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1, SCOPE AND CLASSIFICATION

1,1 This specification-covers 115 vnlt 60 cycle synchros
used by the Depsrtment of the Navy. The word "Synchro'is a
term, snslogous to s trade nsme, used by the Armed For(asz
and spplies to certain componon{s of self-synchronous sy: {ems
or units which are listed in 1,2 below. A self-synchronous
system is defined as a system composed of electricslly con-
nected transmitting, receiving, and auxilisry units which,
under ell opersting conditions, will sutomaticelly set up
send continuously maintain correspondence between the trans-
mitter and receiver. Rotatable synchro units, i.e., units
which consist of a rotor and stator in which &h. angular
position of the rotor with respect to the stator can be
varied, sre covered by this specification. Auxiliary units
oonsis% of synchro ceapacitors and trouble indicstors and are
covered in referenced specifications.

1.2 Classification as to Funetion.--

1.2.1 Synchro Transmitter.--A unit, the rotor of which 1is
mechenically driven, for generating and transmitting elec-
tricsl information corresponding to sngular positions of the
rotor. (Previous to Revision C this unit was called a synchro
generator).

l1.2,2 Synchro Differsntial Transmitter.--A unit, the rotor
of which is mechanically driven, for modifying received elec-
tricsl sngular informstion and transmitting electricsl infor-
mation corresponding to the sum or difference of the respective
angles. (Previous to Revision E this unit was celled s synchro
differentiasl generator).

l.2.3 Synchro Receiver.--A unit, the rotor of which is free
to turn in sccordance with the electrical orders received.
(Previous to Revision [ this unit was ocalled s synchro motor).

l.2.4 Synchro Differential Receiver.--A unit, the rotor of
which is free to turn in accordance with the sum or difference
of eleotricsl sngular informetion received from two synchro
signels. (Previous to Revision E this unit was cslled @
synchro differentisl motor).

1.2.5 Synchro Control Transformer.--A unit, the rotor of
which is mechsnicslly driven until the olactr{cal voltage in-
duced in the rotor from its ststor becomes null, or the final
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engular position of rotor corresponds to that set up by the
transmitter. The voltages induced in the rotor are generally
impressed upon grids of thermionic tubes or similar devices
used for the control of servo units,

1.3 Classification as to Size.--

Approx. Approx. Approx.
Size  Yeight Lbs, langth
1 2 3.9 to 4,2 1in. 2.25 in.
3 3 5.2 to 5.51 in. 3.1 in,
Z g 6.0 to 6.8 1in. 3.39 to 3.625 in.
60‘ to 705 1n0 4.5 1“0
7 18 8.9 to 9.2 in, 5.75 4in,
l.4 Clessificstion Letters.=--
letter Definition
G Transmitter
F Flange mounted receiver (This letter

is omitted 1f letters other than "Ii"
or "S" occur in a receiver's type

designation)
D Differential Receiver
DG Differentisl Transmitter
CcT Control Transformer

High Speed (1200 rpm for 1500 hours)
Bearing Mounted

Nozzle Mounted

v = w =

Special Unit (The synchro does ncv
oonforr tc standard specificationrs
‘0 soms way)

The above types cre¢ or 60 oycle operalion. Two frams types
are stantsra - Flanrsze Mounted and Bearing Mounted.
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1,5 Type Designation.--A synchro unit is identified by s
type designstion consisting of the sbove €lassirications,
The letter symbol or a combinetion of the letter symbols is
preceded by a numerial prefix designating the size e.g.,
5DGB designates a size 5 differentisl transmitter bearing
mounted, low opersting speed.

1.6 Mark and Kodification.--In addition to the type desig-
nation, synchro units are further identified by Mark and
Modification numbers. The Mark number signifies the design
of the particular type that is in accordance with this speci-
ficetion. The Nodification numbers indicates the manufacturer
sand is assigned by the Bureau of Ordnance.

2., APPLICABLE SPECIFICATIONS, OTHER PUBLICATIORS, AND
DRAWINGS .

2.1 Specificstions.--The following specifications, of the
issue in effect on the date of invitation for bids, form e
part of this specification.

FEDERAL SPECIFICATIONS
QQ=A=315 = Aluminum-alloy (Al 52): bars, rods, shapes.
QQ-A~318 - Aluminum-alloy (Al 52): plates, sheete.
QQ=A-325 - Aluminum-alloy (Al 61): bers, rods, shapes.
QQ=A=327 - Aluminum-slloy (Al 61): plates, sheets.
QQ=-A=59]1 = Aluminum-Base-Alloy: die-castings.
QQ-S-763 -~ Steel, corrosion-resisting: bers and forgings
(except for reforging).

JOINT ARKY-NAVY SPECIFICATIONS
JAN=1-225, Interference Measurement, Radio, Methods of,
150 Kilocycies to 20 megacycles for conponon‘a and complete
assemblies.
JAN=P=13 - Plastic-materials, laminated, thermosetting:
sheets and plates.
JAR=P=14 « Plastic-materisls, molded, thermosetting.
JANC=-76 = Cable (hook-up wire), electric, insulated, radio

snd instrument.

AIR PORCE-NAVY AERONAUTICAL -SPECIFICATIONS
AN=QQ-A~696 - Anodic Films; Corrosion-protective (for)

sluminum alloys.

NAYY DEPARTMENT SPECIFICATIONS

Index of Specifications used by the Navy Depesrtment for
Naval Stores and Material.

General Specification for Inspection of Materisl.

14G8 (Ord) = Instrument Oresse.

5e
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14P1 - Petrolatum.

14020 ~ Instrument 0il.

15%2 - Wire, Magnet.

17C8 « Cambric, insulating, varnished.,

17111 - Insulstion, electrieal, peper, figh,

17113 - Insulstion, electrical, slot-cell, composite,
armature.

17P8 - Plastice-materials, rigid, thermoplastic.

17T1 - Tape, insulating, rubber,

17T1% « Tspe, insulating, linen finish, plsin.

17716 - Tepe, insulating, silk,

4255 - Screws, machine teap and set; and nuts).

42211 - Bolts, nuts, u‘udo, and tep rivets.

46A1 - Aluminum-alloy, light: castings (sand)(resistant
to sslt water corrosion).

46B14 - Bronze, phosphor, rolled or drawn: bars, plates,
rods, sheets, snd strips.

46&1 - 'ril'l, piso

47520 - Steel, corrosion-resisting: plates, sheets, strips,
and structural shapes.

5iF1 - Flux, soldering (peste).

52715 (Ord4) - Trestment, Moisture and fungus proofing of
elements, components and assemblies, electrical and electronic:
general specifications.

§2V13 - Varnish insulating (electrical).

52Z3 = Zinc-dust.

6683 - Shockproof-equipment, class HI (high-impact); end
tests for.

BUREAU OF ORDNANCE SPECIFICATIORS

KRAVORD OS 445 ~ General Specification for Fire Control
Eaquipment.

NAVORD 06 3681 - United States Navy Synchro Capecitor
Specificetions.

BUREAU OF SHIPS SPECIFICATIONS
BuShips Supplementary General Specification for ¥achinery.
SGS{71) - 119b - Trouble Indicators for self-gynchronous
motors and generators.

(copies of Pederal specifications, National Military
Fstablishment specificetions, Joint Army-Nevy specifications,
and Navy Department specificstions mey be obtained upon ap-
plicstion to the Buresu of Supplies and Accounts, Navy Depart-
ment, Washington 25, D.C., except that activities of the Armed
Porces should make spplication to the Supply Officer in Commsnd,
Naval Supply Center, Norfolk 11, Virginia. Copies of Alr
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Force~Navy Aeronsutical (AN) specifications msy be obtained
upen application to the Connanding Officer, U.S. Navsl Air
Development Ststion, Johnsville, Pennsylvania. Both the
title and identifying numbder or symbol should be stipulated
whent requesting copies).

2.2 Other Publications.~-The following pudblications, of
the issue in effect on date of invitation for bids, form a
pert of this specificstion:

NATIONAL BUREAU OF STANDARDS PUBLICATION

Mandbook H-28 (1944) -~ Screw-Thresd Standasrds for Federsl
Services.

(Coples of Handbook H-28 msy be obtained upon applicetion,
sccompanied by money order, coupon, or cash, to the Superin-
tendent ?r Documents, Government Printing Offica, Wzshington
25, DJCs)e

BUREAU OF ORDNANCE STANDARDS

NAVORD Ordnance Std, No.4 -« Standsrd finishes, Tolerances
and Allowances.

MAVORD Ordnsnce S%¢d. No.52 - Painting of Ordnsnce Materisl.

BURFAU OF ORDNARCE PAMPHLETS

OP 400 - General Specifications for Manufacture and Inspec-
tion of Ordnance Msterisl for the U.S. Ravy.

0P 1303 - U.,S., Nsvy Synchros, Description and Operation,

RUREAU OF ORDNANCE DATA
MAVORD OD 3448 - Instruction for furnishing spesre parts.

2.] Drawings.--The following Puresu of Ordnance drawings,
of the issue in effect on date of invitation for bids, form
e part of this specification:

{(Copies of Bureau of Ordnance specifications, publicetions
and drewings may be obtained upon spplicstion to the Buresu
of Ordnance, Navy Depsrtment, Washington 25, D.C.).
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Standard Units

Table I
Requisition Weight Lbs.

——Synchro Mark Tvpe  Mount Draw
Transmitter 14 1HG Flange ;61790 2
“ransmitter 10 3HG Flenge 61791 3
Transmitter 6 SHG Flange 561792 g
Trensmitter 7 GHG Flange 561793
Transmitter 9 7HG Flange 561794 18
Differential

Transmitter 13 1HDG Flange 561790 2
Differentisl

Transmitter 8 3HDG Flange 561791 3
Differential

Transmitter 9 SHDG Flange 561792 S
Differential

fransnitter 10 6HDG Flange 561793 8
Differential

Transmitter 11 7HDG Flange 561794 18
Receiver 8 1 Flange 561790 2
Receiver 9 3F Flange 561791 3
Receiver 4 SF Flange 561792 5
Receiver 16 3B Bearing 561795 3
Differential

Receiver 1 1D Flange $61790 2
Differential

Recedver 3 3D Flange 561791 3
Differential

Receiver 7 5D Flange 561792 5
Control

Transformer 11 1HCT Flange 255711 2
Control

Transformer ?7 JHCT Flange 561791 3
Control

Transformer 6 SHCT Flange 561792 5
Mount 2 For Size Flange 561796 2

3 Bearing
Mounted
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Replacement Units
Tadble II

(These units are to be manufactured only to replace
like units slready installed.

Requisition Teight Lbs.

S
Transmitter 8 786 Flange 164364 18
Receiver 5B Bearing 16436Z (3
Receiver SN Nozzle 16436 z
Receiver 1l 5SB Bearing
Receiver 1 58N Nozrle s
Receiver 2 5SB Bearing 6
Control

Transformer 1 5CT Flange 202423 5
Control

Trensformer 2 6CT Flange 202424 8
Control

Transformer 4 5CT Plange 5
Control

Transformer 1 SCTB Bearing 5
Control

Transformer 2 1CTr Plange 1
Control

Transformer 2 *58B1 Bearing i
Control

Transformer 2 5SCT Tlange 5
Control

Transformer 3 *=*1CT Flange 1
Control

Transformer 4 S5SCT PFlange 5
Control

Transformer 8 *5CTB  Bearing 561788 7

* Type 5S5B1 Mod 2 has been changed to Synchro Control Trsns-
former Mark 8 Type S5CTB,

** Type 1CT Mod 3 is identical with Synchro Control Transformsr
Mark 5 Type 1CT and should be replaced with the lstter.

9.
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Special Units
Table III
(These units are for special engineering designs
only and specific approval must be given
before any of them may be usod.g

Requisition Weight Lbs,

Sync M M t
Transmitter 1 5G Flange 561792 g
Transmitter 2 6G Flange 561793
Transritter 3 7G Plange 561794 18
Transmitter 4 8G Flange 164363 60
Transaitter 5 1G Flange 561790 1
Différential

Transmitter 1 1DG Flange 561790 1l
Differential

Transmitter 3 SDGE Bearing 561788 5
Differential

Transmitter 4 DG Flange 561792 5
Differentisl ) )

Transmitter 5 6DG Flange 561793 8
Differential

Transmitter 6 7DG Flange 561794 18
Differential

Trensmitter 7 8DG Flange 1643695 60
Receiver 5 5B Bearing 1643ég 6
Receiver 6 SN Nozzle 16436 5
Receiver 14 1HF Flange 561790 1l
Receiver 15 3HP Flenge 561791 2
Receiver 1 5SB Bearing
Receiver 1l 55N Nozzle S
Receiver 2 5SB Bearing 6
Differential

Receiver 5 1HD Flange 561790 1
Differentisl

Receiver 6 3DB Bearing 56179% 3
Differential

Receiver 9 SDB Bearing 561788 (3
Control

Transformer 5 icT Flange 255711 1
Differential

Transmitter 16 3DGB Bearing 56179% 3
Control

Transformer 12 3CTB Bearing 56179% 3

10,
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Tadle III (Cont'a)
Requisition Weight Lbs.
W

S M
Receiver 11 SHF Flange 561792 5
Control

Transformer 3 5CT Flange 561792 ]

Table 1IV
Packaging end Packing Drawings

Synchro Size = BuOrd Drawing

1 515719
3 915719
5 515720
6 515721
7 515722

11,
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Auxiliary Units
Table V
Standerd Synchro Capacitor Units

Rated total Rsted
Requisition Fgr use with Capecitance Capscitance
[

T M£d, Per leg Mfd,
1 3C 216891 5D, 5DB, 5DG,5DGB 30 10
sng'-,érmc's,»:
2 6 216891 6CT 60 20
9C 216891 6D0,6HDG 90 30
4 15C 216891 7DG,7HDG 150 50
12 1C 257136 1CT Mk S all Mods 1.8 0.6
SCT Mk 3 all Mods
SHCT Mk 6 sll Mods
SCT Mk 1 Mod 4
3HCT Mk 7 all Mods
1HCT ¥k 11 sll Mods
13 2C 257136 SCT Mk 1 Mod 3 4,2 1.4
14 4C 257136 1CT Mod 1 9 3
1DG,1HDG
1D,1HD
*15 7C 216891 6DG,6HDG 75 25

* To be used in lieu of the Mark 3 Capacitor since the total
capacitance more nearly approximates the optimum capacitance
required for 6DG's snd 6HDG's.

12.
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3. REQUIREMENTS
3.1 Materisl and Workmsnship.--
3.1.1 Genersl,--

3el.1.1 Suitadility.--All materiasls used in the construc-
tion of synchro units shall dbe in accordence with the refer-
enced spedifications and of the quality best suited for the
purpose intended, Msterial used shall be the lightest practic-
able, consistent with safety snd reliasbility.

3.1.1.2 Reference Specifications,--Where specifications sre
referred to for s given material, it is the intent to require
that the quality of material uao& shall be st least equal to
that covered in the referenced Navy Department specifications.

3.1.1.3 Departures from Reference Specifications.--The use
of meterisls differing from the referenced Navy Depsrtment
specificaetions will be considered when it can be clearly
demonstrated that an improvement in operating characteristics,
or a ssving in weight without sacrifice in reliability can be
accomplished thereby. Specific spproval by the Bureau of
Ordnance shsll be obtained where departures are made from the
referenced specifications.

3.1.2 Stability of Msterials,--Any varnish, lacquer or
paint employed in the msnufascture of synchro units shall be
chemicslly stable to the extent thst, under the extreme range
of temperstures, gases or vapors shail not be emitted in suf-
ficient quantity to form sn explosive, toxic or corrosive
mixture inside any instrument nor ahail there be a8 distilla-
tion of varnish products that might settle on the bearings
or slip rings. The use of rubber or any compound containing
sulphur in apprecisble quantity is prohibited.

3.1.3 Use of Aluminum Alloys.=-

3.1.3.1 Light TVeight,--Approved corrosion-resisting aluminun
alloys shall be used for the manufacture of low-stressed or un=
stressed structurasl parts insofasr ss the design and limitations
of the available alloys permit. The purpose of tre use of
oluminum is to ssve weight,

3.1.3.2 Bolting.--Through bolting shall be used wherever
practicable, unless otherwise approved by the Bureau of Ordnance.
All bolts, nuts and screws shall be positively fastened to

13,
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svold loosening under vibration sand shock. See Ordnance
Sketch 58366 for a 1ist of approved fastenings.

3¢1.3.3 Dissimiler Metals,--Contact of dissimilar metals
shall be svolded ss much #s practicsble in the sssemdly of
parts in which sluminum alloys are used.

3.1.4 Protection against Corrosion and Fungus Growth,--
A1l parts of the equipment shall, when practicable be ade-
quately protected sgainst deterioration due to corrosion and
fungus growth. All bolts, nuts, studs, pins, screws, terminals,
springs, washers shall be where practicable of an approved
corrosion-resisting material, or be of s suitable material
treated in an approved msnner to render it sdequately resistsnt

to corrosion snd treated for fungus growths in accordsnce with
specificstion 52T165.

3.1.9 Soldering.--All soldering shall be performed with sn
spproved non-corrosive flux, Immediately after the comple~
tion of soldering operastions all excess flux shall be removed.

3.1.6 Interchengesbility.--

3.1.6,1 All standard units of the ssame Mark and Type shall
be interchangesble.

3.1.5.2 All possidle parts of units of the same Mark, Mod
and Type shall be interchangeable. All possible parts of
svnchros of & given Mod and size shall be interchangeabdle
without fitting.

3.1.7 Thresded Parts,--

3,1.7.1 National screw-thresd standards.--All screw threads
used in the construction of the equipment shall be in accord-
ance with the National Buresu of Stendards Handbook H-28
(1944) - Screw Thread Standards for Federal Services.

3¢.1.7.2 Screw-thread series,.,--Unless otherwise specified
or specifically approved by the Bureau of Ordnance, the number
of threads and general dimensions shall be those specified for
the American National coarse-thread series or the American
National fine~thresd series, Threads of the coarse-thread
series are preferred, except where definite improvements in
design or operating characteristics would be affected by use
of the fine-thresd serles,

14,
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3.1.7.3 Screw=thread fits.--For both “he coarse-thread and
the fine-thread series, the screw-threa? “its as spproved by
the Inter~depsrtmentel Serew-thread Committee are to de applied
on the equipment as follows:

Cless 1 (loose) fit is not to be specified or used.

Class 2 (free) fit msy be specified or permitted for elecc-
tricel terminals snd fittings, wiring sppliances, connection
studs, and other electricsl parts where s moderuée amount of
play or shake is not ohjectionable and ease of aasembly ia
essentisl, Except as indicated above, this fit is not to be
used without the specific spproval of the Bureau of Ordnance.

Class 3 (medium) fit is required for all types of equipment
for which & good grade of interchangeadle threaded work is
necessary, This fit 1is to be used as the general all-round
mechinery fit,

Class 4 (close) fit precludes strict interchangeability,.
shd 1s therefore not to be specified or used,

3.1,7.4 Forms and dimensions of screw heeds, bolt heads,
nuts, and wrench openings shall conform to the standards ap-
proved by the Inter~departmental Screw Thread Committee,
except on apecific approval. All screws used for clectrical
terminal connections shall be of s stendard slotted head type.

3,1.8 Plastics.--All molded snd laminated plastic materisls
shall be mineral filled and natural color only.

3.,1.9 Yorkmanship.--The workmanship shall be first class
in every particular,

3.2 General Requirements.--
3.2.1 Definitions.--

3.2.1.1 Angulsr Messurement.--All positive angles are
measured in a counterclockwise direction from the electricsl
zero position. All directions nf rotstions and observations
of synchro units given in this specification are considered
as viewed from the shaft extension end.

3.,2.,1.2 Heading.-~The heading of s unit is its anguler dis-
placement from the electrical szero position measured counter-
clockwise.

3.2.2 Vibration and Shock,=--All units shall be so designed

that vidbration or shock as defined by test herein will not
markedly sffect the mccuracy or operation of the unit,

15,
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3.2,3 Differential Expansion.--All equipment shall have
provision to prevent binding of moving parts due to differe
ential expansion ss a result of temperature changes.

3.2.4 Speeds of Rotation.-=-A1l low speed synchro units
shall be designed to operste up to 300 rpm continuously for
500 hours sand still meet 81l the requirements of this speci-
fication, All high speed units shall be designed to operate
up to 1200 rpm continuously for 1500 hours and still meet all
the requirements of this specification.

3.2.5 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 sultable magnetic properties. Carbon
steel shall be sultebly protected against corrosion. The
shafts shall be heat-treated to an elastic limit of st least
100,000 pounds per square inch and a tensile strength of at
least 115,000 pounds per square inch. The elongation of a
test sample shall be not less than 8 percent in 2 inches
after heat treatment., Lathe centers shall be preserved if
practicable.

3.2.7 Rotor and Stator Cores, Stecking.=--Rotor and stastor
cores shall be stacked of high grade non-aging electricel
sheet steel.

3.2,8 Impregnation.--All rotor and stator core assemblies
shall be dried in & vacuum of at least 85 inches of mercury
et a temperature between 100°C., and 110°C., for at least an
hourj then without exposure to the air, shall be impregnated
with a baking type insulating compcund of an spproved poly-
merizing type in accordance with Navy Department Specificetion
52V13 Type M varnish or an approved equivalent so that after
curing, subsequent heating will not cause it to flow. The
time, temperature, pressure and procedure for curing the
compound shall be in accordance with the recommendation of
the manufacturer of the compound. Finished windings shall
show no localized collections of varnish. Deep drying or
solventless type varnishes will be considered for this ap-
plicstion subject to test of a manufacturer's particular type
of unit. If s manufacturer desires to use such varnish, ap-
proval shall be obtained from the Bureau of Ordnance.

16.
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3.2.,9 Insulation Distances,--The distance between unin-
sulated live parts to ground or to uninsu:lated live parts of
opposite polarity shall be not less than .10 inches through
eir and .1875 inches across surface for mineral filled
phenolics., If s surface material (such es mineral filled
melamine or silicone) is used which will not provide a per-
manent low resistance path after arcing, the distance betvcen
un1¥sulated live parts may be reduced to .10 inches across
surface.

3.2,10 Nameplates.~-Nameplates shall be positively secured
to the synchro. They shall include the following data:

U.S. Navy - Bureau of Ordnance

Synchro
Mark ¥Mod Type
Weight Serial Fo.
Manufacturer's Name
L V., 60 cycle Ord.Dr.

3.2.,11 Ambient and Operating Temperatures.--Equipment
covered by this specification shall be capable pf operating
without damage at ambient temperatures from -25°C to +65°C
and maintain the specified accuracy requirements within 5%,

3.2.12 Voltage and Frequency Rating.--Synchro units shall
be deslgnod for operation from a basic power supgly of 115
volts, 60 cycle, single phase alternating current, but shall
be capable of satisfactory performance within the following
limits of voltage and frequency variation:

Voltage: 115 £7 volts
Frequency: 60 £5 cycles per second

.

3.3 Detail Requirements.--

3.3.1 Synchro Transmitter.--The function of a synchro trans-
mitter is to transmit orders electricelly, by impressing upon
the three wire secondary circuits, three voltages the values
of which are dependent upon the angulsr position of the rotor.

17.
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A synchro transmitter consists of s stator and rotor inductively
coupled and rotatable with respect to esch nther., The rotor
is the primary, snd is provided with s single phase winding
having two emerging leads marked Rl and R2, The primsry
(rotor) winding is connected to the supply circuit, normelly
115 volts, 60 cycles single phase, A.C. The stator is the
secondary and 1s provided with a symmetrical three-phase
winding having terminals marked S1, S2 and S3. ¥hen viewed
from the shaft the stator markings shsll be £1, S2, snd §3,
increasing in 8 counterclockwise direction. On open cirecuit
with rated voltage applied to the primary winding, the stator
is so wound as to give at its terminals three single phase
voltages of magnitudes:

£(513) = 90 sin a, o
F(S32) = 90 sin (s 4120 ),
E(821) = 90 sin (a +240").

where "a" 18 the counterclockwise sangular displacement of the
rotor from electrical zero.

E(S13) 1s the voltsge between terminals S1 and S3. Other
voltages sre gimilarly defined,

The design of synchrs t..nsmitters snd receivers in which the
stator is the primary and the rotor is provided with a sym-
metricel three-phase winding having leads S1, S2 snd S3, is
approved, provided this desier - =145 in the production

of units that are equal or superior in their individusl and
syvstem characieristics i1t vnhe synenro receiver snd trans-
mitter described herein.

3.3.2 Synchro Differentiel Transmitter.=-The function of a
syrchro differential transmitter is to receive at its primery
terminals an order from a synchro transmitter, modify this
order by an angle equal to the rotor displacement from the
electrical zero snd transmit the modified order from its
secondary terminals to other synchro units. A synchro d4if-
ferentisl transmitter consists of a stator snd rotor in-
ductively coupled and rotatable with respect to each other,
The rotor and stator are each provided with a symmetrical
three-phase winding. The stator normally recelves the mag-
netizing current from a8 synchro transmitter and cepacitor and
is considered the primary; its terminals are marked S1, £2
and S3, in counterclockwise order, viewed frem the shaft end.
The.ro{or i1s normally driven mechanically to modify the re-
ceived order and 1s considered the secondary; its terminals
are marked R1l, R2 and R3, in counterclockwise order, viewed

18,
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from the shaft end. The primary receives from s synchro
treansmitter three single-phase voltages of magnitudes:

90 sin a,
90 sin (a+ 1202),
90 sin (a4 2407),

(where g is the counterclockwise angular displacement of the
transmitter rotor from its electricsl zero position.) The
secondary has induced in it volteges of magnitudes 90 sin

(a =b), 90 sin (a =b+120"), 90 sin (8 ~b+240°) where }

is the counterclockwise angular displacement of the differ-
ential rotor from its electriesl zero position.

3.3.3 Synchro Receiver.--The function of a synchro receiver
is to rotate in response to an impressed order and position
an indicating dial. A displacement of the receiver rotor
from s position of correspondence with the transmitter rotor
creates a condition of electrical unbalance in the secondary
circuit and currents are thereby caused to flow, which, by
the torque produced, tend to restore the receiver rotor to
the position of correspondence, at which position the three
voltages induced in the receiver gacondary become equasl and
opposite to those induced in the transmitter secondary.

Under such a condition minimum current flows and there 1s

no torque developed. Since the rotor is free to turn, it

hes a tendency to operste as sn induction motor. It is there-
fore necessary to provide suitadle damping devices to prevent
"apinning” and excessive oscillation about the position of
correspondence., A synchro receiver is electrically similar

to a2 synchro transmitter.

3¢3.4 Synchro Differential Receiver.--The function of a
synchro differential receiver 1s to receive two electrical
orders, one of which is impressed on the stator and one on
the rotor, causing its rotor to assume a position that corres-
ponds to the sum or difference of the two orders received sng
to position an indiceting dial. The principle of operstion
of the synchro differentis] receiver is stmilsgr to that of a
synchro receiver in respect to the balancing of voltages in
the secondary circuits snd the equilibrium position of minimum
current and zero torque. Since the receiver is free to turn,
it must be provided with s suitsble damping device to prevent
spinning or excessive oscillation. A synchro differentisl
receiver {s electrically similar to a synchro differential
transmittor,
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3.3.5 Synchro Control Transformer.--A synchro control
transformer consists of a stator and a rotor inductively
coupled and rotetsble with respect to each other. The stator
normally receives the magnitizing current and is considered
the primary; it hss s three-phase symmetricsl winding snd is
connected to three emerging leads marked S1, S2, and S3. The
primary receives a synchro signal consisting of three single-
phase voltages of magnitudes: 90 sin(a), 90 sin (a +120°§,

90 sin (a #240° ) (where g is the heading of the synchro signal).
The secondary shell have a single phase winding snd the open
circuit voltage E(R12) induced in the secondary shsll be

(57 £2) sin (a-c) (where ¢ is the angular displacement counter-
clockwise of the control trsnsformer rotor from its position

of electrical zero), The secondsry voltage shell be designed
to be impressed on a circuit whose impedance shall not be less
then 10,000 ohms for size 3 and 5 control transformers and
15,000 ohms for size 1 control transformers., The output volt-
age E(R12) induced in the secondary of a control transformer

is apgroximately in phese with the primary supply voltage

E(R12) of the synchro system when the unit 1s directly con-
nected and displaced counterclockwise from its electricsl

zerc position,

3.3.6 Electrical Zero,--

3.3.6.1 Synchro Transmitters snd Receivers,-~The electrical
cero position of transmitters and receivers is that position
of the rotor with respect to the stator in which minimum
voltege is induced in the secondary circuit S1-S3 and in
which the secondary voltsges E(521) and E(S23) are approxi-
mately in phase with the primary voltage E(R12),

3.3.6.2 Synchro Differential Transmitters and Differential
Receivers.--The electrical zero position of differential
trensmitters and differentisl receivers 1s that position of
the rotor with respect to the stator in which minimum voltage
1s induced in the circuit R1-R3 and in which the voltages
E(R23), R(R32) snd E(R21) are approximately in phase with the
corresponding voltages E(S13), E(S32) and E(S21) when the unit
is energized by spplying 78 volts A.C. between S2 snd connected
terminals S1 snd S3.

3.3.6.3 Synchro Control Transformer.--The electrical zero
rosition of 8 control trsnsformer is that position of the rotor
with respect to the stator in which minimum voltage is induced
in the secondery circuit R1-R2 when the unit is energized by
tpplying 78 volts A,C. between S2 and connected terminals S1
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and S3, and so determined that for small deflection of the
rotor counterclockwise from electrical zero the induced volt-
lges%ég§§) is approximately in phese with the voltage E(S21)
or .

3.3.7 Collector Rings and Brush Rigging for Mschsnically
Driven Rotors (Transmitters, Differential Transmitters and
Control Transformers).--

3e3.7.1 General.--Collector rings, brushes and brush rigg-
ing shall be designed in proportion to the unit on which they
sre to be used. All new units shall be designed for high speed
continuous operation. Not more than one collector ring shall
intervene in any leg of either stator or rotor circuit between
the winding snd the finsl external connection., The stator and
rotor brushes of all bearing mounted synchros shall be held in
a brush holder mounted on a fixed support snd the brushes shall
b;a;ion collector rings which sre connected to the respective
windings.

3.3.7.2 Rotor Ring Construction.--Rotor collector rings
ghell be surfesced with not less than 1/64 inch hard rolled
or hard drewn silver, 99 plus per cent fine, or other epproved
materisl, molded into (or otherwise firmly secured to) an
approved plastic material of the type best sdapted to this
use, The finished ring shall be as hard as practicable and
not less than Vickers No.70. Collector rings shall be smooth
and polished with no abrasives imbedded, indentations, or
irregulsrities in the surfsce.

3e3.7.3 Stator Ring Construction.--Stator collector rings
for bearing mounted units shall be surfaced with 99 plus per
cent fine silver, or other approved materisl, not less than
1/64 inch in thickness, rolled or drawn as hsrd as practicable
from stock meterisl not less thsn Vickers No.70. Collector
rings shall be smooth and polished with no sbrasives imbedded,
indentations, or irregularities in the surface.

3¢3.7.4 Brushes.,--Brushes shajl consist of a formed block
of silver graphite composition or other material of suitable
composition possessing self-lubricating properties.

3.3.7.5 Brush Rigging.~--Brush rigging shall be so dasigned
as to insure the msintenance of the initisl brush pressure
indsfinitely under service conditions. The brush pressure
shall not result in scoring of collector rings. The brush
rigging shall be so designed as to maintein the brushes at
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ell times in a fixed position, and at the ssme time prevent
any tendency toward chattering.

3.3.7.6 Brush Rigging Approval.--The approval of a particu-
lar design of brush or brush rigging shsll be on the same
bssis 8s that provided for synchro units and shall also apply
to any chsnge in the design of such rigging which may have
had prior approval.

3.3.8 Collector Rings and Brush Pigging for Free Rotors
‘Receivers and Differentisl Heceivers?.

.3.R,1 Genersl.--Not more than one collector ring shsll
intervene, in sny leg of either stator or rotor cireuit,
between the winding end the finel external connection. The
stator and rotor brushes of all bearing mounted synchros
shall be held in s brush heldsr mounted on s fiwxed support
and the brushes shall bear on collector rings which are con-
nected to the respeective windings.

3.3.8.2 PRotor Ring Construction.--Rotor collector rings
shall be surfaced with not less than 1/64 inch hard rolled
or nard drawn slliver, 99 plus per cent fine,; or other approved
material, molded into {or otherwise firmly sscured to) an sp-
proved piustic material of the type best adapted to this use.
The finished ring shall be &s hard as prscticable and not
less than Vickers No; 70, Collesctor rings shall be smooth and
r>lished with no abrasives imbedded, indentsations or irregu-
larities in the surface.

3.3.8.3 Stator Ring Construction.--Stator collector rings
for bearing mounted units shall be surfaced with 99 plus
per cent fine gsilver, or other approved materiasl, not less
thay 1/64 inch in thickness, rolled or drawn as hard as
racticable from stock materisl not less than Vickers No. 70.
gollector rings shall be smooth and polished with no abrasive:
imbedied, indentations, or irregulsrities in the surface.

3.3.8,4 Brushes.--Each brush shall consist of & button of
snnealed pure cilver or other spproved material. For high
speed operation the brush nmaterial shall be suitable for the
rurpose intended.

2,3,8.5 Brush Springs.--Brush springs shell not have sharp
hends snd shall have physicsl characteristics snd mounting
auch s8s %o insure the maintenance of the initial brush pres--
sure indefinitely under service conditions. The stator sand
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rotor brushes of ball besring mounted units shell be held in
a brush holder mounted on a fixed suprcrt and the brushes
shall besr on collector rings which are connected to the
respective windings,

3.3.8.6 Brush Wiping Action.--Brush shall be desigr 4 to
provide wiping sction between the brush and collector ring.

3.3-9 W1m1n"o‘-

3:.3.9.1 Assembliea.~-Rotor and stator core assemblies shall
be wound with Formvar insuleted wire or an spproved equal.
The leads from the ststionary windings and the brushes shall
be brought out tn terminal blocks, Bearing mounted synchros
shall have terminals carried by the brushholder.

3.3.10 Ball Bearings.--

3.3.10.1 Selection.~--Ball bearings of the radiasl or radial
thrust type of standard size as given in the requisition
drswings, shall be used. Any modification of ball bearings
by the synchro manufecturers such as using specisl rsces,
special ball separators, etc. must be approved and the bear-
ing nust be interchangeable with commercial type bearings.
It 1s the intent of this svpecification to insure that stendard
unmodified commercislly available ball bearings be used., Of
primary consideration are the quslities of uniformity, low
fricticn and ease of replacement. Bearings shsll be especizlly
selected for minimum friction. Extreme care shall be exercised
in cleaning the bearings befcre assembly and every precaution
tsken to prevent the entrance of dust or foreign matter or
the development of corrosion into the bearings. GCrsde I
(precisiongnball bearings in accordance with Navy Department
Specificstion 42B5 are required for receivers and differential
receivers, Other type bearings may be used in transmitter-c.
differentia! transmitters and control tresnsformers if spp-oved
by the Bureau of Ordnance.

3.3.10.2 Lubricetion.--All synchro transmitters, differential
transmitters and control transformers shall be lubricrted with
grease. The grease shall conform with Navy Department Speci-
fication 14G8 (Ord). Any vsriation from this grease shall
require prior approval by the Bureau of Ordnance. All synchro
receivere and differentisl receivers shasll be lubricated with
011, The o0il shall conform with Navy Depertment Specificstion
14020. Any variation from this oil shs!l require prior ap-
proval by the Buresu of Ordnupce.
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3+.3.11 Breathing.--The design shall be such as to prevent
the collection of dust or moisture in bearings or the inside
of synchro unils, Collector ends and brush covers shall de
designed to protect the unit against the entrsnce of dust snd
to permit checking the brush tension. Ko breathing holes
shall be provided which allow breathing through the bearings.
Bearing knock-out holes when provided, shall be suitably
closed, Two (2) breathing holes 1/16 inch in dismeter shall
e provicded., They shall be located in s suitable plate so
that there is no breathing through the bearings.

3.3.17 Limits of Tolersnces.~-Tolerances given on requisi-
tion drawings shall be messured as total indicstor readings.

3.3.13 Balsnce.--Balancing of rotors by the sddition of

vernish or nther material which may shift position when heated,
is not permissid®le.
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3.3.14 Limiting Values for Synchro Units

3.3.14,1 Transmitters

Lype of Synchro

Static Accuracy
Maximum Error (minutes)

Torque Gradient - Minimum (oz-in/deg)
Secondary Peak Voltage Limits
Minimum Voltage
Maximum Voltage
Primery Current (amperes)(max)
Primary Power (watts)(max)

Secondsry losd Current (emperes)(msx)

Temperature Rise (°C)(msx)

1G
or

AHG

18
0.06
88.2
91.8
0.30
4.8
0.04
50

3G

or

3HG

18
0.25
88.2
91.8
0.40
5.5
0.20
50

5G

or
SHG
18
0.40
88.2
91.8
0.60
7.0
0.35
50

6G
or
66
18
1.2
88 02
91.8
1.3
15.0
0.70
50

7G
or

ZHG
18

3.4
88.2
91.8

3.0
22.0

1,50
50

T49-R.
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Je3.14,2

Type of Zynchro

Static Accuracy
Vaximum Error (degrees)

Torque Gradient (oz-in/degree)
Minimum

Secondary Feak 7nltage Limits
Minimum Voltage
Maximum Voltage

Primary Current (amperes)
Max{mum

Prirary Power (watts)
Maximum

Secondary Load Current (smperes)(max)

Temperature Rise (°C)(mex)

Pecelvers

1HF
1F

1.50(1F)
2.50(1HF)
0.06

88.2
91.8

0.30

4.8

.04

3F 5F

I 5 H=

3B 22
C.6C(3F,3B) 0.6C(5F,5B)
1.0(3HF) .75 (EHF)
0.29 0.40
£8.2 8€.2
91.8 a1,

0.40 0.60

5‘5 7‘0

.20 «35

50 50

149 S0
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3.3.14,3 Differential Transmitters

Type of Synchro

Static Accuracy
Maxiaoum Error (minutes)

Torque Gradient - Minimum (oz-in)
Secondary Peak Voltage Limits
Minimum Voltage
Maximum Voltage
Primary Current (Amperes)Maximum
Without capacitor
With cepacitor
Primary Power (Watts)Maximum
Secondary load Current (amperes)(max)

Temperature Rise (°C)(msx)

1DG

18
.035

88.2
91.8

0.3
0015
8.0
0.020

50

18
0.15

88,2
91.8

0.7

0.20
13.0

0.18

50

0.3

1.0
0.25

15.0
0.25%

6DG
or

SHDG
18
1.4

88.2
91.8

2.0

0.55
23.0

0.80
50

7DG
or

18
4.0

88.2
91.8

3.5

0.55

30.0
2.00

50

149 0
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3.3.14.4 Differentlial Receivers

Iype of Synchreo

Static Accuracy
Meximum Error (degree)

Torque Gradient (oz-in)
Minimum

Secondary Peak Voltage Limits
Minimum Voltage
Meximum Voltage
Primary Current (amperes)(maximum)
With capacitor
Without capacitor
Primary Power (watts)(maximum)
Secondary Losd Current (emperes)(maximum)

Temperature Rise (°C)(msximum)

1D, 1Hp

3.0

-035

88.2
91.8

0.15

0.30

8.0

0.020
50

1.35
0.1%

88.2
91.8

0.20

.70
13.0

0.18

50

0.9

0«30

88.2
91.8

0.25
1.0

15.0
0.25

50

149 80
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3.3.14,5

Iype of Synchro

Static Accuracy
Meximur Error (minutes)

Voltage Cradient (volts per degree)
Null Voltage (maximum)
(volts r.m.s.)

Primary Current (smperes)(msximum)
Without capscitor
With capscitor

Secondary Pesk Voltage Limits
Minimum Voltage
Ma ximum V?ltage

Primary Power (watts)(maximum)

Control Transformers

1CT

PY. &
18
1.015¢

above null
0.06

-035
0.020

&

o7

Rotor Impedance (maximum)(nominal) ohms 950

KY: o2

18
1.015%

sbove null
0.04

-035
0.020

54
60

50T, 5T
—2HCT

18
1.015%

above null
0,04

035
0.020

54

60
.7

200

9 %
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303-15 Dra‘ings bl

3.3.15.1 Preliminary Drawings.-~Preliminary drawings with
bids will not be required inssmuch as all synchro units pro-
posed in the bids, including the drawings of these units,
must have previous type sporoval before they will be con-
sidered on bids. All bids shazll state whether or not any
changes are contemplated in synchro units, types of which
have been previously approved and furnished by the bidder
under this specification. The bidder shall submit with his
bid four (4) copies of the provosed spare pasrts lists where
spare parts are required to be furnished under the contract.

3.3.15.2 Approvel Drewings.-~-Two (2) complete sets of
prints showing end describing sufficient details of construc-
tion to Jjudge the unit including winding dsts and connection
disgrams shell be submitted by esch manufacturer for each
Uark, Yod and type of synchro unit for type approval. These
plans shall be submitted to the Buresu of Ordnance prior to
or at the time of subrission of synchro units for type ap-
proval tests., In general, these plens shsll be in accordance
with the requirements of Ordnance Pamphlet 400. Approximately
full size photographs of the synchro units snell be submitted
as part of the descriptive matter.

3.3.15.3 Record Drawings.~--Manufscturers of synchro unlts
will he required to furnish s complete set of reproducible
tracings, including wiring znd connection disgrams, assembly
and detail drawings for each Yark, Mod and Type of unit.
These plans shall be in accordecnce with the regquirements of
"Drawings for Record"” set forth in Ordnance Pamphlet 400.
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4, SAMPLING, INSPECTION, AND TEST PROCEDURES
4,1 Tests shall be divided into the f.llowing:

(a) Type Approval Tests.
(b) Inspection Tests at Manufacturer's Plant.

4.2 Type Approval Tests.--

4.2.1 All 'synchro units specified herein shall bte tested
for Type Approval st a Government Activity. Material to be
acceptable for purchasing purposes shall satisfactorily pass
the Type Approval Tests prior to opening of bids.

4,2.2 For Type Approval Tests three (3) synchro units of
each Merk, Mod, Type and Design shall be submitted together
with spproval érawings to the Buresu of Ordnsnce. No unit
shell 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 be submitted for Type Approval Tests not less
than 120 days prior to the opening of bids for these units.
The manufacturer shasll state and clearly indicate in the
drawings or descriptive matter sccompanying the units sub-
mitted for Type Approval Tests and respects, if any, in
which the units differ from the requirements of this speci-
fication. Approval of the unit shall include approval of
sald drawings ond descriptive specification and approvsl of
all departures from the specifications indicated therein.

4.2.3 Genersl,=--

4,2,3.1 Electricsl Zero.--Measurements of all sngular dis-
placements of the rotors of standard units shall be referred
to a standard position which will be designated as "Electricsl
Zern", This angular position can be sscertained as described
below. Caution should be taken in testing units without
dampers to prevent their spinning. External friction may be
spplied or the applied voltsge made very low at first and
then increassed to normel after the rotor has come to rest.

4,2,3.1.1 Receivers and Transmitters.--The electrical zero
position of a receiver or transmitter shall be determined by
connecting the primary snd secondsry as shown in Figure 1.
An auto-transformer is used tn supply 78 £2 volts to the
terrminels of the secondary winding. The rotor will assume
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approximately the electriecal zero position. The electrical
zero position, should then be accurately determined os follows:
The primary should be energized by impressing 115 volts

scross terminals R1 and R2 with S1, S2, and S3 open. The rotor
should be turned slowly until » minimum indication of the
fundamental component of the voltege E(S13) is obtained on a
voltmeter after filtering this voltage. The low pass filter
shall have a minimum attenuation of 35 db for the 2nd and
higher harmonics. The voltmeter shall hsve s sensitivity

of 1 millivolt and & minimum input impedance of 500,000 ohms.

Synchro Receiver
or Transmitter

7
115 volt r (

7 51
60 cvel
cyecle 78 volts ﬁ'.r*,‘} | |_5"S
'R2' { ' !
—+— __
R |
o
FIGURE 1
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4.2,3,1.2 Diffeirential Recelvers and Differentisl Trans-
mitters.-~-The electricsl zero position of a differentisl
receiver or trensmitter shall be determined by connecting
the primary snd swcondary to a source of 78 2 volts as
shown in Figure 2. The rotor will assume approximately the
electrical zero position. The electricsl zero position of a
differential unit should then be sccurately determined in s
manner similar to that given in 4.2.3.1.1, the 78 volts being
applied across terminsl S2 and connected terminals S1 end S3.
The filter and ‘voltmeter are connected scross the R1-R3

terminals.

Differential Receiver or
Differential Trsnsamitter
7

115 volts 78 volts S1 ;—f:":jaflal
(0 cycles *- s2 A I vl R2 1
[s3 1! | !n3
L=——
——
FIGURE -2
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4.,2.3.1.3 Control Transformer.--The electrical zero posi-
tion of & control transformer shall be determined by con-
necting the control transformer to 8 source of aporoximastely
78 volts in the manner shown in Figure 3. As the rotor is
turned the instrument indicetion will vary from s maximum to
@ minimum. The electrical zero setting is approximstely at
the minimum voltsge position. This position should be ac-
curately located by connecting 78 volts scross terminsl S2
and connected terminals S1 and S3, disconnecting Rl and R2
from S1 and S3, respectively, connecting the filter and
voltmeter descridbed in 4.2.3.1.1 scross Rl and R2, and ad-
Justing the rotor (or stator) until s minimum reading of
the fundsmental voltage is obtained escross Rl snd R?,

0=200 volts

) |

LYo
115 volts Control L__J
60 cycles Trensformer
78 volts -5 N
F i F—7 R

s2 I: r

B[
’ [

FIGURE 3
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4,2.3,2 Cslibrsted Synchro Unit.--A calibrated synchro
unit 1s one in which the error between the angulsr position
and the electrical position has been accurately determined
and a calibrstion chert plotted. All synchros used as csli-
b;ated synchros shell pass the requirements of this speci-
g c.tiono

4,2,3.3 Test Power Supply.=--All tests shall be msde at a
line voltage of 115 £1 volt and at s line frequency of 60 *
1/2 cycles unless otherwise specified.

4.2.3.,4 Test Apparstus.=--

4,2.3.,4.1 Disls for static sccuracy tests.--Disls may be
used in meaking static accuracy tests. When disls are used
theg shall be in accordance with Bureau of Ordnance Sketch
81833, Readings in sll static sccurscy tests shall be
accurate to at least 3 minutes except for receivers and
differential receivers in which ocase the readings shall be
accurate to at least 6 minutes. When dials are not used
on receivers the weight and moment of inerties of the device
placed on the shaft shall not exceed that of the static
accuracy disl shown on Buresu of Ordnance Sketch 81883,

4,2,3.4,2 Dials for synchronizing time tests.--Disls for
use in synchronizing time tests shall be in accordance with
the gygamic test dial shown on Bureau of Ordnsnce Sketch
No. 1 30

4,2.3.4.3 Dials for spinning tests.--Dials for use in
making spinning tests shall be in eaccordance with the dynamic
test dial shown on Buresu of Ordnance Sketch No, 81883,

4,2.3.4.,4 Pulley for Torque measurement.--A pulley of at
least 3 inches diameter and provided with clsmping arrange-
ment suitable for stteching the pulley securely to the shesft
of the unit shsll be used in the measurement of torque. The
synchro unit shall be placed so that the shaft is horizontal
and a thread of as great a flexibility as possidle consistent
with the strength required, secured to the pulley in such a
way that weights sttached éo the other end will ceuse 1t to
unwind from the pulley. The diameter of the pulley shall be
sccurately known and in calculating the torque the lever arm
used shall be half this dismeter. The pulley assembly shall
be carefully balanced.

4.2.3.,4.5 CSynchro Trensmitter Loads.--All synchro receivers
used as loads for test purposes shall have passed an inspec-
tion test.
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4,2,3.5 Electrical Instruments.--

4,2.,3.5.1 Measurements.--Voltage, current snd power messure-
ments shall be made with standard approved calibrated meters
of appropriate range so that the readings shall constitute a
ma jor portion of full scale deflection except for tests in
wliich series of readings of s variable quantity are dbeing
made, e.g., 8 voltage charsoteristic test. 1In such a test
the }ull scasle deflection shall be no greater than 1.7 times
the largest resding.

4,7,1.,5.2 Calibration.--The meters shall dbe calibrated st
sufficiently frequent intervals., The Buresu of Ordnance
reserves the right to check the calibretion of these meters
at frequent intervals.,

4.2,3.5.3 Connections.--When s combination of instruments
is used in s test, the frequency meter shall be connected on
the supply side of 8ll other instruments. The voltage gradient
of control transformers shsll be messured with a vacuum tube
voltmeter responsive to the average value of the rectified
wave snd with a minimum impedsnce of 500,000 ohms. The meter
shall be calibrated immedistely after each reading to give
an sccuracy of et least 2 percent,

4,2.3,6 Dial Wrenches.--The following dial wrenches shall
be used for mounting and sdjusting disls snd gears on synchro
units, For size 3 snd size 5 units see Bureau of Ordnance
Draewing NWo. 8-2-940. For size 1 units, except type 1CT, see
Bureau of Ordnance Sketch 81883, For type 1CT units see
Buresu of Ordnance Sketch 127068.
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4,2.4 Synchro units shall be required to pass the tests
designated in the following table for Type Approvsl:

TABLE VI
Functional Reference
Ixpe Approval Tests unauéngl.qg Paragraph Sheet No.
G DG T

‘Stetic Accuracy X X X X X 4.2.% 38
Secondary Voltage X X X X X 4,2.6 48
Open Circuit Current

snd Powar X X X X 402.3 49
Impedance X 4,2, 50
Voltage Gradient X 4.,2.9 50
Kinimum Voltage X 4.2.10 50
Capacitance Curve for

power factor correction X X X 4,2,11 51
Spinning X X 4,2.12 51
Synchronising Time X X 4.2.13 52
Torque Gradient X X X X 4,2.14 53
Resistance of Mindings X X X X X 4.2.15 54
Temperasture Rise X X X X 4,2.,16 54
Noise X X X X 4.,2.17 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 X X X X X 4,2,20 58
Shock X X X X X 4.2.21 58
Endurance X X X X X 4,2,22 58
Mechanical Inspection Y X X X X 4,2,23 60
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4,2,5 Static Aoccuracy Test,.--

4,2.5.1 All synchro transmitters, differential transmitters,
and control transformers will be tested for static accursecy
by the proportionsl vcltage method. Synchro receivers and
differentiel receivers will be tested for static sccuracy
sgainst calibrated transmitters of the same size gs the
receivers,

4.2.5.2 The errors shall be determined for at least every
three (3) degree position of the rotor. The unit sha&l be
subject to test in any of the following positions: 0°, 45°,
90%, 135°, 180°, from the vertical. Also each unit submitted
!hr+ype Approvai Tests shall pass the standard Inspsction
Tests.

4,2.5.3 Proportional Voltage Method.--Transmitters.--
This method consists in compering the actusl position of the
synchro rotor witn the electrical position of the synchro,
The electrical position of the synchro is obtained from the
following equetion:

Electrical position = §11N+3H)60°
)
where § = cot™! =8B -60
- of the smaller secondary voltages
R = Ratlo of largest secondary voltage
M 5 0 when voltage E(S513) is in phase with voltage E(R21)
¥ = 1 when voltage E(213) i1s 180 out of phase with voltage

E(R21)
and N is determined from the following tables:

Terminals giving Terminals giving Value

largest secondery small secondary of

voltage, voltage, N
S2-81 S1-S3 0
S1-53 S3-82 1
S3-52 S2-S1 2

The basic circuit employed for ststic sccuracy testing of
synchro trsnsmitters is shown in Figure 4, The unit shall
be energized with 115 volts 60 cycles across R1-R2. Tw-
10,000 ohm resistors and a non-inductive decade voltage
divider of 10,000%1 ohms shall be connected in delta across
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the output circuits §1, S2 snd S3. The voltage divider shall
be sccurate to 1 ohm in 10,000 ohms. The voltage divider
shn1l be connected across the secondary terminals giving the
largest voltage, and the resistors shall be connected across
the terminals giving the smaller voltages. The variasble tap
on the voltage divider shall be connected to the common
terminal of the two fixed resistors through a sensitive
electronic voltmeter having an impedance not less than thst
of -a 500,000 ohm resistance shunted by s capacity of 30 mmfd.
The voltage divider shall be set at the proper ratio (R in
the formula) for the desired electrical position and the
synchro shaft shsll be turned until a minimum reading of the
electronic voltmeter for the fundamental is obtsined. The
position of the rotor is then recorded. The error is defined
as the rotor position minus the electrical position. The
maximum error of s transmitter in absolute value shall not
exceed the value given in 3.3.14.,1. 1In addition a positive
maximum of ths 2nd harmonic of the error shsll oeecur in

the 0° to 120° gector. This is done in order to minimige
system errors. To fecilitate the settings of the voltage
divider s teble of walues of @ corresponding to wvarious
velues of R is given in Table VII,
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TABLE VII
Values of R for Various Values of Angle 6

+ oo

2 05874
11442
9 .16356
12 .21861
1 «26795
1 31592
21 .362
24 40898
27 45461
30 . 50000
3 «54539
%9 '29%22
42 .63403
45 73205
48 .g 139
51 .83234
54 ~88558
957 .94126
60 1,00000
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115 volts
60 cycles
Electronic)
:Voltneterl
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| \ largest
: : voltage
( +
| |
\ 1
: : Fixed
| ) l Resistors
| [
iSynchro {
| Transmitter j //
under test Voltage Divider
FIGURE 4

Basic Circuit Employed For Static Accuracy Test of Synchro
Transmitters.
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4,2,5.4 Control Trensformers.--The basic circuit for
static ascouracy testing of contrel transformers i1s shown in
Figure 5. The unit shall be energized from e size 5 or
larger synchro transmitter opersted s rated voltage and
frequency. The output terminals R1-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 1its electrical position,
measured as described in 4,2.9.3, is at the desired value.
The sngular position of the unit under test that produces
the minimum output voltage shall be determined. The null
position shall be so chosen that for a smell counterclock-
wise deflection of the rotor from this position, the output
voltasge E{R21) is in phase with the voltage E(R21) of the
energizing synchro trsnsmitter. The error is defined as
the rotor position minus the electrical position. The maximum
error of a8 control transformer in absolute wvalue shsll not
exceed the value given in 3,3.14.5. In addition a positive
mgximum og the 2nd hermonic of the error shall occur in the
0" to 120" sector.
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Basic Circuit Employed for Static Accuracy Test of Control
Transformers.
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4,2,5.5 Differentisl Transmitters.--The static acoursecy
of both the rotor and the stator shsll be determined.

4.2.5.5.1 The basic oircuit for stestic accurscy testing
of the rotor windings of differentisl transmitters is shown
in Figure 6. The unit shall be energized with 78 volts 60
oycles soross terminsls S2 and £1 S3 connected together.
The electrical position of the rotor is obtained from the
following equation:

Electrical position = § +(N+3M)60°
where ¢ 1s determined ss desoribed in 4.2.5.3
M 2 0 when voltage F(R13) is in ghase with voltage E(S23)
N = ] when voltsge E(R13) is 180° out of phase with vnltage

E(823)
and N is obtained from the following table:

Terminals giving Terminals giving Value

largest secondary smell secondary of

zglsgzg;_qr______ yoltage. N
R2=R R1l=R3 0
R1-R} R3=R2 1
R3-RQ R2=R1 2

The error is equsl to the sum of the actusl position of the
rotor plus the eleotrical position minus 360 degrees. The
maximum error in absolute vslue shsll not exceed the walue
given in 3.3.14.,3, In sddition s positive max&mum of fhe
2nd harmonic of the error shall occur in the 0" to 120
sector,
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FIQURE 6

Besic Cireuit Employed for Static Accuracy Test of the Rotor
Windings of Differentisl Trsnsmitters.
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4,2.5.5.2 The basic circuit for static accurascy testing
of the stator windings of differential transmitters is shown
in Figure 7. The unit shall be energized from a synchro
transmitter of equal or larger size than the unit under test
but in no case by a transmitter smaller than a 5C. The
energizing synchro transmitter shall be operated at rated
voltage and frequency. Rotor terminals R1-R3 of the differ-
ential transmitter shall be connected to an electronic volt-
meter having an impedance greater than 150,000 ohms. The
energlzing transmitter shall be turned until its electrical
position, measured as described in paragraph 4.2.5.3, 1is at
the desired vslue. The engular position of the unit under
test that produces the minimum output voltage shall be de-
termined. The null position shall be so chosen that for s
small counterclockwise deflection from the null the voltage
E(R13) is in phase with the voltage E(R12) of the energizing
transmitter. The error i1s defined as the rotor position
minus the electrical position. The maximum error im ebsolute
value shall not exceed the value given in 3.3.14.3. 1In
addition a positive gaximum 8f the 2nd harmonic of the error
shall occur in the 0 to 120~ sector.
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Besic Circuit Employed for 8tatic Accuracy Test of the Stator
Windings of Differemtial Transmitters
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4,2,5.6 Receivers.--Receivers shall be tested asgainst
celibrated size 5 transmitters. The static socurscy shsll be
determined for both cloockwise and ocounterolockwise rotstions.
The errors corrected for the calibration errors shsll not ex-
oceed those given in 3,.3.14,2,

4,2,5,7 Differential Receivers.--All sires of differential
receivers shall be tested against two celibrated size 5 synchro
trensmitters, one connected to the rotor of the differentisl
receiver snd the other connected to the ststor of the differ-
entisl receiver with s stendard synchro sepscttor included in
the oirouit. Two ocomplete sets of scoursoy messurements in
each direction of rotation shall be taken.

4,2,5.7.1 Look one trensmitter on electricsl zero and wary
the setting of the other trensmitter in three (3) degree steps
rooo:ding the angular position assumed by the differential
reqQeliver.

4.2.5.7.2 Repest the above test but with the other trans-
mitter clamped on electrical zero snd vary the setting of the
transmitter in three (3) degree stops as befnre,

4,2,5.,7.3 The errors corrected for the calibretion errors
shall not exceed those given in 3.3.14.4,

4,2,6 Secondary Voltege.--

4,2,6.1 The msximum induced secondsry voltsge shsll be
determined for the secondsry windings, the primery being
energized st rated voltsge snd frequency. In the acsse of »
differentiesl unit, and s control trsnsformer, 78 volts 60
cynles shall be applied scross terminal S? and connectod
terminsls 81 snd 83. A high resistence voltmeter ol at
laast 1000 ohms per volt shall be employed soc as to avoid any.
sppreciable voltsge drop in the secondary winding. A stetic
acourscy d4ial (Buresu of Ordnance Tketch No, 81883) shall be
fitted to the rotor snd the unit set sccurstely to electrioal
gero. Voltage reesdings shall be msde in the secondary on
open circuit when the disl 1s set to the various angles as
required in the following tables:
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Receivers and Trensmitters

!éfééB‘ 3o°‘2§§l210°

82-53 1503 and 330°
51-83 90° and 270°
Differential Receivers and Trensmitters

R1-R2 ,150:e|nd 3303
R2-R3 30° and 210

R1-R3 90° and 270°

Control Transformers
R1-R2 90° and 270°

4,2,6,2 The varistions from rsted values in induced
;agogdary volteges shall not exceed the limits given in
» L] ‘.

4.2.7 Open Circuit Current and Power.--With the secondary
lends open and the unit under test energized st rated voltage
and frequency, the input current and powsr tc the unit shall
be messured and recorded., For a differential unit and a
control transformer the rated voltage is 78 volts, 60 cycles,
which shall be applied ecross terminal S2 gnd connected
terminals 81 snd S3, The measurements shall be made with the
unit at normal operating temperature. This mav be effected
by energizing the unit with asemel exvitetiom current for two
hours prior to the test, The primary current and power shsll
not exceed the values given in 3.3.14., The open circuit
smperes or watts shall not vary more than 2 percent as the
rotor is turned through & complete revolution., The open
cirocuit smperes or wetts of each Mark, Mod and Type unit in
production lots shall not increase from the value approved
in the Type Approval Tests by more than the amount indicated
in the following teable:!

Allowsble £ incresse Temperature Rise on

._._in_Efgsl,.______. Iznﬂ_hnnﬁgg%l.xlll.

12 42%
9 44°C
6 46 C
3 48°C
0 50°¢C
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If the primsry current or power deviates by more than the al-
lowable amount in the tasble, thg inspector may require @
temperature rise test and if 50°C is not exceeded, the unit
shall be accepteble,

4.2.8 Impedance Measurements (control transformers).--

4,2,8,1 The stator impedance of control transformers shall
be computed from the measurements outlined in 4,2.7. The
stator impedance of control transformers shajl not be less
than the values given in 3,3.14.5,

4,2,8,2 The control transformer shall be energized by ap-
plying 78 volts between terminal S2 end connected terminals
S1 and S3. An instrument as specified in pesragraph 4.2.3.5.3
shall be connected scross Rl and P2. The transformer shaft
shall first be rotated to @ position of minimum voltage and
then clemped at 8 position of 10  from the position of minimum
voltage. A varisble resistance shall now be introduced in
perallel with the instrument. This resistance shall be
varied until the voltage as read on the instrument becomes
one=half of what 1t was without the resistor and this resis-
tance shall be called the impedance. The rotcr impedance of
the control transformer shall not exceed the value given in

3.3014050
4,2.9 Voltage Gradient (Control Transformers).--

4,2.9.1 To determine the voltsge gradient of a synchro
control transformer, the unit shall be sccurately positioned
with respect to electricsl zero when energlzed by 78 volts
from sn sutotransformer connected scross terminal S2 snd
connected terminals S1 and S3. An instrument as specified 4n
paragraph 4.2,3.5.3 shall be cslibrated and used to measure .
the voltages in increments of 1  from electrical zero to t10
and 8 curve shall be plotted with the displacements as the
abscissse and the voltages as the ordinates.

4,2.9.2 The voltage gredient for +10° from electrical zero
shall 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 obtasned by applying 78
volts scross one stator lead and the other two connected
together. The null shsll be determined by rotating the rotor
asbout its correspondence point until a voltage of minimum peak
value, as observed on s cathode ray oscilloscope, is obtained.
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The cathode ray oscilloscope shall be calidrated in rms volts
from s sine wave source. The minimum voltage shall be recorded
in terms of this cslibration and shell not exceed the values
'pQCifiod in 303 01‘050

4,2.11 Capacitance Curve for Power Fesctor Correetion.--

4.2.11.1 This test is required of differential transmitters,
differential receivers and control trsnsformers., The unit
shall be energized by applying 78 volts scross terminsl S2
and connected terminsls S1 and S3. A verisble capscitor shsll
be conneated in S1-53, S2 circuit on the line side of the
synchro. The capscitance shall be varied until a minimpum
current is obtained and the value noted. Vslues from gzero
correction to twice the wvalue of cepacita,ce at the minimum
correction shall be recorded in not less than ten steps to
permit drawing the capacity curve. This capacitance is twice
the optimum capacity per leg or 2/3 of the total capacitance
required snd hence the value observed must be multiplied by
1.5 to obtain the tots] capecitance.

4.2.,11.2 The design shall be such that the synchro will
not draw current to exceed the velue of primary current in

3.3014050
4,2,12 Spinning Test.--

4,2,12,1 General.--The purpose of this test is to determine
whether the rotor of 8 receivar or differentisl receiver will
come to rest st the position of synchronism from any initial
angular position without spinning. A dynsmic test dial shall
be mounted on the rotor. The transmitter (or transmitters)
shall be locked on electrical zero position. The rotor of
the unit under test shall be displaced £179° from electrical
zero and the units energized st 126 volts 60 eycle alternating
current. This procedurs shall be performed 5 times for a
clockwise displacement and 5 times for a counterclockwise
displacement.

4.2.12,2 Spinning Test of Receivers,.--

4,2,12,2.1 A size 1 receiver shall be tested against s
size 6 transmitter in esccordance with the procedure given in
4,2.12.1

4,2,12.2.2 A size 3 or 5 receiver shall be tested agsinst
8 size 7 transmitter in sccordence with the procedure given
in 4.,2.12.1.

%1.
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4,2.12.2.3 The receiver shall be considered to have failed
ggetszigning test if it fesiled to synchronize in any of the
risls.

4.2.12,3 Spinning test of differential receivers.--

4,2.12.3.1 A size 1l differentisl receiver shall be tested
sgainst two size 6G transmitters in accordance with the pro-
cedure given in 4,2,12,1, A synchro capscitor of the proper
aizoishall be used in the stastor circuit of the differential
regcejlver.

4,2.12,3.2 A size 3 or 5 differentisl receiver shall be
tested sgainst two size 7 transmitters 4in accordance with the
procedure given in 4.,2,12.1. A synchro capscitor of the
proper size shall be used in the stator circuit of the dif-
ferentisl receiver,

4.2,12.3.3 The differential receiver shall be considered
to have failed the spinning test if it fails to synchronize
in any of the 10 trisls.

4,2.13 Synchronizing Time,=-

4.2.13.1 General.--The unit under test shall be connected
terminal to terminasl to an identical unit. A dynamic test
diael shall be mounted on the rotor of the unit selected as
indicator. The rotor of the other unit shall be locked on
electrical zero., The synchronizing time is defined as the
length of time required for the receiver rotor to synchronize
and remsin in synchronism within 0.1 degree after energizing
the system at the specified voltage sand frequency. The
synchronizing time shall be measured for initial displace-
ments of ¥36° end +179° by means of ap oscillograph. The
synchronizing time shall be recorded ss the average of three
successive tests.

4,2.13.2 Cynchronizing Time Test of Receivers.--

4,2,13,2.1 Receivers shall be energized by supplying 115
volt 60 cycle alterngting current to the R1-R2 lesds of both
units and tested in accordance with 4,2,13.1.

4,2,13.2.2 The synchronizing time of receivers shall not
excqed 1 second for a 36° displacement and 2 seconds for a
179 displscenent.

4,2,13,3 Cynchronizing time test of differentisl receivers.--

520



08 671

4,2.13.3.1 Differentiasl receivers shall be energized by
supplying 78 volts 60 cycle alternating current between S1-S3
and S2 of both units end tested in accordance with 4,2.13.1.

4,7,13.3.2 The synchronizing time of differential receivers
shall not exceed 1 second for a 36 degree displacement and 2
secnnds for 8 179 degree displacement.

4.2.14 Torque Gradient Test,--

4.2,14,1 General.--The unit shall be energized under
standard eoenditions and shall be st normal operating tempera-
ture. This may be effected by energizing the unit with normsl
excitation current for 2 hours prior to the test. Toraues
shall be applied to the unit by suspending weights from s
thread attached to the rim of a torque pulley on the rotor
shaft. (See 4.2.3.4.4). Predetermined weights of equal
increments shall be applied that will ceuse deflections of
approximately 2,4,6,8,9 and 10 degrees in both a clockwise
and counterclockwise direction and the corresponding deflec-
tions recorded A tcrque-deflection curve shasll be plotted
as the straighf line best fitted to the observed points and
the torgque grszdient shell equel 1/2 the alope of this line and
expressed in terms of ounce-inches per degree.

4,2.,14,2 Transmitters.=-Transmitters shell be energized by
supplying 115 volt 60 cycle alternating current to the R1-Rr2
leads of the unit. Terminals S1 and $3 shall be connected
together snd the unit tested in sccordance with 4.2,14.1,
The torque gradient of the transmitter shell conform to the
limits given in 3.3.14.1.

4,2.14,1 Differentis]l Transmitters.--Differential trans-
mitters shall be energized by supplying 78 volts 60 cycle
slternating current, between terminal <2 and connected
terminals S1 and S3. Terminals Rl and R3 shall be connected
together and the unit tested in accordance with 4.2.14.1.
The torque gradient of the differential transmitter shall
conform to the limits given in 3.3.14.3.

4,2.14,4 Recelvers.-~Receivers shsll be energized by sup-
plying 115 volt 60 cycle alternating current to the R1-R2
leads of the unit. Terminals S1 and S3 shall be connected
together and the unit tested in accordance with 4.2.14.1.
The torque gradient of the receiver shall conform to the

limits given in 3,3.14.2,
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4,2.14,5 Differentisl Receivers.--Differential receivers
shall be energized by supplying 78 volts €0 cycls slterneting
current between terminal S2 snd connested terminagls Sl and S3.
Terminals R1 and R3 shell be connected together and the unit
tested in accordsnce with 4,2,14,1. The torque gradient of
the differentisl receiver shall conform to the limits given
in 3.3.14.4,

4,2.15 Resistance of Windings.~--The D.C. resistsnce of
all windings shall be measured by means of a Wheatstone
Bridge. The messurement shall be made wpen the windings
sre at a temperature of spproximately 21°C. The tempersture
of the unit shall be recorded with the resistance measure-
ments,

4,2,16 Temperature Rise.--

4,2,16.1 Genersl.=-The unit shall be tested when lying on
its side in a cersmic trough. Prigr to_the temperasture tests,
the unit shall be maintained at 20°C £2° for not less than
24 hours., This ambient temperature shall be controlled by
sir circulating at e constant rate over hesting and refriger-
sting units, snd shall be maintained throughout the test for
temperature rise. The temperesture rise of both the rotor
and the stator of & unit shall be messured by the resistance
change method. Measurements of resistance shall be recorded
at intervsls of time not exceeding one hour in length until
ecuilibrium is sttsined. The equilibrium temperature shall
be judged to have been resched when three successive terpera-
ture rise values hesve been obtained which do not differ by
more than £1°C, The following formuls shall be used for
calculating the temperature:

Temperature Rise ©C = 254.5 3155%29

Vhere Ry ® resistance of winding at the equilibruim
temperature °
R20 = resistance of winding at 20 C.

4,2,16.,2 Circuit.--A schematic dlagram of the circuit to
be used is shown in Figure 8. Switch SW1 connects the bridge
to the rotor or ststor as desired. Switch SW2 is coupled
mechanically tc the bridge switch (not shown in figure) and
closes when the bridge switch is closed. When switch SW2 is
closed the relsy is energized disconnecting the synchro ex-
citatic- voltege and the losd, at the same time connecting
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Circuit for Measuring Resistance Changes in Synchros
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the bdbridge to the rotor or the stator, depending upon the posi-
tion of SW1. The relsy hss meroury contscts with s maximum
variation in contaot resistance of approximately £0.004 ohm.
This arrengement allows the bridge to be balenced in the conven-
tional manner. Since the bridge switch and 8W2 are closed just
long enough to determine the deflection of the gaslvanemeter
nesdle, no significant cooling of the synchro occurs while the
messurement is being made.

4,2.16.3 Temperature Rise Test of Transmitters and Receivers.--

4,2,16.3.1 The transmitter or receiver rotor shall be set
on electrical zero and locked by s thermsl non-conductor con-
necting the shaft and an end bell screw. A varisble resis-
tance load together with an smmeter shall be connected across
the output terminals S1-S3 and S2 of the transmitter. With
the unit energized by supplying 115 volt 60 cycle alternating
current to its Rl1-R2 lesds the varieble load shall be adjusted
to obtsin s losd current of the magnitude specified in 3.3.14.1
or 3.3.14.2. This load current shall be maintained through-
out the test by verying the locad resistance.

4,2,16,3.2 The temperature rise of gny winding of the trans-
mitter or receiver shall not exceed 50°C in this test.

4,2,16.4 Temperature Rise Test of Differential Transmitters
and Differential Recelvers.--

4,2.16,4,1 The rotor of the differential transmitter or re-
ceiver shall be set on electricel zero and locked. A variable
reaistance load together with sn smmeter shall be connected
across the output terminals R1-R3 and R2 of the unit under test.
With the unit energized by supplying 78 volts 60 cycle alternat-
ing current between S1-S3 and S2 the varisble load shall be ad-
justed to obtain a load current of the magnitude specified in
3.3.14,3 or 3.3.14.4., This loed current shall be msintained
throughout the test by varying the load resistance. The temper-
ature rise shall be determined in accordance with 4.2.16.1.

4,2.16.4,2 The termperature rise of asny winding of the differ-
entisl transmitter or receiver shall not exceed 50°C in this test.

‘0?017 NOise Testo"

4,2,17.1 General.--A block disgram of this test is given in
Figure 9. The noise test sheall be performed nine (9) times with
the unit being disturbed between tests by being lifted up and
replsc~d on a plece cf sponge rubber. During each test the unit
shall be in a horizontsl position on the sponge rubber and be
rotated as & receiver at 15 rpm through st least five {(5) com-
plete revolutions. A proper slze nclse test ring, Ordnance
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Dr, 509633, shall be fitted on the synchro, and a crystal pic«~
up, Ordnance Dr, 809639, shall be attached to the noise test
ring. The pickup is to be laid on the noise test ring plat-
form with a medium weight oil film between them, s rubber band
placed tightly around them to hold the pickup in place.2 The
pickup shall have e sensitivity of 24 microvolts/cm/sec<* 5%.
The output of the crystal, after psssing through e preamplifier
and sn smplifier, shall be recorded on s Sound Apparatus Re-
corder Model FR or equivalent. The presmplifier shall have a
gain of 37 db st 100 cps and include 2 low pess filter with a
cutoff frequency of 3000 cps. The smplifier shall be the
equivalent of 8 Bsllantine vacuum tube voltmeter model 300-A.
In interpreting the readings of the recorder, zero (0) db is
squivalent to .1 volt on the Ballantine voltmeter or equivalent.

4,2,17.,2 Receivers snd Trsnsmitters.--Receivers snd trans-
mitters shall be driven as receivers by the ssme size transmitter.

4,2.17.3 Differentisl Recelvers and Transmitters.--Differ-
entisl receivers and transmitters shall have 78 volts applied
across terminal R2 snd terminals R]1 and R3 connected together.
They shall be driven as receivers by means of transmitters of
the same size connected to the stator terminsls.

4,2.17.4 The synchro shall be rejected if two or more of the
nine tests indicaste maximum values equal to 11 4db or above.

4,2,18 Vibration Test.--The unit to be tested shall be
securely clsmped to the table of s vibrastor with 1ts asxis
hor{zontal, and vibrated for s totel of 24 hours in three
mutually perpendiculsr directions, one being perslled to
the axis of the rotor. During vidbrations, the tsble and
synchro shall move in a plane defined by %wo of these prin-
cipal directions; and the vibration in each plane shall be
continued for B hours. In each plane, the frequency of vibra-
tion shall be held constant for one hour at each of the fre-
quencies 800, 900, 1000, 1100, 1200, 1300, 1400, and 1500 cycles
per minute, At ail frequencies the emplitude of vibration
shall be 0.030 inch (0.060 inch totsl displacement). The unit
shall not be damaged by this test, nor shall any of the parts
lonsen 8s 8 result of the test. fhe unit shall be capsble of
passing the sccurascy test after vibration.

4,2,19 High Potential and Insulation Hesistance Test.--
Synchro units shall pess a high voltage test of 900(+ 0, -30)
volts (rms) spplied from each winding to the frame and from
winding to winding. In ell high voltage tests, the
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voltages shall be raised slowly to the specified value and
held at that value for one minute. This test may be re-
peated as often ss required. The peak voltage of the supply
throughout this test shall not exceed 1.42 times the specified
rms voltage, Immediately after satisfactorily withstanding
the high potentisl test the insulation resistance of the
electrical circuits shall be measured by means of a megohm
bridge at 500 volts D.C. between each winding and the case

and between the primary and secondsary windings. The insulae-
tion resistance shall be greater than 10 megohms.

4,2,20 Dielectric Test.~-Each synchro shall heve twice
the rated voltage at twice the rated frequency impressed
upon its primary winding, with secondaries open. The volt-
age shall be raised slowiy to the specified value and held
st that velue for one minute. The rotor shall be rotsted
at less then 2 rpm, making at least one revolution throughout
the period of the test. There shall be no indication of
insulation breakdown as exhibited by & tendency of the rotor
to seek a preferred position. E£uech a tendency may be accom-
panied by sporsdic changes in the primary current.

4.2.21 Shock Test.--

4,2,21.1 Each unit shall be mounted in a specisl shock
test fixture shown in Buresu of Ordnance Sketch No. 95216 and
shall be subjected to six (6) blows of 2000 ft. 1b. with the
high intensity shock machine. Three (3) blows shasll be
struck in the vertical snd three (3) blows in the horizontal
direction. The synchro shsll be energized in the ususl manner
during the test. The special shock test fixture shall be
bolted to a standard 34" x 26" x 1/2" thick mounting plate
which is fastened to the shock testing machine anvil plate
by two (2) 4" chennels. The test fixture shall de mounted
so thet the synchro shaft is in s vertical position, The
synchro unit shall be clamped to the test fixture so that s,
line between the brushes makes an angle of approximately 45
with the mounting plate. All synchro recelivers shall have »a
standard type dial (see Buresu of Ordnence Sketch No, 81883)
or equivalent losd mounted on the shaft during the test,

4,2,21,2 The unit shall not be dsmaged or deranged by this
test. In sddition the errors in static accuracy st the end
of the test shall not exceed the vslues given in 3.3.14.
4,2,22 Endursnoce Test,--

4,2,22,1 Driven Unita,=-
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4,2,22,1.1 General.--Low speed trensmitters, differentisl
transmitters and control transformers shall be given s con-
tinuous endursnce run of 500 hours at 300 rpm. High speed
units of the above types shall be given a continuous endur-
snce run of 1500 hours at 1200 rpm. The first 64 hours of
this test shall be made in an ambient tempersture of minus
25°C with the shaft of the unit horizontal. The negt 96
hours of the test shall be made in an ambient of 65 C and the
gni: shall be opersted in each of the following positions for

4 hours?

(1) Shaft vertical, upward.

(2) shaft inclined 45° upward.
(3) Shaft inclined 45° downward.
(4) Shaft verticsl, downwsrd.

The time remsining of the test shsll be consumed by running
the unit with the shaft horizontsl and at room tempersture,
The units shall be completely disassembled 24 hours sfter
the endursnce test and cerefully checked for any evidence of
undue wesr, deteriorstion of windings, and deposits of dis-
tilletes. Type approvsl static sccuracy tests shall be made
both before and sefter the endurance tecst.

4,2,22,1,2 Trensmitters.--Transmitters shall be energized
by supplying 115 volts 60 cycle alternating current to the
Rl-R2 terminsls. The rotor shsll be turned mechsnicaslly at
the speed required in 4,2.22,1.1. The secondery winding
shell be loaded by a balanced Y connected resistive load so
88 to drew s maximum current in each stator lead equsl to
the secondary current listed in 3.3.14.1. v

4,2.22,1.3 Differentisl Trensmitters.--Differentisl trans-
mitters shall be energized by epplying 78 volts 60 cycle el-
ternating current between S1-S3 end :S2. The rotor shall be
turned mechsnically et the speed required in 4.2.,22.1.1. The
secondary winding shsll be loaded by means of a balanced Y
connected resistive load to circulaste the maximum secondary
current specified in 3.3.14.3.

4,2.22,1.4 Control Transformers,--Control transformers
shall be energized by spplying 78 volts 60 cycle alternating
current between S1-S53 gand S2. The rotor shall be driven
mechenically as required in 4,2,22,1.1. A load of 10,000
ohms shall be connected across R1-R?., (15,000 ohms for 1CT).

4,2.22.2 PFree Rotor Units,.--
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4,2,22,2.1 General.--All low speed receivers or differ-
ential receivers shall be given s continuous endurance run
of 500 hours at 300 rpm. The test shall be msde st room
temperature. After the endurance test, the units shall be
completely disassembled after 24 hours and cerefully checked
for any evidence of undue wear, deterioration of windings,
and deposits of distillates. %ypo approval ststic accuracy
tests shall be msde before and after the endurance test,

4,2,22.2.2 Receivers.--Receivers shall be driven by s
standsrd synchro transmitter as described in 4.2.22.2.1.
The rotor shall be fitted with a dynsmic test dial shown on
Buresu of Ordnance Sketch No., 81883,

4,2.22.2.3 Differentisl Receivers.--Differentisl receivers
shall be driven by two synchro transmitters (one of which is
locked on electricsl zero) as described in 4.2.22.,2.1. The
rotor shall be fitted with s dynamic test dial shown on
Bureau of Ordnsnce Sketch No. 81883. A synchro capacitor of
standard size shall be used in the stator circuit of the
differential receiver,

4,2.,22.2,4 High Speed Receivers,--Receivers or differential
receivers designed es high speed units shall be driven dy
stendsrd high speed synchro transmitters ss in 4.2.22,2.2 snd
4,2.22.2.3, respectively, The transmitters should be driven
st 1200 rpm for 1000 continuous hours.

4,2.,23 Mechapical Inspection.--

4,2.23,1 The units shall be inspected to determine con-
formity with:

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

{(2) The appropriate drawings listed under section 2,

(3) The approval drswings required by 3.3.15.2.

‘.2.23.2 Sida"Shake.-’

4,2,23.2.1 The side-shake shasll be measured at epproxi-
mately 21°C as the displacement from high point to low point
measured on 8 disl indicator gage graduated to 0%0001., The
goage shall be mounted rigidly and in a position such that the
sctuating button will contect 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-half pound shell
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be spvlied by a string to the end thread of the shaft, hori-
zontally first in one direction and then in the opposite
direction. The difference between these two indicator resd-
ings shall be considered the side-shske. The synchro unit
shall be mounted with the stator rigidly clamped.

4,2,23.,2.2 The side-shake shall not exceed 0%Y0005 for
driven units other then size 1. For size 1 units and sll
receivers the side shake shall not exceed %001.

4,2.23.3 Bearing Seat Run-out on Besring Mounted Synchros.--

4,2.23.3.1 The run-out between exterior bearing surfsces
on all bearing mounted synchros shsll be measured by mount-
ing the synchro vertically in a ring fixture having a flat
ground top surface squere with the sxis of its bore, which
is sccurately ground to fit the exterior dearing of the col-
lector~-end end-bell. The synchro is then rotsted in this
fixture and the run-out measured by s disl indicstor rsdislly
contecting the exterior bearing on the shaft-end end-bell,

4,2.23.,3.2 The run-out shall not exceed 0.005 inch.,

4,2.,23.4 Shaft End Play.-aThe shaft end pley shall be
messured st approximately 21°C, as the totsl displacement
resulting from s force of three (3) pounds bdeing spplied to
the shaft in s pushing and pulling direction. The lina of
sction of the force shall coincide with the rotor axis. The
unit shall be mounted so thst the shaft is in s horizontal
position and the ststor rigidly clemped. The motion of the
shaft in s direction parallel to its axis, shall be measured
by means of 8 disl gage caspsable of reading directly to 0.001
inch. The end plsy shall not exceed 0.008 inch (0.015 inch
for size 1 units) before shock test snd should not exceed
0.015 inch after shock test,

4,3 Production Tests.--

4,3,1 Production tests shsll be made at the place of msnu-
feacture.

4,3.2 A complete examinstion shall be made of the materisls,
workmsnship snd genersl asssembly of the equipment to determine
its meeting the requirements of this specification.

4,3,3 The folloring tests shsll be made during production
tests on all units offered for scceptance under this speci-
fication.
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TABLE VIII
. Function:l gefereneo
Production Test Clasaificetion Paragraph Sheet No.
G DG F D CT

Static Accuracy for

Production Test X X X X X 4.,3.4 6
Secondary Voltsge X X X X X 4.,2,6 4
Open Circuit Current

and Power®* X X X 4.,2,7 -49
Minimum Voltage X 4.2.10 50
Spinning* X X 4.2,12 51
Synchronizing Time** X X 4,2.13 52
Noise X X X X 4,2,17 57
High Potentiasl and

Insulation Resistance X X X X X 4.2.19 5
Dielectric X X X X X 4.2.20 Z
Mechsnical Inspection X X X X X 4,2.23 0

*If the open circuit power exceeds the value given in pars-
graph 3.3.14 the unit may et the discretion of the Inspector
be subjected to a Temperature Rise Test (see 4,2.16). If

the unit passes the Tempersture Rise Test it shall be econ-
sidered satisfactory in regsrd to the Open Circult Power Test.

**These tests sre not required for transmitters, differential
transmitters or control trensformers. The synchronizing time
may be determined by s cycles counter or other method accurate
to within £2 seconds.
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4.3.4 Stetic Accuracy for Production Test.--

4.,3.4.1 Transmitters.--Transmitters shall be tested sgsinst
size 5 control transformers cslibrsted by the proportional
voltage method as described in 4.2.5.4. The transmitter under
test shall be energized by spplying 115 volts 60 cycles to
the rotor. Its stator leads shall be connected to the stastor
leads of the cslibrated control trensformer in the following
manner: Sl to 83, S3 to S1, snd S2 to S2. 1Its rotor shsll
be coupled mechanically to the rotor of the control trsnsformer
so that both units are at electrical zero together. The rotor
voltage of the control trasnsformer is 2 measure of the ststic
error of the trensmitter. This voltage shall be recorded for
e complete revolution by means of & recording voltmeter. The
static accuracy record shsll be corrected if necessary to ac-
count for the errors of the calibrated control transformer.,
The error is defined as the trensmitter position minus the
corrected position of the control transformer. The errors in
absolute velue shall not exceed those given in 3.3.14.1. 1In
addition, & positive maximum of the 2nd harmonic of the error
shall oecur in the 0° to 120° sector.

4.3,4.2 Differentisl Transmitters.--The static sccurscy of
both the rotor and the stator shall be determined.

4.3,4.2.1 Rotors.=--Rotors of differentisl]l transmitters
shell be tested sgainst size 5 control transformers calibrasted
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 terminsl S2 and connected terminals S1 and
S3, Its rotor leads shall be connected to the stator leads
of the calibrated control transformer in the following msnner:
Rl to S3, R3 to S1, and R2 tec S2., 1Its rotor shall be coupled
mechsnically to the rotor of the control transformer so thst
both units sre at electrical zero together. The stetic errors,
corrected if necesssry for the cslibration of the control
transformer, shall be determined by means of & recording volt-
meter as described in 4.3.4.,1. The error is defined as the
differentisl transmitter position minus the position of the
control transformer. The errors in sbsolute vglue shall not
exceed those listed in 3.3.14.3. In addition, s positive
maximum og the 2nd harmonic of the error shali ocour in the
0% to 120" sector.

4,.3.4,2,2 Stators.~--Stators of differential transmitters

shall be tested egsinst size 5 control trsnsformers calibrated
by the proportional voltasge method as desoribed in 4,2.5.4,
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The unit under test shsll be anergized by applying 78 volts
60 cycles between terminal R2 snd connected terminals Rl

and R3, The static sccurscy shsll be determined as described
in 4.3.4.,1 for trensmitters. The errors in absolute value
shall not exceed those listed in 3.3.14.3. In addition, »
positiveomaximumoof the 2nd harmonic of the error shall occur
in the 0 to 120~ sector.

4.3.4,3 Control Transformers.,-=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 volts 60 cycles to
its rotor. The stator leads of the control transformer under
test shall be connected to the stator leads of the calibrated
transmitter in the following msnner: S1 to S3, S3 to &1,
82 to S2., Its rotor shell be coupled mechanically to the
transmitter rotor so that both units ara at electrical zero
together, The rotor voltage of the control transformer is e
messure of its error. The static errors, corrected if necessary
for the calibrstion of the trensmitter, shall be determined
by means of a recording voltmeter as described in 4,3.4.1.
The error is defined ss the control transformer position minus
the corrected transmitter position. The errors in sbsolute
value of control transformers shall not exceed those listed
in 3.3.14.5. In addition, s positive maxigum of the 2nd
harmonic of the error shail occur in the O  to 120 sector.

4.3.4.4 Receivers.--Receivers shall be tested by means of
the Synchro Tester Mark 1 Mod 1 as supplied by the Buresu of
Ordnance. The errors of receivers shall not exceed those
listed in 3.3.14.2.

4,3,4,5 Differential Receivers.,--Differentisl receivers
shall be tested by means of the Synchro Tester Mark 1 Mod 1
as supplied by the Buresu of Ordnance, and s second celibrated
size 5 transmitter which is locked on electrical zero. The
errors of differentisl receivers shall not exceed those
listed in 3.3.14.4.
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5. PREPARATION FOR DELIVERY

5.1 Packaging.~~Esch synchro unit shall be packeged in
;ocgrd;gco with the appliceble drawing listed in Section 2,
sble N

5.2 Pasocking.--8ynochros packagod in sccordance with 5.1
shall be packed in socordance with the applicsble drawing
listed in Seotion 2, Tebdble IV,

S+.3 Labeling and Marking.~--In addition to any special
marking required by the contrsct or order, merking shall oon-
form to the requirements of the spplicable psckaging end
pecking drawings and the Navy Shipment Msrking Handbook.

6. NOTES

6.1 All questions pertaining to these specifications shsll
be referred to the Bureau of Ordnance for considerstion end
decision, All questions as to the design, manufacture, tests
and applications of synchros covered by these specifications
ere under the cognizsnce of the Buresu of Ordnance.

6.2 The right is reserved to reject any bids on squipment
covered by this specification which have not been subjected
to the required tests end found satisfactory. The attention
of the manufacturers is cslled to this requirement and they
eare urged to forward samples of the enuipment which they propose
to offer to the Revy in the future in order that tests mesy be
made. These tests will he conducted at the expense of the
Covernment. The ssmples shall be sent to the Bureau of Ordnance.
It is %o be understood thest the manufacturers shall pay ell
tranasportation charges to the Bureau of Ordnance and from the
point where tests are made to the manufascturer's plant., In
the case of fellure of the sample or samples submitted to prove
satisfsctory, considerstion will be given to the requests of the
menufscturers for additional tests only sfter it has been clearly
shown that changes have heen made in the product with reference
to design, method of manufacture, etc., which the Buresu of
Ordnance considers sufficient to warrant conducting sdditional
tests,

6.3 Gusranty.--The contractor shall puarantee all synchro units,
including spere parts, furnished by him sgainst sny and sll de-
fects in design, materimls, and workmanship which sre not de-
tected prior to socceptance but which mesy develop within two years
sfter delivery of the meterial, such defects to be masde good
by and st the expense of the contractor,
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