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2.1.2 Industry-Standarde

1. SCOPE MIL-C-5501 Caps and Plugs, Protective, Dust and
Moisture Seal
1.1 Scopp - This specification established (1) the common MIL-H-6083 Hydraulic Fluid, Petroleum/Basq,
requirements|for hydraulic units capable of functioning as starters Preservative
and as pumpg suitable for use in aircraft and missiles and (2) the MIL-P-6906 Plates, Information and-|dentifichtion
methods to bg used for demonstrating compliance with these MIL-S-7742 Screw Threads, Standard, Aerohautical
requirements MIL-H-8775 Hydraulic Systems Componentd, Aircraft
General Specification for
1.2 Moddl Specification - A Model Specification, conforming MIL-F-8815 Filters and Eilter Elements, Fluid Pressure,
to Appendix |[of this specification, shall be prepared for each Hydraulici\Line; 15 Micron Absplute Type I
starter/pump odel by either the purchaser or the starter/pump Systems
manufacturer| Where conflicts exist, the requirements of the MIL-C-11796 Cofrosion Preventative, Petrolajum, Hot
Model Specification shall govern. ‘Application
MIL-P-19692, Pumps, Hydraulic, Variable Delijery, General
2. APPLICABLE DOCUMENTS Specifications for
MIL-H-5440. Hydraulic Systems, Aircraft, Tyges | and Il
2.1 The fpllowing documents shall form a part of this Design, Installation, and Data Requirement
standard to the extent specified herein. The applicable issue of for
each shall be[that in effect on the date of this Aerospace
Standard unlgss otherwise specified in the manufacturer's Model 24.4" Military Standards
Specificationg. Supplementary specifications, standards, or the
like, which by|reference in any of the following publications are MIL-STD-100 Engineering Drawing Practices
indicated to bp part thereof, shall not be considered as effective
except as spdcifically stated in the manufacturer's Model MS33586 Metals, Definition of Dispimilar
Specification pr as may be otherwise mutually agreed upon MIL-STD-129 Marking of Shipments
between the Jendor and the purchaser. MS33649 Bosses, Fluid Connection, Interngl Straight
Thread
2.1.1 Aerospace Material Specifications (AMS)
2.1.5 Publications - (Air Force-Navy Aeronauti¢al Bulletins)
AMS 2400] Plating - Cadmium
AMS 2402 Plating - Zinc No. 445 Changes, Engineering, to Aircraff Engines,
AMS 2403|or 2424 Plating - Nickel Propellers, and Aeronautical Equipment in
AMS 2406 Plating - Chromium Hard Production and Service
AMS 2408] Plat!ng - T{n 3. REQUIREMENTS
AMS 2410|or 2412 Plating.= Silver
AMS 2470 Anadi¢ Treatment - Aluminum Base 3.1 General Requirements - This section desciibes the
Alloys general requirements for hydraulic starter/pumps, dither fixed or
AMS 2473|or 2474 Ghemical Treatment - Aluminum Base  Variable displacement, suitable for operation in hydraulic systems
Alloys confofrmcijng tohth:/lr%qullirsemerf\ts of MII__l_—kl;i—5440, c;r ds othe}:wlilse
. . specified by the Model Specification. The starter/pymps sha
AMS 2475 grotej:n/e Treatments - Magnesium include any combination of the components listed Helow needed
ase Alloys

Surface Texture

Identification Marking Methods

General Practices for Use of Lockwire, Key
Washers and Cotter Pins

2.1.3 Military Specifications
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to satisfactorily meet the requirements of the AS and the Model
Specification.

3.1.1 Starter/Pump Assembly - The starter/pump design
shall incorporate a hydraulic rotating assembly suitable for
converting fluid energy into mechanical energy in the form of
rotary motion and converting rotary motion into fluid energy.

3.1.2 Control Assembly - Variable displacement starter/
pumps shall be equipped with suitable controls for providing an
automatically controlled change in displacement during the
starting cycle, the pumping cycle, or

RN
1

3.2 Performance Characteristics

321

Starter Performance - The following paragraphs,

together with Fig. 1, describe the typical starter performance
characteristics of hydraulic starter/pumps when they are
operated from different types of hydraulic power sources.

32141

Fixed Displacement - Fixed displacement starters,

except for variations in efficiency, produce an output torque
essentially proportional to input hydraulic pressure. Typical

performance is shown in Fig. 1. Curves “A”

and “B” represent

performance during operation in conjunction with constant
pressure (constant torque) and energy limited (decreasing
pressure) hydraulic power systems respectively.
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HYDRAULIC STARTER CHARACTERISTICS
FIGURE 1

both. The starting cycle shall be in accordance with Curve “B” or
“C” of Fig. 1. The pumping cycle shall be in accordance with the
rated output flow anfl pressure«as a PUMP.

3.1.3 Gear Assembly “For applications requiring a speed
ratio between the hydrauli¢-assembly and the output shaft, the
necessary gear ass¢mbly'shall be incorporated within the

3.2.1.2 Variable Displacement - Variab
starters, when operated from a constantprg
limited source, produce essentially egnstan
initial portion of the starting cycle yntilL.reach
the balance of the starting cycle,output torg
an approximately constant horsepower line
performance is shown as Curve “C” of Fig.

3.2.2 Pump Perfefmance - Variable de
flow at essentially eonstant pressure from r.

3.3Design Reguirements
3.3.1

e displacement
ssure horsepower
torque during the
ing rated flow. For
ue decreases along
Typical

.

ivery pumps deliver
hted flow to cut-off.

Starter/Pump Functional Requirenents - The starter/

pumps.shall'be designed and constructed t
performance requirements specified below
under the rated hydraulic conditions as defi

3.3.1.1 Hydraulic Fluid - The starter/pu|
functional requirements using the hydraulic
Model Specification.

3.3.1.2 Rated Temperature - The rated
defined as the maximum fluid temperature

b satisfy the
hen operating
hed.

mps shall meet the
fluid defined in the

temperature is
bt the starter/pump

inlet port. The rated temperature shall be stated in the Model

Specification and shall be one of the valueg

TABLE |
Hydraulic System Rate]
Type |
Type Il
Type Il

The minimum continuous fluid temperature
port is not related to the rated temperature
A minimum continuous fluid temperature ma

listed in Table I.

H Temperature
160 F
275 F
450 F

at the pump inlet
by this specification.
y be specified in the

Made| Qr\nr\ifirnfinn

construction of the starterfptmp-

3.1.4 Shaft Seal - The starter/Pump design shall
incorporate an output shaft seal assembly to prevent the
leakage of hydraulic fluid or gear case lubricant from the starter
/pump or the entry of engine lubricant into the starter. The shaft
seal shall be replaceable without additional disassembly of the
starter/pump.

3.1.5 Parts Containment - In the event of an internal failure
of the starter/pump, all parts shall be contained within the
starter/pump housing and there shall be no loss of flu'd from the
starter/pump due to the failure, and the starter/pump shall
remain attached to the mounting pad of the engine accessory
drive.

3.3.1.3 Rated Case Pressure - The rated case pressure is

defined as the maximum pressure to be allo

wed in the case and

shall be specified in the Model Specification.

3.3.1.4

Rated Speed - The starter/pump will have two rated

speeds, one as a starter and one as a pump.
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The starter rated speed is defined as the maximum output shaft
speed at which rated torque is produced and is usually related

to engine light-off s

peed. The pump rated speed is defined as

the maximum speed at which the pump will operate
continuously at rated temperature, pressure, and flow. Both
rated speeds shall be stated in the Model Specification. The
maximum allowable speed without damage to the starter shall
be specified in the Model Specification.

3.3.1.5 OQOperati

ng Mode Transition - The starter/pump shall

automatically revert to the pumping mode upon removal of the

starting cycle input

signal.

3.3.1.6 Balance - The moving parts of the starter/pump

3.3.2.3 Rated Torque - The rated torque is defined as the
minimum torque at the starter output shaft when operating at
rated pressures, rated temperature, and rated speed. The rated
torque shall be stated in the Model Specification together with
the maximum continuous torque, the maximum peak transient
torque, and the minimum torque at minimum cutoff speed.

3.3.2.4 Rated Consumption - The rated consumption is
defined as the maximum fluid flow allowable to meet the torque
retuirements at any starter output shaft speed from zero rpm to
rated speed. The rated flow shall be stated in the Model
Specification together with the maximum flow during no-load
operation.

shall not cause destructive vibrations under any conditions of

operation, at all sp¢
speed.

3.3.1.7 Leakad
housing or from an
to form a drop, sha
shaft seal, under s
exceed the values

3.3.1.8 Contan
of withstanding flui

Model Specification).

3.3.1.9 Servicg
perform satisfactor
operation and 750
Model Specification]
specified may be e
cycles, depending

3.3.2 StarterF

eds up to and including 120% of maximum

le - External leakage from the starter/pump

static seal thereof, of sufficient magnitude
| not be permitted. Leakage from the drive
ecified operating conditions, shall not
Epecified in Section 4.5.

hination - The starter/pump shall be capable
il system contamination as specified in the

Life - The starter/pump shall be designed to
ly for 1200 start cycles of engine starting
hr of pumping operation, or as stated in the

. The actual number of start cycles to be
pected to vary between 1200 and 2400
bn the application.

Unctional Requirements

3.3.2.1 Rated

nlet Pressure - The rated iflet pressure is

defined as the max|
port when operatin
speed, and rated t
stated in the Model
Table Il.

mum pressure required-at the starter inlet
at rated torque, rated'outlet pressure, rated

mperature. The rated ihlet pressure shall be
Specification. Typical values are listed in

System Prefssure
3000 pgg
4000 psig

3.3.2.5 Displacement Control -[Variable displacement
starters shall automatically control.ghange in displacement
during the starting cycle.

3.3.2.6 Cut-Out Speéd~ The cut-out speed is defined as
the starter output shaft-speed at whjch starter operation is
terminated automatically. The startgr/pump shall be capable of
two (2) minutes,continuous operatign at maximum cut-out
speed. The minimum and maximumn) cut-out speeds shall be
stated in the Model Specification.

3.3.2°%~ Continuous Motoring - The starters shall be capable
of motaring operation for a minimum of 10 hours at the rating
point (Fig. 1). Motoring cycles shall pe of 10 minutes duration.

3.3.3 Pump Functional Requirgments

3.3.3.1 Rated Discharge Presslre - The rated discharge
pressure shall be specified in the Mpdel Specification and shall
be the discharge pressure correspopding to the pump full cut-off
flow operating conditions.

3.3.3.2 Maximum Full Flow Prgssure - Full flow pressure is
the maximum pressure obtainable with the pump in full
displacement and shall be specified in the Model Specification.

3.3.3.3 Rated Inlet Pressure - Tlhe rated inlet pressure shall
be specified in the Model Specificagjon. It shall be the minimum
inlet pressure to produce rated outlg¢t conditions and rated life.

Rated Delivery - The pymp rated delivery shall be
It shall be the maximum

5000 psi

TABLE I 3.3.3.4 - 'he
specified in the Model Specification
Rated Inlet Pressure flow, at rated speed, inlet pressure,[fluid temperature, and
2800 psig maximum full flow pressure.
3750 psig
ig 4700 psig 3.3.35

3.3.2.2 Rated Outlet Pressure - The rated outlet pressure

shall be specified in the Model Specification. It is defined as the
outlet pressure against which the starter must produce rated
torque at rated speed under rated inlet pressure and

temperature. A typi

cal value of outlet pressure is 150 psig.

Overall Efficiency - Overall efficiency shall be
specified in the Model Specification.

3.3.3.6 Pressure Pulsations - Pressure pulsations which
shall occur exclusive of transient surge shall not exceed the,
value specified in the Model Specification.

3.3.3.7 Variable Delivery Control

3.3.3.7.1 Speed of Response - The control shall regulate
the flow from zero to maximum flow or vice versa in
0.05 seconds or less at any speed above 50% rated speed or
as specified in the Model Specification.
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3.3.3.7.2 Stability - The pump pressure shall stabilize to a
steady state value within one second when the pump is
subjected to the test specified in 4.5.8.2.

3.3.3.7.3 Maximum Transient Pressure - The maximum
transient pressure during cut-out shall not exceed more than
135% of nominal rated pressure when the pump is subjected to
the transient pressure test specified in 4.5.8.2.

3.3.3.7.4 Adjustment - Means shall be provided to adjust
the delivery control mechanism to cause zero flow to occur at
rated discharge pressure. This adjustment shall be preferably
continuous, or acceptably in steps of less than 1% of rated
discharge pressure,_over a minimum range of 95% to 130% of

shall be designed for mounting on the engine accessory drive
specified in the Model Specification. Installation or removal of
the starter/pumps shall not require special tools.

3.3.5.1 Rotation - Drive rotation for the starter/pumps shall
be identified as viewed from the anti-drive end of the starter and
shall be stated in the Model Specification. It shall be clearly
marked on the starter/pump housing.

3.3.5.2 Moment of Inertia - The effective polar moment of
inertia of the engine assembly, related to the starter output
shaft, shall be determined and shall be stated in the Model
Specification.

rated discharge pr((—:jssure. The adjustment means shall be
capable of being pdsitively locked; and it shall be possible to

accomplish adjustn]
hand tools. Where
adjustment means
operating under full

3.3.3.7.5 Wind
Specification, the p
zero input torque at
speed. It shall not H
condition.

3.3.4 Environnj

ent and locking by application of standard
racticable, the arrangement of the

bhall permit adjustment to be made while
system pressure with negligible loss of fluid.

mill - When specified in the Model

imp shall be designed to require essentially
speeds from zero to 20% pump rated

e damaged by continuous operation at this

ental Requirements - In general, starter/

pumps shall be de
time, and without i
adjustment, under
following subparag
testing to demonstr;
not be mandatory.

3.34.1
in accordance with
be affected by char

3.3.4.2 Tempe

gned to operate, without limitation as to
pairment of function or change in
nvironmental conditions as specified in the
phs. Except as specifically directed herein,
bte compliance with these requirementswill

Altitudg - Provided that inlet pressure isTmaintained

B.3.3.3, starter/pump performanee shall not
ge of altitude.

ature - Starter/pumps shall be designed to

operate in an ambignt air temperature, ranging from -65 F to the

maximum value sp¢

3.3.4.3 Vibratig
withstanding all nor
in accordance with
Specification.

cified in the ModehSpecification.

In - Starter/pumps shall be capable of
Mal vibrations/excited by the driving means
he vibration'envelope specified in the Model

3.3.4.4 |mpact

| Starter/pumps shall be designed to

3.3.5.3 Dimensions - The startef/pump, envelope shall be
within the dimensions shown omthe [manufacturer’s installation
drawing and the location of fllid por{s and electrical connectors
shall be as shown. The locatien of the center of gravity of the
starter/pump shall be indicated on the drawing.

3.3.5.4 Weight- The dry weight|of the starter/pump shall
not exceed the value stated in the Model Specification.

3.3.5.5 Drive Couplings - The starter/pump shall
incorporate.a'drive coupling with a shear section or torque
limiting device. The maximum static forque transmitted shall not
exceed’the value stated in the Mod¢| Specification if the torque
limiting device is a shear section. The drive coupling shall be
held"in place by a positive retainer r¢placeable without
disassembly of the starter/pump. The type of coupling shall be
specified in the Model Specification.

3.3.5.6 Ports - Inlet and outlet pprts shall conform to
Drawing MS33649. Seal drain ports|shall conform to Drawing
MS33649. All ports shall be sized and located as shown on the
manufacturer’s installation drawing.

3.3.6 Detail Requirements - Thg starter/pumps shall be
designed and constructed so as to jerform the intended

purpose defined in the Model Specification during normal
service usage and to withstand the gnvironmental conditions as
defined in Section 3.3.4.

3.3.6.1 Materials - Materials us¢d in the manufacture of
these starter/pumps shall be of high|quality, suitable for the
purpose, and shall conform to properly selected specifications.
Materials conforming to contractor’s [specifications may be used
provided the specifications are releaged by the Government and
contain provisions for adequate test$. The use of contractor's

withstand impact shocks of 30 g, applied in any direction, for a
maximum time duration of 10 milliseconds.

3.3.4.5 Acceleration - Starter/pumps shall be designed to
withstand sustained accelerations (greater than 1 second) of 10
g applied in any direction.

3.3.4.6 Atmospheric Conditions - Starter/pumps shall be
designed to withstand continuous exposure, either operating or
non-operating, to salt spray, sand and dust, humidity, and
fungus.

3.3.5 |Installation Requirements - The starter/pumps

specifications will not constitute waiver of Government
inspection.

3.3.6.1.1 Selection of Material - Specifications and
standards for all materials and parts, and Government
certification and approval of processes and equipment, which
are not specifically designated herein and which are necessary
for the execution of this specification,
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shall be selected in
except as provided

accordance with Standard MIL-STD-143,
in paragragraphs 3.3.6.1.2 and 3.3.6.1.3.

3.3.6.1.2 Standard Parts - Standard parts (MS, AN, or JAN)
shall be used wherever they are suitable for the purpose, and
shall be identified on the drawings by their part numbers. In the

event there is no suitable corresponding standard part in effect
on the date of invitation for bids, commercial parts may be used
provided they conform to all requirements of this specification.

3.3.6.1.3 Standard Materials and Processes - VWhere

performance or reliability of the starter/pumps will be
jeopardized by the use of materials and processes as defined in

alternate-materials-and-proc mavbe

the absence of abrasive conditions they may be coated with
chemical film in accordance with Specification AMS 2473 or
AMS 2474. The exceptions noted will be subject to the approval
of the procuring activity.

3.3.6.2.3 Magnesium Alloys - All magnesium parts shall be
treated for protection against corrosion in accordance with
Specification AMS 2475, or by other treatments specifically
approved for the purpose by the procuring activity.

3.3.6.3 Screw Threads - Except where necessary for
functional or manufacturing purposes, only straight threads
conforming to MIL-S-7742 shall be used.

paragraph 3.3.6.1.%

used subject to the
materials and procs
maximum degree d

approval of the procuring activity. Such
bsses shall be selected so as to provide the
f corrosion resistance consistent with the

performance requi

3.3.6.1.4 Meta
starter/pumps exci
hydraulic fluids, sh:
suitably protected i
use of dissimilar mg
be avoided wherey|

3.3.6.1.5 PacK
with the requireme

3.3.6.2 Corros

ments.

s - All metals used in the construction of the
pt metals which are in constant contact with
Il be of a corrosion-resisting type or shall be
h accordance with paragraph 3.3.6.2. The
btals, as defined by Standard MS33586 shall
Er practicable.

Ings - All packings shall be in accordance
ts of MIL-H-5440.

on Protection - Metals which do not

inherently possess
shall be suitably pr
subparagraphs, to

adequate corrosion-resisting characteristics
btected, in accordance with the following
esist corrosion which may result from such

conditions as dissirTilar metal combinations, moisture, salt

spray, and high te
3.3.6.21 Eerrg

perature deterioration, as applicable”

us and Copper Alloys - Ferrous alloy

requiring corrosion
except for parts ha
electrodeposited m
list, except that tin,
for internal parts or
fluid or exposed to
Where not indicate
manufacturer.

Cadmium Platin|

preventative treatment, and'all copper alloys
ing bearing surfaces, shall have a suitable
etallic coating selected from the following
cadmium, and zinc plating shall not be used
on internal surfages in contact with hydraulic
ts vapors, nof where subject to abrasion.

H, class or type“are at the option of the

9] AMS 2400
AMS 2402

Zinc Plating

locked or safetied by safety wiring; gelf-locking nuts, or other
approved methods. Safety wireshafll be applied in accordance
with the practices outlined.ir’Standard AS 567. Star washers
and lockwashers shall hot'be used.|Jam nuts shall also be
properly safetied. Partsywith tapered threads need not be safety
wired or positively/locked.

3.3.6.3.1 Safetying - Threade(}parts shall be positively
Il

3.3.6.4 |dentification of Product - The equipment shall be
marked fortidentification in accordahce with Standard AS 478.

3.3.6.41 Nameplate - Each starter/pump shall be clearly
and permanently marked with a durfable nameplate conforming
to*MIL-P-69086, securely attached tq a part of the starter/pump
which will not ordinarily be renewed during normal service life,
and specify the following informatiop:

STARTER/PUMPS: HYDRAULIC, (FIXED)
(VARIABLE) DISPLACEMENT

Model Specification

Type (If Applicable)

Stock No. (If Applicable)

Direction of Rotation (Arroys)

Manufacturer's Part No.
Contract No.

Manufacturer's Name or T
U.S. Property (If Applicablg
Hydraulic Fluid
Manufacturer's Serial Num
Rated Pump Outlet Pressy

ade-Mark

~—

ber
re, psig

Rated Pump Flow, gpm
Rated Pump Speed, rpm

Chromium
Nickel
Silver

Tin

3.3.6.22

AMS2406
AMS 2403 or AMS 2404
AMS 2410 or AMS 2412
AMS 2408

Aluminum Alloys - Unless otherwise authorized,

all aluminum alloys shall be anodized in accordance with
Specification AMS 2470 except that in

Rated Starter Inlet Pressutle, psig
Ra

3.3.6.4.2 AN or MIL Designations - AN or MIL designations
shall not be applied to a product, except for qualification test
samples, nor referred to in correspondence, until notice of
approval has been received from the activity responsible for
qualification, or from the Aeronautical Standards Group.

3.3.6.5 Lubrication - Starter/pumps shall be self-lubricated
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with no provisions for lubrication other than the hydraulic fluid.
Provision for coupling shaft lubrication may be specified in the
Model Specification.

3.3.6.6 Interchangeability - All parts having the same
manufacturer's part number shall be directly and completely
interchangeable with each other with respect to installation and
performance. Changes in manufacturer’'s part number shall be
governed by the drawing number requirements of Specification
MIL-STD-100. Sub-assemblies of selected mating parts must
be interchangeable as assembled units, and shall be indicated
on the manufacturer’'s drawings. The individual parts of such
sub-assemblies need not be interchangeable.

421 Sampling Instructions - The qualification test samples
shall consist of two starter/pumps. The qualification test
program shall be conducted by the starter/pump manufacturer
at his own facility or at a testing laboratory acceptable to the
purchaser. The division of tests between samples and the order
of testing shall be specified in the Model Specification.

422 Tests - The qualification tests of starter/pumps shall
consist of all the tests of the Model Specification or of this
specification as described under Section 4.5, Test Methods. The
qualification tests may be supplemented with tests under actual
service conditions, if specified in the Model specification.

3.3.6.7 Surfacd Finish - Surface finishes where required
shall be established and shall be specified in the manufacturer's
drawings as defined in Standard USA B46.1.

3.3.6.8 Workmanship - All details of workmanship shall be
in accordance with high grade manufacturing practices for
aircraft hydraulic puymps and motors.

3.3.6.9 Design|Changes - No changes shall be made in the
design or materials jof a starter/pump model which has
successfully complgted the qualification tests, except when
such changes are processed in accordance with the provisions
of ANA Bulletin No.|445.

3.3.6.9.1 Servige Bulletins - VWhen requested by the the
purchaser at the tinje of approval of a change, the contractor
shall submit a servig¢e bulletin, prepared in accordance with
Specification MIL-B}18364, in order to permit the purchaser to
incorporate the chapge in starters previously delivered.

3.3.6.9.2 Parts|List - The parts list of a starter/pump model
which successfully gompletes the qualification test/shall
constitute a requirement for production starters. Departure from
the approved startef/pump parts list in features.of design and
construction shall be governed by the provisien:herein for
changes in design.

3.3.6.9.3 Respepnsibility for Changes - Approval by
purchaser of changgs from the qualification test starter/pump
does not relieve thel contractor ef.full responsibility for the
results of such charjges on any\starter/pump characteristic.

4. QUALITY ASSURANCECPROVISIONS

4.1 Classificatipn of Tests - The inspection and testing of

4.3 Inspection Tests - Each starter/pump shall be subjected
to the following tests, in the order.listed, as described under
Section 4.5, Test Methods:

(a) Examination of Product
(b) Break-In Run

(c) Proof Pressure-Test

(d) Tear-Dowrrlnspection
(e) FunctionalTest

4.4 Test Conditions - Unless otherwise specified herein or
in the ModelSpecification, all tests $hall be conducted at an
ambienttemperature within the range of 50 F to 100 F.
Inspection tests shall be conducted jn the order specified in
paragraph 4.3. The order in which al other tests are conducted
shall'be as specified in the Model Specification.

4.4.1 Hydraulic Fluid - All tests ghall be conducted using
the hydraulic fluid specified in the Mpdel Specification.

4,42 Filtration - Except for low femperature tests, all test
systems shall incorporate 15 micron|absolute filters, conforming
to Specification MIL-F-8815, located in the inlet lines to the
starters.

443 Measurements - Unless gtherwise specified, the
required test operating conditions shall be within the following
limits:

%
%
0%
%
%
%

Inlet Pressure
Outlet Pressure
Inlet Temperature
Shaft Speed
Torque

Fluid Flow

TR N G N Y

HH+HH+HH

the starter/pumps shall be classified as follows:

(a) Qualification Tests - Qualification tests are those tests
accomplished on samples submitted for qualification as
a satisfactory product.

(b) Inspection Tests - Inspection tests are those tests
accomplished on all starter/pumps manufactured and
submitted for acceptance under contract.

4.2 Qualification Tests

Accuracy of the instrumentation for all tests shall be consistent
with MIL-Q-9858.

45 Test Methods

451 Examination of Product - Each starter/pump shall be
carefully examined to determine conformance with the
applicable drawings and with all other requirements of this
specification or the Model Specification which are not covered
by specific tests.
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452 Break-In Run - The break-in run shall be made with
any desired pressure in the inlet and outlet lines and shall
consist of 1/2 hr minimum at 30% to 75% of rated rpm and 1/2

hr minimum at 80%

453 Proof Pre

to 100% of rated rpm.

ssure Test - During this run, there shall be

no external leakage
shaft seal may leak

4531

sufficient to form a drop, except that the
at a rate not to exceed 5 ml per hour.

Pump Proof Pressure Test - Each starter/pump

shall be operated as a pump for one minute with the case and
inlet pressure maintained at 450 to 500 psig, 125% rated speed,
no demand, and with fluid temperature opt|ona| The pressure
control shall be adjystec b3 arge SSUre-3

no flow.

453.2 MotorH

roof Pressure Test - While operated as a

motor, each starter.
125% of rated inlet

pump shall be operated for 5 minutes at
bressure, 500 psig case and outlet pressure,

and rated temperatdre. The load on the starter output shaft shall

be regulated so as

454 Tear-Dov

0 maintain rated speed.

n Inspection - After the above break-in run,

and proof pressure
disassembled and i
If all parts are in ac
be reassembled an

require replacement,

using the replacemg

procedure repeated.

455 Functions
subjected to the foll
the functional requi

4551 Starter

45511 Statig
be locked and rated
outlet port open. Le
torque shall be me
less than 90% of ra

45512

test, each starter/pump shall be

hspected by the starter/pump manufacturer.
eptable condition, the starter/pumps shall

il placed on functional test. If working parts
the starter/pump shall be reassembled
bnt parts, and the entire inspection test

| Test - Each starter/pump shall be
wing runs to determine conformance with
ements.

Operation

Torgue - The starter/pump output shaft shall
pressure applied to thetinlet port with the
kage from the outlet'port and output shaft
sured and recorded.“TForque shall not be
ed torque.

5.51. Runnlng Torque ¢ The starter/pump shall be
operated at rated starter speed,with rated hydraulic conditions

applied to the fluid |
Model Specification
measured and reco

orts afhd load inertia as specified in the
Spé&ed;torque, and fluid flow shall be
Fded,

least 15 minutes of operation.

4552 Pump Operation
45521 Contaminant Run - During the calibration runs

specified in the Model Specification, the fluid in each filter bowl
shall be collected in clean containers. Both the filter bowl and
element shall be rinsed with 15 to 30 cubic centimeters (cc) of a
suitable fluid solvent and added to the applicable container. The
total resulting fluid shall be passed through a 47 millimeter (mm)
disc, 0. 45 micron pore size, surface-retention type membrane
(Millipore HAWP04700, or equal). The membrane shall be
washed free of f|UId with 15 to 30 cc of fluid solvent. After drying,
c be-cogted with clear lacquer and
permanently attached to the log sheet of the test. All fluid
solvent shall be filtered through’a,8.#5 micron pore size
membrane prior to use during(the foregoing procedure.

Each filter patch resulting from the preceding test shall be
compared with the stafidard patch tihen in effect and any
discrepancy noted(in the test log.

The second paftch shall show lesg contaminant than the first
patch, and-shall also show equal orless contaminant than the
standard patch. Duration of each tegt shall be specified in the
Model Specification.

45522 Delivery - At the completion of the other quality
eonformance tests, the torque requifed to drive the pump and
the case drain flow shall be measured and recorded for the
following conditions:

Rated speed, rated discharge pressure, rated inlet pressure,
case pressure 20 psi above inlet prg¢ssure, and rated inlet
temperature. The delivery of the puinp at rated speed, rated
maximum full-flow pressure, and at fated inlet temperature and
pressure shall be measured and reqorded. The measured
values for torque, case drain flow, apd delivery shall be within
the limits specified in the Model Spdcification.

45523 Leakage - During the pump functional test, no
external leakage, other than at the ghaft seal, of sufficient
magnitude to form a drop shall be pgrmitted. Shaft seal leakage
shall not exceed 1 ml per hour when measured during the
running torque test for a period of a{ least 15 minutes of
operation.

4553

fuh

Cycling Operation - Theg starter/pump shall be

Torque shall not

be less than rated torque, and flow shall not

exceed rated flow. This test shall be repeated at minimum cut-
out speed at which point torque shall not be, less than the value
specified in the Model Specification and flow shall not exceed

rated flow.

45513

Leakage -

During the starter functional test no

external leakage, other than at the shaft seal, of sufficient
magnitude to form a drop shall be permitted, shaft seal leakage
shall not exceed 1 ml per hour when measured during the
running torque test for a period of at

1ctionalh-tested-by-asselerating-a flywheel to starter cut-out,
then driven by the flywheel, operated as a pump to bring the
flywheel to rest. The flywheel, cut-out speed, and time for
acceleration shall be specified in the Model Specification.

456 Stall Torque Test - The stalled output torque of the
starter shall be measured, with rated inlet pressure applied and
the outlet port open, at four (4) equally spaced positions of the
output shaft within one revolution. The minimum torque
measured shall not be less than 90% of rated torque.

457 Transient Torque Test - The starter shall be
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operated in accorda
paragraph 4.5.12.1.

nce with the endurance duty cycle of
Continuous torque recording

instrumentation, with a flat sinusoidal response to 1000 cps,

which includes an orifice and a downstream quick-operating
solenoid valve shall be introduced. This orifice shall be adjusted
to pass 5% of maximum full-flow pressure and

shall be used to demonstrate that the maximum peak transient
torque does not exceed the valve specified in the Model
Specification.

458 Control Test - Pressure transducer and recording
equipment shall be used to provide an oscillographic record, or
its equivalent, of the pressure-time function of the pump and its
hydraulic circuit through the transient and steady state periods
described in the following three tests. The pressure transducer

PRESSURE

and recording equipment shall be capable of static calibration
with repetitive accuracy of 5% of rated pressure and readability
of 3% of rated pressure_lt should be considered essential that

the dynamic respon

RATED
DISCHARGE PRESSURE la
I U

e of the pressure transducer and recording

equipment be valid for the dynamic conditions.

4581
system shall consist
listed:

Responge Time - The discharge portion of the

of the following items arranged in the order

(1) The test purhp, (2) a pressure gage as close to the
discharge port as pdssible with a cock or valve to isolate the
gage, (3) a pressurg transducer device as close to the

discharge port as pd
tubing of the discha
valve (0.02 second

the solenoid valve a
second hand throttlg
possible between th
throttle valves shall

valve open and the

follows: The first val
full-flow pressure at

ssible, (4) not more than 3 ft of hose or

ge port size, (5) a quick-opening solenoid
r less), (6) a hand throttle valve as close to
5 possible, (7) a pressure gage, and (8) a
valve with as little hydraulic line as

e two hand throttle valves. The two hand
be adjusted for each test with the solenoid
bump operating at the test conditions as

e shall be adjusted to maintain maximum
the discharge port of the pump; the second

valve shall be adjusied to maintain 50% of this pressure on.the

gage located betwegd
solenoid valve, whid
full closed, or vice v
Runs shall be made|
With the solenoid v:

n the two hand throttle valves. The

h changes discharge line from fullopén to
brsa, shall then be used to execute.the test.
at 50%, 75% and 100% of rated.speed.
Ive open and the test pump.operating at

steady, state maximyim full-flow pressure, oscillographic records
shall be made of thg pressure-time functiofi through the
transient period ass¢ciated with the closing-of the solenoid
valve and establishrent of steady state\rated discharge

pressure. Typically
the response time,

is record shodld.be similar to Fig. 2, and
s indicated thereon, shall not exceed 0.05

second. In a similar procedure;\the’response time for the
change from rated dischargé,pressure to maximum full-flow

™ ALLOWABLE
PRESSURE
MAXIMUM FULL- PULSATIONS

FLOW PRESSURE

VRS

0.05
SEC.

1.0
SEC

TIME ——&

(not to scale)

DIGURE 2. Typical pressure vs, time chart, For
change from maximum full-flow pressyre to rated
discharge pressure (cutout).

.0 SEC.

PRESSURE

Q.05 SEC.

RATED
DISCHARGE PRESSURE ~

~1 ALLOWABLE

PRESSURE
pressure shall be regorded and, as indicated in Fig. 3, shall not PULSATIONS
exceed 0.05 second| Fhe\fesponse time shall be checked for MAXIMUM FULL-~
small incremental clange of flow as follows: A parallel flow path BLOW PRESSIIRE A\

vV

TIME ——————&

(not to scale)

FIGURE 3. Typical pressure vs, time chart, For
change from rated discharge pressure fo maximum
full-flow pressure (cutin).
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the main load throttling valve shall be adjusted to pass 90% of

maximum full-flow pressure for each of the three speed settings.
Cheek speed of response at each speed setting when the small
flow path solenoid is opened and closed with the main flow path

solenoid valve both

458.2 Transie

opened and closed.

nt Pressure - As the test pump is caused to

operate from steady state maximum full-flow pressure to steady
state rated discharge pressure, an oscillographic record of the
pressure-time function through the transient period shall be
made. The test shall be run at 50% and 100% of rated pump
speed. A hydraulic actuating cylinder may be bottomed to
produce the pressure change in the hydraulic circuit. If used,
any relief valve between the pump and the actuating eylinder

shall be set to crac
pump pressure. Air|
a minimum. Unless|

periods. The length of time between starts shall be such that the
starter and fluid shall be at a temperature of -65 i 5 F for each
start. The time required for each phase of each duty cycle and
the temperature rise of the inlet fluid during each start shall be
recorded.
4511 Calibration Test
4511.1 The starter/pump shall be tested to determine
conformance to the minimum requirements of the Model
Specification. Values of fluid flow rate and starter output torque
shall be determined from zero drive speed to cut-off speed.
Rated hydraulic conditions shall be maintained and all
teady state operating

at a pressure more than 150% of rated
entrainment in the hydraulic fluid shall be at
otherwise specified in the model

specification, the pg¢ak pressure as measured on the above

record shall not ex(

459 Pressure
paragraph 4.5.8.1 §

eed 135% of rated discharge pressure.

Pulsation Test - The test set-up specified in
hall be modified for use in this test by adding

means whereby any hydraulic pressure specified for this test

can be applied, as
discharge pressure
indicating gage whg
provide on the osci
nominal discharge
pulsations are to beg
following speeds an
record shall be mag

by a gage tester, simultaneously to the
pick-up and the discharge pressure

n the pump is not running, in order to
lographic record a calibrated trace of the
bressure with respect to which the pressure
measured. As the pump is operated at the
d system pressures, an oscillographic

e of the steady state pressure pulsation

pattern using the discharge system specified in paragraph

4.5.8.1. The soleng
this test. Runs shal
speed, and at each

increments of eithe

d may be omitted or maintained open far
be made at 50%, 75% and 100% of.rated
speed at maximum full-flow pressurée to cut

flow or pressure between maximum full -

off, rated dischargelpressure, and three equally spaced

flow pressure and

valve nearest the p
at the pump discha
shall be used to m
between the two h
period, the gages s|
appropriate cocks g
specified in the Mo

4510 LowTe

ted discharge pressure. The hand throttle
Lmp shall be used to regulate the pressure
[ge port. The second hand throttle valve
intain 50% of the disCharge pressure

nd throttle valves.¢Durihg the test recording
hall be isolated.ffom the hydraulic system by
r valves. Valves-shall not exceed limits

el Specification.

nperature Test - The starter/pump and

hydraulic test syste
65 +5 F for a minin

In shallbe maintained at a temperature of -
um-period of 8 hr and then operated for 10

conditions.

4511.2 Pump Operation=Valugs of flow rate and driving
horsepower shall be determined at mjnimum operating speed,
25%, 50%, 75%, 100% and@10% of fated speed. At each of
these speeds, 10 sets of-flow and horsepower recordings shall
be made at approximatety the following pressures: 25%, 50%,
75% and 100% of'maximum full-flow pressure, at 5 equally
spaced increments,of either pressure pr flow between maximum
full-flow pressure and rated dischargd pressure.

Unless‘otherwise specified in the Nlodel Specification,
calibrations will be made at the inlet condition specified in
paragraph 4.5.11.2.1.

4511.2.1 Pump Inlet Pressurizef - Regulate the pressure
dt the pump inlet port to the rated inlef pressure for each of the
flow and horsepower recorded readings.

4512 Endurance Test

4512.1 Starter Operation - The gtarter/pump shall
complete a 1200 cycle (or number of gycles stated in the Model
Specification) starting test without repllacement of, or damage
to, any of the component parts. All poftions of the endurance
test shall be run with rated hydraulic gonditions applied to the
starter. Each cycle shall consist of three consecutive phases as
shown in Table Ill. Phase A shall consist of the acceleration of
the specified inertia load to the specifitd speed. After the speed
specified in Phase A is reached, the hydraulic

TABLE Il

consecutive endurd
paragraph 4.5.12.1
rated torque. Rated

maintained during the operating

Rec-duieyclesinaccerdancewith PYFY-CYeHEPHASES

except that the torque load shall be 90% of

inlet and outlet pressures shall be

A B c
Flywheel RPM to which 10 seconds of Maximum
Polar flywheel shall pumping at flow at full
Moment be following full flow
of Inertia accelerated  conditions pressure
Lb-Ft2
Per Model Cut-out Rated
Specification Pressure No
Flow
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