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MIL-G-~18473B (SH)

24 November 1978
SUPERSEDIN
MIL-G-18473A (SHIPS)
7 August 1956

(See 6.5)

MILITARY SPECIFICATION
GENERATORS, MOTORS, AND AUXILIARY EQUIPMENT, DIRECT CURRENT,
NAVAL SHIP PROPULSION
This specification is approved for use by the Naval Sea Systems Command

and is available for use by all Departments and Agencies of the Depart=-
ment of Defense,

1. SCOPE

1.1 Scope. This specification covers direct current (d.c.) generators, motors, and
auxiliary equipment for naval ship propulsion service.

2. APPLICABLE DOCUMENTS

2.1 Issues of documents. 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.

SPECIFICATIONSE

FEDERAL

FF-B-171 - Bearinas, Ball, Annular (General Purpcse).

HH-I-538 - Insulation, Electrical, Pasted-Mica.

00=-A-250 = Aluminur and Aluminum Alloy Plate and Sheet; General Specification
for.

QQ=-A-250/1 - Aluminum Alloy 1100, Plate and Sheet,

Q0-r=250/8 = Aluminum Alloy 5052, Plate ancé Sheet.

QQ-I=-66€6 - Iron, Malleable, Ferretic, for Castings.

QQ-8-3€5 - Silver Plating, Electrodeposited; General Reguirements for.

Q0-5-571 - Solder, Tin Alloy: Lead~Tin Alloy; and Lead Alloy.

Q{=-T=390 - Tin Allov Ingots and Castinags, and Lead Alloy Ingots and Castings
(Antifriction Metal) for Bearing Applications.

GGG-P=~781 =~ Puller, Mechanical Puller Attachment, Mechanical, and Puller Set,
Mechanical.

MILITARY

MIL-M-14 = Molding Plastics and Molded Plastic Parts, Thermosetting.

MIL-P-79 - Plastic Rods and Tube, Thermosetting, Laminated.

MIL-R-117 ~ Bags, Sleeves and Tubing-Interior Packaging.

MIL-B-233 ~ Boxes, Repair Parts, Storacge.

MIL-S-901 ~ Shock Tests, H,I. (High-Impact); Shipboard Machinery, Equipment
and Systems, Requirements for,

MIL-E-917 ~ Electric Power Equipment, Basic Reguirements for (Naval Shipboard
Use) .

MIL-E=-2036 - Enclosures for Electric and Electronic Equipment, Naval Shipboard.

MIL-M~2130 - Motor-Generators, General Purpose (Naval Shipboaré Use).

MIL-C=2212 =~ Controller, Electric Motor, AC or DC and Associated Switching
Devices, Naval Shipboard.

MIL-G-3111 - Generators, Electric, Direct-Current (Naval Shipboard Use).

MIL-F~3743 ~ Brush, Electrical Contact.

Beneficial comments (recommendations, additions, deletions) and any pertinent
dats which may be of use in improvino this document should be addressed to:
Commander, Naval Ship Encineerinc Center, SEC 6124, Department of the Navy,
Washingtor,, DC 20362 by using the self-addressecd Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end of this document or
by letter, f
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MILITARY (Continued)

MIL-P-5425
MIL~P-15024
MIL~F-

- D1:.c0-ir~'

15024/5

MIL-P-15037 -

MTT —mM_15277
lauTa=4a350 s

MIL~E-16298
MIL-F=-16377

MIL-0O=1648%
MIL-M=17060

MIL-M-17413
MIL-B-17931
MIL-F-18953
MIL-C-19836
MIL~S=20166

~H=

MIL~
IL=-S-

S NP, |

-22577
23284

¢

MIL~I-24002
MIL~I=-24178

MIL-P-24364

MIL~P-24364/3

DOD~G~2450¢8
MIL-W=-30508

MIL~-1-45208

MILITARY

MIT-STD

MIL-STD-16

MIL-STD-195
MIL-STD-278

MIL~STD-408

MIL~STD-454
MIL~STD-470

MIL-STD-471
MIL-STD-721

System

Shect Acrvy rl in

=aegetT ACryilc,

Heat sistan
Plates, Tags and Bands for Identific

Re

tion of Equipment.

- Plates, Identification.

Plastic Sheet, Laminated, Thermosetting, Glass-Cloth, Melamine~
Resin,

Tamperature Monitor Svstem Javal Shinhnard

Temperature Monitor System, Naval Shipboard. . .
Electric Machines Having Rotating Parts and Associated Repair

rarts, Packacing of.

Fixtures, Lighting: and Associated Parts Shipboard Use, General
Specification for.

= DPiackhizsan Tomhi  Tecoed cent Na+ail T srhesina fAar MAatrAave anAd
SiXRCUre Laqiag, Incandescen C, o8lal. &34niint 10r HOICIS and

Generators, Symbol 126.3, 50 Watts, 120-Volts.

Ohmmeters, Insulation~kesistance-Indicating, Portable.

Motors, 60-Hertz, Rlternating Current, Intearal-Horsepower,
Shiphoard Use.

PP - SO Yenbhnamemnt YT D Maveml Chindbusa el

Motors, Direct-Current, Integral ii.P. haval Shipboard.

Bearing, Ball, Annular, for Quiet Operation.

Fans, Vaneaxial and Tubeaxial, Fixed and Portable,
and Air Conditioning, Naval Shipboard.

Coolers, Fluid, Industrial, Air Motor and Generator,
Shipboard.

Steel Structural Shapes, Weldable Medium Carbon and High Tensile;

Hull and Structural.
Heating Llements, Flectrical;

Steel Forglngs, Carbon and Allov,
anc Stocks {Rudders and Diving Planesj.

Insulating Varnish, Electrical, Impreagnating, Solvent Containing.
Insulation Tape, Electrical, Semi-Cureé Thermosetting Resin
Treated Glass, Armature Banding, Naval Shipboard.

Plastic Sheets, Laminated, Thermosetting, Electrical
Sheet, Giass-Mat.

Ventilation

Naval

Cartridge, Strip and Tubular Type.
for Shafts, Sleeves, Couplings,

R

Insulating

Electrical Insulating

- Plastic Sheets,
Sheet,

Laminated, Thermosetting,

Polyester Glass=Mat Grade GPO-N3.
Establishment of and Procedures

and Format for Assoclatec Documentation; General Specification

for.
Grease, High Performance, Multi-Purpose (Metric).
Wire, Armature Banding.

Inspection System Regquirements.

- Mechanical Vibrations Environ-
mental and Type II -

- Mechanical Vibrations ©f Shipboard Equipment
Machinery and Propulsion System and Shaftlnq) Types III

and V.

of Shipboard Equipment
Internally Cxcited).

(Type I -

g
Iv

Marking of Connections for rlvctgigal Assemblies.
Fabrication Welding and Inspec ion; and Casting Inspectlon and
Repair for Machinery, Piping and Pressure Vessels in Ships of

the United States Navy,.

Brushes, Electrical Contact,
Dimensions for.

Standard General Requirements for Electronic Equipment.
malntalnanxllt} Frogram ncuuxféﬁEﬁtE {for
Equipments) .

Maintainability Verification/Demonstration/Evaluation.
Definitions of Effectiveness Terms for Reliability, Mai

ability, Human Factors, and Safety.
Alrborne and Structureborne Noise Measurements
Criteria of Shipbuildina Equipment.
Reliability Prediction.

D:n\--r-u na Dv—:—.nnnnv-oe
parent, Flexzb;e,
Reliability
Production,
Safety Program Requirements.

Enginecring Desian Criteria
&NGANREeSraing Sigr

and Facilities.

Rectangular Standard Designs and

\1LOD DybLt‘-\lb dllu

Heat‘Sealable Fil

Program for Systems and Equipment Development and

=1

Human for Militarv
Human Ior Militar

ment

2
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MIL-G-~18473B(SH)
MILITARY (Continued)
MS 90363 - Box, Fiberboard, With Cushioning Insert, Limited Re-Use (For Items
10 Pounds or Less).
HANDBOOK

MILITARY
MIL-HDBK~-472 - Maintainability Prediction.

PUBLICATION

MILITARY
NAVSEA 0908-LP-000-301C - Surface Ship Shock Desian Criteria.

DRAWING

MILITARY
NAVSHIPS 9000-56202-74427 « Switch Box, Toggle.

(Copies of specifications, standards, drawings, and publications required by contractors
in connection with specific acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer.)

2.2 Other publications, The following documents form & part of this specification to
the extent specifled herein. Unless otherwise indicated, the issue in effect on date of
invitation for bids or request for proposal shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
B20%8 ~ Aluminum-Alloy Sheet and Plate.

(Application for copies should be addressed to the American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.)

UNIFORM CLASSIFICATICON COMMITTEE
Uniform Freight Classification Ratings, Rules and Regulations.

(Application for copiec should be addressed to the Uniform Classification Committee
hgent, G. F. Earl, Tariff Publication Officer, Room 1106, 222 South Riverside Plaza,
Chicago, IL 60606.)

NATIONAL CLASSIFICATION BOARD
National Motor Freight Classificatior. Classes and Rules.

(Application for copies should be addressed to the ATA Tariff Section, 1616 P Street,
N.W., Washington, DC 20036.)

(Technical society and technical association specifications and standards are generally
available for reference fror. libraries. They are also distributed among technical groups
and usinc Federal agencies.)

3. REQUIREMENTS

3.1 sample for first article inspection. Prior to beginninc production a sample shall
be tested as specified in 4.3 (see €.3).

3.2 Materials. Unless otherwise specifiec (see €.2.1), materials shall be in accordance
with MIL-E=$17, and shall be as specified in table I. Unless otherwise specified herein,
all equipment, material, and articles incorporated in the products covered by this specifi-
catior, shall be new and shall be fabricated using materials produced from recovered materials
tc the maximurm extent practicable without jeopardizinc the intended use. The term "recovered
materiale® means materials which have been collected or recovered from solid waste and
reprocessed to become & source of raw materials, as opposed to virgin raw materials. None of
the above shall be interpreted tc mean that the use of used or rebuilt products is allowec
under this specification unless otherwise specifically specified.



Downloaded from http://www.everyspec.com

MIL-G-18473B (SH)
TABLE I. Minimum material requirements,
Itenm .
number Item Material Remarks
1 Ball Bearings e ————— MIL-B-17931 or FF-B-171
2 Ball bearing Steel
Cap cartridges Malleable iron Grade I, Q0-I-666
3 Bearing shells Steel or bronze | = ==eee—-
4 Brushes ———————— MIL-B-~3742 and
MIL-STD=~40E
5 Brush holders:
(a) Holders Steel or brass | = we—e- --
(b) Springs Steel Protected for corrosion
prevention
(c) Washers and Mica or pressed mica HH-I-538
bushings plate
Plastic Mineral-filled type,

molding~=-compounds
(alags fiber rein=-
forced) of MIL-E-917

s
§

Plastic Tvpe GME, MIL-F=15037;
or MIL-P-79; or
MIL~-P=-24364 and

| MIL~P=24364/3, glass

‘ polyester, gqrade GPO-N3

i 6 bBrush holder studs Steel cor brass Steel shall be treated
| ' | for corrosion=
i i |  resistance
! 7 Commutator V-ringe and | Steel e
| shells i |
! 8 Commutator segments Copper ) Hard drawn, hard-rolled
{ or drop foraed
1
9 Commutator insulation Mica or pressed mica HE=-I~-538
plate
10 Covers, hand hole or Steel ? ------ -
access t

Malleable iron Grade I, QQ0-I-666

|
Aluminum ] Q0-A=250 and QO-A-250/1
| or Q0-A-250/8; or
| ASTM B20%, alloy 1100
; or 5052 :
t | Transparent cover Plastic ! MIL-P-5425
11 | End brackets Stee1’ e -
| 12 Evebolts, liftang iSteel j Type B, arade M, i
| ; | MIL-8-20166 |
13 Fans, integral iSteel ----- -—
14 Fans, separate I ———————— MIL-F-18953
15 Frames Steéfl/ ————me—

See footnotes at end of table.
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MIL~G-18473B(SH)
TABLE I, Minimum material requirements, -~ Continued
Item
number Item Material Remarks
16 Greage cups and pipesg Steel e ———
o b L Ty _n_AanEna
47 neaters, space o - MLL=0O"=2LZOi 7
18 Heat exchangers e MIL-C-19836
| 19 lo0il rings Brass | ————
20 0il seals:
{a) Sleeve bearinas Antifriction metal (copper ———————
or aluminum)
{(b) Ball bearinas Steel or malleable iron ———————
21 Punchings, armature, and Steel Nonaging, low hysteresis
i field
22 Shafts~ Steel MIL-S5-23284, class 3
-
s >
23 Shafts, submarine pro- Steel MIL~-S-23284, class 227
i pulsion motor
! 24 Sleeve bearings Antifriction metal or QO-T-390
i ‘ babbitt ;
| !
; e o~ L . nY a2 ] Mesemnm AUT MTY _N_T1EN72T.
LD opacers ant Coll Separators rlasuic l LYOE VAL, NALTITALIVO
l { or MIL-P-24364 and
; » MIL~P-24364,’3, glass
i polyester, arade GPO-N3
.' ~ PR foma Trloliond mm b ~ema
i L0 S>piaers | Ddtecdi rapliaccd, casi, .
: foraed, laminatec
i 27 | Terminal boards and clamps Plastic Type GME, MII-P-15037;
| '; or MIL-P-24364 and
? i MIL=P=24364/3, glass
! : polyester, arade GPO-N3
| | '
! ! Mineral-filled type,
] MIL=-M~14
!
| 2¢ Terminal boxes, terminal Steel ———————
l box covers, housings, Malleable iron Grade I, type A,
and ducts 4/ QD=1=-666
[ Aluminum=" |  meeeem—-
i | : : : - -
! 29 | Varnish, insulation ———————— MIL-1I-24092
!
|30 | wedges Plastic | Type GME, MIL-P=15037
| ~a [ N P i
' 31 | Wire, armature banding | Steel ;
! | | Glass |
i : ’
~
~ Unless ctherwise specified in table I, steel parts may be cast, fabricated o .
2/ L. )
Z'shafts fror electric-motor driven aenerators shall conform to minimum requirements for the
motors.
2'ciass I may’ be substituted whern acceptable tc the command or agency concerned.

alloy 1100 or 5052,
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3.2.1 Proh

ibited materials,

3.2.1.1 General. Materials prohibited by MIL-E-517 shall not be used. Asbestos and
cadmium shall also not be used,

3.2.1.2 Submarines. For shipboard submarine applications, propulsion motors, gener=-
ators, and auxiliaries shall not contain metallic mercury or mercury compounds, and shall
be free from mercury contamination., That is, during the manufacturing process, examination,
or tests, the equipment shall not have come in direct contact with mercury or any of its
comDounc , nor with any mercury containin¢ devices employing only a single boundary of
ment.

3.z.2 Nonstructura. parts, such as terminal boxes, housing, ducts, and similar parts,
shall be fabricated from aluminum or aluminum alloy, where feasible,

3.2.3 Elec i lation shall be B, F, or H as
spec1 ied (see o 11 excep' that nes shall not be
used. 1In nho cas ﬁféaﬁéd fiber gliass insulation be utili ound insulation.
Treated fiber ql tion may be utilized as ground insulation onlv “when more than one

of

lass-cloth-backed mica as ground insulation is acceptable
ed solely as a backing for the mica insulatiorn,

it

3.3 Enginee scrvices. When engineerinc services are specified (see 6.
contractor shall furnish tne services of qualified engineers, reqularly emplovead b‘
contractor, tco provide direction and assistance in the installation of the equipment covered
herein. Similarly, such engineers shall also be available for making adiustments, checking
and testing the'equipment after installation and during dock and sea trials of the ship.

Senerator and motors shall conform to MIL-LC-917, except as specified

3.4.1.1 Operating characteristics. The desian of all motor ancd generatorc shall be

matched tc provide stablile operation under all steaday state, manecuvering, and reverse condi-
tions. Time requireﬁ for each reversal, and ahead and asterr reach for each reversal shall

be & minimum stent with other desian considerations. Specific limits, where specified y
(see (.2.1), not be exceeded. oy

2,4.1.2 Life (endurance). The life expectancy of the propulsion motors and aenerators
shall be 15,000 hours c©f operation over a period of 30 vears, Life¢ shall be predicted on:

not classified as on board repair parts shall
of the generator or motor, except where damaae
to the des:qn. The design shall minimize the

ey

B P s Ty

parts category

ship's

P hAasrd 3
on board repair

3.4,1.3 Reliability. The contractor shall develop, submit for review, maintain and
nlement a rellability proarar and plan usinc MIL-ST-78% as a2 oguide (see 6.2.2)., Ti
reliabiZity proaram shall include the manacement’/technical resources, plans, procedur
schedule, and controls for the work nceded to assurc achievement of reliabilisty requi
Wher satisfactory tc the centractine activity, and where a proarar plar and renort for
similar equipment were previously submitted by the contractor and reviewed by the contracting
activity, the contractor need only propose any changes considerecd appropriate because of

dissimilar items and current intended use.

m

n
ure
T

’
ements,

Z.4.1.2.0 Reliabilitv predic
anc rowor shall be baser on tne ia

tior (se¢ €.0,2). Reliability predictior of the generator
partr shall be suchk that the innere
Theo

ure rate of parts. Desiq: and application cf these
t mean-time-between-failure (MTBT! ¢f the generator and
M v

motor 1o at least £,000 hours. T} 1Y shall be predicted usine the desiagn predictioern
procedure cf MIL-STD-75€ and usina the faillure rate sources peclflen thereir.. For parts
where nco failure rate is available, a failure ratc shall be estimated, and the basis for the
estimate shall be stated in the calculations., The derating factors used for each part and

the stress lecvels at which each part is operating shall be stated in reliability calculations.

SidL. R ¢ Th esian precictiorn

The stregs levels shall be those as determined from test insofar as practicable In thnose
ANte STYress Levels snaxd those as determined from Test 1nseolar praclican.le. <Nl Thgse
6

F
.
-
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instances where test data is not available, design data shall be used. A failure is defined
as an occurrence when either the equipment ceases to function, or its performance degrades
below the requirements of this specification,

3.4.1.3,2 allure modes and effects analysxs (FMEA) (see 6.2.2). The contractor shall
conduct, before the design test, a FMEA. Prior to conducting the FMEA, the contractor shall

prepare a FMEA gelection report to describe the depth of the analysis. The analysis shall
include as a minimum, the critical components, the accessories, controls, and parts delivered
under the contract,; whose failure would cause the system to fail. The FMEA shall include

the identification and tabulation of all possible fazlure modes, the effect of each
failure mode on the next higher assembly and on the system as & whole. The FMEA shall
include, but not be limited to, the followina:

{a) List of critical assemblies, subassemblies, or parts which by their failure
rates, contribute the most to the unreliability cf the generator ané motor,

{b) Failure modes of the assemblies, subassemblies, or parts and corresponding

probability of failure.

(c) Effect of each failure on the equipment and the interfacing systems, and the
effect of interfaces on the equipment,

(d) Possible means of reducing probab-llty of critical failure modes.
(e) Sufficient detail to assist in preparation of the trouble-shooting manual.

3.4.1.4 Maintainability. Maintainability shall be defined in terms of eguipment repair
time (ERT) The following reguirements are for corrective maintenance only. The specified

Time nRL) . rollowanag uvirern s Ior correc

ERT for generator or motor shall be 2 hours. Maximum repair time for any item shall not
exceed 6 hours.

3.4.1.4.1 Maintainability program and plan (see €. 2,2, The contractor shall develop,
submit for review, maintain, and 1mnlement a maintainability program and plan using
MIL~STD=-47C ac a guide. When satisfactorv to the contracting actlv ty, andéd where a program
plan and report for similar equipment were previously submitted by the contractor and
reviewed by the contractinc activity, the contractor need only propose any changes considered

appropriate because of dissimilar items and current intended use,

3.4.1.4.2 Maintainability prediction. The maintainability of the generator or motor
shall be predicteé in accordance with procedure IV of MIL-HDBK=472. Failure rates used s
be those which have been determined in the reliability predictions. Maintainability

predictions shall take into consideration desian changes made during the engineerinc design

jog

3.4,1.5 Maintenance reguirements.

3.4.1.5.1 Desian for maintenance.

3.4.1.5.1.1 Accessibility, The design shall, within space limitations, provide access-
bility to parts which require routine examination, maintenance, or replacement in service
without the need for disconnection or removal of another part or assembly other than an
access panel or cover.

arvicrs

.

l,.u.

3,4,1.5,1,2 Interchangeability. All parts, including repair parts, of corresponding

P ..~nn.’. € - et + b "o
guipment furnished under the same contract or order, or manufactured to the same drawings,

equ
shall be functlonally and physxcally 1nterchangeable (without the necessity of further

machining, selective assembly, or hand fitting of any kind) without degradation of perform-
ance, reliability, or operating characteristics, and without selective assembly or modifi-

cation excep:t calibration and adjustment. Interchangeability of units and parts with those

supplied on generators and motors prevlouslv furnished under this gpecification is extremely

desirable with particular reference to repair parts. Units and parts servinog the same or
similar function in different place of application shall be interchangeable, where feasible.

3.4.1.5.2 Maintenance engineerinc analysis (MEA)., The contractor shall conduct a MEA
before the design test. The MLAh shall be performed for each functional system, equipment,
unit, assembly, or subassembly which requires preventative or corrective maintenance, and
the continueé operation of which is essential to the successful comoletior of the mission
itselfé. The MLCA shall include ae a minimum, the completion of work sheets IV and V of
MIL~-M-24365.

3.4.1.6 Reliability and maintainability (R and M) data collection and reports (see
6.2.2). The contractor shall conduct an R and M data collection, analvsis and corrective
action program throughout all phases of examination and testing. Wnere a failure is

~
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experienced or discovered during factory examination and tests, a failure analysis, as
defined in MIL-STD-721, shall be provided. The program and related reports shall contain
as a minimum the following elements:

(a) R and M prediction report.

(b} Maintainability demonstration test pian.
(c) FMEA report,

(d) MEA report.

{a) 1 Anriymantaésian ~fF €
e n GQCCUMEentation Co &

problems relating to R and M,

(£} An analvsis of each failure and technical problem,

(a) The determination, implementation, verification of the results of corrective
action.

RS Mo cembmdmaleTdow Aamanmbemnid~e &anoe v - b

[¥1Y] MALNnTalinaoliility Qemdnstiaciin ©esc epoTrC.

3.4.1.7 BSsafetv. Generators and motors shall be desianed and constructed in accordance
with MIL-STD-8E2 to preclude or minimize the possibility of degraded pe*formance or damage in
using the propulsxon system, and to preclude or minimize the generatxon or exi stence of

mad memdd ml b man A CnEny Ea aba Y J TS aA b
UlldeE LUHULL.LUH:; or POLENitliadl lHacaius,. ou;L\._v features =un.1.J. ue LIIK‘ULH\JLGLLM J.AILU the

equipment in the order specified for safety precedence of MIL-STD-862 as follows:

for minimum hazard.

(a) Design ha
(b) Use of anproprxate safety devices.
{c)] Use of appropriate warninag devices.
(d) Use of special procedures.
3.4.1.7.1 Eouinment and personnel safetv. Appropriate safety provisions shall be
included in the desian and tests of the qeneratorq and motors to satisfy equipment and

personnei sarety requ1remencs of MIL-STD~1i47Z.

vster safetv proaram (see €.2.2)., The contractor shall develop and maintain
an effect er. safety program that is planned and intearated intc all phases of design
productlon and testlnc of the equlpment The svstem safety program shall prov1de a

disciplined approach to identify hazards and prescribe corrective actions in a timely cost

A

effective manner The systen safety program tasks shall be specified in a formal plan (system

safety program nlan (ssPP)). The plan shall include requirements to be imposed on each sub-
v with the SSPP for the pnn1nmpnt. MIIL-STN=-8R82 shall be

contractor to asazaure hnmnaf

used as auidance for preparina the SSPP.

3.4.1.7.3 Safetyv analyses. Safety analyses shall be prerformed to identify hazardous
conditions for the purpose of their elimination or control. Analyses shall be made to
examine the equipment, subsvsteoms, components and their interrclationshir to include logistic
support, traininc, maintenance, and operational environments.

3.4.2 Ambient temperatures. Generators and motors shall be desianed for an ambient
temperature equa. to the temperature of the air leaving the coolers (see 3.4.41 and 3.4.41.2)

2.4.3 Tempnerature rises.

3.4.3.1 1Insulated parts. Temperature rises shall be such that the total temperature,

including the maximum specified ambient (see 3.4,2), does not exceed a value 20°C less than
the limiting temneraturse for the insulation clags nermitted hv MIL-I=017. when measured hv

Cal o LalMitang cenmperac NSuLatTAon CAasSs pPermitied DY Mil=L=21l/; when measurec

method 1 of MIL-E-917. When measured by method 2 of MIL-E-917, total temperatures shall not
exceed a value 10°C less than that permitted by MIL-E-917,

2.4.3.2 Commutators. The temperature rise of commutators shall be such that the total
temperature, including the maximum specified ambient, does not exceed a value 10°C less than
the limiting temperature permitted b} MIL-E-817 for its insulation class.

3.4.3.3 Bearinas,

3.4.3.3.1 Ball bearings. Eall bearings shall nct exceed 2 temperature rise of 60°C or
a total temperature i ‘ECKC.
3.4.3.3.2 Sleeve bearinas, Slecve bearince shall not exceec & temperature rise of

42°C or a tota temperature of 93°C, ac measured by embeddeld temperature detectors.

™)

.

-
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3.4.3.4.1 Parts in contact with insulation. Cores, poles, and other parts in contact
with electrical Insulation shall not exceed the temperature rises or total temperatures
allowed in 3.4.3.1 for the insulation with which the parts are in contact.

3.4.3.4.2 Miscellaneous. Parts such as brush-holders, brushes, pole tips and similar
parts shall not attaln temperatures which injure the parts themselves, or adjacent parts.

stern oneration. The temperature rise limits specified in 3.4.3 shall also
12 motor, except that an additional temperature rise of 15°C shall be permissible
for continuous astern operation at rated output, where the motor has the fan attached
directly tc the rotor.
2.4.3.6 Other than rated-load. Allowable temperature limite shall not be exceeded
when the motor 1s operatinc at rated-load and rated-speed and at any operating conditions
which would result in a higner temperature of any part of the motor than would occur at
rated-load and rated-speed.

Creepadge and clearance. Creepage and clearance distances shall be in accordance
17

3.4.5 Duty. Generators shall deliver continucusly rated-current at rated-voltage and
rated revolutions per minute (x/min). Motors shall operate continuously at rated-load,
rated-voltage and rated r/min.

3.4.5.1 Overload reguirements. Unless otherwise specified (see €.2.1), no overload
requirements shall apply.

L4 kilowatt (kW) or horsepower
vo 2.1

(h;);
3.4.6.1 PYerformance. Special performance reguirements such as rapic reversal and
breakaway torgue snall be as specified (see 6.2.1).

2 )
< ’

ot

2 Efficiency. Efficiencies and icsses shall be as specified (see 6.2.1).

Lrilciency,

3.4.7 kedgulation., Generators ané motors shall be sc desiconed that with all combi-
nations and at aild loads withirn the operatinc ranagc, the preopulsion rlant shall have a
stable speed regulation,

voltage reaqulation shall not exceed 15 percent at constant rated-

4.7.2 Motor speed reculation shall be positive, that is, speed shall decrease with
ed ?‘p(‘n\‘la‘wnn shall not exceed 10 percent of maximum rated-

exceed percentc ma

ication, speed requlation shall be as large as

3.4.8 Vibration. Motors and generators shall meet the requirements of MIL-STD-167-1,
type I for environmental vibration up to and including 50 Hz, and the requirements of
MIL-STD-167-1, type II for internally excited vibration.

.1 Method of balancinc - submarine application. Equipment shall be in accordance
following:

(a} Balancinc¢ shall be accomplished by one of the followinc methods:
(1) Dovetail shaped weights securely anchored in & balance groove by
one of the methods specifiec¢ in MIL=-E-917.
(2} PRy drillincg out materials.
{3 Py securcly welded steel weights,

Y2 rs

Chnr, W™ av~e many include

Shoyp balance may anv
bzlance shall be performed by

(b balance rings, where requirec¢ for noisc reduction in submarine rotating
eguipment, shall have the desiagn features required by MIL-E~917, except as

B ar ()
s WX VO e

follows:
(1) It shall be possible to add weights of various sizes to the
baiancing rings in a plane perpendicular or parallel to the shaft
axis either in a continuous groove, or 12 or more evenly spaced

w
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positions, provided that space is available for that number of
positions,
{2) Disassembly of large covers to place or remove balance weights is
acceptable.
2 4 2 11 Ma+rhnde +A ha amlnuvad in halancrine #ha »Atar Aurinog wariAavne nhaocas A€
3.4.8,1,1 Metheds to be empleyed in balancing the rotor during varicus phases cof
manufacturlng to ensure minimum balance correction during final balance shall be submitted
to the contracting activity for information, or this information shall be included in the
technical manual (see 3.8.2).
2 A €L 19 DAadmeu Ancisen he1T o sivakh Ehabk Ahas —Ad-ﬁs-n et A oAl AR mmm Anamet abkd A
3.4.8.1.2 Rotor designs shall be such that the rotors may be installed upon completion

=
of dynamic balancing without resorting to partial or complete disassembly of the rotor.
Dynamic balancing of the rotors shall be accomplished in the manufacturer's plant. In addi=-
tion, the equipment shall be provided with necessary facilities to in-place balance the
unit after installation aboard the ship. These facilities shall include mountino for
instrumentation, as specified by the contracting activity, access to rotor for installation
and fitting of weights, and provision on the rotor for attaching weights, Detailed in-place
balance procedures shall be included in the technical manual (see 3.8.2), and shall be
submitted to the contracting activity for information at least 12 weeks prior to in-place

shop balancing of the rotors,

3.4.8.1.3 The amount and location of balance weights in each balance plane for the
condition, as shipped, shall be indicated in the test report (see 6.2.2).

3.4.8.2 Structureborne vibration. The eguipment structureborne vibration shall not
exceed the specified iimits (see 6.2.1). The vendor shall investigate sources of harmonic
noise and means for reduction.

2.4.8.2.2 Concentricitv of parts Special emphasis should be placed on concentricities

eFeT edea LOn i AC1 carts. =pecia 1 emphagls should be placed on concentraicaities

of rotating parts. Deviation f—br true roundness for bearing wournalq shall not exceed the
iimite specified (see 6.2.1). Deviation from the true roundness is defined as the differ-
ence in radii of two coplanar concentric circles, the radial space between which just con-
tains the profile of the journal surface.

3.4.9 Environmental vibration, Generators and motors, as installed on the ship, shall
be in accordance with tvpe 1 of MIL=STD=167-1.

3,4.10 Torsional vibration. The requirements of type III of MIL-STD-167~2 shall apply:‘!ﬁ%

'a
o

3.4.11 Welded parts. Weldinc shall be in accordance with MIL-STD-17E. Welded
rotating parts of generators and motors shall be stress relieved, Moderately stressed weldedwy
stationarvy parts, that is, bearinc pedestal, frame, end brackets, fabricated from steel
containing less than 0.30 percent carbon need not be stress relieved. Welded joints of

attached fans shall have a factor of safety of not less +har 7 at rated-gpeed,

atc Sn&ll ~nar. o aT ratec=shneec.

- PoRERY —

3.4.12 Overspeed. Generators anc motors shall safely withstand an overspeed o

percent as specified in 4.6.12

3,4.12 Shgek nroofness Unless otherwise specified (see 6.2.1), equipment; including

o
attached subcomponents, shall withstand a hlqh-lmoact shock test in accordance with MIL-S-901
grade A, without failure to perform specified functions. If size and weight of eguipment
exceeds the capability of existing shock test facilities, the equipment shall be analyzed
for shock. Analysis shall be in accordance with NAVSLEA 0908-LP-000-3010, An analysis

-~ -1 e dmA accordance with the data orderine docum lunn [ 2y . anri;ﬂ
report shall be provided in accordance th fe4 <}, =2Ppecial

shock reguirements for submarine equipment shall be as specified (see 6.~.1)

3.4.14 Noise. Motors and aenerators furnished under this specification shall meet the

requirements of MIL-STD-740, except that the airborne noise criteria shall be as identified
tance levels of MIIL-STD=-740,

< - 13 SR =
Pt L.clu.kc II Ll- 1i€u O Tae ai
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TABLE II, Octave band center frequency in
hertz (H2).

31.5 63 125 250 500 1X 2K 4K 8K
re level:
Pa 95 90 85 82 79 76 75 75 75
Lo W o TR S, " Nneann P PP /__2
FA mcropascaL = UVU.UUUL ayne/ci .
desian quidance.
As a means of ellmlnatlng macnetlc noise, the most favorable
nc desian features may be emploved in the design of submarine

(a) Number of slots per pole pitch.
(b) Number of slots maunetlcally under one pole.

(c) Slot frequency as a function of the natural frequency of the maagnetic frame.
(d) Skew of slots or pole tips.

(e} Fairing of pole tip edges.

(f) Wedging of armature coils to insure tightness of fit.

(g) Armature coil laminations to provide smooth peripheral contour.
(h) Close tolerance on air gap symmetry.
3.4.14.1.2 Mechanical noise. As a means of eliminating mechanical noise (as it affects
structureborne noise), special attention may be given to the following points:

{a) CLClimination of brush chatter.

(b} Best aerodvnamic desiagn of the ventilatinc system,

(c) GCood mechanical balance.

(d) tiffness of brush rigaing.

(e) Avoid sharp cutoffs and turbulence in air gaps.

{(f) Precision machining of rolling or rubbing parts.
4,15 Electromagnetic interference (EMI) characteristics. Propulsion generators ané
ané auniliari€: Shalli COnlorm to requirement 61 of MIL-STD-454, when specified (see

L 3.4.1¢ Riople voltace, At anv loaé from no-load to full-load and considerinc only
= peak=-to=peak vVo.tage values, the commutator ripple at any freguency from 0 to 1¢ kilocvcle
{kc) shall not exceed 2 Dercen* of the rated-output volcaae.

(4]

3.4.17 Insulation resistance. Insulation resistance, when corrected to 25°C, for
class F, T, oT ©l insuiation shail be not less than 50 megohms for field circuits and 25
megohms for armature circuits. Heater and light circuits shall be not less than 25 mecohms.

3.4.1¢ Dielectric strength. Generators and motors shall withstand a dielectric strenocth
test voltage of twice normal voltage of the circuit concerned plus 1,000 volts, when tested

in accerdance with 4.6.14.

3.4.19 Parallel operation. When specified (see 6.2.1), generators shall be capable of

parallel operation. When parallel operation is specified, the generators shall operate in
fied output and voltage without the use of equalizer connections between

PR S  S & +han 3
parallel at the specilied output ancd the

the generators.

¢ Ahir gaps. The air gap between any pole and the armature shall be not less than

3.4.2
0.125-inch when bracket type bearinas are emploveu and 0.175-inch when pedestal tvpe bearinas
are employved {see 3,4,31,2(h) for tclerances).

D e msem awei+ar

3.4.21 Windings. Generators and motors shall be shunt wound and separately excitec.
Commutating windings shall be emploved. Sufficient series field may be added to insure
stable operation over the speed and voltage range.

4,22 Field frame. The £field frame shall be of fabricated steel, spl't frame
mmrns gl o nAa lAwayr

construction. Tne joint between the lower and upper parts of the frame shall be nc lower
than the bottom line of the shaft, The frame desian shall be such as to permit removal and

replacement of any field coil without removal of the armature,

11
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3.4.22.1 Frame feet. The feet shall be an 1ntegral part of the frame., Generator feet F
shall be suitable for mounting on a common bedplate with the prime mover, unless otherwise
specified (see 6.2.1). Dowel pins shall be provided in the feet unless fitted holding~down ‘

bolts are used. Fitted bolt holes shall be left with an allowance for reaming at time of
installation.

______

7 Pl s
2 Lnu OXacrets.

w
o
[ %]

el e

3.4.23,1 Where end brackets are used, an accurately machined shoulder joint shall be
provided betweer. the frame and the end brackets. End brackets, where used, shall be secured

to the frame by hexacon-head bolts and shall be split or otherwise constructed to facilitate
removal of the armature.

.4.23.2 Resilient-caskets shall not be placed between any bearinc support member and
ame

Kot

the f

nd

access hol nd view norte)l of ade nd

3.4.23.3 Open iand holes, access 188, and view ports,) OI adeguate
number shall be prov1dec at the front end of the generators and motors so as to give easy
access to and a direct view of the commutator and brushes while in operation. The view
ports shall be provided with substantial transparent covers. Transparent material shall be
in accordance with MIL-P-5425, Additional transparent view ports shall be provided in the
aft end in order to observe the presence of liguids in the bottom and tc observe the attached
fan if one is present. Enclosing covers shall be readily removable. Engaging bolts or
locking devices shall be attached to the frame, the end bracket, or the cover as the design
permits, in such a manner as tc preclude the possibility of being lost during maintenance
and while the cover is unfastened. The contact surfaces between the enclosing covers and

the frame shall be free from fins, burrs, or cther imperfections detrimental to watertightness

and shall be provided with aaskets, secured and treated with graphite on the contact
surface where necessary to prevent sticking. Sheet packinc shall be securely attached to
the covers. A nonhardeninc sealant may be used on the graphite surface side of gaskets as
ar. additional barrier to prevent water leakage.

rt
...
)
1]
lh

4.24 Lif+tinc means. Integral liftinc eves or other means shall be provided for the
lifting of generators and motors.

3.4.25 Vertical adiustment Jackscrews or other means shall be furnished to facilitate
vertical adjustment of the rranes of generators and motors. Jackscrews shall be used only
for installation purposes and shall not permanently support the generators and motors,

3.4.26 Assembly details,

3
wherever practicable anc advantaqeous, to insure correct assembly. Forcinc bolts shall be
providead where necessary for breakinc joints. Fayina surfaces of metal parts shall be
machined, Bolt holes shall be deburred, and bolt holes in structural parts shall be spot
faced.

Adijoininc¢ portions of machinery shall be given correspondina marks,

3.4.2€. Pins and dowels Tapered pins and dowels shall be secured from backing out
by staking or ther locking aevices. Dowels and pins shall be provided with means for
removal such as tapped holes, external wrenching flats, pulling heads, or shouldered shanks.

3.4.27 Armatures.

3.4.27.1 Laminations. Armature laminations shall be shrunk and keyed on the spider in
order tc prevent movemen:z due to vibration and variations in torque. S$olid ring type lami-

nations shall be used in preference to segmental type laminations, when practicable. Where
seamentzl laminations are employed, the joints between seaments shall be staagered between
successive lavers and shall be arranged for the greatest possible maagnetic symmetry (see

2 A 727 1Y Mo mbhiman 1oy me Amaneal Y 3 A 3 1 3
2,4.31.1), Machines using seagmental laminations shall have cne bearino and all its piping

electrically isolated (see 3.4,36.1). Laminations shall be set up under heavy pressure and
helcd securelv by enc¢ flanges. The laminations shall be properly insulated from each other.
Spacers used for ventilation shall be mechanically riaid and shall be secured so as to
preven+t their cominc loose due to vibration in service, In the assembly of the cores, care
shall be taker tc¢ remove all burre or projectinc laminations in the slot rtior. of the core
which might result in injury to the coils. The laminations shall be clamped together irn
such a manner as to insure that the assembled core is tight at the top of the teeth. The
design shall be such that the shaft can be removed without requiring unstacking the lamina-
tions.

12
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3.4.27.2 Banding. Armatures shall be bound with glass tape in accordance with
MIL-I-24178 or wire in accordance with MIL-W-30508, Wire banding shall be securely clipped.
The ends of the wire shall be soldered with composition Sn60 solder in accordance with
0Q=8=571. .

3.4.27.,3 Armature windings. Armature coils shall be form-wound from sliver=~free
copper, that is, wound, formed, and insulated before assembly in the core slots, and shall
be interchangeable. The coils shall be securely retained in the slots by slot wedges.

3.4.28 Field poles. TField poles shall be so attached to the frame as to permit move-
ment of the poles for acjiustment of air gaps. It shall be possible to remove the field
poles frorm the frame without removing the armature.

512 =Aadle abhianll Lo oadabae. c..__ ....: or ..A..—\A Aivandtly A

2.4.29 Tield coils, Field coils shall be either form wound wound directly on to
the field poles. Fielic coils or poles with pole-wound co;ls of the same type for one design
cf machine shall be readily interchangeable. The coils shall be so secured that they cannot
become loosened or damaced by vibration; or produce vibration by a slight shiftine in coils

position. Like coils, that is, shunt, series, or interpole of the same polarity shall be
series connected with respect to each other,.

n generators and motors shall operate without serious
ng at the commutator with one shunt field coil disconnected.

=3
r
n
|
1
j
)
"

3.4.30 aft The tor of
of the p*opelIer Haft in order to a

wn

ed on half coupling for bolting

3.4.30.1 a
ted bolts, The greater shaft
a

. 0.1 ith
to the pr pulslon tail shaft half coupling, by means
shall be provided with a shrunk on half coupling for bolt:
In-line emercgency motors shall be provided with a coupling £flange for boltina tc the clu
couplainc flange. Tapped holes for jackinc bolts or other means, shall be provided tec
facilitate separation of coupling halves. Points on the coupling face shall be within plus
or minus 0.0005 inch from a true normal tc the axis of the shaft,

The motor shaft shall be provided w

in

el vemtenn mAavrar Rl € AAnY
lin
ch

[is]

to the prime mover half coup

3.4.30.2 The shaft shall be provided with deflecting flanges or slingers toc prevent
under all service conditions, the escape of oil from the bearing housing and suction into
the electric windings.

3.4.30.3 Unless otherwise specified (see €.2.1), the forward end of the motor shaft
shall be provided with means for manually jacking or locking the rotor.

4.36.4 Unless otherwise specified (see €.2,1), the foryard end of submarine propul-
sion motor shafts shall be prov1aed with a stub shaft for drivinc a r/min indicator.

4.31.1 Shaft anc¢ bearinc currents. Generators and motors shall be desianed so that

3.
destructive currents wil. not fiow between the shaft ané the bearinas. Maagnetic paths
interlinking the shaft with the armature and stator shall be symmetrically distributed
(see 3.4.27.1 regarding armature laminations, 3.4.38.1 regardlng bearinc insulation, and
3,4.31.2 on reduction of external magnetic fields).

3.4.31.2 External maanetic fields. In order to reduce stray magnetic fields and
minimize the possibility c: shaft currents, the following precautions shall be taken:

(a) The brush rings shall be closed and of uniform cross se
overlappinc at the joints, of which the number shall be
erably two.

(b) The plue connection shall be made to a

The plus connection shall be made a singl
ring and the minus connection to a single point on the negative ring. The
- maE & 1 11a

pointes of connection to the brush rinas shall be as close to the same angula
position and as close toaether as is consistent with the spacing required
for electraca. insulation ancé accessibility. The same requirements shall
apply to connections for series, commutatinc and compensatinc windinas,
(¢} In machines which have no series field, the end connectlons for cormutatinc
windings shall be balanced for ampere turns around the shaft at each end of
the machine and shall be of either of the followinc arrangements: o
(1) 1In one circuit which makes a full turn or a part of a turn around the
machine and then returns on itself back to its starting point, or

nacalne waen reurns 1L3€ll acx

e point on the positive brush

poin
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(2) In an

I e

even number of parallel circuits which each make a complete

turn and which can be grouped in pairs with the two circuits in

each pair carrying equal but oppositely directed currents. The
connectors shall be as close together as consistent with the
spacing required for electrical insulation and accessibility.

In machines which have a series winding and a commutating winding, the two
types of windings may each be balanced separately as specified in {c), or one
may be balanced against the other with balanced ampere turns at each end of
the machine in accordance with (c).

Compensating windings shall not employ an odd number of slots per pcle face,
unless the armature circuit stator windings can be maanetically balanced.

In case of a windinc in which the connections are not at the commutator end
of the machine, the twc connections from the commutator end of this winding
shall be as close toaether as consistent with the spacing required for
electrical insulation and shall not form a loop around any part of the frame,

Plus and minus leads shall pass through the frame in the same opening to

avoid the formation of a loop enclcslnc part the iron of the
shall be as close together as consistent with the spacina requireéd for
electrical insulation,

Individual main pole gaps shall be within plus or minus
average main pole gap. The sum of the north pole main

Ll e on
tiie sum Or th pole The

(d)

sunia Eomarmom b d v Fyamn and

~n¥€f F:
L iramc, an

(h) 10.0 percent of the
gaps shall be within

ooy "
u

J !J:th:llb Uf
apply to interpole gaps.

south pole gaps. req

3.4.31.3
nents and speci

For special applications, additional maanetic require-
(see 6.2.1).

Special requirements.,
fic 1imits of magnetic quantities shall be as specified

3.4.32 Commutators.
3.4.32.1 General. The commutator shall be secured rigidly to the shaft or spider by

satls

concernec,

The method used

keyinc or other metnod factery
shall positively secure the commutator in such &
axial motion cf the commutator relative to its support,

te the command or agency
manner as to prevent either rotational or
under operatinc or test conditions.

3.4.32.2 Copper seaments. The copper segments shall be securely retained in such a
manner as will prevent their relative displacement as & result of centrifuaal forces anc the
stresses imposed by repeated expansion and contraction 1in The WOrs
tc the full extent of the allowable wearing depth specified in tan¢o 11z, ample
section to operate satisfactorily.

TABLT III. Wearinc denth of commutators
hllowable
Commutator diameter reduction in
diameter
Inches Inch
Over € and up to B, inclusive | 5/8
Over & and up to 12, inclusive i 3/4
Over 12 and up to 15, inclusive | 7/¢
Over 15 1
3.4.32.3 ions. The connections to the armature windings shall be soldered or
brazed in accorcdance with MIL-E-917, and if separate risers are used, they shall be
connected to the commutator bars by brazing or tunasten inert gas (TIG) welding.
3,4,32.4 Sealing. After the assembly of the commutator, crevices or joints at each

shall be completely filled up and sealed
such a manner as tc prevent the
deleterious substances at these

ené between the bars and the retainina flanges,
over with high-arade flexible baking insulating varnish in
entrance of moisture, o0il, carbon or copper dust, or other

pgints. L1kpw1qe the creepace paths from the ends of the copper bars tc the metali flanaes
shalil coatinc of flexible bakin¢ insulatinc varnish as & protec-
tion grounds at these points.

3.4.32.5 Mica undercutiing. The mica insulation between bars shall be undercut on
agenerators and motors. The undercuttine shall be accomplished by removinc mica between
bars to form & groove not to exceed 1/16 inch in depth.

14
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3.4.32,6 Curing. Commutators shall be cured at higher than operating temperatures and
shall be of such thoroughly solid construction throughout as will insure that they will hold
their shape in service and obviate the necessity of frequently dressing the commutators on
account of high bars or flat spots.

3.4.33 PBrush-holders.

2.4.33.1 General. Conformance with standard brush forms of MIL-B-3743 is desirable,
but not mandatory. Standard brush sizes shall he employed where not prohibiteé by other
desicn considerations. Brush-holders shall securely hold the brushes under shock loading.

3.4.32.2 Accessibilityv, Brush-holders shall be readily accessible for adjustment,
replacement, anc renewal of brushes and springs.

3.4.33.3 Stagagerinc. Brush-holders shall be stagaered in pairs so as tc insure even
wear of the commutator.

3.4.33.4 Adjustability. Means shall be provided to prevent loosening and shifting
of brush-holders under vibration and spring pressure. The brush-holder shall be installed
sc that the angular position of brush~holders may be adjusted. The construction shall also
provide for maintaining the spacing of the various holders at all times during adjustment.
The distance between the brush-holder and the commutator shall be adjustable.

3.4.23.5 Brush setting. The correct brush setting shall be plainly indicated by
corresponding permanent marks on the brush-holder yoke and the generator frame or end
brackets. Tne yoke should be secured by dowellinc or other suitable means.

3.4.34 Terminals and connections.

3.4.34.1 Securinc connections. Connections likely tc become loosened by vibration
shall be provideo witn locking devices satisfactory to NAVSEC, Connectors and leads shall
be secured in a manner as to prevent their coming in contact with movina parts or beinc
chafed by contact with stationary parts. Excess solder shall be removed from solder con-
nections.

3.4.34,2 Terminal markinogs. ILeads shall be permanently marked with designating letters
which corresponc with the markings shown on the diaagram of connections for the generator or
motor {see 2.£,1.2.l1). Terminal markings shall conform tc MIL-STD-195.

3.4.34.3 Cablc connectors. Unless otherwise specified (see €.2.1), the terminal
lugs for connectinc generator ané motor leads to power cables shall not be supplied.

3.4.34.4 Surface ships. Terminal boxes and terminal leads for surface ships shall be
as specified in 3.4.34.4.1 and 2.4.34.4.2.

3.4.34.,4.1 Terminal boxes. Terminal boxes shall be provided and shall be securely
bolted or welded to the frame above the center line., Dripproof terminal box covers shall
be provided.

3.4.34.,4.,2 Terminal leads. Leads shall be brought to and terminated at an accessible
terminal board within the terminal box. The method of fastening terminal leads shall be
such that no strain from the outside can be transmittec to the connections witnin the frame.
Terminal board stude shall be so located as to facilitate connections to the external
circuit,

2.4.34,4.2 Wirinc methods. Harnessinc materials shall be in accordance with MIL-E-917,
and nonflammable corc, tape, Or sleevinag shall be used as lacing and tying materials. Ties
or clamps of nonflammable insulatinc material may be used. Metal ties or clamps, if used,
shall be covered with nonflammable insulatinc material or nonflammable insulatinc material
shall be installed on wire or bundle being clamped,

3.4.34.5 Submarines, Main terminals and terminal boxec for submarines shall be as
specifie¢ in 3.4.34.5.1 and 3.4.34.5.2,

3.4.34.5.1 Main terminals. Main terminals shall consist of plain undrilled, copper
busses enclosed in terminal boxes in accordance with 3.4.34.5.2. Bus bars shall be silver-
plated. The silver surfacing of busses and connections shall be accomplished by plating or
by an amalgamation process that does not use mercury. Silver purity shall be greater than
99.9 percent, Silver thus applied shall be not less than 0,0002-inches thick, shall with-
stand the adhesion test specified in QQ=S-365, and shall show no tendency to peel., The
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contact surfaces of the bus shall be silvered up to l-inch past the joint area. The entire

bus bar may be silver surfaced at the discretion of the contractor. Shunt field leads shall
be brought to two terminal boards. If space permits, one shall be located in the top half,

and one in the bottom half of the enclosure. Shunt fields and lighting leads shall enter

the enclosure through terminal tubes.

3.4.34.5.2 Terminal boxes. Terminal boxes, with watertight enclosure, in accordance
with MIL-E-2036, shall be provided for the main terminals and shall be securely bolted or
welded to the machine enclosure, Location of the terminal box(es) shall be mutually agreed
to between the contractor and the contracting activity.

3.4.35 Space heater.

3.4.35.1 1Installation. Unless otherwise specified (see 6.1.1), each generator and
moter shall have an electric strip type space heater located in the lower part of the
enclosure, on the commutator end. Adequate clearance (at least 2-inches) between the heater
and other parts shall be pro"lued to avozd local overheatlnc of brush rlqalnq, windings, and

other parts OI tne mdcnlne. Heater LELannLh auu uca»cx bLLbULL puuu:uu;uu Lch;unla uud
leads shall be completely protected or insulated to prevent possible contact by personnel.
A warning plate shall be provided to warn personnel against servicing the machine without
first deenerqxzxng heater circuits. Provision shall be included for breaking the heater
circuit internal connections when required during disassembly, Heater circuit connection
terminals shall be located on an accessible terminal board protected to provide watertight
cable connections., Heaters shall be in accordance with MIL-H-22577,

3.4.35.2 Heater details, The heater shall have a capacity adequate to maintain the
air temperature within tne machine about 3°C to 6°C above ambient and shall be rated for
operation at the specified voltace. Heater terminals shall be for 9,000 circular mil cable.
Heater supports shall be insulated from the surface on which the heater is mounted to insure
minimur loss of heat by conduction. The heater shall be firmly mounted to hold the heater

mdmd AV er sy bbmiib Sicbkacbian wndar 211 Ancavabineg ~AnAiSsIAns
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3,4.35.3 Alternate heatino method. Field coils may be excited during periods of
stand-still in lieu of utllizing space heaters. Space heaters shall be readily removable
from the machine for replacement without disassembly of the machine.

3.4.36 Internal illumination. One or more lighting fixtures shall be installeéd for
internal iliuminatior of the commutator and brushes and for examination for presence of
liquide in the bottor cof the machine., Each fixture shall be in accordance with MIL-F-1€377
and MIL-F=16377/1, svmbol 126.3. Lamp shall be 50 watts, 120 volts, rouahk service. Guards
will not be reguired if sufficient space is not available for the guard. The fixtures shall
be located below the centerline with adecuate clearance from line parts., The lichtino
fixtures and circuit shall be rated for 120 veolts. Terminals ané connectinc leads shall be
completely protected or insulated to prevent possibhle contact by personnel. A toggle spot
Shltch, svmool 780.2 of Drawinc 9000~ SG"04-7442" shall be installed on an acce551ble area on
the outside of the machine to deenercize the licghting fixture(s) and to provide a connection
means for input power to the lighting fixture circuit. The wiring entrances to the machine
and switch shall be made watertight. Internal wiring from the switch to the lighting
fixture(s) shall be installed. A warning plate shall be provided to warn personnel against
servicing the machine without first deenergizing lighting circuits.

3.4.37 1Inclined operation.

3.4.37.1 Surface ships. Prcpulsion motors, generators, and auxiliaries shall operate
in the followina inclined positions:

(a) Shaft inclined 13 dearees, front end low.

(b) Shaft inclinec 15 dearees, rear end low.

(c) Shaft horizontal, base tilted 30 deqgrees clockwise,

(@) Shaft horizontal, base tilted 30 deqgrees counterclockwise.

3.4,37.2 Submarines, Propulsior motors, aenerators, and auxiliaries shall operate
, Sl ] LOH g
ir the followinc¢ inclined positions:

(a} Shaft inclined 3C dearees, one end low.
(b) Shaft horizontal, base tilted 15 degrees to the right or left.

3.4.38 Bearings. Sleeve bearings shall be provided for propulsion generators and
motors, unless otherwise specified (see 6.2.1).
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3.4.38.1 Generator bearings. One or two bearings, as specified (see 6.2.1), shall be
provided for each generator. Bearings shall have adequate clearance for end play and
expansion of the shaft., Bearing construction shall be such that if e1ther one or both
bearings should wipe, the armature will not strike the pole pleces and the commutator will
not strike the brush rigging. For small machines, bracket type bearings shall be used in
preference to pedestal type bearings where possible. Bracket type bearings shall be rigidly
supported, preferably on rabbetted surfaces, to prevent dislodgement. Pedestal type

bearings, where used, shall be designed for mounting on the foundation and shall be provided

<33 Samls mmsmeo PRT=Y minme aha o st b [STe ! ol - X
with jack screws., Dowel pins shall be furnished unless fitted hold=down bolts are used.

Where seamental type armature laminations are employed (see 3.4.27.1 and 3.4.31.1), one
bearina shall be electrically insulated, or the shaft arounded by use of brushes, to prevent
induced currents in the shaft from flowing throuagh the bearinags. 0il piping and other
conductive connections to the insulated bearing shall also be insulated. Consideration will
be aiven to waiving the reguirement of insulatinag the bearinc or arounding the shaft where
the contractor can demonstrate to the satisfaction of NAVSEC or the acgency concerned that
the design has proved adequate by service experience without the necessity of providing

such insulation.

~ A ar 8 1 mome bl s 1 €3 a8 lase £ 2 11 haavimean aobhall o ~F nn’-‘ atYasowve
Jeld,Ibeded Ul’u.t,bs UE.HCLWJ-bt: gpeciiied 18€éeé v.<.4), DEaArings snaii: o€ O1 y;a.x. SiEEVE,
self-alininag type, with linings in accordance with Q0-T-390. Bearings shall carry the

armature end thrust under all conditions of inclined operation as specified herein, unless
adequate provision for carrying end thrust is included in the prime mover bearings. A
removable depth type micrometer cgage with protected reference seats on the bearing caps,

k=1 o 1] 3 S 3 R A
or a bridge gage shall be furnished for measuring bearing water. The upper and lower halves

of the bearinc shell shall be readily removable. Desian shall permit raising the shaft off
any bearina lining without the use of special equipment. Temperature detectors in accordance
with MIL-T-15377 shall be furnished for measurinc the lining temperature of each bearing.
Satisfactory methods for positively preventino oil or oil vapor from leakina along the shaft
or from being drawn intc the generator enclesure shall be provzded. Methods shall include
adeguate replaceable bearing seals and an air chamber open to the atmosprhere between the
bearinc and the interior of the machine. An oil overflow shall be provided for each bearing
so that excess 0il will drain outside the enclosure rather than into the machine. This
overflow shall be designed so that oil does not spill out of the bearing under any of the

conditions specified for inclined operation.

ry

3.4.36.2 Motor bearings. Motor bearings shall be as specified in 3.4.38.1 for the
propulsion generator, except as follows:

fa) 1wo bearings shall and double armature
propulsion motors 1),

(b) Bracket type bearlnqs snall be used in preference to pedestal type, where
possible.

(c}) One of the motor bearings shall carry the armature end thrust with the motor
inclined as i in the ship and under all conditions of inclined
operation as specified herein.

{d) Motor bearings shall not be aesigned to carry propeller thrust unless speci-
fied (see 6.2.1). When thrust bearings are specified for submarine use,
pivoted segmental type thrust bearings shall be installecd. The thrust
bear1nc= shall be raDabls\ of wi >d thrust due to p:gpgl-
sion andé submeragence pressure of the shxp as specxfled

{e) Pedestal type D?‘a‘r‘iﬁx_ys shall be uéSit‘u—léc. for mountlnu on the §h1'{ ] S‘ti""ﬁﬁufe
with fitted holding-down bolts. Jackscrews shall be provided. Dowel pins
will not be required. The pedestal feet shall be in the same horizontal
plane as the frame feet.

3.4.39 Lubrication., Unless otherwise specified (see 6.2.1), bearinc lubrication shall
be as specifiec 1n 3.4.39.1 and 3.4,39,2.

3.4.39.1 Generator bearings and motor bearings shall be force-lubricated. Generator
bearings shall be lubricated by the prime mover lubricating oil system and shall be desianed
on the basis of usina the same grade of cil as is emploved for the prime mover lubrication.
Motor bearings shall be lubracated from the reduction gear or shaft thrust bearinco
lubricatinag oil system and shall be designed on the bas:s of using the same grade of o:il
as is employec for reduction gear or shaft thrust bearinc lubrication. An oil sight £low
glass shall be provided in each bearinc drain and a screened orifice at each bearinc oil

Awnas 1aoova)
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inlet. An oil level gage, & drain cock at
examination of oil rings or discs shall be provided. The design shall insure rotation of
0il rings under conditions of inclined operation. The bearinc lubricating oil system shall
operate without flooding or leakage when either end of the machine is permanently tilted

15 degrees fore-and-~aft from the horizontal or either side is permanently tilted 30 degrees
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athwartship from the vertical, or n\omentarily rolling 45 degrees from the vertical. For m
enhmarinma annmnliAaadinm Ehn haawinsa Toukhwdaaed ALY mermden el ol wdVTar coleomem
suDlmarind appsilacion, wid odealing suUbricating Oii syscenm shall uyc;auc na\—a.ax.as.\.uL;J.y wiaen
inclined permanently 30 degrees from the normal horizontal in a fore~and-aft direction or ‘

when momentarily rolling 60 degrees from the vertical about the axis of the shaft. The
maximum temperature rise of the bearing oil shall not exceed 28°C and the maximum temperature
of the o0il leaving the bearing shall not exceed 82°C, under any normal operating condition

in a 50°C anm wabsd mom b 0il1 £it+ tinme chall ha AF haase Anabviinddann ba el bbhadan Wa \.....-\._...- A
Lll Q - ﬂlll&l.&clll—. - A A..L\'\-d.ll\:ﬂ Qllﬂ&& o UA acavy \'\lllﬂ\-l-u\-\.l.\lll U WA Lo vas cal\ﬂ‘jc uuc

to shock and vibration.

3.4.3¢.2 0il rinc self-lubricatinag bearings. Wnere oil ring self=-lubricated be

a
are utilized by NAVSEC, the number of oil rinas shall be such that no ring is reqguired

rings
o
distribute lubricant for an axial distance Greater than 3-inches on either side of the ring,
Rinas shall have a true circular shape. The cross section shall preferably be that of a
trapezoid with the base on the shaft. Rinas shall be machined all over ané shall have all
corners rounded, The finish shall be smooth and free from £la Split rings shall not be
used. Under no conditions shall hinged snap o0il rinas be used The housinc shall permit
the oil rings to rotate freely up to the maximum degree of inclination., Rings shall not rub
or strike against the sides or ends of the oil reservoir, and shall not show a pronounced
irregularity of movement. A means shall be provided to prevent the rings from being thrown
out of place when the ship is permanently listed, rolling, or when subijected to shock, The
housing shall prevent the escape of oil alonc the shaft. This shall be accomplished by the
use of close-clearance metallic (antifriction metal) seals., The use of feit and friction-
type seals is not acceptable. Provision shall also be made for observation of the oil rings
while the generator is running. These observation openings shall be made o0il tight by a

cover secured by screws sorow n1 noe or equivalent means Provieion ehall alsc be made o
COVEIr selurel oY S8CIS8ws, SCICSW pauls, OF au ACNT MLans. SYCVISICH Sfd4+ia G480 OC Madce o

insure against the suction of o¢1 vapor into the interior of the generator.

ot
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3.4.,40 Enclosures,

3.4.40,1 Surface ships, Encleosures for generators and motors shall be of the water-
air-cooled tvpe 1n accordance with MIL-E-203€¢ and shall exclude flood water up to within 1/4

inch of the bottom of the shaft,

3,4.40.2 Submarines. Enclosures for submarine propulsion equipment shall be of the
water-air-coclec type in accordance with MIL-E=2036, Enclosures shall also be watertight
to the bottom of the shaft openinc and spraytiaht above that point. 2 flanged make=-up air
3

openinc shall be provided in the enclosures for the introduction of air from an outside
source tco maintain the pressure inside the enclosure above the ambient pressure at all points.,

This openinc shall be located at a point of minimum pressure, and shall be provided with a ‘i
trm ke e mmarme Unless octherwise specified {(see €,2.1) a2 sump shall be nrovided at esach
watertight cover. Unless ctherwise specified {(see £.2.1), & sump provided each

end of the enclosure to collect any 0il or water which may accumulate., A pipe shall extend
into each sumr and shall run upwarc inside the enclosure pass through the end bell at a point
sliahtlv below the enclosure split, and terminate in a connectiorn tc which & small hand pump
may be attached.

3.4.41 Air coolers - surface ships. Air coclers shall conform to MIL-C-1983€, The
air cooler shall be capable of coolinc the air in the machine so that the specifieé
machine temperatures are not exceeded under any operating condition. 2 temperature detector
in accordance with MIL-T-15377 shall be provided to indicate the temperature of the air

Toawinme~s &hn rseanlae Aiv ~Aanlavre ehall hae irn N Ay MmAra cartinne :vvnnnnﬂ so &h:& any
i1€aVing Tihe Coodier, AlY COCACIS Snasa L€ 1IN TWC O MOIrge SelTifdns arrangeaed wnat 1Y

section may be repaired while others are in operation, Water boxes shall be doweled or other=-
wise fitted to the tube bundles to prevent improper assembly.

3,4.41.1 Each cooler shall have an identification plate furnished by the contractor
and ins*alied unsn the cooler at 2 lgocation ocutside the machine enclosure vhere i+ r~ran ho
and instalied upon the cooler at a location cutside machine encles it can be

easily read by personnel. This identification plate shall show manufacturer's name, serial
and type number, Inlet and outlet water connections shall be clearly marked.

1 in accordance with
€ a 1/4 inch, 0.540

- b < ADCHO, Veoau
inch bv 0.120 inch wall 70-30 copper-nick are end nipple. here shall be no restriction
on the temperature of the air which i1s circulatec¢ throuah the machine, provided that no
machine temperatures exceed those specifiec. 7 )1/&-inch pressure tar hole with "MS" pluc
and "O'—rlnr shall be provide¢ in the inlet and outle: connections., There shall be twc
air cooler temperature detectors which shall be located so as to measure the temperature of
the air exhausting into and from the air cooler. Fach temperature detector shall be removable
from the machine without the need for disassembly of the machine, or an installed spare shall
be provided. Temperature detectors shall be in accordance with MIL=-T-~15377. Temperature
alarm contact maker shall not be furnished.

.2 Air coolers - submarine. Air coolers shall be
tha : i n
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3.4.42 Alr filter, Air filter shall remove at least 90 percent of the carbon dust and
other foreign matter (by weight) from the c1rculat1ng a1r and shall have sufficient area so
as not to sericusly restrict air flow after a reasonable period of continuous operation
without serviczng. Filter sections shall be readily accessible for examination and replace-
ment, and shall be securely fastened and of rugged construction to withstand shock and
vibration., Mechanical type filters shall employ claqq fiber or cher noncombhustible mageriali

by the hot dls PIoCEsSs to uAVc a smooth, Sﬁiﬁy surface. The screen and other par_s which
cannot be galvanized shall be made of corrcsion-resistant metal., Electrostatic type filters

shall be furnished complete with all necessary associated control equipment. Adequate
indicatina Txohf:. w1vn\nr identifica+tion n ates, interlocks, and other dEVlCES as rnnul ed,

shall be provided to protec» personnel fror hlqh voltace, The £filter shall be located on
cne lncomlng a*r alae of cne COOAEI. Tne al’ Illter may De replaceable or reusanle cype.
1f£ a reusable type 1is supplied, instructions for cleaning shall be contained in the technical

manual (see 3.8.2).

3.4.43 Coolinc 225. Tne fan shall have sufficient cgpa;itxlyo circg}atg tge rgquired
quantity of ailr throuan the generator or motor, cooler, and air filiter. If the fan 1s
attached to the.rotor, the fan shall be adequately secured and of rugaged construction to
avoid loosening or breakage due to vibration or torgue pulsations. Motor driven blowers
or fans shall be as specified in 3.5.4. Unless ctherwise specified (see 6.2.1), the

direction of air flow shall be such that the air is filtered after leaving the commutator
chamber and before entering the machine windings,

3.4.43.1 If the fan is attached to the commutator end of the machine, a warninc plate
shall be installed, cauticning perseonnel against the possibility of injury from the fan
while servicina the commutator,

3.4.44 Identification plates.

3.4.44.1 General, Identificaticon plates shall be attached tc the part of the generaceor
or motor which wili not ordinarily be renewed durinc its normal ser\xce life, and shall be

located in a reacdily accessible position where they can be read at all times without dancer
to personnel. These identification plates shall conform to type C or D of MIL-F-15024 anc
MIL-P-15024/5 ané shall be installec on ana furnished as a part of the generator or motor

. v et &b u’v_!}_'l"(\')ﬁ

for whiskr #haov are inéandal Mrrme 20 55 €3~ an Y
I0r Wallh ThneYy are intenced. Type % identification plates irn acccrdance with

anc MIL-P-15024/% and constructed of nickel-copper alloy or sheet brass may be used provided
ne adentifaicatior. plate dimension exceeds S-inches and not more than one identification plate
dimension exceeds 2-inches.

2.4.44.2 Identification plat
and motors shall include the follo
(a) Manufacturer's name,
numbe of assembly
{ Salient desian characteristics, namelv, type, kKw capacity or hp rating,

veltage, current, overload rating, r/min class of insulation.
(c) Government contract number,
(d) National stock number.
(e} Blank space for DCASMA's official stamping.

3.4.44.3 Permanent marking. The manufacturer's serial number shall be stamped under-
neath the identification plate in the solid metal of the magnet frame. Armatures shall be
marked so as to identify the manufacturer and the style and type of the aenerator or motor.

Tne ser¢a; nunner of the armature shall be plainly stampec on the shaft at the front end.

Field coils shall be marked so as to identifyv the manufacturer and t'né aesign cf the
generator or motor.

3.4.45 Painting.

hafts and identification plates, exterior parts shall

l ineulation of 21) +vnas gurfaces in cont
« 4anSuLataln O Qdl TYPES, SuUrlliaCis ConT

1M
lubricating oil or grease, commutators, collector rings, brushes, bearings ané bearing
surfaces shall not be painted. Also peripheries of armatures and rotors and any other
rotatine part of & machine fror which centrifugal force may cause the paint to be thrown on
the windings when the machine is operated at rated-load and rated ambient temperature shall
At ha Nnaineande inanlakdia wrasmmidah ccanmCavamioan ko MYT_T_24N01 deadacnd A€ oot and —aer ha arnmldad
Alu\. o= t—lu.a.llt.c\lg Lllwu&u\.&ull YALiiAsh vuaLvLnany LU MLMTLATLHMUI L4 LiIIDLTAU VI pAGLilLy liay VT appriicu

to such parts. Noncorrosion resisting parts (see MIL-E-2917) other than the above shall be
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painted in accordance with MIL-E-917, except that one coat of enamel of any suitable color
will be sufficient, The interior of the end brackets and frame at the commutator end shall
be painted with two coats of cellulose air drying lacquer, gloss white,

3.4.46 Welding. Welding and inspection shall meet the requirements of MIL-STD-278,

———l

3.4.47 Processes, Use of insulating varnish as corrosion-resistant treatment for
interior surfaces of motors and generators shall be in accordance with MIL-E-917, In addi-
tion, inside diameters of hollow shafts shall be painted when and where feasible, Outside
diameters shall be painted, except for shrink fits, bearing fits, areas near bearing fits,
and at shaft seals.

3.4.48 Weiaght, Weights shall not exceed those specified (see 6.2.1).

3.5 Propulsion auxiliaries,

3.5.1 Bearinas. Propulsion auxiliaries driven by motors, such as blowers and
excitation motor-aenerator sets, shall have specially selected quiet type antifriction
bearings in accordance with MIL-B-17931, and bearing fits shall be carefully controlled.
Lubrication shall be by grease conforming to DOD-G~24508.

3.5.2 Rotating exciters.

3.5.2.1 General. Propulsion excitation shall be supplied from d.c. generators which
may be either motor driven, diesel driven, or turbine driven, as specified (see 6.2.1). An
excitation generator directly driven or belt driven from the propulsion generator shall not
be used, except as permitted by the contract or order. Submarine propulsion motors and
aenerators shall be desianec for separate excitatior from a static exciter or from a battery
havine characteristics teo be specified by the command or agency concerned,

3.5.2.2 Characteristics. Exciter generators shall be desiuned for operation in a 50°C
ambient temperature, shali be of dripproof, enclosed construction, self-ventilated, and of
sufficient rating to supply excitation currents to propulsion generators and motors for
steady running and during reversals. Construction of exciter generators shall comply with
MIL-G-3111 excert as follows:

(a) Exciter generators shall supply propulsion aenerator excitation at the
veltage and current reauired.

3.5.2.2 1Insulation. Class b, F, or K insulation shall be provided in accordance with
MIL-E~917,

3.5.2.4 Interchanaeability. Corresponding exciter generatcor parts shall be inter-
changeable wherever practicable.

3.5.2.5 Pilot and control exciters. Where pilot exciters or generators for automatic
excitation control are emploved they shall be driven from thc same prime mover as the exciter
generator. They may be direct~connected to the exciter shaft.

3.5.3 Motor—-generators.

3.5.3.1 General. Motor-agenerator sets and motor starters used for propulsion excitation
shall conform to MIL-M-2130, except as notec hereinafter, and shall have the followincg
characteristics:

(a) Tvpe IIT or IV, as specified (see €.2.1).

(b) Ambient temperature: 50°C.

(c) Bearings: Sleeve or double-seal ball.

(d) Radic frequency interference: Sets shall be desiuned to minimize radiated
ané conducted radio frequency noise. No tests will be required.

(e) Audible noise: No greater than normal.

{f) Mechanical balance: Standard.

(g Shock tested machines: all bearinas in shock tested sets shall be replaced.

(h) Repair parts: See 3.¢.1.

{i) Exciter generators: Exciter generators shall comply with 3.5.2.

(3) Driving motors: D.c. motors shall be 2 wire motors with commutating poles,

(k) A.c. motors shall be for 2 phase 60 Hz power. Voltage shall be as specified
(see 6.2.1).

(1) Insulation - class B, F, or H.

20

~
|



.

[ o)
@

P

Downloaded from http://www.everyspec.com

MIL-G~18473B(SH)

3.5.3.2 Motor starters for propulsion excitation motor-generator sets. Motor starters
for propulsion excitation motor-generator sets shall conform to MIL-C-2212, and shall have
the Fnl1nw1nn charactericgtice:

{a} Rating =---==————=cceew- As required

(b) Duty - - Continuous
{*) Ambient ~=e—eec—eme—eee_- 50°C
(ri\ Enclost UYe emeccc— e —————— v inneAn €

< LnCle ~IIPppIO0L

(e} Operation =====-==ee=---- Maanetic
(f; Type ======-eec-—eeeew-- Across-the~line for a.c.
Resistor for g.c.

(g} Performan Semi-automatic
(R} Function - Motor starting
(i) Protection ==e=ee—e-- --- Low voltage release (overload or short circuit

protection not to be furnished)

responding parts of driving motors and exciter aener-
ot

angeable WHEYE

3.5.4 Ventilatino blowers or fans, Motor driven ventilating blowers or fans for
propulsion motors and ceneratoers, T where emploved, shall have sufficient ranarxrv to fulfill

the vent*latlon requlrements. Wherever practlcable, 1nterchanqeab111ty shall be nalntaxned
between all parts of blowers or fans EmULUVEU for p:ﬁpﬁ;a;un mOtOrsS Or Generators. Aicborne

ncise and structureborne vibration reguirements shall be the same as those imposed on the
motor or generator. Where low noise level is a consideration {see 6.2.1) multispeed motors

and blowers shall be used.

3.3.4.1 Mounting. Tne blower or fan shall be mounted on its propulsion generator or
motor. Elower and motor shall be mounted on Navy tvpe resilient mounts when reguireé for
eduction. When motor driven blowers and fans are sound 1solated, a around strap is

3.5.4.2 Blower motor shall be as specified (see 6.2.1) anc shall have the following
characteristics:

la! A.c., (see MII-M=17060} or d,c, {(see MIL=-M=17413)},

(b) Voltage = D.c. as specified; XL.c., 44C volts, 3 phase 60 Kz,

fc) Enclosure - tc be determinec by cont*actor if mountec within the motor or
agenerator enclosure.

(@) Mechanical balance - standard, precision, or special,

(e A3 A s temperature - 40°C tnor A eenam Al

{e) Ambient temperature 40°C, 50°C, or special.

(£} Insulation - class B, F, or KE., (Class K insulated machines shall not be used

in enclosed d.c. motors Or generators,)
(a¢) Bearinas - ball.
(h) Shock test =- as specified (see 6.2.1).
3.5.4.3 Controller, Characteristics, repair parts, and tests for the blower or fan
controller (where employed) shall be the same as for propulsion excitation motor-generator
set controllers, except as follows:

(=) Thaoarmal Awrarlaad nevabrartian ehall ha nesauvida
(a)} Thermal cverlcad protecticon shall be provided.

(b) Provision for limited speed adjustment shall be provided in d.c. controllers.
(c) An 1indicating light shall be provided at the remote starting station,

3.5.4.4 Type. Fan or blower may be centrifugal or vane axial type.

3.6 Provisioning narts lists. The contractor shall prepare a provisioninc parts list
in accordance with the data orderinc document included in the contract or order (see €.2.2).
On board repair parts shall be based on the number of identical aenerators and motors
installed per ship, as specified (see €.2.1), and the following:

(a} & set of special toole which are requireé for disassembly, repair, adjustment
and reassembly, shall be furnished or & per ship basis., Special tools are
defined as those tools not listed in the National Surply Catalocg (copies of

this catalog may be consulted in the office of the Defense Contract Admin=-
istration Service Managerment hArea (DCASHA)).

(b} The specific repair parts and quantity of each part shall be furnished as
specified in the individual equipment specification.

{(c) Where special tools are required for ingtallation and alinement of the machine

scheduled for 1nstallat10n on any one ship.
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3.6.1 On board repair parts and tools. Each on board repair part shall be suitable for
immediate replacement OE the originally installed part involved and shall be equal to the
original part when new. When specified (see 6.2.1), repair parts and tools shall be
furnished in repair parts boxes conforming to type M of MIL-B-233.

3.6.1.1 Propulsion gener
special tools shall be furnished for s
quantities required for each ship,

(a) Onc complete set of bearinas or bearing linings of each size and type,
sufficient for one machine of each type furnished.

(b) One complete set of brushes for each machine furnished, each set sufficient
for one machine.

(c) Two sets of brush~holders, with three extra sprinas for each holder, each set
sufficient for one brush arm,

(d) Two sets of brush-holder insulation, each set sufficient for one brush arm.

(e) One field coil of each size and type, complete with insulation, wedges, shims,
collars, and so forth. Repair parts coils of bare copper strap construction

will not be regquired. For submarine application, repair field coils shall
not be furnished as on board repair parts, unless otherwise specified (see
6.2.1).

(f) Two oil sight flow glasses or one oil gaage.
(g) One set of bearing jubricant seals of each size and type sufficient for one
machine.
(h) One thermometer of each type.
(i) One set of oil rings of each size, sufficient for one bearing, where employed.
{1} One screened orifice, where forced lubricated bearings are emnloved.
(k) One strip heater unit, complete for one machine.
(1) One complete set of replaceable uaskets.
(m) One complete set of replaceatle filters for each filter unit furnished.
{n) One complete set of special tools and accesqo ies as required for servicing,
includlng bearina wear gaae and air gap feelers,
3.6.1.2 Propulsion motor on board repair parts. Propulsion motor on board re
shall be as specifiea in 3.€.1.7, except that duplicate special tools for motors and
agenerators will not be reguired.

3.6.1.2.1 Additional repair parts. In addition, the contractor shall recommend as
repair parts any wearinc or operating parts, special gear or attachments, considered necessary
for dependable and efficient service and maintenance,

3.6.1.3 Propulsion exciter on board repair parts. Unless otherwise specified (see
€.2.1), the foliowing repair parts anc special tools shall be furnished for stowage on board
each ship. Quantities noted are the quantities required for each ship.

(ay One armature complete with shaft, fan and commutator, when specified, Shore
or on board storaae shall be as SpEClL$cL in the contract or order.

(b) One complete set of hearings of each size and type, sufficient for one
machine.

(c) Four complete sets of brushes, each set sufficient for one machine.

(d) One half set of brush-holders and one set of springs, each set sufficient for
one machine.

(e} One set of brush-holder insulation, each set sufficient for one machine,

(f) One field coil of each size and type, complete with insulation, wedaes, shims,
collars, and similar items.

(g) Three sets of bearinc lubricant seals of each size and type.

(h) One arease cup.

(i) One belt for belt=-driven exciters,

{3) One complete set of special tools, includin¢ bearing puller if pullers in
accordance with GGG-P-78!1 cannot be utilized.

3.6.1.4 Motor for propulsior excitation motor-aenerator sets on boarc repair parts.
Kepair parts and special TOOLE snali nhe furnishec for eacn Shir 1ir accordance wiltl the
applicable reguirements of 3.6.1.3 for the propulsion exciter, except that cuplicate special
tools will not be required, ané that for a.c. motors, an additional rotor will not be required.

3,6.1.5 Ventilatina fan or blower on board repair parts, On board repair parts for
the blower or Tan motor shall be as specified in 3.6.1.4.
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3.6.1.5.1 One impeller and shaft of each size and type shall be furnished per ship as
on board repair parts.

3.6.1.6 Propulsion excitation motor-generator set controller on board repair parts.
Repair parts and special tools per ship for the controller and remote push button station
shall be furnished in accordance with MIL-C-2212.

3.6.1.7 Repair parts for ventilation fan or blower controller. On board repair parts
for the ventilation fan cr blower controller (where employed) shall be in accordance with

3.6.1.6€ for the propulsion excitation motor-generator set controller,

3.6,1.8 Repair parts for air coolers. On board repair parts for air coolers shall be
in accordance with MIL=C-19836.

3.€.2 Markinog of repair parts. Kepair parte shall be clearly marked with identification
data, If the part is larce encuagh, the identification data shall be marked on the part

in such a manner so as not to interfere with its serviceability. Where the part is small,

a tac shall be secured thereto. Wnere identification tags are liable to be damaged by

tearing or dampness, they shall be of metal or fiber, stamped or otherwise marked, and
securely wirec to the respective parts.

3.7 1Interchangeability. Like machines used for installation in the same ship shall
nave the same direction of rotation; however, the appurtenances, coolers, access, and control
ecuipment shall be handed for use on alternate sides of the ship., Major parts, such as
casings and rotors, shall be such as to permit use of one design for both port and starboard

application subject to the following limitations:

(a) Complete double armature rotors shall be interchanaeable, assuming that the
couplings are drilled with a template and may be reamed in place.

(b) The air coolers shall be made interchanceable between armatures on the same
set, anc¢ between like armaturec on different sets by use of drillinc
templates and extra plucable heoles, where necessary.

(c) Parts reguired to be interchanceable, which are alsoc fastened with fitted
belts, shall be considered interchanaeable, with the provisior that the
mating parts may be reamed toaether at time of assembly or installation,

(d} The sheet metal, stator frames, bearing pedestals, ané components of
assemblies which become an integral part cf the assembly need not be inter-

changeable.
3.8 Technical Gata. The contractor shall prepare technical date
. s, 2 A h : - -
data oraeranc documentes included ir the contract or order (sec €.2
€., throuah 2,€.2.3,

ir, accordance with
.2) and as specified

3.8.1 Drawainags. Ir addition tc the reguirements of the data orderinc documents (see
6.2.2), data for drawings shall include the information specified in 3.£.1.1 throuah 3.8.1,3,

2.8.1.,1 Preliminarv cdrawvinas, Preliminary drawings shall show outline dimensions,
weights, mountinc dimensions, clearances for access and maintenance, locations and dimensions
of piping, electrical and ventilation connections, shaft édimensions, and other information
needed to determine suitability for installation and for preparina the machinery layout.

3.8.1.2 Content.

3.8.1.2.,1 Propulsion generators and motors. Drawings shall include the following
minimum data, uniess otherwise specified (see G.2.1):

(a) Performance table feor each operatinc mode or condition shall consist of the
following:
(1) Power rating (hp or kW).
(2} Voltage rating.
(3) Current rating.
(4) Guaranteed efficiencies.
(b) Net calculated weidghts:
(1} Generator or motor complete.
(2) Armature complete.

2
(3) Total WR® value of rotatinc parts.
(4) Unbalanced magnetic pull for 1/32 inch displacement of armature
from center. (Required only for machines employing pedestal

bearings.)
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bearings and lubrication:

Shaft material.
Type of bearing.
Murna A€ TuhrisansiAan (v
Type of lubrication (r
Designed oil clearance,
Bearing pressure,

Surface speed.

nev
ng

Fae

Material composition of antifriction bearing lining.

Number cof main poles, nominal air gap.

Number of commutatinc poles, nominal air gap.

Diameter.

Core liength.
Number of turns, diameter,
b eter
Length of active surface.,
wWearing depth on diameter.
Depth of under cut.

and material of

banding wire.

Thickness and type of insulation between bars.
Thickness and type of insulation to around.

Torque and temperature for adjustment of "V" ring.
Commutator brushes:

Number of studs.

Number of brushes per stud.
Dimensions of brush.

Navy crade, and manufacturer's name
manufacturer®s name, grade and ide
applicable):

alarm contact calibrated

=
o

Alr temperature
°C

ade, and alternate
tion number.
°C to °C set at

First article test data consisting of the following as determined from actual
tests mav be included in the technical manuals.

(1)

(2}

(4)
(5)

(6)

Lffectiveness of enclosure

Efficiency for each operatinc mode or condition to include in kW

+he fAllowine lossgec:
ICii0wWinc 208ECE!L

the
a. Full loaé armature circuit copper loss
., Friction anc¢ windaage loss less brush £
c. Brush friction loss.
¢. Brush contact loss. -
e, Shunt field circuit IR loss.
£, Core loss.
G. Stray load loss.
Resictance {ohms) cold and hot (operatinec
a. Shunt field.
b, Armature.
c. Series field it utilized.
d., Commutatina field.

Lfficiency in percentage at 2/4, 3/4, and
Saturatior data at rated full-load speed,
VTinn

Voltaage regulation.
Decreasing load-liine volts, line

veles r

e
and speed.
b. Increasing load-line volts, line

and speed,

Reference to electromaanetic interference

and microvolts.
Heating and overload to include the following
&. Time in hours.
£. Line volts and current,
c. Field current.
é. Speed,
e. Temperature rise in °C, of:

Armature core, winding,
D momrnstde o dem o

Commutator.

Field, shunt (methods 1 and
Field, series
Field, commutating.
Bearings.

Moeab 2 A -~ e ey =
ANATHIL LEelp/EracLuLce
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(1f utilized).
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riction loss.

temperature) of:

4/4 load.
ascendina and descending
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current, field current,
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at normal load:

banding wire.
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(9) overspeed in r/min,
(10) Dynamic balance. Both calculated and actual unbalance in ounces-
inches.

(11) Dielectric strength in volts.
(12) 1Insulation resistance in megohms (hot and cold).
1112\ Mad ambieal evnd ~bedm.
Ax Iy NET actuaas wCAgnLs§

a. Generator complete.

b. Armature complete,
(14) Drawina coverlnc z generator whlcb

following:
"This generator has satisfactorily passed shock tests as
recorded in (activity) test report number Zcrwarded to the

anenoy caoncoernad via [astivier) lassar
agency cencerned via jactivity) aietter '

dated o

{15) & space for DCASMAR's sianature, office and date.
Drawing of armature coil plan and end view, with all dimensions. Where form-
wound ccils are usec, information shall be given for coil before and after

forminno
Ierming.

Armature winding data:
(1) Number of slots.
(2} Number of coils per slot.
(3) Number of turns per coil,
14N Dednh ~F o1
A N2 £ d il Vi DAV e
(5) Size of conductor.
(6) Number of commutator bars.

{7) Resistance of the windinao at 25°C.
(8) Developed length of coil.

{8} Weiaht of copper per coil.
(10) 1Insulation date as specifiedé in (w).

Armature winding diagram facinc connection end, civing rotation.
Development of armature windina.

Detailed drawinc of section throuah each field coil and pole showing:
{1} Number of turns per cocil, method of winding, size of wire,
(2) Developed length of coil, mean lencoth of turn (where applicable).
(3) Resistance of the coil at 25°C,
(4) Weicht of copper per coil.
(5) T}oe of, thickness, and location of protection strips,
{t} rPole dimensions,
(7) 1Insulation data as specified in {(w).
An assembly end and side view, showing all parts of the machine which are
identifieg with piece numbers in the list of materials, The assembly gigde

view shall show a lonaitudinal section cf the machine above the centerline.
The assembly end view shall show a transverse quarter sectlon above tne
centerline, The followinog minimum information shall be shown in these
views:
(1) Bearing housing construction,
{2) Sectional view of commutator, collector rings, brush riaging and
brushes, indicating design and materials of all brush rigging and
brush-holder stud insulation, and methods of supportinag brush

rigging, brush-holders, brush-holder studs and brushes against
excessive deflection due to h\nh—1mn:u-+- shock., If negceccarvy for

clarity, a separate detail shoulc be included on the drawlng.
Method of retaining commutators to shaft.
Method of attaching terminal box to frame.
Dimensions, drilling and tapping of terminal box, and the number
and size of cover bolts,
(6) Method of bringing cables out of frame intc terminal box and the
methoé of protecting these cables against chafinc at sharp metallic

—~ —
wm s w
U

corners.
(7) Method of clampinc leads in the terminal bex to prevent strain on
internal connections, and method of protectinc lead insulation

against abrasion by the clamp.
(8! Direction of air flow.
(9) Overall dimensions, includinc mounting, shaft extensions, and the
necessary limit requireé to remove the armature.
1Ny R e TR+ -1 o 1]
N4V Ml i bLdily JTAlIO e
Detailed drawinc of sleeve-bearing shell ané liner showinc all dimensions.
A detailed working drawing of the shaft including dimensions of coupling
end.
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.erature) of:

~holder and brush retaining mechanism.

s givina brush form or type, top bevel, bottom
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ards. ndinc and descending
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pression equipment including rating of resistors,
ils, and other accessories.
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nsulation data shall be included on each master
e

e
drawinc previously approved by the command or agency
s showr. on & separate drawing coverinc insulation
machines, the Government drawinc of the insulation
tep tC_OF each épblicable_ master drawina. Th%s data
all inculation used, indicating the materials,
nce of windino ané insulatinc operations, number of
- lapping of tape applications, limitinc voltaces and
“mber and types of thinner to be used, temperature
eatments, vacuum and pressure emplovec durinc
shall contain complete detailed in i
dv including:
and turn insulation.
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for acceptance. Where such validation is not completed, correspondence forwarding
preliminary manuals shall show the portions of the manual which have not been validated.
Validation shall be completed prior to printing of final manuals.

3.8.2.3 Items requiring validation. The following items require validation. The
validation of subcontractor furnished items may be accomplished at the subcontractor's plant
where such validation is not affected by equipment furnished by the contractor or other
subcontractors. For example, validation of the procedure for adjusting generator brush-
holders, brush spring tension and replacement of brushes mav be accomplished at the generator
manufacturer's plant provided the location of other units on the completely assembled
generator set does not change the procedure.

(a) Procedure for determining whether the generator set or motor is properly

alined.

) Procedure for examination and replacing all journal bearings (including

checking bearinc clearance).

(c) Procedure for examination, determining clearances, and replacement of all
seals.

(d) Procedure for taking thrust clearance, installing thrust locking device,
examination and replacement of thrust shoes, and for taking total float
clearance on thrust bearings,

(e) Procedure for examination, replacement, and setting of parts in all mechanical
control assemblies,

(f) Procedure for examination of controls and linkages including setting instruc-
tions.

g) Procedures for balancing the rotating elements of the generator set or motor.

h} Procedure for adjusting generator or motor brush-holder, brush spring tension
and replacement of brushes, as appliicable,

(1) Confirm the lubrication characteristics and procedures (pressures, temper-
atures, areas to be lubricated, and frequency of lubrication, as applicable)
agree with information in the technical manual.

(i} Wwave forms, oscillescope traces, voltages, and currents involved in the

trouble shootinc procedures for voltzae regulator, static type excitation

systems and the electric speed and load sensing type governor, as applicable,

(k) Procedures for valideting installation criteria specified in 2.,8.2.2.

o

3.9 Workmanship.

3.6.1 General. Workmanship shall be ir. accordance with the requirements herein appli-
- o STp—— " . - P I . . .
cabie to sclaering, marking ol parts and assemblies, wiring, weldine and brazing, plating,
riveting, finishes, machine operations, screw asserblies, anc¢ freedom of parts from burrs,
sharr edges, or any other damage or defect that could make the part (or equipment) unsatis-

factory for the purpose intendea.

3.2.2 Threadecd parts or devices, Screws, nuts, and bolts shall show no evidence of

e

cross threading, mutilation, or detrimental or hazardous burrs.

3.9.2.1 Tightness. Screw=-type fasteners shall be ticght. The word ticht means the

- . ——r A ———— ~ R} . 3 - . :
screw shall be firmly secured and that there shall be no relative movement possible between
the attached parts.

3.9.3 Wiring. Insulated wire shall be formed into cables or ducted wherever practi-
cable. Wires and cables shall be positioned or protected to avoid contact with rough or
irreqular surfaces and sharp edages.

4. OQUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwisec specified in the contract; the
contractor 1s responsible for thc perzormance of all inspection requirements as specified
herein. Ixcept as otherwise specified in the contract, the contractor may use his own or
any other facilities suitable for the performance of the inspection requirements specified
hereirn, unless disapproved by the Government. The Government reserves the right tc perform
any of the inspections set forth in the specification where such inspections are deemed
necessary to assure supnplies and services conforr to prescriheé reguirements.

4.1.1 Inspectior system. The contractor shall provide anc maintain an inspection
system acceptable to the Government for supplies ané services covered by this specification.
The insnection system shall be in accordance with MIL-I-45208 (see 6.2.1).
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: . .
4.2 Classification of inspection, The inspecticns regquired herein are classified as

followst

(a) First article inspection (see 4.3).
(b) Quality conformance inspection (see 4.4).

4.3 First article inspection. First article inspection shall consist of the examina=
tion and tests specified in table IV,

TABLE IV, Tests.

E e Requirement First article |Quality conformance
CE s paragraph inspection inspection
Alr gap measurements 3.4.2C 4.6.4 4.6.4
Resistance 3.4.27.3 anad 5.6.5 §,6.5
3.4.29
Airborne noise 3.4.14 4.6.6 4.,6.6
Internally excited vibration 3.4.8, 3.4.9; 4.6,7 4.6.7
and 3,.4.10
Commutation 3.4.32 4,6,.8 §.6.8
Voltage regulation 3.4.7.1 4.6.9 4.6,9
No-locad saturation 3.4.7 4.6.10 4.6.10
Lubrication 3.4.3¢ 4,6.11 4.6,11
Overspeed 3.4.12 4.6.12 4.6,12
Insulation resistance {(cold) 3.4.17 4.6.13 4.6.13
Dielectric tests 3.4.18 4.€.14 4.6.14
Speed regulation 3.4.7.2 4.€.15 4.6.15
Effectivenass ¢f enclosure 3.4.4¢0 4.8,1¢ ——————
Heatinc 3.4.3 4,6.,17 ——————
Insulation resistance (hot} 3.4.3.1 4,618 4,6,1T
Reversal 3.4.€.1 4,€.19 ——————
Ripple voltage 3.4.16 4.6.20 ————— 1
efficiency 3.4.6.2 4.6.,2  ======
Weight 3.4.48 4.6.22 ———
Shock 3.4,13 4.6.23
: operation 3.4.237 4.€.24 !
i el operation 3.4.1¢ 4.€.25 |
| Operatior with one field coil
i disconnected 3.4.29.1 4.6.27
| Cooler water side flow tests 3.4.41 4.6,2¢
| Breakaway torque 3.4.€.1 4.6.31
!Ooeration 1 tests 1 2.4.¢€ 4.6.30 ———————
i ma;nuz,um.ulllt} demonstration | 3.4.1.¢ 4.€.2 —————=
| Reliability demonstration 3.4.1.3 4.6.3 —————-
Maanetic tests 3.4.3.1 £.6€.26 ——————
1R_he.ogtat data 3.4.€ 4.6.28 ————— 1
|

4.4 OQualitv conformance inspection, Quality conformance inspection shall be performed
on all units, and shall ccnsist ©f the applicable tests specified in table IV,

4,5 Additional tests. The first article inspection shall be repeated after any change
in desigr Which aifects performance characteristics. If guality conformance data reveal
variations bevoné normal manufacturinc tolerances, the Government may reauire that any or

- ~E . F 4 > < + 03
all ©f the first article tests be made on a particular item to demonstrate that it will meet

the requirements of this specification,

4.6 Tests.

4.6.1 Repair parts.

4.6€.1.1 Coil tests. Resistance readings at normal room temperature shall be made upon
renzir field coils ana the zosulft rhec}OD against the values obtained feor the coils of the
machine, If i from thosc of the machine coils the
repalr coils subjected to the dielectric test

specified in

4.6.1.2 DArmatur ests Tne tests on repair armatures shall comprise those routine
tests normally made on Ee mach itself, Any armature that has been routine tested in the
frame of any machine of the sxzc aﬁd design specified im the contract or order may be

N
X0
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designated as the repair armature., In cases where repair armatures are ordered on subsequent
contracts or orders and for which suitable frames are not available, the following tests shall

be made:

(a) General examination. The armature shall be subjected to a thorough examina-
tion to ascertain that the material, workmanship, dimensions, and design
are in conformance with the requirements of this specification.

(b) 1Internally excited vibration. The armature shall be dynamically balanced.

(e

}  Bar-to-bar voltage drop test, This test may be made with any suitable test
egquipment,
(d) Insulation resisgtance. See 4.6.13.
(e} Dielectric strenath., See 4.6.14.
4.€.2 Maintainabilitv demonstration test. A maintainability demonstration test shall
be conductec tc verify achievement of the quantitative value of predicted maintainability
specified in 3.4.1.4.2,

4.6.2,1 Test plan. The contractor shall prepare a detailed maintainability test plan
in accordance with MIL=STD-471. Demonstration test shall be performed in accordance with
phase II, method 4 of MIL-STD-471. This plan shall be formulated so that it will apply to
a basic design or designs and any known modifications thereto. Once this plan has been
accepted it shall be used on generators or motors furnished, except where a new basic design
or modifications to the original basic designs have been incorporated in the generator or

mom X s T ~ha +hn Eopudy el
motor sets and are not covered by the original plan. In this case, the manufacturer shall

submit a demonstration plan for the new basic design or modification, as applicable, to
NAVSEC for acceptance. As a minimum, the following items shall be covered in the demonstra-

tion plan:

i

i

}  Replacement of journal bearin

)  Replacement of seals.

} Replacement of thrust bearings,

) Replacement of parts in the overspeed trip assembly.

) Replacement of all recording devices (thermometers, gaces, and so
forth) mounted on the generator package. Also check accessibility
of these devices tc verify that readings can be easily observed
by operatinc personnel.

(6) Replacement of aenerator brush-hclders, springs, and brushes. This
requirement also applies to rotatinc type exciters where furnished.

Check accessibility of terminals and terminal boaras to verify that
wirinc to these boards can be conveniently disconnected ané
connected by maintenance perscnnel without removinc units or parts
or. the machine other than removal of access covers for these
terminals and terminal boarads.

Replacement of parts in the voltage regulator (where applicable).

Replacement of parte in the static type exciter, where furnished,

Replacement of resistance temperature sensing elements (RTD's).

—_
~1

—~
= o~
QW0
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TABLE V. Preventive maintenance tasks. A
Item Action Frequency ‘
D.c. propulsion | Clean the electrostatic
motor filter Monthly
Clean and examine commutator
and brush assembly Quarterliy
Clean air filters Quarterly
Measure journal bearing
clearance, ball bearing
(anti-friction) Quarterly
Clean and examine blower
motor Quarterly
Lubricate blower motor Annually
Clanm alambvAac+asski~s Anla
Clean electrostatic col
lector cells Annually
Clean and examine propul-
sion motor Annually

Measure insulation resist- Accomplish weekly when in

ance port
Measure thrust bearinc

Nl An e~ Masmemdmeedar

clearance Quarterly

Accomplish as directed by
air filter examination

kenew air filter media

Quarterly R,
Examine air fiiter Ouarterly g
Mlrvmem oS mermend sas  svas vy T od e (A me Ssiri ;e Armasad o mee )
Lt Ioalnlu E€Xaidiine propulsdin Vnle QUIind Opeld.l.llial
generator cycle between the

scheduled overhaul

Measure insulation resistance |Accomplish weekly when in

port
L o P ) adan £3Vamen e AL - Ammmremlicol oo At ea~end ey
RENEwW adll d1iacel medic ACCONMpPAisn as airecdcTeld oY
air filter examination
Examine exciter Meekly
A m e me A meem e a i [YPRRIE
LLivdll AL exdinliiy exclier LroneiiLy
Measure and adiust brushes |
and brush riaginc ;uonthly
t
i

Lubricate generator bearings

Examine generator and
| exciter terminal hoxes iOuarterly
, 3
Measure bearing clearance Quartcerly
Renew lube o0il in bearing
sump, examine slinger rings {Semi-annually

Once during operational
cycle between the
scheduled overhaul

Clean and examine bearing
assembly

[*8)
[=]
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4.6.2.2 Maintainability test conditions. The maintainability test shall be performed
with the equipment or system installed in a manner which simulates, to the satisfaction of
the contracting activity, the shipboard dimensional envelope as specified (see 6.2.1), The
access envelope shall be simulated with panels and screens, Test equipment, tools, repair
parts, and maintenance literature, at least in the form of preliminary manuscripts of
manuals covering maintenance instructions shall be made available for the performance of the
tests. Test team, facilities, and support material shall represent the normal shipboard
resources as defined in the manuals prepared for this equipment. Test mechanics shall be
given no outside assistance. The following shall be recorded, monitored or certified by the
DCASMAR durino the test:

(a) Data collected, including man-hours, clock-hours, maximum number of active
mechanics, part identification, documentation of the specified maintenance
tasks in 4.€.2.1.

(b) Factors which influenced the data.

(¢) 1Identification of other intervening parts removed or moved to replace the part
for which a replacement time has to be demonstrated.

(d) Computation or measurement of the regquired replacement times.

(e) Deficiencies.

(£) Recommendations,

(g) Results of retest, if applicable.

(h) . Certification by the DCASMAR of the data obtained and whether or not the
replacement time requirements have been met,

4.6.2.3 The training and skill levels of manufacturer's shop personnel who perform the
maintenance %tasks of the demonstration test shall be commensurate with Navy personnel who
will maintain the motors or generators.

4.6.2.4 Simulation of faults or failures by introducing defective parts is not required.

4,.€.2.5 The activity acquiring the generators or motors and NAVSEC shall be notified
at least 30 days in advance cf scheduled maintainability demonstration tests so that arrange-
ments can be made to witness the demonstration if desired., Such notice shall contain
cormplete identification of the equipment involved.

4.6.3 Reliability demonstration. 2 plan for formal demonstration of achieved reliability
at specified milestones, inciuding planned number of test articles, accept/reject criteria,
discrimination ratic, or the associated confidence or risk levels, shall be prepared as
specified by the contractinc activity (see €.2.2). MIL-STD-785 shall be used as a guide.

4.6.3.1 Life (endurance). Direct testing is not required. Any temperatures or wear
rates above those speciiied, or evidence of failure to meet the MTBF, shall be treated as
failure to meet this requirement.

4.6.4 Air-gap measurements. The air gap shall be measured by steel "feelers"™ or gages.
Measurements shail be made at the centerline at all main poles and interpoles at each end.
Where it is physically impossible to measure the air gaps cdirectly as specified, indirect
measurements may be taken by optical methods.

4.6.4.1 Acceptance criteria. The air gaps shall be uniform. Allowable air gap
variations shall be consistent with the required noise level (see 3.4.14.1l.1).

4.6.5 Resistance. The resistance of the armature and all fields anc the temperature
at which they are measured shall be taken and recorded.

4.6.5.1 Mhcceptance criteria. Resistance of armature and fields shall be within 10
percent of calculated value when corrected to 25°C,

4.6,6 Noise test. Motors and aenerators shall be airborne and structureborne noise
tested under normal operatinc conditions to duplicate shipboard installation and subjected to
the reguirements of 3.4.14, table I, anc MIL-STD-74C. Prior to testing, the contractor shall
submit for Navy review a detailed drawinc of the test set-up. Detailec test recuirements
contained in MIL-STD-74C shall apply, with reports provideé in accordance with the data
ordering documents (see 6.2.2},

4.6.7 Vibration test. Motors and agenerators shall be vibration tested under normal
operating conditions to duplicate shipboard installation and subjected to the requirements
of MIL-STD-167-1, type 1, environmental vibration, up to and including 50 Hz, and the
requirements of MIL-STD-167-1, type II, internally excited vibration, A detailed description
with drawings of the test set-up shall be submitted for Navy review prior to testing.
Detailed test requirements contained in MIL-STD-167-1 shall apply and reports shall be
provided in accordance with the data ordering documents (see 6.2.2).
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4.6.8 Commutation.

4.6.8.1 The ion of commutation shall be made in conjunction with and during

o
the progress of oth

4.6.8.2 Before the start of the test, it shall be ascertained that the brush-holders
are equally spaced around the commutator, that the brushes are set in the correct commutating

zone, that this setting is permanently marked, and that the brushes are well seated on the
commutator During the progress of the tests, the brushes and the commutator shall remain

untouched. The motor commutators shall have a smooth and uniformly colored surface. The
condition of the ogenerator commutator surface shall be observed and recorded on the test
data sheet (see 6.2,2).

4.6.£.3 It shall be ascertained that commutation is attained by correct interpole field
strength and not by brush shift from the neutral or by interpole shunts. Brush shift from
neutral or the use of shunts across the interpole field terminals is not acceptable. FProper
correction of interpole strenath shall require a change in the interpecle air gap or the inter-
pole winding.

4.6.8.4 Observation of the commutation shall be made at varying loads throughout the
service range., Also, at shutdown, the armature shall be rotated slowly by hand, and any
irreqular markings or lack of uniform coloration or peolish orn the surface of the commutator

’ v~ €y ad
covered by the brushes shall be carefully noted.

4,6.8.5 Successful commutation is defined as that not resulting irn accumulated injurv
or permanent damage to the brushes and commutator, and does not require undue commutator
maintenance to meet required performance., The absence of visible sparking is not essential

o] + 3 3 < 0 :
to acceptable commutation. It is desirecd that the commutater show a tendency to polish

rather than to blacken, burn, or pit. The most satisfactory commutator film is uniformly

colored, between straw tc dark brown, with neither z hial glaze nor an extremely dull
firnish, For normal operatinc conditions, from 0 to 10C percent load, the sparking at the
brushes shall not exceed grade 1-1/4 as follows:

(a) Grades of commutation.
1 Black. No sparking.
1+ Banc limits. Considered as the point on the buck boost curve at which

———— -
Sparkinc 1is first observable.

1-1/4 Slight spar}lnc or & few brushes. The point where an increase in the
number of brushes that spark .8 noticeable after band limits,

1-1/2 Elicht sparkinc on half of the brushes, Half of the brushes spark or
nhaif of the total eadge of the brushes are covered with vellow sparks.

2 Sparkinc on most brushies. Sparkinc on practically all brushes, but nc
“streamers.

2 Cantintimite hanwe cravi-ine widkh Amcaacinanal 4 haswry eskvanmase

3 Continucus heavy sparking with occasional to heavy streamers.

4.6.9 Voltage reculetion (generators onlv). With the field rheostat so adjusted that
the machine 1s operatin¢ at ratea-voltage, rated r/min, and no-load, the load shall be
applied in 20-percent steps up to the rated-output to determine if the machine performance

nforms to 3,4.7.1, With the field rheostat sc adjusted that the machine is operating at

conforms
rated=-voltage, rated r/min, and rated-load, the load shall be reduced to 0 in 20-percent steps
to determine if the machine performance conforms to 3.4.,7.1, Following each initial setting
for these two tests, there shall be no readjustment of the field rheostat for the remainder

of the test.

4.€.10 No-load, saturation data. Sufficient data to plot no-load saturation curves
shall be obtainec. & copry of these curves shall be included in the report of the first
article tests (see 6.2.2). The readings for one curve shall always be taken with increasing
values on field current. When it is necessary to reduce the field, it shall be reduced to
zero, and then increased to the desired value. The readinas for the other curve shall always
be taken with decreasinc values of fielé current. When it is necessary to increase the
field, it shall be increased to full field excitation, and then decreased to the desired
value. Points for each curve shall be taken as follows:

=9
:
H
:

{a) Four below 60 percent

(b) One between 60 and 90
(c) One at rated voltage.

ra

£ te
ercent.

T O

Readings of line voltage, field current, field voltage, and speed shall be taken and recorded.
The machine shall he driven bv anv convenient prime mover.

macfiine shail ven DY vy
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4.6.11 Lubrication. Unless otherwise specified (see 6.2.1), lubrication tests shall
be conducted as follows: *

(a) By a careful observation and general examination of the parts, it shall be
determinad that the yc;fu&nmuu: cf the 1UbriwaLLu9 system is satisfactory
with the generator or motor in normal horizontal position. Test shall be
observed during the progress of the other tests, or by special tests as the
circumstances may warrant. Lubricant similar to that required for service
operation shall be used. The quallty conf o’mance test repor»s (see 6.2.2)
shall plainlyv indicate that such bearing tests have been made. In the event
that the necessary facilities are not available at the place of manufacture
for making the test under specified ambient conditions, the test may be made
at some convenient lower ambhient temperature. In such case; however,
compliance with all other specified conditions is required., Provisional
acceptance, based on satisfactory performance at the lower ambient temperature,
shall not act to relieve the contractor from the necessity of complyinc
strictly with the specified requirements.

4.6.12 Overspeed. Each machine shall be subjected to an overspeed test at a speed
25 percent creater than the rated-speed for a period of 30 minutes unless otherwise specified
by the command or agency concerned. For generators, field excitation sufficient to produce
rated-voltacge shall be apolied to the field. The speed shall be increased slowly until the

est apnna The genarator shzall be at no-lgcad condid

gonnv:o—r\v‘ v‘n:\ﬁhoc o-ha mawvy mum ¢ The genera H-9 -4 neo=lgad conditicn.

Observe for noise, mechanical balance, and smoothness of running durlng the test, and for
evidence of distortion, injury, or noticeable change in the condition of any part after
shutdown. This is the maximum overspeed test regquired and no attached rotating parts, such
as welded fans and spiders, need be tested for a greater overspeed.

4.€.13 Insulation resistance (cold). Test shall be made befecre and after the dielectric
tests (see¢ 4.v.l4). Prior tc the application of the test volitage, the windines of the
machine shall be thorougnly discharged. Circuits of equal voltaage above grounc shall be
connected together, Circuite or groups of circuits of dlfferent voltaae above qround shall

-l eed &b T lobiAnaraciobam o
insulaticn=resistance=

be separated. Insulation-resistance shall be measured with an
indicating ohmmeter conforming to MIL-0-16485. The time of test voltage application shall
be not less than 60 seconds, The temperature of the machine windings at the time of the

test shail be measured and recorded. Insulation resistance measurements shall be corrected

tc 25°C. Unless otherwise specified in the coqtraﬂt or order (see 6.2.1), corrections shall

be made orn the basis of insulation resistance doubling for each 15°C decrease in temperature.
Unless otherwise specified (see 6,2.1), the insulation resistance test may be conducted at
any convenient ambient temperature. The relative humidity at the time ot the test shall be
measured and recorded.

A 1 a Pyl Y Al e A A
e Ued“ vieleltill LCSLO.

4.6.14.1 General, The dielectric test shall be made after all other quality conformance
tests have been cnmoieted If the insulation resistance of the windings is known to be lower
than spec1f1ed because of dirt or moisture or damage toc windinge, this condition shall be
remedied before the application of the dielectric test voltade. Spare coils shall be tested
assembled on the poles. If a pole is not available for test, the test shall be conducted
using a simulated pole made from steel.

4.6, 14.- Test voltaage, The dielectric test voltage shall be egual to twice the rated
Y iia ~& -~ = Min Fammressoien mas ebia hamdid o esmlho o mleaTY
vaiuc vl I-llt: LCLHIJ.HG.A. VUJ.\.O\_-}C p;ua J.'UUU VU.LLb- 4E LilcyUuUCnICY UL LIE LesSLiny voloaue siiall
not be less than 60 Hz. The voltage wave shall approximrate a sine wave. The testing voltage

shall be applied continuously for a period of 60 seconds.

Measurements of test voltane. The measurements of the voltage used in
1 b - PP bl A o R

dielectric tests shnar. De made oy means oI & voltmeter whereby the meter derives its voltage

€irectly from the high voltace circuit, either by means of a voltmeter coil placed in the

testing transformer or through an auxiliary potential transformer.

=N
.
(_’\
.
,_‘
o>
.
Ib)

.

(.

4.6.34.2.2 Points of annllcatlon. The test voltage shall be successively applied
betweer each electric circult anc the frame with all other electric circuits and metal parts
grounded., The test voltage shall be applied in such a manner as to preclude the posesibility
cf pitting the bearings in case of insulation failure. Voltaage need not be applied between
Qfaf1nnnrv and rn+=f1nn w\nﬂ\nnc

4.6.15 BSpeed requlation. For submarine motors, the speed of the motor shall be recorded
as the load is varied from full-load to no-load in 25-percent steps with the voltage held
constant. The percent regqgulation shall be approximately the same for both directions of

w
[(A)
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rotation (see 3.4.7.2 for limits), Alternatively, starting with rated-load, gradually
decrease the load current to no-load and then increase the load current to the desired over=
load in approximately 25-percent steps to rated-load.

4.6.16 Effectiveness of enclosure, Test for effectiveness of enclosure shall be
conducted as follows:

(a) The frame of the first complete machine with or without armature(s) installed,
but with field coils installed and with shaft openings masked off shall be
subjected to a stream of water from a hose having l-inch nozzle diameter
under a hecad of 35 feet from a distance of about 10 feet, The stream of
water shall be directed to successfully cover all external surfaces of the
machine for a total period of time of not less than 5 minutes.

(b) The test in (a) shall be repeated with the shaft seals installed, a dummy
shaft or real shaft to fill up the two shaft openings, and no additional
masking around the shaft openings. Any leakage into the machine shall drain
te the sumps or bottom access doors.

(c) The criteria of acceptability for (a) is as follows: Leakage shall not exceed
1/2 cup (4 U.S. fluid ounces) in any main portion of the machine enclosure.
Main portions are the forward end commutator area, aft end commutator area,
and the area between armatures. In no case shall leakage be permitted on any
current carrying part.

4.6.17 Heating tests.

4,6.17.1 Conditions. The heating test shall be made at rated-load and rated-speed of
the machine. 1In addition, heating tests shall be made at other values of speed and load
corresponding to operating conditions which would result in higher total temperature of any
part of the machine than would occur at rated-load and rated-speed. Tests shall be conducted
with the cooling water adjusted to specified inlet temperature and rated gallons per minute
(gal/min). For the generator tests, cooling water at specified temperature should be
utilized for both the generator and the bearinc coolers, provided that bearinc operating
temperature technical manual limits are not exceeded. If less than rated coolina water
temperature is supplied to the generator, shutdown temperatures should be adjusted to reflect
the conditions that would exist if rated coolinc water temperature were supplied, Heating
tests shall be conducted on the machine completely assembled with enclosures and heat

exchanger.

4,6.17.1.1 The conditions in the testing room shall be such that the room temperature é
adjacent tc the machine will not vary greatly during test. A variation of 10°C or more
during a period of 6é~hours or a proportional change for runs of shorter duration shall in
no case bhe exceeded. If the room temperature is very irrecular durinc the run or chanages
rapidly at the end, the test shall be repeated.

4.6.,17.1.2 No heat runs shall be undertaken on machines which have recently been brought
£rom a place varying in temperature by 5°C or more from that in which the test is to be made;
or where the temperature of the room in which machines under test have stood varied 5°C or
more durincg the preceding 2-hour period,

4,6.17.2 Duration. Normal load heat runs shall be continued until steady final
temperatures have been attained in all parts of the machine. To abridage the long heating
period in the case of large machines, reasonable overloads of current during the preliminary
periods are permissible, It shall be considered that steady final temperatures have been
reached when at least four consecutive readings taken at l15-minute intervals show a slope
of less than 1°C per hour in the temperature rise of any part of the machine. Temperature
rise shall be determined ueing¢ air leaving cooler as a reference.

4.6.17.3 Measurement of temperatures. Temperature measurements shall be taken during
the proaress of the heat run at each of the following points:

(a) Water enterina cooler.
(b} Water leaving cooler,
{c) BAir entering cooler.
(d) Air leaving cooler,
(e} Shunt field.

(f) Compensatinc field.
(g) Commutating field.

(h) Series field,

(i) Bearings.

(§) Frame.
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(k) Room.

(1) Commutator (if feasible).

(m) Armature windings (at hottest end).
(n) Armature coil (at hottest end).

(o) Armature banding wire (if applicable).
(p) Armature riser.

(g) Shunt field (at hottest end).

(r) Compensating field (at hottest end).
(s) Commutating field (at hottest end).
(t) Series fjeld (at hottest end),

4.€.17.2,1 Shutdown temperatures. Shutdown temperatures shall be taken for each of
the following:

(a} Commutator (at two or more points).
(b) Armature windings (at hottest end),
(c) Armature core (at hottest end).

(d) Armature banding wire (if applicable).
(e) Armature riser.

(£f) Shunt field (at hottest end).

(g) Compensating field {(at hottest end).
(h) Commutating field (at hottest end).
(i) Series field (at hottest end).

4.6.17.4 Method of measurino temperatures.

4.6.17.4.1 Only one method (see MIL-E-917) of temperature dGetermination shall be
required for any particular part., Commutators, bearinos and mechanical parts shall be
measured by method I of MIL-E-917. Method of measurement for all other parts is optional
with the contractor.

4.6.17.4.2 Where thermometers are furnished for permanent measurements of bearings in
the case of rinc and disc lubricetion, additional thermometer measurements need not be taken.
Where test thermometers are necessary, the temperature of the oil shall be teken by the
thermometer inserted in the examination hole at the top of the bearinc cap and touching and
bearing shell.

4.6.17.4.3 1In the case of forcec lubrication the maximum temperature rise cf the bearinc
shall bec taken as the difference between the temperature of the enterinc cil adiacent to the
bearinc pedestal and the oil leaving the bearinc¢ pedestal as determined by the thermometer
ir the oil feedé line.

4.C.17.4.4 On shutdown, thermocouples or preheated thermometers or embedded detectors
shall be placed on the armature commutator, core and windings, and bandinc¢ wire., Every
precaution should be taken to reduce to a minimum the period of time elapsinc between the
time of removal of the load from the machine and the application of the thermometers or
thermocouples., A curve should be plotted with temperature readinas as ordinates and time
as abscicsae. That portion of the linear curve starting where successive readings show
decreasing temperatures should be extrapolated back to the instant of shutdown. The
temperature at the instant of shutdown, as determined in this manner, shall be considered
the shutdown temperature. The temperature by resistance measurement method may be used in
lieu of the thermocouple-~thermometer method.

4.6.18 Insulation resistance (hot). Immediately following the heat run, measurements
of insulation resistance shall be taker. (see 4.6.13).

4.6.1% Reversal test. When specified (see €.2,1), submarine emercency propulsion
motors (EPM) shall be subjectec to a reversal test. For this test, the EPM shall be
assembled together with all other propulsion shaft components (turbines and reduction gear)
and contrclled by its EPM controller, Capability of the motor to reverse from full-power
and r/min aheaé tc full-power and r/min astern in specifiec time interval without malfunction
or damage shall be shown.

4.0.20 PRipple voltage. The measurement of ripple voltage shall be accomplished with
‘ fibple voitadge ¢ ! s
an instrument which 1s satisfactory tc the commané or agency concerned.

4.€.21 Efficiency.

4.6.21.1 General. When the efficiency of a machine is stated without specific reference
to the load conditions, rated-load shall always be understood. The efficiency shall
correspond to, or be corrected to, conditions of rated-voltage, current, and speed. The
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efficiency shall be determined and recorded for 50, 75, and 100 percent of rated-load at
rated-voltage and speed. The loss tests specified in 4 6.21.2 through 4.6.21.6 shall be
made 80 as to obtain sufficient data to allow calculations of efficiencies at all operating
conditions.

4.6.21.2 12R losses. The armature and field IZR losses shall be separately calculated
as the product o of the square of the current at the load for which the loss is to be computed
and the measured resistance of the circuit corrected to 90°C for class B, 120°C for class F,
and 125°C for clase H insulation, of MIL-E-917.

4,6.21.3 Friction and w1ndaae losses. The machine shall be driven at rated-speed by
an 1ndependen‘ motor, the o output of whicn shall be determined when drivinc the machine with

S hesroahans ) l"l
its brushes in contact but not excited, he motor cutput, when driving the machine under

test, revresents the friction and windage loss.

4.6.21.4 Core losses. Machine shall be driven at rated-speedé from an independent motor,
the output of which shall be determined. The brushes shall be in contact, and the machine
shall be excited so as to produce at the terminals a voltage corresponding to the calculated
internal voltage for the load under consideration. The difference between the motor output
obtained by this test and that obtained in the brush friction test shall be taken as the core
loss,

4.6.21.5 Brush contact loss. Two volts total drop shall be considered as the standard
drop corresponcéing to the brush contact loss for electrographic and graphite brushes with
pigtails attached. Metal graphite brushes shall be considered as special and hence require

an actual determination of the drop in earch case._

4.6.21.6 Strav load losses. These losses include iron and copper eddy current losses
not otherwise included in the foregoing loss tests and which are due to flux variation with
the load. The stray loacé losses shall be taker as 1 percent of the output,

4,6.22 Weiaht, The weights of the d.c. machine and the repair parts shall be taken
ané recorded. & weicht report {(see 6.2.2), shall be submitted to the contractinc agency
containing actual weiched weights.

4,€.23 Hiah-impact shock test. Teste shall be as specified in MIL-S~9C01. The features
of the test shall be as follows:
(a) The reaquired tvve of shock test. Type A, ‘b
(o) The weiaht designation of the shock test. As required by the eguipment to be %

tested 1f tne shaft 1in applicatior wiil be required tc support a heavy weight
such as an exciter armature, the shock test shall be conducted with the shaft
so loaded.

(¢} Principal functions of the eauxoment or apparatus, Electric propulsion.

{d) & Gerinition of 'failure to perform pvlnvlpal functions"

{1) Breakage of anvy parts, including mounting bolts.
(2) Appreciable distortion or dislocation of any parts such as mounting
feet, poles, coils, brushes, and bearings.
(3) A value of insulation resistance lower, when corrected to 25°C,
than that permitted by this specification.
(4) An unbalance of more than two times the value of unbalance specified
herein,
(5) A bearing temperature rise in excess of that permitted in table II.
(6) Obiectionable ncise. Any noticeable increase or decrease in noise
of the machine when operating at rated speed should be investigated
and its cause determined. However, if disassembly is required for
this check, it should be made Gurinc the examination specified in
iten (B)

Luw diclectric stren I 1 opera
Tapproximatery ratec temDerature ris iron and windings, then
disconnected from its load or from its source of power and a
dielectric strength test made to check the condition of the
insulation. This dielectric strenath test shall be made in accord-
ance with 4.6.14, except that it shall be made with an applied
voltage egual to 65 percent of that specified in 4.6.14. Under
these conditions, insulation failures shall be cause for rejection.

(8) Failure to pass examination. The machine shall be disassembled

after examination of performance specified in item (1) to (7),
inclusive, and examined thoroughly for damage. The extent of
disassembly need be only to the point where the condition of the

~3

nr &~ AhEain
ted to ¢plain
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generator can be easily observed. The effects of the shocks and subse-
quent check tests on the structure, bearings nd insulation should he
carefully observed and recorded.
uéSCElDLLuu of designation U[ acceptable method of moun:lng the equipment on
the shock testing machine. The mounting adapters shown on the Following
figures of MIL-S=-901 shall be used:

(1) Figure 4c for machine to be tested on the shock-testing machine
for light~weight equipment.
{2) Figure 7A for machine to be tested on the shock~testing machine for
medium-weight equipment.
(3) For heavy-weight equipment, the method of mounting shall be as
specified in MIL-S=-901,

(£ g&g place 3; wh}ch the shock test will be conducted. Unless otherwise apeci-
fiec (see t,<.i), shock tests will be conductec at the contractor's nlant,
Where a contractor is unable to conduct these tests at his own plant, he may
arranae to have them conducted, at his own expense, at a commercial or

ma nhnv=+n—n suitahle 1S Al e AN A bAaske Whawa abe~l
Government labo uitably eguipped to conduct tests. Where shock

P
te
are conducted at a Government laboratory, a copy of the applicable master
drawinc shall accompany the machine,
(c) Disposal of shock tested machines.
“Machines which have been sub)ected to the hth-zmoact shock test
and have failed +0 weet the reguirements shall not be acceptable,
eitner in whole or any of their parts. They shall not apply on a
contract or order,
{2) Machines which have been subjected to the high-impact shock test
and have successfully passed this test shall be considered accept-
able and shall apply on contract or orders provided the followina
conditions are met:
a. Mountinc flanages connectinc directly to the prime mover or
propeller shaftinc shall be replaced in the event of minor

@

—~
m
~

-~
STS

deformation. Minor ueformatxon% affectinc alinements,
including alinements with the prime mover, shall be
corrected. Minor deformations shall be defined as those

which do no cause unqualified rejection of the desian
under the high-impact shock test but which are in excess
of the dimension tolerances specified on the applicable
arawings,

b. Prior to acceptance, all ball bearings from machines which
have successfully passed the high~impact shock test shall
be removed frorm the machines and subiected to the follQWan

procedure: Single-shielded and sxn_xe-qealec bearings

shall be cleanec thoroughly with a sclvent such as kerosene

r Stoddard solvent and immediately flushed with

lubricating oil toc inhibit corrosion. The bearino shall

then be exa ned for obvionus defects h\- visuzl e i
and by manual rotation. Bearingas shall be repacked with
the correct amount o the proper lubricant and reinstalled
in the machine.

c. Double~shielded and double-sealed bearinas shall not be

fluched with cleaning solvent or lubricating oil but shall

________ acaing Cil

be examined as speczfled above and shall be reinstalled
in the machine.

operation test. 1Inclination tests shall be made as follows unless
acee £_.2_ 1)

{a) For surface ship applications:
(1) Shaft inclined 15 dearees, front ené low.
(2) Shaft inclined 15 degrees, rear end low.
TA~l-ees

{3) shaft horizontal, base tilted 30 degrees clockwise.
(4) sShaft horizontal, base tilted 3( dearees counterclockwise,

{b) For submarine application, tests shall be made in two positions:
(1, Snaft inclined 30 degrees, one end low.
(2, Shaft horizontal, base tilted 15 degrees to the right or left,

4,6,24.2 1In each of the posxtxons specifled in 4.6, 24, the machine shall be run for a
pericd of not less than 30 minutes. During progress of the test it shall be ascertained
that there is no sudden increase in bearing temperatures or evidence of oil leakage either
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external or internal.
no noticable increase in noise during this test.
shall be provided by the contractor for this test,

4,.G6.25 Parallel operation., Uhen specified (see
assembled with their prime movers shall be tested for
deronstrate that any one of a set for installation on

The test shall be run at no-load and maximum speed.

There shall be

A special stub shaft and thrust bearing

6.2.1), submarine propulsion generators,
parallel operation sufficiently to
one submarine will operate satisfactorily

in parallel with any other unit of the set throuchout a range of 25-percent to 100-percent
of the combined rated-load, Jhen the load is varied by means of either gencrator rhecstats
or engine governors clutched together through this load range frorm 25 percent to 100 percent
or from 100 percent to 207 percent, the maximum difference ir the current supplied by any one
ator from that supplied by any other generater shall not excecd 1L percent of the rated
t of one qaenerator.
4.6.26 Maanetic tests. Tests shall be run as specified (see 6.0.1}) to determine

compliance

with the special magnetic reguirements of 3.4.31.

4.6.26,1 Acceptance criteria. When magnetic tests are required, acceptance criteria
shall be asw specified (see 6.2.1).

4.6.27 Operation with one shunt field coil disconnected. 74 S-minnte observation run

— X
shall bec conducted on stbmarine-generator at rated-specd, current, and voltade with one shunt
field coil disconnected under the following conditions:
(a) Maximum flux (maximum speed to maximun voltage)}.
2NN [P e Lot iy unl +amna
W) MaXimam sped]l (3 R TS D B A2 0 vCitada, .
Commutacior shall be closely observed for evidence of sparkina.

.0, 07.1 ccentance criteria - motor and aencrator. After completion of the test
specified ir 4.b6.27, the commutator ana brushes snall be examined for evidence of perrmanent
damagc. Permanent damage shall include:

{a} Any obvious damage to the brusheg, brush-holders, or commutator.

(b)  Any distorted or high commutator bars.

(=} Anv evidence of severe commutator threadinc or arooving.

(@&;  Any significant reduction in the surface area of the brush scat.
Cvidence of clight burnina or discoloration or the trailine edae (side or seai), and pitting é!
or the seat of the brushk shall not be cause for reljectiorn, X

§,0,2 submarine propulsion motor-rheostat data tests (see €.2.7). When specified
{se¢ 0.2.1), data snall be obtainew DY test to enalbile ace te < i of the motor
characteristic curves as follows:

{a) & plot of speed versus field current for motor operation from the battery at
averade discharge voltages coverinc the complete ranae.

(b) & plot of speed versus field current for motor operation from fixed voltages
as specified.

4.6.29 Cooler water side flow tests. Each air cooler shall be flow tested on the water
side to develop a calibration curve of flow versus pressure drop through the coolers. Tlow
neasurements shall be made usinc the inlet and outle: pressure taps supplied on each water
side conne:_Lu“. The contractor shall supply & curve showing pressure drop versus flow for

ch coocler supplied for flow rates up to the maximum allowable flows permitted by specifi-
cations.

4,6,30 Operational tests. achine shall be subjected to the tests specified in
4.6.30.1 througn 4.0,30.5. 7Testing may he performed using the pump=~back or back-to-back
setup.

£.6.30.1 Preliminarv rurn. The motor or aenerator shall be operated at fulli-load and
rateé-speed tc brinc the components up te operatinc temperature. During this period the
general operation of the unit shall be observed anu any necessary adjustment shall be made.

c-hour continuous run at full-load.

=1 by
Snadsl e

Py iirg gl ragng: |
Oparaced

R

gencrachr

at

iy
1/4- hcur intervals

during this run, the following date
(a) Time.
(b) Ambient temperature.
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& (c) Field voltage and current.
{d} Armature voltage and current. *
W (e) Frame termperature.
- (f} Bearing coil, cooling water and air temperatures.

(g) Cooling water flows.
(h) Field RTE‘S.

4.6.30.3 Flfty—hour continuous test, Motor and generator shall be operated continuously

for 50=-running hours in the ahead Airection only, at various loads and r/min lncludlnc at
least 10-hours continuous at rated-conditions. Data shall be recorded as specified in

contractor may perform any of the applicable tests during this test so long
operation is not interrupted¢ (pby not more than one 5-minute period).

4.€.3C.4 MAstern test. For submarine propulsion motors, an additional astern test shall
hp conducted ‘mnnnsﬂfnnv Fn1:nm~nn kho :ﬂ_hnnr ccntlnu"“= test, fcr "—contlnuous hu"rs at

rated conditions. The cenerators need not be operated in the astern direction.

4.6.30.5 Acceptance criteria. More than one shutdown, a shutdown or more than 5§
minutes duration, faillure toc meet temperature limits, or failure of any part or assembly

(- 3 v £ & - -
during the &£0-<hour test period shall constitute failure of the test.

4.6.31 Breakawavy torgue test. When specified (see 6.2.1), submarine emeragency
propulsion motors shall be subjected to a startino torque test. Testino procedure shall be
as specified (see €6.2.1). The capability of the motor to provide snec;.led starting torgue
in bcth directions ¢f rotation without malfunction or uamace shall be shown. Field and

starting currents shall be recorded and included in the test reports.

4.7 Final examination. Equipment shall be given a thorouch general examination in

i
accordance with the applicable specification prior to delivery to determlre that the equip-
OWing

ment is satisfactory in all respects. Special attention should be given to the following
items:

(a) Cleanliness (external and internal as visible throuach examination ports).
(b) Boltinc made up properly, including locking devices secured.
{c) Identification plates ins:talled and according to plan.
{d} Critical external dimensions checked for plan conformance.
{e} Pipinc connecticns properly locatecd and of the correct size and standard.
(£} In Judcino the final condition of ¢reated windinas, the method specifiaed in
MIL~E-817 of tryinc to separate varnish lavers with a fingernail or knife from
&t a flat surface, with 1/2 inch considered excessive is not acceptabie.
(g) 1n addition to the reguirements of MIL-E=917, finish cuts on rotors mav be
done after varnishinag. All machininc after varnish treatment should be

limited to finishinc operations and removal of mezal should not exceed 0,016
inch. Insulatec windings should be protected as much as is practicable.

4.6 Inspection of preparation for delivery. Trreservation~packaging, packing, and
marking shzl. be inspectecd for compliance with section 5 of this document,

5., PREPARATION FOR DELIVERY

(The preparatior. for delivery requirements specified herein apply only for direct
Government acquisitions. For the extent of applicability of the preparation for delivery
requirements of referenced documents listed in section 2, see §.4,)

5.1 Preservation=-packacing, packing, and marking.

5.1.1 Equipment., Each eaquipment {(generator, motor, Or propulsion auxiliary) with
accesaories sha pe preserved-packaced level A or C, packed level A, B, or C as specified
(see 6.2.1), and marked in accordance wvith MIL-E-1629%,

5.1.2 Repair parts and tocls. Repair parts shall be preserved-packaged, packed, and

LT ——=_ T | ——
markec¢ ir accoraance witn MIL=F-1G298 or MIL=E-1755%, as applicable, and modified in accorc-
ance with MII~-STD-7S58 for submarine applications in accordance with the level specified for
the intended use and destination as follows:

Level
Destination Treservation-packadaing Packing
Onboard A C
Stock A B
Immediate use C (o
an
>4
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Unless otherwise specified (see 6.2.1), repair parts shall be packaged one part per unit
package, except that all parts comprising a single set or assembly shall be individually
protected and packaged together as a single unit.

5.1.2.1 Repairables. Repair parte subject for return to a repair facility for restora-
tion and reissue shall be packaged and packed in materials and containers capable of reuse.
Unless otherwise specified (see 6.2.1), packauing shail be in accordance with M5 90363.
Repairables requiring reusable containers, such containers shall be in accordance with the
guidelines of MIL-E-17555. Containers shall be marked: "REUSABLE DO NOT DESTROY". Packaging
and transportation support data shall be furnished for items falling in this category (see

6.2.2).

5.1.2.2 Semiconductors or solid-state devices. Semiconductors such as diodes, tran-
sistors, intergratec circuits as well as circuit boards or chassis in which they are
incorporated, shall be individually packaged in a barrier bag conforming to class E, style 1,
type I or II, or class F, style 1, type I of MIL-B-117. MIL-B-117 bag material shall employ
aluminum foil as a laminate of the bag barrier material. Baca closure shall be effected by
heat sealing. Leads and terminals shall be protected from damage by means of the container
(carrier) design, die cut inserts, or by the use of non-corrosive cushioninc material. Leads
and other projecting parts may be used for positioninc but shall not be subjected to loads
or other stresses such as bending or twisting that can damage the entry seals. For level C
preservation-packing, semiconductor or solid-state devices subject to electromagnetic
degradation shall be protected with a wrap of aluminum foil or a barrier bag employing
aluminum foil as a laminate of the bag material. Leads and terminals shall be protected as
specified herein,

5.2 Cushioning, dunnage, and wrappinpc materials.

5.2.1 Level A preservation-packaging and levels & and B packina. Use of all types of
loose-£fill materials Zor packacing ang pa~hfﬁ? applications such as cushioning, filler or
dunnage is prohibited for materials destinec for shipboard installation/stowage.

5.2.2 Level C preservation-packaging and packing. When loose fill type mate rials are
used for packaging and packinc applications “such as cushioning, filler and dunnage, all
containers (unit, intermediate and shipping) shall be marked or labelled with the following
information.

"CAUTION

Contents cushioned etc., with loose-£ill material. Not to be taken
aboard ship. Remove and discardé loose-fill material before ship=-
board stowaace. If recuired, recushion with cellulosic material,
bound fiber, fiberboard, or transparent flexible cellular material.

5.2.3 Cushioning, filler, dunnage, and wrappinc¢ materials selected, whenever available,
shall exhibit improved performance for resistance to fire.

5.3 Technical manuals. Technical manuals, which accompany shipments that are packed
level A or B, shall be packaged in a transparent waterproof plastic bag, minimum 4 mil thick.
Closure shall be by heat sealing. Technical manuals shall not be placed within any flexible
sealed barrier enclosing components. The copy(s) of the manual shall be placed in the ship~
ping container housing the main unit., Packing lists shall indicate which container contains
the technical manual(s) and shall also state the approximate location therein. For ease of
removeahility the location of the manual shall be such that it is readily accessible when

the contalner is opened. Technical manuals, when shipped in bulk quantltxes, shall not be
individually wrapped, but shall be packed in accordance with the requirements of the appli-
cable technical manual specification or packed in containers conforminc to the reguirements
for level A, B, or C, as specified (see 6.2.1).

5.4 Special requirements. Equipment, tested and certified (see 2.5.3 and 4.6.6), shall
have their shippinc containers marked in accordance with MIL-STD=740 in addition to the
markino requirements of 5.1.1.

40
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5.5 Unpacking. Unpacking instructions shall be provided for complex equipment or
systems and EIoatlng bag type packs, the instructions shall contain the following information:

"To unpack remove the top and sides, leaving the unit resting on the bottom
of the packing case. Remove the packing case and slip the unit off the
base. In unpacking the item, the following precautions shall be observed
to prevent possible damage:

(a) Observe the arrows marked on the shipping container. These point to the
cover which can be removed most readily.

(b} Remove nails with a nail-puller only,

(c} Remove screwe with a screwdriver only.

(d) Never pound or hammer the shippinc container.

(e} Keep all levers and crowbars away from the interior of the container,”

5.5.1 These instructions shall be placed in a sealed waterproof envelope prominently
marked "UNPACKING INSTRUCTIONS" and firmlyv affixed to the outside of the shipping container
in a protected location, preferably adjacent to the identification marking, If the instruc-
tions cover a set of equipment packed in multiple containers, the instructions shall be
affixed to the number one container of the set or system.

5.6 Data (see 6.2.2). Data shall be prepared for delivery in such a manner as to
insure the reguired information is protected acainst deterioration, physical damage or loss
during shipment from the contractor to the receiving activity. Packages or shippinc con-
tainers shall as a minimum conform to the level C requirements of 5.1 herein.

6. NOTES

6.1 Intended use. Eguipment described by this specification will be a permanent
.  =Atenaes ISE - ae > -
installation on military ships, and is useéd tec transmit propulsive power to the propellers.
Failure may immobilize ancé thereby endanger the ship.

6.2 Orderinc data.

6.2.1 Acauisition recuirements. Acquisition requirements should specify the followinag:

(a2} Title, number and date of this specification.
(p) Minimum material requirements (see 3.2).
(¢} Class of insulation (see 3.2.3).
(d} Encineering services (see 3,3),
(e} Specific limits required (see 3,4.1.1).
(£) Wher. overloacd is required (see 3,4.5.1).
(g) Ratinc required (see 3.4,.6),
(h) Special performance requirements (see 3.4.6.1).
(1) Efficiencies anc losses (see 3.4.6.2).
(j) Structureborne vibration range (see 3,4.8.2).
(k) Limits for deviation from true roundness (see 3.4.8.2.1).
(1) Shockproofness (ses 3.4.13),
(m) Special shock regquirements for submarines (see 3,.4.13).
(n) Electromagnetic interference (see 3.4.15).
{o) Parallel operation (see 3,4.19 and 4.6.25).
(p) When feet are not bolted to prime mover bedplate (see 3.4.22.1).
(g) When jacking gear is not required (see 3.4.30.3).
(r) Wnen stub shaft is not required (see 3,4.30.4).
(s} Special magnetic requirements (see 3.4.31,.3).
(t) Wher terminal lucs for connectinc generator and motor leads to power cables
should be supriied (see 3.4.34.3).
(u) When heaters are not required (see 3,4.35.1).
{v) If sleeve bearing are not to be provided for propulsior generators and motors
(see 32,4,38),
(w) Number of bearinas reguired (see 3.4.36.1).
(x) If bearinc desian is other than specified (see 3.4.38,1.1).
(y) Number of bearings for motors if other than two (see 3.4.3E.2).
(z} Wner. motor bearinas should be designed tc carry propeller thrust (see
3.4.38.2(4)).
(aa) Bearing lubrication (see 3.4.39).
(bb) When sump should not be provided (see 3.4.40.2).
(cc) Direction of flow if other than specified (see 3,4.43).
(dd) Weights not to be exceeded (see 3.4.48).
(ee) Type of exciter drive or submarine battery characteristics (see 3.5.2.1).

41
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(£f) Motor-generator type and voltage of exciter driving motor (see 3.5.3,1), ﬁ
{gg5) When low noise level is specified {sees 3,5.4).
(hh) Blower motor characteristics and shock test (see 3.5.4.2). "

(ii) Repair parts and special tools to be furnished (see 3.6).

(ii} When repair parts boxes are required (see 3.6.1).

(kk) When repair field coils should be furnished for submarine application (see
e S S 1 Y iV h
DeUVesledE) /o

(11) Wwhen repair parts and special tools are not to be furnished for stowage (see
3.6.1.3).

{mm) TIf a tional drawinec data is required (see 3.8.1.2.1).

(nn) Quality assurance requirements (see 4.1.1).

{00} Sh oard éimensional 'LLU\M: for ma.:.nl.a.ulai‘lll\_\ {see 4.6.2.2),

(pp) If lubrication tests are conducted other than as specified (sce 4.6.11).

(ag) 1If temperature corrections are to be made other than as specified (see 4.6.13).

{rv) If ingulation resistance test is to be canducted at other than a convenient
ambient temperature {(see 4.6.13).

{ss) vihen reversal test is reduired (see 4,6.19)

(tt) Where shock test is to be conducted (see 4.6.23(f

(uu) If inclined operation test is waived (see 4.6.24).

4.6.2

{vv) If parallel operation test is requireé (see 5).
(ww) Magnetic test and acceptance criteria (see 4.6,26 and 4.6.26.1).
{xx) Rheostat data tests (Submarine) {see 4.6.28j.

(yy) Breakaway torgue (see 4.6.31).
{zz Testina procedure (see 4.6.31).
{aza) Applicable levels of preservation; packaaing,; packing and marking required

ApPal preservation; packading, Pacrin

(see 5.1.1, 5.1.2, and 5.3).
(bbb) Repairables packaginc other thar specified (see 5.1.2.1}.

Data requirements. When this specification is used in a contract which invokes

T 0f Thce "Reguirements for Data™ of the Defense Acgunisition Regulation (DAR),

ientified below, whach are required to be developed by the contractor, as specxfied
on an approved Data Item Description (DD Form 1664}, anc which are required to be delivered
te the Government, should be selected and specified orn the approved Contract Data Reguire-

ment List (DD Form 1423) and incorporated in the contract. When the provisions of the
"Regquircments for Data" of the DAR are not inveoked in a contract, the data reaguired tc be

Reguirecments ICr Lata’ ¢I Tne LAk are nel lnVOore in 4 CcontTrac che aat

developed by the contractor and recuired to be delivered to the Government shoulé be selected
from the 1ist below and specified in the contract.

Applicable f
Data reguirements DID Ontion {
43T iy
3.4.1.3 Plan, reliability program DI-R=2113 ——————
S.4.1.2.010 Report, reliability pre-
diction DI-R-2117 ——————
3.,4.1.2.2 Repcrt, failure mode
effects and analysis
(FMER) DI-F=2115 ——————
3.4.1.4.1 Plan, maintainability
demonstration UDI-R-23564 ——————
3.4.1.6 Reliability and maintain-
ability allocations,
assessments, and anal=-
ysis report DI~R=-3535 ——————
2.4.1.7.2 Plan, system safety pro-
gram {SSPP) UDI-H=23290 ——————
3.4.2.1.3 Reports, test DI-T=2072 ————
3.4,132 Report, shock dynamic
design analysis UDI-F-23122
3.6 Provisioninc parts list DI-V=207¢8
3.8.2 Drawinas, engineering
and associated lists DI-F=-7031 Level 3 (production)
Desiar activity desiagna-
tion - contractor
Design activity drawinc
numbers - contractor
3.68.2 Manual, technical, pre-
liminary DI~M=-2043 Type I of MIL=-M-15071
Manual, technical,
standard DI-M=-2044 Type I of MIL=-M=15071
§.6.3 Plan, reliability test
and demonstration UDI~-R-23562 —————
42
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Applicable
Data requirements DID Option
Reports, reliability test
test and demonstration UDI=-R=-23563 ———-
4.6.6 Report, noise measurement UDI-~R-22578 —————
i.6.7 Report, vibration testing UDI-T=23762 ——————
4.6.8.2, 4.6.10,
4,6,11, 4,6.22,
and 4.6.2¢ Reports, test pI=T=2072 ——————
5.1.2.1 Packaging and transpcrta-
tion support data UDI-F-23508 ——————

(Copies of data item descrip ions required by the contracteore in connection with specific
acguisition functions should be obtained from thne contracting activity or as directed by
the contractinc officer. Unless otherwise indicated, the issue in effect on date of invita-
tion for bids or request for proposal shall apply.)

6.2.2.1 The data requirements of 6.,2.2 and any task in section 3, 4, or 5 of the speci-
fication reguired to be performed to meet a data requirement may be waived by the contracting/
acguisition activity upon certification by the offeror that identical data were submitted by
offeror and accepted by the Government under a previous contract for identical item acquired

to this specification. This does not apnlv to specific data which mav be required for each
contract recardless of whether an xcentlcal item has been supplied nrevxouslv (for example,

test IGPOICS].

Invitations for bids should provide that the Government

+he requ iremant for c:mr\lczc for first article IHSTJSCth.". as to

6.3 First
=1

ol
b
4]
3

those bldGE“S offe ing a product which has been prevxouslv acquired or tested by the Govern-
ment, and that bidders offering such products, who wish to rely on such production or test,
must furnish evidence with the bicd that prior Government approval 1s presently approvriate
for the pendinc contract.

6.4 Subcontracted material and parts. The preparation for delivery reguirements of
referencea documents listed in sectioh 2 Go not apply when material and parts are acquired
by the contractor for incorporation into the equipment and lose their separate identity when
the eguipment is shipped.

this revision to
the changes,

6.5 Changes from previous issue. The symbol "{" iec not usec in
lidentify chanaes witn respect to the previous issue due tc the extensiveness of

Preparinc act;v1ty-

N o
Navy = Dl.

(Project 6115-N362)

&
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