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M LI TARY SPECI FI CATI ON

ACTUATORS, ROTARY HYDRAULI C RACK AND PI NI ON

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

1. SCOPE

1.1 Scope. This specification covers the requirements for material, design
fabrication, and testing of rack-and-pinion hydraulic rotary actuators for Nava
shi pboard use The actuators convert hydraulic power to a rotational output. The

primary application for the actuators is in renote operation of various ship
systems’ conponents.

1.2 Classification. Rotary actuators will be in accordance with the torque
ranges, shaft rotation, and nounting configurations listed in the applicable
specification sheets or as specified (see 6.2),

1.2.1 Rotary actuator categories. Rotary actuators furnished under this

specification are category 1, Il or IIl as defined in 1.2,1.1, 1 2.1 2 or 1.2.1.3,
respectively (see 6.2).

1 2.1.1 Category | rotary actuators Category | rotary actuators are rotary
actuators which are conpletely defined by a nilitary specification sheet and part
nunber and nmeet all the requirements specified herein Category | rotary
actuators are preferred for use

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 05Q42, 2531 National Center Bldg 3,
Washingtorn, DC 203672-5160 bv using the self-addressed Standardization
Document Improvement Proposal (DD Form lu2€) appearing ot the enc of this !
document or by letter.
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1.2 1.2 Category -l rotary actuators Category 1. rotdry actudbors are
rotary actuators which are the same as category | rotary actuators, except for
m nor differences such as type of shaft, degrees of rotation, seal material or
configuration, or mnor dinensional variations which do not change the basic
design or construction of the qualified actuator Category Il rotary actuators
are considered to be nonstandard (see 6 7)

1.2.1.3 Category 11l rotary actuators. Category IIl actuators are rotary
actuators whose configurations are not defined by specification sheets. Al
configuration requirenments such as envel ope, nounting, type of shaft, torque
requirenents, and operating pressure nust be specified in the ordering data
(see 6.2).

2. APPLI CABLE DOCUNMENTS

2.1 CGovernnent dounents.

2.1.1 Specifications. standards. and handbooks. The follow ng specifi-
cations, standards, and handbooks forma part of this document to the extent
specified herein. Unless otherwi se specified, the issues of these docunents are
those listed in the issue of the Departnent of Defense Index of Specifications and
Standards (DODISS) and supplement thereto, cited in the solicitation (see 6.2).

SPECI FI CATI ONS

FEDERAL
GGG P-781 - Puller, Mechanical Puller Attachment, Mechanical,
and Puller Set, Mechanical.
PPP- F- 320 - Fi berboard: Corrugated and Solid, Sheet Stock
(Container Grade), and Cut Shapes
PPP- B- 636 - Boxes, Shipping, Fiberboard
M LI TARY
M L-P-116 - Preservation, Methods of,
M L-B-121 Barrier Mterial, Geaseproofed Waterproofed,
Fl exi bl e.
M L-G 5514 - dand Design; Packings, Hydraulic, General Require-
ments for.
M L-H-6083 - Hydraulic Fluid, Petroleum Base, for Preservation
and Operation
M L-A-8625 - Anodic Coatings, for Al umnum and Al um num Alloys
ML-S-8805 - Switches and Switch Assenblies, Sensitive and Push

(Snap Action), General Specification for.

ML-H 17672 - Hydraulic Fluid, Petroleum Inhibited.

M L-L-19140 - Lunber and Plywood, Fire-Retarclant Treated.

M L-B-22191 - Barrier Mterials, Transparent Flexible Heat
Seal abl e

M L- P- 24441 - Paint , Epoxy-Polyamde , General Specification for

M L-P-244L1/1 - Paint, Epoxy-Polyanide, Geen Prinmer, Fornula 150,
Type |

M L- P-24441/2 - Paint, Epoxy-Polyam de, Exterior Topcoat Haze
Gay, Fornula 151, Type |I.
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M LI TARY ( Conti nued)
M L- A-24533/1 - Actuator, Rotary, Hydraulic 2-Position, Rack-and-
Pi nion Type 3,000 to 35,000 inch-Pounds Torque
2-Bolt Mounting.
Actuator, Rotary, Hydraulic 2-Position, Rack-and-

Pi nion Type 5,000 to 92,000 Inch-Pounds Torque
4-Bolt Mounting.

M L- A- 24533/ 2

STANDARDS
M LI TARY
M L- STD- 278 - Wl ding and Casting Standard.
M L- STD- 1186 - Cushi oning, Anchoring, Bracing, Bl ocking, and
Waterproofing; with Appropriate Test Methods.
M L- STD- 1762 - Bearings and Bushings, Plain, Preferred for

Design, Listing of.

DCD Material Procedures for Devel opnent And Appli -
cation of Packagi ng Requirenents.

Hydraul i ¢ System Conponents, Ship.

M L- STD-2073-1

M L- STD- 2193

(Unl ess otherwise indicated, copies of federal and nmilitary specifications,
standards, and handbooks are available from the Standardi zati on Docunents Order
Desk, BLDG 4D, 700 Robbins Avenue, Phil adel phia, PA 19111-5094.)

2.2 Non-CGovernment publications. The following documents forma part of
this document to the extent specified herein, Unless otherw se specified, the
i ssues of the docunents which are DOD adopted are those listed in the issue of the
DODISS cited in the solicitation. Unless otherwi se specified, the issues of
docurments not listed in the DODISS are the issues of the docunents cited in the
solicitation (see 6.2).

AMERI CAN GEAR MANUFACTURERS ASSOCI ATI ON ( AGWA)
390 03 - Handbook, Gear Cdassification, Materials and Measuring
Met hods for Bevel, Hypoid, Fine Pitch Wrngearing and

Racks Only as Unassenbl ed Gears.

(Application for copies should be addressed to the American Gear
Manufacturer’s Association, 1500 King St., Suite 201, Al exandria, VA 22314.)

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)

B46 1 - Surface Texture (Surface Roughness, Waviness, and Lay).
(DoD adopt ed)

(Application for copies should be addressed to the Anerican National
Standards Institute, Inc , 1430 Broadway, New York, NY 10018 )

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
D 3951 - Standard Practice for Commercial Packaging. (DoD adopt ed)

(Application for copies should be addressed to the Anerican Society for
Testing and Materials 1916 Race St , Philadel phia, Pa 19103.)
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(Non- Government standards and ot her publications are normally available from
the organizations that prepare or distribute the documents. These docnents al so
may be available in or through libraries or other informational services )

2.3 Oder of precedence. In the event of a conflict between the text of
this docunent and the references cited herein (except for related specification
sheets), the text of this document takes precedence. Nothing in this docunent,
however, supersedes applicable |aws and regul ations unless a specific exenption
has been obt ai ned.

3. REQUI REMENTS

3.1 Specification sheets. The individual rotary actuator requirements shal
be as specified herein and in accordance with the applicable specification sheet.
In the event of any conflict between the requirenents of this specification and
the specification sheet, the latter shall govern

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

3.3 Materials and fabrication. Materials and fabrication shall be in
accordance with M L-STD-2193 and applicable specification sheets. Mterials shal

be compatible with the fluid, tenperature, service and performance requirenents
specified herein

3.3.1 Materials for extrenely corrosive environment. Wen designated by the
appl i cabl e specification sheet or specified (see 6.2), rotary actuators for an
extrenely corrosive environnent shall be designed with enphasis on avoiding
destructive electrolysis. Direct contact of electrolytically dissimlar netals
shal | be avoi ded Extrenely corrosive environment shall be defined as partial or
conpl ete submersion of the actuator in seawater, or exposure to conditions
conducive for galvanic corrosion.

3.3 2 Recovered materials. Unless otherw se specified herein, all equip-
ment, material, and articles incorporated in the products covered by this
specification shall be new and may be fabricated using materials produced from
recovered materials to the nmaxi num 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 become a source of raw
materials , as opposed to virgin raw materials None of the above shall be

interpreted to nmean that the use of used or rebuilt products is allowed under this
specification

3 4 Desire.

3 4.1 Design pressure The rotary actuator shall be designed to the
operating pressure in the applicable specification sheet or as specified (see 6 2
6 3, and appendix). Unless otherwi se specified, the rotary actuators shall be
designed for a rated operating pressure of 20 7 negapascal (MPa) (3,000 pounds per
square inch (lb/in? gauge) and shall provide the mninum specified ouput torque
at a differential pressure which is two-thirds the rated operating pressure

4
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3 .4.1 1 Proof pressure. The actuator shall wthstand a proof pressure of

1 5tinmes the design pressure with\out pernmanent deformation 01 external |eakage
sufficient to forma drop

3.4.2 Conpatibility. Unl ess otherw se specified (see 6.2), rotary actuators
shall be compatible with the fluids identified in the conmpatibility requirenents
of ML-STD 2193

3.4.3 Envel ope. Di nensions shall be within the envel ope requirenents of the
appl i cabl e specification sheet or as specified (see 6.2).

3.4 4 ientation. Actuators shall operate in any orientation or position
Actuator mounting bolt and dowel pin patterns shall meet the requirenents of the
appl i cabl e specification sheets.

3,4.5 Rotation The shaft rotating angle and its tolerance shall be in
accordance with the applicable specification sheet or as specified (see 6.2),

3.4.6 (perating cycles. The rotary actuator shall be designed to achieve a
m ni num operating life of 50,000 cycles unless otherwi se specified (see 6.2).
For two-position actuators, a cycle shall be defined as the shaft rotating from
one extrene position to the other and return. For three-position actuators, a
cycle shall be defined as the shaft rotating fromthe neutral position to one
extreme position and back to neutral, followed by rotation to the other extreme
position and return to neutral

3.4.7 Qutput torque. M ni num and maxi mum out put torques of the actuator at
the specified pressures shall be as established in the applicable specification
sheet.  The minimumtorque required shall be obtained at a differential pressure
not nore than two-thirds the rated operating pressure. The maxi num torque
devel oped at a differential pressure equal to the rated operating pressure shal
not exceed the mni num output torque specified by nore than 175 percent.

3.4.8 Breakaway pressure. Differential pressure required to start notion of
the shaft in either direction under no-load conditions shall not exceed 100 pounds
per square inch (Ib/in*) Actuators shall comply with this requirenment after
being held in either extrene position for at least 1 minute at the design
pressure

3 4 9 Dashpots. Wen specified in the applicable specification sheet,
dashpots shall be designed to decelerate the nmotion of the piston near the end of
the stroke. The dashpot shall be adjustable and operate over approximtely the
| ast 15 degrees of rotation, while neeting any applicable noise requirenents.

3.4.10 Leakage. Actuator internal |eakage shall not exceed the levels
specified in the applicable specification sheet under the operating and test
conditions specified herein. External |eakage shall be insufficient to forma
drop under the sane conditions

3,4.11 Seals Seal s, seal glands, and back-up rings shall be in accordance
with ML-STD 2193
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3 4.12 Noise. The actuators shall not exceed the allowabl e structureborne
noise Limts specified (see 6.2)

3 5 Construction .

3.5.1 Actuator bodies. Unless otherw se specified herein, actuator bodies
shall conply with the general construction requirenments of M L-STD 2193.

3.5 2 Alum num bodies. Actuators wth an output greater than 136 new on
meter (N m(l,200 inch-pound in-lb)) at rated operating pressure that utilize
alum num as the body material shall be furnished with a corrosion-resistant
repl aceabl e sleeve to separate the piston fromthe al um num body to prevent
galling, corrosion, seizing, or excessive wear of the alum numbody. Exterior
surfaces of actuator alum num bodi es shall be anodized in accordance with M L-A-
8625 and painted as specified in 3.7.3.

3.5.3 Wl ding and brazing. Brazing shall not be used in fabrication of
actuator parts subject to hydraulic pressure. Welding requirenents shall be in
accordance with ML-STD 278, class M

3.5.4 Chanfers. Methods of undercutting and chanfering for seal |ead-in
shall be in accordance with ML-G 5514.

3.5.5 I|nternal porting. Transfer of hydraulic fluids across the actuator
shall be by internal porting within the actuator.

3,5.6 Relief ports and relief valves. Unless otherwi se specified (see 6.2),
rotary actuators that require a sealed, fluid-filled gear chanber shall be
equi pped with a relief valve or other pressure-limting device. The operating
requirenents of the relief valve shall be in accordance with the applicable
specification sheet or as specified (see 6.2).

3.5.7 Actuator ports. Actuator ports shall be in accordance with the
appl i cabl e specification sheet or as specified (see 6.2) Tapered pipe threads
such as NPT are not permtted.

3 5.8 Fasteners. Fasteners shall be in accordance with the requirenents of
M L- STD- 2193.

3.5.9 Shaft. Actuator shaft shall be as specified in the applicable
specification sheet. Deviation fromthe specified shaft is permtted for category
Il actuators provided it does not change the shaft bearing size or nounting
configuration of the qualified actuator.

3.5.10 Bearings. Antifriction or journal bearings shall “De selected from
the preferred-for-design series listed in ML-STD-1762. The naxi num desi gn
bearing | oads shall not exceed the basic dynam c capacity rating (capacity for one
mllion revolutions) of the bearing used.
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3.5.11 Cearing, Gearing, when required, shall be fully enclosed and shall
operate in an oil bath. Only spur gearing shall be used with material and design
in accordance with AGVA 390 03 Pi nion gear and rack shall be match-marked for
proper assenbly.

3.5.11.1 Case fluid level. Unless otherw se specified (see 6.2), the gear
case or main shaft cavity shall be filled with fluid as specified in the applica-
bl e specification sheet. An air space shall be provided to allow for thernal
expansi on of the fluid. [f no fluid is identified, the gear case shall be filled
with fluid in accordance with ML-H 6083.

3.5.12 Position indication Unless otherw se specified (see 6.2), rotary
actuators shall be conplete with visual position indication. Rempte electrical
position indication shall be included when specified in the applicable specifica-
tion sheet. Visual position indication shall consist of markings stanped or
engraved in an area adjacent to the driven conponent’s openings (such as swtch
covers or-actuator bodies) and a pointer stanped or engraved in or attached to the
driven conponent. Position identification markings shall be provided as specified
(see 6.2).

3.5.12.1 Electrical postion indication. Renote electrical position
i ndi cation shall consist of sensitive switches nounted on the actuator body.
Moving parts shall be fitted with covers or guards to prevent equi pment danage and
personnel injury. Unless otherw se specified herein, sensitive switches shall be
in accordance with M L-S-8805.

3.5.13 Shinms. Shims may be used as required to adjust shaft rotational
travel. Adjustments due to shinmng shall not exceed 2 degrees. [f shimmng is
used, allowance shall be nmade for nininmmthread engagenment, where applicable.
Non-netal lic shims shall be installed in actuators where gal vanic action may occur
bet ween the shins and surrounding nmaterial.

3.5.14 Mounting. The mounting interface configuration shall be as specified
in the applicable specification sheet For Category | actuators, unless otherw se
defined by the specification sheet, the mssing tooth on the rotating shaft spline
shall be in the position shown when the actuator is at the mdpoint of the
required rotation angle If a different alignment is required, the actuator
becones Category Il and the required alignment nust be specified (see 6 2)

3.6 Qperational environnent The follow ng operational requirenments shall
be in accordance with M L-STD 2193:

(a) Ambient tenperature.
(b) Shock (see 4.6.6).

(c) Vibration (see 4.6 8).
(d) Salt fog (see 4.6.10)

3.7 Material finishes Surface roughness shall be determ ned in accordance
with ANSI B46 1 and shall be as specified in 3.7.1 and 3.7 2

3.7.1 External finishes External surface finishes shall not exceed 250
m croi nches, except castings, which shall be as cast, External surfaces shall be
smooth, free of burrs, sharp edges, and other irregularities




Downloaded from http://www.everyspec.com

ML A2 300D

3.7 2 Interndl finiches Interndl surface finisnes shall be as follows

(a) internal cylinder bore or piston rod over which packings or
seal s nust slide shall not be greater than 16 m croinches.

(b) Internal noving parts in wearing contact other than as
specified in (a) shall not exceed 32 m croinches

(c) Internal nonnoving parts other than parts designed for
applications specified in (a) and (b) shall not exceed 125 m cro-
i nches.

(d) Finished surfaces for either dynamc or static packing or sea
grooves shall be in accordance with the specifications identified
in ML-STD 2193.

3.7.3 Coatings. External surfaces of non-corrosion resistant netal, with
the exception of threaded areas or nachined surfaces in rolling or sliding contact
shal|l be coated by paint in accordance with M L-P-24441 as foll ows.

(a) Gease, oil, and dirt shall be renmoved from external surfaces
by sol vent wi ping, vapor decreasing, or caustic washing and
rinsing. (This does not apply to alumnum parts inmrediately after
anodi zi ng. )

(b) One coat shall be applied in accordance with ML-P-24441/1
(F150), followed by two coats in accordance with M L-P-24441/2
(F151), with 2 to 4 mils dry filmthickness per coat to produce a
mninmum total dry filmthickness of 8 roils. Single coats in
excess of 4 roils shall be avoided.

3.8 Nanepl at es Nanepl ates shal |l be provided and mounted on each actuat or
The nanepl ate shall be in accordance with M L-STD- 2193 The markings on the
namepl ate shall be in accordance with either 3.8 1 or 3.8.2, as applicable.

3.8 1 Markings for category | actuators  The nameplate for category
actuators shall contain the follow ng information

(a) Specification part or identifying number (PIN) in accordance wth
the applicable specification s’ beet.

(b) Manufacturer’s name, Commercial and Government Entity (CAGE) Code,
part nunber, and serial nunber

(c) Relief valve setting, if applicable

3.8.2 Markings for category Il actuators. The naneplate for category |
actuators shall contain the following information in addition to that required for
category\ | actuators

(a) Designate as category Il after the part identifying number
(b) Rotating angle if not identified by PIN

3.8 3 Markings for caterory 1Il actuators The nameplate for category 11
actuators shall contain the same information as for caregory 1| actuators except
that there shall be no PIN
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3.9 Special tools . No special tools, fixtures, or wenches shall be
required for disassenbly, service or naintenance of the actuators. Special tools
are defined as those tools not listed in the Federal Supply Catalog. Copies of
this catalog may be consulted in the office of the Defense Contract Managenent

Area Qperations (DCMAO). Standard gear and bearing pullers in accordance wth
GGG P- 781 not considered special tools.

4. QUALITY ASSURANCE PROVI SI ONS

4 1 Responsibility for inspection Unless otherw se specified in the
contract or purchase order, the contractor is responsible for the performance of
all inspection requirenents (exam nations and tests) as specified herein. Except
as otherwi se specified in the contract or purchase order, the contractor nay use
his own or any other facilities suitable for the performance of the inspection
requirenents specified herein, unless disapproved by the Governnent. The
Governnent 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 requirenents.

4.1.1 Resmonsibility ffor conpliance. Al itens shall nmeet all requirenents
of sections 3 and 5. The inspection set forth in this specification shall becone
a part of the contractor’s overall inspection system or quality program The
absence of any inspection requirenents in the specification shall not relieve the
contractor of the responsibility of ensuring that all products or supplies
submtted to the Governnment 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 requirenents, however, this does
not authorize subni ssion of known defective material, either indicated or actual
nor does it commit the Governnent to accept defective material

4.2 Cassification of inspections. The inspection requirenents specified
herein are classified as foll ows:

(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
tests specified in table I. The sequence of the tests shall be group A, followed

by group B, and then group C (see 6.3). At |least one actuator of each specific
part number shall be tested.
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TAPLE I, First article inspeczion.

] § }
Examination or test Requirement Test method
Group A
Visual examination 3.3, 3 4, 4.6 1
3.5, 37, 3.8
Group R
Run-in 3.4.4, 3.4.5, 3 4.10 4.6.2
3.5.12.1
Proof pressure and 3.411, 3.4.10 4.6.3
leakage
Breakaway pressure 348 4.6 &4 -
Torque 3.4.7 4.6.5
Noise 3.4 12 4.6.9
Group C
Vibration 3.6 (¢) 4.6.8
Shock 3.6 (b) 4.6.6
Endurance 34.6 4.6.7
Salt fog 3.6 (4) 4.6.10
Salt spray (if required) 3.3.1 4 6,10.1

4.4 Quality conformance inspection. Quality conformance inspection shall
consi st of the exam nations and tests listed in table Il (see 6.3 and 6 6). Each
rotary actuator shall be subjected to quality conformance inspection.

TABLE || Quality conformance inspection.
Examination or test Requirement Test method
Visual examination 3.3, 34, 3.5 4 6.1
Run-in 345 4.6.2
Pressure and leakage 341, 3.4.10 4 6.3
Breakaway pressure 348 4 6.4
Noise testing 3.4 12 4 6.9

4. 5 Test conditions Test conditions shall be as specified herein and in
t he applicable specification. sheet

4.5.1 Test fluid Unl ess otherw se specified (see 6.2), the test fluid
shall be in accordance with ML-H 17672, 2135-T-H

10
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4.5 2 Anbient test conditions. Unl ess ot herwi se specified, actuators shal
be tested under anbient tenperatures between 15 and 40 degrees Celsius (°C

4.6 Test nethods.

4.6.1 Visual exanmination. The rotary actuator shall be visually and
di nensional ly examined to verify conformance to this specification and the
applicable specification sheet. Deviation fromthe specified dinensions,
finishes, and configuration shall be cause for rejection

4.6.2 Run-in test. The actuator shall be cycled at least 10 tines to ensure
the chanbers are properly filled with hydraulic fluid and that any trapped air is
purged from the actuator. Visual exanination shall be made to ensure there are no
signs of external |eakage and that the rotary actuator can achieve the specified
rotation (see 3.4.5). If the actuator is equipped with electrical position
indication switches, the switches shall be continuity tested to ensure that they
are functioning in response to actuator rotation.

4.6.3 Pressure and |eakage test. Unless otherw se specified, the pressure
test and | eakage test shall be perforned as specified herein. Wen pressurizing
each port, the actuator shall be pernmitted to travel to its full stroke. The test
procedure shall be as follows:

(a) The actuator shall be operated at the rated output torque and
operating pressure for a mnimmof 30 mnutes with the gear
chanber open. During this period, the actuator shall be cycled at
arate of two to six cycles per ninute and the internal |eakage
shall be collected. The pressure shall then be relieved and the
actuator exam ned for signs of external |eakage, |oosening of the
fasteners, or damage to any part of the actuator. I nterna
| eakage shall not exceed the values specified (see 3.4.10).

(b) The port shall then be pressurized to the specified proof pressure
for a mninum of 15 ninutes. The pressure shall then be relieved
and the actuator examined for signs of external |eakage, |oosening
of the fasteners, or danage to any part of the actuator. | nt ernal
| eakage in excess of three tinmes the specified values (see 3 4.10)
shall constitute a failue of the test

The test shall be repeated for each of the actuator ports. Upon conpletion of the
test. the actuator shall be cycled at least five tines to ensure the unit is

functioning and able to neet its rotational requirenent (see 3.4.5) The failure
to neet the specified | eakage requirenent or evidence of |oosening, damage, or
external |eakage shall constitute a failure of the test. For quality conformance,

the mninumtinme to naintain the specified operating pressure shall be reduced
from 30 mnutes to 15 minutes. The tine to maintain the proof pressure shall be
reduced from 15 minutes to 5 mnutes
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4 6.4 Breakaway pressure. The breakaway pressure shall be obtained by
shifting the rotary actuator to one of its extxeme positions and maintaining the
design pressure for a mnimm of 1 mnute. The actuator shall then be shifted to
the opposite position while observing the differential pressure required to start
moverment. The test shall be repeated by shifting the actuator in the opposite
direction. Breakaway pressure in excess of the specified value (see 3 4.8) shal
constitute a failure of the test.

4.6.5 Torque tests. The test pressure (or pressures) as specified in the
appl i cabl e specification sheet shall be applied to the actuator through the
appropriate port (or ports). Maxinmum and m ni mum out put torque shall be neasured
and recorded five tines (see 6.6), There shall be no evidence of |oosening,
bi nding, or damage to the actuator shaft or parts. Tenperature of the test fluid
shal |l be maintained at 40 £+ 20°C while performng the torque test. The actuator
shal | meet the requirenents specified in 3.4.7 and 3.4.8.

4.6.6 shock test. The actuator shall be shock tested coensure conpliance
with 3.6(b). The actuator shall be disassenbl ed and inspected for physical damage
after completion of the shock test. The actuator shall be considered to have
failed the shock test if it does not meet the rotational requirenents specified in
3.4.5 and the pressure and | eakage requirenents specified in 3.4.1 and 3. 4. 10,
respectively, or shows any signs of physical damage upon disassenbly. The
actuator shall be pressurized to the specified design pressure for the shock test

4.6.7 Endurance test. The actuator shall be endurance tested to the
specified nunber of cycles at the rated output torque and operating pressure.
Unl ess otherwi se specified in the applicable specification sheet, the test shal
be conducted at a cycle rate of two to six cycles per mnute. Periodically during
the test, the actuator shall be exami ned for external |eakage, cracks, or |oose
fasteners. Any of these defects along with the inability to develop the specified
torque or premature seal replacenent shall constitute a failure of the test. Upon
compl etion of the endurance test, the group B tests in table | shall be repeated
The proof pressure test specified in 4.6.3 need not be repeated. Inability to
meet the requirenments specified in 3.4.6 shall constitute a failure of the test.

Hydraulic fluid used for the endurance test shall not be cleaner than the linmts
established by the follow ng mnimm particle count

M ni mum numnber of

Particul ate size particles per
(microneter) 100 mlliliters
greater than 15 3,000
greater than 25 500
greater than 50 90

12
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4 6.8 Vibration test Actuator switches shall be subjected to a vibration
test in accordance with ML-S-8805, except that electrical switches qualified to a

mlitary specification with vibration test requirenents do not require additiona
testing.

4.6.9 Noise Lest. Rotary actuator shall mneet the structureborne noise as
specified in 3.4.12 . The maxi mum al | owabl e one third octave band structureborne
noi se level for these test conditions shall not exceed the linits specified . The
noi se test shall be conducted with the actuator cycled under no-load conditions
while limting actuator rotational speed to less than 2 5 seconds per half cycle,
except that linear piston speeds in excess of 12 inches per second are not
required

While nonitoring the broadband vibration level, the peak transient noise produced
when cycling the actuator shall be recorded. For quality conformance, any

actuator that exhibits squealing, grinding, or chattering noises during the run-in
test (see 4.6.2) shall be considered to have failed to neet noise requirenments. -

4.6.10 Salt fog test. The actuator shall undergo the salt fog test to
ensure conpliance with the requirenents specified in 3.6(d), The salt concentra-
tion for the water shall be 5 + 1 percent. The actuator shall be set-up inits
normal operating node. The duration of the test shall be 48 hours with a period
of 24 hours wet and 24 hours drying. After conpletion of testing and cleaning,
the base metal shall not be visible through the coating or finish, nor shall there
be any evidence of corrosion (existence of any visible oxide), peeling, chipping
or blistering. Any evidence of these defects shall constitute a failure of the
test. Approval by similarity may be extended to other actuators fromthe sane
manuf acturer that use identical material as the actuator tested.

4 6.10 1 Salt spray test for extremely corrosive environment. The actuator
shall undergo a salt spray or immersion test for verification of conpliance wth
3 3.1. The actuator shall be subjected to alternating periods of salt spray or
i mersions as specified, with equal periods of drying The periods shall be 3
hours of spray or imrersion with 3 hours of drying at roomtenperature for a total
duration of 48 hours, The saltwater solution shall be the same as required for
the salt fog test (see 4.6 10) At the conpletion of the test and cleaning, the
actuator shall be exam ned externally for the conditions specified in 4.6.10. The
actuator shall then be disassenbled and examned internally for evidence of
saltwater entry, corrosion, pitting, or other signs of electrolytic or galvanic
corrosion  Any of these defects shall constitute a failure of the test
Actuators subjected to this test need not be subjected to the salt fog test
specified in 4 6.10

4.7 lInspection of packadging. Sanple packages and packs, and the inspection
of the preservation, packing, and marking for shipnent and storage shall be in
accordance with the requirements of section 5 and the docunents specified therein.

—
LR
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5. PACKAG NG

(The packagi ng requirenents specified herein apply only for direct Government

acqui sition) For the extent of applicability of the packaging requirenents of
referenced docunents listed in section 2, see 6.7 )

5.1 General requirenents.

5.1.1 Lunber and plywood. Unless otherw se specified (see 6.2), the
preservative fluid shall be in accordance with M L-H 6083 C eanliness of the
preservative fluid shall neet the follow ng requirenents:

(a) Particulate count:

Maxi mum nunber of

Particul ate size particles per
(mcrometers) 100 nmilliliters
greater than 15 14, 000
greater than 25 2,500
greater than 50 400

No particles over 500 mcrometers, except fibers
are permtted. Fibers are defined as particles
with a length at least 10 tines the dianeter.

(b) Water content shall be not more than 0.05 percent by vol ure,

5 1.2 Navy fire-retardant requirenents.

5.1.2.1 Lunber and plywood Wen specified (see 6.2), all lunber and
pl ywood including |am nated veneer material used in shipping container construc-

tion menbers, blocking, bracing, and reinforcing shall be fire-retardant treated
material conformng to ML-L-19140 as fol | ows

Levels A and B - Type Il - weather resistant.
Category 1 - general use

Level C - Type | - non-weather resistant
Category 1 - general use

5.1.2.2 Fiberboard When specified (see 6.2), fiberboard used in the
construction of class-donestic, non-weather resistant fiberboard and cleated
fiberboard boxes including interior packaging forms shall meet the flanespread and
the specific optic density requirenments of PPP-F-320 amendnents thereto

5.2 Preservation. Preservation shall be level A or commercial, as specified
(see 6 2)

14
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5.2.1 Level A  Actuators shall be preserved by a fill and i-lush/drain
method that will ensure conplete coverage of the novable pares within the
actuator. Actuators shall be rotated to the full operational positions.
Preservative fluid shall meet the cleanliness requirenments specified in 5.1.1.

The piston shall be returned to the full retract position and the cylinder filled
with fluid, allow ng space for expansion. Ports shall be plugged and detached
parts reassenbled to the actuator, Care shall be exercised to prevent contam na-
tion of the actuator during this operation. Exposed bare netal surfaces of repair

parts shall be coated with preservative conformng to P-2 of ML-P-116. Each
actuator shall be marked as specified in 5 6 2.

5 2.1.1 Wapping. Exposed preserved surfaces shall be wapped with barrier
material conforming to grade A of ML-B-121 or type Il of ML-B-22191. Barriers
shal | be secured by heat sealing or pressure-sensitive tape. Wapped actuators
shal |l be further cushioned, blocked, or braced and packed for che |evel specified
in 5.3, Accessories acconpanying each actuator shall be individually wapped and
secured as specified above and consolidated in a fiberboard box conformng to
PPP-B- 636, class donmestic. Parts shall be cushioned to prevent novement within
the box. Box closure shall conformto method | as specified in the appendix to
the box specification.

5.2.2 Commercial. Presentation of equipnent and accessories shall be in
accordance with ASTM D 3951 to afford protection against contam nation, corrosion,
deterioration, and physical damage during shipnment fromthe supply source to the
first receiving activity for immediate use.

5.3 Packing. Packing shall be level A B, or comercial, as specified
(see 6 2).

5.3 1 General requirenents for level A B. or commercial. Containers
sel ected shall be of mnimm weight and cube consistent with the protection
required, of uniform size, and contain identical quantities.

5 3.2 Levels A. B, and commercially preserved. Actuators preserved as
specified (see 5 2) shall be packed in exterior shipping containers in accordance
with ML-STD-2073-1, table VII of appendix C, for the level of packing specified
(see 5 3) Unl ess ot herwi se specified (see 6 2). container selection including
container options shall be the contractor’s option

5 3 2 1 dosure gross weight, and waterproofing

5.3 2.1.1 Cosure Contai ner closure, reinforcing, or banding shall be in
accordance with the applicable container specification or appendix thereto except
t hat weat her-resistant fiberboard boxes shall be closed in accordance with method
V and reinforced with non-netallic or tape banding and donestic nonweat her-
resistant fiberboard boxes shall be closed in accordance with nethod | using
pressure sensitive tape

5.3,2 1 2 \\ight Wod, plywood, and wood cleated type containers exceeding
200 pounds gross weight. shall be nodified by the addition of skids in accordance
with ML-STD-7073-1 appendix F, or the applicable container specification or
appendi x thereto



Downloaded from http://www.everyspec.com

MIL a-cas P SH)

5.3.2.1.3 Waterproofing  Unless otherwise specified (see 5.2, , level A and
when specified (see 6 2) level B shipping containers shall be Fret'lded with
caseliners. linings, waps, or shrouds in accordance with the waterproofing
requirenents of ML-STD 1186

5.3.3 Commerci al Actuators preserved as specified (see 5,2) shall be
packed for shipnent in accordance with ASTM D 3951 and herein

5.3.3.1 Container nodification Shi ppi ng cont ai ners exceedi ng 200 pounds
gross wei ght shall be provided with a mnimm of tw, 3- by 4-inch noninal wood
skids laid flat, or a skid- or sill-type base which will support the material and

facilities handling by nechanical handling equipnent during shipnment, stowage, and
storage.

5.4 Cushioning. filler. dunnage. and wapping materials.

5.4.1 Level A preservation and levels A and B Packing, Use of all types of
| oose-fill naterials for packagi ng and packing applications such as cushioning,

filler, or dunnage is prohibited for materials destined for shipboard installation
or stowage.

5.4.2 Level C preservation and packing. Wen loose fill type materials are
used for packagi ng and packing applications such as cushioning, filler, and
dunnage, all containers (unit, intermediate, and shipping) shall be marked or
| abeled with the followi ng informtion-

CAUTI ON
“Contents cushioned with loose-fill material shall not be taken
onboard ship. Renpve and discard |oose-fill material. If

required, recushion with cellulosic material, bound fiber,
fiberboard, or transparent flexible cellular material. "

5 4 3 Resistance to fire Cushioning, filler, dunnage, and wr apping
material s selected, whenever available, shall exhibit inproved perfornance for
resistance to fire

5.5 Palletized unit |oads When specified (see 6 2), containers shall be
pal l etized in accordance with ML-STD-2073-1, appendix F

5 6 Marking.

5.6.1 Levels A B C anti comercial, In addition to any special marking
required [see 5 6 2) interior (unit) packs, shipping containers and palletized
unit | oads be marked in accordance with ML-STD 2073-1, appendix F, and shal
i ncl ude bar codes and applicabl e packagi ng acquisition requirenents as specified
(see 6.2)
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5.6.2 Special marking, Preserved assenblies shall be tagged, and the
exterior shipping container narked or |abeled with the follow ng

“The interior of this item has been coated (or filled, as applicable) with
(list preservative, fluid brand or Mlitary specification as applicable) on
(provide date of preservation).”

5.7 Technical manuals. Technical manuals which acconpany shipnents that are
packed level A or B shall be packaged in transparent, waterproof plastic bags,
mnimum of 4 roils thickness. Cdosure shall be by heat sealing. Technical manuals
shall not be placed with any sealed flexible barrier material used to enclose the
i terns. Manuals, when shipped in bulk quantities, shall not be individually
wr apped, but shall be packed in accordance with the requirenents of the applicable
manual specification or packed in containers conformng to the requirenments for
level A B, or C, as specified (see 5.3).

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. The actuators covered in this specification are intended
for use in ship hydraulic systens Actuators are suitable for use in systens

using either petrol eumbased, water-glycol, or triaryl phosphate ester hydraulic
fluids .

6.2 Acquisition requirenments. Acquisition documents nust specify the
fol | owi ng:

Title, nunber, and date of this specification.

Classification of rotary actuators (see 1.2).

Category of rotary actuator required (see 1.2.1).

Those minor differences or variations of basic design which
characterize the rotary actuator as category 11 (see 1.2.1.2,
346, and 3 5,7).

(e) Al configuration and performance requirements for category |11
actuators (see 1 2.1.3, 3.4 1, 3.4 3, 3.44, 3.4 6, 3.4 7, 3 5.6,
3.5.7, and 3.5.9).

(f)  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).

g) Wen first article inspection is required (see 3.2).

(h)  Wen nmaterials for extremely corrosive environnent are required
(see 3.3.1)

(i) Piston seal requirements for category Il and Il rotary actuators,
if other than specified (see 3.4.2 and 3.4, 11).

(j) Requirements for systemand test fluids, if other than specified
(see 3 4.2, 3 5 11.1, and 4.5.1)

(k) Shaft rotating angle requirenents for category Il and IIl rotary

actuators (see 3.4 5)

(1)  The mini mum nunber of operating life cycles when greater than that

identified in the specification or applicable specification sheet

(see 3 4 6)

—_—
o O T o
—_——
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(m  Structureborne noise linmts if different than those identified

(see 3.4,12)
(n) Shaft spline missing tooth alignment versus rotational angle
for Category Il and Ill actuators (see 3.5.14).

(0) Position indicator nmarkings, if required (see 3.5.12).

(P) Presentation fluid, if other than specified (see 5.1.1),

(q) Levels of preservation and packing required (see 5.1.2, 5.2,
and 5. 3).

(r) When fire-retardant material is required (see 5.1.2.1).

(s) When fiberboard rmust meet flanmespread and specific optic density
requirenents (see 5.1.2.2).

(t) Wen caseliners are not required for level A and |level B packed
shipping containers (see 5.3.2.1.3).

(u)  When palletization is required (see 5.5).

(v) Special marking required in addition to that specified in 5.6.2
(see 5.6.1).

6.3 Consideration of data requirenments. The follow ng data requirenents
shoul d be considered when this specification is applied on a contract. The
applicable Data Item Descriptions (DD s) should be reviewed in conjunction wth
the specific acquisition to ensure that only essential data are requested/provided
and that the DID's are tailored to reflect the requirenents of the specific
acquisition. To ensure correct contractual application of the data requirenents,
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 requirenent for a DD
Form 1423

Ref er ence Par agr aph Dl D Nunmber DID Title Suggested Tail oring
3.4 and appendi x DI - DRPR- 80651 Engi neering drawi ngs
4 3 DI - NDTI - 80809 Test/inspection
reports
4.4 Dl - 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 Managenment Systenms 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 Managenent Systenms and Data Requirenents
Control List (AMSDL) must 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 must be acquired under a separate contract line itemin the contract.

6.4.1 Additional requirenments for technical manuals. In addition to the
general requirements covered above, the followi ng features apply to technical
manual s for rotary actuators,

18
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(a) Technical manuals should be prepared for all standard and
nonst andard actuator nodels in accordance with ML-M 15071
type |

(b) Wen applicable, the manual should incorporate a series of
simlar actuators rather than an Individual manual for each
type of actuator.

6 5 First article. Wen first article inspection is required, unless
specific guidance is provided by the contracting officers to offerors (see 6.2)
the first article iten(s) may be a preproduction sanple, a first article sanple, a
first production item a sanple selected fromthe first production itens or a
standard production itemfromthe contractor’s inventory. The contracting officer
shoul d include specific instructions in the acquisition documents regarding the
number of items to be tested (if nore than one), arrangenents for exam nations,
approval of first article test results, and disposition of first articles.
Invitations for bids should provided that the Government reserves the right to
wai ve the-requirement for sanples for first article inspection to those bidders
offering a product which has been previously acquired or tested by the Governnent
and that bidders offering such products, who wish to rely on such production or
rest, must furnish evidence with the bid that prior Government approval is
presently appropriate for the pending contract. Bidders should not submt
alternate bids unless specifically requested to do so in the solicitation.

6.5.1 First article and drawi ng approval. For items which will be used on
U S. Navy ships, first article and drawi ng approval by the Hydraulic System and
Conponent Standardi zati on branch of the Naval Sea Systens Conmmand ( NAVSEA 56W.6)
is required. Acquisition activities will not be required to obtain and submt
first article test reports and drawi ngs to NAVSEA when the offeror provides
evidence that the item being offered has been approved by NAVSEA and the offeror
attests that such approval is still valid and has not been rescinded. Any changes
to the revision of a drawing approved by NAVSEA will require resubmttal for
NAVSEA review and approval of the change and any applicable first article test
requirenents resulting fromthe change Unless otherw se specified in the
contract, drawings and first article test reports may be submitted to NAVSEA by
either the acquisition activity or the offeror When an offeror wi shes to obtain
first article approval on simlar items, he nmay submt a first article test report
for NAVSEA approval in which the number of tests are minimized in order to
elimnate duplicate testing of identical and similar itens

6.6 Technical content requirements for certification/data reports. Resul ts
of the torque test performed for each operating gauge pressure specified in 4.6.5
shoul d be recorded The recorded results should be submtted with the certifica-
tion/data report. Anbient tenperatures for all tests should be recorded and
submtted with the certification/data report,

6 7 Sub-contracted material and parts. The packagi ng requirenents of
referenced documents listed in section 2 do not apply when material and parts are
acquired by the contractor for incorporation into the equiprment and | ose their
separate identity when the equi pment is shipped.
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6 8 Subject term (kev word) listing

Hydraulic system
Petrol eum based fluid
Rack- and- pi ni on

Triaryl phosphate ester fluid
Water-glycol fluid

6.9 Changes from previous issue. Marginal 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-N012)

20
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APPENDI X

ENG NEERI NG DRAW NGS TECHNI CAL CONTENT REQUI REMENTS

10.  SCOPE

10.1 Scope. This appendix covers the technical content requirements chat
shoul d be included on drawi ngs when required by the contract or order. This
appendi x is mandatory only when data item description Dl -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 specifi-
cations, standards, and handbooks forma part of this document to the extent
specified herein. Unless otherw se specified, the issues of these docunments are
those listed in the issue of the Department of Defense Index of Specifications and
Standards (DODI SS) and supplenment thereto, cited in the solicitation (see 6.2).

SPECI FI CATI ON

M LI TARY
M L-T-31000 - Technical Data Packages, GCeneral Specification for.

(Unl'ess otherw se indicated, copies of federal and mlitary specifications,
standards, and handbooks are available from the Standardization Documents O der
Desk, BLDG 4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094. )

30.  DRAW NGS

301 Drawing content, In addition to the drawing content required by
M L- T- 31000, draw ngs shall contain the follow ng:

overall outline dinmensions of the conplete actuator.

Di nensi onal location of ports

Port sizes and connecti ons.

Internal porting and flow paths

Port identification markings (exanple C-1, G2, and so forth).
Di nensional |ocation and size of mounting holes.

Torque values for bolting or fastening devices

Cal cul ated dry weight of actuator

Cal cul ated fluid volume of actuator.

Center of gravity when wet weight (fluid filled) of actuator
exceeds 100 pounds

(k) Transverse and |ongitudinal cross-sectional views show ng actuator
action and internal working parts

«1y Detailed sections of views considered necessary to anplify the
working parts Of the actuator

o~ o~ — —
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| dentification plate |ocation, information data, and method of
securing

Tol erance table and notes, as applicable.

Conplete bill of materials, including mlitary or industry
specifications and standards.

The volume of fluid required for the specified degrees of rotation.
CGeneral notes - Notes should include information pertinent to
performance ratings, coatings, input and output paranmeters,
special tools, support equipnent, cautions, warnings, and so
forth.

For all category Il actuators, conpletely identify all deviations
from the standard item

Procedure for adjustnents,

Shaft rotational angle and rotational tolerance.

Mat ch- mar ki ng of pinion and rack

()
[
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