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MIL-S-24188(SHIPS)
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1 December 1965

MILITARY SPECIFICATION

1. SCOPE
1.1 This specification covers general requirements for generitor synchronizing monitor protective
equipment for use with generator sets rated up to 2500 kilowatts (kw;. 450 volts, 3 phase. 60 cycle
} R

2.1 The following documents of the issue in effect on date of invitation for bids or request for proposal
form a part of this specification to the extent specified herein:
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MIL-R-11 - Resistors. Fixed. Composition (Insulated.. General Specification for.
MIL-R-22 - Resistors. Variable (Wirewound, Power Type).

MIL-C-25 - Capacitors. Fixed, Paper-Dieclectric, Direct Current (Hermetically Sealed in
Metallic Cases). Generai Specification for.

MIL-R-2€ - Resistors, Fixed, Wirewound (Power Typa)

MIL-R-04 - Resistors, Variabie, Composition. General Speciiication for

MIL-I1-631 - Insulation. Electrical. Synthetic-Resiy: Composition. Non.‘*gid

MIL-8-901 - Snock Tests. H.I1. (High Impact): Shipboard Machinery, Equipment and Svstems,
Requirements for.

MIL-E-817 - Eleciric Power Equipment, Dasic Reguirements {Naval

MIL-D-966¢ - Drawines, Electrical. Hull and Mechanical Equipmen

MIL-R-203% - Relavs for Naval Shiplward Ele(t"lcaL Service.

MIL-E-2(36 - Inciosures ior Elec 1@ Electronic E

MIL-C-217¢ - Controllers, Direct-Current. Naval Shipboard.

MIL-C-2212 - Controllers, Alternating-Current, Naval Snipboard.

MIL-C-386% - Capuacitors, Fixeq, Nonsolid Eiectrolvtic (Tantalur, Foil and Sinterec-Siug),

Generul %ecmca_tlon for.

MIL-P-15024 - Plates. Identification-Information and Marking for Identification of Electrical,
Electronic and Mechanical Equipment.

-

MIL-M-15071 - Manuals, Equivpment and Systems.

MIL-R-15106
MIL-P-1&

Resistors and Rneostats (Navai Shipuoard Use).

Provisioning Technical Documentation for Repair Paris for Electrical and

Mechanical Equipment (Naval Shipboard Use;.

Switches. Rotary, Snap Action.

Switchgear. Power, Nava!l Shipboard.

Indicators, Svnchronization.

Termina: Boards.

Electronic ana Elecirica: Equipment ana Associated Repair Parts, Preparation
for Delivery of.

Switches. Meter and Contrel, Naval Shipboarc.

Kelays. Auxiliary. Naval Snipboard.

Maintainability Requirements for Snipboard and Shore Electronic Equipment and

Cugtamcg
wySLCiii s,
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STANDARDS
MILITARY
MIL-STD-16 - Electrical and Elertro..ic Reference Designations
MIL-STD-167 - Mechanical Vibration of Shipboard Equipment.
MIL-STD-242 - Electronic Equipment Purtq (Selected St'lndz*r s).
MIL-STD-761 - Eleciric Power, Allernating Current {for Shipboard Use. Characteristics and
Utilization of.
HANDBOOK
MILITARY
MIL-HDBK-217 - Reliability Stress and Failure Rate Data {for Electronic Equipment.
DRAWINGS
BUREAU OF SHIPS
8000-86201-74453 - Navy Standard S\.vit.c.zma_'d Units.
9000-86202-73907 - 1fght. Indicator, Switchboard. 2 Lamp - SPF, Types B-2TA through
B-27G.
PUBLICATIONS
NAVSHIPS-93820 - Handbook {or Prediction of Shipboard and Shore Electronic
Reliability.

(Copies of specifications, standards, drawings and publications required by suppliers in connection
with specific procurement functions Snuulcl pe obtained from the procuring activity or as directed by the

i
contracting officer. )

2.2 Other publications. - The following document forms & part of this specification te the extent
specified herein. Unless otherwise indicated, the issue in effect on date of invitation for bids or request for

proposal shall apply.

3.1 General requirements. - This synchronizing control equipment is intended for mounting in the
generator switchnoard and arranged to electrically prevent ciosing of the generator circuit breaker, bus tie
circuit breaker or shore power circuil breaker unless the energized systems are properly synchronized.

The control eauipment shall perform iis function through comrol of power to the bx eaker (,losmg coil anc
shall b designed to operate on either 450 or 115 volts alternaung current (. c. ).

NCTE: 1n general, three components should comprise one complete unit: one device
with all operatung components and termina: board for input ana output signals; onc operating
switch with Voperating®. "est! and Yoff" posiiions: one transicr switch suitable for con-
nectine the equinment 1o generator circuit breakers, shore power circuit breakers or pus

tie circuit breakers with input signals appropriately connectea to generator and bus circuitry.

ho arranre od f\)‘ hael- AT the haara o

1 Sy (T
Snaitr v arrangea 1ting

P t paca 01 e soard mouning.
or back of switchboard mounting with operating handles at front of board. The
to withstand fr quent use for long perlods under service con-
ditions without benefit of overhaul and with limited maintenance. The environmental
conditions are outlined herein and the functional requirements are set forth in the individual
equipment specifications. The final product shall reflect the utmost in simplicity, have
maximum reliability and be easy to install and malntain.
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3. 1.1 Reliability and maintainability. - It is imperative that reliability of operation be considered of
p:‘}m‘e i‘“pcrlancn in the docubrn and manufacture of the nr}nizr‘\rnanf Tha contractor shall emnlgv all

reasonable methods possible in the process of manufacture which will assure quality and maximum reliability
consistent with the state of the art. In the functional application of parts to equipment circuits, adequate
factors of safety shall be provided by suitable derating {rom parts specification values where required in
order to ensure high equipment reliabilitv under all service conditions. The design shall include ali possible
ieatures which will result in reliable and stable operation with reduced requirements for adjusument and
alignment, reduced requiremenis for maintenance anc simplified mzaintenance, thus reducing requirements

for hichlv skilled maintenance }Wovknnnn]

CIsLInct.

.1.1.1 The rchability ior the syncironizing control equipment shall be predicted in terms of mean
hme between failure (MTBF). The reliability (R) of the synchronizing control equipment is the probability
of the synchronizing control eauipment operating withouwt failure for 2 specified period of time (t). For a
predicted MTBF, the reliability is given by

-t/MTBF

R=e¢e
The MTBF shall be predicted using method D of NAVSHIPS 93820. Failure rate data used shall be as given
in NAVSHIPS 93820, MIL-STD-242 and MIL-HDBK-21%7, choosing the rate which most nearly corresponds to
the application conditions of a given part in the power supply. If parts are used for which no failure rate data
is given in the above sources, {ailure rate data from other sources may be used. but justification for ite
applicability shall be provided. For parts for which no faiiure rate data is available, a failure rate shall
be estimated, and the basis for the estimate stated. The deraling factor which is used for each part shall
be stated in the reliability calculations, The stress levels at which each part is operating shall be stated.
The siress levels shall be those obtained frow test inseiar as such information is available. In those
instances where test (hta is not available, design data shall be used. The stress levels shall be identified
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5.1.1.&% A mode 1ailure is defined as occurring wien the collective or individual component performance
aegrades velow the operating requirements of this specification,

1.4 The maintainability of the svnchronizing control equipmen: shall be predicted in terme of
¢ mean time to repair (MTTRG). The MTTRG shali be determined in accordance with main-
T AN Nrara e od in MIT _nr_02210 The iatlure rates useg ch ﬁll be those which

. nty ifs
evaiualion procedure speliiied in Hul-N-aovdio. £ lajudre raies Used Si

L
have been determined in the reliability prediction.

3.1.1.5 The contractor’s report on reliability and mumntainability factorg and calibratio
submitted with the detail drawings for review and approval action,

b
s

211 3.
1dll DE

[¢5]

. - The equipment shall be designed for an expected 30-vear life based on an average of, but
not limited 1o, 10 0 perations per day.

n of the equlpmem shall be such that failure
iﬁ?‘ condition of the generating system. Fai

ncrease in size or weight.

individual specifications shali be met
5. 2.8

P

.1 throug
<. 4 throug

<.o.l Temperature conditions. -

$.2.1.1 Ambient temperalure, - Bquipment shall be designed ior an ambient temperature of 65°C.

()
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3.2.2 Humidity. - Operation shall be possible at relative humidities up to 100 percent for both con-
tinuous and Infermittent periods, including conditions wherein condensation takes place on the equipment
cover.

3.2.3 Inclined operation. - Equipment shall give no change in operation when inclined at an angle of
60 degrees frona vertical in any direction.

3.2.4 Roll and pitch. - The equipmen: shall not be damaged or caused to maliunction when subjected
to values of roll and pitch up t¢ 60 aegrees from vertical. No favorable orientation may be assumed.

3.2.5 Vibration.- Equipment shall be designed to operate during and after the type I vibration test of
MIL-STD-167.

3.2.¢ Shock.- Equipnient shall be designed t¢ bz grade A, class 1. type A in accordance with
MIL-S-901.

2.3 Electrical design. - The equipment shall be in accordance with MIL-E-917, except as otherwise
specified herein. If any recuirement specified nerein conflicts with the requirements of MIL-E-917, the
requirements of this specification shall govern.

3.3.1 The equipment shall operate over the range of the type 1 power svstem: characteristics specified
in MIL-STD-76€1.

$.3.2 Electron tubes and printed circuite. - Electron tubes and printed circuits shall not be used.

3. 3.3 The equipment shall operate with electrically operated circuit breakers whose maximum
breaker operating closing time is 500 milliseconds.

3.5.4 Tne equipmemnt shali detect the difference in frequency between the cncoming generator and the
bus anc prevent paralleling (closing oI the electrically operated generator circuil breaker: uniess the
difference in irequency 1 less than 0.2 cvcie per second (c. p. s. ).

3.3.5 The equipment shall aetect the difference in voltage berween the vus and the oncoming
generator anc operate ¢ prevent closing of paralleling breawer uniess this difference is within I percent
of rated voltage.

¢.<3. € The equipment shall detect the difference in phase angle between the oncoming generator and the
bug and preveni paralleling (closing generator breaker) excepl whern the phase angle difference is between
minus 30 and zero electrical degrees.

3.3.7 The eguipment shall prevent closing of the generator breaker if the breaker control switch is
closed outside the limiting conditions noted in 3. 3. 4 through 3. 3. 6 herein. The circuitry shall further
requare reset of the breaker control switch 1o the "off" position beiore paralleling (closing of the breaker)
1s again possible.

3.8.¢& The equipment shall preven: the operator fron; using the synchronizing circuit as an automatic
syvnchronizing device.

5.38. 9 A synchronizer control switch shall be provided in accordance with MIL-8-15291 or
MIL-$-1839€ for switchboarc mounting and shall have "'operation'. "test" and "'otf' positions.

S.¢. 6.1 It shull be possible 1o transfer contro: o the switch irom "operation' to ™est' t¢ “off" unc
reverse without afiecting anv systems component wnile the generating equipment 1§ oOperating at anyv ioad
irom no load to rated load.

3.3.10 An indicator light shall be included to indicate when this synchronizing control equipment is
energized. The indicator light shall be in accordance with Drawing 9000-56202-73907.
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3.3.11 Enclosure shall be dripproof protected in accordance with MIL-E-2036. Ready accessibility of
all electrical connections, test points and adjustments shall be provided for convenience in installation and
maintenance. Enclosures and framework shqll be constructed of steel, aluminum or both. The use of
3 trnctnrauy suitable. Enclosure shall be of the

rinIme S pOy
SUlicile neios

~ Ty sy
asuminum 15 consiae

agead-front type.

3.%.12 The svachronizing conwrol equipment shali perform its primary electrical function through the
use of approved solid state devices. Relavs may be emploved only where appr: ved by the bureau or agency
concerned. Vacuwr tubes or similar thermionic devices shall not be used. S lenjum rectifiers shall not

be used.

.15 Miscellaneous component parts. - To best meet the requirements specified herein. it may be
deSL abxe to make use ol component parts not covered herein by referencedspecifications. These parts shali

he idaraed migralla TN »to n\r-lann cn!-r 1Ynn1c as cnar\y:). eannnnnrinrnwc
D¢ CONsSiGered as miscelianesdus \,uulyuucu. parts and AIAC{Y dHtauns [§323 80 Special Sl COoNauUCiOl

special timing devices, special switches and special relays. The use of miscellaneous component pirts
hall be permitted only when requested and when determined by the bureau or agency concerned that its
use is necessary or desirable. Miscellaneous component parts shall be in compliance with MIL-E-817
insofar as practicable with deviations approved by the Bureau of Skips in each specific application. To
determine the need for and suitability of miscellaneous component parts, the manufacturer shall furnish
technical data justifving its use and suitability and such other related data as may be requested by the
Rureau of Sni Supplemental tests may be required on miscelianeous component parts to confirm suit-

abilitv.  These tests sl*all be conducted b} the manuiacturer as requested by the bureau or agency con-
cerned.

3.2.14 Resistors and rheostats. - Resistors and rheostats shail be in accordance with MIL-R-15108.
Where the required resistance ana approximate wattage value is not covered by MIL-R-151 0 9. resistors
ed

v enanifia
UG Speclic

DA s b slhiotaran

. - e issdl RATY TN 11 nrTY n 06 n v
in accordaance with Wil~-R=-41. Wil -N-<«, 1\uu-n aU nllu AVALL N=d3 lila} LT stuosStitul
approval by the bureau or agency concerned.

v
”

Capacitors. - Capacitors shall be 1n accordance with MIL-C-396% and MIL-C-2f ior electro-
saper -dielectric types, respectively,

2.5.1¢ Transformers. reactors and inductors, - Transfermers. reaciors and inductors shall conform
o MIL-E-917. AIl units shall nieet the nummun: material requirements. Transiormers shall have
electricaliy isolated windings (primary and secondary). Neither autotransformere nor opern-delta
connected transformers shall be used.

3.17 Contactors and relavs, - Contactors. relavs and other contact-making control devices shall
be in accordance with ]\‘JL—C-‘;212. MIL-C-2174, MIL-R-2033 or MIL-R-19523, as applicable. The use
of other special conirol devices, not covered by referenced specification herein, will be subject to specific
approval by the bureau or agency and will be considered for use oniv when it has been determined that the

use ¢f components, as specified, is not practicable.

o
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erminals, connections and wirin

3.3.18. 1 Terminals and connections. - Equipment shall be completely wired internally and to terminals

{or external connections shall be arranced on 2o

naATIman A avtarnal AnmnAantiane Taynsinnl P e tateratel

Proy xueu 101 external connections. I Eerniinals ProvIGea 107 €Al lial CUNNCLLIUIS Siads UT ad i angpon Vi

terminal board locatec to provide ready accessibility for making connections. Test points shall be provme(

for all controi circuits for making measurements of voltage, cwrrent. and resistance as necessary for
trouble shooting and adjusting operation of the equipmen:t. All test pmmf shall be proviaed at terminals
arranged on o terminal poard located in @ readilv accessible position at & hinged access door of the en-

ciosure. Termina iugs shal. be provided for all ieads except for the majn power input and power outpul
leads. All terminal lugs installed by the manuiacturer shall be of soideriess type. Ail connections using
wire over 4000 circular mils (c.m. ) shall be provided with efficient locking devices to prevent their becoming
loosened by shock or vibration. When terminal studs, binding screws or other similar attachments are

used as conductors, the material shall be nonferrous conducting. Plug type connectors shall not be used.
Terminal boards shall be in accordance with MIL-T-16784 (with insulation as specified in MIL-E-917),

except (a) where the terminal board is integral and considered a part of another approved component (that

is, contactors as specified in MIL-C-2212) and (b) where the application rating or space configuration

makes their use impractical.
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3.3.18.2 Wiring. - All wiring in the equipment shall be of sufficient capacity for rated duty of the
ipment and shall conform to MIL-E-817. All wires shall be marked at each end by stamping the wire

ohdasr LOIROVIIN 10 il Ul WI'Es Silaal D ILQURCU cdaLil 1 catni il ne

mber on the wire terminal or on an insulated sleeve which shall be slipped over the wire close to the

3 4]
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terminal. The sleovmg shall fit tightly over the wire or over the round portion of the terminal to prevent
the s on the wire to insulate the terminal. Sleeving shall be type F. form U, grade A,

class I, category 1. white, in accordance with MIL-I-631. Markings shall be permanently stamped on the
sleeving in such @ manner as to remain legible after repeated handling and atmospheric exposure.
Markings shall correspond te lead numbers of the wiring diagram.

3.8.19 The equipment shall be designed for installation in switchgear as shown on Drawing
9000 - 56201 -74453 and operation with devices and equipment as reguired in MIL-S-~1603€. The manufacturer
shall provide sufficient information on drawings and modify one synchronizing meter which will aliow modi-
fication of installed synchronizing meters, procured under MIL-1-16104, in order to have the necessary
information presented more appropriate to the synchronizing control equipment proviaed. The equipment
shall be designed to smallest dimensions and weight practical.

3.3.20 Sensing for the equipment shall be between the generator termiinals and the ship's bus bars
located in the ship's switchgear.

5.3.21 Insulation resistance. - The insulation resistance of all circuits shall be not less than 10
megonms when measured with all circuits cold.

3.3.22 Dieleciric strength.- All equipment shall be so designed and consiructed as to withstand for &

period of 1 minute a dielectric test voltuge to ground as follows:

A€, (o s, ) input or Test voltage
output voltage (r.m.s.)
60 and unde: 600
61 tc 90 900
90 to 60C 1000 pius twice rated

a oq

3.3.2% Packaging. - The packaging of the equipment anc circuitry shudl employ the princinle of &
unitized design: 1. €., the four basic circuits (outputs, irequency difference, voltage difference and phase
angle) should be mounted on 1nd1vidua1 componen: boards in order to facilitate trouble shooting, repair,

1‘Pn] acement and maintenan ce

3.4 Drawings. -

3.4.1 General. - Drawings shall conform to MIL-D-963 and to the detail requirements specified
herein. Drawings are intended to:

(1) Provide design u_tr_rmaimz_ to assure conformance 10 requirements mcluding compatibility
with ships and ship system.

Evaluate the ultdmlu} of the design for the intended use.

Fvahinie nerformance and maintenance cannhilite
Lovdatiae® PelaOlilallll ol INdlliChdliCe Capavliii}y.

Enable shinyard installation by qualified eleciricians.
Enable Ship and shore activities to repair and maintain the equipment without assistance irom

the original suppliers.

——
aRT

D
e

S. 4.8 Approval procedures (oreliminary arawings) - Preliminary drawings shall be submitted o the
bureau or agency concerned via the cognizant Government inspector for approvai within 60 days after
efiective date of contract

3.4.2.1 Preliminary drawings are those drawings required for design approval and release for manu-
facture and shall include the drawings specified in 3.4.2.1.1and 3.4.2.1. 2,
6

d
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3.4.2.1, 1 Outline drawing. - Outline drawing shall contain the following information as applicable:

(a) Dimensional front and plan views and sufficient additional views showing overall and principal
dimensions in sufficient detail to establish the limits of space in all directions required for
installation. operation and servicing.

(b) All information necessary for preparation of foundation drawings, including mounting plate
details and drilling drawings with dimensions and tolerances and information as to optional

mounting methods.
{(v; Location, tvpe and dimensions of cable entrances, access plates, mounting pads and holes

and terminal boards

{(d, Anyv special instructions for installation.

(o A lict nf refoerence Arawinmre

€0 A28t Ol reierenie rawings.

(f} Description of system operations.
[P T TR TR o N .:.__,....,.'_._A TN m mlme assimziimmem mhlaall fanalicda dlan €1 1Anriser mmittitisas snfAammesnfine neo
C.2. 4040 DOESICND QTAWINES. DESIENn Arawings sShdii 1InCiude e 1040WINE MINHO WL LHHuiidiauil, as

applicable:

{a) Descriptive data for the equipment.
(1) Type of equipment.
(2) Environment ciassification.
(3) Enclosure.
(4 Design ambient tem
(5} Snock and vibration ClaSSlflC&thIl
(6) Manufacturer's designation.
(7) Mounting.

(b, A statement that the equipment is in accordance with the individual equipment specifications
(listing same) or this specification if there is no individual equipment specification and a
i1st of the exceptions to this specification anc referencea specifications.

(c} A list of reference drawings.

(d} ZLast of material.

(el A table of revisions-- the Governmen! inspector shall validate the drawings in the revision
column; entries shall be (1) the approval letter (2} the Government inspector's name, titie

vvvvvv 1n; eniriecs 1 be (1) the approval lette ment ecter's name
ang district office (3) ate of validation.

(Y Assembly viewse consisting of plan elevation and section views ac required tc show clearly the
detaiis of the mechamcal design, construction and assembly of the equipment and (o identify

each part and ite location, Each part shall be identified by its reference designation and
ite piece number as assigned in the list of materiais. The following minimun: data shall
included in the assembly views

(I} Overall dimensions, mountlns: dimension and size 0{ mounting hole.

(2) Weight of complete assemblv

(3] Sectional views or notes as necessary to show or explain special mounting provisicns or

installation procedures required for proper operation of the parts,
(g} Information on parts and subassemblies. The data required shall be presented in tabular

form wherever practical. Each part shall be identified by its reference aesxgmtlon.

{An .
(Application datz required are actual circuit values as used in the equipment. )

(1} Transformer. reactor, inductor and miscellaneous coil data:

a. Core material, core or lamination forn: and dimensions (include small dimensional
sketch if necessary for clarity).

b.  Winding data. including the number of turns, taps. wire size and type, terminal
identification. direct current (d.c. ) resistance between terminals at 25°C.

¢. Nominal voliape between terminals, voli- amperc rating ior potential wransformers
curren: ratic for current transformers

¢.  Complete construction and material detail, including applicable specification for
material used. Details of core boxes, laver and coil insuiation, ground insulation,

nf N Yeas] + i atawris ina
method of impregnatior and treatment, potting methods and material, terminal

boards, grommets, leads, mechanical construction details.

R25
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(2) Transistor application data:

2. Type number.
b. Steady state voltage between each terminal and ground.
c Average and pﬂak collector current.
i Aver age waltage dissipation of coliector
c. Maximum case temperature.
f.  Ambient case temperature in vicinity of coil.
{3} Sihicon rectifier and reference or regulating diode application data:
a. Type number.
b.  Maximun nominal mverse voltage (peak valuej.
¢.  Maximun peal: inverse voltage (including transient voltage;.
d.  Maximun average output cur re:.{.
€. Duty.
{. Maximum case temperature.
£.  Ambient case {emperature in the vicinity of the device.

(4) Resistor data including the type, resistance, and wattage ratinge, and standard Military
type designation or part number or both.

(5} Cupacitor datu including the type, capacitance, voitage ratings, maximum applied d.c. and
a.c¢. voltage and fr equency (\ alues include transient) and m’md ard Milt itary type desig‘n;&-
tion or part number or both.

(6) Switch data, including tiie type of switch, contact arrangement, nuniver of poles, number of
ja Lsiiions, voltage and cirenit » s of contacts and type of handle.

(7) Relay data

a Rating data including the coi. voltage, freguency, current and power, anc tne contact
volitage and current rating.
b.  Duty.
¢. Shock classification.
d. Number of normally open and normally closeq contacts.
€. Coll winding datz, including the number of turns, taps, wirve size and type, insualation,
method of impregnation and treatment and ¢.¢. restsiance at 23 °C.
f. Special feawures requirea. such as special pici-up and droy-out voltages.
(b An elecirical schematic diagran. on ¢ single shee! to represent cleurty the operation of the «

equipment. Notes describing circuit operation and arrow accentuated lmes wndicating the
path of signul {low, shall be emploved when necessary o clarify the operation of the equip-

(1) A ﬂ:m broker line shal: be used to represent the boundaries of eact assembiv or sub-
assembly which is intended for multiple use. All terminals with these markings shall be
shown. Terminals for external connections shall also indicate the type of signal, power
handled, and so torth. All unused terminals shall be shown and s¢ marked.

(2) Each part, such as resistors, capacitors and relays, shall be given & reference designation
and number as shown on MIL-STD-16.

A wiring diagram which includes the following information:

(1) All parte in correct relation te physical location. Terminals shall be clearly shown and
moarked and all wiring between parts snall be showr.

) Annronriate notec ghall degionate wire gize and tvne

JoaApprepriale not Sadll Gesignale wire s1ze and type.
\
i

Reference designation of parts shall conform to those assioned in the schematic diagran.

N b il ca B P N T s L S Ve AR R R TS mvwmanr s oAl A1) Tananlee A s
I inul draw S Sindir CONRSIST O One 561 G 01dA0n dine prinis O, Ao 1iidnided and
(

approved preliminary mqmlmuor and detail drawinge sultabie for macrofilming, pius one comnleie set of
reproducible drawings. Final drawings shull be fmmsne(\ ag required by the contract

&.8 Munuale . - Manuals snall conform to tvpe I of MIL-M-25071. The nnmnvin, Gats ano tne arrange-

ment thereoi 1o be included w the manuale shall be as specified in 8.5. 1.
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3.5.1 Arrangement of minimum data.- Arrangement of the minimum data shall be as follows:

Cover.
Title page.
Genera! data.
OKUEL\ HULI
Component ‘1=t
Title description of synchronizing control eguipment.
Navy type designation.
Federal stock number.
Din‘:cmions.

Innnv nower reguiremer
snpul pOw reguirenel

T C
Salient design characteristics.
Manufacturers tvpe and c’lt'xlor' number.

Table of contents, listing atl isions and primary and secondary subxdivisions {such as chapters,
sections, and so forth) with their corresponding page numbers.

List of illustrations, photographs, and drawings.
Introduction.

General description.

Input reguirements and output rating.
Detailed description.

Qunpbhiranicineg consrn’ on
SYNCHTOH ALY CORATUL ©

Component parts.
installation nstrucuons.

Precautions

Preparation for use after storage.

Mounting.

Eiectrical connection.

Cneck 1est to geterniine proper operatiot..

E Adiustniente and tests.

Principies of operatiorn.

Sy nchronizing contro. equi [
r\‘})tj- - Tiie snzll inciude « : of operation i sufficient detail for 2 ciear understanding

ol the operation of tn omplete equipment and the various components.

u}lcj &LLAH‘D instructions.

Maintenance.

Parts identification.

Test data (inciuding a compleie set of test data
cluded under the miaintenance section above).

Reduced size master drawings of synchronizing control equipment.

Photographs (including a sufficient number of photograpns of both external and internal views of the
equipment tc show construction details and location of component parts. Component parts shall
be flagged).

Aopendu..

o

3.5.2 Preliminary manuals shall be forwarded to the Bureau of Ships for approvai. The preliminary
manuzl shall contain all the information required by the final manual with the exception of reduced size
reierenced drawings

- 1ok RN

.2 One iinaj manuai snall be forwarded with each equipment. Fina: manuais shali pe furnished as
the ¢ ract or order.

3.6 Repair parts.- Onboard repair parts shall be processed in accordance with MIL-P-1513% and
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3.6.1 Repair parts per set.- Each set of onboard repair parts furnished with equipments shall consist
of the following component parts, as modified by 3.6.1.1, 3.6.1.2 and 3.6.1. 3:

relavs,

placement of all contacts and springs (as applicabhle tors, Vs,
switches, rhecstats, ther mustat , pusn buttonu, anc smnla' uovlvc) excep for overload ae-
vices furnished in accordance with MIL-R- 2033, MIL-C-2212, MIL-C-2174 or MIL-R-19523

{(see 3.6.1.1).
(b} One comnlete switch of eac b
(¢) Resistor units (c.(_e 3.0.1.2)
(di Capacitor units (see 3. 6< 1.2)‘
{e) One semiconductor device of each tvne and size and,

&) COHGUAT 1 Yt n NG,

sets of devices shall be furnished.
(f) If potted assemblies or components are used, one potted assembly or component of each type

(a) One complete rep

tvpe and size.

and giza nhq'[\ be fu

~an
alill S14C Siiaitr U

migt
nisaed.
3

(¢} Shunt coils (see 3.6.1.3

Q PR, Pt el byt i conm

3.€.1.1 If anv of the repair parts listed herein form part of an assemi 7 and is not
normally & repliceable part of the assembly or subassembly, then the complete assembly will be furnished
in lieu thereof as a repair part. Alsc, in liev of a2 complete setl of contacts ana springs (m such components

mav fnrnlel. the comniete r\r\n\nnnon! If the P"xn\nlnnﬁ rnmnr\nnnt is fnvnw hed, the

My Urnish g HLpgielC Colliponciin i the coinhplele component 1s jurnished, the

than 10 percent cf the quantity of components of that tvpe and size installe

v o ghall he not lege
i DEe noet iess

: 1
ALY Saad

3.6.1.2 The quantity of re
.0, 2 ty o1

1 T SEE vl ana A arnn it o £ oyev by tary > oy
o 1. 111¢ QuUdiity

Uniits anG capag citor units of each iype and size furnistied in a set of
repair parts shall be not lcst thai 10 percent of the guantity of units of that type and size installed in one
equipment. When two or more identical elements are assembled to form a complete unit, the quantity of ele-
ments of each type and size furnished in @ set of repair parte shall be not less than 10 percent of the quantity
of that type and size installed in one equipment, and irn ne case shall it be Jess than the number of ide
eiements connected 1 & circult arranged so that failure of one element will result in overloading anc pre-
gressive {ailure of the remaining elements.

3.6.1.3 The guantity of shunt coils of each tvpe and size furnished in @ set of repair parts shall be not
less thar 10 percent of the quantity of shunt coils of that type and size instilled in one equipment.

3.7 Painting.-~ Parts to be painted shall consist of those not having o corrosion-resisting {reatment
or not fapricated of corrosion-resisting materials of the types specified in MIL-E-917 and shall include ex-
terior ana interior suriaces of the enciosure. Painling shall be w uccordance with MIL-F-817, except that
(‘nl}‘ one coat of grav enamel need be 'mnhpd Marks or scratches made due 1o handlin

o
celd be A, Wldl'kRs C es Nldldo due 1o L3S

and testing shall be repainted by either complete repainting of equipment or by touch-up ethod.

d iring fabrication

3.8 Identifica
10

fic
.0 QeNntu 1Cauil idu

ir tion b

components 01 he eqguipment and on the complete equ 1pmem assemb]\ Information plates shall be furnished
and installed on the complete equipment assembly as necessary. Plates and marking of componen! asseni-
blies such as semiconductors, contactors and similar items shall compiv with the applicable reierenced
specifications. Identification of other components such as transformers and reactors shali be made by use

of wdentification plates or by stamping or stenciling the required iollowing minimum data:

(@) Manufacturer's name and identification number as snown on application master drawing
(b} Title of component {that is, transformer, reactor, and simiiar items}.

(¢c: Federal stock number. if available.

Ii stamping or stenciling 18 done, it shall be applied and protected in such @ manner as to be compietely
legible during iuli liie of the equipment. ldentification and information plates of the constant irequency con-

trol equipment shall be either type A, B or C in accordance with MIi1.-P-15024. Black enamel shail be used
for filling markings on metal plates. The size of plates shall be approved by the bureaun or agency concerned

HES leldl Didles. 211e 3140 O Ddles 8hiddll DO A UYCL Dy wnc pulcald OF agehly Concerned

with 1dent1f1catlon plates conformmg to standard dimensions of MlL P-15024. All plates shall be furnished
as part of the equipment and shall be attached to that part of the equlpment which will not ordinarily be re-

newed during its normal service life in a position that {s readily € read at all

times without danger to personnel.

nannagih
aLuvcooliy

10

d
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3.9 Workmanship. - Workmanship shall be first class in every respect.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsxbduv for inspection. - Unless otherwise specified in the contract or purchase order, the
supplier 15 responsible ior thc performance of all inspection requirements as speciiied herein. Except as

otherwise specified, the supplier mav utilize his own facilities or any commercial laboratory acceptable to

tho (in . , A . 4 o -
the Government. The Governmen: reserves the X‘l'g.”‘u ¢ per form an W of the in Ponflﬁnc set forth ir the spegl_

fication wnere such inspections are deemed necessurv 1o assure supplies and services conform to pre-
scribed requirements.

4.2 Individual components comprising this system shall be tested in accordance with the applicable
specification for those components.

4.3 Examination. -

4.3.1 Synchronizing control equipment.- Each equipment shall be subjected to a thorough examination
to ascertain that the material, workmanship, design and operation are in conforinance with this specification.
The fit of parts shall be observed with particular reference to the interchangeability of such parts as are

likely to require replacement during the normal service life of tihe equipment. Specific observation shall be
oiven to tne foliowing:

(2! All wiring shall be checked for suitable layout and proper identification.

(o) All termanals shall ve checked for proper marking.

(¢} Wire connections {scldered and unsolaered) shall be checked for security.

(d' Arrangement and layout of components shall ve checked for conformance with applicable
approved drawings.

(e) Miscellaneous hardware, mounting supports and brackets shall be checked for proper corrasion
resistant material or treatment in accordance with MIL-E-917.

4.5.2 Repair parts.- All repair parts shali be subjected to & careiul examination tc ascertair that the
saterials, workmansmy and {inisn are {irst class in every respect and that they conform fully to the manu-
facturer’s arawings as approved. The principal ebiect of this examination shall be to determine ¥ the re-
pair parts are exact duplicates of thosc used in the eguipment. If there is reason to doubl the ready inter-
chanveabiiity of the repair parts with the original equipment parts, a suitable demonstraiion of such
interchangeanility may be required.

4.4 Insulation resistance.- The measurement of insulation resistance shall be made with all circuits
of cqual voltage above ground connected together. Circuits, or groups of circuits, or groups of circuits of
different voltage above ground shall be tested separately. The time of test voltage application shall be not
less thun 60 seconds. Mm:urements shall be made at anv convenient ambient temperature with all circuits
cold. The relative humidity and ambient temperature shali be recordec. '

4.5 Effectiveness of enclosure.- Acceptance of the enclosure shali be based on inspection to ascertain
tnat the enclosure ettectively pertorms ite specified function.

4.6 Heating.- Heating tests shall be made under conditions equivalent t¢ normal operating conditions
2t maximun! rated voltage, maximun rated load. anc the duty specifiec. The test methods (o be employved
and the precautionsg t¢. be observed snall be as specified i 4.6.1 through 4.6.5. 4.

5.0.1 Assemblv and mounting of equipment.- Hea‘ing teste snall be made only with the equipment
assempied ana mountec 1t the manner ior whick it is designed. Barriers shal. be placecd adjacent to the
enclosure, at the manufacturer's recommended minimum ciearance for adequate ventilation, to simulate

shipboard space restrictions. Heating tests shall be made on all coil windings {including power transformers

and reactors) and semiconductors except for those rectifier cells of control circuits which clearly do not
contribute to the overall temperature rise within the equipment enclosure and except for those which are
tested and given separate qualification approval under its individual specification. For those components
which are given exception based on separate approval, it shall be determined that its adjacent ambient within
the enclosure does not exceed the rated ambient of the component and that the application rating does not ex-
ceed the manufacturer's approved rating at the applied temperature ambient.

11
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4.6.2 Method of temperature measurements. - The method of temperature me"tsurement shall be either
the thermometer method or embedded detector method in accordance with MIL-E-917. The temperature
measuring elements shall be applied to the hottest accessible part of the components whose temperature is
to be measured. The number of measuring elemelt shall be liberal and so placed as to ascertain the highest
temperatures. Surface mounted thermometers themocouples shall have their bulbs covered by felt pads
or by oil puttv. The bulbs shall be placed in such a position that they make the maximum practicable line
contact with the part whose temperature is to be measured, and thev shall be so firmly supported that this
degree of contact will not be altered by gravity and normal vibration. The temperature measuring devices
siull be calibrated. When the thermometer method 18 used, the true temperature rise shall be determined
by adding the value of temperature pradient te the indicated temperaturc rise. The temperature gradient
shall be predetermined prior to assembly of eguipment by takmg measurements of maximum temperature of
the components under rated application load by both the resistance method and the thermometer method.

The difierence in measurements between the thernm 1eter method and the resistance method shall be the

value of temperature gradient. When the embedded detector method is used, the true temperature rise shall
be considered the indicated temperature rise of the detector element giving the maximum value.

S
a

4.€.3 Duration of test.- The heating test for continuous dutv equipment shall be continued until the
temperature rise of components that can be observed during test have attained a steady final value. The
heating test for intermittent duty equipment shall be continued for the duty cycle specified for the equipment.

4.6.4 Method of loading.- The equipment shall be loaded with rated applied input voltage and freguency.

ta

oton ~onuaniont At t ooy atire s atyoatrg
tesieh

any convenient room temperature above
10°C., but whatever tne value of this ambient te mperalur e, the mwamum permissibic temperature (hot spot
temperature} as specified in MIL-E-917 for the class insulation used shall not be exceeded when converted
to the rated ambient of the equipment. In order to avoid errors due to time tag, air stratification, and
drafts, precautions ac specified in 4.6.8.1to 4.€.5.3, inclusive. shall be observed.

4 5 B Awmibiiart tom

norat 14
LU0 ANDICHU 12INperdaid e

2

y I
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4.€.5.1 Ambient measurenment. - Tne amlent or room temperature shall be meusured by means of
WO Or more tnern md or « leve: with the nmnnnwmﬂ ang ar o

caiwstance of 3 to € feet {ron. the enclosure. The tnﬂrmometcx' shall be inseried in oii~filiec cups not iess
than 1 ineh in internal diameter and 2 inches high, and shall be pm'ecled irom drafts and {rom heat radic-
tion {rom the equipment under test or other sources. The value to be adopted {rom the ambient or room
temperature during the test shall be the mean of the readings of the severa: thermometers, placed as
stated, taken at four equal intervals of time during the last quarter of the duration of the test. The equip-

ment under test shall be protected from drafts and heat radiation irom outside sources.

4.6.5.2 Ambient variations. - The conditions ir the testing roomw: shall be such that the room tempera-

ture will not vary greatly during tests. A variation of more than 5°C., during @ period of 6 hours or a pro-
novrtional chance {or runs of shorter duration. chall in no race he oxreada
portional change for runs of shorter duration, shall in no case be exceeded.

4.6.5.3 Starting temper'lture No heat runs shall be undertaken on eguipment which has rec
. < :

been brought irow & place varying in temperature by 5°C., or more, {rom that i which the test is
made: or where the temperature of the room in which the eauipment under test hus stood varied §°C.,

more, during the preceding 2-hour period.

Q
"

<. ne correction shall be made {

r barometric
mbient ten aperature irom the standard ambient

temperature ol reference.

4.7 Weight.~ The weight of the equipment and the weight of the onboard repar paris shall be taken and
recoraec separateiy.

4.6 Inclined operation.- The equipment shall be tested for inclined operation by operating at rated
condition. Inclination of the equipment in the following positions shall not cause interruption of the output
irom the equipment while operating and while not operating shall not cause any change {rom the nonoperating
condition:®

LOR01 410928 10 1 98

Inclined 60 degrees forward.

uu,uueu UU UU{DI €eb Ud.LKWd.I‘u.

—
[\&)
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Inclined 60 degrees to the right side.
Inclined 60 degrees to the left side.

4.0 Shock tests.- High impact (HI) shock tests (electrical operation and mechanical damage) shall be

.

conducted in accordance with M1L-S-901 for graae A, class I, type A equipment.
4.9.]1 Tes: features.- Test features shall be as follows

(a) Definition of failure tce perform principal {functions:

(1) Breakage of any parts, inciuding mounting bolts. Minor chipping of parts. such as plastic
knobs and cases and minor distortion of parts, will be permitted where such chipping or
distortion cannot in any manner impair operation of the equipment as specified.

(2) Appreciable distortion of any parts, including enclosure and iramework.

{3, A value of insulation resistance lower than that permitted.

(4) Low dielectric strengtin. After shock tests, the dielectric test shall be conducted at a
voltage equal to 65 percent of the voltage. Failure to pass this test shall be cause for re-
jection.

(5) Failure to pass visual examination. The equipment shall be carefully examined after re-
m_nvmrv all removabie n’znp\: and doors to ascertain any mechanical d'lmage. When re-

quired, partial dlsassembxy shall be performed to aid in determining any possible dam-
age.
(€' Failure to periorm anyv electrical tests during and following shock. No adjustment or
replacement of damaged parte shall be permitted during shock test.
(bi Mounting. - The equipment shall be mounted on the snock machines in 2 manner simulating
shipboard installations, in accordance with MiL~S-801 for bulkhead mounted eguipment.
(¢' Number of units to be shock tested.- One equipment shall be shock tested. However, after an
equipment of « specific design nas satisfactorily passed the HI shock test, subsequent HI shock

tests will not be required.

4.1C Vibration.- Vibration tests shall be conducted in accordance with type 1 requirements of MIL-
§ STD-1€%. The test features as specified for shock tests (see ¢.9.1) shall also apply te vibration tests. The
unit of equipmen! selected for vibration test shall be the same unit as selecied for Hl shock tests.

4.11 Operation.- One equipment shall be operated at least 100C times, without failure, in order to
demonstrate the periormance pammaterc specified ir. 3.3. The method of testing shall be submitted to and

N L IeTal #ia s by ra¥atel

Gpproved py e bureau or agenty <once

4.12 Electrical measuring meters.- Throughout the testing, all indicating voltage and current meters
shull have an initial accuracy value not greater than 174 percent. Meters used for making recordings shall
consist of (a) string type oscillographs similar or equivalent in accuracy and response time to General
Electric type PM-10 or (b) oscilloscope and camera combination similar or equivalent to Dumont type 512
oscilloscope and camera, Dumont catalog number 1765-K. Pen and ink type recorders shall not be used.
Tne method of frequency measurement shall be as approved by the bureau or agency concerned. The method
snall cleariv demonstrate accuracy within specified limits.

Creepage and clearance alstances. Creepage and clearance distances shall be demonstrated by
we with MIT-E-Q17,

4.14 Dielectric tes:s. -

.14.2 Generwu,.- Tne dielectric test snall be mad: after all of the above tests (4.4 through 4.13) have
peer completed. i the insulation resistance of the windings i known to be lower than specified, due to dirt,
moisture or damage to windings, this shail be remedied before the appiication of the dieleciric test voitage.
The dielectric test shall be made upon the completelv assembled equipment and not upon individual parts,
except in the case of repair parts which require dielectric tests.

4.14.2 Test voltage.- The frequency of the testing voltage shall be not less than 60 c.p.s. and shall
approximate a true sine wave. The value of test voltage shall be applied continuously for a period of 1
minute. ‘

. 13
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4.14.3 Measurement of test voltage.- The measurement of the voltage used in dielectric tests shall
be made by the voltmeter method whereby the meter derives its voltage from the high-voltage circuit either
directly or by means of a voltmecter coil placed in the testing transformer, or through an auxiliary ratio

14.4 Points of apnlication. - The test voltage shall be successively applied between each electric
circuit and al) other electrical circuits and grounded metal parts not electrically connected to it

..,
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5.1 Domestic shipment and early equipment installation and for storage of onboard repair parts. -

4 1 311 Hu il €allll Uil 1 1

5.1.1 Syvnchronizing control! equipment. -

5.1.1.1 Preservation and packaging.- Preservation and packaging which may be the supplier's com-
mercial practice shal! be sufficient to atford adequate protection against conoslon, deterioration ‘ma
pﬂ\'bl(.di adm.u.,e GUI‘ID” b“lpnl(,lh 11()11] UlL bule\ source to Ule Ublﬂ{__ ac Ll\ u\ anu unt u ear 1\ iﬂSLa

jas}
=

5.1.1.2 Packing.- Packing shall be accomplished in & manner which will insure acceptance by common
carrier at lowest rate and will afford protection against physical or mechanical damage during direct ship-
m

ent from the cnnnh' source to the neinr' ﬂ(\h’vihv for early installation. The :hn\n\nr containers or method

e wSlalidiion., N6 salpphiny CONLalhicloc O IRLN0

of packing shall conform to the Uniform Frcxgm Classification Ratings, Rules 'mc Reg:ul'lnone or other
carrier regulations ac applicable to the mode of transportation and may conform to the supplier's com-

mercial practice.

5.1.1.3 Marking.- Shipment marking information shall be provided on interior packages and exterior
shipping containers in accordance with the supplier's commercial practice. The information shall include
nomenclature, Fedcral stock number or manufacturer's part number, contract or order number, contrac-
tor‘s name and destination.

5.1.2 Onboard repair parts.- Onboard repair parts shall be preserved and packaged level A, packed
level C and markea levels A ana C, respectively, in accordance witn MIL-E-17555. -

-

£.2 Domestic shipment and storage or overseas shipment. - The requirements and ievels of prese
tion, packaging, packing and marking {or shipment shall be spe mhed by the procuring activity (see 6. 1.

(£.2.1 The following provides various levels for protection during domestic shipment and storage or
overseas shipment, which may be reguired when pl‘ocuv‘emem is made.)

5.2.1.1 Preservation, packaging and packinz.- The synchronizing coutrol equipment shall be pre-
served and packaged leve: A or C, packed level A, B or C and marked in accordance with MIL-P-16298.

£.2.2 Repair parts.- Repair parts shall be preserved and packaged level A, packed level A, Bor C

ana marked in accoraance with MIL-P-16298.

.2.3 Manuals. - Manuals siall be packaged, packed and marked as specified in the contract in ac-

cordance with MIL- M—lSOTl.

£.2.4 Drawings.- Drawing shall be packaged and packed in accordance with MIL-D-983

€. NOTES
6.1 Ordering data.- Procurement documents should specity the following:
{a) Title, number and date of this Specificatr-x.
(b) Preservation, packaging, packing and marking requirements, if other than 5.1 (see 5.2).
Preparing activity:
& o v
Navy - SH

(Project 6110-N109Sh)
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, involved in the use of the spec-

This sheet is to be filled out by personnel either Government or contractor
. IR f This sheet is provided for ob-

ification in procurement of products for ultimate use by the Department of Defense. r
taining information on the use of this specification which will insure that suitable products can be procyred with a
minimum amount of delay and at the least cgst. Comments and the return of this form will be appreciated. Fold on
lines on reverse side, staple in corner, and send to preparing activilty (as indicated on reverse hereof).
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BE. RECOMMENDATIONS FOFR CCRRECTING THE DEFICIENCIES.

v

2. COMMENTS ON ANY SPECIFICATION REQUIREMENT CONSIDERED TOO RIGID
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S
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