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15 Auqust 1991
SUPERSEDI NG

M L- C- 18087( SHI PS)
7 March 1955

(See 6.15)

M LI TARY SPECI FI CATI ON

CLUTCHES FOR PROPULSI ON UNI TS AND AUXI LI ARY
MACHI NERY, NAVAL SH PBOARD

This specification is approved for use by the Naval Sea Systens Command,
Departnent of the Navy, and is available for use by all Departments and
Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers clutches for Naval shipboard propul -
sion units and auxiliary machinery. This specification does not include all types
of clutches but is intended to cover those types nost wi dely used in shipboard
propul sion and auxiliary systens.

1.2 (dassification Cutches shall be of the followi ng types as specified
(see 6.2):

Type | - Nonpositive drive hydraulic (fluid drive).

Type Il - Nonpositive drive friction (tire and tube)

Type 111 Nonpositive drive friction (disc, drum or cone)

(see 6.8 2)

Type IV - Nonpositive drive overrunning (see 6.8.3).

Type V. - Positive drive (see 6.8.1) forced synchronizing.

Type VI Positive drive overrunning

Cass A - Automatically actuated
Cass B - Remotely controlled

Beneficial comments (recommendations, additions, deletions) and any pertinent
data which may be of use in improving this document should be addressed to:
Commander, Naval Sea Systems Command, SEA 5523, Department of the Navy,
Washington, DC 20362-5101 by using the self-addressed Standardization
Document Improvement Proposal (DD Form 1426) appearing at the end of this
document or by letter.

AVBC N A FSC 3010
DI STRIBUTI ON_STATEMENT A, Approved for public release, distribution is unlimted.
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2.

2.1 overnment
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APPLI CABLE DOCUMENTS

docunents.

2.1.1 Specifications

standards. and handbooks. The fol |l owing specifica-

st andar ds,

specified herein.
those listed in the issue of the Department of Defense Index of Specifications and

St andards (DODI SS) and suppl enent thereto,

SPECI FI CATI ONS

FEDERAL

FF-B-171 -

FF- B- 185

FF- B- 187
FF-W 92

QQ- A- 601
Q0 B- 728

4 L ¥ 1

QQ S- 365 -
QQ-T-390 -

Q@ W 390 -

M LI TARY
M L-

M L-
M L-

M L-
L-

L-
L-

M
M
M
M L-
M L-
M L-
M L-

M L-
DOD-

S-901 -

A-907
S 1222 -

S-5000 -
A-8625 -
| -8846 -
T-17286 -

B-17931 -
F-18240 -

S-22698 -

S-23284 -

S-24093 -
F-24669 -

and handbooks forma part of this document to the extent
Unl ess ot herwi se specified,

the issues of these documents are

cited in the solicitation (see 6.2).

Bearings, Ball, Annular (General Purpose).
- Bearings, Roller, Cylindrical; and Bearings, Roller,

Sel f-Al'i gning.

Bearings, Roller, Tapered.

Washer, Flat (Plain).

Alum num Alloy Sand Castings.

Bronze Manganese; Rod, Shapes, Forgings, and Fl at
Products (Flat Wre, Strip, Sheet, Bar, and Plate).

Silver Plating, Electrodeposited Ceneral Require-

nments for,

Tin Alloy Ingots and Castings and Lead Alloy Ingots
and Castings (Antifriction Metal) for Bearing

Appl i cati ons.

Wre , N ckel-Chromumlron Alloy.

Shock Tests, H . (Hgh-Inpact); Shipboard Machinery,
Equi prent and Systens, Requirenents for.

- Antiseize Thread Conpound, H gh Tenperature.

Studs, Bolts, Hex Cap Screws, Socket-Head Cap Screws
and Nuts.
Steel Chrone- N ckel - Mol ybdenum (E4340) Bars and

Ref orgi ng Stock.

Anodi ¢ Coatings, for Alum num and Al um num Al l oys
Inserts, Screw Thread, Helical Coil.

Turbines and Cears, Shipboard Propul sion and
Auxiliary Steam Packaging of.

Bearings, Ball, Annular, for Quiet Operation.
Fastener, Element, Self Locking, Threaded Fastener,
250*F Maxi mum

Steel Plate, Shapes and Bars, \ldable Odinary
Strength and Higher Strength.  Structural.

Steel Forgings, Carbon and Alloy, for Shafts,

Sl eeves, Couplings, and Stocks (Rudders and Diving
Pl anes) .

Steel Forgings, Carbon and Alloy Heat Treated.
Forgings and Forging Stock, Steel Bars, Billets and

Bl oons, General Specification for. (Metric)
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M LI TARY (Cont i nued)

DOD- F- 24669/ 1 - Forgings and Forging Stock, Steel (Carbon and
Alloy) Bloons, Bars, Billets and Slabs. (Metric)

DOD- F- 24669/ 2 - Forgings and Forging Stock, Steel Bars and
Billets - Chrom um Mlybdenum Alloy. (Metric)

DOD- F- 24669/ 3 - Forgings and Forging Stock, Steel Bars and Billets
for Nitriding. (Metric)

M L-C-24707/1 - Castings, Ferrous, for Machinery and Structural

Appl i cati ons.

M L-C-24707/5 - Castings, Ductile Iron and Austenitic Ductile Iron.

M L- N- 25027 - Nut, Self-Locking, 250°F, 450°F, and 800°F.

M L-C 26074 - Coatings, Electroless N ckel, Requirenents for.

M L- C- 83488 - Coating, Aluminum lon Vapor Deposited.

STANDARDS
M LI TARY

M L- STD- 29 - Springs, Mechanical; Drawi ng Requirements for.

M L- STD- 129 - Marking for Shipnent and Storage.

M L-STD-167-1 - Mechanical Vibrations of Shipboard Equi pnent
(Type | - Environnental and Type 11 - Internally
Exci ted).

M L-STD-248 - Wl ding and Brazing Procedure and Perfornance
Qual i fication.

M L- STD- 271 - Requirenents for Nondestructive Testing Methods.

M L- STD- 278 - Wl ding and Casting Standard.

M L- STD- 438 - Schedul e of Piping, Valves, Fittings, and Associ -
ated Piping Conmponents for Submarine Service.

M L- STD- 777 - Schedul e of Piping, Valves, Fittings, and Associ -
ated Piping Conmponents for Naval Surface Ships.

M L- STD- 792 - ldentification Marking Requirements for Speci al
Purpose Conponents.

HANDBOOK
M LI TARY

M L- HDBK- 149 - Rubber.

(Unless otherwise indicated, copies of federal and military specifications,
standards, and handbooks are available from the Standardization Documents Order
Desk, BLDG. 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.)

2.1.2 ther Government documents. drawings. and publications The follow ng
ot her Government documents, drawings, and publications forma part of this
docunent to the extent specified herein. Unless otherw se specified, the issues
are those cited in the solicitation.

DRAW NG

NAVAL SEA SYSTEMS COWWAND ( NAVSEA)
B 214 - Root Connections for Attaching Pipe.
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PUBLI CATI ON

NAVSEA
0901- LP- 420-0007, Chapter 9420 - Propul sion Reduction Gears,
Couplings, and Associ at ed
Conponent s.

(Application for copies should be addressed to the Standardization Docunents
Order Desk, BLDG 4D, 700 Robbins Avenue, Philadel phia, PA 19111-5094.)

2.2 Non-CGovernnent publications. The follow ng docunent(s) forma part of
this docunent to the extent specified herein. Unless otherw se specified, the
I ssues of the documents which are DOD adopted are those listed in the issue of the
DODISS cited in the solicitation. Unless otherw se specified, the issues of
docunents not listed in the DODISS are the issues of the docunents cited in the
solicitation (see 6.2).

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

A 228 - Standard Specification for Steel Wre, Msic Spring
Quality.  (DoD adopt ed)

A 313 - Standard Specification for Chromum N ckel Stainless
and Heat-Resisting Steel Spring Wre. (DoD adopt ed)

B 26 - Standard Specification for A umnum Alloy Sand
Castings. (DoD adopted)

B 85 - Standard Specification for Alum num Al loy Die Castings.
(DoD adopt ed)

B 108 - Standard Specification for Al um num Alloy Permanent
Ml d Castings. (DoD adopted)

B 138 - Standard Specification for Manganese Bronze Rod, Bar
and Shapes. (DoD adopt ed)

B 148 - Standard Specification for A um num Bronze Sand
Castings. (DoD adopted)
B 169 - Standard Specification for Al um num Bronze Pl ate,
Sheet, Strip, and Rolled Bar. (DoD adopted)
B 247 - Standard Specification for Alum num and Alum numAlloy D e

Forgings, Hand Forgings, and Rolled Ring Forgings.
(DoD adopt ed)

B 271 - Standard Specification for Copper-Base Aloy Centrifugal
Cast i ngs. (DoD adopt ed)

B 505 - Standard Specification for Copper-Base Alloy Continuous
Cast i ngs.

B 584 - Standard Specification for Copper Aloy Sand Castings for
General Applications. (DoD adopt ed)

F 1166 - Standard Practice for Human Engi neering Design for Marine
Systens, Equipment and Facilities.

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

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)
B46.1 - Surface Texture, (Surface Roughness, Waviness, and Lay).
(DoD adopt ed)
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(Application far copies should be addressed to the Anerican Nationa
Standards Institute, Inc., 1430 Broadway, New York, Ny 10018.)

(Non- Gover nment standards and other publications are nornally available from
the organi zations that prepare or distribute the docunents. These documents al so
may be available in or through libraries or other informational services.)

2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable |aws and
regul ations unless a specific exenption has been obt ai ned.

3. REQUI REMENTS

3.1 First article. \Wen specified (see 6.2), a sanple shall be subjected to
first article inspection (see 6.5) in accordance with 4,3.

3.2 Materials. Unless otherwi se specified (see 6.2), materials shall be as
specified Tn tables | and II.

TABLE |. Materials of principal parts.
Applicable Hardening
Part document Material Hardness 1/| method Remarks
Anti- QQ-T-390 Grades 2
friction or 3
material
Bearings
Ball MIL-B-17931
FF-B-171
Roller FF-B-185
FF-B-187
Cages, MIL-S-22698 Steel plates Grades A,
structural and shapes B, or D
MIL-S-24093 |Steel forgings Class B, type
I or II
Casings, MIL-C-24707/1|Steel Grade AlQ
covers, castings or WCa
bases and {MIL-S-24093 Steel Class H,
guards forgings type V
MIL-S-22698 Steel plates Grade B
and shapes
Casings and|{QQ-A-601 Aluminum Alloy C355.0
guards, alloy or A356.0
weight casting weight
critical critical 7/

See footnotes at end of cable.
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TABLE |. Materials of principal parts - Continued
Applicable Hardening
Part document Material Hardness 1/ method Remarks
Clutch MIL-S-24093 Steel 275 BHN 2/ Class C,
drive forgings type I
pleces and or II
plates
DOD-F-24669/1]|Steel: bars 56 Rc 2/ Carburize Class 4615
and billets 3/ or 8615
MIL-C-24707/5|Cast iron Grade
60-45-15
Cones MIL-S-24093 Steel 275 BHN Class C,
forgings type 1
or 11
Class H,
type V
QQ-B-728 Manganese Class B
bronze
forging
and bars
ASTM B 138 Manganese Copper
bronze alloy,
C67000 or
C67500
Drums MIL-C-24707/1|Steel Grades AlQ
castings or WCA
MIL-C-24707/5}Cast iron Grade
60-45-15
MIL-S-24093 Steel Class H,
forgings type V
DOD-F-24669/2| Steel bars, F-22,
billets, condition
and forgings HT
DOD-F-24669/3| Nitralloy 59 Re Nitride 4/ |Class A,
135 M steel condition
bars, 2, type
billets, 111
and forgings
MIL-S-22698 Steel plates Grade B
and shapes
Flanges MIL-S-24093 Steel Class H,
forgings type V
Class B,
type 1 or
I1

See footnotes at end of table.
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TABLE 1. Macterials of principal parts - Continued.
Applicable Hardening
Part document Material Hardness 1/ method Remarks
Friction ASTM B 271 Copper base Copper
and alloy alloy
rubbing centrifugal €90500,
pieces castings c92200,
C93800
ASTM B 505 Copper base
alloy
continuous
castings
ASTM B 584 Copper alloy
sand
castings
QQ-B-728 Manganese Class B
bronze
forgings
and bars
ASTM B 148 Aluminum
bronze sand
castings
Hubs DOD-F-24669/1}Steel bars 56 Rc Carburize Class 4615
and billets or 8615
DOD-F-24669/3 |Nitralloy 59 Re Nitride Class A,
135 M steel condition
bars, 2, type
billets and ITI
forgings
DOD-F-24669/1]Steel bars 49 Re Nitride Grade 4340
and billets
for reforging
Pins DOD-F-24669/1|Steel bars 56 Re Carburize Class 4615
and billets or 8615
DOD-F-24669/3| Nitralloy 59 Rc Nitride Class A,
135 M steel condition
bars, 2, type
billets, I11
and
forgings
MIL-S-5000 Steel bars _ |45 Rc Through Condition
and forging hardened 5/| F, rough
stock turned
DOD-F-24669/1|Steel bars 49 Re Nitride Grade 4340
and billets
for reforging

See footnotes at end of table.
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TABLE 1. Materials o arts - Continued.
Applicable Hardening
Part document Material Hardness 1/| method Remarks
Pistons MIL-5-24093 Steel 275 BHN Class C,
forgings type I
or IX

ASTM B 26 Aluminum Alloy
alloy sand C€355.0
castings 6/ or A356.0

ASTM B 85 Aluminum Alloy A360
alloy die or A380

_ castings 6/

ASTM B 108 Aluminum Alloy
alloy per- C355.0
manent mold oxr A356.0
castings 6/

ASTM B 247 Aluminum Alloy
alloy die 2014-Té or
and hand 6061-T6
forgings &/

MIL-C-24707/1|Steel Grades AlQ
castings or WCA

Rotors MIL-C-24707/1|Steel Grades AlQ
castings or WCA

DOD-F-24669/1|Steel bars 56 Rc Carburize Class 4615
and billets or 8615

DOD-F-24669/3|Nitralloy 59 Re¢ Nitride Class A,
135 M steel condition
bars, 2, type
billets and 111
forgings

DOD-F-24669/2|Steel bars, F-22
billets, condition
and forgings HT

MIL-S-5000 Steel bars 45 Rc Through Condition
and forging hardened 5/| F, rough
stock turned

DOD-F-24669/1{Steel bars 49 Rc Nitride Grade 4340
and billets
for reforging

MIL-5-22698 Steel plates Grade B
and shapes

Elastomer MIL-HDBK-149 |Rubber
plieces
See footnotes at end of table.

o
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TABLE I. Materjals of principal parts - Continued.
Applicable Hardening
Part document Material Hardness 1/ me thod Remarks
Shafts MIL-S-24093 Steel 275 BHN Class B,
forgings type I
or II
275 BHN Class C,
type 1
or Il
MIL-S-5000 Steel bars 45 Rc Through Condition
and forging hardened 3/| F, rough
stock turned
MIL-S-23284 |Steel Class 2
forgings,
carbon and
alloy
DOD-F-24669/1|Steel bars 49 Re Nitride Grade 4340
and billets
for reforging
Sleeves DOD-F-24669/1]Steel bars 56 Rc Carburized |Class 4615
and billets or 8615
DOD-F-24669/3|Nitralloy 59 Rc Nitride Class A,
135 M steel condition
bars, 2, type
billets and III
forgings
Spiders MIL-S-22698 Steel plates Grade B
and shapes
Springs QQ-W-390 Nickel- Temper C
chromium-
iron alloy
wira
ASTM A 313 Steel spring, Alloy 302
wire, heat Class 1
resisting
ASTM A 228 Steel wire, Hard drawn
spring
quality
MIL-STD-29 Drawing
require-
ments

See footnotes

at end of table.
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Materials of principa

parts -

conti nued.

Part

Applicable
document

Material

Hardness 1/

Hardening
method

Remarks

Tube,
scoop

ASTM B 271

ASTM B 505

ASTM B 584

ASTM B 148

QQ-B-728

ASTM B 169

Copper-base
alloy
centrifugal
castings

Copper-base

centrifugal
castings
Copper alloy
sand castings
Aluminum
bronze sand
castings
Manganese
bronze
forgings
and bars
Aluminum
bronze plate,
sheet, strip,
and bar

Copper
alloy
€90500,
€92200,
€93800

1/ Hardness is mninum

2/ BHN is standard Brinel
Rockwel |

C scal e.

3/ Carburizing steels,

har dness nunber.

when case hardened,
of 0.025 inch; tooth and splines shal

shal |

Rc is hardness designated in

have a m nimum case depth
have a case depth (see 6.8.4) of

0.025 inch or 10 percent of the tooth chordal thickness whichever is

greater.
of 56 Rockwel |

Tooth and spline surfaces shal

4/ Nitriding steels, when case hardened,

(see 6.8.4) of 0.020 inch;
surface hardness of 49 Rockwel |

shal

contractor and approved by the contracting activity.

s/ Through-hardened parts shal

contractor and approved by the contracting activity.
6/ Aluminum alloy parts for salt water service shal

resi st ant

al | oy.

7/ See 3.4.13.

10

have a m ni mum surface hardness
C, other surfaces as specified by the contractor and

approved by the contracting activity.

have a m nimum case depth
teeth and spline surfaces shal

C, other surfaces as specified by the

have a m ni num

have a surface hardness as specified by the

be of a high-corrosion
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Matexials ethexr than principal parts.

Part

Applicable
document

Material

Remarks

Threaded fastenars
Bolts, studs, hex
cap screwvs,

hand nan arnrawe
LI aws ‘dﬂy SLELTWE ,

socket

MIL-5-1222 1/

Carbon and alloy
steel and corrosion-
resisting steel

and nuts
Nuts, self locking |MIL-N-25027 Carbon steel and
corrosion-resisting
) steel
Self-locking MIL-F-18240 Nylon

elements

Threaded insert MIL-1-8846 Carbon steel or

corrosion-resisting

steel
Piping
Connections MIL-STD-438 Submarine vessels
MIL-STD-777 Surface vessels
Root comnections |Drawing B 214
Washers MIL-S-24093 Carbon and alloy Class D, spacing
steel forgings washers
DOD-F-24669/1| Carbon and alloy Standard washer;
steel flat washer
FF-W-92 Carbon and Class A and B
corrosion-resisting
steel
Gaskets In accordance
with specifi-
cation require-
ments of parent
equipment
1/ See 3.4.8.1.1.
3.2.1 Use of cast iron. Unless otherwi se specified (see 6.2) or in accor-

dance with tables | and Il, cast iron parts shall not be used

3.2.2 Prohibited mterials.
st at ed.

The following materials are prohibited to the
ext ent

3.2.2.1 Asbestos. Ashestos or any materia

containing asbestos that could
become airborne is prohibited.
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3.2.2.2 Nercury and nercury conpounds. Clutches and parts shall not contain
mercury or nercury conpounds and shall be free of nercury contam nation. Use of
mercury shall be prohibited for inspection, exam nation, and tests.

3.2.2.3 Materials prohibited from lube oil contact. Paint, plastic, cadm um
and zinc coatings shall not be applied to any surface that will be in contact with
| ubricating oil.

3.2.3 Surfaces. Metal surfaces shall be free of defects (see 4.6.1 through
4.6.1.2.1)

3.2.4 Surface hardened parts. Mninmum case depth shall be in accordance
with 3.2, tables | and Il, where applicable.

3.2.5 Castings. Castings shall pass the inspection specified in 4.5.4.

3.2.6 Recovered materials. Unless otherw se specified herein, all equip-
nment, material, and articles incorporated in the products covered by this specifi-
cation shall be new and nmay be fabricated using materials produced from recovered
materials to the maxi mum extent practicable w thout jeopardizing the intended use.
The term “recovered materials” means materials which have been collected or
recovered fromsolid waste and reprocessed to becone a source of raw materials, as
opposed to virgin raw materials. None of the above shall be interpreted to nean
that the use of used or rebuilt products is allowed under this specification
unl ess otherw se specifically specified

3.2.7 Substitute materials. Mterials other than those specified are
substitute materials (see 6.10 and 6.10.1).

3.3 (eneral. Cutches shall be constructed for engagenent, operation
and di sengagenent wi thout interruption under all specified expected conditions
of msalignment, shaft flexure, bearing wear, and any other specified anticipated
motion between the driving and driven shafts.

3.3.1 Qperating characteristics. The design of all clutches shall be
mat ched with driver and driven equipnent to provide stable operation under
all steady state, maneuvering, reverse, windmlling, |ocked shaft, trail shaft,
and di sconnect operation (as applicable) conditions for propulsion clutches and
transient state |oad changes, including overloads for auxiliary clutches (see 6.3
and appendix A). Design shall also consider increased torque which occurs during
maneuvering and crash astern fromfull ahead, and then crash ahead to full power
for propulsion machinery. Time required for various operating conditions and
increased torque shall be in accordance with gear specification requirements or
parent equi pment specifications when clutch requirements are contained therein, or
as required (see 6.2). Unless otherwi se specified (see 6.2), the design torque
| oad of propul sion machinery clutches shall be 120 percent of full torque.

3.3.1.1 Natural frequencies. The natural frequency of a clutch design
shall not fall within 10 percent of the follow ng:

(a) Any speed within the range from mnimumto full power revolutions

per mnute (r/rein) (see 6.2).
(b) Two times any speed within the same range as (a) above.

12



Downloaded from http://www.everyspec.com

M L- C- 18087A( SH)

(c) Any other speed or exciting frequency cited in the contract or
order (see 6.2)

3.3.1.2 Collaboration. The clutch contractor shall collaborate with the
driven or driving nmachinery contractors, as applicable, to assure that construc-
tion, installation, and operating requirenents are identical and nutually
acceptabl e (see 6.2).

3.3.1.3 Llife endurance) Cutches shall be designed for 30-year life, when
life requirement is not stated. Wwen life required for the parent equipment (see
6.2) is other than 30 years, clutches shall be designed for the same life. \Mere
different life is indicated for associated equi pnent, clutches shall be designed
for the greater |ife requirement. Required operating hours for clutches shall be
equal to the greater value required for driver or driven equipment (see 6.2). The
clutch shall also be designed to neet the expected number of engagenents and
di sengagements at various power |levels (see 6.2).

3.3.1.3,1 perating ) nr opul Si on
and all propel ler shaft speed applications

Clutch life in operating hours shall be as follows:

(a) Total hours - 150, 000.

(b)  Full power hours - 15,000,

(c) Between 50 and 100 percent full power hours - 60, 000.
(d) Less than 50 percent full power hours - 75,000

3.3.1.3.2 (perating hours. propulsion clutches. gas turbine and diesel
powered upits. internediate and high speed applications

Clutch life in operating hours shall be as follows:

Total hours - 150, 000.

Ful'l power hours - 75, 000.

Between 50 and 100 percent full power hours - 37,500.
Less than 50 percent full power hours - 37,500.

o0 T D
—_——

(
(
(
(

3.3.1.3.3 Qperating hours. auxiliary clutches. Auxiliary clutch life shall

be 100,000 hours at design rated conditions.

3.3.1.4 Quer torgque. Cutches shall transmt 200 percent of rated torque at
t he maxi num specified msalignnent (see 6.2) for a mninum period of 1 mnute
for each occurrence. Contracting activity shall specify nunber and frequency of
occurrences (see 6.2).

3.3.2 Mintenance.

3.3.2.1 Accessibility. Design shall, within space linitations, provide the
maxi mum accessibility to parts which require routine inspection, maintenance, and
repairs. Design shall provide for mininmmeffort required to acconplish planned
mai nt enance actions and to effect repairs.

13
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3.3.2.2 |Interchangeabili ty. In no case shall parts be physically inter-
changeabl e or reversible unless such parts are also interchangeable or reversible
with regard to function, performance and strength.

3.3.2.3 Scheduled mmintenance, Table Il provides the mninum requirenents
for schedul ed (periodic) maintenance. Equipnent vendors shall submt other
necessary periodic naintenance requirenments for their equipment,

TABLE II1. Schedul ed maintenance requirenents
Clutch type Mai nt enance interval Action
Al'l types Sem - annual | nspect
Sel f-contained |ubricant type Quarterly Lubricate
3.3 3 Safety.

3.3.3.1 safety objectives. Cutches shall be designed and constructed to
mnimze or preclude hazard to equipment or personnel during testing and when
installed and operational on board ship as specified (see 6.2).

3.3.3.2 Equipnment and personnel safety. Appropriate safety provisions
shal | be included in design, test, and ship installation to satisfy equipment
and personnel safety requirements specified in ML-STD 882 (see 6.3).

3.3 3.3 Safety hazard \Were clutch operating requirements Oay be hazardous
to equi pment or personnel, special instructions and safety requirenents shal
be inposed by the contractor to the depth required by means of design, warning
plates, and training requirements

3.4 Construction, general requirenments (see 6.3 and appendi x B)

3.4 1 Revolution indicator. For all clutch types, except type | and Vi
class A, a revolution indicator, |ocated as approved by the contracting activity,
shal | be provided to indicate the revolutions of the driving or driven
shafts to facilitate engagenent of clutches at near synchronous speed.

3.4.2 Controls. Controls provided for the pneumatic or hydraulic systems
of all clutches shall be suitable for renote operation (see 6.2). Location and
safety features of controls shall be as approved by the contracting activity.
Provision shall be nade for gauges and tenperature detectors, interlock features,
and indicating lights as approved by the contracting activity. Type V and VI
clutches shall have indicating lights that show clutch engaged and clutch
di sengaged. Also, additional indicating lights shall be as specified in 6.2.

3 4.3 Attachnent of nmting parts.

3.4.3.1 Securing to shafts. Parts such as sleeves, hubs, plates and flanges
shal |l be secured to shafts or distance pieces by fitted bolts or shall be splined,
shrunk, or keyed, as applicable \ere such parts are splined or shrunk, retain-
ing nuts shall be enployed unless otherwi se specified (see 6.2). Nuts used on
through bolts shall be of the self-locking type (see table II).
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3.4.3.2 Cutch hubs. \Wall thickness of clutch hubs shall be sufficient to
prevent cracking or fracture under shrink fit, torque, bending moment, and
centrifugal and other |oading inposed during nornmal operation of the clutch. \all
t hi cknesses shall also allow for the effects of keyways, splines, holes, or other
features that introduce stress concentrations.

3.4.4 Bearings.

3.4.4.1 sliding surface journal bearings. Unless otherw se specified (see
6.2), sliding surface of journal bearings shall be lined with the anti-friction
materials specified in table I (see 3.2).

3.4.4.2 Rolling element bearings. Bearings shall be in accordance with
table I.

3.4.5 Lubricatiaon Unl ess otherw se specified (see 6.2), lubricant shall be
supplied to the clutch fromthe associated equi pment.

3.4.6 Easteners

3.4.6.1 Bolting for casings. Fasteners for casings shall be in accordance
with table Il (see 3.2).

3.4.6.2 PBaolting for [Q[a[|nP and stationary parts. Fasteners for al
rotating and stationary parts shall be in accordance with table Il and shal

conformto grade 5 or better of ML-S-1222 (see 3.2). Al fasteners shall be
| ocked in accordance with ML-N 25027 and M L-F-18240.

- 3,4.6.3 Bolt holes. Wen clutches are nitrided or carburized, bolt hole and
adj acent areas shall not be case hardened to pernmt reamng at assenbly.

3.4.6.4 Fasteners. weight balance. Cutch bolts, nuts, and cap screws shal
be wei ght bal anced to val ues given bel ow

Speed, r/mn Bal ance, qgrans
o to 1000 plus or mnus 1.0
1000 to 2000 plus or minus 0.5
2000 to 3600 plus or mnus 0.2
over 3600 plus or minus 0.1

3.4.6.5 Eastener sets. Bolts shall be furnished as sets or sized for their
respective holes and marked.

3.4.6.6 FEastener toraque. Instal lation torque limts and thread |ubricant
requi rements shalT be established by the clutch contractor. The lower limt
of installation torque shall be sufficient to prevent joint separation under the
nornal operating |oads and, when required (see 3.4.9), under shock. Were not
ot herwi se specified:

(a) Conbined stress in the fastener threads under the upper limt of
installation torque shall not exceed 75 percent of yield strength
of the bolt nmaterial
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(b) Conpressive stress of |oad-baring surfaces including washers at
the upper limt of installation torque shall not exceed 100
percent of ultimate conpressive strength of the material

3.4.6.7 Fastener deterioration. In order to prevent deterioration due to
corrosion, bolts, nuts, studs, pins, springs, screws, cap screws. and other
fastenings or fittings shall be of corrosion resisting material, or of a materia
treated in a manner to render it resistant to corrosion. \Were threaded surfaces
or close fitting surfaces may require disassenbly in service, an antiseize com
pound in accordance with ML-A-907 shall be used. Cadmum and zinc plating are
prohibited. Substitute with QQS-365 ML-C 26074, or M L-C- 83488.

3.4.7 Flanges, hubs and sleeves.

3.4.7.1 Centering. Flange connections shall be provided with a rabbet or
fitted bolts or dowels for centering. Rabbets shall be machined to achieve a
| oose dianetral fit not greater than 0.001 inch total or 0.001 inch per foot of
di ameter, whichever is larger. Fitted bolts or dowels used in place of the rabbet
fit shall maintain equal or better concentricity at the locating dianeter. Dowels
shall be positively secured and not rely on friction alone to prevent them from
comng out.

3.4.7.2 Counterboring. Flanges for main gear clutches and clutches
operating above 2200 r/rein shall be counterbored to shroud bolt head and nuts

3.4.7.3 Hub and sleeve interface. For positive drive clutches (types V and
VI), a hub and sleeve interface shall be utilized that results in a gear-type
coupling constructed to transmt 120 percent full power torque (see 3 3.1).
Unl ess ot herwi se specified (see 6.2), hub and sleeve material shall be in accord-
ance with table | (see 3.2).

3.4.7.4 Hub and sl eeve tooth form Teeth used shall be of the involute or
nmodi fied involute form The teeth shall accomopdate the misalignnent requirenents
(see 6 2). \Wen crowned teeth are required, tooth crown radius shall be
det erm ned

3.4.7.5 Wear nmargin. Hubs and sleeves for positive drive clutches (types V
and VI) shall be designed so that replacement due to wear is not required unti
backl ash is at |east equal to design backlash plus 50 percent of case thickness
for surface-hardened teeth.

3.4.7.6 Sleeve pitch diameter concentricity. For positive drive clutches
(types V and VI) hubs used with main reduction gear assenblies, and for operating
speeds above 2200 r/rein, the pitch diameter of sleeve teeth shall be concentric
with the locating dianmeter within O 001 inch per foot of diameter

3.4.7.7 Hub tooth concentricity. For positive drive clutches (types V and
VI) with toothed hubs used with main reduction gear assenblies, and for al
clutches operating above 2200 r/nmin, the pitch diameter of the hub teeth shall be
concentric with the bore diameter within 0.001 inch for dianmeters up to 12
inches, and 0.001 inch per foot for dianeters over 12 inches.
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3.4.7.8 Tooth finish, Tooth contacting surfaces acting as flexible
couplings shall have a surface finish of 32 roughness height rating (RHR) or
better. Al other tooth surfaces shall have a surface finish of 63 RHR or better

3.4.7.9 Tooth corners. Corners at ends of engaging dental teeth shall be
chanfered or rounded off.

3.4.7.10 Tooth crack inspection. Teeth shall be inspected in accordance
with ML-STD-271 by the magnetic particle or liquid penetrant nethod after
conpl etion of machining and heat treatnent.

3.4.7.11 Tooth contact. Hubs and sleeves shall be checked in an aligned
position to assure that at |least 80 percent of the teeth are in contact or as
specified (see 6.2).

3.4.7.12 Tooth stress calacylations. Unless otherwi se specified (see 6.2),
cal culations shall be nmade at 125 percent of full-power torque for propul sion
clutches, and 110 percent of full-power torque for auxiliary clutches using the
contractor’s procedure. \Wen calculations are for stress or percent deformation,
the cal cul ated values shall be less than allowable limts, if specified (see 6.2).

3.4.7.12.1 Tooth stress. The following calculations for dental tooth
el ements of clutches shall be made:

(a) Hertzian contact stress in crowned dental teeth for clutch in
aligned condition with 100 percent of the teeth in contact,
calculated in accordance with the follow ng fornula:

Sc = 2290+/T/(rRHN)

Where:

(2]

contact stress, pounds per square inch
torque, inch-pounds

radius of pitch circle, inches

radius of tooth face crown, inches
active tooth height, inches

total number of teeth in hub or sleeve.

=l - B I ]

Unl ess approved by the contracting activity, the calcul ated
value of Sc shall not exceed the follow ng allowable val ues:

M ni mum tooth Maxi mum al | owabl e contact stress
surface hardness in_pounds per _sguare inch

28 Rc 8, 000

38 R 12, 000

49 Rc 15, 000

56 Rc 18, 000

59 Rc 19, 500

(b) Pitch line shear stress in dental teeth for clutch in aligned
condition with 100 percent of the teeth in contact.
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3.4.7.13 Tooth hardness. Tooth and spline surfaces shall be hardened by
nitriding or carburizing in accordance with table I, footnotes 3 and 4.

3.4.8 Use of aluminum alloys, Housing parts or guards may be made of
alumnum alloy in weight critical applications (see table I), if specified
(see 6.2).

3 4.8.1 Corrosion protection. In order to prevent deterioration due to
corrosion, bolts, nuts, studs, pins, springs, screws, cap screws, and other
fastenings or fittings used with alumnumalloy parts shall be of a corrosion
resisting material, or of a material treated in a manner to render it resistant to
corrosion. Alumnumalloy parts shall be anodized in accordance with M L-A-8625
or otherwise treated by a process that provides at |east equal protection against
corrosion. Zinc and cadm um plating shall not be used on fasteners or other parts
exposed to lubricating oil. Substitute with QQS-365 ML-C 26074, or M L-C 83488.
Contact between dissimlar alumnumalloys or dissimlar metals shall be avoi ded
as much as possible. \Were assenbly of dissimlar nmetals with alumnum alloys is
unavoi dable, the alloys shall have their faying surfaces anodized. \Were threaded
surfaces or faying surfaces may require disassenmbly in service, an antiseize
conpound in accordance with ML-A-907 shall be used

3.4.8.2 Fastener installation. Through bolting is preferred for the
assenbly of alumnumalloy parts, and is nmandatory when the assenblies are highly
stressed or subject to vibrating loads (see 3.4.8.1). \Were the use of cap
screws , stud bolts, or machine screws is necessary, parts shall be threaded into
steel inserts cast or screwed into the alumnumalloy. The steel inserts shall be
pinned or prick punched in such a manner to prevent their backing out. Copper
al loys, such as brass or bronze, shall not be used in threaded contact with
al um num al | oys.

3.4.9 Shock. Unless otherw se specified (see 6.2), clutches shall neet the
shock design requirenents of the parent equipment. When alternative shock design
requirements are specified, they shall be in accordance with the grade A
hul | - mounted requirenments of ML-S-901  Cutches shall be tested with parent
equi pment

3.4.10 Balance. Cutch parts rotating at nmore than 150 r/rein shall be
bal anced dynamcally. The addition of weights to correct for balance after finish
machi ning shall not be permtted. Balance shall be acconplished by renoval of
metal.  Balancing shall be in accordance with ML-STD 167-1

3.4.10.1 Assenbly. dynamic balance. Distance pieces with all integral parts
shall be given a final dynam c balance as a unit. Clutch elements which are
mount ed on connected machinery shall be given a final dynam c balance with the
attached machi nery assenbly, where possible.

3.4.10.2 Low noise or vibration requirement. \Wen |ow noise or vibration
requi rements are inposed for parent equipnent, or when in situ balancing is
required for parent equipnment (see 6.2), the parent equipment requirements shall
also apply for the clutches.
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3.4.11 \elding, brazing, and allied processes \Velding, brazing and allied
processes shall conformto ML-STD 248 and M L- STD- 278

3.4.12 Piping. Piping connections shall be in accordance with ML-STD 438
for submarine vessel applications and ML-STD- 777 for surface vessel applications.

3.4.13 Housing. Housings, casings, covers, and bases shall be constructed
of materials in accordance with table |. For applications where weight is
critical, alumnum parts in accordance with table I nmay be used, if specified
(see 3.4.8 through 3.4.8.2). Housing guards shall be renovable

3.4.14 Lifting. Provisions or arrangenents shall be made for lifting parts
whi ch wei gh more than 35 pounds.

3.4.15 \\ight, Wight of clutches shall be plus or nminus 5 percent of the
wei ght specified on the draw ngs.

3.4.16 MNarking.

3.4.16.1 Natch marking. Parts that may affect balance if not reinstalled to
their original position, or are individually fitted, shall be nmarked so that they
may be reinstalled in their original position

3.4.16.2 Part jdentificati on. Mjor clutch parts and subassenblies shall be
marked to indicate contract nunber, manufacturer, date manufactured, and manufac-
turer’s assenbly or detail draw ng nunber. Proprietary marking nay be added at
the discretion of the contractor

3.4.16.3 Mark application. Marks shall be applied in accordance with
ML-STD-792 in an area of |ow stress. Depth of nmarking shall not exceed 0.020
i nch.

3.4.17 Special features. Cutch special features shall be as specified
(see 6.2).

3.5 Type nonpositive drive hydraulic clutch (fluid drive).

3.5.1 Construction. The nonpositive drive hydraulic clutch (fluid drive)
shall consist of a driving rotor or sinplified centrifugal punp runner, and a
driven rotor or sinplified hydraulic turbine runner. Each rotor shall consist
of a ring of approximately semcircular cross section. An inner ring, of approxi-
mately semcircular cross section held concentrically with the first by a nunber
of radial ribs, may be used. The two rotors together shall forma ring of
approximately circular cross section and a smaller simlar ring within it. The
annul ar space between these two rings shall thus forma closed circuit or vortex
ring for the circulation of the liquid when the driving rotor is rotated. Means
shall be provided to take the thrust devel oped by the clutch in both directions.
Primary and secondary rotors shall be separated to the extent necessary to allow
for thermal expansion and possible nisalignnent and shall be of welded construc-
tion, or machined fromsolid forgings, or cast of alumnumalloy, as specified
(see 6.2). The clutch shall be of the twin type when necessary to reduce the
overal | dianeter.
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3.5.1.1 Ql filling. Filling of clutches shall be acconplished by admtting
oi | through manifolds or through a bore in the input or outgut shaft, as specified
(see 6.2). Filling and dunping val ves shall be provided. he val ve controls
shal | be arranged so that when one valve is closed, the other is open. Valve
actuation may be by electrical, pneumatic, or hydraulic operation. In addition,
val ves shall incorporate provision for manual operation in case of enmergency. The
time for clutch filling and dunping shall be as specified (see 6.2).

3.5.1.2 QI circulation. Hydraulic clutches shall be provided with |eakoff
ports, fixed scoop tubes, or sliding scoop tubes for circulation of oil. Sliding
scoop tubes shall be actuated hydraulically or pneunatically, as specified (see
6.2). In addition, provision shall be made for manual operation in case of
emer gency.

3.5.1.2.1 Slip. Unless otherw se specified (see 6.2), the percentage of
slip shall not exceed 3 percent.

3.6 Type |l nonpositive drive friction clutch (tire and tube)

3.6.1 Construction. Nonpositive drive friction clutches (tire and tube)
shal | consist of rubber tires and tubes that, when inflated with air, will engage
the surface of a cast or fabricated steel drum or wll actuate the engagement of
friction discs. For radial engagement with a steel drum the interfacing surfaces
of the tires and tubes shall be faced with a friction material as specified (see
6.2). Pneumatic clutches incorporating a rubber tire and tube shall be of the dry
friction type. Cutches shall be arranged for either radial or axial (drumor
disc) engagement. Material for discs and druns shall be as specified in table |

3.6.1.1 Tires and tubes, Rubber tires and tubes may be thermally bonded to
the driving ring or secured thereto by pins or snap rings. Rubber tires and tubes
designed for axial engagenent need not be bonded if retained inside a suitable
housing. Each tire and tube shall be provided with a vulcanized air valve as an
integral part of the tire and tube. The tires and tubes shall be in accordance
with M L-HDBK-149. The body of the tire and tube shall be constructed of nultiple
plies of tire cord fabric reinforcement thoroughly inpregnated with rubber
friction conpound, lamnated and integrated by vul canization. The inner tube and
cover shall consist of rubber layers vulcanized to the body.

3.6.1.2 Friction linings. Friction linings shall be of a heat-resistant,
non- ashest os conposition. Linings shall be one of the follow ng types:

Secured to their disc cores by riveting or thernmal bonding.

Thermal |y bonded to rubber tires and tubes.

Secured to tires and tubes by pins.

O the floating plate type

Radi al |y arranged as independent shoe and plate units positioned by
driving bars

e L T N
D OO T QD
—— S

Friction lining material shall not emt poisonous gases.
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3.7 Type 11l nonpositive drive friction (disk, drum or cone)
3.7.1 Construction. Nonpositive drive friction clutches shall consist of

flat discs, drums, or mating cone surfaces mounted on driving and driven hubs and
engaged and di sengaged pneumatically or hydraulically.

3.7.1.1 Risc clutch. Disc friction clutches shall be hydraulically or
pneumatical |y actuated and shall operate in oil unless otherw se specified
(see 6.2). The construction shall incorporate alternating flat discs of steel and
friction material. Cast iron discs may be used when specified (see 6.2). The
friction discs shall be provided with oil grooves, or other neans for cooling oil
circul ation

3.7.1.2 Cone clutch. Cone friction clutches shall be hydraulically or
pneumatical |y actuated and shall operate in oil unless otherw se specified
(see 6.2). The clutch shall incorporate a driven nenber constructed of forged
steel. The friction nenber shall be machined froma bronze centrifugal casting or
manganese bronze forging in accordance with table | or shall be of heat-resistant,
non- ashest os conposition friction material thermally bonded to a forged stee
drum

3.7.1.3 Lubrication. A continuous flow of oil for cooling shall be supplied
fromthe bearing lubricating oil system The clutches shall use the sane oil as
empl oyed for the associated equipnent.

3.7.1.4 pisc and cone requirenents. Di scs or cones of clutches shall be

moved axially for engaging and disengaging by hydraulic or pneunatic cylinder and
pi ston assenblies. Surface finish of friction disc and cone friction surfaces
shal| be 63 RHR or better. Rubbing faces of discs shall be flat within 0.020 inch
and parallel with 0.002 inch per foot of diameter. Cone surfaces shall have 85
percent mninum contact with mating part surfaces.

3.7.1.5 Splines. Discs and cones shall be arranged to slide axially on
splines machined on shafts or sleeves as applicable. Spline teeth shall have a
surface finish of 32 RHR or better and shall be surface hardened by nitriding or
carburizing in accordance with table I, footnotes 3 and 4.

3.8 Type 1V nonpositive drive overrunning

3.8.1 Ceneral. Nonpositive drive overrunning clutches shall be self-
synchroni zing clutches constructed to automatically engage the driving and driven
shafts under any condition where the driven shaft is between zero r/rein and the
maxi num desi gn speed, while the driving shaft is accelerating from any speed equa
to or less than the driven shaft. Nonpositive drive overrunning clutches shall
al so automatically disengage the driving and driven shafts, allowing the driven
shaft to rotate freely relative to the drive shaft upon a reduction in the
relative speed of the drive shaft.

3.8.2 Engagenent. The automatic engagement and di sengagenent shall be
i ndependent of any speed sensing devices and shall not rely on any type of
servomechani sm for engagenent. The driving and driven shafts shall be coupled
through the engagement of elenments integral to the overrunning clutch assenbly
Upon initial engagenment, the elenents shall maintain their relative positions
and share the | oad anmong individual elenents.
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3.8.3 Lubrication. Unless otherw se specified (see 6.2), oil for lubrica-

tion and cooling shall be supplied fromthe parent equi pnent bearing |ubrication
system

3.8.4 Flanges. hubs. and sleeves. Unless otherw se specified (see 6.2),
flanges, hubs, and sleeves shall be as specified in 3.4.7 through 3.4.7.13.

3.9 Type V positive drive forced synchronizing clutch.

3.9.1 General. Positive drive forced synchronizing clutches shall consist
of hydraulically or pneumatically actuated friction el enents and gear tooth
el enents. The friction elenents shall be constructed to synchronize the speeds of
the driving and driven shafts and allow for the engagenment of gear tooth el ements.
CGear tooth elements shall be engaged with no slippage, and shall transmt ful
power torque.

3.9.2 Engagement. Upon command, under any specified operating conditions
(see 6.2), the forced synchronizing positive drive clutch shall performthe
following functions:

(a) AunPPatically synchroni ze the speeds of the driving and driven
shafts .

(b) Prevent premature contact of the engaging coupling teeth unti
synchronous speed is reached.

(c) Maintain synchronous speed during transition fromfriction to
positive drive.

(d)

Connect the drivin? and driven shafts for the transm ssion of ful
power by means of a gear-type coupling between the clutch sleeve
and hub

If the clutch is hydraulically engaged or disengaged, provision shall be nmade to
prevent pressure overload of the actuating system  The naxi mum pressure of the
actuating systemshall be limted to prevent the clutch fromengaging with a force
or speed which would result in inpact danage to the clutch or other parts of the
propul sion unit.

3.9.3 Cutch sleeve position. The clutch sleeve shall be provided with a
mechanismto specifically position the connecting sleeve in either the engaged or

di sengaged position so that the position will not change when actuation pressure
is renoved

3.9.4 Flanges, hubs and sleeve. Unless otherw se specified (see 6.2),
flanges, hubs and sl eeves shall be as specified in 3.4.7 through 3.4.7.13.

3.9.5 Sleeve position indicator. A visual indicator shall be provided to
show the position of the clutch sleeve.

3.9.6 Disengagenent. Upon command, the coupling between the driving and
driven shafts shall be disengaged so that the shafts may rotate independently
of each ot her
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3.9.7 Synchronizing _nechanism The speed synchronizing el ements of the
clutch shall be of the friction type and shall be constructed to operate in oil

The torque required for synchronization shall be as specified (see 6.2). If the
clutch is hydraulically engaged or disengaged, provision shall be nade for
positive separation of the clutch disks when oil pressure is relieved,

3.9.8 Balking mechanism A positive, Mechanical balking mechanism may be
used to senSe synchronization of shaft speeds and prevent premature engagenent of

the coupling teeth.

3.9.9 Actuation and control. The clutches shall be actuated pneumatically
or hydraulically. The nmethod of supplying the actuation pressure shall be as
specified (see 6.2).

3.9.10 QI for actuation. Unless otherw se specified (see 6.2), oil for
actuation and cooling of a hydraulic clutch shall be the sane as that used for
| ubricating the associated equipnent.

3.9.11 (dutch controls. Cutch control shall be by means of a directiona
control valve or mechanical linkage. Valve or linkage shall be located as
specified (see 6.2).

3.9.12 Engagement gtatus. Cutch position shall be shown [ocally and
remotely as approved by the contracting activity. Electro, nechanical, or
proximty switch equi pment as approved by the contracting activity may be used to
show the clutch position

3.10 Type VI positive drive overrunning clutch.

3.10.1 Ceneral. Positive drive overrunning clutches shall be constructed to
engage driving and driven shafts under any speed between zero r/rein and maxi num
desi gn engagenent speed, at the instant that the speed of one shaft overtakes that
of the other. The clutch shall be constructed to disengage driving and driven
shafts so that either shaft may rotate freely relative to the other shaft.

3.10.2 Q1 for actuation. Unless otherw se specified (see 6.2), oil used
for the hydraulic servomechanism shall be the same as that used for |ubricating
the associ ated equi pnent.

3.10.3 Cutch controls. Cdutch control shall be by means of a directiona
control valve, located and operated as specified (see 6.2).

3.10.4 dass A clutch. dass A clutches shall be constructed for autonmatic
engagenent and di sengagenent as specified in 3.10. 1.

3.10.5 glass B clutch. Cass B clutches shall incorporate a remotely
controll ed hydraulic or pneumatic servonmechanismto provide the axial force
required for engagenment or disengagement as specified in 3.10.1.

3.10.6 Engagement. The driving and driven shafts shall be connected by
means of a gear-type coupling constructed to transmit full power torque. A
helical sliding spline shall provide for the movenent of the clutch sleeve into
engagenment with the hub
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3.10.7 Flanges. hubs and sleeves. Flanges, hubs and sl eeves shall be as
specified in 3.4.7 through 3.4.7.13.

3.10.8 Sleeve position indicator. A visual indicator shall be provided to
show the position of the clutch sleeve.

3.10.9 Synchronizing mechanism A ratchet and paw nechanismto sense the
synchronous Speed shallT be incorporated as an integral part of the clutch. This
mechani sm shall not transmt any torque to the driven shaft at any tine.

3.10.10 Ratchet and pawl mechanism The ratchet and pawl mechani sm shall be
constructed for minimumwear and noise in the overrunning position. Paws shal
be | ocated and confined by nechanical nmeans. Spring actuation of paws may be
enpl oyed as required to assure clutch engagenent or di sengagenent

3.10.11 |ockout device. \Wen specified (see 6.2), a manual or servo-
operated nechani smshall be provided to prevent clutch engagenent. The actuated
| ockout device shall prevent the clutch fromratchetting as well as from engagi ng.

3.10.12 Lock- in device. \Wen specified (see 6.2), a |ocking device shall be
provided to lock the clutch into engagenent when the output torque reduces or
reverses. The lock-in nechani smshall prevent shuttling of the clutch sleeve
under conditions of fluctuating torque. This device shall be capable of being
actuated while the clutch is rotating and allow the clutch to transmt full power
torque in both directions of rotation

3.11 Environnent requirenments.

3.11.1 Trim list. roll. and pitch, Cutches shall operate when the ship is
operating in the condition shown in table IV or as specified (see 6.2). Trim and
list or roll and pitch may occur sinultaneously. Pitch and roll tine cycle data
shall be recorded when the pitch and roll angles specified exceed those listed in
table IV.

TABLE |V. Trim list. roll and pitch

Surface ships Submari nes

Condi tion (degrees) (degrees)
Permanent trim down bow or stern 5 30
Permanent |ist, port or starboard 15 15
Roll, port or starboard from even keel 45 60
Pitch, up or down fromnormal waterline 10 10

3.11.2 Lubricating oil tenperature. Unless otherw se specified (see 6.2),
oil inlet temperature to clutch under normal operating conditions shall be between
110 and 130 degrees Fahrenheit (°F). However, the clutch shall be constructed for
start-up and unrestricted operation with oil inlet tenperature as |ow as 90°F.

Maxi mum rise between oil inlet and oil discharge tenperatures fromthe clutch
shall be not greater than 50°F.
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3.11.3 Anbient tenperature. Depending on the ship type, ambient engineering
space tenperature will range up to 1s0°fF. Under emergency conditions (space
abandoned) , tenperature may rise above 200°F until heat producing equi pment can
be shut down. If clutch is housed by a guard or casing, ambient tenperature is
external to guard or casing.

3.11.4 Anbient pressure. The clutch shall be designed to operate in a
specified anbient pressure range (see 6.2).

3.11.5 Atnmspheric conditions. Cutches shall operate in an environnent
where the air will be salt |aden (saltwater atmosphere) and humdity will be at
or near the saturation point for long periods of tine.

3.12 Special tools. Unless otherw se specified (see 6.2), special tools
shall be provided to install or service the clutches. Special tools are defined
es those tools not listed in the Federal Supply Catalog (copies of this catalog
may be consulted in the office of the Defense Contract Adm nistration Services
Managenent Area (DCASMA)).

3.13 Workmanship. Parts shall be free of burrs, sharp edges, and damage
that coul d make the part unsatisfactory for the purpose intended. Threaded
parts and fasteners shall show no evidence of cross threading, nutilation, or
burrs. Fasteners shall be torqued to prescribed limts (see 3.4.6.6).

4. QUALITY ASSURANCE PROVI SI ONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the perfornance of
all inspection requirenents (examnations and tests) as specified herein. Except
as otherw se specified in the contract or purchase order, the contractor may use
his own or any other facilities suitable for the performance of the inspection
requirements specified herein, unless disapproved by the Governnent. The
CGovernnent reserves the right to performany of the inspections set forth in this
specification where such inspections are deemed necessary to ensure supplies and
services conformto prescribed requirements.

4.1.1 Responsibility for conpliance. Al itens shall meet all requirenents
of sections 3 and 5. The inspection set forth in this specification shall becone
a part of the contractor’s overall inspection systemor quality program (see 6.3)
The absence of any inspection requirements in the specification shall not relieve
the contractor of the responsibility of ensuring that all products or supplies
submtted to the Governnent for acceptance conply with all requirenents of the
contract. Sanpling inspection, as part of the manufacturing operations, is an
acceptable practice to ascertain conformance to requirements, however, this does
not authorize subm ssion of known defective naterial, either indicated or actual,
nor does it conmmt the Government to accept defective material. Nonconformance to
requirements or defects that adversely affect operation or life shall be grounds
for rejection

4.2 (Jdassification of inspection. The inspection requirements specified
herein are classified as follows:

(a) First article inspection (see 4.3).
(b) Quality conformance inspection (see 4.4).
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4.3 First article inspection. First consi st of the

article inspection shal
exam nations and tests specified in table V.

TABLE V Exami nations and tests .

performed on al

Qual i ty
First article conf or mance
Exam nation or test Requi r ement I nspection I nspection
Wor kmanshi p 3.13 4,51 4.5.1
Mat erial inspection 3.2 through 4.5.2 4.5.2
3.2.2.1
el di ng, brazing, and 34.11 4.5.3 4.5.3
allied processes
Castings 3.2.5 4.5.4 4.5.4
Critical fits 3.4.7.1, 4.5.5 4.5.5
34.76,
3.4.7.7
Tooth finish (types V 3.4.7.8 4.5.5.1 4.5.5.1
and V)
Vi ght 3 4.15 4.5.5.2 -
Surface defects 3.2.3 4.6.1 through 4.6.1 through
4.6.1.2 4.6.1.2
Tooth hardness (types 3.4.7.13 4.6.1.3 4.6.1.3
Vand V)
Case depth and core 3.2.4 46 1.4
har dness
Pi pi ng 3.4.12 4.6.3 4.6.3
Tooth contact (types 3.4.7.11 4.6.2 4.6.2
V and VI)
Static 3.3.1.4 4.6.4
Shock 3.4.9 4.6.5 o
Dynam ¢ bal ance 3.4.10 4.6.6 through 4.6.6 through
4.6.6.3 .4.6.6.3
Speci al tools and 3.4.14, 4.6.7 4.6.7
lifting gear 3.12
Speci al features 3.4.17 4.6.8
4.4 Quality conformance inspection. Quality conformance inspection shall be

4.5 Exam nati ons.

4.5.1 Ceneral

4.5.2 Materials inspection.

Parts shall

clutch assenmblies or parts and shall
exam nations and tests specified in table V (see 6.3)
procedures to quality conformance requirenents shal

cation that the materials listed in tables |
applicable referenced specification (see 6.3)
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4.5.3 Velding, brazing, and slljed processes. Examinations and test
procedures for welding, brazing, and allied processes shall conformto
M L- STD- 278.

4.5.4 Castings. Castings shall be inspected in accordance with M L-STD 278.

4.5.5 Measuresent of critical fits. Critical fits shall be neasured to
assure satisfactory installation

4.5.5.1 RHR. Hub and sleeve tooth surfaces shall be inspected in accordance
with ANSI B46.1 to assure that they conformto the tooth finish specified

4.5.5.2 Weight. The first article shall be weighed. Any change of wei ght
or center of gravity which will result in nore than a 5 percent increase in weight
or change to the center of gravity during the design stage shall be reported as
soon as it is known.

4.6 Tests.

4.6.1 Nondestructive tests of netals. Nondestructive tests shall conformto
M L- STD- 271.

4.6.1.1 Utrasonic and radiographic tests, Castings and forgings shall be
ultrasonically or radiographically tested in accordance with ML-STD 271.
Utrasonic testing shall be in both radial and |ongitudinal directions using
either a shear or longitudinal wave, depending on the geonetry of the item

4.6.1.2 Magnetic particle or liguid pepnetrant inspection. Teeth of hubs,
sleeves, and all shafts shall be subjected to inspection by the magnetic
particle or liquid penetrant method in accordance with ML-STD-271.  Nonmagnetic
material shall be subjected to inspection by the liquid penetrant method.

4.6.1.2.1 Residual magnetism Residual magnetism of magnetic parts after
finish machining and demagnetization follow ng magnetic particle inspection shall
not exceed 10 gauss.

4.6.1.3 Tooth hardness. surface hardened material. Tooth hardness shall be
determned by the contractor’s method in accordance with 4.6.1.4, but shal
not cause damage to or upset netal in teeth.

4.6.1.4 Case depth. case and core hardness. Case depth and case hardness of
surface hardened teeth shall be determned from a coupon piece or |ug obtained
fromthe sane heat and lot as the actual clutch part. The COUﬁon piece or |lug
shal | have been processed together with the clutch part through the conplete
heat-treat cycle. Determnation of surface hardness and case depth shall take
account of effects of final machining or other processes used to achieve the final
tooth profile in the case hardened regions. Core hardness shall be determned on
the actual parts. Readings shall be taken by contractor’s nethod but shall not
damage or upset nmetal in clutch teeth. No nmeasurenents are to be taken on active
surfaces of teeth.

4.6.2 Tooth contact check. Cutches which use dental type tooth connections
shal | be checked for tooth contact to determ ne conformance to 3 4.7.11
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4.6.3 Piping. Piping shall be inspected in accordance with the applicable
material specifications and M L-STD 278, except as follows:

(a) Small sections of |ow pressure piping (such as lube oil) shall not
require hydrostatic tests. Magnaflux inspection of welds is
accept abl e.

(b) Piping which is furnished in sections which shall be fitted and
wel ded to formfinal assenbly by the shipbuilder and which will be
hydrostatically tested by the shipbuilder shall not require
hydrostatic tests by the manufacturer.

4.6.4 Static test. The first article of each type clutch design shall be
statically tested at 200 percent of rated torque fromthe parent equipnent for 1
mnute to determine conformance to 3.3.1 4. For examnation and failure to pass
exam nation, see 4.6.4.1.

4.6 4.1 Examination after static test C utches shall be exam ned for
def ormation, cracks, extrusion, |oosening of fasteners, displacement of snap rings
and other damage that is visible. Any of the foregoing or other defects which
woul d adversely affect operation or life shall be cause for rejection.

4.6 5 Shock test G utches shall be tested with parent equi pment.
Acceptance criteria shall be specified in accordance with ML-S 901 (see 3.4.9).

4,6.5.1 Exam nation after shock test. dutches shall be examined for

deformation, cracks, extrusion, |oosening of fasteners, displacenent of snap rings _

and other damage that is visible. Any of the foregoing or other defects which
woul d adversely affect operation or life shall be cause for rejection. Tooth and
rubber elements shall be exam ned in accordance with 4.6.6. 2.

4.6 6 Dynanmic tests. Cutches shall be tested with the parent equi pment
Al'so, unless otherw se specified (see 6.2) each new clutch design shall success-
fully pass a 4000 cycle engagenent/di sengagenent test under conditions simulating
actual clutch operation.

4 6 6.1 Inspection during dynamc tests. During the dynamc tests, a check
shall be nade of the clutches for the follow ng:

Adequate | ubrication.

Qui et running.

Freedom from vi brati on.

Wearing of parts.

Ti ghtness of casing and piping connections.
Adequacy of oil seals.

(
(
(
(
(
(
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4.6.6.2 Examination after dynamic tests. Dental tooth type connections
shal | be exam ned for distress as specified in NAVSEA 0901-LP-420-0007, chapter
9420. Rubber elements shall be exam ned for defornmation, cracks, and extrusion.

4.6 6.3 Failure to pass exami nation after dynanic tests. Evidence of
probabl e unsatisfactory operation in service apparent on the dynamc tests shall
be considered cause for rejection of the clutch.
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4.6.7 Special tools and lifting gear. verification of suitability. Specia
tools and lifting gear provided for clutches shall be denonstrated on the first
article to assure that they are satisfactory for their intended purpose.

4.6.8 Special feature denpnstration, Cutch special features shall be

dermonstrated (for exanple, disconnect and reconnect features) during dynamc test
period and under static conditions when applicable.

4.7 Acceptance trials. Cutches shall be exam ned during in-port period for
defects (see 4.6.6.2) after conpletion of first or prototype ship full power and
maneuvering acceptance trials or as specified (see 6.2). Failure to pass exam na-
tion shall be as specified (see 4.6.6.3 and 6. 2).

4.8 Inspection of Packaging. Sanple packages and packs, and the inspection
of the preservation, packing and marking for shipment and storage shall be in
accordance with the requirements of section 5 and the docunents specified therein.

5. PACKAG NG

(The packaging requirements specified herein apply only for direct Covernment
acquisition. For the extent of applicability of the packaging requirenents of
referenced docunments listed in section 2, see 6 7.)

5.1 Preservation packiNg and narking.

5.1.1 Equipmept. Cutches, stock conponents, and repair parts shall be
preserved, packed, and marked as required by the parent equipment specifications
(see 6.2). \Wen such instructions are not otherw se provided, preservation and
packing shall be in accordance with ML-T-17286 to the following |evels which are
specified for the destination or intended use of the parts:

Destination Preservation |evel Packi ng |eve
On board A C
St ock A B

| mredi ate use C C

5.1.2 Lifting gear and tools. Unless used in sets, pairs, or quantities
greater than one, or as specified in the contract or order (see 6.2) lifting gear
and tools shall be individually preserved. \Wen the unit is packaged as a set,
assenbly, or quantities greater than one, each itemshall be wapped or cushioned
to prevent direct surfaces contact with surfaces of adjacent parts.

5.1.3 Talc or talcum \When used in the packaging process of items, talc or
tal cum shall be free of asbestos and asbestiformlike materials.

5.1.4 Marking, Mrking for shipnent and storage shall be in accordance with
requirements of the parent equipnent specification (see 6.2). \Wen requirenents
are not otherw se provided, marking shall be in accordance with M L-STD 129.

. 5.1.5 Depreservation. The contractor shall provide depreservation instruc-
tions in each container. These instructions shall also be provided when shipnent
I's made

29



Downloaded from http://www.everyspec.com

M L- C- 18087A( SH)

5.1.6 Unpacking. Cutch containers shall be marked and unpacking instruc-
tions provided when normal unpacking procedures may damage the container contents.
Instructions shall be placed in a seal ed waterproof envel ope promnently marked
“UNPACKI NG | NSTRUCTI ONS” and the envel ope shall be firmy affixed to the outside.

6. NOTES

(This section contains information of a general or explanatory nature that
may be hel pful, but is not mandatory.)

6.1 |Intended use. This specification is intended to be applied to clutches
for service on propulsion units for Navy ships. The intended arrangements and
details are those of conventional design (simlar units having been built
previously and installed on board Navy ships or conparable comercial ships).

Wien a departure from conventional design is contenplated, consideration should be
given to applying this specification as a general guide for construction of a
prototype. The prototype shall be tested and evaluated to assure that it is
suitable for Navy use prior to the nmanufacture of production nodels.

6.2 Acquisition requirements. Acquisition documents nust specify the
fol | ow ng:

a) Title, nunber, and date of this specification.
(b) Issue of DoDISS to be cited in the solicitation, and if required,
the specific issue of individual documents referenced (see 2,1.1
and 2.2)
(c) Cutch required; type and class (when applicable) (see 1.2).
(d) If first article inspection is required (see 3.1).
(e) Cutch materials required, if other than those of tables | and |
(see 3.2).
) Whether cast iron parts are permtted (see 3 2.1).
) Design torque load if other than 120 percent of full power torque
and when clutch requirements are needed (see 3.3.1).
) COver torque nunber and frequency of occurrence (see 3.3.1.4).
)  Msalignnent requirenents (see 3.3.1.4, 3.4.7.4 and 6.11).
) If retaining nuts are required for splined or shrunk shafts
(see 3.4.3.1)
) When lube oil is not supplied from propul sion gear or parent
equi pment system (see 3.4.5 and 3.8.3).
(I)  Tooth contact requirenents, type V and VI (see 3.4.7.11).
(m  Percentage of full-power torque, if other than as specified
(see 3.4.7.12)
(n) Allowable tooth stress limts if calculations are to be conpared to
allowable limts (see 3.4.7.12).
(0) Wether alumnum alloys are permtted for weight critical housing
parts or guards (see 3.4.8).
(p) Shock design, test, and acceptance requirenents if other than
parent equi pment requirements (see 3.4.9).
Clutch special features (see 3.4.17).
3 Ambi ent pressure range of the clutch environnent (see 3.11.4).
) Type of rotor construction, type | (see 3.5.1).
) Gl filling nethod, oil filling and dunping time (see 3.5.1.1).
) Type of actuation, sliding scoop tubes (see 3.5.1.2).

—~~ e~ —~———
c T T o
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(v) Percentage of slip if greater than 3 percent (see 3.5.1.2.1).

(w Friction material, type Il (see 3.6.1).

(x) If cast iron discs may be used, type IIl (see 3.7.1.1).

(Y) Vet her flutches shal | operate in oil, type Ill (see 3.7.1.1 and
3.7.1.2

(z) Requirenents for flanges, hubs, and sleeves if not as specified
(see 3.8.4 and 3.9.4).

(aa) Synchronizing torque (see 3.9.7).

(bb)  Actuation pressure and medium (see 3.9.9 and 3.10.5).

(cc) Wen hydraulically actuated and cooling oil is not the same as that
used for lubricating the associated equi pment (see 3.9.10 and
3.10.2).

( dl) Location and operation of directional control valve (see 3.9.11 and
3.10.3).

(ee) When a | ockout nechanism (see 3.10.11) or a lock-in device (see
3.10.12) is to be provided and whether the nethod of actuation is
manual or servo-operated.

(ff)  Trim list, roll, and pitch, if other than table IV (see 3.11.1).

Lubricating oil inlet tenperature (see 3.11.2).

Sﬁ%g If special tools required for maintenance, operation or
installation are not to be provided (see 3.12).

(ii) If anti-friction lining material is other than the materia
specified in table | (see 3.4.4.1).

(jj) If hub and sleeve material is other than the material specified in
table | (see 3.4.7.3).

(kk)  Parent equipment requirenments apply for the followi ng except when
del eted or when substitute requirenents are provided herein.

glg Operating conditions (see 3.3.1 and 3.9.2).

Qperating speed range, r/rein (see 3.3.1.1(a)).

(3) Horsepower, r/rein, alignment (where applicable) and other
requi rements for clutch design (see 3.3.1.1, 3.3.1.2,
3.3.1.3, and 3.9.7).

(4) Life endurance in ternms of operating hours and nunber of
engagenent and di sengagenent cycles expected at different
power |evels over the |ife of the clutch (see 3.3.1.3).

(5) Safety objectives (guards, casings, or shields) furnished by

the shipbuilder or parent equipnent contractor unless

otherwi se indicated (see 3.3.3.1).

(6) Lownoise, vibration or in situ balancing (see 3.4.10.2).
(7) If cyclic testing is not required (see 4.6.6).
(8) Examnations after ship trials (see 4.7).
(9) Level of presentation and packing (see 5.1.1 and 5.1.2)
(10) Marking for shipment and storage (see 5.1.4).
(11) dutch control requirements and additional indicating lights

(see 3.4.2).

6.3 Consi deration of data requirenents. The following data requirenents
shoul d be considered when this specification is applied on a contract, The

applicable Data Item Descriptions (DID's) should be reviewed in conjunction with

the specific acquisition to ensure that only essential data are requested/ provided
and that the DID's are tailored to reflect the requirements of the specific
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acquisition. To ensure correct contractual application of the data requirements,
a Contract Data Requirements List (DD Form 1423) nust be prepared to obtain the

data, except where DoD FAR Suppl enent 27.475-1 exenpts the requirement for a DD

Form 1423

Ref erence Paragraph DI D Number DD Title Suggested Tailoring

3.3.1 and appendix A DI - GDRQ 80650 Design data and
cal cul ations

3.3.2.3 UDI - S- 21202 Anal ysis data
mai nt enance
engi neering

3.3.2.3 UDI - R- 23096 Report, reliabi-
lity and naintain-
ability data

3.3.3.2 Dl - SAFT- 80100 Syften1safety program
pl an

3.4 and appendi x B Dl - DRPR- 80651 Engi neering draw ngs

4.4 Dl - T-5329 I nspection and test
reports

4.5 2 DI -M SC- 80678 Certification

data/report

The above DID's were those cleared as of the date of this specification. The
current issue of DoD 5010.12-L, Acquisition Management Systens and Data Require-
ments Control List (AMSDL), nust be researched to ensure that only current,
cleared DID's are cited on the DD Form 1423.

6.4 Technical manuals. The requirement for technical manuals should be
consi dered when this specification is applied on a contract. |f technical manuals
are required, mlitary specifications and standards that have been cleared and
listed in DoD 5010.12-L, Acquisition Minagement Systems and Data Requirements
Control List (AMSDL) nust be listed on a separate Contract Data Requirements List
(DD Form 1423), which is included as an exhibit to the contract. The technica
manual s nust be acquired under separate contract line itemin the contract.

6.5 First article. Wen first article inspection is required, the contract-
ing officer should provide specific guidance to offerors whether the iten(s)
shoul d be a preproduction sanple, a first article sanple, a first production item
a sanple selected fromthe first production items, a standard production item
fromthe contractor’s current inventory (see 3.1), and the number of items to be
tested as specified in 4.3. The contracting officer should also include specific
instructions in acquisition docunents regarding arrangenments for exam nations,
approval of first article test results, and disposition of first articles.
Invitations for bids should provide that the Governnent reserves the right to
wai ve the requirement for sanmples for first article inspection to those bidders
offering a product which has been previously acquired or tested by the Government,
and that bidders offering such products, who wish to rely on such production or
test, must furnish evidence with the bid that prior CGovernnent approval is
presently appropriate for the pending contract. Bidders should not submt
alternate bids unless specifically requested to do so in the solicitation.
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6.6 Provisioning. Provisioning Technical Docunmentation (PTD), spare parts,
and repair parts should be furnished as specified in the contract.

6.6.1 Spareparts. \Wen ordering spare parts or repair parts for the
equi pment covered by this specification, the contract should state that such spare
parts and their repair parts should nmeet the same requirenents and quality
assurance provisions as the parts used in the manufacture of the equipment.
Packaging for such parts should al so be specified.

6.7 sSub-contracted paterial and marts. The packaging requirements of
referenced docunents listed in section 2 do not apply when nmaterial and parts
are acquired by the contractor for incorporation into the equipment and |ose their
separate identity when the equi pnent is shipped.

6.8 Definictions.

6.8.1 Positive drive clutch. A positive drive clutch is a clutch which
transmts torque through dental teeth or toothed nmenbers without slip.

6.8.2 Nonpositive drive clutch. A nonpositive drive clutch is a clutch
which transmits torque through synchronizing el ements such as friction plates,

druns, cones, spragues, wedging elenents, or through a hydraulic fluid drive
(type 1).

6.8.3 (Querr Unning clutch . A nonpositive overrunning clutch (the IV) is a
clutch whose output free wheels when turning faster than the clutch input, and
whi ch, upon accelerating the input up to output speed, will engage and transmit
input torque, or one whose input shaft free wheels when turning faster than
the output shaft, and engages and transmits input torque when the input shaft
decel erates to the same speed as the output shaft.

6.8.4 Case depth. Case depth is defined as the depth at which:

(a) For carburized parts - case hardness is Rockwell C50 or 5 points
| ess than the surface hardness, whichever is smaller.
(b) For nitrided parts - case hardness is 110 percent of core hardness

6.9 CGoss reference of classification. The following is a cross reference
of classification between the clutches of ML-GC 18087 and this revision

ML-C 18087 ML-C 18087A
Type IV - Hydraulic (fluid drive) Type | - Nonpositive drive hydraulic
(fluid drive)
Type V. - Friction (hydraulically or Type 11l - Nonpositive drive friction
pneunatical |y actuated) (disc, drum or cone)
Type VI - Friction (pneumatically Type Il - Nonpositive drive friction
act uat ed) (tire and tube)
Type VII - Positive drive Type V. - Positive drive forced
synchroni zi ng
No reference Type IV - Nonpositive drive overrunning
No reference Type VI - Positive drive overrunning
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The coupling requirenents covered by ML-C 18087(SH PS) dated 7 March 1955 are
covered by ML-GC 23223.

6.10 Substitute mate s oval. Contractors who anticipate bidding to
this specification may obtain fromthe comand or agency concerned "across-the-
board" approval of comercial or contractor specification materials, including
test and exami nation requirenents, to be used in lieu of the Governnent specifica-
tion requirements referred to herein. The approval of substitute material nust
represent no present or predicted cost increase to the contracting activity.

6.10.1 substitute materials when bidding. Contractors who anticipate using
substitute materials should Indicate these materials as alternatives in the bid
proposal.  Prior approval should be indicated, where applicable, by citing
approval letters. The material substitutions will be approved or not approved in

whole or in part by the contracting activity. Such approval applies only to a
specific purchase or contract.

6.11 Msalignment values. Msalignment values should be provided to the
contracting activity and should contain the follow ng infornmation:

) Normal misalignnent.

) Maxi num continuous m salignnent.
) Maxinum transient msalignnent.
) Expected axial movenent.

6.12 Fastener installation torque. Installation torque limts and thread
| ubricant requirements should be specified in the technical mnuals for al
threaded fasteners.

6.13 Tooth hardness data. Wen requested by the Government inspector or

contracting activity, test reports should include tooth hardness data for case
hardened materi al

6.14 Subject term (key word) [listing.

Casi ngs

Dr uns

Hubs

Pi ns

Pi st ons

Rot ors
Shafts
Tube, scoop

6.15 changes from previous issue. Mrginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
ext ensi veness of the changes.

Preparing activity:
Navy - SH
(Project 3010-N010)
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APPENDI X A
DESI GN DATA AND CALCULATI ONS TECHNI CAL CONTENT REQUI REMENTS

10.  SCOPE

10.1 Scope. This appendix covers the design data and cal cul ations technica
content requirements that should be included when required by the contract or

order. This appendix is mandatory only when data item description DI -GDRQ 80650
Is cited on the DD Form 1423.

20.  APPLI CABLE DOCUMENTS

This section is not applicable to this appendix.
30. DESIGN DATA AND CALCULATI ONS TECHNI CAL CONTENT

30.1 Wen required by the contract or order,

design data and cal cul ations
shall contains the follow ng information

(a) Allowable linmits, when not specified in the specification or in the
contract or order shall be proposed with supporting justification
by the contractor for approval by the contracting activity.

(b) Calculations shall be provided in sufficient detail for review by
the contracting activity.

(c) Wien crowned teeth are required,

tooth crown radius shall be
provi ded
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APPENDI X B
ENG NEERI NG DRAW NGS TECHNI CAL CONTENT REQUI REMENTS

10.  SCOPE

10.1 scope, This appendix covers the technical content requirenents that
shoul d be included on draw ngs when required by the contract or order. This
appendi x is nmandatory only when data item description DI -DRPR-80651 is cited on
the DD Form 1423.

20.  APPLI CABLE DOCUMENTS

20.1 Governnent docunents.

20.1.1 Specifications. standards. and handbooks. The follow ng specifica-
tions , standards, and handbooks forma part of this document to the extent

specified herein. Unl ess otherw se specifiedhe issues of these docunents are
those listed in the issue of the Department of Defense Index of Specifications and
Standards (DODI'SS) and suppl ement thereto, cited in the solicitation.

SPECI FI CATI ONS

M LI TARY
M L-T-31000 - Drawi ngs, Engineering and Associated Lists

(Unl ess otherw se indicatedopies of federal and mlitary specifications,
standards, and handbooks are available from the Standardization Documents O der
Desk, BLDG 4D, 700 Robbins Avenue, Philadel phia, PA 19111-5094.)

30.  DRAW NGS

30.1 Drawing desire information Draw ngs shall contain sufficient design
information to permt shipbuilders to make a satisfactory installation onboard
ship and to design supporting systems. This information shall include, but not be
limted to, the follow ng:

(a) Mass moments of inertia for the clutch rotating parts in operating
condition about three mutually perpendicular axes with the origin
at the center of gravity of the unit as mounted. Orientation of
the axes shall be indicated with respect to the equi pment and ship
with one axis being the longitudinal axis of the clutch.

(b) Axial, lateral, and torsional stiffness of the clutch in operating
condi tion.

(c) Interface dinensions and |ocation.

(d) Lifting points and required |oads.

(e) Qutline drawings and assenbly draw ngs as applicable shall contain
the outline dinensions, weights, and center of gravity locations
for the clutch and controller. A notation of any change in weight
or location of center of gravity due to nodifications listed in
the revision colums of the drawing shall also be listed therein
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and copies shall be forwarded to the purchaser. Conponents
conprising the assenbl ed equi pment for the first clutch and
controller supplied by the Vendor, when ready for shipnent, shal
be wei ghed and actual weights and correlated |ocations of the
center of gravity shall be entered as a revision to the applicable
outline or assenmbly draw ng.

Parts illustrations, with parts list and quantities required for
makeup of conponent.

Installation torque limts and thread |ubricant requirenents for
all threaded fasteners

Wring and piping diagrans where applicable

Mai nt enance and repair procedures. (Routine adjustments, including
al |l disassenbly/reassenbly steps and related safety precautions,
post repair tests, and alignnents or calibration when applicable.)

Al'l conmponent materials.

Toot h harnesses when applicable.

Perm ssi bl e amount of wunbal ance in inch-ounces.

Lubrication requirements for the clutch and control system for al
operating nodes and anbient conditions specified herein
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