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1. SCOPE AND CLASSIFICATION 

1.1 Thia speo1t1cat1on-covers 115 vnlt 60 cycle synchros 
uaed bJ the Depa rtmant of the Navy. The word "Synchro" 1• • 
term, analogoua to a trade name, used by the Armed Fort•• 
and applies to certain component, of self-synchronous sy~!ems 
or units which are listed in 1.2 below. A self-synchronous 
syatem is defined as a system composed or electrically con­
nected transmitting, receiving, and auxiliary units which, 
under all operating condition ■, will automatically set up
and continuously maintain correspondence between the t~ans­
mitter and receiver. Rotatable synchro units, i.e., units 
whioh consist or a rotor and stator in which the angular
position or the rotor with respect to the stator can be 
varied are covered by this apecit1cat1on. Auz111ary units 
consist or synchro capacitors and trouble indicators and are 
covered in referenced spec1f1c ■ t1ona. 

1.2 Claa11r1cation •• to Functlon.--

1.2.1 Synchro Transmitter.--, unit, the rotor or which is 
mechenioally dr1Yen, tor generating and transmitting elec­
trical 1ntormat1on correspond1nc to angular positions of the 
rotor. (Previous to Revision E this unit was called a synchro
generator). 

1.2.2 Synchro Differential Transm1tter.--A unit, the rotor 
of which is mechanically driven, for modifying received elec­
trical angular 1ntormation and transmitting electrical infor­
mation corresponding to the sum or difference of the respective
angles. (Previous to Revision E this Wlit was called a synchro
differential generator). 

1.2.3 Synchro Rece1ver.--A unit, the rotor or which 1s tree 
to turn in accordance ~1th the electrical orders reoeived. 
(Previou! to Hevis1on t this unit was called a synchro motor). 

1.2.4 Synchro Differential Reoe1ver.--A unit, the rotor or 
wh1dh 11 tree to turn 1n accordance with the 11111 or d1tterence 
or eleotrical angular 1nformet1on received tro• two 1,-nobro 
11gn1l1. (Previous to Revision E this unit••• oalled • 
synchro differential motor). 

1.2.5 S711ohr0 Control Transrormer.--A unit! the rotor or 
wh1oh 11 meoban1cally driven until the eleotr cal voltage 1n• 
duoed 1n tbe rotor trom its stator become• null, or the final 



1ngular pos1t1on of rotor corresponds to that set up by the 
transmitter. The voltages induced in the rotor are generally
impressed upon grids or thermionic tubes or similar device ■ 
used tor the control or servo units. 

1.3 Clas11r1c ■ tion as to Size.--

Approx. Approx. Approx. 
ila W•1,cht Lbs, '1Prtb Pit•eter 

1 2 3.9 to 4.2 in. 2.25 in. 
3 3 ~.2 to 5.5'1 1n. 3.1 in. 

6.o 1:0 6.8 1n. 3.39 to J.625 in.l i 6.4- to 7.5' in. 4.5 in. 
7 18 8.9 to 9.2 in. 5'.75 1.n. 

1.4 Clea11ficat1on Lettera.--

Letter Per1n1t1on 
G Transmitter 

r Flange mounted receiver (Thia letter 
1s om1tted it letters other than "71" 
or "S" occur in a receiver's type
'1esignat1on) 

D Differential Receiver 

DG Difterent1■ 1 Transmitter 

CT Control Tr ■ nstoraer 

H H1ch Speed (1200 rpm tor 1500 hours) 

B Bearing Mounted 

R No%~le Mounted 

s Special Unit (The aynch.ro does nc•'\i 
oontorr to standard apec1ticatSons
1u ,om-, ••!) 

The abo~e types ~r·f ~ ...· 60 cycle opertt~1on. Two traa types 
are sta~1ra - Flon,~ MoU!"\t&d anG Bearing Mounted. 

4. 
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1.5 Type De111natlon.--A 1ynchro unit 1a 1dentlt1ed bJ 1 
type de ■ ignetlon con1i1ting ot the ebov• <leas1r1cat1ona. 
The letter 1,abol or a combination ot t~~ letter 1111bol1 11 
preeeded by a nuaer1al prefix deaignatin• the 11• ••••• 
5DGB dea1gnatee • size 5 ~1rte~ent1al tran•1tter bearln& 
■ounted, low operating speed. 

1.6 Mark and ■odltlcatlon.-In addltlon to the type 4ea11-
natlon, aynchro un1t1 are turtber ldentltied bJ llark and 
lod1t1cat1on nuabera. The lark nuaber 11"gn1r1e1 the 4ea1p 
ot the particular tJpe that 11 1n accordance •1th thi• •peel•
t1cat1on. The ■oc11t1cat1on n•ber• illc!leatea the Mnutaetver 
and 11 aaalgned by the Bareau of Ordnance. 

2 • APPLICABLE SPr.C IFICATIOIIS , OTHER PUBLICATIORS, AID 
MIAWIIGI. 

2.1 Spec1tlcat1ona.-Tbe tollowiDg apeelt1cat1ona1 ot tb•t••• in effect on the date of lnY1tat1on tor b14a, rona • 
part ot thl1 apec1t1oat1on. 

P'ED!RAL SPF.CIFICA!IOIS 
QQ-A•31~ - llua1nua-alloy (Al 52)1 bar ■, roda, abapea.
QQ•A-318 - Al•ln•••lloy (Al 52): plates, sheete. 
QQ-A-32' • Alua1n•••lloy (Al 6th bara, roda, ahapea.
QQ•A-32? - Al11111Dua-alloy (Al 61)s plates, ■heeta. 
QQ-A-591 - Al•1num-Base•Alloy: dle-caatlnga.
QQ-S-?63 - Steel! corros1on-re1l■t1Dg1 bara and tor11n&• 

(except for rerorg ng). 

JOilff AlWY-IAVY SPECD'ICATIOJIS 
JAW•I-225! Interference Keaaure•nt, Radio, Ketbod1 ot, 

1,0 Jtilocyc •• to 20 •1•07cl•• f'or componeni1 ancl c011plele
••sembl1••• 

JAB-P-13 - Pl11t1c...terhla, laminated, tber■o■ett1nci 
1heet1 and plat•••

JAW•P-14 - Pla1t1c-11111te~11l1, ■olded, tberaoaett1n&. 
J&K-C-?6 - Cable (hook-up wire), electric, lnaulated, radio 

and 1.Datl'Ullenl. 

l IR FOIICE•llff AEROWAUTICAL --8PECIFICATI01'8 
ll-QQ•A-696 - Anodic Pila■ ; Corro11on-protect1w (tor)

alm1n,a all071. 

111 ff DBPAMDl'l' SPECIFICATIOIB 
Index or SpeciticatlODa uaed bf the 11-.r Depertaent tor 

lanl Store ■ 1nd Jlaterlal. 
General Spee1t1oetloD tor Iaapect1oe of Material. 
1408 (Ord)• lnalnaeDt Ol'N... 
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l•Pl - Petrolatua. 
1~20 - In•traaenl 011. 
1~2 - 1'1re, llagnet.
l?C8 • Ca ■br1c, 1nsulat1ng v1rnl1hed. 
17111 - In1ulatlon, electrical, paper, t11h. 
11113 - In■ulatton, eleetrlcal, 1lot-ce11, coapo■ 1te 1 

aruture. 
!?PS• Pla•t1c-aater1al•, rigid, thermopleat1c.
1'1'1'1 - Tape, 1naulat1ng1 rubber. 
17T15 - Tepe, 1naulat1n1, linen t1n1 ■b, pla1n.
l?T16 - Tes,., 1n1ulat1ng 111k. 
42S5 - Ser••• •eb1ne, leap and Ht; and nuta).
•3Bll - Bolt ■, nut•, atuda, and tap r1wt•• 
46'.l - Alainu■ -allo7 1 light: caatings (1and)(reai•tant

to •alt water corroason,. 
46B1• - Bronze, pho1phor, rolled or drawn, bar•, platea,

rod•i aheeta, enrl atripa.
46Tl - Tin, pig.
,7520 - Steel, corros1on-re ■ 1at1ngt platea, sheet•, atripa,

end atructural •hape••
SlFl • Flux, aold•ring (peate).
52!15 (Ord) • !-rnt•nt, Moisture and t'UIIIUI proottq of 

ele■enta, c011ponenta and a ■N■bllea, electrical and electronic: 
general 1pec1rtc ■ t1ou. 

52Vl.3 - Varnish 1nwlating (electrical).
5n3 - Zinc-dust. 
66S3 - ~hockproot-equ1,-ent, cl••• HI (high•btpact); en~ 

tests tor. 

BUREAU OP ORDIIAWCB SPIC IFICATIOIS 
WAVORD 00 445 • General Spec1tlc■ t1on tor Fire Control 

Eau1J111ent. 
RAVORD OS 3681 - United State• R■ vy S7Dchro Capacitor

Speclt1cat1on•• 

BORF.AU OP' SHIPS SPfX:IFICATIORS 
BUShips Supplementary General Spec1t1catlon tor ..ch1ner7. 
SGS(71). 119b - Trouble Indicator• tor aelt-a,ncbronoua 

•otora and 1ener1tor1. 

(copies of Federal 1pec1t1cat1ona, National lt111tary
F.stebl1shllent 1pec1t1cat10n1, Joint Ar-,-WeYJ apee1r1cation1,
and Ravy Department spec1t1cet1on• •Y be obtained upon ap­
plication to the Bureau or ~uppl1•• and Account•, l•VJ' Depart•
aent, Wesbington 2s, D.c., except that actlvit1e• or tbe Araed 
Porces should uke app11•at1on to tbe Supply orricer in Cammsnd,
leval Supply Center, Norfolk 11, Virginia. Copiea or Air 

I 
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Porce•l•YJ Aeronautical (AW) speetttcat1ons may be obtained 
upon •~Pl1cation to the C011111adln1 otricer, u.s. Raval Air 
De••lopaent Statton, John•Y1lle, Pennsylvania. Both the 
titl• and ident1f'J1ng IIUlllber or symbol should be stipulated
when requesting cop1ea). 

2.2 Other PUbllcat1ona.••The tollow1ng publicatione, o! 
the la ■ue in ert•ct on date or invitation tor bide, fora a 
part ot th1• 1pec1t1eat1on1 

ftATIONAL BUREAU 0, STAWDARDS PUBLIC&TI01' 
Mandbook H-28 (1944) - Scr••Threed Standards ror Federal 

Senice•. 
(Coples of Handbook H-28 •1 be obtained upon appllcation, 

aceom~an1ed by ■oney order, coupon, or ca•~t to the Superin­
tendent or Documents, Governaent Printing ortice, WaJh1ngton
25, o.c.>. 
BUREAU OF ORDNAWCE STAWDARDS 

KAVORD Ordnance Std. ffo.4 • Standard r1n11hea, Tolerances 
11nd All01raneea. 

"AVO~D Ordnance Std. Wo.52 - Pa1nt1ng or Ordnance Material. 

ljtJRf.AU OF ORDWA1'CE PAMPHLETS 
OP 400 - General Spec1r1cat1ons ror Manutscture and Inspec­

tion or Ordnance Material ror the U.S. ftavy. 
OP 1~03 - u.s. ffevy Synchros, Description and Of'eration. 

~UREAU OF OODnAKCF. DATA 
~AVOR~ OD 3448 - Instruction ror furn1sh1ng spere perts. 

2.3 Drewinga.--The following 1'-areau or Ordnance draw1nrs, 
or the issue in effect on date ctr invitation for bids, for ■ 
e pert or this specification: 

(Cop1~s or Bureau or Ordnance spectrteations, publications
end d~e~1ngs may be obtained upon application to the Bureau 
or Ordnan~e, Navy Department, Washington 25, o.c.). 

., . 
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sxnchro 
Transmitter 
'"'t"ensm1tter 
'I'ransrr.1tter 
1're nsmi t ter 
Transmitter 
Diffc>rE.nt1al 

Transmitter 
Differential 

Transmitter 
Differential 

T?'anam1tter 
Differential 

'transciitter 
Differential 

Transmitter 
Receivvr 
Receiver 
Receiver 
Receiver 
Differential 

Receiver 
Differential 

Receiver 
D1fferent1al 

Receiver 
Control 

Transformer 
Control 

Transtormer 
Control 

Transformer 
11ount 

¥ark 
14 
10 
6 
7 
9 

13 

8 

9 

10 

11 
8 
9,, 

2.6 

1 

3 

7 

11 

7 

6 
2 

Standard Un1ta 

Table I 

Type Mounting 

lHG Flange
3HG Flange
5HG Flange 
6HG Flange
?HG Flange 

lHI>O Flange 

)BDG Flange 

5HDG Flange 

6HDG Flange 

?HDG Fla111e 
lJP Flange
3F Flanie 
5F Flanfe
3B Bear ng 

lD Flange 

3D Flange 

5D Flange 

lHCT Flange 

311:T Flange 

5HCT Flange 
For Size Flange 
3 Bearing
Mounted 

Requ1a1t1on 
Drawing 

;61790
61791 

561792 
561793 
561794 

561790 

561791 

561792 

561793 

561794 
561790 
561791 
561792 
561795 

561790 

561?91 

561792 

255711 

561791 

561792 
,61796 

We11ht Lba. 
(1PPlPJ.1 l 

2 
3 

i 
18 

2 

3 

5 

8 

18 
2 
3 
5 
3 

2 

3 

5 
2 

3 

5 
2 

8. 



Replaceaent Unit• 

Table II 

(Th••• units are to be •nutaetwed onl~ to replace
like an1t• alreadJ inatalled. 

smcbto ...,, 190 

Trann1tter 8 
Rece1ftr gReceiver 
Receiver 
Receiver 
Receiver 
Control 

fl'ansror•r l 
Control 

Tran1ror■er 2 
Control 

Tr•n•f'or■er 4 
Control 

Tran,roraer
Control 

Transformer 
Control 

Tran1rormer 
Control 

Tranarormer 
Control 

Tran1rormer 
Control 

Transformer 
Control 

Tr1n1roraer 8 

• Type 5SB1 Mod 

1 
1 
2 

l 

2 

2 

2 

t:rN 
?SG 
SB 
~ 
,SB
ss•
5SB 

5'CT 

6CT 

SCT 

5(:TB 

lCT 

•~Bl 

5SCT 

3 ••lCT 

4 5SCT 

*SCTB 

M9PD~3M 
nanc• 
Bearinc 
Rozzle 
Bearing
loztle 
Bearing 

Flange 

Flange 

P'lange 

Bearing 

Plance 

Bearing 

Plana• 

Flange 

Plan1e 

Bearing 

Requi11tlon
-'Rrn&nr 

164)64 
16436i
164)6 

T.'elgbt Lbs. 
(9ppr0J,) 

18 
6 

z 
l 

202423 

202424 

5' 
8 

~ 

s 
l 

7 

s 
1 

$61788 

5 

1 

former l!ark 8 Type SCTB. 

•• Type lCT Mod 3 ia identical with Synchro Control Tranator•r 
Mark 5 Type lCT and should be replaced with the letter. 

2 ha1 been changed to S711cbro Control Trana-
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Special Onita 

Table III 

(These unit1 are ror special engineering deaign1
only and apecttic approwal auat be ,lven 

before any or them •7 be used. 

Requ111t1on Weight Lbs. 
Syncbro 1tark Mod TJpe Mounting Dra11nc Cappr91. 2 

'!'ransi:s1tter 1 5G Flange 561792 
Transmitter 2 60 Flange 561793 6 
Transrrltter 3 7G Flange 561?94 18 
Transmitter 4 8G Flange 164363 60 
Transmitter 5 10 Flange 561790 1 
Differential 

Transmitter 1 lDG Plange 561?90 1 
01rrerential 

Transmitter 3 ~GB Bearing 561?88 5 
Differential 

Tran1mitter 4 ~G Flange 561792 s 
Differential 

Transmitter 5 6DG P'lange 561793 8 
Differential 

Transmitter 6 ?DG Flan,• 561794 18 
Differential 

Transmitter 7 BOO Flange 164365 60 
Receiver 5 5B Bearing 164)6~ 6 
Receiver 6 5N Nozzle 16436 5 
Receiver 14 lffF Flange %1790 1 
Receiver 15 3HF Flange 561791 
Receiver 1 5'SB Dearing i 
Receiver 1 5SN ifo&zle 
Receiver 2 5SB Bear1ng l 
Di!terential 

Receiver 5' lHD Flange 561?90 1 
D1rterent1al 

RP,ce1ver 6 3DB Bearing 561795' 3 
Differential 

Receiver 9 ~B Bearing 5'61788 6 
Control 

1 
Differential 

Transmitter 16 30GB Bearing 561795 

Tran1f'or11er 5' lCT Flange 255?11 

3 
Control 

Tran1rorllll8r 12 3CTB Bearing 56179~ 3 

10. 
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Table III (Cont'd) 

Requ1a1t1on We11bt Lb1. 
sm,m:a IIEk 112d film 1ouni1m ~t••S.DI. ll121!t5211 l 

ft•e•l•er 11 SIil' na111• '61792 ~ 
Control 

'fran•tonaer 3 SCT 1'1•111• S61792 s 

Table IV 

Packaging and Packing Drawings 

sxnchro Sig BuQrd Pt•Jipg 
1 S1'719 
3 Sl.5719 

S1S720l Sl5721 
1 ~1S722 

11. 
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Auxiliary Un1t• 

Table V 

Standard S)'llchro Capacitor Units 

Rated total Rated 
Requisition For use with Capacitance Capacitance

Merk Type Drawing smchro1 Mtd. Per leg,Mtd. 
l 3C 216891 ~5DB1;D015D0B, 30 10 

5.HU' I ,,m:>G I ,3D,
JDO 

2 6c 216891 6CT 60 20 

3 9C 216891 6D0,6HDG 90 30 

4 l,C 216891 7DG,7HDG 150 50 

12 lC 257136 lCT 11k 5 all Modi 1.8 o.6 
,CT Mk 3 all Modi 
5~T Mk 6 all Mods 
SCT Mk l Mod 4 
)HCT Mk 7 all llod1 
lHCT Mk 11 all Mods 

13 2C 257136 5CT Mk l Mod 3 4.2 

14 4C 257136 lCT Mod l 9 3 
lDGillIDG 
1D, HD 

*15 7C 216891 6DG,6HDG 75 

•Tobe used in lieu or the Merk 3 Capacitor since the total 
capacitance more nearly approximates the optimum capa~1tence 
required for 6DG's and 6HDG's. 

12. 
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). REQtJIREMER'l'I 

3.1 llater11l and Worlmanahip.--

3.1.1 Gener11.--

3.1.1.1 Su1tab111t7.--All •t•r11l1 uaed in the conatruc­
t1on or -.yncbro units aball be in ■ocorclanoe with the ret'er­
enced apect1t1c•t1on1 end ot tbe quality beat 1uited tor the 
purpose 1n\ended. lllter1al uaed 1ball be the ligbte1t practio­
able, conaiatent with safety 1nd rel1ab111ty. 

3.1.1.2 Reference Spec1t101ti0n1.--Wbere spea1f1cat1ons ire 
referred to tor I given •ter1al1 1t 11 the intent to require
that tbe quality ot aater1al uaea aball be at least equal to 
that covered 1n the referenced 1■ '9"1 Departaent apec1t1cat1ona. 

3.1.1.3 Departure, from Reference Speo1t1cat1ons.--The use 
of materials differing trom the referenced Havy Department
specir1cat1ona will be considered wben 1t can be clearly
demonstrated that an improvement in operating character1st1cs, 
or a s:ving in weight •1tbout sacrifice 1n reliability can be 
1ec011pliahed thereby. Spec1t'1c approval bJ the Bureau ot 
Ordnance shall be obtained where departure ■ are made trom the 
referenced 1pec1t1cat1ona. 

3.1.2 Stab111t7 or Material1.--An7 nrn1ah, lacquer or 
paint employed in the manufacture ot aynchro units shall be 
chem1call7 stable to the extent that! under the extreme range 
or temperatures, gases or vapors sha 1 not be emitted in aur­
f1c1ent quantity to form an e%plos1vei toxic or corrosive 
mixture inside any instrument nor aha 1 there be a distilla­
tion or varnish products that might settle on the bearings 
or slip rings. The use or rubber or any compound containing
sulphur 1n appreciable quantity is prohibited. 

3.1.3 Use or Aluminum All07s.--

3.1.3.1 Light r·e1ght.--Approved corrosion•res1st1ng alwninuc 
alloys shall be used tor the 111anutacture or low-stressed or un­
stressed structural parts insofar as the design and limitations 
of the available alloys permit. The purpose or t}e use or 
aluminum 1s to save weight. 

3.1.3.2 Boltine.--Through bolting shall be used wherever 
practicable, unless other~ise approved by the Burenu of Ordnance. 
All bolts, nuts end screws shall be pos1t1•aly fastened to 

13. 
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avoid loosening under Yibrat1on end shock. See Ordnance 
Sketch 58366 ror • list ot approved tasten1ng1. 

3.1.3.3 Dissimilar Metals.--Contact or dissimilar metal• 
shnll be avoided 11 much 1s practicable 1n the aa1embl7 ot 
part! 1n which aluminum alloys are used. 

3.1.4 Protection against Corrosion and 1ungU9 Growth.•-
~ll part! or the equipment 1ball, when practicable be ade­
quately protected aiainst deterioration due to corrosion and 
rungus growth. All bolts, nuts, 1tud1, p1n1, acrns, terminal ■, 
springs, washers shall be where practicable or an approved
corros1on-res1st1n1 material, or be or I suitable material 
treated in an approved manner to render 1t adequately resistant 
to corrosion and treated for tungua growths in accordance w1th 
spec1t1cat1on 52T15. 

3.1.5 Solder1n1.--All soldering shall be perrormed with an 
approved non-corrosive flux. Immed1atel7 attar the comple­
tion or soldering operations all excess tlux shall be removed. 

3.1.6 Interchenge1b111ty.--

3.1.6.1 All standard units or the•••• Mark and Type shall 
be interchangeable. 

3.1.6.2 All possible parts or units or the same Mark, Mod 
and Type shell be interchangeable. All possible parts or 
synchros of e given Mod and size shall be interchangeable
without fitting. 

3.1.7 Threaded Parts.--

3.1.7.1 National screw-thread standards.--All screw threads 
used in the construction or the equipment shall be in accord­
ance with the National Bureau or Standards Handbook H-28 
(1Q44) - Screw Thread Standards tor Federal Services. 

3.1.7.2 Screw-thread ser1es.--Unless otherwise specified 
or specifically approved by the Bureau or Ordnance, the number 
of threads and general d1Mens1ons shall be those specified ror 
the Aner1can National coarse-thread series or the American 
National fine-thread series. Threads or the coarse-thread 
series are preferred, except where definite 1mproveMents in 
desi~n or operetine characteristics would be affected by use 
or the r1nc-threed serie!. 

14. 
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3.1.7.3 Screw-thread f1ts.•-For boti :he coarse-thread and 
the fine-thread series, the screw-three~ ~1ts as approved by 
the Inter-departmental Screw-thread Com~ittee are to be applied 
on the equipment as follows: 

Class 1 (loose) tit 11 not to be specified or u■ e4. 
Class 2 (tree) tit may be spec1f1ed or permitted tor elec­

trical terminals and fittings, wiring appliance ■, connection 
studs, and other electrical parts where a moderate amount or 
play or shake 1s not ohjectionable and•••• or aasembly ia 
eseent1el. Except 1s 1nd1caied above, this tit 11 not to be 
uaed without the specitic approval ot th• Bureau or Ordnance. 

Cl111 3 C•dium) tit 11 required tor all types ot equipment 
ror which• cood grade or 1nterehanceable threaded work 11 
n1oe111ry. !h11 tit 11 to be u1ed 11 the general all-round 
machine:y t1t. 

Cl111 4 (oloee) t1t preclude ■ 1trict 1nterchangeab111ty,.
ehd la thererore not to be specified or used. 

3.1.7.4 Forms and dimensions of screw heads, bolt heads, 
nuta, and wreneh openings shall conform to the standards ap­
proved by the Inter-departmental Screw Thread Committee, 
except on specific approval. All screws used for clectr1cal 
terminal connections shell be of a standard slotted head type. 

3.1.8 Plastics.--All aolded and laminated plastic materials 
shall be mineral rilled and natural color only. 

3.1.9 Workmansh1p.--The workmanship shall be first class 
in every particular. 

3.2 General Requirements.--

3.2.1 Def1n1t1ons.--

3.2.1.1 Angular Measurement.•-All positive angles are 
measured in a countercloclmise direction from the eleetr1ce1 
zero position. All directions ~r rotations ~nd observations 
or synchro units given 1n this specification are considered 
as viewed rrom the shaft extension end. 

3.2.1.2 Head1ng.-•The heading of a unit 11 its angular dis­
placement t~om the eleatr1cal 1er0 position measured counter­
cloclarise. 

3.2.2 Vibration and Shock.-•All unite 1h1ll be 10 designed
that T1brat1on or shock 11 det1ned by test herein will not 
markedly arrect the @ccuraoy or operat1on of the unit. 
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3.2.3 Differential ~xpansion.--All equipment shell have 
prov111on to prevent binding or moving parts due to ditfer­
•ntl■ l expansion as a result or temperature changes. 

3.2.4 Speeds of Rotat1on.--All low speed synchro units 
shall be designed to operate up to 300 rpm continuously tor
;oo ho\ll'a and still meet all the requirements or this spec1-
f1cat1on. All high speed units shall be designed to operate 
up to 1200 rpm continuously tor 1;00 hours and still meet all 
the requirements or this specification. 

3.2.; Position of Operation.--All equipment covered by
this specification shall operate in any position within the 
specified accuracies. 

3.2.6 Rotor Shafts.--Rotor shafts shall be of approved
corrosion resisting steel or, in lieu thereof, of carbon or 
chrome nickel-steel of suitable magnetic properties. Carbon 
steel shall be suit£bly protected a6ainst corrosion. The 
shafts shall be heat-treated to an elastic limit or at least 
100,000 pounds per square inch and R tensile strength or at 
least 115,000 pounds per square inch. The elongation or a 
test sarr.ple shall be not less than S percent in 2 inches 
after heat treatment. Lathe centers sh3ll be preserved if 
practicable. 

3.2.7 Rotor and Stator Cores, Stacking.--Rotor and stator 
cores sha11 be stacked o~ high grade non-aging electrical 
sheet steel. 

3.2.B Impregnation.--All rotor ono stator core assemblies 
shall be dried in a vacuum ob at least g5 inches of mercury 
at a temperature between 100 c. nna 110 c. for at least an 
hour; then without exposure to the air, shall be impregnated
with a baking type insulating compound of an approved poly­
merizing trpe in accordance with NayY Department Specification
52Vl3 Type U varnish or an approved equivalent so that after 
curing, subsequent heating will not cause it to flow. The 
time, temperature, pressure Rnd procedure for curing the 
compound shall be in accordance with the recommendation or 
the manufacturer of the compound. Finished windings shall 
show no localized collections of varnish. Deep dr7ing or 
1olventless type varnishes w111 be considered for this ap­
plication subject to test of a manufacturer's particular type
or unit. Ir a manufacturer desires to use such varnish, ap­
proval shall be obtained rrom the Bureau or Ordnance. 
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3.2.9 Insulation DiAtances.--The distance between unin­
sulated live perts to ground or to unina,:.!.eted live parts or 
opposite polarity shall be not less than .10 inches through
air and .187S inches across surtace tor mineral tilled 
phenolias. It e surrace material (such·as mineral tilled 
melamine or silicone) is used which will not provide a ~~r­
manent low resistance path after arcing, the distance bet\•een 
uninsulated live parts mey be reduced to .10 inches across 
surface. 

3.2.10 Rameplates.--Nameplates shall be positively secured 
to the synchro. They shall include the rollow1ng data: 

u.s. Navy - lhlreau or Ordnance 
Synchro_________________ 

Mark _____ Mod____ Type_____ 

"eight_______ Serial Ro.______ 

Manutacturer's Name 
________v., 60 cycle Ord.Dr.___ 

3.2.11 Ambient and Operating Te■,eratures.--BqU1JJ118nt
covered by this specification shall be capable~f operat1ng
without damage at ambient temperatures trom -25"'C to -t-65'-'C 
and maintain the specified accuracy requirements wttbla •• 

3.2.12 Voltage and Frequency Rat1ng.--Synchro units shall 
be designed tor operation trom a basic power supply or 115 
volts, 60 cycle, single phase alternating current, but shall 
be capable ot aat11tactor7 performance within the following
limita ot Toltage and fttequencJ ftriations 

Voltages llS ±7 volta 
Prequenc7: 6o t5 cycles per second 

3.3 Detail Requira■ent1.--

3.3.1 S,nchro Transm1tter.--The f'mlot1on ot a a,nchro tran1-
■ltter 11 to transmit orders electrlcall7, by impressing upon
the three wire secondary circuits, three voltages the Yalues 
of which are dependent upon the angular position of th4 rotor. 
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A synchro transmitter consists or a stator and rotor 1nduct1vely
coupled and rotatable with respect to each nther. The rotor 
1s the primary, and is provided with a a1ngle phase w1nd1ng
having t-o emerging leads marked Rl and R2. The primary
(rotor) winding is connected to the supply circuit, normally
115 volts, 60 cycles single phase, A.C. The stator is the 
secondary and 1s provided with a symmetrical three-phase
winding having terminals 1111rked Sl, S2 and s3. When viewed 
r~o~ the shaft the stator markings shall be ~l, 52, and S3, 
increasing in a counterclocklvise direction. On open circuit 
with rated voltage applied to the primary winding, the stator 
is so wound as to give at its terminals three single phase
vo]tages of magnitudes: 

~<~13) • 90 sin a, 0 
F. (S12) • 90 sin (a -t-1200 ), 
E(S21) • 90 sin (a +240 ). 

whtre "a" is the counterclockwise angular displacement of the 
rotor rrom electrical zero. 
E(S13) is the voltage between terminals 51 end S3. Other 
voltages ere similarly defined. 

The design or 1ynchr,"'l t..: .. n~1:11 t ters end rece1vers in which the 
stator is the primary and the rotor is provided with a aym­
metricel three-phaH winding hav1ng leads Sl, S2 and S3, is 
approved, provided this des1P" - -:··: ~s !~ th1a pro~uction
of units that are equal or superior in their individual and 
sy~tern ctiarac"er1st1cs -;.e, \one syncnro receiver and trans­
mitter described herein. 

3.3.2 Synchro Differential Transmitter.--The runction of a 
~!'r.c hro diff'erential transmitter is to rece1ve at 1ts prime ry
terminals an order from• synchro transmitter, modify this 
order by en angle equal to the rotor displacement from the 
electrical zero and transmit the modified order from its 
secondary terminals to other synchro units. A synchro dif­
ferential transmitter consists of a stator and rotor in­
ductively coupled and rotatable with respect to eech other. 
The rotor and stator are each provided flith a symmetrical
three-phase winding. The stator normally receives the mag­
netizing current from a synchro transmitter and capacitor arid 
11 considered the pr1mary; its terminals are marked Sl, S2 
and s3, 1n counterclockwise order, viewed from the shart end. 
The. rotor is normally driven ~echanically to modify the re­
cei~ed order and 1! considered the secondary; its terminals 
a~~ marked Rl, R2 and R3, in counterclockwise order, vie-ed 
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troa the 1ha!t end. The pr1aary receive• trom a 1ynchro
transmitter ihree 1ingle•ph11e •oltagea or ugnitude1: 

90 ain 1, 
90 1in (a+ 120:),
90 sin Ca ♦ 240 ) • 

(where J. 1• the counterclockwiae an1ul1r d1apl1cement ot th~ 
transmitter rotor from lt• eleotr1cal aro po•1t1on.) The 
1eoondary has induced in bt T0l,11es ot ugn1tg<?•• 90 •1n 
(a •b), 90 11n (1 -b+l20 ), 90 -11n '• •b+240 ) where R 
11 the counterclockwiae angular dlspl1oeaent or tbe d1trer­
ent1al rotor tr011 it1 electrical sero po•1tlon. 

3.3.3 Synchro Receiftr.-•The function ot • aynchro recei•er 
1• to rotate 1n reapon•• to an iapre11ed order and poa1t1on 
an indicating dial. A di1place..nt of the receiver roto~ 
rrom a pos1t1on or correspondence with the transmitter rotor 
create• a condition or electrical unbalance in the aecondar7 
circuit and current, are thereby caused to flow, which, by 
the torque produced, tend to restore the receiver rotor to 
the position or correspondence, at which position the three 
vol~agea induced in the receiver ,~condary become equal and 
opposite to thoae induced 1n the transmitter secondary.
Under such a condition minimum current tlow• and there 11 
no torque developed. Since the rotor 1s free to tU1"'ft, it 
has a tendency to operate•• an induction motor. ?tis there­
fore necessary to provide suitable damping devices to prevent
"ap1nn1ng" and excessive osc1llat1on about the position or 
correspondence. A 1ynchro receiver is electrically similar 
to a synchro trenam1tter. 

3.3.4 ~ynchro D1rrerent1al Receiver.--The runct1on or a 
synchro differential receiver is to receive two electl'ieal 
orders, one or which 1s impressed on the stator and one on 
the rotor, cau1ing its rotor to ass'Ulle a position that corres­
ponds to the sum or difference of the two orders received 8Md 
to position an indicating dial. The princt'l)le or operation 
ot tha synchro differential receiver 1s 11'mil11T to that ore 
synchro receiver in respect to the balancing or voltages in 
the secondary circuits and the equilibrium position or m1n1mum 
current and zero torque. Since the receiver 11 tree to turn, 
it must be provided with a suitable damping device to prevent
spinning or excessive oscillation. A 1ynchro d1fferent1el 
receiver is electrically similar to a aynchro differential 
transm1tt1}?. 
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3.3.5 Synchro Control Transrormer.--A synchro control 
transformer consists of a stator and• rotor 1nduet1vely
coupled and rotatable with respect to each other. The stator 
normally receives the magn1t1z1ng current and 1a considered 
the primary; it has e three-phase symmetrical winding and 1s 
connected to three emerging leads marked Sl, s2, and s3. The 
primary receives a synchro aignal consisting or three single­
phase voltages0 of magnitudes: 90 11n(a), 90 11n (a +120°), 
qo sin (a ~240) (where A is the heading of the 1ynchro signal}.
T~e secondary shall have a single phase winding and the open
circuit voltage E(Rl2) induced in the secondary shall be 
(57 ±~) sin (a-c) {wheres ia the angular displacement counter­
clockwise or the control transrormer rotor rrom its position
of electrical zero). The secondary voltage shall be designed 
to be 1mpres3ed on a circuit whose impedance shall not be less 
then 10,000 ohms ror site 3 and 5 control transformers and 
15,000 ohms for size 1 control transtormers. The out~ut volt­
age F.(Rl2) induced in the secondary ot a control transformer 
1s approximately in phase with the primary supply voltage 
E(Rl2) of the synchro system when the unit 1s directly con• 
nected and displaced counterclockwise from its electrical 
zero position. 

3.3.6 Electrical Zero.--

3.3.6.1 Synchro Transmitters and Rece1vers.-The electrical 
:ero position of trans~itters and receivers 1s that position 
or the rotor with respect to the stator in ~hich minimum 
voltege 1s induced 1n the secondary circuit Rl-S3 and in 
which the secondary voltages E(S21) and E(S23) are approxi­
mately in phase with the primary voltage E(P.12). 

3.3.6.2 Synchro Differential transmitters and D1fterent1al 
Reee1vers.--The electrical zero position or differential 
transmitters and d1tterent1el receivers is that position of 
the rotor with respect to the stator in ~h1eh minimum voltage
is induced in the circuit Rl-R3 and 1n which the voltsees 
E!R:3), F.(R32) and E(R2l) are approximately in obese with the 
cvrresponding voltages E(S13), E(S32) and E(S21) when the unit 
1s energized by applying ?8 volts ~.c. between S2 and connected 
terminals Sl and s3. 

3.3.6.3 Synchro Control Transrormar.--The electrical ~ero 
~~s1t1on or a control transrormer 1s that position or the rotor 
w1th respect to the stator 1n which minimum voltage 11 induced 
in the secondary circuit Rl-R2 when the unit ie energized by 
Lpply1ne 78 volte A.C. between S2 and connected terminals Sl 
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and S3, and so determined that ror small deflection of the 
rotor counterclockwise from electrical t~ro the induced volt-
1ge E(Rl2) 1a approximately in phase with the voltage E(S21) 
or E(S23). 

3.3.7 Collector Rings and Brush Rigging ror Meobanically
Driven Rotor ■ (Transmitters, Differential Transmitters anJ 
Control Tr1n1formers).--

3.3.7.1 General.--Collector rings, brushe1 and brush r111-
ing ■ hall be de11gned in proportion to the unit on which they 
are to be uaed. All new unite shall be designed tor high speed
cont1nuoua operation. Not ■ or• than one collector ring shall 
intervene 1n anJ leg or either atator or rotor circuit between 
the windinc and the t1nal external connection. The stator and 
rotor bru1he1 or all bearing mounted synchro1 shall be held 1n 
1 brush holder mounted on I fixed support and the brushea shall 
bear on collector rings which are connected to the respective 
winding ■• 

3.3.7.2 !otor Ring Construct1on.--Rotor collector rings
shall be surfaced with not lest than 1/64 inch hard rolled 
or hard drawn •1lver, 99 plua per cent fine, or other approved
materiel, molded into (or otherwise firmly secured to) an 
ap~roved plastic m■ ter1al of the type best adapted to this 
u••• The f1n1ahed ring shall be as hard as practicable and 
not leas than Vickers No.70. ColJector rings shall be smooth 
and polished with no abrasives 1mbedded, indentations, or 
irregularities in the surface. 

3.3.7.3 Stator Ring Construction.--Stator collector rings
for bearing mounted units shall be surfaced with 99 plus per 
cent fine silver, or other approved material, not le11 than 
1/64 inch in thickness, rolled or drawn as herd as practicable 
from stock material not leas than Vickers ?7o. ?O. Collector 
ring ■ shall be smooth and polished with no abrasives 1mbedded, 
indentations, or irregularities in the surrece. 

3.3.7.4 Bruahe1.--Brushes shail consist or a formed block 
of a11Ter graphite co~pos1t1on or othor material of suitable 
compoa1t1on poaseas1ng self-lubr1cat1ng propert1••• 

3.3.7.5 Brush R1gg1ng.--Brush rigging shell be eo dftsigned 
a1 t.o insure the maintenance or the initial brush pressure 
1nd ■ rtn1tely under service conditions. The brush pressure
shall not result in scoring or collector rings. The brush 
rigging shall be 10 ~es1gned as to maintain the brushes at 
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ell times in a fixed position, and at the same time prevent 
~n: tendency toward chattering. 

3.3.7.6 Brush Rigging Approval.--The approval or a particu­
lar design of brush or brush rigging shall be on the same 
basis es that provided for synchro units and ahall also apply 
to any change 1n the design or such rigging which aay have 
had prior approval. 

3.3.8 Collector Rings end Brush Pigging tor Free Rotors 
'Rec~1vers and Differential Receivers}. 

1.~.P.l Oeneral.--Not more than one collector ring 1ball 
intervene, 1n any leg of either stator or rotor circuit, 
between the winding end the r1na1 external connection. Tbe 
stRtor and rotor brushes of all bearing mounted synchro1
shall be held in• brush holaar ■ounted on a find euppert
and the brushes shall bear on colleetor rings wb1ch are con­
nected to the respective windings. 

3.3.8.2 Rotor Ring Construction.--Rotor collector rings
shall be surfaced with not le11 than 1/64 inch hard rolled 
or ~ard drawn silver, q9 plus per cent fine, or other ap~roved
material mol~ed into ~O!' othe,..1M-- ti~alv-a.cure~ toJ an ap­
proved plastic material of the type best adapted to this use. 
T~e r1n1shed ring shall bft es herd as preotteable and not 
less then Vici.ten N~. ?O~ Collector r1ng.s a.ball be smooth end 
p,lis~ed with no ebres1ves imbedded, 1ndentat1on~ or 1rregu­
lar1t1es ~~ the surface. 

3.3.8.3 Stator Ring Construct1on.--Stator collector rings
fnr bearing mounted units shall be surfaced with 99 plus 
per cent fine silver, or other approved material, not less 
tha~ 1/64 inch in t~1c~ness, rolled or drawn as hard as 
Fracticable from stock material not less than Vickers No. 70. 
Colle~tor r1nts shall be smooth end pol1abe4 w1th no abrasive~ 
1mbed1ed, indentations, or 1rreguler1t1es in the surrace. 

3.3.8.4 Brushes.--Eaoh brush shall consist of a button or 
ennealed pure silver or other approved material. For htgh 
soeed operation the brush nater1al shall be suitable for the 
rurpose intendec. 

~.3.8.5 Brush Springs.--Brush springs shall not have sharp
bPnds end shall have physical characteristics end mounting 
!UC~ as to insure the maintenance of the 1n1t1el brush pres-­
sure indefinitely under service conditions. The stator and 
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rotor bru1he1 ot ball 'bearing mounted un1t1 shell be hP.ld 1n 
a brush holder mounted on I fixed supN•?'t and the bru1he1 
ahall beer on collector rinca which are connected to the 
respective winding,. 

3.3.8.6 Brush Wiping Jct1on.--Brush 1hell be desitr 1 to 
provide wiping action between the brush ftnd collector r,~g. 

3.3.9 Wlndlng1.•-

3.3.9.1 Asaembl1es.--Rotor and stator co~• ae1e■blie1 1hall 
be wound with Fora•ar ln■ ulated wire or en approved equal.
The leads rroa thP stationary windings and the brushes shall 
be brought out t~ terminal blocks. Bearing mounted synchros
shall have t~rainals carried by the bru1hholder. 

3.3.10 Bell Bearinga.--

3.3.10.1 Selectlon.--Ball bearings or the radial or radial 
thrust type ot standard 11ze as given in the requisition
drawinrs, shall be used. Any modification or ball bearings
by the synchro manufacturers 1uch as using special races, 
IPf!Ciel hAll separators, etc. must be approved end the bear­
ing cust be 1nterchanieable with commercial type bearings.
It 1s the intent or this St>@Cif1cat1on to insure that standard 
unmodified comerc1ally available ball bear1nga be used. or 
prbaary consideration ere the qual1ti~s of unirnrmity, lmr 
friction and easo or replacement. Bearings shall be especially
selected ror m1n1.mua friction. Extreme care shall be oxerc1se~ 
in cleaning th~ bear1nga befcre assembly and every J'Teeaat1on 
taken to prevent the entrance or dust or foreign lhatter or 
the development of corrosion into the bearings. Grade I 
(precision) ball bearings 1n accordance with ftavy Jepart ■ent 
Spec1f1cst1on 42B5 are required for receivers and d1frerent1dl 
receivers. Other type bearings may be used 1n trA~smitter~. 
d1tterent1al tran9mitter1 and control trenarormers if spr•cved 
by the Bureau or Ordnance. 

3.3.10.2 Lubr1cat1on.--All synchro transa1tters, d1fferenti~l 
transmitter• and control transroTmers ahnll be lubr1crted with 
grease. The grease ahell conrorm with Navy Department Speci­
fication 14GB (Ord}. Any variation from this grease shall 
require prior approvr,1 by the Bureau or Ordnance. All synchro
reeeivert ~nd d1rrerent1el receivers shell be lubricated ~1th 
011. T'i~ oil !h~l1 conforDI witt-. ffevy !'1epertmcnt Spec1f1cetioQ
14020. Any ver1et1on from this oil sha~l require prior ap­
proval by the Bureau or Ordn~~ce. 
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3.3.11 Breath1nc.--The design 1hall be 1uch •• to prevent
the collection ot dust or mo1ature in bearing• or the inside 
or 1ynchro unita. Collector end• and brush covers ahall be 
designed to protect the unit against the entrance or du1t and 
to permit checking the brush ten1ion. Ro breathing hole• 
ahell be provided which allow breathing tbrough the bearings.
Bearing knock-out hole• when provided, shall be suitably
closed. Two(~) breathing hole1 1/16 inch in diameter 1hall 
'1c provided. They shall be located 1n a suitable plate so 
~h~t there 1a no breathing through the bear1nga. 

3.3.1? Limits or Tolerenc••••-Tolerance1 given on requisi­
tion drAwinga •hall be •••ured as total indicator readings. 

3.1.13 Belance.--Ba1Anc1ng ot ~otora by the addition or 
vern11h or nthftT uterial which aay ah1ft position when heated, 
1• not perm1 ■ 1lale. 
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3.3.14 Limiting Values for Synchro Units 

3.3.14.l 

T,:pe or smchro 
Static Accuracy 

Maximum Error (minutes) 

Torque Gradient - ~1nimum (oz-in/deg) 

Secondary Peak Voltage Limits 
Minimum Voltage 
Maxinum Voltage 

Primery Current (amperes)(max) 

Primary Power (watts)(max) 

Secondary load Current (emperes)(max) 

Tempereture Rise ( 0 c)(msx) 

Transmitters 

lG 3G 5G 
or or or 

l.tlQ 3HG 5HG 

18 18 18 

o.o6 0.25 0.40 

88.2 88.2 88.2 
91.8 91.8 91.a 

0.30 0.40 0.60 

4.8 5.5 1.0 

0.04 0.2) 0.35 

50 50 50 

6G 
or 

6HG 

18 

1.2 

88.2 
91.a 

1.3 

15.0 

O.?O 

50 

7G 
or 

2HG 

18 

3.4 

88.2 
9!.8 

3.0 

22.0 

1.50 

50 

!• ... 
f\J 
V\
• 
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3.3.14.2 

Type of 2ynchro. 

St,tic Accuracy 
v~xi~u~ Error (degrees) 

?0rque Gradient (~z-1n/degree) 
t~inimum 

Secondary Feak V0ltage Limits 
?i11n1murn Vol ta ge 
l~aximum Voltage 

Primary Current (amperes) 
1,,1o:x1mum 

Pr1~ary Power (w~tts) 
Waximum 

Secondary Loa~ Current (amperes)(max) 

Tenperat11re Rise (0 C)(m2x) 

?ece1vers 

lHF 
lF 

l.50(1F) 
2. 50(lHF') 

o.06 

88.2 
91.8 

0.30 

4.8 

.04 

,o 

a 
°'~ .... 

3F 5J;' 
3H? 5f-P 
lIL 22... 
c.60(3F~3B) o.60(5F,5B)
l.0(3HF .75(5HF) 

0.25 0.40 

68.2 BE.2 
91.8 01.B 

0.40 0.60 

5.5 1.0 

.20 .35 

50 50 



3.3.14.3 Differential Transmitters 

5DG 6DG 7DG 
lDG or or or 

Type or Smchro llIDG .ltlrui ~ 6HDG .2HWl 
Static Accuracy

Maxi~um Error (minutes) 18 18 18 18 18 

TorqUA Grao1ent - Minimum (oz-in) .035 0.15 0.3 1.4 4.0 

Secondary Peak Voltage Limits 
K1n1mum Voltage
llaximum Voltage 

88.2 
91.8 

68.2 
91.8 

88.2 
91.8 

88.2 
91.8 

88.2 
91.8 

Primary Current (Amperes)Uax1m'Ult
Without capacitor
With capacitor 

0.3 
0.15 

0.7 
0.20 

1.0 
0.25 

2.0 
0.55 

3.5 
0.55 

Primary Power (Watts)Maximum a.o 13.0 1s.o 23.0 30.0 

Secondary load Current (amperes)(max) 0.020 0.18 0.25 o.ao 2.00 

Temperature ~11e 0( C)(ma~) 50 50 '° 50 50 

61 
N 
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3.3.14.4 D1fterent1al Receivers 

Ixpe or smcbro lP,llj) 
Static Accuracy

Maximum Error (degree) 3.0 

Torque Gradient (oz-in)
Minimum .03$ 

Seoondary Peak Voltage Limits 
Minimum Voltage 88.2 
Maximum Voltage 91.8 

Primary Current (amperes)(maximum) 
With capacitor 0.lS 
Without capacitor 0.30 

Primary Power (watts)(maximum) 8.o 

Secondary Load Current (amperea)(max1mum) 0.020 

Temperature Rise (0 c)(max1mum) 50 

.312 

1.3$ 

0.1s 

88.2 
91.8 

0.20 
.70 

13.0 

0.18 

~o 

i 
0\ 
'2... 

~ 

0.9 

o-30 

88.2 
91.8 

0.25 
1.0 

15.0 
0.25 

50 



3.3.14.5 Control Transformer• 

,CT,5CTB
lCT or 

T,xPe or smchro ~ ~ 5lCT 
Static Accurac;y

Mexil:lwr Error (minutes) 18 18 18 

Voltage Gradient (volts per degree) 1.ots~ 1.ot~~ 1.ot5~ 
Null Voltage (maximum) above null above null above null 

(volts r.m.s.) o.o6 o.o.t 0.04 

Primary Current (amperes )(maximum)
Without capacitor .03s .03S .03s 
With capacitor 0.020 0.020 0.020 

Secondary Peek Voltage Limits 
M1n1mUM Voltage ~4 S4 
Maximum V?ltage z~ 60 60 

I 

Primary Power (watts)(maximum) .1 .7 .1 

Rotor Impedance (maxlmum)(nominal) ohms 9~0 400 ,oO 

•N ;:!
"'• 
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3.3.15 Drawings.--

3,3.15.1 Preliminary Drawings.--Preliminary drawings with 
bids will not be required inasmuch as ell synchro units pro­
posed in the bids, including the drawings of these units, 
must have previous type eporoval before they will be con­
sidered on bids. All bids sh~ll state whether or not any 
changes are contemplated in synchro units, types of which 
hove been previously approved and furnished by the bidder 
under this specification. The bidder shall submit with his 
bid r~ur (4) copies of the prooosed spare perts lists where 
spare parts are required to be furnished under the contract. 

3,3,15.2 Approval Drawings.--Two (2) complete sets of 
prints showing end describing sufficient details of construc­
tion to judge the unit including winding date and connection 
diagrams sheli be submitted ty each manufacturer ror each 
Uark, V.od and type of synchro unit for type approval. These 
plons shall be submitted to the Bureau of Ordnance prior to 
or at the time of sub~ission of synchro units ror type ap­
proval tests. In general, these plans shall be 1n accordance 
with the reqn1,.ements of Ordnance Pamphlet 400. Approximately 
full size photographs of the synchro units 9nell be submitted 
as part of the descriptive matter. 

3.3.15.3 Record Drswings.--V.snurecturers of synchro unlts 
will ne required to furnish a comnlete set of reproducible 
traclngs, including wiring and connection diagrams, assembly 
and detail drawings for each llark, 'Yod end Type of unit. 
These plans shall be in accordonce with the requirements of 
"Drawings for Record" set forth in Ordnance Pamphlet 400. 

30. 
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4. SAMPLING, n:sPECTION, AND TES':' ~OCE;)~ES 

4.1 Tests shall be divided into the f J!lowing: 

(a) Type Approval Tests. 
(b) Inspection Tests at Kanuracturer•s Plant. 

4.2 Type Approval Tests.--

4.2.1 All •synchro units spec1t1ed herein shall tie tested 
ror Type Approval at a Government Activity. Material to be 
acceptable for purchasing purposes shall sat1sractor1ly pas~ 
the Type Approval Tests prior to opening of bids. 

4.2.2 For Type Approval Tests three (3) synchro units or 
each Mark, Mod! Type and Design shall be submitted together
with approval drawings to the Bureau or Ordnance. No unit 
shall be considered for purchase unless such unit is identical 
in electrical and mechanical characteristics and interchange­
able with units which have passed the above-mentioned Type 
Approval Tests. Type units, including drawings, of new 
design shall b~ submitted ror Type Approval Tests not less 
thAn 120 days prior to the opening or bids for these units. 
The manufacturer ~hall state and clearly indicate 1n tne 
drawings or descriptive matter accompanying the W1its sub­
mitted for Type Approval Tests and respects, if any, 1n 
v:hich the units differ from the requirements of this speci­
fication. Approval of the unit shall include approval or 
said drawings onn descriptive specification and approval or 
all departures from the specifications indicated therein. 

4.2.3 General.--

4.2.3.1 Electrical Zero.--Measurements of all angular dis­
placements of the rotors of standard unite shell be referred 
to a standard position which will be designated as "Electrical 
Zero". T~1s angular position can be ascertained as described 
below. Caution should be taken 1n testing units without 
dampers to prevent their spinning. External friction m3y be 
applied or the applied voltare made very low at first end 
then increased to normal after the rotor has come to rest. 

4.2.3.1.1 Receivers and Transm1tters.--The electrical zero 
position of a receiver or transnitter shall be determ~ned by 
connectinc the pr1tlary end secondary es shown 1n F1e11re 1. 
An auto-transformer is used tri supply 78 12 volts to tr.P 
ter~in?ls of the secondary •1nding. The rotor will assume 

31. 



OS 671 

approximately the electrical zero position. The electrical 
%era position, should then be accurately determined•• follows: 
The primary should be energized by 1mpre111ng 115 volts 
across terminals Rl and R2 with Sl, S2, and S3 open. The rotor 
should be turned 1lowl7 until a ■ 1n11DU11 indication or the 
fundamental component or the voltege E(S13) ls obtained on a 
voltmeter atter filtering thia voltage. The law pass tilter 
shall have a m1n1aUJrl attenuation ot 35 db roT the 2nd and 
h1igher har11onie1. The voltaeter shall have a sensitivity 
or 1 millivolt and a m1n1IIWI input illpedance of 500,000 oha1. 

Synehro Rece1.., 
•r Tr■ raa,dlt•z; 

r---.._______._...:r- 7 
78 volts 

I I : 
R2 I I I I,........__ _..----------+~ __JL ___ _J 

FIGURE 1 
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4.2.3.1.2 n1rre1ential Receivers and Differential Trans­
m1tters.--The electrical zero position or a differential 
receiver or transL1tter shall be determined by connecting
the primary end sticondary to a source or 78 t2 volts as 
1hown 1n Figure 2. The rotor will assume approximately the 
electrical zero position. The electrical zero position or 1 
differential unit should then be accurately determined 1n a 
manner similar to that given in 4.2.3.1.1, the 78 volts being
applied across terminal S2 and connected terminals Sl and SJ. 
The tilter and ·voltmeter are connected acro11 the Rl•R3 
terminals. 

D1tterential Receiver or 
Ditterent1al Tranam1tter 

115 volts 
1,0 

FIGURE ·2 
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4.2.3.1.3 Control Transrormer.--The electrical zero posi­
tion or a control transformer shell be determined by con­
necting the control transformer to a source of apnrox1mately 
78 volts 1n the manner shown 1n Figure 3. As the rotor is 
turned the instrument indication will vary rrom a maximum to 
a minimum. The electrical zero setting is approximately at 
the minimum voltage position. This nos1t1on should be ac­
curately located by connecting 78 volts across terminal 52 
and connected terminals Sl and S3, disconnecting Rl and R2 
from Sl and 53, respectively, connecting the filter and 
voltmeter described 1n 4.2.3.1.1 across Rl and R2, and ad­
justing the rotor (or stator) until a minimum reeding of 
the fundamental voltage is obtained across Rl and R~. 

0-200 volta 
r-- .. 

V I 

Control L 
I 
__J115 volts 

v,,,11...,... 

Tr1n1r0rmer60 cycles 
78 volts Sl r---7 ______________-( , - -1 Rl 

__S_2--.I I i-+-----
S3 I I __ 1 R_2___ 

--------------~--~LL-__J 

FIGURE 3 
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4.2.3.2 Calibrated 8ynchro Unit.--A calibrated synchro
unit 1s one 1n which the error between the angular position
and the electrical position has been acc~rately determined 
and a calibration chart plotted. All synchros used as cali­
brRted synchros shall pass the requirements or this speci­
fication. 

4.2.3.3 Test Power Supply.--All tests shall be ma4e at 1 
line voltage of 115 tl volt and at I line frequency or 60% 
1/2 cycles unless otherwise specitied. 

4.2.).4 Test Apparatus.-• 

4.2.3.4.l Dials tor static accuracy tests.--Dials may be 
used in making static accuracy tests. When dials are used 
they shall be in accordance with Bureau or Ordnance Sketch 
81883. Readings 1n all static accuracy teats shall be 
accurate to at least 3 minutes except tor reoeiver1 and 
differential receivers 1n ~hich oase the readings shall be 
accurate to at least 6 minutes. When dials are not used 
on receivers the weight and moment ot inertia ot tbe device 
placed on the shaft shall not exceed that of the 1tat1c 
accuracy dial shown on Bureau or Ordnance Sketch 81883. 

4.2.3.4.2 Dials tor synchronizing time tests.--Dials tor 
use in synchronizing time teats shall be in accordance with 
the dynamic test dial shown on Bureau or Ordnance Sketch 
No. 81883. 

4.2.3.4.3 Dials for spinning tests.--Diala tor use in 
making spinning tests shall be in accordance with the dynamic 
test dial shown on Bureau or Ordnance Sketch No. 81883. 

4.2.3.4.4 Pulley tor Torque measurement.--A pulley or at 
least 3 inches diameter and provided with clamping arrange­
ment suitable ror attaching the pulley securely to the shaft 
of the unit shall be used in the meaaUJ"ement or torque. The 
synchro un1t shall be placed so that the shaft 1s horizontal 
and a thread or as great I tlex1b111ty as possible consistent 
with the strength required, aecured to the pulley in such a 
wey that weights attached to the other end will cause it to 
unwind rrom the pulley. The diameter or the pulley shall be 
accurately known and in oalculat1ng the torque the lever ■ rm 
used shall be halt this diameter. The pulley assembly shall 
be carefull7 balanced. 

4.2.3.4.5 ~ynchro Transmitter Loads.--All 1ynchro receivers 
u1ed 11 loads ror teat purposes shall bave paased an inspec­
tion teat. 
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4.2.3.5 Electrical Instruments.--

4.2.3.5.1 Measurements.--Voltage, current ond power measure­
ments shall be made with standard approved calibrated meters 
or appropriate range so that the readings shall constitute a 
major portion of tull scale deflection except tor tests in 
wttich series of readings of a variable quantity are being 
made e.g., a voltage charaoter1st1c test. In such a test 
the full scale deflection shall be no greater than 1.7 times 
the largest reading. 

4.?.3.5.2 Calibration.--The meters shall be calibrated at 
sufficiently frequent intervals. The Bureau or Ordnance 
reserves the right to check the calibration or these meters 
at frequent intervals. 

4.~.3.5.3 Connect1ona.--When a combination or instruments 
is used in• test the frequency meter shall be connected on 
the supply side of all other instruments. The voltage gradient 
or control transformers shall be measured with a vacuum tube 
voltmeter responsive to the average value of the rectified 
wave and with a m1n1mwn impedance or 500,000 ohms. The meter 
shall be calibrated imme~1ately after each reading to give 
an eccuraey of at least 2 peraent. 

4.2.3.6 Dial Wrenohes.--The following dial wrenches ■ hall 
be used for mounting and adjusting dials end 19ara on synchro
units. For size 3 and size 5 units see Bureau or Ordnance 
nrswine No. 8-Z-940. For size 1 units, except type lCT, see 
Bureau of Ordnance Sketch 81883. For type lCT units see 
Bureau of OrdaaDce Sketch 127068. 



OS 671 

4.2.4 Synchro units shall be required to pass the tests 
designated in the following table tor Type Approval: 

TABLE VI 

Funct1onal Reterence 
l:!21 &;;~2!11 I!H~I ~l1112.qs;1ti~

G DG D T 
Pai:11t1;b Sbt1i NQ. 

·static AccUJ'acy X 
Secondary Voltage X 
Open Circuit Current 

and Power X 
Impedance
Voltage Gradient 
Minimum Voltage
Capacitance Curve tor 

power factor correction 
Spinning
Synchronising Time 
Torque Gradient X 
Resistance or ~indinga X 
Temperature Rise X 
Noise X 

X 
X 

X 

X 

X 
X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

~ 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 

X 

-4.2 .5 
4.2.6 

4.2.i 
4.2. 
4.2.9 
4.2.10 

4.2.11 
4.2.12 
4.2.13 
4.2.14 
4.2.lC, 
4.2.16 
4.2.17 

38 
48 

49 
50 
50 
50 

~l 
~l 
52 
53 
54 
54 
56 

Vibration X X X X X 4.2.18 57 
High Potential and 

Insulation Resistance X X X X X 4.2.19 57 
Dielectric Test 
Shock 
Endurance 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

4.2.20 
4.2.21 
4.2.22 

58;a
58 

Mechanical Inspection Y. X :x X X 4.2.23 60 

37. 
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4.2.5 Static Aocur1cy Test.--

4.2.5.1 All l7llchro transmitters, d1fterent1al transmitters, 
and control transtormers will be tested ror static accuracy 
by the proportional voltage method. Synchro receivers and 
differential receivers will be tested for static accuracy
against calibrated transmitters of the same size as the 
receivers. 

4.2.5.2 The errors shall be determined tor at least every
three (3) degree position or the rotor. The unit sha!l be 
subject to test in any or the following positions: O, 4~0 , 
Q0° 135°, 180° from the vertical. Also each unit submitted 
tc:rfype Approval Tests shall pass the standard Inspection
Tests. 

4.2.5.3 Proportional Voltage 11ethod.--Transm1tters.-­
This method consists 1n comparing the actual position or the 
synchro rotor witn the electrical position of the synchro.
The electrical position of the synchro is obtained rrom the 
following equet1on: 

Electrical position : f +(N+3M)6o0 

where f :: cot -1 9-3R - 60° 

R - Ratio or pne or the ,maller secondary vo!tages
largest secondary volt3ge 

M • 0 when voltage E(S13) 1s in phase with voltage E(R21)
M = 1 when voltage E(~13) 1s 180 out of phasP with voltage 

E (R 21) 
end N is determined from the following tables: 

Terminals giving 
largest secondary 
voltage, 

Terminals giving
small secondary
voltage, 

Value 
of 
N 

S2-Sl s1-s3 0 
Sl-S3 S3-52 1 
s3-s2 S?-Sl 2 

The bas1c circuit employed for static accuracy testing of 
synchro transmitters 1s shown in Figure 4. The unit shall 
be energized with 115 volts 60 cycles across Rl-R2. Tw~ 
10,000 ohm resistors and a non-inductive decade voltage
divider or 10,000±1 ohms shall be connected 1n delta across 
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the output circuit~ Sl, S2 and s3. Th• voltage divider shall 
be accurate to l ohm in 10,000 ohms. The voltage divider 
ahtlll be connected across the secondary terminals giving the 
largest voltage, and the resistors shall be connected acro11 
the terminals giving the smaller voltages. The variable tap 
on the voltage divider shall be connected to th~ comton 
terminal or the two tixed res1etora through• eena1t1ve 
electronic voltMter having an impedance nnt leas than that 
or,, 500,000 ohm ~es1stance shunted by• capacitr ot 30 -rd. 
The voltage divider shell be set at the proper ratio(~ 1n 
the formula) ror the desired electrical position and the 
1ynchro shaft shall be turned until a minimum reading of the 
electronic voltaeter ror the fundamental 1s obtained. The 
position or the rotor is then recorded. The error 1s detined 
as the rotor position minus the electrical position. The 
maximum error or a tran1m1tter 1n absolute value shall not 
exceed the value given in ).3.14.l. In addition a positive
maxilmlll or the 2nd harmonic ot the error shell occur ln 
th~ o0 to 120° 1ector. Thia 11 done in order to ■1n1m1ze 
system errors. To tac111tatel.the 1ettinr.s or the voltage
divider a table of Yaloe1 or~ corresponding to nr1oua 
values or R 11 given 1n Table VII. 
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TABLE VII 

Values of R for Var1oua Values of Angle f 

+ 
i 
9 

l2 

½a 
21 
24 
27 
30 

li 
39 
42 
4~ 
48 
Sl
54 
57 
6o 

-~ .OS8?4 
.11442 
.16756 
.21861 
.26?9S 
.31592 
.36284 
.40898 
.45461 
.50000 
.S4S39 
.59102:~m~ 
.1320s 
.78139 
.8"244 
.B~5SB 
.94126 

1.00000 

40. 



~ 671 

115 volts 
60 cycles 

I 
--------,

I 
l I 
I I 
t I 
I ...------...-------~i--...___ 

under test Voltage Divider 

FIGURE 4 

Basic Circuit Employed For Static Accuracy Test or Synchro 
Transmitters. 

I largest 
I voltage
I 
I 
I 
I 
I 

' I 
I I 
1Synchro I 
l_!!_a~~it_;!_r__J 

Fixed 
Resistors 
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4.2.5.4 Control Transtormers.--The basic circuit ror 
static accuracy testing or contr~l transformers 1s shown 1n 
Figure 5. The unit shall be energized from e size 5 or 
larger synchro transmitter operated a~ rated voltage and 
frequency. The output terminals Rl-R2 of the control trans­
former shall be connected to an electronic voltmeter having 
en impedance greater than 150,000 ohms. The energizing
transmitter shall be turned until its electrical position,
measured as deecribed 1n 4.2.;.3, 1s at the desired value. 
The angular position or the unit under test that produces
the minimum output voltage shall be determined. The null 
position shall be 10 chosen that tor a small counterclock­
wise deflection or the rotor from this position, the output
voltage E(R21) is in phase with the voltage E(R21) or the 
energizing synchro transmitter. The error 1s defined as 
the rotor position minus the electrical position. The maximum 
error ot a control transformer in absolute nlue shell not 
exceed the value given 1n 3,3.14.5. In addition a positive
~x1mum ob the 2nd harmonic of the error shall occur in the 
O to 120 sector. 
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B1a1c Circuit Employed tor St1t1o 1cour1c7 Teat ot Control 
Transt'ormera. 

115 'folta 
60 cycle ■ 

r --- --,
I 
I ~1--411...._____,....._-. 

r-: - ----- -- --, Eleotron1c 
I Voltmeter 
I 
I 
I 
L- -

.. , 
1 
I 
I 
I 
I 

.J 

r 
I 
I 
I 
I 
I 
I 
I 

---.-----, .----, 
' 

1 Eleot~onic 
1 Voltmpter 

---+---+-o I 
I L---.J 

I I 
I I 
;control Tran1toraer: 
1 under teat 1L-~--.------.. _J 

P'IOtJRI S 

Pixed 
Resistors 
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•.2.5.5 D1trerent11l Tr ■ n1m1tter1.--The 1tat1c 1cour1a1 
or both the rotor and the stator shall be determined. 

•.,.~.~.1 The bae1o circuit ror static 8Ccur1c7 testing 
or the rotor w1nd1n11 or ~1rrerential tran1mitter1 11 ahown 
in Figure 6. The unit shall be energized with 78 •olta 60 
0701•• soroas terminals S2 and ~1 S3 connected together.
The electrical po11t1on or the rotor is obtained rrom the 
following equation& 

Electr1aal position: f t(R~3M)6o0 

where f is determined as described in 4.2.5.3 

■: 0 when voltage F.(Rl)) is in 8h11e with voltage E{S23)
K • 1 when volta1e E(Rl3) 1a 180 out or pha1e with vnltage

E(S23) 
8nd N 1a obtained trom the rollowing table1 

Terminals giving Terminals giving Value 
lRrgest secondary small aeoondary ot
voltage, yolt111, N

n2-Ri Rl•R) 0 
Rl-R3 R3-R2 l 
RJ-RQ R2-Rl 2 

The error 1s equal to the ■um or the eotual position ot the 
rotor plua the eleotr1cal po11t1on ■inu■ 360 degree,. The 
maximum error in ab1olute value 1h1ll not exceed the nlu@ 
given in 3.3.14.3. In addition• positive m■ xAmum of ahe 
2nd harmonic or the error shall occur in the O to 120 
sector. 
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Vol age
L - -~d•!,. _;!,_!_:. _J Divider 

FIGURE 6 

Basic C1rcu1t Employed tor Static Accuracy Test or the Rotor 
Windings or n1rrerent1al Transa1tters. 

78 volt• 
60 c7ole1 

~- ---, 
Sl 

S) 

largest
voltage 

Synchro
D1f'f'erent1al 1 
Transa1tter 1 

m 671 

,---------7
I Electron1o 1 
f Vol1iM1ier ! 
I I 
I I 
I I 
I I 
L..... --- - ~ - - _J 

Fixed 
Resistors 
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4.2.5.5.2 The basic circuit for static accuracy testing 
of the stator windings of differential transmitters is shown 
in Figure 7. The unit shall be energized rrorn a synchro 
transmitter of equal or larger size than the unit under test 
but in no case by a transmitter smaller than a 5G. The 
energizing synchro transmitter shall be operated at rated 
voltage and frequency. Rotor terminals Rl-R3 of the differ­
ential transmitter shall be connected to an electronic volt­
met~r having an impedance greater than 150,000 ohms. The 
energizing transmitter shall be turned until its electrical 
position, measured as described in paragraph 4.2.;.3, 1s at 
the desired value. The enguler position or the unit under 
test that produces the minimum output voltage shall be de­
termined. The null position shall be so chosen that ror a 
small counterclockwise deflection from the null the voltage
E(R13) 1s in phase with the voltage E(Rl2) or the energizing
transmitter. The error is defined as the rotor position
minus the electrical position. The maximum error in absolute 
value shall not exceed the value given 1n 3.3.14.3. In 
addition a positive waximum gr the 2nd harmonic of the error 
shall occur in the O to 120 sector. 
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' Synchro I
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I I I Voltmeter I 
I R3 I I I 
I I 
: : L______J 

11~ volt• 
60 cycles 

~~~ 

S71lahro D1f'f"erent1al 

L!~~~::~~---~nd~:..~~s~ _J 

FIGURE 7 

B1110 C1rou1t bplo,ed tor Slatic lccur1c1 T••t ot the Stator 
W1Dd1na• of D1ttereat1al Tranllftitters 
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4.2.5.6 Reoe1vera.--Rece1ver1 shall be tested 111in1t 
0111brated 11z• 5 transmitters. The 1tat1c aoouraoy ■ hall be 
deter■ 1ned tor both clookw11e and oounterolockwiae rot ■ t1one. 
Th• error• oorreoted ror the oa11brat1on errors shall not ex­
ceed tho•• given 1n 3.3.14.2. 

4.2.5.? D1tterent1al Reoe1vera.--All 1ize1 ot differential 
reoe1ver1 1hall be teated ■ ga1nat tlto 01libr1ted size 5 1ynohro 
tran1 ■1tter1, one oonneoted to the rotor er the d1tterent1al 
reoe1Yer end the other oonneoted to the 1t1tor or the ditter­
ential reoe1ftr with a 1tandard 1ynchro ••p■ al,or lnoluded in 
the o1rou1t. Two oomplete 1et1 or ■ oouraoy ••••ur•••nt1 in 
eaoh d1reot1on or rotation 1hall be taken. 

4.2.5.7.1 Look one tr1n1m1tter on eleotriael aero and nr1 
th• 1ettin1 or the other tren ■m1tter 1n three (3) degree step ■ 
reoord1na the angular poa1t1on 1e1med by the d1rrer~nt1al 
reoe1wr. 

4.2.5.7.2 Repeat the above test but with the other trens­
■ 1tter olamped on eleotrioal zero 1rv1 very the 1ett1ng or the 
trenam1tter in three (3) degre~ stops as bernre. 

4.2.5.7.3 The errors oorreoted ror the o ■ 11br ■ t1on errors 
shall not exceed thoee given 1n 3.3.14.4. 

4,2.6 Seoond1r1 Volt•l••--

4.2.6_1 The maximum induced 1eoond1ry voltsge shell be 
deter ■ 1ned ror th• ■eaondary w1nding1, the primary being
energized at rated •oltege and rrequency. In the oase or a 
d1fterentiel unit, 1nd • aontrol tr1n1rormer, 78 volt9 60 
cy"l•s 1h1ll be applied eoro11 terminal S? Rnd oonneotod 
terminal ■ Bl and S). A high re1i1tanoe voltmeter or et 
least 1000 ohm1 per volt 1h■ ll be •mployed so 11 to avoid en7. 
appreciable YOltege drop in the eeoondarr winding. A static 
■ oouracy dial (Bureau ot Ordnanae rketoh No. 81883) 1h1ll be 
titted to the rotor and the unit 1et accurately to eleotr1oal 
zero. Volt11e reeding ■ ahall be made 1n the ■ eoondary on 
open circuit when the dial 11 aet to the nrioua 1nglea ea 
required 1n the tollowin1 t1ble11 



Reoeivere an~ Tr1n1■itter1 

1r1r.tt· 
82-63 
61-63 

D1tterent1al ReoeiYera and Tr1n1mitt•r1 

Rl-R2 
R2•R3 
1U•H3 

Control Tr1n1tor■ere 

Rl-R2 

4.2.6.2 The wr1ations rrom rated wluee in induced 
1econdary volt•1•1 ■ hall not exceed the limits given 1n 
3.3.14. 

•.2.? Open Circuit Current and Power.--W1th the secondary 
1~~~• open and the unit under test energized et rated voltage 
and frequency, the input current and po,iar to the unit 9h1111 
be measured and reoorded. For a ~ifferential unit and A 
control transformer the rated volt~ge is 78 volta, 60 cycles,
which 1hell be applied across terminal S2 end connected 
terminals 81 end s3. The measurements shell be made with the 
unit at normal operating temperature. Thie IMV be effected 
by energizing the unit with •--l enlt1,tea eurrent for two 
houri prior to the test. The primary current and power shall 
not exaeed the values given in 3.3.14. The open circuit 
1mpere1 or watts shall not ftlrf fflore then 2 percent es the 
rotor 11 turned through e complete revolution. The open
circuit amperes or watts or each Mark, Mod and Type unit 1n 
production lots shall not increase from the nlue approYeid
1n the Type Appronl Tests by ■ore than the amount indicated 
in the following t1ble1 

Allowable• increase 
1n rn1r 

12 
9 
6 
3 
0 



Ir the primary current or power deviates by more than the al­
lowable amount in the table, th3 inspector may require a 
temperature r1se test and 1f 50 C is not exceeded, the unit 
shall be acceptable. 

4.2.8 Impedance Measurements (control tranaformers).--

4.2.8.1 The stator impedance or control transformers shall 
be cocputed from the measurements outlined in 4.2.7. The 
1tator impedance or control transformers shail not be less 
than the values given in 3.).14.5. 

4.2.8.2 The control transformer shall be energized by ap­
plying 78 volts between terminal S2 and connected terminals 
Sl and s3. An instrument as specified in paragraph 4.2.3.5.3 
shall be connected across Rl and P2. The transformer shaft 
shall first be rotated to a posi01on or minimum voltage and 
then clamped at a position or 10 rrom the position or minimum 
voltage. A variable resistance shell now be introduced 1n 
parallel with the instrument. This resistance shall be 
varied until the voltage as read on the instrument becomes 
one-half or what it was without the resistor and this resis­
tance shell be called the impedance. The rotor impedance or 
the control transformer shall not exceed the value given in 
3.3.14.5. 

4.~.9 Voltaee Gradient (Control Trensrormers).--

4.2.9.1 To determine the voltage gradient of a sync~ro
control transformer, the unit shell be accurately positioned
with respect to electrical zero when energized by 78 volts 
from an autotransformer connected across terminal S2 ,nd 
co~nected terminals S1 end s3. An instrument as specified in 
paragraph 4.2.3.5.3 shall be caJibrated and used to measure 0
the voltages in increments of 1 from electrical zero to tlO 
and e curve shall be plotted with the displacements as the 
abscissae and the voltages as the ordinates. 

4.2.9.2 The voltage gradient for t10° from electrical zero 
shell be as specified in 3.3.14.5. 

4.2.10 Minimum (Null) Voltage.--The minimum voltage shall 
be measured at the six null headings obta1ned by applying 78 
volts across one stater lead and the other two connected 
together. The null shall be determined by rotating the rotor 
about its correspondence point until a voltage or minimum peak
value, as observed on a cathode ray oscilloscope, is obtained. 
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the 01thode ray oac11101oope 1h1ll be c1li~r1ted in rma volts 
trom • 11ne wive source. Th• a1n1Jlua voltage shall be recorded 
1n terms or this cal1br1t1on and 1b1ll not exceed the nlue1 
apec1tied 1n 3.3.14.S. 

4.2.11 Capacit1nae Curve tor Power Factor Correot1on.--

4.2.ll.l Thie teat 11 required or d1tterent111 tr1n1aitter1, 
differential rece1vers and oontrol tr1n1tor11er1. The unit 
1hall be ener11zed by applying 78 volte acr011 terminal S2 
and connected terminals S1 and s3. A variable capacitor shall 
be connected in Sl-63, S2 circuit on the line side or the 
synchro. The capacitance 1h1ll be varied until• minimum 
current 1s obtained and the value noted. Values from zero 
correction to twice the value or oapacita~c• at the minimum 
correction shall be recorded 1n not leas than ten steps to 
permit drawing the capacity curve. This capacitance 11 tw1oe 
tbe optiaU111 capacity per leg or 2/3 or the total capacitance
required end hence the value observed must be multiplied by
1.5 tn obtain the tots1 c ■ peoitanoe. 

4.2.11.2 The design shall be such tb■ t the synchro will 
not draw current to exceed the value of primary current 1n 
3.J.14.5. 

4.2.12 Spinning Test.--

4.2.12.1 General.--The purpose or this test is to determine 
whether the rotor or a rece1v9r or differential receiver will 
come to rest at the position or synchronism from any initial 
angular position without !p1nn1Dg. A dynamic test dial shall 
be mounted on the rotor. The transmitter (or tran1mitters)
shall be locked on electrical zero position. The rotor or 
the unit under test shall be displaced il79° trom electrical 
zero and the units energized at 126 volts 60 cycle alternating 
current. This procedure shell be performed 5 times ror • 
cloclni71se displacement and 5 times tor a counterclockwise 
displacement. 

4.2.12.2 Spinning Test of Reoeivers.--

4.2.l?.2.l A size l receiver shall be tested against a 
site 6 transmitter in accordance with the procedure given 1n 
4.2.12.l 

4.2.12.2.2 A size 3 or 5 receiver shall be tested age1nst 
a size 7 transmitter 1n eccordenoe with the procedure given 
1n 4.2.12.1. 
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4.2.12.2.3 The reoe1ver shall be aon■ 1dered to have tailed 
the apinning test ir it tailed to synchronize in ■ ny or the 
10 trials. 

4.2.12.3 Spinning test or differential reoeivers.--

4.2.12.3.1 A size 1 ditterent1al reoe1ver shall be tested 
a1a1nst two size 6G transmitters in accordanoe with the pro­
oe~ure given in 4.2.12.1. A s)'nchro capacitor or the proper
s1ze shall be used in the stator c1rcu1t or the ditterent1al 
receiver. 

4.2.12.3.2 A size 3 or 5 differential reoe1ver shall be 
tested against two size 7 transmitters in accordance with the 
procedure given 1n 4.2.12.1. A synchro oapae1tor or the 
proper size shall be used in the stator circuit or the d1t­
rerent1al reoeiver. 

4.2.12.3.3 The ditterent1al receiver shill be considered 
to have tailed the spinning test 1r it ra111 to synchronize
in any or the 10 trials. 

4.2.13 Synchronizing Time.--

4.2.13.1 General.--The unit under test shall be connected 
terminal to terminal to an identical unit. A dynamic test 
dial ehall be mounted on the rotor of the unit selected as 
indicator. The rotor of the other unit shall be locked on 
electrical zero. T~e synchronizing time 1s defined as the 
length or time required for the receiver rotor to synchronize
and remain 1n synchronism within 0.1 degree after energizing
the system at the specified voltage and rrequency. The 
synchronizing t1~e shall be measured ror initial displace­
ments of!36° and t179° by means of an oscillograph. The 
synchronizing time shall be re•corded ss the average or three 
successive tests. 

4.~.13.2 ~ynchron1z1ng Time Test or Receivers.--

4.2.13.2.1 Receivers shall be energized by supplying 115 
volt 60 cycle alternating current to the Rl-R2 leads of both 
Wlits and tested in accordance with 4.2.13.1. 

4.2.13.2.2 The synchronizing time or receivers shall not 
exceed l second tor a 36° displacement and 2 seconds for a 
179 d1splaceruent. 

4.~.13.3 rynchron1z1ng time test of differential receivers.--
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,.2.13.3.1 D1rterent1al receivers shall be ener11zed by
•u~plyinc 78 volts 60 cycle alternating current bet•een s1-s3 
and S2 ot both unite and tested in accordance •1th ,.~.13.1. 

4.?.13.3.2 The synchronizing ti■e of differential reeeiver• 
1hall not exceed 1 second for a 36 degree displaceaent and 2 
secnnde for• 179 degree displacement. 

4.2.14 ?orque Gradient 'feat.--

4.2.1~.l General.--The unit shall be en~rg1zed under 
standard e&nd1t1ona and shall be at normal operating teapera­
ture. This may be effected by energizing the unit with normal 
excitation current ror 2 houri prior to the test. Toraue1 
shall be applied to the unit by suspending weights trom a 
thread attached to the rim or a torque pulley on the rotor 
shaft. (See 4.2.3.4.4). Predetermined weights or equal
increments shall be applied that will cause derlectiona or 
approximatoly ,,4,6,8,9 end 10 degrees in both a clockw11e 
and counterclockwise direction and the corresponding derlec­
t1ons recorded~ A torque-deflection curve shall be plotted 
as the 1trai~h~ line best fitted to the observed point, and 
the torque gredient shell equal 1/2 t~e slope of th1• 11ne and 
expressed 1n ter■a or ounce-1nchea per degree. 

4.?.14.2 Tr1n1mitter1.--Tran1m1tters shell be energized by 
supplying 115 volt 60 cycle alternating current to the "l-?.2 
leads or the unit. Terminals Sl and S3 shall be connected 
tocether end the unit te1ted in accordance •1th 4.?.14.1. 
The torque gradient of the transmitter shell conform to the 
11~1ts given in 3.3.14.l. 

4.?.14.3 Differential Transm1tters.-•Dirrerent18l trans­
mitters shall be energized by supplying 78 volt• 60 cycle
alternating current, bet•een terminal ~2 and connected 
terminals Sl and ~3. Terminals Rl and R3 shall be connected 
together and the unit tested in accordance with 4.?.14.1. 
The torque gradient or the differential transmitter shall 
conform to the limits given in 3.3.14.3. 

4.2.14.~ Recelvers.--P.ece1ver1 1hall be energ1%ed by sup­
plying 115 volt 60 cycle alternating current to the Rl-R2 
l~ad1 or the unit. Terminal• 51 and S3 shell be connecte4 
together and the unit tested 1n accordance •1th 4.?.14.1. 
The torque gradient of the receiver shell confor ■ to the 
limits given in 3.3.14.~. 



00 671 

4.2.14.5 D1tterant1al Reoeivers.--D1rterent1al receiver• 
shall be energized by supplying 78 volts 60 cycle alternating 
current between t~rminel S2 and conneated terminals Sl and s3. 
Terminals Rl and R3 shell be connected together and the unit 
tested in accordance with 4.2.14.1. The torque gradient ot 
the ~1tterent1al receiver shall conform to the limits given
in 3.3.14.4. 

4.2.15 Res1stsnce or ''1nd1ngs.--The D.C. resistance or 
all windings shall be measured by means or a '1heatstone 
B1'1dge. The measurement shall be made wgen the windings 
are at a temperature or ap~rox1mately 21 C. The temperature 
or the unit shall be recorded with the resistance measure­
ments. 

4.2.16 Temperature Rise.--

4.2.16.1 General.--The unit shall be tested when lying on 
its side 1n a ceramic trough. Prigr to0 the temperature tests, 
the unit shall be ma1nta1ned at 20 C t2 for not less than 
24 hours. This ambient temperature shall be controlled by 
air circulating et e constant rate over heating and refriger­
ating units, end shall be maintained throughout the t~8t for 
temperature rise. The temperature rise of both the rotor 
and t,e stator or a untt shall be measured by the resistance 
change methnd. Measurements or resistance shall be recorded 
at intervals of time not exceeding one hour in length until 
eauilibriwn 1s attained. The equ1libr1ur:i temperature shall 
be judged to have been reached when three successive te~pera­
ture rise va~ues have been obtained which do not differ by 
more thAn ±1 c. The following formula shall be used for 
calculating the temperature: 

Temperature Rise 0 c • 254.5 RtR~29 

Where Rt• resistance of winding at the equ111bruim 
temperature 0 

R20: resistance of winding at 20 c. 
4.2.16.2 C1rcu1t.--A schematic diagram or the circuit to 

be used 1s shown in Figure 8. Switch SWl connects the bridge 
to the rotor or stator as desired. ~•itch ~W2 1s coupled
mechanically to the bridge switch (not shown in figure) and 
closes when the bridge switch is closed. When nitch SW2 is 
closed the relay 1s energize~ disconnecting the synchro ex­
c1tat1c· voltage and the load, at the same time connecting 
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tbe bridge to the rotor or the stator, depending upon the posi­
tion of SWl. The relay has mercury contacts with a maximum 
variation in contact resistance or approximately ±0.004 ohm. 
Th11 arrangement allows the bridge to be balanced in the conven• 
tional manner. Since the bridge n1tah and IW2 are closed just
long enough to determine the deflection or the galvanameter
needle, no significant cooling ot the synchro occurs while the 
measurement 11 being made. 

4.2.16.3 Temperature Rise Test or Transmitters and Receivers.--

4.2.16.3.1 The transmitter or receiver rotor shall be set 
on electrical zero and looked by a thermal non-conductor con­
necting the shaft and an end bell screw. A variable resis-
tance load together with an ammeter shall be connected across 
the output terminals Sl-S3 and S2 or the transmitter. With 
the unit energized by supplying 115 volt 60 cycle alternating 
current to 1ta Rl•R2 leads the variable load shall be adjusted 
to obtain a load current or the magnitude specified in 3.3.14.l 
or 3.3.14.2. This load current shall be maintained through-
out the test by varying the load resistance. 

4.2.16.3.2 The temperature rise of iny winding of the trans­
mitter or receiver shall not exceed 50 C in this teat. 

4.2.16.4 Temperature ~1ae Test of Differential Transmitters 
and Differential Receivera.--

4.2.16.4.l The rotor of the differential transmitter or re­
ceiver shall be set on electrical zero and locked. A variable 
rea1stanoe load together with an ammeter shall be connected 
across the output terminals Rl-R3 and R2 of the unit under test. 
With the unit energized by supplying 78 volts 60 cycle alternat­
ing current between Sl-S3 and 52 the variable loao shall be ad­
justed to obtain a load current or the magnitude specified in 
3.3.14.3 or 3.3.14.4. Thia load current shall be maintained 
throughout the test by varying the load resietance. The temper­
ature rise shall be determined in accordance with 4.2.16.1. 

4.2.16.4.2 The termperature rise or any winding or the dirrer­
ent1al transmitter or receiver shall not exceed 50°c 1n th1s test. 

•.~.17 Noise Test.--

4.2.17.1 G&neral.--A block diagram or this test is given in 
Figure 9. The noise test shall be performed nine (9) times with 
the unit being disturbed between tests by being lifted up and 
replac~d on a piece cf sponge rubber. Durine each test the unit 
shall be in a horizontal position on the sponge rubber and be 
ro~ated as e receiver et 15 rpm through at least five (5) com­
plete revolutions. A proper size noise test ring, 0~dnance 
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Dr. Bu9633, sha 11 be titted on the synchro, and ; crystal ;::!.c-... 
up, Ordnance Dr. 809639, shall be attached to the noise test 
~ing. The pickup 11 to be laid on the noise test ring plat­
form with a medium weight oil film between them, a rubber band 
plaoed tightly around them to hold the pickup 1n place. The 
pickup shall have a sensitivity or 24 m1crovolts/cm/sec2± 5~­
The output or the crystal, after passing through a preamplifier
and en anpl1fier, shall be recorded on a Sound Apparatu1 ~e­
corder Model P'R or equivalent. The preamplifier shall have a 
gain or 37 db at 100 cps and include I low p111 filter •1th a 
cutorr frequency or 3000 cps. The ampl1tier shall be the 
equivalent or a Ballantine vacuum tube voltmeter model 300-A. 
In interpreting the readings of the recorder, zero (0) db 1s 
equivalent to .1 volt on the Ballantine voltmeter or equivalent. 

4.2.l?.2 Receivers and Tranamittera.--Reoeivers and trans­
mitters shell be driven es receivers by the same size transmitter. 

4.2.17.3 Differential Receivers and Tranam1tters.--D1trer­
ent1al receivers and transmitters shall have 78 volts applied 
across terminal R2 end terminals Rl and R3 connected together. 
They shall be driven as receivers by means or transmitters of 
the same size connected to the stator terminals. 

4.2.17.4 The synchro shall be re3ected 1t ~wo or more or the 
nine tests indicate maxilllUD\ values equal to 11 db or above. 

4.2.18 Vibration Test.--The unit to be tested shAll be 
securely clamped to the table or a vibrator with tts nx1! 
horizontal, and vibrated for a totel or 24 hours in three 
mutually perpendicular directions, one being peralled to 
the axis of the rotor. During vibrations the tsble end 
synchro shall move 1n a plane ~er1ned by two of these prin­
cipal directions; and the vibration in each plane shall be 
continued for 8 hours. In each plane, the frequency of v1bre­
t1on shall be held constant ror one hour at each of the fre­
quencies 800, 900 1000, 1100, 1200, 1300, 1400, and 1500 cycles 
per minute. At ail frequencies the amplitude of vibration 
shall be 0.030 inch (0.060 inch total displacement). The unit 
shall not be damaged by this testi nor shall any of the parts
loosen es a result of the test. The unit shall be capable of 
pess1ng the eccuracy test after vibration. 

4.2.19 High Potential and Insulation Resistance Test.-­
Synchro units shall pass a high voltage test or 900(+0,-30) 
~o!ts (rms) applied from each winding to the frame and rrom 
winding to winding. In all high voltage tests, the 
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voltages shall be raised slowly to the specified value and 
held at that value tor one minute. This test may be re­
peated as often as required. The peak voltage or the supply
throughout this test shall not exceed 1.42 times the specified 
rms voltage. Illllllediately after sat1stactorily withstanding
the high potential teat the insulation resistance or the 
electrical circuits shill be measured by means or a megohm
bridge ■ t 500 voLts D.C. between each winding and the ca•• 
and between the primary and secondary windings. The 1nsula• 
tion resistance shall be greater than 10 megohms. 

4.2.20 Dielectric Test.--E~ch synchro shall have twice 
the rated voltage at twice the rated frequency impressed 
upon its primary w1nd1ng1 with secondaries open. The volt­
ege shall be raised slo•lY to the specified value and held 
at that value tor one minute. The rotor shall be rotated 
1t leas than 2 rpm, making at least one revolution throughout
the period or the test. There shall b4I no indication or 
insulation breakdo11n as exhibited by a tendency or the rotor 
to seek a preterred position. Such a tendency may be accom­
panied by sporadic changes in the primary current. 

4.2.21 Shock Test.--

4.2.21.l Each unit shall be mounted in a special shock 
teat fixture shown 1n Bureau of Ordnance Sketch No. 95216 and 
shall be subjected to six (6) blows or 2000 rt. lb. with the 
high intensity ahock machine. Three (3) blowe shall be 
struck in the vertical and three (3) blows in the horizontal 
direction. The syncbro shall be energized 1n the usual manner 
during the test. The special shock test fixture shall be 
bolted to a 1te ndard 34" x 26" x 1/2" thick mounting plate
which is fastened to the shock testing machine anvil plate 
by two (2) 4" channels. The test fixture shall be mounted 
so that the 17nohr0 shaft is in• vertical po11tion. The 
1,nohro unit ahall be clamped to the teat fixture so that •o 
line between the brushes makea an angle or approximately 45 
with tbe mounting plate. All synchro receivers shall bave • 
standard type dial (see Bureau or Ordnance Sketch lo. 81883) 
or equivalent load mounted on the abaft dur1ng the test. 

4.2.21.2 The un1t shall not be damaged or deranged by th11 
test. In addition the errors in static accuracy at the end 
or the teat shall not exceed the values given in 3.3.14. 

4.2.22 Endurance Test.--

4.2.22.1 Driven Unit ■.--
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4.2.22.1.1 Qener11.--Law speed transmitters, d1tterent1al 
tran1mitter1 and control transformers shall be given a con­
tinuous endurance run ot 500 hours at 300 rpm. High speed
units or the above types shall be given I continuous endur-
1no• run ot 1500 hours at 1200 rpm. The t1rst 64 hours or 
thia test ahall b• made in an ambient temperature or minus 
2s0 c with the 1h1tt ot the unit horizontal. The ne!t 96 
boura ot the teat ahall be made in an ambient or 65 C and the 
unit shall be operated in each or the following positions tor 
24 hourai 

(l) Shatt vertio■ l, ~•rd. 
(2) Shatt 1nol1~•d 45: upward.
(3) Shatt inclined 4S° downward. 
(4) Shatt vertical, downward. 

The time remaining or the te ■ t shall be consumed by running
the unit with the 1hatt horizontal end at room temperature.
The units shall be oompletely disassembled 24 hours after 
the endurance test and carefully checked for any evidence of 
undue wear, deterioration or windings, and deposits of dis­
tillates. Type approval static accuracy test! shall be made 
both before and efter the enduranea test. 

4.2.22.1.2 Transm1ttera.--Trsnsm1tters shall be energized 
by supplying 115 volt ■ 60 cycle alternating current to the 
Rl-R2 terminals. The rotor shall be turned mechanically at 
the speed required in 4.2.22.1.1. The secondary winding 
shall be loaded bye balanced Y connected resistive lo~d so 
as to draw a maximum current 1n each ste tor lead equa 1 to 
the secondary current listed in 3.3.14.1. ~ 

4.2.22.1.3 D1fterent1al Trensm1tters.--D1tterent1al trans­
mitters shall be energized by applyinf 78 volts 60 cycle el­
ternating current between s1-s3 and ,S2. The rotor shall be 
turned ■ech1nic1lly ot the speed requir~d in 4.2.?2.l.l. The 
aeoondary winding shall be loaded by means of e balanced Y 
connected resistive load to circulate the maximum seconde~y 
current apecified in 3.3.14.3. 

4.2.22.l.4 Control Transtormera.--Control transformers 
1h1ll be energized bf applying ?8 volts 60 cycle alternating 
current between Sl-53 and S2. The rotor shall be driven 
■eohani0ally 1e required 1n 4.2.22.1.1. A load or 10,000 
ohas shall be connected across Rl-R?. (15,000 ohms ror lCT). 

4.2.22.2 Fr•• Rotor Un1ta.--
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4.2.22.2.1 General.--All low speed receivers or ditter­
ent1al receivers shall be given a continuous endurance run 
or 500 hours at 300 rpm. The te1t shall be made at room 
temperature. After the endurance test, the units shall be 
completely d11a11embled after 24 hours and caretully checked 
tor any evidence or undue weari deterioration or windings,
and deposit• or distillate,. Type approval static accuracy 
tests shall be ..de betore and arter the endurance test. 

4.2.22.2.2 Receivers.--Reoeivera shall be driven by a 
1tanda~d aynchro transmitter 11 deecr1bed 1n 4.2.22.2.1. 
The rotor shall be titted with a dynamic test dial shown on 
Bureau ot Or~nance Sketch Jo. 81883. 

4.2.22.2.3 D1tterent1al Rece1vers.--D1fterential receivers 
1ball be driven by two synchro transmitters (one or which is 
locked on electrical zero) as described 1n 4.2.22.2.1. The 
rotor shall be titted with a dynamic teat dial shown on 
Bureau or Ordnance Sketch No. 81883. A synchro capacitor of 
standard size shall be used 1n the stator circuit or the 
differential receiver. 

4.2.22.2.4 H1&h Speed Rece1vers.--Rece1vera or ditrerent1al 
receivers de11gned as high s~eed units 1hall be driven by
standard high speed synchro tr1n1mitter1 as in 4.2.22.2.2 and 
4.2.22.2.3, respectively. The transmitters should be driven 
at 1200 rpm tor 1000 continuous hours. 

4.2.23 Mechanical Inspection.--

4.2.23.1 The units shall be inspected to determine con­
formity with: 

(1) The pertinent requirements or section 3 or this speci­
fication. 

(2) The appropriate drawings listed under section 2. 
(3) The approval drawings required by 3.3.15.2. 

4.2.23.2 Side-shake.--

4.2.23.2.1 The side-shake shall be measured at approxi­
mately 21°c as the displacement from high point to low point
measured on a dial indicator gage graduated to 0~0001. The 
gage shell be mounted ri~1dly and 1n • position such that the 
actuating button will contact the shaft of the synchrn et a 
point half way between the hardened steel washer shoulder and 
the slotted washer shoulder. A force of one-helr pound shall 
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be apnlied by a string to the end thre~d of the shaft, hori­
zontally first in one direction and then in the opposite
direction. The difference between these two indiaator read­
1ngs shall be considered the side-shake. The synchro unit 
ahall be mounted with the stator r1g1dly clamped. 

4.2.23.2.2 The side-shake shall not exceed 0~0005 tor 
driven units other than size 1. For size 1 units and all 
receivers the side shake shall not exceed ~001. 

4.2.23.3 Bearing Seat Run-out on Bearing Mounted Syncbros.--

4.2.23.3.1 The run-out between exterior bearing surfaces 
on all bearing mounted synchros shall be measured by mount-
ing the synchro vertically in a ring fixture having a flat 
ground top surtace square with the axis or its bore, ~hich 
1s eccuratelf ground to tit the exterior bearing or the col­
lector-end end-bell. The synchro is then rotated 1n this 
fixture and the run-out measured by a dial indicator radially
contacting the exterior bearing on the shart-end end-bell. 

4.2.23.3.2 The run-out shall not exceed 0.005 inch. 

4.2.23.4 Shaft End Play.--The shaft end play shall be 
measured at approximately ?1°c, as the total displacement
re1rUlting from a force of three (3) pounds being applied to 
the shaft in a pushing and pulling direction. The 11na or 
action of the force shell coincide with the rotor axis. The 
unit shall be mounted so that the shaft is 1n a horizontal 
position an~ the stator rigidly clamped. The motion or the 
shaft in a direction parallel to its axis, shall be measured 
by means ore dial gage capable nr reading directly to 0.001 
inch. The end play shall not exceed 0.008 inch (0.015 inch 
ror size 1 units) before shock test and should not exceed 
0.015 inch arter shook test. 

4.3 Production Tests.--

4.).1 Production tests 1h■ ll be made at the place or •nu­
tacture. 

4.).2 A complete examination shall be made or the materials, 
workmanship and general assembly or the equipment to determine 
its meeting the requirements ot th11 specification. 

4.).3 The rollo~1ng tests sh•ll be made during production 
•te ■ ts on all wi1ta offered ror acceptance under this speci• 
r1c1t1on. 
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TABLE VIII 

Functional Ref'erence 
lJ:Q~ygtiSHJ J:11i ~a.111if:lg1ti1211 P11:111:112b §b11~ rfg. 

G DG F D CT 

Static ~ccuracy tor 
Production Test X X X X X 4.J.4 

Secondary Voltage X X X X X 4.2.6 !~ 
Open Circuit Curren"t 

and Power• X ·x ·x X 'X 4;2.? ◄9
Minimum Voltage X 4.2.10 50 
Spinning• X X 4.2.12 ,1 
Synchronizing Time•• X X 4.2.13 52 
Noise X X X X 4.2.17 '57 
High Potential and 

Insulation Resistance X X X X X 4.2.19 siDielectric X X X X X 4.2.20 
Mechen1oal Inspection X X X X X 4.2.23 lo 
•rr the open circuit power ,xceeds the value given in para-
graph 3.3.14 the unit may at the discretion or the Inspector
be subjected to a Temperature Rise Test (see 4.?.16). It 
tne uni~ passes the Temperature R1ee Test it shell be con-
sidered satisfactory in regard to the Open Circuit Power Test. 

•~hese tests are not required ror transmitters, differential 
transmitters or control trensroraera. The aynchron1z1nc time 
may be determined by a cycle counter or other method accurate 
to within t2 seconds. 
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4.3.4 Static Accuracy tor Production Teat.--

4.).4.l Transmittera.--Tranam1tters 1hall be tested against
size 5 control transformers calibrated by the proportional 
voltage method as described 1n 4.2.5.4. The transmitter under 
test shall be energized by applying 115 volts 60 cycles to 
the rotor. Its stator leads shall be connected to the stator 
leads of the calibrated control transformer 1n the tollow1ng 
manner: Sl to s3, S3 to Sl, and S2 to s2. Its rotor shall 
be coupled meohanlcally to the rotor of the control transformer 
ao that both units are at electrical zero together. The rotor 
voltage or the contro~ transrormer 11 a measure of the static 
error of the transmitter. This voltage ahall be recorded tor 
a complete revolution b)" ••n• of a recording voltmeter. The 
static accuracy record shall be corrected if necessary to ao­
count ror the errors or the calibrated control tr ■ nsroraer. 
The error 1s defined•• the transmitter position minus the 
corrected position or the control transformer. The errors 1n 
absolute value shall not exceed those given in 3.3.14.1. In 
add1t1ont a positive maximum of the 2nd harmonic or the error 

o0shall occur. in the to 120° sector. 

4.3.4.2 Differential Transm1ttera.--The static accuracy or 
both the rotnr ~nd the stator shall be determined. 

4.3.4.~.l Rotors.--Rotors or differential transmitters 
shall be tested against size 5 control transformers calibrated 
by the proportional voltage method as described in 4.2.5.4. 
The unit under test shall be energized by applying 78 volts 
60 cycles between terminal S2 and connected terminals Sl and
s3. Its rotor leads shell be connected to the stator leads 
of the calibrated control transformer in the rollcnring manner: 
Rl to S3, R3 to s1, and R2 to s2. Its rotor shall be coupled
mechanically to the rotor or the control transformer 10 tbat 
both units are at electrical zero together. The static errors, 
corrected 1! naoessary tor the calibration ot the control 
transformer, shall be determined by means or a recording volt­
meter as described in 4.3.4.l. The error is defined as the 
differential transmitter position minus the position of the 
control transformer. The errors 1n absolute value shall not 
exceed those listed 1n 3.3.14.). In addition! a positive
mex1mum ob the 2nd harmonic ot the error shal occur in the 

to 120 sector. 

4.).4.2.? Stators.--Stator1 or d1ttarent1al transmitter! 
shall be tested against ~1ze S control transformers calibrated 
by the proportional voltage method as desaribed in 4.2.5.4. 

64. 
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The un1t under test shell be gnerg1zed by applying ?8 volts 
60 cycles between ter~inal R2 and connected terminals Rl 
and R3. Tne static occuracy shall be determined ae described 
1n 4.3.4.l tor transmitters. The errors 1n absolute value 
shall not exceed those listed in 3.3.14.3. In addition, a 
pos1t1ve0 max1mum0 ot the 2nd harmonic or the error shall occur 
1n the O to 120 sector. 

4.3.4.3 Control Tran!tormers.--Control transformers shall 
be tested against size 5 transmitters calibrated by the pro­
portional voltage method as described in 4.2.5.3. The trans­
mitter shall be energized by applying 115 Tolts 6o cycles to 
its rotor. The stator leads or the control transformer under 
test shall be eonnected to the stator leads or the calibrated 
transmitter in the following manner: Sl to s3, S3 to Sl, 
S2 to s2. Its rotor shall be coupled mechanically to the 
transmitter rotor so that both units ar~ at electrical zero 
together. The rotor voltage or the control transformer is• 
measure or 1ts error. The static errors, corrected 1! necessary
for the calibration or the transmitter, shall be determined 
by means or a recording voltmeter•• described in 4.3,4.l. 
The error is ~etined as the control transformer position minus 
the corre~t~rl transmitter ,oa1t1on. The errors in absolute 
value of control trensrormers shall not ~:xceed those listed 
in 3.).14.5. In addition! a positive maxi~um or t~e 2nd 
harmonic of the error sha l occur in the O to 120 sector. 

4.).4.4 Receivers.--Rece1vers shall be tested by means or 
the Synchro Tester Mark 1 Mod 1 as supplied by the Bureau or 
Ordnance. The errors or receivers shall not exceed those 
listed in 3.3.14.2. 

4.3.4,5 Differential Rece1vers.--01rrerential reoe1vers 
shall be tested by means or the Synchro Tester Mark 1 Mod 1 
as supplied by the Bureau of 01-dnence, and a second calibrated 
size 5 transmitter which is locked on electrical zero. The 
errors or differential receivers shall not exceed those 
listed in 3.3.14.4. 
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5. PREPARATIOlf FOR DELIVERY 

5.1 Paokaging.-•Eech e7nchro unit shall be paokeged 1n 
1ocord1nce with the applicable drawing 111ted in Seotion 2, 
Table IV• 

5.2 Paok1ng,--S7ftohroa pack•f•d in aoaordanoe with ;.1
ahall be packed in 100ordance w th the applicable drawing
listed 1n Section 2, Table IV. 

5.3 Labeling and Mark1ng.--In addition to any 1pe011l 
■erking required by the oontrect or or~er, marking 1h1ll oon-
form to the requirements or the a,plioable packaging and 
packing drawing• and the N■ VJ Shipment Marking Ha~dbook. 

6., JIOTES 

6.1 All question, pertaining to theae spec1t1cat1ons shall 
be referred to the Bureau or Ordnance tor consideration end 
4eois1on. All que1tiona es to the design, menutecture, tests 
and 1pplio1tions or synchros covered by theee speoiticetions 
are under the oognizance or the Bur11u or Ordnance. 

6.2 The right 1s reaerved to reject an7 bide on equipment
covered by this spec1r1cet1on ~h1ch have not been subjected 
to the required te!ts end round eat1!factory. The attention 
or the manufacturers 1! called to this requirement and they 
are urged to rorwerd semple! or the e~uipment which they proposft 
to otter to the Navr in thP futul"e in order that te!lta may be 
made. These teats will he conducted at the expense or the 
Government. The samples shall be sent to th@ B\Jreau of Ordnance. 
It 1s ~o be understood thet the manufacturers shall pay all 
transportation oh1rge1 to the Bureau of Ordnance end trom the 
point where te!ts are made to the manutecturer's plant. In 
the case or failure or the sample or samples submitted to prove
!Rtisrectory, consideration will be given to the request! of the 
menufRcturera ror additional tests only after it hes been clearly
shm,n that chsnges hav@ been made in the product with reference 
to design, ■othod or manufacture, etc., which the Bureau or 
OrdnAnoe considers sufficient to warrant conducting additional 
test,. 

6 .3 Guaranty .--'!'he contrector shJ:111 r,uerentee fl 11 !ynchro uni ts, 
1nc1url1ng spar@ paTt1, rurnished by him 8ge1nst Any And ell de­
fects in design, materi"ls, ~nd workmAnship which ere not de­
tected prior to 1oeeptRnce but which May ~evelop ~ithin two years
after delivery or the material, such defects to be made good
b1 and 1t the expenae or the contractor. 

66. 
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(0/ ••·• I lrtr J 

A, II YI PAIAIHPII NWHI ANO Wall.I, 

I, II THI 1,1c1,1CATI RIITltlCTIVl? 

C VII C Q ., .,... , IN IMA'f .." 

IIEMAIIKS (Artu 1n711trt "'"' .,•• C ••, , 0 .,. '" ,-,.r.onn1 t ...,.Cl 1uf1011. 1 ' ,,.•• ,.••• I• 

uo11 ■ I ,,,, ••. 1t tu11 to /o•• ■ n•, lau h tli III an .,.., lop, •••••.. •" to,,.,,.,.,., u *'"' ty) 

SUBMITTED ev ( rintt or typr noac an acr,~11,) 

... _____,______,.. ________ ---------- .. 




