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M L- P-5238C

12 Septenber 1974
SUPERSEDI NG

M L- P- 5238B

2 February 1961

M LI TARY SPECI FI CATI ON

PUWP, CENTRI FUGAL, FUEL BOOSTER, Al RCRAFT,
GENERAL SPECI FI CATI ON FOR

This specification is approved for use by all Departnents
and Agencies of the Department of Defense.

1. SCOPE

1.1 This specification covers the general requirements for aircraft tank
mounted centrifugal type, fuel booster punps, used for engine feed or transfer.

2. APPLI CABLE DOCUMENTS

2.1 The follow ng docunents of the issue in effect on date of invitation for
bids or request for proposal, forma part of this specification to the extent
specified herein.

SPECI FI CATI ONS

Feder al

QQ P-416 Plating, Cadmum (El ectrodeposited)

Mlitary

M L-D 1000 Drawi ngs, Engineering and Associated Lists

M L- W 5088 Wring; Aircraft, Selection and Installation of

M L- P-5315 Packing, Preformed, Hydrocarbon Fuel Resistant

M L- H 5440 Hydraulic Systems, Aircraft Types | & Il, Design,
Installation, and Data Requirements for

M L- G 5572 Gasol ine, Aviation, Gades 80/87, 100/130, 115/145

M L- T- S624 Turbine Fuel, Aviation, Gades JP-4 and JP-5

M L- G 6021 Casting, Classification and Inspection of

M L- E- 6051 El ectromagnetic Conpatibility Requirenents, Systens

M L- R- 6855 Rubber, Synthetic, Sheets, Strips, Mlded or Extruded Shapes

ML-S 7742 Screw Threads, Standard, Optinmum Selected Series, Ceneral
Specification for

M L- V- 7899 Val ve, Check, Aircraft Fuel System

M L-F- 8615 Fuel System Conponents, General Specification for

M L- T- 8879 Screw Threads, Controlled Radius, Root with Increased M nor

Di ameter, Ceneral Specification for

FSC 2915
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M L- H 8891

M L- P- 15024
M L-A-21180
M L-C 22263

M L- R-25988
M L- R- 83248

STANDARDS
Feder al

FED- STD- 151

Mlitary

M L- STD- 100
M L- STD- 129
M L- STD- 130
M L- STD- 143

L- STD- 202
L-STD-461

L- STD- 704
L- STD-810
L- STD- 831
L- STD- 882
M L- STD- 889
M L- STD- 1523
M516142
MS33540
M533588
M533649

M
M
M
M
M
M
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Hydraulic Systems, Manned Flight Vehicles, Type IIl, Design
Installation, and Data Requirements for

Plates, Tags, Bands, for Identification of Equipment

Al um num Al l oy Castings, High Strength

Coupling, Fuel Line, Flexible, 125 psi, Ceneral Specification
for

Rubber, Fluorosilicone Elastomer, Ql-& Fuel-Resistant, Sheets,
Strips, Mlded Parts, and Extruded Shapes

Rubber, Fl uorocarbon El astomer, Hi gh Tenperature Fluid and
Conpression Set Resistant

Metal, Test Methods

Engineering Drawing Practices

Marking for Shipment and Storage

Identification Marking of US Mlitary Property

Standards and Specifications, Order of Precedence for the
Sel ection of

Test Methods for Electronic and Electrical Conponents

El ectromagnetic Interference Characteristics Requirenments
for Equi pnent

Electric Power, Aircraft, Characteristics and Uilization of
Environnental Test Methods

Test Reports, Preparation of

System Safety

Dissimlar Metals

Age Controls of AGE Sensitive Elastoneric Materials

Boss, Gasket Seal, Straight Thread Tube Fitting

Safety Wring and Cotter Pinning

Nut, Self-Locking, Aircraft Design and Usage Limitations
Boss, Fluid Connection - Internal Straight Thread

(Copies of specifications, standards, drawings, and publications required by
suppliers in connection with specific procurement functions should be obtained
from the procuring activity or as directed by the contracting officer.)
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3. REQUI REMENTS

3.1 First article. The punp assenmblies furnished under this specification
ﬁhal_l have Deen inspected and passed the First Article Inspection specified
erein.

3.2 Detail specification. A specification providing design and performnce
requi rements shall be submitted by the contractor to the procuring agency for
approval.  The detail specification shall reiterate all basic requirenents
of this specification, shall use the same paragraph headings and nunbers, and
sﬂallfinsert all applicable specific and special requirements according to
this formt.

3.2.1 Drawing. At the site designated for First Article review, the contractor
shal | have available all drawings for Government inspection. This shall include
but not be limted to: top drawing, assembly drawings and that data delineated
thereon, e.g., specifications, manufacturing instructions, etc. Al draw ngs
shal | be prepared in accordance with ML-D-1000, as specified in the contract.

3.2.2 Calibration data. The detail specification shall include specific
performance charts and data on power input, fuel flow, output pressure, and
the maxi num operational altitude.

3.2.3 Ainb performance. The detail specification shall establish the mnimm
punp output requirements during and following a maxinum rate of clinb with fresh
unweat hered fuel at a tenperature no less than 125°F.

3.2.4 Tenperature. The detail specification shall state the applicable ambient
and fuel tenperature class of ML-F-8615.

3.2.5 Fuels. The detail specification shall state the principal fuel and
other fuers expected to be encountered in use. In normal operations, it shall
be assumed that the fuels contain various quantities of dissolved and free
water, salts, gases, solid contamnants and up to 30 percent aromatics.

3.3 Conponents. The punp shall consist of a punp and a driving notor, assenbled
as an integral unit. he motor may be electric or hydraulic.

3.4 Standards and specifications. Standards nnd specifications for commodities
and services not specified herein, shall be selected in accordance with ML-STD 143.
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3.5 Materials. Materials and processes used shall be of high quality,
suitable for the purpose, and shall conformto applicable Governnent speci-
fications. Mterials conformng to contractor’s specifications may be used,
provi ded the specifications are approved by the procuring activity and con-
tain provisions for adequate tests. The use of contractor’s specifications
shall not constitute waiver of Government inspection. Al mterials used
shal | denonstrate adequate resistance to the fuels, fuel vapors, humdity,
salt fog, and other materials likely to be encountered in service.

3.5.1 Fungus proof. Materials that are nutrients for fungi shall not be
used where it Is practical to avoid them \ere used and not hernetically
Seal ed, they shall be treated with a fungicidal agent acceptable to the
procuring activity, however, if used in a hernetically sealed enclosure,
fungicidal treatment will not be necessary.

3.5.2 Metals. Metals shall be of the corrosion-resistant type or suitably
treated to resist corrosion due to fuels, salt fog, or atnospheric condi-
tions likely to be met in storage or normal service. The use of any protec-
tive coating that will crack or scale with age or extremes of climtic and
environmental conditions shall be avoided. Metals shall be inspected in
accordance wth FED STD 151.

3.5.2.1 Dissimlar netals. Unless suitably protected against electrolytic
corrosion, dissimlar netals shall not be used in intimate contact with each
other. Dissimlar netals are defined in M L-STD 889.

3.5.2.2 Magnesium and copper. Magnesium and copper or alloys thereof shall
not be used In contact wth fuel.

3.5.2.3 Cadmium  Cadmium shall not be used in contact with fuel. \here

plating is used (not in contact with fuel) it shall be in accordance with
QQ P-416, Type II, Qass 2.

3.5.2.4 Castings. Castings shall be in accordance with ML-C 6021, Class 1
or ML-A-21180. The mninmum acceptable elongation shall be 3 percent.

3.5.3 Rubber. Rubber materials shall conform to M L-P-5315, M L-R-6855

Cass |, ML-R- 25988 or ML-R-83248.
3.6 Design

3.6.1 Lubrication. The punp and notor assenbly shall not require any |ubri-
cation or any other maintenance throughout its service life between overhauls.

Any lubricated part shall be a replaceable.sealed assenbly as approved by the
procuring activity.



Downloaded from http://www.everyspec.com

M L- P-5238C

3.6.2 Electrical. The electrical equipment shall satisfactorily operate on
power in accordance with the air vehicle requirements. The mninmum require-
nments shall be in accordance with M L-STD 704.

3.6.2.1 Wring. Al wring shall be fuel resistant, and, other than w ndings
shall be 1n accordance with M L-W5088.

3.6.2.2 Electrical fault containment. The punp assenbly housing shall be

conpl etely capable of containing any internal fault without failure of the
housing. in no case shall an electrical short or internal explosion propagate
to the outside of the housing or generate an unsafe condition. Thermal pro-
tection shall be incorporated to assure that the electric punp assenbly is

mai ntained within safe tenperature limts under all operating or non-operating
conditions. The peak temperature for any portion of the outside of the assenbly
due to electrical heating, shall not exceed 390°F or as required in the detai
speci fication.

3.6.2.3 Vent. A vent connected to the electrical notor chanber shall not
be connected to the seal drain chanber and shall incorporate a flame arrestor

3.6.2.4 Electrical insulation resistance. The electrical conponents shall
wi thstand, wthout damage, breakdown, or excessive |eakage current, repeated
applications of AC dielectric test voltage in accordance with the test pro-
cedure of Section 4. The insulation resistance shall not be |ess than 100
megohns when exposed to 500 volts DC. The dielectric |eakage current shall
not exceed 2 mllianperes.

3.6.2.5 Electromagnetic conpatibility. The equipment shall conply with the
requi rements of the air vehicle and the applicable requirements of M L-E-6051

3.6.3 Inlet. The inlet to the punp shall be enclosed by a screen no coarser
than 8 nmesh and no finer than 20 nesh. The flow area shall be sufficient to
permt maxinumflow with 50 percent of the area bl ocked when operating at

maxi mum al titude.

3.6.3.1 Suction feed. The rate of flow and pressure drop under suction feed
shall be 1n accordance with the detail specification.

3.6.4 Pqu drain. A chanber, incorporating a drain port, shall be provided
between the shaft seals for the notor and the punp to isolate |eakage. The
drain port configuration and the allowabl e | eakage shall be in accordance
with the detail specification. Werever the notor and punp are integral and
shaft seals are not used this requirenment does not apply.

3.6.5 Threaded connections. Threaded connections shall conply with ML-T-7742
M L-S-8879, MS16142 or MS33649 as applicable.
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3|. 6.5.1 Pipe threads. Pipe threads shall not be used except for pernanent
closures.

3.6.6 Locking of parts. Al threaded parts shall be locked by safety wiring,
or cotter pins in conformance with MS33540 or the use of self-locking nuts in
conformance with M33588 or other approved methods. Werever |oosening of the
sel f-locking nut could possibly result in the nut or other parts entering the
fuel system approval of the installation shall be obtained from the procuring
activity. The use of cotter pins on studs, or the use of |ockwashers or stak-
ing is prohibited.

3.6.7 Qutlet. The outlet fitting shall utilize couplings in accordance wth
M L- C 22263.

3.6.7.1 Check valve. A check valve shall be incorporated in the outlet of
each punping unit in accordance with the detail specification in order to
prevent any reverse flow of fuel through the punp into the tank. The check
valve shall be capable of satisfying all applicable performance requirenments
of ML-V-7899. Reverse flow |eakage shall not exceed |cc Fer mnute initially
(or SCCJ)er mnute at the conclusion of the test programj from 4 inches of
fuel head up to 60 psig.

3.6.7.2 Proof pressure. The outlet and check valve(s) shall be capable of
wi thstanding an applied pressure of 120 psig (or higher in accordance wth
the detail specification) without failure or permanent distortion.

3.6.8 Negative G and inverted operation. The punp shall be capable of being
operated under negative G conditions or during inverted flight. The punp
output under these conditions shall be in accordance with the detail specification.

3.6.9 Start-up. The rate of power input, acceleration, and output during
start-up shalT be stated in the detail specification. At any point during

or followng the climb of 3.2.3, when a non-operating punP Is started, it shall
develop the required flow and pressure within 5 seconds after power is applied.

3.6.10 Variations in power input. The punp assenbly shall denmonstrate com
patibility with alT the variations in the aircraft power supply systen(s),
Wi thout overspecd, overheating, stopping, or other failure. The mninum
requirements are ML-STD-704, ML-H 5440, or ML-H 8891, as applicable. It
is not required that 3-phase electric notors nust operate on 2 phase power.

3.6.11 Leakage. There shall be no external |eakage from the punp assembly
except fromdrains provided for that purpose. For plug-in punp units, the
detail specification shall state the maximum allowable fuel [oss during renoval
and reinstallation in a full fuel tank.
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3.6.12 Punp down. The punp shall be capable of naintaining rated flow and
pressure at any altitude when the head of fuel is no greater than 2 inches

above the inlet and the fuel tenperature is 65°F to 95°F. Wth higher tenpera-
ture fuel, the flow rate, pressure, altitude and fuel head shall be in accordance
with the detail specification. For dual inlet punps, this requirement applies

to each inlet. Uncovering of one inlet shall not deteriorate the perfornance

of the other inlet in either the normal or the inverted position. Performnce

at less than the above heads shall be in accordance with the detail specification

3.6.13 Reprine. The punp shall be capable of self reprinmng within 5 seconds
following a period when the inlet is uncovered and then resubnerged in fuel

This capability shall exist up to the maxi numoperating altitude of the aircraft.
The punp output depth of submersion and fuel tenperature shall be in accordance
with the detail specification, provided that the fuel tenperature shall be no

| ess than 125°F, and depth of submersion of the inlet no greater than 10 inches
of fuel.

3.6.14 Dry operation. The punp shall be capable of accunulating 100 hours of
dry operation in cycles of 5 hours each. The dry run test shall not cause any
deterioration in performance or other failure, nor shall it cause a hot spot

to develop that could ignite the fuel vapors in the tank. The peak tenperature
that any portion of the housing in contact with fuel is allowed to achieve is
390°F or as required in the detail specification, whichever is |ower.

3.6. 14.1 Automatic dry cut-off. \Where an integral automatic dry cut-off
feature is required by the detail specification, it shall be capable of 10,000
cycles of operation wthout failure or causing degradation of punp performance

3.7 Performance. The punps shall denonstrate satisfactory performance when
subjected to the applicable tests of table I.

3.8 Safety, reliability and maintainability

3.8.1 Safety analysis. Al possible failure nodes shall be examned and a
conpl ete safety analysis, Including the inpact of each failure node, shall
be made, in accordance with ML-STD 882

3.8.1.1 Proof-of-safety tests. Tests shall be conducted to verify the safety
analysis.  The m nimum proof-of-safety tests requirements are, for electric
powered punps, explosion and fault containment tests; for hydraulic power punps,
overspeed and dragging inpeller tests; and for all punps, proof and burst pres-
sure tests. Additional tests shall be conducted in accordance with the detai
specification and as approved by the procuring agency The requirenents of
ML-STD-882 will be applied to the verification tests
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TABLE ) Farst Arvticle Inspection Program
INSPLCTIONS HGUIREMLNTS TLST TEST ARTICLL

o . 1] 21 3
0 Examination 3.2, 3.12 4.5.2 xi x{ x
1 Insulation Resistance e 4.5 20 X x x
2 Break-in Run 3 4.5.3 x| x x
3 Calibration 3.22 4.5.5 X X7 x
4 Leakayc . Sovo bl 4.5.4 x| x| x
5 Fuel Resistance - KIEN 4.5.14 x
6’ Corrosion Resistance ah 4.5 14 X
7 Endurance 3.0, 3.7, 2.8.2 4.5.1¢ X
8 Dry Endurance 614 4.5.17 X
9 Dry Cut-Off Lndurancc 3.0.04.1 4.5.17.1 X
10 Contamination Fuecl 1.25 4.5.18 x
11 Altitude Climb Performance 3...3 4.5.11 X
12 Pump Down S0 12 4.5.7 X
13 Bloched Inlet Screen BN 4.5.6 x
14 Reprime y 6,13 4.5.8 X X
15 Negative G 3004 4.5.9 x
16 Suction feed 3631 4.5.1¢0 X
17 Vibration 3.7 4.5.12 X
18 Shock 3.7 4.5.13 X
19 Fungus Resistance 3.5.1 4.5.15 x
20 Power Input _3.6.10 4.5.19 X
21 Clectromagnetic Interfcerence 3.6.2.5 4.5.22 x
22 Explosion Proof 3.8 1.1 4.5.23.1 x
23 High Tompcrature Dry Rum 3.6 1. 4.5,23.2.1 x
24 Locked Rotor 3R 4.5.23.2.2 X
25 Overspecd 4 6.1 4.5.23.3 x
26 Dragging Impeller 4.8.1.1 4.5.23.4 x
27 Pressurc LR 4.5.23.5 x| x
28 Thermal Protcctors S22 ] _4.5.2) . X
29 Water in Fucl 1.2.5 4.5.24.2 X
30 Icing 3.2 4, 3.2.5 4.5.24.3 X
31 A 4.5.25 x X x

Disasscmbly and Jnspection

NOTLS:

A) Inspections 1, 2, 3 and 4 shall be repeated at cnd of test program
prior to disasscmbiy.

B) Inspcctions 5 thru 12 shall be accomplished an the order listed.

C) A 4th test artad)e is option-]l for sharing the inspections of test
article 3.
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3.8.2 Reliability. The reliability of the punp to performshall be stated
in the detail specification, as required to satisfy systemrequirenents.

3.8.3 Muintainability. The maintainability plan shall’ provide an estimte
of mai ntenance manhours, total clock-hours, and special tools needed for
internedi ate shop and overhaul maintenance of the-punp assenbly.

3.9 Interchangeability. Al conponent parts shall be interchangeable between
units without selection for fit or performance. Part nunbering shall be governed
by the requirenments specified in ML-STD-100 and the contract.

3.10 Naneplate. An alumnumor corrosion resistant steel (stanped or etched)
metal nameplate, conformng to ML-P-15024 shall include the identification
requi rements of ML-STD 130 and the follow ng:

PUWP, FUEL BOOSTER, Al RCRAFT
Specification M L-P-5238C
Manuf acturer’s Part Nunber
Serial Nunber

3.11 AGE Control. The assenbly date marking shall be in accordance with
M L- STD- 1523.

3.12 Workmanship Wrkmanship shall be in accordance with all applicable
specifications, drawi ngs, and quality control plans.

4. QUALITY ASSURANCE PROVI SI ONS

4.1 Responsibility for inspection. Unless otherw se specified in the contract

or purchase order, the supplier is responsible for the performance of all inspec-
tion requirements as specified herein. The supplier may use his own or other
suitable facilities unless disapproved by the Governnent. The Governnent reserves
the right to performany of the inspections set forth in the specification where
such inspections are deened necessary to assure supplies and services conformto
prescribed requirements.

4.2 Cassification of inspections. The inspection and testing of the punp
shall Dbe classified as follows:

a. First Article Inspection
b. Quality Conformance Inspection

4.3 First artlclc inspection. The first article inspection shall consist of
all inspections and tests herein. Any additional tests shall be in accordance
with the detail specification and the procurement document. The nunber of test
articles and the order of tests shall be in accordance with table |
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4.3.1 Test re%ort. The test report, covering all details of the First Article
I nspection sha e prepared in accordance with ML-STD-831. The test report
shall include, in addition to the description of the test sanples, the assenbly
and cross-sectional draw ngs of the punp assenbly, and of any details discussed
in the test report. The required description of the test apparatus may be
abbreviated by including sketches and photographs to provide a clear understand-
ing of each test set-up.

4.3.2 Test sanples for the procuring activity. Al items subjected to test
shall be avaiTable for submttal to the procuring activity for inspection and
test for a period of at least 2 years follow ng submttal of the test report

4.4 Quality conformance inspections. The quality conformance inspections shall
consi st of individual tests and such additional sanpling test as required by
the acceptance test plan.

4.4.1 Individual tests. Each assenmbly shall satisfy specification requirenents
in the folTow ng individual tests

a. Examnation of product (4.5.4)
b. Break-in Run (4.5.3)
¢c. Calibration (4.5.5)
d. Leakage (4.5.4)
e. Insulation Resistance (4.5.20).

4.4.2 Sanpling tests. Additional periodic inspections, based upon a produc-
tion lot size or upon calendar intervals shall be in accordance with the
approved acceptance test plan.

4.5 Test nethods

4.5.1 Test fluid. \Were not otherw se specified, the test fluid shall be
the principal fTuid the punp shall experience in use

4.5.2 Exanmination of product. Al punp assenblies shall be inspected and
certified to be in accordance with the applicable drawings and specifications,
including all requirements of section 3 for which tests. are not appropriate.
The unit shall be clean and free of any contamnants, oil, grease, preserva-
tives or any other material not specified.

10
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4.5.3 Break-in-run. The punp shall be run dry for a period of 3 to 5 minutes.
During this time the punp shall be rotated such that the punp shaft is slowy
rotated in a vertical plane through 180°. Any sounds indicating rubbing

bi ndi ng, or excessive |ooseness shall be a cause for rejection. A wet run

in fluid shall be conducted in accordance with the detail specification
requirements

4.5.4 Leakage

4.5.4.1 outlet. Apply fuel pressure to the punp outlet varying from 4 inches
of fuel head up to 120 psig at seven different pressure levels for 5 mnutes
duration each. There shall be no permanent distortion, failure, or externa

| eakage. Internal |eakage across the check valve(s) shall not exceed the

al lowable. The individual test shall be conducted at the m ninmum and maxi mum
pressure levels only for 2 mnutes duration each

4.5.4.2 External. There shall be no external |eakage at any tinme except as

al lowed through the drive shaft seal (3.6.4). For individual tests, fluid
pressure shall be applied to all internal fluid carrying cavities from4 inches
of fuel head up to the maxinmum punp pressure at three pressure levels for a
duration of 5 mnutes each. There shall be no external |eakage except as allowed
by the detail specification from drain ports

4.5.4.3 Plug-in units. Plug-in punp assenblies shall be tested to denmonstrate
that the fuel [oss occurring during renoval and installation is in accordance
with the detail specification allowances. This test may not be required for

i ndividual inspections except in accordance with the acceptance test plan.

4.5.5 Calibration. For the First Article inspection, a standard calibration
shal | consist of recording input power and output pressure for at |east seven
output flows fromzero up to the maximumflow capacity at ground |evel and at
three different altitude levels, in accordance with the detail specification.
For individual inspections, the calibration may be conducted at ground |eve
only and for four output flows. Al ground |evel calibration runs shall be
conducted with the fuel tenperature between 60°F and 90°F. Altitude calibra-
tions shall be conducted in two series, one with the fuel tenperature at the
maxi num of 3.2.4, and another with the fuel tenperature no higher than O°F

4.5.6 Blocked inlet screen. Wth 50 percent of the inlet screen(s) blocked
altitude calibrations shall be acconplished with low and high tenperature fuel

4.5.7 Punp down. Wth the punp operating in the test stand, the fuel flow
controls shall be adjusted to cause the fuel head above the punp to drop at
a rate of 1 inch per mnute while mintaining rated flow and pressure. The
fuel head and output flow and pressure shall 1 be recorded at intervals no
greater than |-inch change of head. Fuel returning to the tank shall not

11
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I mpose any additional velocity or turbulence at the pump inlet. This test
shal | be conducted at ground |evel pressure with fuel at 60° to 90°F and al so
at mximumaltitude with fuel at the high tenperature of 3.2.4. These tests
shal | be repeated with output flow settings of 80 percent, SO percent, 25
percent, 10 percent, and 5 percent of rated flow. This data will be the
basis for a famly of curves as shown on figure 1.

4.5.8 Reprine. The punp shall be mounted in a test tank so that it can be
rotated (or noved) to a position such that the inlet is out of the fuel. The
punp output, depth of subnersion of the inlet, fuel tenperature and altitude
shall be established (see 3.6.13). The punp shall then be noved to uncover
the inlet(s) for at least 15 seconds. \Wen the punp is again subnerged to
the original depth, the punp shall resume delivery of fuel at the required
flow and pressure within 5 seconds. The test shall be conducted at |east

six times (twice at each of three different altitude levels). The altitude
level s shall be in accordance with the detail specification.

4.5.9 Negative G and inverted operation. The punp shall be mounted in a
test tank so that It can be rotated upside down to provide for inverted or
similated negative G operation. The initial punp output, fuel tenperature,
and altitude shall be established in accordance with 3.6.8. The punp shall
then be rotated to the inverted position. The punp output in this position
shall be in accordance with the detail specification. The punp shall be
allowed to run dry for at least 30 seconds in this position. After the punp
is rotated to the upright position in fuel, the punp shall resume delivery at
the previous flow and pressure within 5 seconds.

4.5.10 Suction feed. Fuel shall be drawn through the inoperative punp from
zero to the maxinum required flow and the pressure drop data recorded.

4.5.11 Atitude clinb performance. The punp shall be installed in an altitude
test tank in fresh, unweathered fuel at the high tenperature of its classifica-
tion (3.2.4) with the fuel flow and head in accordance with the detail specifi-
cation. Wth the punp not operating, the rate of clinb shall be established
in accordance with 3.2.3. The clinb shall be termnated at 25,000 ft altitude
(+2,500, -1,000). Power shall be applied to the punp within 5 seconds or |ess
of clinb termnation. The punp shall achieve the required pressure and flow
within 5 seconds and shall maintain these for at least 5 ninutes. This test
procedure shall be repeated at Increasing 5000 ft intervals up to the maxinmm
operational altitude. The Reid vapor pressure of the fuel used in this test
shall be in accordance with the detail specification. In any case, the vapor
pressure of the fuel at the test tenperature shall not be less than 2.5 psia.
During heating of the fuel there shall not be any hot spots on the surface

of the heat exchanger which exceed the maxinum fuel tenperature by nore than
10°F.  Additional start-up tests during the clinb and wth the alternate fuel
shall be acconplished in accordance with the detail specification.

12
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Figure 1. Pump Down Test
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4.5.12 Vibration. The vibration test shall be conducted in accordance with
M L-STD-810 and the detail specification. The minimumvibration |evel shall
be 10 g's acceleration between 74 and 2000 Hertz. Al punp nounted switches
and relays shall be nonitored during the test for chatter, bounce, or varia-
tions in contact resistance.

4.5.13 Shock. The shock test shall be conducted in accordance with M L-STD 810
Method 516, Procedure IIl. The mounting jig used in this test shall sinulate
the aircraft mount in mass and rigidity.

4.5.14 Environnental tests. The corrosion resistance and the fuel resistance
and extreme tenperature tests shall be conducted in accordance with ML-F-8615.
These tests shall not cause any |eakage, malfunction, distortion or deterioration
in performance, nor shall there be any evidence of corrosion beyond superficial.

4.5.15 Fungus resistance. A fungus-test shall be conducted in accordance with
ML-F-8615 if the punp contains any material which may possibly be a nutrient.

The test report shall include a list of all materials used in the punmp, whether
this test is conducted or not. The fungus test shall not cause any deteriora-

tion in performance, or dielectric strength.

4.5.16 Endurance test. The endurance test shall consist of 1200 hours of
operations in accordance with the schedule of table 11. The entire test shall
be accomplished without disassenmbly, adjustment, replacenent of any part or
renoval of the punp fromthe test set-up. At the conclusion, the punp shall
be subjected to a standard calibration (4.5.5).

TABLE 11
IFueI Tenperature | Altitude | Hour s
Sea Level 240
60°F to 90°F Max. Alt. 240
Sea Level 120
-40°F to -70°F Max. Alt. 120
Sea Level 240
H gh Tenp of 3.2.4 Max. Alt. 240
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4.5, 16.1 Fuel flow The fuel flow schedule for each successive 120-hour
period of this endurance test shall be, in order
a.  Maximum flow for 24 hours
b. 30 percent to SO percent for 24 hours
¢c. 2 percent to 6 percent for 20 hours
d. Zero flow for 4 hours (punp operating)
¢. 30 percent to 50 percent flow for 24 hours
f. Maximum flow for 24 hours.
4.5. 16.2 Fuel tenperature. Each 120-hour low tenperature period shall con-
sist of at Teast 60 hours of operation at mnus 65°F (#5°F). During high
tenperature operation, where fuel tenperatures above 135°F are encountered

the duration of tenperatures above 135°F may consist of only SO percent of
the total high tenperature operation

4.5. 16.3 Stopping and starting. Six times during each successive 24-hour
period of the endurance run, the punmp shall be stopped for a period of 2 to
5 mnutes and restarted. Upon restarting, the pump output pressure and flow
shall resume within 5 seconds maxi mum of the application of power. These
stopping and starting cycles shall occur at |east 1 hour apart and may be

4 hours apart.

4.5. 16.4 Dual rated punps. For punps with a dual rating of low for norma
operation and a high for energency of infrequent use, the maximum fuel flow
periods shall consist of maxinmum enmergency flow for at |east 10 percent of
the total tine.

4.5.17 Dry endurance. A dry endurance test shall be acconplished on al

punps to demonstrate conpliance with 3.6.14. The punp shall be operated at

rated flow and allowed to punp all fuel fromthe tank. After the fuel has

been punped out of the tank, the discharge valve shall be closed to prevent
circulation of air through the punp section and any fuel remaining in the

di scharge |ine between the punp outlet and the discharge valve shall be drained.
In addition, action shall be taken to prevent contact of the punp with arty other-
residual fuel. The punp shall continue to be operated in this dry condition.

The air vapor in the tank shall be maintained at the high tenperature anbient

of 3.2.4. After 5 hours of dry operation, the punp shall be stopped and the

tank refilled with room tenperature fuel. The above cycles shall be acconplished
five times at sea |evel pressure and 15 times at the maximum operational altitude
The instrunentation shall locate and record the nmaxi num case tenperature.

15
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4.5.17.1 Dry cut-off endurance. The punp and test rig shall be operated in
a manner simlar to the above to cause the dry cut-off feature to actuate.
Seventy-five percent of the cycles shall be with the fuel and air tenperatures

as above, and 25 percent shall be with the fuel and air tenperature at mnus
65°F.

4.5.18 Contam nated fuel endurance. An endurance test using contam nated
fuel shall be acconplished in accordance with the solid particle contam nated
fuel endurance test of M L-F-8615.

4.5.19 Power input tests

4.5. 19.1 Electrical power variations. The power input, tenperature rise,
fuel flow and pressure output shall be determined by test for all power
variations in the electrical systemof the aircraft in accordance with the
detail specification.

4.5.19.2 Hydraulic power variations. The power input, punp speed, fuel flow,
and pressure output shall be determned by test for the possible power varia-
tions in the hydraullc system of the aircraft. The testing shall be in a
system with characteristics of ML-H5440 or ML-H 8891, as applicable, and
the detail specification.

4.5.19.3 Start-up. Electric powered punps shall be tested to determne that
the current and voltage transients are within the approved linits. Hydraulic
powered punps shall be tested to determne that the starting acceleration (wet
and dry) is within the approved limts and that no parts are overstressed.

4.5.20 Electrical insulation resistance. The insulation resistance and
dielectric strength tests shall be conducted in accordance with M L-STD 202,
Met hod 301, using table 111 and Method 302, Condition B. There shall be no
di sruptive discharges, excessive |eakage current or |ow resistance.

TABLE IIl. Dielectric Test Voltages
System Vol t age Initial, Test 80, 000 Ft Repeat Tests
1 Mnute 10 Seconds 1 Mnute 10 Seconds
28 VDC 1050 1250 500 500
115 VAC 1250 1500 500 600
115/200 VAC 1500 1800 700 700
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4.5.21 Thermal protectors. Punps incorporating thermal protectors shall be
tested to demonstrate conpliance with the design requirements. The test
procedure is the sane as 4.5.23.2.1 except that the chanber tenperature shal
be raised sufficiently to cause the thermal protectors to actuate.

4.5.22 Electronmagnetic interference. The electrical equipment shall be
tested in accordance with ML-STD-461 for O ass Al equipnent, using Method
EC03. Additional tests shall be in accordance with the detail specification

4.5.23 Proof-of-safety tests. Tests shall be conducted to denmonstrate
conpliance with 3.8.1.1. The fluids to be used shall be ML-T-5624 for punps
operating principally in jet fuels and ML-G 5572 for those operating in
gasol i ne.

4.5.23.1 Explosion proof. Explosion proof tests shall be conducted in accor-
dance with ML-F-8615 using the fluids specified above

4.5.23.2 Electrical fault containment. Sufficient tests shall be conducted
to denonstrate conpliance wth 3.6.2.2. These tests, as a nmininum shall
consi st of a high tenperature dry run (4.5.23.2.1) and a | ocked rotor test
(4.5.23.2.2).  For both tests, the punp shall be installed in an explosion
test chamber and electrically connected for operation. Gircuit breakers or
fuses shall not be used in the external circuit. Tenperatures on the inside
and outside surfaces shall be recorded throughout the test. The tenperature
inside the test chanber and in the punp shall be 160°F to 180°F at the start
of the test. The explosive atnosphere shall be circulated throughout the
intenal punp passages exposed to fuel. During these tests no portion of
the surface of the punp shall reach the self-ignition-tenperature of the
fluid or 390°F, whichever is |esser.

4.5.23.2.1 Hgh tenperature dry run. Wth the punp installed in the above
test chanber, it shall be operated dry for a sufficient length of tine for
tenperatures to stabilize. If the punps contain resetting type thermal cutout
switches that are actuated during this test, at least three cycles of operating
up to cutout shall be conducted. Power shall remain applied for a sufficient
length of time after tenperatures stabilize or the thermal cutout switches
actuate to assure that a safe condition prevails. If no explosion occurs, the
at nosphere inside the punp shall be ignited, and then if still safe, the out-
side atmosphere ignited, in order to demonstrate that a true hazard condition
existed during the test.

4.5.23.2.2 Locked rotor test. Wth the rotor |ocked, the punp shall be instal-
led in the above test chanber. Normal power shall be applied and naintained
until all current ceases to flow or tenperatures have stabilized for 1/2 hour
Watever failure occurs inside the housing, shall not propagate to the outside
or ignite the explosive nixture on the outside of the housing. If no electric

1
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failure occurs, the chanmber tenperature shall be raised in 20°F steps up to
a maxi mum of 350°F. At the conclusion of the test at each tenperature |evel,
the chanber atnosphere shall be expl oded.

4.5.23.3 Q/ers?eed. Sone negative G tests (sudden unloading) are acconplished
as a part of the normal First Article tests, but wherever the safety analysis

indicates sone additional tests are necessary, they shall be acconplished. For
hydraul i ¢ powered units where a speed control device is used (whether integral
or separate) sufficient tests shall be conducted to determ ne the possible
effects of an inoperative speed control.

4.5.23.4 Dragging inpeller. Apply a braking load on the punp which provides
the sane sTow down and heat input effects of a dragging inpeller. Adjust the
drag until the no flow output pressure is less than 50 percent of normal. The
fuel and air shall be at the high tenperatures of 3.2.4. The fuel level shall
be 1/4 to 1 inch above the rated flow punp down limt of 4.5.7. Qperate the
purp at this no flow condition for a mnimum of 15 minutes or until tenperatures
stabilize on surfaces in contact with fuel or fuel vapor. At this point open
up the outlet valve and allow the punp to deplete the tank until it is operating
dry. Continue operation for at least 10 minutes. At no tinme during the entire
test shall any point on surfaces in contact with fuel or fuel vapors exceed
390°F, or less, in accordance with the detail specification.

4,5.23.5 Pressure tests. Proof and burst pressure tests shall be conducted

on the hydraulic conponents in accordance with the pressure schedul es of
ML-H 5440 and ML-H 8891 as applicable.

4.5.24 \ter in the fuel. The punp shall denmonstrate its ability to operate

in fuel containing .75 cc excess water per gallon. The roomtenperature test
shal | be conducted with all punps. The icing test shall be conducted as required
by the detail specification.

4.5.24.1 Conditioning of fuel. Free water shall be added to the fuel for
preconditioning, in accordance with the follow ng procedure:

a. Warm fuel to 80°F

b. Slowy add lcc of water per gallon of fuel while the fuel is being
circulated or agitated.

. Agitate the fuel and water mixture for at least 2 hours. |f the fuel
is being circulated to nix, the entire quantity should be circulated at
| east three tines.
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d. After the fuel has been saturated, it is necessary to keep the proper
humdity in the atnosphere above the fuel in order to prevent |oss of water
fromthe fuel to the atnosphere. Little water will be lost fromthe fuel

i f the difference between the vapor pressure of the water dissolved in the
fuel and the vapor pressure of the water vapor In the atnosphere (Pvf-Pva)
is 0.2 inch of mercury or less. The vapor pressure of the water in the fue
may be cal culated by dividing the actual water content of the fuel by the
saturated vapor pressure of the water at the fuel tenperature. These tests
shoul d be conducted with saturated fuel, therefore, the vapor pressure of the
water in the fuel should be the same as the saturated vapor pressure of the
water at the tenperature of the fuel.

e. Mintain fuel at 80°F. Al lowthe excess water to settle out, (at |east
1 hour per foot depth of fuel)

f. Drain all excess water

. Analyze sanples fromthree points in the bulk of the fuel by the Carl-

i sher method. The average of the three sanples shall be fully saturated
with water at 80°F up to an excess of 15 parts per mllion. The water satur-
ation point of fuels varies for different fuel blends. No fuel which is
saturated with less than 90 parts per mllion water should be used for these
tests.

h. After fuel is saturated and the excess water has been drained off, but
before cooling, atomze lcc per gallon of water over the surface

1. Imediately begin rapid agitation and cooling sinultaneously, thus
keeping the free water suspended in the fuel

j. Imediately upon reaching the test tenperature, begin the test run.

k. Upon conFIetion of each test, the fuel should contain not l|ess than
.75cc per gallon of water over the quantity required to saturate the fuel

4, 5.24.2 Room tenperature test. The punp shall be operated at rated flow

and pressure in the fuel being conditioned above during step c. Every 15
mnutes the punp shall be stopped for 1 minute and then restarted. Input

and output shall be recorded during these runs. There shall be no indication
of incorrect operation, disruptive electric discharges, or other failure. If
the detail specification does not require an icing test, the 60°F to 9O°F

(Sea Level) portion of the endurance test (4.5.16) may be conducted with water
as the test fluid, in lieu of the above. The water shall possess the mneral
hardness and the degree of sal inity in accordance with the detail specification
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4.5.24.3 Icing test. The punp shall be operated in the above-conditioned
fuel (step j) for 30 minute periods at 30°F, 20°F, 10°F and 0°F. The fluid

tenperature shall be maintained within the limts of plus 1°F and mnus 5°F

throughout the tests. The punp output and power input, and |eakage, shall
be recorded.

4.5.25 Disassenmbly and inspection. Following conpletion of all tests, each
test punp shall be disassenbled for inspection. There shall be no evidence
of any problem that will affect either safety or performance or may cause
premature wearout  Photographs shall be taken of each part and of any crit-
ical area discussed in the test report.

4.6 Safety, reliability, and maintainability. The safety analysis report
and the reliabiTity and maintainability demonstration plans shall be provided
in accordance with the procurement docunent.

5. PREPARATION FOR DELIVERY

5.1 Preservation and packaging and packing shall be in accordance with the
detail specification.

5.2 Marking of shipments. In addition to any special marking required by
the contract or order iInterior packages and exterior shipping containers
shal| be marked in accordance with M L-STD 129

5.2.1 Reinspection dates. Reinspection data marking shall be added as
specified by the procuring activity.

6. NOTES

6.1 Intended use. The punps covered by this specification are intended for
use in aircraft fuel tanks to punp fuel to the engines and to transfer fue
fromtank to tank and may al so have other specified USCS

6.2 Ordering data. Procurement docunents should specify the follow ng:

a. Title, nunber and date of this specification.
b. The reviewing and approval activity.
¢. Instructions for delivering of data (6.3).

d. If additional testing is required, the nunmber of test sanples and the
test activity. (See 4.3)
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e. Applicable Ievel of preservation, packaging, and packing.
f.  Reinspection date marking.

6.3 Data. Data generated by this document shall not be delivered to the
procuring activity unless specified on the Contract Data Requirenments List
(DD 1423).

6.4 ldentification of changes. Asterisks arc not used in this revision to

identify changes with respect to the previous issue, due to the extensiveness
of the changes.

Cust odi ans: Preparing Activity:
Army - AV Ar Force - 11
Navy - AS
Air Force - 11 Project No. 2915-0074

Reviewer Activity:

Arny - AV
Navy - AS

Air Force - 11, 82
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