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2.1.1

2.1.2

213

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AS568
AS1055

AS1651

AS1652

Aerospace Size Standard for O-Rings

Fire Testing of Flexible Hose, Tube Assemblies, Coils, Fittings and Similar System
Components

Assembled Coupling, Threadless - Flexible, Fixed Cavity, Self Bonding, Envelope
Dimensions

Assembly, Coupling Body and Sleeve, Threadless - Flexible, Fixed Cavity, Self

AS1653
AS1654
AS1655
AS1656

AS4060
AS4734
AS4735
AS4736
AMS 3331

Bonding

Ferrule, Male, Threadless - Flexible, Fixed Cavity, Self Bonding,
Sleeve, Threadless - Flexible, Fixed Cavity, Female Ferrule~Fype
Coupling Body, Threadless - Flexible, Fixed Cavity, Self Bonding
Fitting End, Threadless - Flexible, Fixed Cavity, Self Bonding, Male and Female
Ferrule Design Standard

Tube Fitting Swaged Joint, Roller Expander, Manial Process, Refuirements For
Ferrule, Male, Threadless - Flexible, Fixed Cavity, Self Bonding, Butt Welded
Ferrule, Female, Threadless - Flexible, Fixed Cavity, Self Bonding, Swaged
Ferrule, Female, Threadless - Flexible, Eixed Cavity, Self Bonding, Butt Welded
Fluorosilicone Rubber, Fuel and Oil Resistant, 65-75

waged

U.S. Government Publications: Available fromDODSSP, Subscription Services Desk,

Building 4D, |700 Robbins Avenue, Philadelphia, PA 19111-5094.

VV-P-236
P-D-680
WW-T-700
TT-S-735

MIL-PRF-7024

MIL-R-25988

MIL-STD-129

Petrolatum, Technical

Petroleum Naphtha'(Stoddard Solvent)

Tube, AluminumtAlloy, Drawn, Seamless, 6061
Standard Test Fluids; Hydrocarbon

Calibrating*Fluids, Aircraft Fuel System Components (Stoddard|Solvent)
Rubber; Fluorosilicone Elastomer, Oil & Fuel Resistant, O-Rings, Class 1,
Grade 70

Military Marking

MIL-STD-130
MIL-STD-464
MIL-STD-810
MIL-STD-831
MIL-STD-889

[dentification Marking of U.S. Military Property

Electromagnetic Environmental Effects Requirements for Systems
Environmental Test Methods

Test Reports, Preparation of

Dissimilar Metals

NAS Standards: Available from Aerospace Industries Association, 1250 Eye Street NW,
Washington, DC 20005.

NAS1787

Clamp, Tube Mounting
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2.1.4 Uniform Classification Committee Publications: Available from Uniform Classification Committee,

2.2

3. TECHNICAL RE

3.1

3.2

3.21

202 Chicago

Union Station, Chicago, IL 60606.

Uniform Freight Classification Rules
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3.3 Design and Fabrication:

The assembly shall be a lightweight flexible connection for fuel, vent and other system lines using
the basic principles of O-ring sealing. It shall be capable of a 125 psig nominal operating pressure at
temperatures from -65 to +200 °F in aluminum and -65 to +400 °F in CRES and titanium. The
assembly shall function at a maximum angular misalignment of 4° or a maximum axial gap of

0.250 in or, in combination, a minimum axial gap of 0.063 in at a maximum angular misalignment of
3°. If a component uses an AS1656-2-(Size) sleeve end, the maximum angular misalignment is 2°
or a maximum|axial gap of 0.250 in. The AS1656-3-(Size) sleeve end is intended|for hose end
applications with no angular misalignment or axial gap except for clearances requfred to permit
assembly.

3.3.1  Assembled Coupling Components: The assembled coupling shall consist of ferqules, O-ring seals
and a couplipg assembly as specified in the following standards (Reference AS1651):

TABLE 1
Quantity Description AS Standard Number
2 Ferrule AS1653.0r AS4734, ends per AS165611-(Size)
2 O-ring seal User.defined compound, sizes per ASH68
1 Coupling assembly AS1652

3.3.2 Ferrule: Ferfules shall contain the fixed O-ring cavity. The design of the O-ring groove shall be per
AS1656-1-(Size) for standard sizés as specified in Table 2. Attachment of the ferrule to the tubing
shall be by mpechanical roller swaging, draw bar swaging or welding. Roller swaging shall conform
to AS4060. Ferrule materialkshall be compatible with the tubing to which it is attached and shall
comply with MIL-STD-889:

3.3.3 Coupling Assembly:—Coupling assemblies (AS1652) are provided to simplify drgwing callouts.
Ferrules are[not.considered integral to the coupling assembly because they are jusually specified
on tubing falrieation drawings and vary according to the attachment method.

3.3.3.1 Sleeve: The sleeve shall conform to AS1654 and is designed to carry only hoop stresses and to
effect sealing. A portion of the sleeve outside surfaces shall be circumferentially grooved or
knurled to facilitate gripping by hand during installation and removal.
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TABLE 2 - Physical Requirements

Operating Operating Proof Proof Burst/ AS568

Tube Pressure Pressure Pressure Pressure Rupture O-Ring

Dash Size Nominal Nominal Minimum Minimum Pressure Dash
Size Inches Negative (-) Positive (+) Negative (-) Positive (+) Minimum Size
Ref. Ref. in-Hg psig in-Hg psig psig Ref.
-08 0.500 24 125 28 250 375 -015
-10 0.625 24 125 28 250 375 -017
-12 0.750 pL 25 28 250 315 -117
-16 1.000 24 125 28 250 815 -214
-20 1.250 24 125 28 250 315 -218
-24 1.500 24 125 28 250 315 -222
-28 1.750 24 125 28 250 315 -224
-32 2.000 24 125 28 250 315 -226
-36 2.250 10 125 12 250 315 -228
-40 2.500 10 125 12 250 315 -230
-48 3.000 10 125 12 250 315 -234
-56 3.500 10 125 12 250 315 -238
-64 4.000 10 125 12 250 315 -242

3.3.3.2 Coupling: [The coupling shall automatically lock when manually closed and shall be structurally
capable of|withstanding both the axial and-bending moment loads transmitted py the system
tubing when using the tubing wall thickness as specified in Table 3. The closure shall have clear
indication ¢f a locked condition both yisually and by feel. Quick connect or disponnect action of
the latch shall be utilized to allow 'assembly and removal with one hand. The doupling assembly
shall provigle electrical bondjng-means which will produce a maximum of 1 Q resistance from
tube to tubg across the coupling assembly. The coupling assembly is allowed [to rotate around
the ferrules when installed:

3.3.4 Seals: O-ring seals are not considered a part of this specification except for coupling qualification
test requirements(/Sizes per AS568 are given in Table 2.

3.3.5 Dimensions: v-envelope-dimensions-shal-be-as-speecified 661. Part
dimensions shall be as specified in applicable AS part standards.

3.3.6  Weights: The individual components of the coupling shall meet the weight requirements listed on
the applicable AS part standards.
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TABLE 3 - Tube Size and Wall Thickness

Coupling Tube Size Tube Wall
Dash Size Inches Thickness
Ref. Ref. /1/ 12/
-08 0.500 0.035
-10 0.625 0.035
-12 0.750 0.035
-16 1.000 0.035
-20 1.250 0.035
-24 1.500 0.035
-28 1.750 0.035
-32 2.000 0035
-36 2.250 0.042
-40 2.500 0.042
-48 3.000 0.042
-56 3.500 0.049
-64 4.000 0.049

/1] All sizes listed are not required for qualification testing but are
included in the event that the user specifies additional testing.

/2] Aluminum drawn tubing; 6061-T6 in accordance with
WW-T-700/6.

3.4 Performance:
The assemblefl coupling.shall meet the following performance requirements.
3.4.1 Proof Pressure: The assembled coupling shall meet the negative and positive proof pressures

listed in Table 2 without leakage as specified or evidence of other malfunction. Testing is specified
in4.6.2.

3.4.1.1 Negative Pneumatic Leakage: The assembled coupling shall not exhibit a decrease in negative
pressure exceeding 0.5 in Hg within a period of 5 min when subjected to the Table 2 negative
proof pressure. Testing is specified in 4.6.2.1.

3.4.1.2 Positive Pneumatic Leakage: The assembled coupling shall withstand pneumatic pressure
equal to the Table 2 positive proof pressure for 3 min at room temperature without any visible
bubbles starting after 1 min at proof pressure. Testing is specified in 4.6.2.2.
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3.4.1.3 Positive Hydraulic Leakage: The assembled coupling shall withstand hydraulic pressure equal
to the Table 2 positive proof pressure for 3 min at room temperature without external wetting from
any point of the assembly. Testing is specified in 4.6.2.3.

3.4.2

34.3

3.4.4

3.4.5

3.4.6

3.4.7

3.4.8

3.4.9

3.4.10

Fuel Resistance (Aging): The assembled coupling shall not show evidence of malfunction or
leakage in excess of 3.4.1.3 when subjected to high temperature fuel aging at +200 °F, low
temperature fuel aging at -65 °F and air dry out at +200 °F. Testing is specified in 4.6.3.

Vibration: T
no leakage i

ne assembled coupling shall show no evidence of malfunction or str
n excess of 3.4.1.3 after exposure to vibration levels in accordance

electrical resistance across the assembled coupling shall not exceed 1 Q!

Repeated Ag
latching abili
when subjec
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subjected to
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plated surfaqg
assembled o

sembly: There shall be no evidence of deformation, damage or de
y and the assembled coupling shall show no evidence-of leakage in

he electrical resistance across the assembled ¢oupling shall not ex
n 4.6.5.
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the Table 2 positive proof and burst/rupture pressures and shall shq
rrosion, peeling, chipping or blistering of the finish nor exposure of
es after being subjected to saltfog test. The electrical resistance a
oupling shall not exceed 1 Q¢ Testing is specified in 4.6.6.

Dust Resistgnce: The assembled coupling shall show no damage such as foulir

evidence of

malfunction and shalkbe capable of withstanding Table 2 positive pr

without evideénce of leakage in"éxcess of 3.4.1.3 after being subjected to the dug

The electricd
in4.6.7.

Flexure: The
leakage in e
flexure cycle

| resistance across the assembled coupling shall not exceed 1 Q. T

e assembled coupling shall withstand Table 2 burst pressure withouf
cessof 3.4.1.3 with no binding or galling of parts after being subjeq
swijth the assembled coupling at an offset of 3°. Testing is specifie

Lictural failure and
ith 4.6.4. The

gradation in
excess of 3.4.1.3

ted to the burst pressure requirements of 3.4.9 following 100 repeated assembly

ceed 1 Q. Testing

of 3.4.1.3 when
w no evidence of
base metal under
cross the

g of parts and no
bof pressures

t resistance test.
esting is specified

evidence of
ted to 28,800
i in 4.6.8.

Pressure Surge: The assembled coupling shall withstand 100,000 pressure surge cycles as
defined in Figure 1 without evidence of malfunction or leakage in excess of 3.4.1.3. Testing is
specified in 4.6.9.

Burst/Rupture: The assembled coupling shall not rupture nor show evidence of leakage in excess
of 3.4.1.3 at any pressure up to the Table 2 burst/rupture pressures. Testing is specified in 4.6.10.

Electrical Bonding: The electrical resistance of the assembled coupling, when measured from tube
to tube, shall not exceed 1 Q at any time. Testing is specified in 4.6.11.
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The pressure-time curve for the pressure surge test shall be within the shaded area of the curve shown.

13/
Pressure trace recordings shall be made at start, middle and end of each run of 50,000 pressure surge cycles.

FIGURE 1 - Pressure Surge Curve
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3.5 Identification of Product:

Coupling assembly parts and ferrules shall be marked for identification in accordance with
MIL-STD-130 as specified on the applicable AS standard or drawing.

3.6  Workmanship:

Coupling components shall be manufactured and finished in accordance with commercially accepted
practices and processes.

3.7 Cleaning:

The coupling gomponents as supplied shall be free of oil, grease, dirtcortany other{foreign material
both internally|and externally.

4. QUALITY ASSURANCE PROVISIONS:
4.1 Responsibility ffor Inspection:

Unless otherwjse specified in the contract or purchase order, the supplier is respopsible for the
performance of all inspection and test requirements as specified herein. Except as otherwise
specified, the supplier may utilize his/her ownfacilities or any commercial laboratgry acceptable to
the procuring activity for the performance of thee inspection and test requirements. | The procuring
activity reserves the right to perform any.of'the inspections and tests set forth in the specification,
where such ingpections and tests are deemed necessary to assure that supplies gnd services
conform to prescribed requirements:.

4.2 Classification ¢f Inspections;
The examining and testing of assemblies shall be classified as:

a. Qualificatign inspections (4.3)
b. Quality conformance inspections (4.4)
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4.3 Qualification Inspections:

4.3.1 Qualification Test Specimens: Aluminum test specimens in accordance with Figure 2A or 2B and
Table 4 shall be used for all tests specified herein. The number of specimens are specified in
4.3.2. Tubing for fabrication of test specimens shall be 6061-T6 aluminum in accordance with
WW-T-700/6 with dimensions as shown in Table 3. Attachment of ferrules to tubing shall be in

accordance with AS4060 and/or user specifications.

Qualification

of CRES and titanium couplings shall be by similarity, subject to ap

TABLE 4 - Test Schedule and Sequence

broval by the user.

Specimen 14/
Numbers 1 2 3 4 5 6 7
Applicable test 4.6.1 4.6.1 4.6.1 4.6.1 4.6.1 4.6.1 4.6.1
paragraphs 4.6.2 4.6.2 4.6.2 4.6.2 4.6.2 4.6.2 4.6.2
4.6.1 4.6.11 4.6.11 4.6.11 4.6.1 4.6.11 4.6.1
4.6.3 4.6.3 4.6.7 4.6.7 4.6.5 4.6.5 46.4
4.6.4/4/ 4.6.4 /4/ 46.1 4.6.11 4.6.6 4.6.6 46.2
4.6.2 4.6.2 4.6.8 46.8 46.9 4.6.9 4.6.11
4.6.1 4.6.11 46.2 46.2 4.6.2 4.6.2
4.6.10 4.6.11 4.6.11 4.6.11 4.6.11
4.6.10 4.6.10

/4] Specimen 1 an
are applicable.

will be subjecte

d to the vibration.fests of 4.6.4.

2 will not be subjected to the vibration tests of 4.6.4 in sizes -08, -16, -24, -32 and
Specimen 7 will bewused for vibration testing of these sizes. Specimens 1 and 2 ir] sizes -48 and -64

+40. All other tests

4.3.2 Test Schedu

and -40, and

qualification

e and’Sequence: Seven test specimens each for coupling sizes -0
six test specimens each for coupling sizes -48 and -64 shall be subjected to

B, -16, -24, -32

. - ) (] - L. 4 s Tl 4 MNALL D000 /ld4 M - Il
S5 1T UTE OTUceT Maitdteu 1t 1dlIC &. IVITL=IN=29J00/ T U-=TITY StdlS

or seals per

AMS 3331 with sizes per AS568 shall be used for all test specimens. Sizes other than those listed

above and smaller than size -64 are considered qualified by design similarity.

-10 -
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/5/ End caps E1 and E2 to be compatible with test requirements.

FIGURE 2B - Test Specimen 7
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4.3.3 Test Report,
location othg

a. TestRep
which sh
condition

b. Test San

c. TestDatd
assembly
position §

NOTE: Log

D

FIGURE 2C - Electrical Resistance Measurement, Typical

r than the laboratory of the procuring activity, the following shall be
ort: A minimum of three copies-of a test report in accordance with |
all include a report of all tests'and outline description of the test sett
S.
ple: The test sample which was tested, when requested by the pro
: A minimum_of three sets of engineering data in the form of assem
drawings'shall have a cut-away section showing all details in their 1
aind shall earry part numbers of all details and subassemblies.

sheets containing the required test data shall remain on file at the s

Il

=,

Test Samples and Data for the Procuring Activity: When the tests gre conducted at a

required:
NIL-STD-831,

p and test

curing activity.

ply drawings. The

ormal assembled

Lpplier’s test

facil

v and ohall b maad avatlabl T V-V TRP-V-¢ ]
Ly arma-siman ot TTmau avanaurc upurrToyuttot.

4.3.4 Qualification Inspection Methods: Qualification inspection methods shall consist of all the
examinations and tests specified in 4.6.

4.4 Quality Conformance Inspections:

Each coupling component shall be subjected to examination of product as specified in 4.6.1.

441 Rejection and Retest: Where one or more items selected from a lot fails to meet the specification,
all items in the lot shall be inspected for the particular characteristic that failed.

-12-
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4411

Resubmitted Lots: Once a lot (or part of a lot) has been rejected by a procuring activity
(government or industrial), before it can be resubmitted for tests, full particulars concerning the
cause of previous rejection and the action taken to correct the defects in the lot shall be furnished
in writing, by the manufacturer to the procuring activity.

45 Test Conditions:

4.5.1
I4.5.2

453
454

4.6

4.6.1
46.2

4.6.21

46.2.2

Inspection Me

Assembly of Test Specimens: O-ring seals shall be lubricated with petrolatum per VV-P-236 or

equivalent.

Test Fluids:
MIL-PRF-70

Pressure Me
a tolerance d
value.

Temperature
maintained V
specimen.

Examination
determine cq

material, siz¢ and workmanship.,

Proof Presst
subjected to
other tests.

Negative R
vapors. Th

Test fluids shall be TT-S-735, Type | or Type lll, or Stoddard Selven
P4, or as specified for each test.

asurements: Unless otherwise specified, positive pressure measur
f +10 psig. Negative pressures (in-Hg) shall be equal to or greater

Measurements: Unless otherwise specified; the test specimens an
ithin £5 °F. Ambient temperature meastrements shall be taken wit

hods:
of Product: Each assembly-or part shall be visually and dimension

mpliance with this specification and applicable standard or drawing

re: Test specimens shall be installed in the test fixture as shown in

neumatic Proof Pressure: Test specimens shall be dry and free of {

t per P-D-680 or

bments shall have
than the specified

d fluid shall be

nin 6 in of the test

blly inspected to

with respect to

Figure 3 and

Table 2 negative and positive proof pressures in conjunction with and as specified in

uel or test fluid

e_eonnection between the test specimen and vacuum pump shall b

0.500 in nominal

hose or tube size minimum and shall not exceed a length of TO ff._ A stop valve shall be installed
between the test specimen and the vacuum pump. Pressure shall be measured within 6 in of the
test specimen. A negative proof pressure equal to or greater than the Table 2 specified negative
proof pressure value shall be maintained for 15 min minimum. The stop valve shall then be
closed and the pressure shall be monitored for 5 min minimum while maintaining the specimen
temperature constant within a total range of 5 °F.

Positive Pneumatic Proof Pressure: Test specimens shall be immersed in water and pressure
tested to the Table 2 positive proof pressure value for a minimum of 3 min. Measurements shall
begin after a 1 min stabilization period. The test fluid shall be dry compressed air or gaseous

nitrogen.

-13-
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2Xx8 ‘>’ ’*‘ —A TABLE 5 - Clamp Block Dim's.
Material: Aluminum Alloy

| |
C> | | () TUBE DIA. A B ; C

| .50 1.0 .375 2.00
: : : : : : 1.00 1.0 .375 2.50
nay e em
2—66 +—6 56 3.50
C ! / \ l:l | 2.50 1.0 .50 4.00
I h! 1 3.00 1.0 50 4.50
I H [t T 4.00 1.0 .50 5.50

I | [

1| | 1 1] | |

c — - =s— 2 X .375 MIN

TUBE DIA.

ENLARGED VIEW A-A

FUEL COUPLING — 6 X CLAMP\BLOCK A BASE
\ 167 \"' \

i

@ Lo
h—— A
20 IN. TUBES

® /—3' [

L — T ®
12 IN. TUBES

_ +

7
/ f~———10 IN. 8 |N.——
28 IN -—

2 X RESPONSE ACCECLEROHETER/ 2 X CONTROL ACCECLEROMETER J GAGE

SUPPLY VALVE

/6/ Clamp blocks shall clamp tightly on the 20 in tubes (E2) and on the 12 in tubes (E1) for the
vibration tests only. For all other tests, the clamp blocks shall be a sliding fit on the 12 in tubes
(E1) to allow load restraint by the coupling only.

FIGURE 3 - Fuel Resistance, Vibration (Sizes -48 and -64 Only)
and Burst Pressure Test Setup

-14 -
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4.6.2.3 Positive Hydraulic Proof Pressure: Test specimens shall be wiped dry and pressure tested to the
Table 2 positive proof pressure value for not less than 3 min and not more than 5 min. The test

fluid shall be as specified in other tests or may be water.

4.6.3 Fuel Resistance: Test specimens 1 and 2 as specified in Figure 2A, shall be mounted on a test

4.6.3.1

4.6.3.2

4.6.3.3

fixture as shown in Figure 3 with 3° misalignment between tube centerlines for each size coupling
to be qualified. Tube end (E2) shall be rigidly clamped and tube end (E1) shall be clamped with
clearance to allow axial movement of the tube until it is restrained by the assembled coupling.

Clamp blockp adjacent to the assembled coupling shall be spaced 20 in apart. .1
coupling shall be centered between clamp blocks. The electrical resistance acrg
coupling shall be measured before and after each step of the fuel resistance’tes

High Temperature Aging: The test specimens shall be proof pressure tested i
4.6.2.3 and Table 2 positive proof pressure using TT-S-735, Type'lll test fluid. T
then be regluced to 125 psig and the ambient and fluid temperatures shall be if
°F. After tgmperature stabilization, the test shall be continGed for a minimum o
a fluid and|ambient temperature of +200 °F. Upon completion and while at +2
specimensg shall be subjected to a positive hydraulic proof pressure test in acc
4.6.2.3. Electrical resistance across the assembled coupling shall be measurg
with 4.6.11[ The ambient and fluid temperatures:shall then be reduced to roon
condition.

Low Temperature Aging: The TT-S-735, Type lll test fluid shall be removed frg
specimens and refilled with TT-S-735,:-Type | test fluid. The test specimens sh
pressure tgsted in accordance with-4.6.2.3. The pressure shall then be reducg
positive operating pressure andithe ambient and fluid temperatures shall be lo
stabilized at -65 °F. The test shall be continued for a minimum of 72 h maintai
ambient temperature of -65.3F. Upon completion and while at -65 °F, the spec
subjected o a positive proof pressure test in accordance with 4.6.2.3. Electric
across the|assembled coupling shall be measured in accordance with 4.6.11.

fluid tempgratures-shall then be increased to room temperature conditions, the
and the specimens dried without disassembly or removal from the test fixture.

'he assembled
ss the assembled
per 4.6.11.

1 accordance with
he pressure shall
ncreased to +200
f 72 h maintaining
DO °F, the
brdance with

d in accordance
h temperature

m the test

all be proof

pd to Table 2
wered and

hing a fluid and
mens shall be

al resistance

The ambient and
test fluid drained,

High Temperature Drying: The test specimens while vented o the atmosphere shall be

maintained for a minimum of 168 h at +200 °F. Upon completion, the specime
with TT-S-735, Type | test fluid and the low temperature test in accordance wit

ns shall be filled
h 4.6.3.2 shall be

repeated one additional time except upon completion the test fluid will not be drained. Electrical
resistance across the assembled coupling shall be measured in accordance with 4.6.11. Without
disassembly of the assembled couplings or removal from the test fixture, the test specimen shall

be subjected to vibration testing in accordance with 4.6.4.
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4.6.4 Vibration:

4.6.4.1

Line Sizes -48 and -64 Only: At the completion of the fuel resistance test in accordance with

4.6.3 and without disassembly or removal from the test fixture, test specimens 1 and 2 shall be
subjected to vibration testing at room temperature. The vibration time shall be divided equally
between the specimen pressurized with TT-S-735, Type | or Stoddard Solvent per P-D-680 or
MIL-PRF-7024 test fluid at 125 psig and empty at 10 in Hg minimum negative operating
pressure. The electrical resistance across the assembled coupling shall be monitored

periodically
a.

b.

46.4.1.1

46.41.2

Input:

Respor
for the
other f

Chrongqlogical Log: The log shall contain clear description of test being pe
includeg all pertinent information concerning conduct of test, equipment peri
identifigation and description of failures and/or.degradations during the vibf
be fully documented as well as the remedial:action taken.

Resonance Survey: A sinusoidal resonance survey shall be made in each o
orthogongl axis noted in Figure 4A. The frequency sweep shall be made slo
510 2000 Hz. At 0.024 in double amplitude minimum or £2.0 G, whichever is
points shall be noted and resonance recorded and the modes of each reson

Resona
as obtain
by a fact

Sinusoid
axis as s
test time
only the

Plots of the actual vibration input spectra for each axis and testevel

nise: Frequency response plots of transmissibility (response/input) V
equipment response points. Frequencies associated with minimum

in accordance with 4.6.11.

equencies selected for resonance dwell points shall*be identified on

t points used for resonance vibration shall be determined by input ve
ed per 4.6.4.1.b. (Ayesonance is defined as a magnification of the o
br of two or more.

Al Vibration<Test: The test specimens shall be vibrated in each of thg
hown in-Figure 4A, with up to two resonance dwells in the 5 to 2000
5 specified in Table 6 for each axis. If more than two resonance frequ
most severe points shall be used for resonance dwell. The double 3

accelera

10N levels shall be In accordance with lable 7.

shall be recorded.

ersus frequency
performance or
response points.

formed and shall

ormance,
ation testing shall

f the three

wly from

less. Resonance
hnce described.
rsus output levels
Ltput to input level

e three orthogonal
Hz range for the
encies are noted,
mplitudes or
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FIGURE 4B - Vibration Axes, Specimen 7 (Sizes -08 Thru -40)
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46.4.2 Line Sizes

4.6.4.21

TABLE 6 - Vibration Test Times

Number of Resonance 0 1 2
Total dwell times at resonance 0 30 60
points minimum (minutes)
Total cycling time minimum (minutes) 90 60 30

General:
using thg

TABLE 7 - Vibration Levels (Sinusoidal)

Frequency Amplitude or Acceleration Level
5-18 Hz 0.100 in double amplitude minimum
18 -24 Hz +1.5G
24 -50 Hz 0.036 in double amplitudexminimum

50 - 1000 Hz +5.0G

-08 thru -40 Only:

All vibration testing on test specimen 7 as shown in Figure 2B shall be performed
test fixture illustrated in Figured. Accelerometers rigidly mounted pn the test fixture

shall be Wised to control input acceleration forces. Response accelerometerg rigidly mounted
on each pf the test specimens shall:be used to monitor acceleration output forces on each of

the test s
minimumnj
tube) anc
tightenin
center sh
shall be 1

pecimens. Each test specimen shall be mounted to the vibration test fixture at a
angular displacement of 3° between tube centerline (1.5° from the |X axis for each

| free to move axially to accommodate end loads due to internal preissure prior to

j. The distance-between the inboard tube supports with the coupling mounted in the
all be 20 in-for all sizes. The distance between inboard and OUtboaLd tube supports
1.5 in. Tube supports shall be NAS1787 or equivalent. The test setup shall be

photographed, showing the test specimens installed on the test fixture locating input and

responss

aceelérometers and direction of test axes.

Resonan
level and
+3.0/-1.5
are perm
Vibration

t modes shall be monitored aurally and visually by comparison of input versus output
by waveform shape change. Input vibration spectrum shall be within the tolerance of
dB below 500 Hz and within £3.0 dB between 500 and 2000 Hz except that +6.0 dB

issible over a cumulative band width of 200 Hz maximum between 500 and 2000 Hz.

frequency tolerance shall be +2% or £0.5 Hz below 25 Hz. Vibration amplitude

tolerance shall be £10% as used in sinusoidal vibration. A detailed chronological test log shall
be maintained to verify conformance with test requirements.
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PRESSURE GAGE

/ PRESSURE SOURCE

2 X CONTROL ACCELEROMETER

/ 3 X RESPONSE ACCELEROMETER
Z

12 X
OR EQ

|

U | VALENT

{ ]
o)
6.5 1.5° TUBE OFFSET
/ 7/
_ { +|
\ —
of
NAS1787 CLAMP 7 10 IN. 45| IN.—=—]
Y

FIGURE 5 - Vibration Test Setup (Sizes -08 Thru -40)

/71 All tubes are 1.5° offset from the X axis.
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4.6.4.2.1 (Continued):

The outboard end of each tube shall be suitably plugged and ported to provide for test fluid
filling and pressurization. Test fluid shall be Stoddard Solvent per P-D-680 or MIL-PRF-7024
pressurized to the Table 2 positive operating pressure for all testing.

The X and Y axis of vibration shall be performed horizontally with the fixture rigidly mounted to
a slip plate. X axis vibration shall be along the axial centerline of the tube assemblies
(disregarding the 1.5° per tube offset). Y axis vibration shall be perpendicular to the X axis. Z
axis vibration shall be perpendicular to the tube centerline but mutually perpg
and Y axes. See Figure 4B.

All vibrat

on testing shall be performed at room temperature. Electrical resis

assembl@d coupling shall be monitored periodically during this testin accord

46.4.2.2 Non-Guirffire Vibration:

46.4.2.2.1

46.42.211

46.4.2.2.1.2

Sinuso

dal Vibration:

Resgnance Survey: A sinusoidal resonance:survey shall be made in eaq
noted in Figure 4B. The frequency sweep:shall be made slowly from 5 tq
0.024 in double amplitude minimum, or#2.0 G, whichever is less. Resor
be ngted and resonance recorded and the modes of each resonance des

point

levels$.

5 used for resonance vibration shall be determined by input versus

Frequiency Cycling and Resonance Dwell: Test specimens shall be vibrg

three|

orthogonal axis a@s‘shown in Figure 4B, with up to two resonance d

5 to 50 Hz range, for test times specified in Table 6 for each axis. If more

frequ

doub

Encies are neted, only the most severe points shall be used for resg
e amplitudé and acceleration levels shall be in accordance with Tal

TABLE 8 - Vibration Levels (Non-Gunfire)

endicular to the X

ance across the
ance with 4.6.11.

h orthogonal axis
2000 Hz at

ance points shall

cribed. Resonant

butput response

ted in each of the
vells in the

than two resonant
nance dwell. The
le 8.

Frequency Amplitude or Acceleration Level
5-9Hz 0.200 in double amplitude minimum
9-17 Hz 0.100 in double amplitude minimum
17 -29 Hz 1.5G
29-50 Hz 0.036 in double amplitude minimum
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4.6.4.2.2.1.2 (Continued):

Logarithmic cycling sweep periods shall be a minimum of 7.5 min per 5-50-5 Hz, cycle. The
actual input and response accelerations shall be plotted for one partial cycle, 5 to 50 Hz
and selection of resonance from 4.6.4.2.2.1.1 shall be confirmed. If more than two
resonance are encountered, the two most severe shall be utilized as evidenced by output
versus input acceleration level. Double amplitudes and acceleration level shall be per
4.6.4.2.2.1.2. The test specimens shall not exhibit leakage during or subsequent to test. At
each resonance, retuning shall be performed as necessary to maximize the response.

Amplitude, response and frequency at the beginning and end of each dw
recorded.

4.6.4.2.2.2 Random Vibration: Prior to the test on each of the three orthogonal axes, t

ell period shall be

he test fixture with

specimens shall be equalized to provide conformance with the. vibration levyels specified
below.
The tegt fixture with specimens shall be subjected to 180 min minimum on|each axis of
vibratign testing utilizing the acceleration levels of Table 9.
TABLE 9 - Acceleration Levels (Non-Gunfire)
Frequenty Acceleration Power Spectral Density G2/Hz
50 - 300|Hz Beginning at 0.04 increasing at approximately +5.0 dB/Ocfave to
0.75 at 300 Hz
300 - 1009 Hz Flat at 0.75
1000 - 2000 Hz Beginning.at 0.36 decreasing -6 dB/Octave to 0.09 at 2000 Hz

(Oyeérall = 28.1 G RMS)

The ac
freque

recorded:

ual eontrol input response levels shall be plotted from 50 to 2000 Hj
cy and the overall G RMS at start, 30 min, 90 min and 180 min into

» as G2/Hz versus
the test shall be

4.6.4.2.3 Gunfire Vibration:

4.6.4.2.3.1 Sunusoidal Vibration:

4.6.4.2.3.1.1 Resonance Survey: The data obtained in 4.6.4.2.2.1.1 shall be used to the extent
applicable to conduct gunfire vibration testing.
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4.6.4.2.3.1.2 Frequency Cycling and Resonance Dwell: Utilizing any resonance frequencies
encountered in 4.6.4.2.2.1.1 above, resonance dwell times and cycling times in minutes on
each orthogonal axis shall be per Table 10. Double amplitudes or accelerations shall be in
accordance with Table 11.

Logarithmic cycling time from 50-500-50 Hz shall be a minimum of 7.5 min. The actual
control input and response accelerations for one partial sweep from 50 to 500 Hz shall be
plotted and selection of equipment resonance from 4.6.4.2.2.1.1 shall be confirmed. The

fixed]fnarrow band dwells shall be performed by sweeping the frequency

spec

about +5% of the

ied center frequency. For example, the 100 Hz dwell shall be perfqrmed from 95 to

105 Hz. The sweep rate shall be approximately the same as that used for the sweep
testing in the same frequency range.

TABLE 10 - Vibration Test Times (Gunfire)

Number [of resonance 0 1 2 3

Sweep time minimum (minutes) 30:0 22.5 15.0 7.5

Resonarjce dwell time minimum (minutes) 7.5 15.0 22.5

Fixed dwell time minimum (minutes) at-the

following center frequencies:

Fp= 61Hz 7.5 7.5 7.5 7.5
100 Hz 7.5 7.5 7.5 7.5
1359 Hz 7.5 7.5 7.5 7.5
200 Hz 15.0 15.0 15.0 15.0
267 Hz 7.5 7.5 7.5 7.5
300 Hz 7.5 7.5 7.5 7.5
335 Hz 7.5 7.5 7.5 7.5
400 HZ 15.0 15.0 15.0 15.0
467 Hz 7.5 7.5 7.5 7.5
500 Hz 7.5 7.5 7.5 7.5

Total time minimum (minutes) each axis 120.0 120.0 120.0 120.0
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TABLE 11 - Vibration Levels (Gunfire)

Frequency Amplitude or Acceleration Level
50 - 81 Hz 0.036 in double amplitude minimum
81-210Hz +12.0G
210 - 297 Hz 0.00532 in double amplitude minimum
297 - 500 Hz 240G

4.6.4.2.3.1.3 Selegtion of Resonance Dwells Bordering Fixed Dwells: When equipme
occurs within 5% of a fixed dwell frequency, the fixed dwell perigd_shall
only the resonance dwell performed. The omitted fixed dwell time shall t
the sweep time. Retuning shall be performed as necessary 10 maximize
equigment resonance.

4.6.4.2.3.2 Randon Vibration: Prior to the test on each of the thre€ orthogonal axes, t
specimens shall be equalized to provide conformance with the vibration le

The tegt fixture with specimens shall be subjected to a minimum of 30 min
vibratign testing utilizing the acceleration levels of Table 12.

TABLE 12 - Viibration Levels (Random)

nt resonance
be omitted and
hen be added to

response at each

he test fixture with

els below:

on each axis of

Frequency Acceleration Power Spectral Density G2/Hz

500 - 1000 Hz 2.9
1000 - 2000 Hz Decreasing -9.0 dB/Octave

(Overall = 50.4 G RMS)

The aclual‘control input and response levels from 500 to 2000 Hz shall be

plotted as G2/Hz

fraguanceveand-ovarall G- RMS At ctart and and af tact chall ha racad
vvorua UL I T A A T

ed.

versus

ToqooTThoy o O~ T XIvT arcartaoTT Ot T oCTC
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