1 NACIIAACNT U
Il WUV IIiCivle

n
FOR PUBLIC RELEA
| DISTRIBUTION IS U

MIL-STD-1399 (NAVY) SECTION 702
25 MARCH 1971

SUPERSEDING

MIL-STD-1399 (NAVY) SECTION 701
1 DECEMBER 1970

MILITARY STANDARD

INTERFACE STANDARD FOR SHIPBOARD SYSTEMS

y//LT.\ O,
/g i3 \\\ ///

&\&\Ejl/

»n
O

-
«
-




MIL-STD-1399 (NAVY)SECTION 702
25 March 1971

DLPTKTMENT OF Thbk NAVY

WASHINGTON, D.C. 20360

Interface Standard for Shipboard Systems,
Synchro bata Transmission

MYT -GCTN-=123Q0Q (;JA\ Y QROTTNY 02

Ui MT Jas™ 4o 7 \AvAvV 4y A EdN\e A A NJRY LAV

l. This Military Standard is mandatory for use by Commands
of the Navy in the technical development plans, design, and
procurement specifications for new ship-.acquisitions and systems/
equipments for installation therein.
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be addressed to the Naval Ship Engineering Center, Center Building,
Prince George's Center, Hyattsville, Maryland 20782.
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FOREWORD

. The purpose of this section is to define the standard inter-
face requirements for and constraints on the design of shipboard
s ems/equipments which will transmit or utilize synchro data.

e
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1. GERNERAI, SCOPE AND 1NWTERFACL

1.1 General. This section is an integral part of MIL-STD-1399. When the interfade
between a ship synchro data transmitter and the user system/equipment is under consideration,
this section and the standard must be viewed as a single document. The policies and pro-
cedures established by MIL-STD-1399 are mandatory.

1.2 Scope. This section establishes interface requirements for shipboard systems/
eguipments transmitting or utilizing synchro data to ensurc compatibility between such

i
systems/equipments.

1.3 Interface. The interface which is the concern of this section is shown symbolically
on figure T (see paragraph "befinitions" of MIL-STD-1399):

INTERFACEi/

rA
a -
1
-
7~
12
SYNCHRO l | USER
DATA -~ SYSTEM/
TRANSMITTER Je— —3»  EQUIPMENT
|/! (Receiver)
1~
7
] a
e ol
CHARACTERISTICS: Signal function
(of the data transmitted) ngna.l parameters
Signal accuracy
CONSTRAINTS, Impedance
(on transmitting and Power factor correction
utilizing equipment) Circuit configuration

System loading

Y/ The interface is between the output terminals of the synchro data
transmitter and the 1nput terminals of the user s, 'btem/equlpment
(receiver). The associated electrical circultry internai to the
user system/equipment which rcpresents a load on the transmitter

is a part of the interface.

Figure 1 - Interface,

2. REFERENCED DOCUMENTS

"
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T2 § 1ae LULLUNLII\J documents

~ &
request for proposal, form a part of

GOVERNMENTAL

MILITARY
MIL-D-1000 - Drawings, Engineering and Associated Lists.
MIL-5-20708 - Synchros, General Specification for.

MIL STD-710 - Synchros, 60 and 400 Cycle.
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DRAWING

MILITARY
815-1853311 - Synchro System Loading Tabulation Form

PUBLICATION

NAVAL SHIP ENGINEERING CENTER
DDS 9650~2 - Procedure for Determining Synchro System Load Capacity.

(Copies of specifications, standards, drawings and publications required by suppliers

in connection with specific procurement functions should be obtained from the procuring
activity or as directed by the contracting officer.)

vizY carecLed CcOontiactlllg OLI11LEe2,

3. DEFINITIONS

3.1 Synchro data transmitter. A
a n

S
et Ints a3 sranort i al
< 4

o a
Ait0 a proplleaiina <

.2 User system/eguipment. A user system/equipment is a system or equipment which
es an input sanal from a svnchro data transmitter and uses this input to perform

3.3 sSynchro data receiver. A synchro data receiver is a device which converts the
synchro data sanaI to a proportional angular displacement or to a proportional analog
trical signal in a form acceptable to the user system/equipment.

igna. 1n a I0Inh accepian’lcoc usel cen nenc.

3.4 Synchro data transmission system. A synchro data transmission system is a system
composed of a transmitter, switches, fuses and other accessories required to transmit a
synchro data signal to the synchro data receivers located within the user systems/equipments.

ha

synchro data transmission systems can be categorized into the two following basic systems:

(a) Torque system. A torque system is one in which the synchro data receivers
are self-positioning without any servomechanism assist. Torque synchro
data receivers are normally used to position pointers, dials, or in other

appllcaclons ln wﬂ].Cn a LQW powexeu mELI]dIlLLdL uuLpuL LS zequlxeu.

(b) Control system. A control system is one in which the synchro data receivers
are not self-positioning. They require a servomechanism to provide the
reguired mechanical outnut Since control qvnrhrn data receivers annear as

regulilec mecaanical ut. <1l0NCe Control synch I9 Cala IeCe Vel appeal a8

high impedance loads to the synchro data transmltter, high impedance non-
standard synchro data receivers used for the conversion of the synchro data
signal to a proportional analog electrical signal are considered to be
control synchro data receivers.

3.5 signal flow diagram. A signal flow diagram, as shown on Drawing 815-1853311, is
a diagram which qxves the synchro signal distribution for a particular system, and whxch
illustrates the maximum synchro loading condition for that system. It utilizes signal
distribution and equxpment data as inputs.

3.6 Synchro system load summary. A synchro system load summary is a tabulation, as

X
shown on brawilng 815—[5535[1 which 1s designed in a form to facilitate the recordxng of
val necessary indicate the extent of loading of a particular synchro system

4. REQUIREMENTS

4.1 The interface requ
paragraph "Requirements" of

d constraints established herein are mandatory (see
i Y3 T Q
Ml s 7

5. INTERFACE CHARACTERISTICS AND CONSTRAINTS

5.1 Synchro data transmission systems - general considerations. The number of discrete
synchro data transm1551on systems 1nsta11ea on any partlcuxar Sﬂlp will vary with the lnpuc
requirements of the user systems/equipment. The configuration of synchro data transmission
systems may vary from a simple system, consisting of a transmitter and a receiver, to an

extremely complex system consisting of a transmitter and multiple receivers, The complexity

of the synchro data transmission systems installed will be directly related to the ships
mission as determined by ships characteristics. Consequently, ships requiring sophisticated
electronic and weapons installations for mission accomplishment will reflect the maximum
need for synchro data transmission. Since the quantity and the electrical characteristics

|
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of synchro data receivers vary through a wide range, it is necessary to analyze each system
individually to determine the capability of the system, as shown on the signal flow diagram,
to function within predetermined limits of accuracy. This analysis is accomplished and
documented by completing a synchro system load summary for each installed synchro data

cume colnp yacit 104d4d gsumn

transnu.ssxon system.

5.2 Interface characteristics. The interface characteristics of shipboard synchro
data transmission systems are given below. Each such system will contain a synchro data
signal with the applicable characteristics of 5.2.1 through 5.2.4 at various system/equip-
ment interfaces.

5.2.1 Signal function. The standard synchro data signal contains the following
functional information:

(a) Signal function description - defines the system use of the transmitted
signal, expressed as own ship heading, own ship speed, target range, etc.

(b) Signal function quantity - relates the transmitted signal to the proportional
angular displacement, expressed in degrees/revolution, knots/revolution,
yards/revolution, etc.

The signal functions of the various standard synchro SyStewis currently in use onboard U.S.
Navy ships are given in the Appendix.

5.2.2 System parameters. System parameters are as follows:

) Voltage. All synchro data transmission systems shall
at 115 volts alternating current (a.c.).
(b) Frequency. All synchro data transmission systems shall be either 60 Hertz

(Hz) or 400 Hz,

5.2.3 System/equipment accuracy requirements. The required accuracy of the input
synchro data signal to ailow the user system/equipment to operate within its designed
limits shall be defined on both the category B and category G drawings. For synchro data
siynal generating systems/equipment the design accuracy of the output signal shall be defined
on ooth the category B and category G drawings. These signal accuracies shall be delineated
in minutes of arc for both static and dynamic operations.

5.2.4 Component/interface identification. The total electrical distribution of the
interfacing synchro data signal Internal to the generating or user system/equipment shall be
delineated on category B and category G drawings. All components shall be identitied by
their military designation. Resistors, capacitors, inductors, and semiconductors shall be
identified also by their electrical values. When non-standard components are used, the
electrical characteristics of the non-standard component shall be included on the drawing.
Figure 2, details A, B, and C, illustrates typical methods of interface presentation.

5.3 Interface constr e characteristics of slipboard synchro data

5.3 Interface constraints. Th terfac stic
transmission systems impose certain constraints on the configuration of each system/equipment
involved. These constraints are necessary to insure compatibility between systems/equipment

when they are interconnected.

5.3.1 Component selection. Synchro data transmitters and synchro data receivers shall
be selected from components listed in MIL-STD-710 which comply with MIL-5-20708 unless
specific deviction approval is granted. When non- standard data tronsmitters, data receivers
or other devices are selected for use in synchro data systems, they shall be electrically
compatible with the synchro signal characteristics specified in MIL-5-20708. The character-
istics of non-standard components shall be defined in the same form and categories as used
by MIL-S5-20708.

5.3.2 Load impedance. When control transformers built in accordance with MIL-5-20708
are used in equipment design, the impedance of the load impressed on the secondary of the
cuntrol transformers shall be a minimum of 30,000 ohms. When electrically compatible non-
standard components are selected in lieu of MIL-5-20708 control transformers, the load
impedance reflected by an interface containing such a component shall be a minimum of

50,000 ohms. Load impedance shall be delineated on category B and G drawings.
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5.3.3 Power factor correction. All control transformers (CT's) and differential
transmitters (CDX's and TOX's) snall be compensated by power factor correction capacitors.
Each synchro capacitor shall be mounted as close as possible to the control transformer or
differential transmitter with which it is used. Switching shall not be permitted to isolate
a synghgg data receiver from its associated power factor rnrrecf1na canacltorq- The values

of such capacitors shall be calculated in accordance with Design Data Sheet DDS 9650-2.

5.3.4 Component alignment requirements. All alignment requirements unique to the
system/equipment shall De defined or category G drawings. Recommended alignment tolerances

necessary to achieve the specific QUQme/nnlipmnnf accuracy shall be included on ﬁateggry

ecessary acniev Lne speciliic ystem/jequipment accu Y Saaz

G drawings.

5.3.5 Standard connections. Synchro transmitters and receivers shall be installed
with synchro terminals Rl1, RZ2, S1, S2, S3 connected in consecutive order to adjacent

[ 2 cingle row on One eclinmen armima ~ar caa €iaun -
terminals in a Singie IoGw on one cqu;ync“h terminal board (see nguI% 2). Terminal bcards

and terminals shall be numerically identified with signal function and signal parameter data
also identified adjacent to the respective terminal on the category B and G drawings and in
the equipment. The direction of rotation and a precise correlation of the direction of

rotation with respect tc the function shall be 1nd1cated on category B and G drawings.

5.3.6 Circuit configuration. Sixty lz components shall not be installed in 400 Hz
synchro data distribution systems or vice versa unless such units are specifically designed

N ; ! .
to operate effectively at either frequency. Torgque synchro data receivers shall never be

installed in control synchro systems. Transmitter reference power shall be common throughout
each particular system. Internal uses of the reference power supplied as a part of the
interfacing synchro data signal shall be limited to associated torque synchro receiver
reference, indicator lights, control relays and servomechanism control excitation. The
synchro reference power shall be electrically independent and isolated from the user system/
equipment main power circuits and non-associated signal function circuits. In all cases the
resultant power requirements imposed on the synchro data signal reference power by the user

systems/equipment shall be restricted to an absolute minimum.

5.3.7 System design and loading. Each shipboard synchro data transmission system
shall be designed for interface compatibility with the characteristics given in 5.2 and

shall be thhxn the allowable tolerance< specified in Design Data Sheet, DDS 96530-2. System
1aaAs ki omemes mba 1] PRy cugtam ncinag Drawing 215-1952772))1 aa a ~iitda
LUGULIAKJ Ldl‘-u&dLLUllb Silaldi L L)C LCI.UULGLCU LUL Ldbll DY D LI US4y Piawilly 4 I2T10IJ9004a4 ao a Yyuiuco.

5.3.7.1 sShould the calculations reveal that the allowable tolerances at any interface
are exceeded,; alternate methods of supporting the reguired signal distribution, such as

component substltutlon, load relocatlon, synchro sxgnal ampleler xnstallatlon, etc., shall
be thoroughly investigated. A proposed method of eliminating the out-of-tolerance conditions
shall be submitted in accordance with section 7.
WO FIML MM A M T AL DEMNNIT DD ML ATC
U MULURIDIVA AL AU ROU UL RLNWivi o
6.1 DD form 1423. The documentation listed in 6.1.1 and 6.1.2 shall be specified by
the PDA on DD Form 1423 - Contract Data Requirements List. The Naval Ship Engineering
Center, Interior Communication and NaVLgatlon System Desig Sectlon, shall be included in
the distribution listed in block 14 of DD Form 1423 for all category B and G drawings
displaying synchro data and for all load summaries.
€.1.1 Drawings, cat‘nc y B and G. Category B and G drawings in accordance with MIL-
D-1000 shall indicate e ftollowing data:
(a) System/equipment accuracy (see 5.2.3).
(b) Component/interface identification (see 5.2.4).
{c) Load impedance (see 5.3.2).
(d) Component alignment - Category G only (see 5.3.4).
6.1.2 summary. Synchro system load s\ eparate synchro systems
shall be deveI ea sing Drawing 815-~1853311, 7).
7. DEVIATIONS
7.1 Conditions. In achieving the purpose of this section it is recognized that there
must be some flexibility of application. During the early design stage of onboard synchro
data transmission systema/cqulp ment it may become apparent that significant advantages 1in
the overall design/opera of such systems/equipment can be achieved by deviating from
the standard characteristics specified herein. In such instance, the provisions of the
“"Deviations® paragraph of MIL-STD-1399 shall apply.

N1 i Z/ \ 1 1 1 17 1
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7.2 Deviation procedure. When invoking deviations to this section, reports shall be -
made in accordance with B8.1.

nA am N
6. HLEPURKLD &

NU CORRES
8.1 Reports, correspondence and similar information shall be submitted by the procuring
activity to NAVSHIPS for action with copies to:

(a) NAVSEC 6170
(b) Program manadgc

Review activities: Preparing activity:
AS, 0S, EC Navy - SH
(Project Misc-N694-9)
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APPENDIX
STANDARD SYNCHRO FUNCTIONS

10. Standard synchro functions.

10.1 This appendix lists standard synchro systems functions currently in use onboar:!
1. c Nawvv china ITn additinmn A tha sunchra fanstinne evctam fracunan~uy and function
Ve, vavy SilpsS. 44 allicaun O wne Synalnio TundCoiOlnisS, SYSitCim 1iCyuily qinu fuatiaila
quantity are also provided. All system voltages are 115 volts a.c.

Synchro function System freguency Function quantity See note

Own ship heading 400 360°/rev -

400 10°/rev -
60 360°/rev -
60 10°/rev -
Roll 400 180°/rev -
400 10°/rev -—
60 180°/rev 1
60 10°/rev 1
Pitch 400 180°/rev -
400 10°/rev --
60 180°/rev 1
60 10°/rev 1
Own ship speed 400 100 knots/rev -
400 40 knots/rev 2
400 10 knots/rev -
60 100 knots/rev 2
60 40 knots/rev -
Latitude 400 360°/rev -
400 10°/rev -
400 1°/rev 2
Longitude 400 360°/rev -
400 10°/rev ==
400 1°/rev 2
Keel depth 400 6480"' /rev 3
400 180'/rev 3
Shaft revolution 60 200 rpm/rev
(varies with ship type) 60 400 rpm/rev

Rudder angle 60 90°/rev

Plane angle 60 180°/rev

Engine order/motor order 60 360°/rev

Propeller pitch angle 60 40°/rev

Own ship distance 60 360°/nautical mile

Own ship speed 400 100 knots/rev

component (E-W & N-S) 400 10 knots/rev

f#ind speed 400 100 knots/rev

(apparent) 60 100 knots/rev

Wind speed (raw) 400 1.9 rev/krot

Wind direction 400 360°/rev

60 360°/rev
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synchro function

Bearing

Range

Depression angle

Elevation angle

NOTES :

702

System frequency

Function gquantity

400
400
60
60

400
400
400
60
60
60

400

400

360°,/rev
10°/rev
360°/rev
10°/rev

1296 Kyds/rev
72 Kyds/rev

2 Kyds/rev
1296 Kyds/rev
72 Kyds/rev

2 Kyds/rev

360°/rev
10°/rev

360°/rev
10°/rev

1. Not available onboard submarines.
2. Available only for specific applications.
3. Not available onboard surface ships.

b
hi
1

| FlOCMUUD LUTEER FIND

1 AMDILNI ILFMPFCRKAIUKED 1 NUKMAL AEMUDPHEKLD

See note
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