 o.00i o.0015 

~ o.00i o.00i o.00~ o.00i 

S±.005 
0.292 0.263 0.263 o.a63 

T+ :~5 0•355 0.200 0.200 0.200 

u 2i 2i u u 
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f or 
~ NOS. 2 and 3 

(Con't) 

SYNCHRO SIZES 

DIMENSIONS ~l ~5 16(a) 
— & — — 

LIMITS ' 

V 1;20 120 120 

w ±;~ 	' o.i75 o.i75 0.1750 

Y +.0000 o.i872 o.i872 0.1872 
-.0002 

z r~ax. o.i55 o.i55 o.i55 

Ap 2O ° 2O' 2O P 

p,g 10-32NF-2 10-32NF-2 10-32NF-2 

AC ± .00i -o.i25, o.i25 

an ± .003 0.062 0.062 

~ ±.005 
o•5a5 0.665 

~ 45 ° 45 ° . 

~ ±.005 o.i7o 0.281 

~ ± .005 o.i25 o.ioo 

~ o.28i 

ax r~,,c . o . 325 

a~, o . 565 

~ ~+.000 i.45i 
-.002 

pr1 96 

AP 72 

~ +.0000 1•3333 	~ 
' - . 0005 

*DIIRF'~MPIAL 
(a) Dimensioris for Control Transformers only. 

/ 

~""~ '-1_5s A R P 4 6 I SYNCF~.O SPECIFICATION 	 Revised 

1~— 

DIMIIVSIONAL CHART 

/ 
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18 

120 
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o.i55 
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~o-32rr~-2 

o.i25 

0.062 

0.810 

450 

0.281 

o.ioo 
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A R P 4 6 I 	
~~ued ~_l-5s 
Revisea 	 SYNCHRO SPECIFICATION 

-1li- 

DIMENSIONAL CHART 

f or 
~ NOS. 2 and 3 

(Con't) 

sYxc~o szzFs 

	

n~szoxs 	11 	 ~ 	 i6(a) 	i8 	 i9 
~ 	 — ` 	 — 	 — 

LIMiTS 

	

~s  +.00~5 	 ` 	 i.3611 

AT MAX. 	 1.2959 

AU 	 ~ 	 20' 

	

aV ±.005 	 1•537 

DIMENSIONAL CHART FOR F~d$$, 'Na~ .4 
S7LB6'~0 SIZE.S 

DIl~NSIOI~ 23 31 

A o.719 +:~6 0.676 + •0 0 
• 	5 

B 1. 990 ±. 2• 700 1~uc . 
005 

C 2.250 +.00°  3.1~ +.000 
- .00i - .00~ 

n 	 '  1~994~ ±.00v5 ~•750 ±.00i 

E 1.990 +: 05 2.70o Max. 

F o.2405 +.000 p,2~p5 +.000 
-.00i -.00i 

G 3' S~  Ref 4. 524 Ref . . 
*3.830 

x 0.~2 +.000 0.990 +.00l 
-.O1Z -.006 
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SYNCHRO SPECIFICATION 
~~~.~ ~-1-55 

 A R P 4 61 R~vis~d 

~~ 	' 	 ~~~~ 

DINfLNSIONAL CHART FOR 

DIMENSION 

z 

J 

SYNCI~O SIZES 

23 31 

0.420 #.000 0.625 +.000 
-.005 -.003 

0.250 ± .~2  0.250 +.00i 

0.203 ±.0~~ 0.250 ±.0~5 

i•9995 +'°°°° 2.750 ±.00i 
—.0010 

0.005 ~.00~ 

0.002 0.002 

0.001 0.001 

0.001 0.001 

0.267 ±.oi5 0.267 ±.oi5 

0.3$7 ±.000 
0.468 r~x. 

x 

L 

M 

N 

P 

R 

s 

T 

22 

96 

0.2291 +.0000 
-.0020 

0.2~05 +.0000 
-.0002 

0.205 r~ax. 

20° 

1~4-28T~'~2 A 

o.i25 t.00i 

0.062 ±.003 

0.06~+ *.~lo -.000 
~5  +lo 

22 

96 

o.229i +.0000 
-.0020 

0.2~+05 +.0000 
-.0002 

0.205 Max. 

20° 

1/4-28~=~2A 

U 

v 
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~ 

AC 

AD 
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A R P 4 6 I 	
~~ued 7_1_5s 
Rsvised 	 SYNCHRO SPECIFICATION 

-2U- 

2.1.~ Coarse Synchro Zero Marking: When required by the detail specitication, 
synch-o zero s 	e approximately located to within 10° by providing an 
arro~r stamped on the frame and an index mark on the shaft extension. 

2.2 Electrical: 

2.2.1 High Potential Tests; The synchro shall withstand satisf actorily a specif ied 
s nuso a po en ia at a frequency of 60 cycles per second applied for 
15 se~onds between ~rindings and case and between windings insulated from each 
other, but on the same iron structure. The applied potential shall be raised 
from zero to the specified value in not less than 5 seconds and reduced to 
Zero at the same rate. Synchros having nominal ratings of 115, 90 and 57.5 
volts shall be tested at 900 volts R.M.S. and those rated at 26 and 11,8 
volts shall be tested at 500 volts R~.M.S. The High Potential test shall be 
performed on~y once on the completed synchro. Repeated High Potential tests~ 
made by any agency after shipment from point of manufacture, are to be made 
at values not to exceed 80~ of those speci.fied for the completed unit. 

2.2.2 Insulation Resistance: The insulation resistance of the synchro shall be 
measure a am en emperature of 22 + 3°C. anci a barometric pressure of 
29.92 inches of inercury before and after the higk~ potential test. The 
measurement made at 500 volts d-c for one minute between windings and frame 
shall not be less than 2U megohms. 

2.2.3 Open Circuit Current and Po~rer; The input current and pojaer shall be 
measure wi 	e sync o energized as described under para. 2.2.8 and with 
the secondary leads open. The primary current and power shall not exceed 
the values given in the follo~aing table. The measurements shall be made 
with the synchro at normal operating temperature. The open circuit current 
and power shall not vary by more than 2 percent as the rotor is turned 
through a complete revolution. 
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- V 	T VO 0 T 
T~1 bJ I 

A~~IPS WATTS AMPS WATTS Al`~'S WATT5 

TRANSP4I i TEE?. - TORQUE 

8 
lo 
11 
15 
16 
18 
19 
23 
31 
37 

TR.ANSMITTER - CONTROL 

8 
1Q 
11 
15 
16 
18 
19 
23 
31 
37 

CONTROI, TRANSFORMF.Et 

8 
lo 
11 
15 CT3B2 0.072 o.3I 

16 
18 
19 
23 
31 

~ 	37 
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S 	HR 	CURR 	— PChJII~ TABULATION 
0 	C VO VOLT 

I ? I 
AMPS WATTS ArIPS WATTS AMPS WATTS 

DIFFfftENTIAL TRANS. — TORQUE 

8 
10 ~ 

11 

15 
16 ' 
18 
19 
23 
31 .  

37 

DIFFERENTIAL TRANS. — CONTROL 

, 8 
10 

11 

15 
16 
18 
19 
23 
31 
3? 

DIFFERENTIAL RECEIVER 

8 
10 
11 
15 
lb 
18 
19 
23 
31 
37 
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S 	0 	- 	AI3 	ATION 
V 0 T VOLT 

W 
AMPS 	WATTS AMPS WATTS AMPS 	WATTS 

RECEIVER 

8 
10 
11 
ls 
16 
18 
19 
23 
31 
37 

RESOLVER - TRAN5MITTgi, 

8 
lo 
11 
15 
16 
18 
19 .  

23 

31 
3? 

RESOLYgi - CONT. TR.ANSFOR 

~ 8 

10 
11 
15 
16 
18 
19 
23 
31 
3? 

RESOLVER - DIFFER.ENTIAL 

8 
lo 
11 
15 
16 
18 
19 
23 

31 
37 
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2.2.lt Synchro Zero; Measurements of all angular displacements of the rotors of 
sync ros s all be referred to a standard position which will be designated 
as ~~Synchro Zero", as defined in paragraph 1.3.2.E. Caution should be 
taken in testing units without dampers to prevent their spinning. External 
friction may be applied or the voltage made nery law at first arid then 
increased to nozmal after the rotar has come to rest. The values of applied 
voltages for types are tabulated belo~w: 

Nomina 	Sys em 
Volts 

App ie 	o 	s 
i ures 

5-6 7-8 9-io 11-i2: 13-].4 ].5-ib 

115 i15 78 78 li5 90 90 

26 26 10.2 10.2 26 11.8 11.8 

2.2.1~.1 Synchro Zero of Transmitters and Receiver; The synchro zero position 
o a ransm er or receiver s 	e e rmined by connecting the primary 
and secondary as shown in figure .5. 

R 	 S ~ ' 	 r' v--1 

2 	 L--J 
APPLIED VOLTS 	 S2 
RATED FREQ 

Figure 5 

/ 

~ 

/ 
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The s5~►ct~ro shaft wi.11 rotate to either of` two positions which are 180° 
apart, The correr,t approximate position is that one which produces ttie 
smaller voltage r~aci~.rig in V. The synchro zero position should be accurately 
determined as follows; Without rotating the synchro shaf't, reconnect 
s~mchro as shown irr ~ igure b. 

~ 

SI 	 i------- ~ 

~ 	 i 

S2 	 ~ NULL i 
~ METER ~ i 

S3 	 i 	 i 
L-------a 

R 
APPLI~D VOLTS 
RATED FREQ 

Ri 

F~~e e 

Rotate the synchro shaft through the smaller angle that will produce a zero 
reading on the ntt7.1 meter. That position is the synchro zero position. 

2,2.lte2 5,ynchro Zero of Control Transformers: The synchro zero position of a 
con ro rans ormer s a 	e e exml.ned by coru~eating the synchro as 
shown in f igure 7. 

APPLIED VOLTS 
RATEO FREQ S 

~-----~ 
—o V o--- 
L-----~ 

Figure 7 

z 
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The synchro zero position is approximately at the minimum voltage position. 
This position should be accurately located by connecting the synchro as 
shawn i.n figure 8~ without rotating the synchro shaft o  . 

S ~ 	 r-- — ----~ 

APPLIED VOLTS 	 R~ 	' 	I 
RATED FREQ 	S2 	 ~ NULL ~ 

R 	~ METER i 
2 	 I 

L---_J 

Figur~ 8 

Rotate the synchro shaft through the smallest angle that will produce a 
zero reading on the null ~eter. That position is the s3mchro zero position. 

2,2~1~.3 Synchro 2ero of Differential Transmitters and Differential Receiver; 
sync o zero posi on o a 	eren ia ransmi r or rece ver ~ 

shall be determined by connecting the synchro as shawn in figure 9. 

sl 
R~ 	

~----~ 

APPLIED VOLTS 	S2 	 R2 	 ~_ V_ _ ~ 
RATED FREQ 

R 
S3 

Figure 9 

~ 

/ 

1 
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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 
~smaller voltage reading in V. The synchro zero position should then be 
accurately determined as folloWS: Without rotating the'shaft, reconnect 
the synchro as shofrn in figure 10. 

SI RI 	i -- --- i .  
APPLIEO VOLTS 

RATED FREQ 	 S 2 	 R 2 	~ NULL ~ 
~ METER j 

R3 	i 	 i 

S3 	 - -- -~ 

Fig,are lo 

Rotate the synchro shaft through the smallest angle that will produce a 
2ero reading of the null meter. That position is the synchro zero position. 

2.2.4.l~ Synchro Zero of Resolver Transmitter; The synchro zero of a resolver 
ransmi er s a 	e e rmine y connecting the primary and secondary 
as sho~m in figure 11. 

S4 	r 	1 
Ri 	 ~_v _ J 

APPLIED VOLTS 
RATED FREQ 

R3 
S2 

Figure ~1 

' 
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S 

----- ~ 

I 
NULL ~ 

METER i 
I 

---J 

R~ 
APPLIED VOLTS 

RATED FREQ 
R3 
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The resolver shaft shall be rotated to the position that produces the 
smallest reading in V, The synchro zero position should then be accurately 
determined as f ollowss Without rotating the resolver shaft, reconnect the 
resolver as sho~m in figure 12. 

Figure.l2 

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

2.2.4.5 Synchro Zero of Resolver Control Transformer; The synchro zero of a 
reso ver con ro 	ans ormer s a 	e e ermined by connecting the primary 
and secondary as shawn in fio re 13. 	 , 

r— — — ~ 
APPLIED VOLTS 

	
~' V O i 

RATED FREQ 
	 l_ __ .J 

Figure 13 
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The resolver shaft sha11 be rotated to the smaller peak voltage position 
as read in V. The synchro zero position-sYiould then be accurately 
determined as follows: Without rotating the resolver shaft, reconnect the 
resolver as shown in figure 14. 

APPLlED VOLTS 
RATED FREQ 

~ 	I 	I 
~ NULL ~ 
~ METER ~ 

Ra 	, 	, 

~--- ~ 

/ 

Figure ].4 

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

2.2.l~.6 Synchro Zero of Resolver Differential: The synchro zero of a resolver 
i eren ia s a 	e e ermi.ne y connecting the primary and secondary 

as shown in fig~e 15. 

r--- 
APPLIED VOLTS 

	
i O ~/ . O 

RATED FREQ 
	 L_—_ 

Fi~ure 15 

The resol~rer shaft shall be rotated to the position that p¢~oduces the 
smal lest reading in V. The synchro zero position shall then be accurately 
determined as follaws; 

/ 
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Without rotating the resolver shaft, reconnect the resolver as shown in 
f igure 16. 

— — 	 ----~ 

APPLIED VOLTS 	
R 2 	j 	 ~ 

N ULL 
RATED FREQ 	 ~ METER ~ 

R4 	~ 	 ~ 

. 	 S4 	 ~ 
L---~ 

Fi~;ure 16 

Rotate the resoZver shaft through the smaller angle that will provide a 
zero reading on the null meter. That position is the synchro zero position. 
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whpn ftp = Rg N R 

Unit Under 
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r 
E~ 
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2,2.5 ImPedance: 

2.2.5.1 General; The synchro shall be mounted centra].ly in a squai •e aluminum plate 
as sFiown in figure No. 17. The synchro shall be .  held in place by recommende 
mounting clamps. All su~rfaces oi' the plate shall be finished with black 
anodize (MIL-A-8625A). The plate shall be mounted on supports whic h allow 
approximately 1/Lt'~ clearance from other surfaces at the base and held in an 
upri~ht position by 2 supporting arms. The base and upright supports are to 
be made.of any suitable heat insulating material. The unit shall be 
ma.intained at 22°C. + 3°C. until unit reaches a state of equilibrium. Then 
the unit and its mountir~ shall be located to assure minimum effect from 
air currents and ambient temperature rise. 

2.2.5.1.]. Mounting Plates: The mounting plates, bases and supports are shown in 
igures , 	and 19. 

2.2.5.1.2 Circuit; Impedar►ce readings shalt be taken after the synchro has been 
exc`+  i~e3 for one hour or.has reached a stable tempera~ure condition. The 
un3.t shall be set at synchro zero except as noted,below. The impedance 
value i.n ohms shall be determined with a series resonance bridge circuit 
figure 2Uo 

r igure 20 

, 
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FIGUPE N0. 17 

~~.~~..~ 	~~.~ 	~.,~ ~ .,,. 
"F ~~ THD., 	3 HOLES 
EQUALLY SPACED AT 120° 
ON B DI A. 

SYNCHRO MOUNTING PLATES 

Frame Size Dimeneiona - inchea 

A B C D. E F 

+.001 t .002 

8 
-.000 

o.5oi o.875 2.25 2.25 o.i875 3-56 

lo 0.812 1.i87 2.80 2.80 o.i875 3-56 
11 l.00i 1.375 3.20 3.~ 0.1875 3-56 
15 1.313 i.688 ~.30 4.30 0.1875 3-56 
18 1.563 1•956 5•25 5•25 0.~875 3-56 

23 2.001 3.00 6.75 6-75 0.3125 6-32 
3i 2.75i 3.50 9.3o g.3o o.3i25 6-32 
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FIGURE N0. 18 

~ 
6 

16 	2 3 2 	''~~ °D 
~~ ~ ~~ 

M~ ~ 

~ 

MATERIAL= LINEN LAMINATED BAKELITE OR 
OTHER SUITABLE INSULATIN~ MATERIAL 

INSULATIN~ BASE FOR 
SIZE 8, 10, II, 15, 16, 18 a 19 SYNCHRO MOUNTING PLATES 

r 
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FIGiIRE N0. 19 

~ 
r~lst 	 , 

~ 	 ,~~ 

9 

~/6~ \~ 	 5 DIA. 
~ ,~ ~ 	i 	 32 ~ti ~ 

~ 

~I`_°. 

' 

I 	~ —I~ 	 3 4 	I 6 ~ ~ ~ ~ 
Mld 

~ 

~ 14 

~~ 

~ ~I ~ 7 
I g 	—~N 

~ 
'" 3 ~ —I~ 

8 

MATERIAL= LINEN LAMINATED BAKELITE OR 
OTHER SUITABLE INSULATING MATE.RIAL 

INSULATI NG STAND FOR 
SIZE 23 8i 31 SYNCHR p  MOUNTING PLATES 

~ 
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2.2.5.?_ Transmi.tters, Control Transformers, Receiver: 

The following impedance measurements are to be roade; 

( a ) Impedance Z~~ 

Excit~ rotor at nominal rated e3acitation, see Section 2.2.8, with 
stator open circuited. 

(b) Zmpedance ZSO 	 , 
F~ccite stator single phase at nominal rated excitation, see Section 

2..~.8, xith the rotor open circuited., For this test, connect terminals 
S and S together and apply excitation between the strapped S 1  - S3 

t~rminal~ and S 2 . 	 . 

(c) Impedance ZRSS 

Excite the rotor, with the stator short circuited,at the current 
value obtained in measureMent ZRO' 

(d) Impedance ZS~ - 90 (For Sal~_ent Po1e Synchros) 

Apply nominal rated excitation, see Section 2.2.8, to terminal 
S2  and S1. Connect S to S. Rotor terminals shall be open circuited. 
?~otor to be positione~ 90° ~rom synchro zero. 

, 
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2.2.5.3 Differentials - Transmitters, and Receiver; 

The follawing impe:dance measurements are to be made: 

(a) Impedance ZRQ 

Apply nominal rated excitation, see Section 2..2.$~ to terminals R2 
and R1 . Connect R~ to R1 . Stator terminals to be open circuited. 

(b) Impedance ZSp 

Excite the stator sin~le phase at nominal rated excitation, see Section 
2.?..$, with the rotor open circuited. For this test, connect terminals S1 
and S3  together and apply excitation between the strapped S 1  - S3  terminals 
and S2. 

( c.) Impedance Z~,~ 

Connect R~ to R1 and excite the rotor terminals R 1  and R2~with the 
stator short circuited,at the current value obtained in measurement ZRO• 

2.2.5,4 Resolners - Transrutter, Control Transformer and Differential: 

The following impedance measurements are to be made: 

(a) Impedance ?.R~ 

bccite rotor termi.nals R l  and R3  at nomin al excitation, see Section 
2.2.8~ with the statar open circuited. For this test connect rotor 
terminals R2  to R,~. 

(b) Impedance ZSO 

Excite stator terminal S1  - S. at nominal rated excitation, see Section 
~.2.8~ with the rotor open circuit~d. 

(c) Impedance ZRSS 

Excite the rotor tenni.nals Rl and R~ with the stator short circuited~ 
at the current value obtai.ned in measurement ZR~. For this test connect 
rotor~terminals R2  to R~. 

(d) Repeat steps (a), (b), and (c), but exciting the other phase windings 
R2 - R~ (etc.). 
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2.2.5.5 Tabulati.ng Impedance Values: 

2.2.5.5.1 Impedance - For 11S Volt~ 60 CPS Synchros; 

IN~IDANCE - OffidS 

SIZE 	Zrp = R+ JX Zgp = R+ JX Zres = R+ JX 

ITI'EEt - TORQ.UE 

8 
lo 
11 
~5 
~6 
~8 
19 
23 

31 
37 

TRiAN~IT3'F1R - CQDITRQL 

Zso-90 = R + JX 

CONTROL TRANSFORNiEft 

8 
io 
ii 
15 
1.6 
18 
19 
23 
31 
37 

, 
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2.2.5.5.1 COrit,~d 

/ 

SIZE 	 Zro = R+ JX Zso = R+ JX Zrss = R+ JX Zeo-90 = R+. JX 

DIF'FERENTIAL TRANS. - TORQUE 

8 
io 
ii 
15 
16 
18 
19 
23 

31 
37 

DIF'FERENTIAL TRANS. - CONTROL 

DIFFERENTIAL RECEIVER 

8 
lo 
11 
15 
16 
~8 
19 
23 
31 

37 

/ 
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2.2.5.5.1 Gont~d 	 _39^ 

IMPIDANCE - OHI!~5 

SIZE 	Zro = R+ JX Zso ~ R+ JX Z=.ss ` R+ JX Zso-90 ~ R+ JX 

RECEIVER 

8 
10 
11 
15 
16 
18 
19 	 .  

23 
31 
37 

RESOLVER - TRANSMTTT~t 

8 
10~ 
11 
15 
lb 
18 
19 
23 
31 
37 

RESOLOER - CONT. TRAIJSFORMER 

8 
10 
11 
15 
16 
18 
19 
23 
31 
37 

RESOLVER - DIFFERIIdTIAL 

S 
10 
11 
i5 
16 
18 
19 
23 
31 
37 
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2.2.5.~5.2 Inipedarice .- 115 Volt, l~00 CPS Synchros : 

INIPIDANCE - OHI~tS 

~SIZE 	Zro ~ R+ JX Zso = R+ JX Zrss = R+ JX Zso_90  = R+ JX 

TRANSMITTER - TORQUE 

8 
lo 
11 	 . 
15 
16 
18 
19 
23 
31 
37 

TRANSMITTER - CONTROL 

8 

10 	 y 

11 .. 	
15 
16 	 ' 
18 
19 
23 31 	 _ 

37 

CONTRCIL TRANSFORMER 

8 

10 

lI 
15 
16 
18 
19 
23 
31 
37 
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l0 
11 
i5 
16 
18 
19 
23 
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2.2.5.5.2 Cont~d 

Il~IP~DANCE - OH[~S 

SIZE 	 Zro = R + JX Zso = R+ JX 7.I.ss  « R+ JX Zso-90 ° R+ J7~ 

DIFFFR.ENTIAL TRAATS . - TORQUE 

8 
10 
11 
1~ 
16 
18 
19 
23 
31 
37 

DIFF~.ENTIAL TRANS. - CONTROL 

DIFFFRENTIAL RECEIPP~t 

8 
10 
u 
15 
16 
18 
19 
23 
~ 
37 

' 
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2.2.5.5.2 Cont~d 

IlKPEDANCE - OFiMS 

SIZE 	' 	7ro = R+ JX ZSa = R+ JX Zrss s R+ JX Zso_90 = R+ JX 

~ 

RECENER 

8 

l0 
11 	 - 
15 
16 
18 19 	 .  

23 

31 
3? 

R~50LVER - TRANSMITTER 

8 

10 
11 

, 15 
16 
18 
19 
23 
31' 
37 

RESOLUII~ - CONT. TRANSFORMER 

8 

l0 
u 
15 
16 
18 
19 
23 
31 
37 

RESCJLVF~t - DIFFERENTIAL 

8 	 ~' 

l0 
11 
15 
16 	' 
18 
19 
23 

31. 
37 

, 

~ 
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-43- 	 ~ 

2.2.5.5.3 Impedance - 26 Volt, J~pp ~~ Synchros: 

INff'EDANCE - OHI~IS 

SIZE 	Zro = R+ JR Zso 3 R+ JX Zrss ~ R+ JX Zso_9p = R+ J% 

TRANSMITTER - TORQi1E 

8 
l0 
11 
15 	 , 

TRANSMITTEft - CONTROL 

8 
10 
11 
15 

CONTROL TRANSF~tI~t 

8 
10 	 . 
11 
i5 cT3B2 	70+31~0o 	i3.2+376.5 	77.8+~51 

DIFFFRENTIAL TR.ANS . - TORQUE 

8 
10 
11 
15 

1 
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2.2.5.5.3 Cont~d 
	 -l~1~- 

II~PEDANCE - OF~'15 

STZE 	Zro = R+ JX Z SO = R+ JX Zrs s  = R+ JX Zso_~p  = R+ JgC 

DIFF~tENTIAI., TRANS. - CONTROL 

8 
l0 
11 
15 

DIFFERENTIAL RECEIVER 

8 
lo 
11 

~5 

RECEIV~t 

8 
10 
11 
1$ 

RFBOLV~t - TRANSMITTER 

8 
lo 
u 
15 
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2.2.5.5.3 Cont~d 

IMPED.9NCE - OF~LS 

SIZE 	Zro = R+ JX Z5O = R+ J3C Zr ss  = R+ JX Zso_9p = R+ JX 

RESOLV~. - CONTROL TftANSFORMER 

8 
10 
11 
15 

RESOLVF~ - DIFFER.ENTIAL 

8 
10 
11 
15 
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2.2.6 Accuracy; 	 , 

2.2.E.]. Electxical Error - Proportional Voltage Method: Before testing the synchro 
~or e~c~ricZ error ~~e`-propor iona vo age method~ the synchro zero 
position of the synchro under test shall be accurately determined as 
described in 1.3.2.6 as applicable. The synchro zero shall be determ3ned 
under open circuit conditions and shall not be adjusted befare performing 
electrical error test. 

2.2.6.1.1 This methad consists in compari.ng the actual p~sition of the synchro 
rotor with the electrical position of the synchro. The electrical angle~ 
a, of the synchro is related to the equivalent positi~on ~, by the 
f ollo~ring expre ssion : 

a ~ Electrical angle =~+ (N + 3M) 60~ 
R= 1/Z - 1~2 ~ COt (~1 t 6O~) 

g a .one of the smaller secondary voltages ~ 	A 
arges secon ary. vo age 	 l~b'~3 °~S 

M= 0 when Voltage E(S13 ) is in time phase with voltage E(R21)• 
M= 1 when Voltage.E (S13 )  is 180~ out of time phase with voltage E(R21), 
and N is determined from the following tables; 

Terminals Giving Terminals Giving Value 
Largest Secondary Smallest Secondary of 

Voltage Voltage N 

S2 - S1 Sl - S3 0 

S1 - S 3 s3 - s 2 1 

S3 -  S2 s2 - Sl 2 
The basic circuit employed for electrical error testing of synchro trans- 
r~itters is shown in figure 21. The unit shall be energized ~ith rated 
voltage and frequency across R 1  - R2. 

/ 

/ 

/ 
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VOLTAGE ~IVIDER 
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-47- ~-- -- - -~ 
~ 	NULL 	~ 
j METER 	~ 

NOTE: The ltZso  delta connected 
loads may be replaced by an 
equivalent ~,ry~e connected load. 

Figure 21 

Basic Circuit Elnployed for Elec~rical Error Test oY 
Synchro Transmitters and Receivers 

/ 

/ 
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Three 10~000 ohm resistors shall be connected in delta across the output 
circuits S1, S2 and S3. These resistors shall be capable of being tapped. 
The resistors shall be equal to within 0.01~. The voltage divider shall be 
linear to within 0.01~ and produce a phase shift of no more than 10 minutes. 
Impedances shown as !t Zso shall be four times the value of Zso + 15~ of the 
type of un3.t under test (ref . paragraph. 2.2.5.2 ). This -load sha11 be such 
that when three error curves are made, each at one of the three possible 
connections of the load, the maximum di.fference in the error curves shall 
not exceed 10~ of the allowable transmitter error. With maximum output 
voltage of unit under test applied across one of the impedances, the 
maximum pickup across either of the other 2 impedances shall not exceed 
0.005~ of the applied voltage. The voltage divider shall be connected across 
the secondary terminals givin~ the largest voltage, and the resistors shall 
be connected across the terr,iinals giving the smaller voltages. The variable 
tap on the divider shall be connected to the common terninal of the tWO fixed 
resistors through a sensitive electronic voltmeter having an impedance not 
less than that of a 500,000 ohm resistance shunted by a capacity of 30 mmfd, 
and shall be capable of indicating 0.2 minute displacement o~ the unit under 
test from a null position. It shall also be able to discririinate agzinst a 
value of quadrature of 1~ of maximum output voltage of the unit under test 
so as to produce a meter reading less than that produced by a 0.2 minute 
displacement from the null position of the unit whder test. The voltage 
divider shall be set at the proper ratio (R in the formula) for the desired 
electrical position and the synchro shaft shall be turned until a zero reading 
of the null meter is obtained. The position of the rotor is then recorded. 
The error at a given rotor position is defined as the mechanical rotor 
position minus the electrical position. To facilitate the settings of the 
voltage divider~ a table of values of R corresponding to various value of ~1 
is given in following t~ble : 

Values of R for Various Valixes of Angle ~1 

	

~1 	 R 

	

0 	 .000~0 

	

5 	 .09617 , 

	

io 	 .18479 

	

15 	 .26795 

	

20 	 .31~730 

	

25 	 .421~23 

	

30 	 .5~~ 	 . 

	

35 	 .57577 

	

!t0 	 .6527~ 

	

~5 	 .73205 

	

5u 	 .~~52~ 

	

55 	 .90383 

	

60 	 1.00000 

The maximum error, in absolute value, of transmitters shall not exceed 
those given for its classification in tabulation under se~tion 2,2.6.5. 
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2.?.6.1.2 Control Transformers: The basic circuit for electrical error testing of 
con ro 	ans ormers i.s shown in Figure 22. The stator terminals of 
the control transformer shall be connected to the corresponding stator 
terminals of a matching control transmitter operated at rated voltage 
and frequency. The output terminals R1 - R2 of the control transforrier 
shall be connected to the null meter. The energizing transmitter shall 
be turned unti_l its electrical position, measured as described in 
2.2.h.]_.1, is at the desired value. The mechanical rotor position oE the 
unit under test that produces a zero reading of the null meter shall be 
determined, The error at a given rotor position is the mechanic al rotor 
position minus the electri.cal position. The maximum errors, in absolute 
value, of control transformers shall not e~ceed the limits given 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; 

2.2.5,1.3.1 Differential Transmitter Rotors; The basic circuit for electri~cal error 
es i.ng o 	e ro or wl.n n~s of differential synchros is shown in 

Figure 23. The unit shall be energized at rated frequency with 0.866 
times the rated voltage across terminal S 2  and terminal S1 which i.s 
connected to S3. The electrical position of the rotor is obtai.ned 
from the f.ollowing equation; 

Electrical position = jd +(N + 3M) 60° 
where ~1 is determined as described in Section 2.2.6.1.1. 

M= 0 when voltage E(R13 ) is in time phase With voltage E(S 3). 
M= 1 when voltage E(Rl ) is 180° out of time phase with vol~age E(S~~ 
and N is obtained from t~e follo~wing table : 

Terminals Giving 	Termi.nals Gining 	Value 
Largest Secondary 	Sma11~S~~S~donciary 	 of 

poltage 	 Voltage 	 N 

R3  ~ R2 	 Rl - ft3 	 0 

Rl - R3 	 R2 - Rl 	 1 

R2 - R1 	 R3 - R2 	 2 

The error at a given rotor position is equal to the mechanical position 
of the rotor minus the electric al position, The maximum errors, in 
absolute value,.of differential transmitters shall not exceed the 
limits given in section 2.2.6,5. 

/ 
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2.2.6.1.3.2 Differential Transmitter Stators: The basic circuit for electrical 
error es n~ o 	e s a or win ings of differerYtial synchros is shoFtn 
in Figure 21t. The stator terminals of the syncta~o under test shall be 
connected to the corresponding stator terminals of a synchro trans- 
mitter of eF~ual or larger size, operated at rated voltage and frequency. 
P~otor terminals R1 R of the differential transmitter shall be 
connected to a null me~r. The energi.zing transmitter shall be turned 
until its electrical position, measured as described in 2.2.6.1.1~ is 
at tne desired value. The angular position of the unit under test 
that produces a zero reading of the null meter shall be determi.ned. 
The error at a. gven rotor position is defined as the mechanical rotor 
position minus the electrical position. The maximum errors, in absolute 
value, of differential transmitters shall not exceed the limits given 
in section 2.2.6.5. 
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RATED VOLTS 	 -51- 

	

~, 	 , 
8►  FREQUENGY 	 ~ ~------~ 

~ NULL 	I 
~ 	METER ~ 

R~ 	R2 	 ~ 	 i 
~1 	 L-,.-,.-J 

~NERGIZING 
SYNCHRO 

TRANSMITTER 

A 

VOLTAGE~ 
~IVIDER " 	 ~ 

- ~ ---- ~ 

SVNGHRO 	 R~ 	NUtL 	~ 

TRANSFORMER 	
~ METER ~ 

UNDER TEST 	~ 	 R2 	I 	 I 
I 

L- - _J 

~' BASIC CIRCUIT EMPLOYID FOR ELECTRICAL ERROR TFST OF CONTROL 
TRANSFORMEEtS 

Eigare 22 

/ 

/ 
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RATED FREQ AND 
.866 RATED VOLTS 

i-------- i 

t 	 ( 

~ NULL METER 	~ 

I 	 ~ 

I 	 I 
~- — — ~-- — — — -~ — ---~ 

$i 

SYNCHRO 
D I F FE RENTIAL 
TRANSMI T TER 
UNOER TEST 

I~10TEa The LtZso delta connected 
loads may be replaced by an 
equivalent ~rye connected load, 

BASIC CIRCUIT EMPZOYED FOR ELECTRICAL ERROR TEST OF THE 
ROTOR WINDINGS OF THE DIFF~NTIAL 

TRAN5MITTER5 

Figure 23 
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1 r-------~ 

~ 	 I 
i NULL METER I 

I 	 I 
L_~-----~ 

RATED VOLTS 
a FREQUENCY 

1 

ENERGIZING 
SYNCHRO 

TRANSMITTER 

VOLTAGE 
DIVIDER 

Issusd ~-~_5s 	A RP 461 SYNCHRO SPECIFICATION 	 Reviaed 

R~ 	I R2 

A 

SYNCHRO 
OIFFERE ~VTIAL 

UNDER TEST 

Ri 	~ -- ---~ 

I 

R2 	 I NULL 	~ 

R3 	 I 	METER ~ 

I 

~-----~ 

BASIC CIRCUIT .EMPLOYID ~OR ELECTRICAL ERRCfft TEST OF THE -STATOR 
WINDIl+IGS OF THE DIF'FERIIJTIAL TRANSMITTERS 

Figure 24 

/ 
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2.2.6.1.4 Resolver Transmittert 	This ~thod consists of comparing the actual 
pos 	on o 	sync 	o rotor with the electrical'position of the synchro. 
The electrical position of the synchro is obtained from the follawing 
equation: 

Electrical Position ~, P~1 +(N + 1/2 - P/2 + ttM) Lt5° 

f0=tan-1R 

R= smaller secondary voltage/larger secondary voltage =_~ 
2 

Al  + A2  = 10~000 ohms 	 . 

M ~ 0 when E(Si3) 	is in time phase With voltage E(R~~ 

M~ 1 when E(Sl~) 	is 180° out of time phase With voltage E(8~~) 

N is determined as follows; 

N= 3~en 1T3  is larger or equal to V 2  and V1 is larger or equal . to V3 . - 

N= 2 when V2 is larger or equal to V3 and V 1  is larger or equal to Y2. 

N= 1 when V2  is larger or equal to V 3  and Vl  is smaller or equal to V2. 

~1 = O when V3 is larger or equal to V2 and V1 is smaller or equal to V3. 

P~+ 1 when R, increases with increasing positive angle. 

P=- 1 when R decreases With increasing positive angle. 

RATED VOITS 	 RATED YOLTS 
a FREC 

~ FREQ 
N 

RI 

1 

A2. 	 Ri 	 ~ 

3 
Ss 

S 	A~ 	 A~ 	 R~ 	 Vi 

R S 	 ~ 	p2 	 R~ 	 $4 

4 S 4 	 ~ 	 SZ 

RESOLVER 
T R AN SMITTER 	2Z SO 
UNDER TEST 	~— 	-~ 

i 	NULL 	~ i 
~ METER 	' J 	- L___ 
Figure 25 
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Fonr non-inductive voltage dividers of 10~000 ohms each sha7.l be connected 
across the output cireuits S-S3, S2-Sj~ as shoWn in Figure 25. Impeda~es 
shown as 2 Z9O shall be tao ~imes the value of ZSo + 15~ of the type oY 
unit nnder test (ref. paragraph 2.2.5). This load shall be such that fo~ 
error curves are mads, each at one of the four possible connections of the 
load, the maxim~~n difference in the error curves ahall not ex~ceed 10~ of the 
allor►able tran~mitter error. With max3.mum output voltage of unit under tegt 
applied across one of the impedances the maximum picknp across the other 
i~pedance shall not exceed 0.005~ of the applied voltage. The voltage 
dividere shall be equal to ~ithin 0.01~ and produce a phase sh3.ft of no 
more than 10 mir►utes. The variable tap shall be connected to a null meter 
hacving an i~npedance not less than that of a 500,000 ohm resistor ~hunted by a 
30 mmf capacitance and shall be capable of indicating 0.2 minutes displacemerit 
of the nnit ander test from a nnll position. It shall also b~ able to dis- 
criminate againat a nalue of quadrature of l~ of maximum output voltage oY 
the v~nit under test so as to produce a r~eter reading less than that produced 
by a 0.2 minute displacement from the null position of the unit under t~st. 
The voltage divider shall be set at the proper ratio (8 in the formula) for 
the desired electrical position and the synchro shaft shall be turned until 
a sero readin~ of the null meter is obtained. The po~ition of the rotar~ is 
then recordsd, The errc~r at a given rotor position is defined as t~a 
mechanical rotio~ position miaus the electrical position. 

Values.o£ R for Various Values of Angle ~ 

~S 	 R 

0 000000 

5 .os749 
io ~ 	.1.7633 

15 .2679~ 
20 .36397 
25 .46631 
30 .57735 
l~o .83910 

45 i.00000 

The maximum errors, in absolute value, of resolver transmitter shall not 
exrceed those ginen in section 2.2.6.5. 

' 
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2.2.6.1.~ Resolver Control Transformers; The basic circuit for electrical error 
es ing o reso ver con o ransformers fa sho~m in Figure 26. 

RESOLVER 

ENERGIZtNG 	 CONTROL 
RESOLVEii 	 TRANSFORMER 

TR/CNSMITTER 	 UNOER TEST 

	

R ~ 	 ~ 	 A2 	 R i 
►TED VOLTS 
FREO . 	

S3 	Q~ 	 A 	 R 2 

	

R~ 	 ~ 

2 

r ~ + ~ 	 ~~ ~~ 
I NULL i 	 NULL 

~METER~ 	 LMETER~ 

Figure 26 

The stator tennina].s of the resolver transformer shall be conneeted to 
corresponding stator terminals of a resolver transmitter operated at 
rated voltage and frequency. The output terminals R ? R4 of the resolver 
control transformer sfiall be connected to the null meter. The energizing 
transmitter shall be turned until its electrical positior~, measured as 
described in 2.2.6.T.~t~ is at the desired value, The angular position of 
the unit under test that produces a zero reading of the null meter shall 
be de'terminad. The erroa~ at a gi~en rotor po~ition is the e~echanical 
rotor positivr►  a~i.nns the electri.cal position. The awxia~u~a errora, in 
absolute valt~e, o~t' rseolver c;ontrol transforssr~ shall not s~rceed the 
li~eits given in sectiot~ 2.2.6.5. 
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2.2.6.1.6 Resolver Differential: 

2.2.6.1.6.1 Resolver Dii'ferential-Rotor: 

Figure 27 (assigned) 

2.2.6.1.6.2 Resolver Differential-Stator; 

/ 
	

Figure 28 (assigned) 

1 

/ 
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2.2.6.2 Electrical Error - Comparison Methods Before testing the synchro for 
e ec ric error y e comparison method~ the synchro zero position of the 
synchro under test shall be accurately determi.ned as described in 1.3.2.6 
as applicable. The synchro zero shall be determined under open cir cuit 
conditions and shall not be adjusted before performing electrical error test. 

2.2.6.2.1 Transmitters; Transmitters shall be tested as shown in Figure 29 using 
con roT~ r~arisforrr~rs, calibrated by the proportional voltage method as 
described in 2.2.6.1,2. The calibrated C.T. shall have an open circuit 

~ 	input impedanee (Zso) two times the open circuit impedance of the output 
windir~ (Zso) of ~he transmitter under test. The synchro under test shall 
be excited with rated voltage and frequency to the rotor. Its stator 
leads shall be connected to the stator leads of the calibrated control 
transformer in the following manner: S1 to S 3, S3  to S1, and S2  to S2; 
and its rotor shall be mechanically coupled to the rotor of the control 
transformer so that both units are at synchro zero. The rotor voltage 
of the control transformer is a measure of the electrical error of the 
synchro system (calibrated C.T. error plus unit error under test). This 
voltage sha.11 be recorded for a complete revolution by ~means of a 
recording voltmeter with the same requ3rements as the null meter described 
in 2.2.6.1.1. The electrical error record shall be corrected, if necessary 
to account for the errors of the calibrat,ed control transformer. Th~ 
maximum~errors, in absolute value, of the transmitters shall not exceF:d 
the limits given in section 2.2.6.5. 

2.2,6,2.2 Control Transformers; Control transformers shall be tested as shown in 
igure 	using ransmi.tters, calibrated by the proportional voltage 

method as described in 2..?.6.1,1. The transmitter shall have an output 
Windi.ng impedance with the rotor short c~scuited and fully coupled to the 
output s,rinding no greater than 2p of the open~circuit input impedance 
(ZSO )  of the control transformer under test. The transmitter shall also 
have the proper transforme~inn Fatio so that with rated voltage applied 
to the transmitter the control tx ansformer will receive its rated 
e~acitation. The stator leads of the calibrated transmitter shall be 
connected to the stator leads of the co~trol transformer in the following 
manner: S~to S3, S 3  to S1, and S 2  to S2 ; and the~s rotors shall be 
mechanical coupled so both units are at synchro zero, The rotor voltage 
of the control transformer is a measure of the electrical error of the 
synchro system (control transformer error under test plus calibrated trans- 
mitter error), This voltage shall be recorded for •a coriplete revolution 
by means of a recording voltmeter with same requirements as the null meter 
described in 2.2.6.1.1. The electrical.error record shall be corrected, 
if necessary~ for the errors of the calibrated transnitter. The maximum 
errors, in absolute value, of the control transformer shall not exceed 
the limits given in section 2.2,6.5. 
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2.2.6.2.3 Dif'ferential Transmitters: 

2.2.6.?..3.1 Differential Transmitter Rotor t  Differential transmitter rotors 
s 	e es e as s awn ~.n igure 31 using control transformers, 
calibrated by the proportional vottage method as described in 2.2.6.1.2. 
The calibrated C.T. shall have an open cixcuit input impedance (Zso) 
two times the open circuit impedance of the output winding (Zro) of the 
transmitter under test. The synchro under test shall be excited at reted 
frequency and 0.866 rated voltage appl~sd between S2 and S1-S shorted 
together. Its rotor leads shall be connected to the stator ~eads of 
the calibrated control transtormer in the following manner: R1 to Sl, 
R2 to S2, and R 3 to S3 .  Its rotor shall be mechanically coupled to 
the rotor of the control transformer so that both units are at synctso 
zero. The rotor voltage of the contxol transformer is a measure of 
the electrical error of the sync~ro system (control transmitter error 
plus differential rotor error under test). This voltage shall be re- 
corded for a complete revoluti.~ by means of a recording voltmeter Wit.h 
the sam,e characteristics as the null meter described in 2.2.6.1.2. The 
electrical error record shall be corrected, if necessary, for the errors 
of the calibrated control transformer. The maximun errars, in absolute 
value, of the differential rotors shall not e~aceed the limits given in 
section 2.2.6.5. 	 ~ 

2.2.6.2.3.2 Different3.a1 Trans~ai.tter Statorr Di~ferential t.ransmitter stators 
s a 	e es e as s awn in ig~se 32 using transmitters, calibrated 
by the proportional voltage method as described in 2.?_.b.l.l. The 
transmitter shall have an output winding ir.ipedance with the rotor 
short circuited and fully coupled to the output winding no grea~er than 
2~ of the open circuit input impedance (Zso) of the differential under 
test. The transmitter shall also have the proper transformation ra.tio 
so that with rated voltage applied to the transmitter the differential 
will receive its rated excitation. The stator leads of the calibrated 
transmitter shall be connected to the stator leads of the di.f'ferential 
in the following manner; Sl to S q, S2 to S, and S3 to S1 ,  and their 
rotors shall be mechanically coupled so tha~ both units are at 
synchro ~ero. The rotor voltage ~(R13) of the ditferential is a 
measure of the electrical error of the aynchro syste~ (differential 
stator error under test plus calibrated transmitter error). fihis 
voltage shall be recorded by means of a recording voltmeter with the 
same requirements as the null meter described in 2.2.6.1.1. The synchro 
error record shall be eorrected, i.f necessary, for the errors of the 
calibrated transmi:tter. The maximum errors, in absolute value, of the 
differential stator shall not exceed the limits given in section 2,2.6,5, 

/ 
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TRANSMITT~?. 	 CALIBRATID 
~ 	 11NDF~ TEST 	 C.T. 

Rl 	
Rl r----~ 

I 
RECORDING I 

RATED VOLTA(~ 	 MECHAAI ICAL 	 ~ VOLTMETER I 
& F12EQ. 	 COUPLING 	 I 	 I 

R2 	 R2 	 ~ 

..~ si 	 L-----~ 
Sl ~ S2 ~"~ S2. 	~ 	S3I 

COMPARISON METHOD FOR ELECTRICAL F~iRbR OF TRANSMITTERS 

Figure 29 

CALIBRATED ~.T. 
TRANSMITTER UNDER TEST 

Rl R1 ~ 	, 

RECORDING 	~ 
RATED 90LTA(~ MECHANICAL ~ VOLTMETER, 	~ 
& g~, COUPLING I 	~ 

R2 gl R2 I 

Sl s 	s3 g2 L-- -- J 
S3 

COMPARZSON METHOD FOR- ELECTRICAL ERROR OF CONTROL TRANSFORMER 

Figure 30 

D IFF'F~tENTIAL 	 C ALIBR ATED 
_, 	UNDER TEST ~ 	 ~.T. 

COMPARISOAI NIETHOD ~'OR ELECTRIC AL ~1ROR OF DIFFEREAiTZ AL  TRANSMTTTE~. ROTORS 

gignre 31 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

61

https://saenorm.com/api/?name=624f3bedb836ad675672cdeb4c3c827a


---- —1 

RECORDING ( 
VOLTM~"TER ~ 

~ 

~ 

-----~ 

RATID VOLT 
k FREO, . 

I 	 I Issued ~-1-55  I qRP 4 6 I I 
SYNCHRO SPECIFICATION 	 Revised 

, 

	
-61- 

~ALIBRATED 	 D IFFERENT IAL 
TRANSMITTER 	 UNDER TEST 

COHPARISON 1~THOp F~ II.ECTRICAL ERRCR~. OF DIFF~ENTIAL TRANSMITTER STATORS 

~ 

, 

Figure 32 

2.2.6.2.Lt Resolver Transmitters ; Resolver transmitters shall be tested as sho~,m in 
lgure 	using reso ver control trans~.ormers, calibrated by tne propor- 

tional voltage method as described~in 2.2.6.1.$. The calibrated resolver 
C.T. shall have an open circuit i.nput impedance txo times the open circuit 
impedance of the output winding (Zso) of the resolver transmitter under 
test. The resolver transmitter under test s~all be excited with rated 
valtage and frequency to the rotor winding R 1R3 and R2R~ shall be shorted 
together. Its.stator leads shall be connected to the stator leads of the 
calibrated resolver control transformer in the f ollcrwing manner; 
S2  to 52 , S4  to St' ,  S to S3 , and S 3  to Sl ; and its rotor shall be 
mechanically coupTed ~o the rotor of the resolver control transformer so 
that both units are at synchro zero, The rotor voltage across R2R4 of 
the resolver control transformer is a measure of the electrical error 
of the synchro system (calibrated resolver C.T. error plus resolver 
transmitter error under test). This voltage shall be recorded for 
a. complete revolution by means of a recarding voltmeter With the s~ne 
requirements as the null meter described in 2.2.6.1.1. The electri.c al 
error record shall be corrected, i.f necessary, to account for~the errors 
of the calibrated resolver control transformer. The maximum errors, in 
absolute value, of the resolver transmitter shall not exceed the limits 
given in section 2.2.6.5, 
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CALI~tATID 
RESOLVER RESOLVER 

TRANSMITTER CONTROL 
, iJNDFR TEST TRAI3SFORMER 

~-----~ 

RATED 	Rl Rl ~RECORDIN(} 	~ 
U~LTAC3E 

R2 MECHANICAL 
R VOLTMETER 	~ 

I ~ ~EQ. R2 
R COUPLING ~ 

~ 

~ 

L-- - -~ sl S3 	~►  S~ s 	sl s3 

COMPARISON METHOD FOR ELECTRICAL SRROR OF RESOLVER TRANSMITTFR 

Figure 33 

1 

~ ~ 
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2.2.6.2.5 Resolver Cor~tr.ol Transformer; Resolver control transformers shall be 
es e a~ s̀ s~iawn"~"in~igure 	using resolver transmitters, caYibrated by 

the proportional voZtage method as described in 2.2.6.1.l~. The resolver 
transnitter shall have an output winding impedance with the rotor short 
circuited and fully coupled to the output ~inding no greater than 2~ of 
the open circuit input impedance (Zso) of the resolver control trans- 

I 

	

	 former under test. The resolver transmitter shall also have the proper 
transformation ratio so that with rated voltage applied to the resolver 
transmitter the resolver control transformer will receive its rated 
excitation. The.stator leads oY the calibrated resolver transmitter shall 
be connected to the stator leads of the resolver control transrormer in 
the follo~wing manner; S2 to S2 ,  S~ to S4 ,  S~ to S 3 ,  and g.3  to S1 ;  and 
their rotors shall be mechanically coupled so that both .units are at 
synchro zero. The rotor voltage across R 2R4 of the resolver control 
transformer is a measure of the electrical error of the synchro system 
(error of resolver control transf ormer under test plus calibrated resolver 
transmitter error). This voltage shall be recorded for a complete 
revolution ms a recording voltmeter with the same requirements as the 
nul~ n~ ter described in 2.2.6,1.1. The electrical error record shall 
be corrected~ if necessary~ f.or the errors of the calibrated resolver 
transmitt,er. The maximum errors, in absolute value, of the resolver 
control transformer shall not exceed the limits given in section 2.2.6.5. 

RESOLVF~t 
CALIBR.ATID 	 CONTROL 
RESC~L9$R 	 TRANSFORMER 

~'RANSMITTER 	 ~ 	UNDER. TE,ST 

. 

COMPAR.ISON METHOD FOR ELECTRICAL ERROR OF RESOLVER CONTROL 3'RANSFdR1~R 

Figure 3}~ 
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2.2.6.2.6 Resolver-Dif£erential: 

2.2.6.2.6,1 Resolver Differential Rotors; Resolver differential rotors shall be 
es.e as s own in igure 	using resolver control transformers, 

calibrated by the proportional voltage riethod as described in 2.2.6.1.5. 
?'he calibrated resolver C.T. shall have an open circuit ingut impedance 
two times the open circuit impedance of the output winding (Zro) of the 
resolver differential under test. Tk~e resolver differential under test 
shall be excited with rated voltage and frequency to the stator winding 
S2SJ~ and S1S3 shall be shorted together. Its rotor leads snall be 
connected to the stator 'leads of the calibrated resolver control 
transformer in the follawi.ng manner; R 2  to . S2 , R~ to S4, R1  to S1s 
and R 3  to S; and it,s rotor shall be mechanical~y coupled to the rotor 
of the reso~ver control transformer so that both units are at synchro 
zero. The rotor i=oltage across R2R4 of the resolver control trans- 
former is a measure of the electrical error of the synchro system 
(cal.ibrated resolver C.T. error plus error of resolver differential rotor 
under test). This voltage shall be recorded for a complete revolution 
by means of a rec~rding voltmeter with the same requirements as the 
null meter described in 2.2.h,1.1. The electrical error record sha11 be 
correcteci, i.f necessary, to accour~t for the errors of the calibrated 
resolver control transformer. The cnaximum errors, in absolute value, 
of the resolver dif.ferential rotor should not exceed the limits given 
in section 2.2.6.5. 

RE50LVL+R 	 CALIBRATID 
DIFF~i.EIJTIAL 	 RESOLVER 
ROTOR 	 CONTROL. 

	

S1 	UNDF~t TEST 	 TRANSFO~IF~?. 

/ 

/ 

COMPARISON METHOD FOR ELECTRICAL ERROR OF RESOLVII? DIFFF~t~d~`IAI, ROTOR 

Figure 35 

	 / 
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2.2.6.2.5.2 Resolver D .ifferential Stators; Resolver differential stators shall 

	

e es e as s aan 	igure 36 using resolver transmitters calib~rated 
by the proportional voltage method as described in 2.2.6,1.~. The 
resolver'transnitter shall have an output winding i~edance with the 
rotor short~c~rcuited and fully coupled to the output winding no 
greater than 2~ of the open circuit input impedance (Zso) of the 
resolver differential under test. The resolver txansmitter shall also 
have the proper transformation ratio so that with rated voltage applied 
to the resolver transmitter, the resolver differential wi11 receive 
its rated excitation. The statar leads of the calibrated resolver 
transmitter shall be connected to the stator leads of the resolver 
differer~tial in the follawing manner; S 2 to S2 ,  S~ to S~, Sl to S3, 
and S to Sl; and their rotors shall be mechanically coupled so that 
both ~its are at synchro zero. The rotor voltage across ~8~.; of the 
resolver differential is a measure of the electrical error of~the 
synchro system. (Error of resolver dif.'ferential stator under test 
plus calibrated resolver transmitter error.) The voltage shall be 
recorded for a complete revolution ati a recording qoltmeter with the 
same requirements as the null meter described in 2.2.6.1.1. The 
electrical error record shall be corrected, if necessary, for the 
errors of the calibrated resolver transinitter. The maximum errors~ 
in absolute value~ of the resolver differential stator snall not e~cceed 
the limits given in section 2.2.6.5. 

RESODJII~. 

C ALIBRATID 	 DIFFF.REI~TZAL 
RE90LVER 	 S"TA'!'dR 
TRANSMITTER 	 UNDF~. TEST 

. 

COMPARISON I~"i'HOD FOR ELECTRICAL ERROR OF RESOLVPR, DIFFERFNTIAL STATOR 

~'igure 3b 
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2.?_,6.3 Receiver Error; 

2.2.5.3.1 Dynamic: Receivers shall be tested against torque'transmitters of equal 
size. The receiver error shall be determined for contimtous rotation of 

~ 	the transmitter both clockwise and counter-clockwise. The receiver errors, 
corrected for the calibration errors of the tran snitter, shall not exceed 
those given in section 2.?_. 5..5 . 

2.2.6.3.2 Static : 

2.2.6.4 Differential Receiver: 

2.2.5.~a.1 D~namic; All sizes of differential receivers shall be tested against 
~~orque transmitters of the same size~ one connected to the rotor 
of the differential receiver and the other connected to the stator of 
the differential receiver. Two complete sets of error meas~rements in 
each direction of rotation shall be taken. 

Lock one transmitter on synrhra zero and vary the setting of the other 
transmitter cQntinuously recording the angular positi~n assumed by the 
di.fferential.receiver. 

Repeat the above test but wi.th the other transmitter c~:amped an BynChr~ 
zero and vazy the setting of the transmitter continuously as before, 

~he errors, corrected for the calibration errors of the transrnitters, 
shall not exceed those given in section 2.2.6.5. ' 

2 .2.6.1~.2 Static : 

/ 

/ 

/ 
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Unit Size 

8 	l0 11 15 16 18 19 2 3 31 3? 

10 10 8 8 
8 8 
8 8 6 

8 8 
8 8 
8 

8 

TJnit Size 

18 19 23 31 37 

60 60 60 1~$ 

60 
60 

~~u~ ~-~-55 	AR P 461 SYNCI~.O SPECIFICATION 	 Rsv~sed 

-57- 

2.2.6.5 Tabulation of AlloFrable Error; 

2.2.6.5.1 lZ5 volt, 6o cPS synenros: 

Maximum in Minutes 

Electrical Error 

Type 

Transmitter - Torque 
Transmitter - Con~trol 
Control Transformer 
Diff. Trans. - Torque - Stator 
Diff. Trans. - Torque - Rotor 
Diff. Trans. - Control - Stator 
Diff. Trans. - Control - ftotor 
Resolver - Transmitter 
Resolver - Cont. Transformer 
Resolver - Differential - Rotor 
Resolver - Differential - Stator 

Receiver Error 

TYPe 

Receiver 
Differential Receiver - Stator 
Differential Receiver - Rotor 
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Unit Size 

8 	l0 11 15 16 18 19 23 31 37 

60 60 60 60 60 48 
60 4~ 
60 48 

A R P 4 6 I 	
~asued 'j-1~5j 
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2.2.6.5.2 115 volt, lt00 cPS synchros: 

Maaamum in Minutes 

Electrica]. Error Unit Size 

TyPe 8 	l0 	11 	15 16 18 19 23 31 	3'T 

Transmitter - Torque 12 12 8 8 8 8 
Transmitter - Contro]. 12 	12 12 8 8 8 
Control Transformer 10 	10 1.0 8 8 6 
Diff. Trans. - Torque - Stator 10 10 10 10 8 8 
Diff. Trans. - Torque - Rotor 10 10 10 10 8 ~ 
Diff. Trans. - Control - Stator 10 10 8 8 8 
Diff. Trans. - Control - Rotor 10 10 8 8 8 
Resolver - mransmitt•er 
Resolver - Cont. 'Iransformer 
Resolver - Differential - Rotor 
Resolver - Differential - Stator 

Receiver ~ror 

Type 

Receiver 
Differential Receiver - Stator 
Differential Receiver - Rotor 

/ 

/ 
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2.2.6,~,3 26 Volt, 400 Cf~ Synchros: 

Maximtxm i.n Minutes 

Electri cal E~'ror 	 Unit Size 

~~,pe 	 8 l0 11 lrt 16 18 19 23 31 3? 

Transmitter - Torque 15 12 15 
Transmitter - Control 10 	15 12 15 
Control Transformer l0 	15 10 15 
Diff. Trans. - Torque - Stator 
Diff. Trans. - Torque - Rotor 
Diff. Trans. - Control - Stator 18 10 20 
Diff. Trans. - Control - Rotor 18 10 20 
Resolver - Transmitter 18 20 
Resolver - Cont. Transformer 18 20 
Resolver - DifferentiCl. - Rotor 
Resolver - Differential - Stator 

Receiver Error 	 Unit Size 

Type 	 8 10 11 15 16 18 19 23 31 37 

Receiver 	 120 60 
Differential Receiver - Stator 
llifferential Receiver - Rotor 

2.2.7 P4inimum Voltage; The minimum voltage and the fundariental component of the 
min~.mum vo ge shall be determi.ned by employing the circuit of Figure 37. 
These voltages shall be read on a vacuum tube voltmeter indic ating the average 
value of the voltage wave in terms of the rms value of an equivalent sine wave, 
The synchro shall be connected as indicated in the tablP of Figure 37. The 
mini.mvm voltage readi.ngs shall be made with the synchro at the electrical 
angles shawn in the table. 1nTith the switch in position (I) the rotor shall 
be turned to determine the value of the fundamental voltage. ~rFithout further 
turning of the rotor, the switch shall be changed to position (2) and the 
minimum voltage shall be read. The maximum values of the minimum voltage 
and of the fundamental component of the min~mum shall not exceed the val.ues 
specified in 2.2.701. The value of the fundamental volta~e shall have been 
corrected for the attenuation of the filter used. The filter shall have a 
minimum input impedance of 10 tl.mes the ma,ximum open circuit impedance of the 
secondary of the unit under t,est. 
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I
LOW PASS I 

FILTER 

~ 
PRIMARY 

SYNCHRO 
UNDER 
TEST 

0 	0 	 (2~ 

ELECTRANIC 
VOLTMETER 

Figure 37 

mable of Connections 

/ 

/ 
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Table of Connections (Cont~d) 
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2.2 . 7..1 Tabulation of 1~,llowable Voltages ; 

2.?.7.1.1 115 volts, 6o cPS synchros: 

/ 

?~iinimum Voltage (Millivolts - Max.) 

~'YAe 

Transmitter - Control TSV 
FSV 

Control Transformer 	TSV 
Fsv 

Di~f. Trans. - Torque TSV 
FSV 

Diff. Trans. - Control. TSV 
~v 

ResoJ.ver - Transmitter TSP 
FSV 

Resolver -'Cont. Transformer TSV 
FSV 

Resolver - Differential 	TSV 
FSV 

2.? .?,~ ,2 115 Volt, 1~00 CPS Synchros : 

Unit Size 

18 19 23 31 37 

125 100 

75 75 
90 60 
bo 40 

125 100 
75 75 

/ 

Minimum Voltage (Mill;.volts - Max,) 

Unit S ize 

8 	l0 	11 15 16 	I8 	19 23 31 	37 

i25 125 125 	~5 	v.5 ioo ioo 
75 75 7~ 	65 	65 50 50 
90 75 75 	65 	65 60 
60 40 !~0 	35 	35 3~ 

125 125 115 u5 loo 
75 75 65 65 5u 

Type 

Transmitter - Control TSV 
F5V ~ 

Control Transformer 	TSV 
FSV 

Diff. Trans. - Torque TSV 
FSV 

Diff. Trans. - Control TSV 
Fsv 

Resolver - Transmitter TSV 
FSV 

P.ssolver - Oont. Transformer TSV 
Fsv 

Resolver - Differential 	TSV 
FSV 

/ 
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