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PLASTIC TUBING, ELECTRICAL INSULATION, THERMALLY WELDED
Polyethylene Terephthalate, Heat Shrinkable
1.6 to 1 Shrink Ratio

1. SCOPE:

1.1 Form:[ This specification covers a polyethylene terephthalate plastic in the
form jof semi-rigid, extra-thin-wall, heat shrinkable tibing.

1.2 Appligation: Primarily for use as a semi-rigid, eléctrical ipsulation

tubinlg, whose diameter can be reduced to a predetermined size|by heating to
a temEerature higher than 135°C (275°F). This{tubing is stable under the
following conditions:

-55°C (-67°F) to +135°C (+275°F)
-55°C (-67°F) to +140°C (+284°F)
‘ -55°C (-67°F) to +160°C (+320°F)

‘ -55°C (-67°F) to +170°C (+338°F)
-55°C (-67°F) to +180°C (+356°F)
-55°C (-67°F) to +200°C)(+392°F)

speciffication to the extent specified herein. The latest issué of Aerospace
Materipl Specificationsishall apply. The applicable issue of ¢ther documents
shall pe as specified)in AMS 2350.

2. APPLICABLE DOCUMENTS: The following publications form a part }f this

2.1 SAE Phblicationsi: Available from SAE, 400 Commonwealth Drive Warrendale,
PA 15p96.

2.1.1 Aerpspace Material Specifications:

AMSLZ2350 - Standards—andTestMeth

SAE Technical Board Rules provide that: *“This reportis published by SAE to advance the_ state ofteqhnica! and engineeripg _sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

‘ AMS documents are protected under United States and international copyright laws. Reproduction of these documents by any
means is strictly prohibited without the written consent of the publisher.

Cop;/right 1988 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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ASTH Publications: Available from American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM D2671 - Testing Heat-Shrinkable Tubing for Electrical Use
ASTM D882 ~ Tensile Properties of Thin Plastic Sheeting
ASTM G21 - Determining Resistance of Synthetic Polymeric Materials to Fungi

2.3 U.S. Government Publications: Available from Commanding Cfficer, Naval
Publications and Forms Center, 5801 Tabor Avenue, Philadelphia PA 19120.

~N

.3.1 Military Specifications:

MIL-G-4572 - GasoTine, Aviation, Grades 80/87, 100/130, 115/145
MIL-H-4606 - Hydraulic Fluid, Petroleum Base, Aircraft, Missile;
and Ordnance

MIL-T-3624 - Turbine Fuel, Aviation, Grades JP-4 and JP-5

2.3.2 Military Standards:

MIL-STO-794 - Parts and Equipment, Procedures for‘Packaging and Racking of

w

TECHNICAL |REQUIREMENTS:

3.1 HMaterial: Shall be a polyethylene terephthalate plastic. Tubing ghall have
a singTe [longitudinal, thermally-welded seam and shall contain no ddhesives
or bondirlg resins.

w

1.1 Wall TiHickness: Shall be 0.0023 Anch + 0.0003 (0.058 mm + 0.008

3.2 Color: Snhall be clear.

3.3 Propertigs: Tubing shall conform to the following requirements; rdported

¥  values sHall be the average' of all specimens tested for each requitement.
Except ag otherwise specified herein, tests shall be performed in dccordance
with ASTM Dzo71, insefar as practicab]e.

3.3.1 Recovered Tubing® The following requirements apply to tubing affer being

) shrunk Jon a smooth metallic mandrel by heating to 160°C + 2 (3209F + 4) in
a convegction-current oven with an air velocity of 100 - 200 feet/minute
(0.5 -1|.8-m/s) past the tub1ng, ho1d1ng at heat for not less thar 3
minute 5 lcmuvu|5 from—the oven, ad LUIIUILIUIIIIIg fornot—tess—ttlan 4
hours at 23°C + 2 (73°F + 4) and 45 - 55% relative humidity. The mandrel
shall have a diameter equal to or less than the acceptable maximum tubing
ID [+0.000, -0.002 inch (+0.000, -0.05 mm) or 2%, whichever is greater]
after unrestr1cted shrinkage.

3.3.1.1 Tensile Strength, minimum 20,000 psi (140 MPa)
3.3.1.2 Elongation, minimum . 75%
3.3.1.3 Seam Strength, minimum 25 pounds/inch of width ASTM D882,

{110 N/25 mm of width) Method A
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3.3.1.4 Flammability (See 8.2) Self Extinguishing
3.3.1.5 Dielectric Strength, minimum 3000 V/mil

(short time test) (118,110 V/mm)
3.3.1.6 Volume Resistivity, minimum 1015 ohm-cm
3.3.1.7 Fungus Resistance Rating of 1 or less ASTM G21

¢
3.3.1.8 Low-Temperature Flexibility, at No cracks 4,5.1
- P2 =60 F 43
3.3.1.9 Heaf Aging, 168 hours + 2 at 155°C + 5
(B10°F + 9)
3.3.1.9.1 E)ongation, minimum 40%
3.3.1.10  Sgplvent Resistance 4,5,2
3.3.1.10.1 [Tensile Strength, minimum 20,000 psi (138 MPa)
3.3.1.10.2 |Dielectric Strength, minimum 3000 V/mil
(118,110 V/mm)

3.3.1.11  Dimensional Change on Heating
3.3.1.11.1 |Diametral In accordance with Tablp I
3.3.1.11.2 |Longitudinal, maximum -20%

3.3.2 Expanded Tubing:

expanded (as-received)) condition.

3.

3.3.2.1
g

3.3.2.1.1
3.3.2.2

3.3.2.3
)

3.3.2.4

3.4 Marking:

The following requirements apply to tubing in
Heating for the tests of 3.3.2.1 and

the

4.5.3

3.2{4 shall be performed in an oven as specified in 3.3.1.
Heat Shock,-at~180°C + 2 No dripping,
355(F + 4) flowing, or cracking

Bgnding after Heat Shock No cracks
Specific Gravity, maximum 1.39
Water Absorption, maximum 0.5%
Color Stability after 48 hours +0.5 at Pass

160°C + 3 (320°F + 5)

Tubing, prior. to and after shrinkage, shall be suitable for having

$  numbers or characters printed on it with conventional tubing marking

techniques.

non-concentric shrinkage.

Marking applied prior to shrinkage shall not be distorted by
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3.5 Quality: Tubing, as received by purchaser,'shall be uniform in quality and
@ ‘condition, smooth, and free from foreign materials and from imperfections

detrimental to usage of the tubing.

3.6 Standard Sizes and Tolerances: Tubing shall be supplied in lengths of 36
@ nches, +1, -0 (914 mm, +25, -0) or in continuous coils, as ordered and in
standard sizes shown in Table I. Measurements shall be made in accordance

with ASTM D2671.

EXpanded (AS Suppiied) —Recovered Dimenmsions{After Heating)

TABLE I
1D, minimum
Size Inches Millimetres
1/8 0.125 3.18
3/16 0.187 4,75
1/4 0.250 6.35
3/8 0.375 9.52
7/16 0.437 11.10
1/2 0.500 12,70
9/16 0.562 14,27
5/8 0.625 15,88
3/4 0.750 19.05
7/8 0.875 22.22
1 1.000 25,40
1-3/8 - 1.375 34,92
1-1/2 1.500 - 38010
2 2.000 50.80
2-1/2 2.500 63.50
3 3.000 76.20
4 4,000 101.60
5 5.000 127.00
6 6.0Q0 152.40
7 7,000 177.80
3.6.1 Dinmensional requirements (lengths, inside diameters, wall thi
1) tollerarces, and longitudinal change) of short Tengths of tubi
iddntification purposes shall be as agreed upon by purchaser

Inches

0.075
0.110

.200
.500
.800
.400
.000
.600
.200
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1D, maximump

M1l

1

imetres

cknesses,
ng used for
and vendor,

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection: The vendor of tubing shall supply all
¢ sampTes for vendor's tests and shall be responsible for performing all
required tests. Results of such tests shall be reported to the purchaser as
required by 4.6. Purchaser reserves the right to sample and to perform any
confirmatory testing deemed necessary to ensure that the tubing conforms to

the requirements of this specification.
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4,2 Classification of Tests:

4.2.1
@

4,2.3.1

Acceptance Tests: Tests to determine conformance to the following
requirements are classified as acceptance tests and shail be performed on
each lot:

Requirement Paragraph Reference
Tensile Strength 3.3.1.1
Elongation 3.3.1.2
Seam Strength 3.3.1.3
Flammability 3.3.1.4
Heat $hock 3.3.2.1
Color|Stability 3.3.2.4

Periogic Tests: Tests to determine conformance to the following
requirements are classified as periodic tests and shallbe performed at a
frequency selected by the vendor unless frequency of. testing is [specified
by purchaser:

Requirement Paragraph/Reference
Volumé Resistivity 3.3.1.6
Fungus Resistance 3.3.1.7
Low-Temperature Fiexibility 3.3.1.8
Heat Aging 3.3.1.9
Solvent Resistance 3.3.1.10
Specific Gravity 3.3.2.2
Water|Absorption 3.3.2.3

Preproduction Tests: Tests’ to determine conformance to all techpical

requirements of this specification are classified as preproductipn tests
and shall be performed-prior to or on the initial shipment of the tubing
to a purchaser, whénya change in material, processing, or both requires
reappfoval as in.%4.4.2, and when purchaser deems confirmatory testing to
be required.

For[direct U.S. Military procurement, substantiating test datal and, when
requested, preproduction test material shall be submitted to the
cogFizant agency as directed by the procuring activity, contracting
officer, or request for procurement.

4,3 Sampling: Shall be in accordance with ASTM D2671 and the following;

@ except as specified in 4.5, the number of determinations for each
requirement shall be as specified in the applicable test procedure or, if
not specified therein, not less than three.

4.3.1
¢

4.3.1.1
@

For Acceptance Tests: Not less than 16 feet (5 m) of tubing from each lot.

A lot shall be all tubing of the same size from one production run and
presented for vendor's inspection at one time. A lot may be packaged in
smaller quantities and delivered under the basic lot approva] provided
Tot identification is maintained.
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4,3,1.2 When a statistical sampling plan and acceptance quality level (AQL) have

)

been agreed upon by purchaser and vendor, sampling shall be in

accordance with such plan in lieu of sampling as in 4.3.1 and the report
of 4.6.1 shall state that such plan was used.

4.3.3 For

Periodic Tests and Preproduction Tests:

and

vendor,

4.4 Approval:

4.4.1

use
tes
app
4,4,2 Ven
@ wil
pro
nec
fac
cha

or

be
4.4.2.1 C
¢ t
G
T
P
M¢

4.4,2.1.1

]

is supplied, unless such approval be waived by purchasers;
s on production tubing shall be essentially equivalent)to
oved sample tubing.

or shall establish parameters for the process control fact
produce acceptable tubing; these shall constittte the app
edures and shall be used for manufacturing_ production tubi
ssary to make any change in parameters for\the process corf
ors, vendor shall submit for reapproval<a“statement of th¢

As agreed upon by purchaser

production
Results of
those on the

ors which
roved
ng.
trol
proposed

If

ges in processing and, when requested,.test specimens, sanple tubing,

oth., Production tubing incorporating-the revised operatig
hipped prior to receipt of reapprovdl.

ntrol factors for producing tubing include, but are not 1i
e following:

ometry of weld tooling
ermal bonding temperatures
ressure and feed rate
pthods of inspection

Any of the aboye process control factors for which paramet
considered. proprietary by the vendor may be assigned a cod
designation. Each variation in such parameters shall be g
modi fied) code designation.

ns shall not

mited to,

ers are
e
ssigned a
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4,5 Test Methods:
4.5.1 Low-Temperature Flexibility: Three specimens, each 6 inches (152 mm) long

L6 x 1/4 1nch (152 x 6 mm) strips cut from sizes 3/8 and larger], shall be

conditioned at -50°C + 2 (-58°F + 4) for four hours.

A fixed steel

mandrel, selected in accordance with Table II, shall be conditioned at

this temperature.

Upon completion of this conditioning, and

at this same

temperature, the specimens shall be wrapped not less than 360 degrees

about the mandrel in approximately two seconds.
wrapping, shall be free from cracks.

Any side-cracking, caus

The specimens, after

ed by

flattening of the specimen on the mandrel, shall be disregarded.

TABLE II
Inside Diameter Diameter)of Nandrel
Inches M111T1metres Inches MilTimetres

1/8/to  3/16, incl 3.2 to 4.8, incl b/Vo 7.9

1/4|to 1, incl 6.4 to 25.4, incl 3/4 19.0

1 to 7, incl 25.4 to 177.8, incl 1-1/8 28.6
4.5.2 Sofvent Resistance: Tubing shall be immersed for 24 hours af 23°C + 2

(7B°F + 4) in MIL-T-5624 JP-4 fuel, SAE“phosphate ester test|[fluid No. 1A,

MIL-H-5606 hydraulic oil, MIL-G-5572;Grade 100/130, aviation gasoline,

an

re
st

1 water, using separate specimens ‘for each fluid.

nove specimens from test fluidy, rinse, dry, and test for tq
rength and dielectric strengti.

nding After Heat Shock: “[Specimens from the heat shock test

n11 be bent 180 degrees:-around the applicable mandrel of Ta
le-cracking, caused by flattening of the specimen on the mg
disregarded.

rts:

P vendor Of-tubing shall furnish with each shipment a repot
sults of tests to determine conformance to the acceptance {
uirements and, when performed, to the periodic test requit
nting that the tubing conforms to the other technical requi

is—specification. This report shall include the purchase

After inmersion,

nsile

of 3.3.2.1
ble 1I. Any
ndrel, shall

t showing the
est

ements and
rements of
rder number,

AMS 3591A, vendor's compound number, lot number, size, and quantity.

4,5,3 Be
sh
si
be

4.6 Reports

4.0.1 Th

] re
re
st
th

4.06.2

The vendor of finished or semi-finished parts shall furnish with each

shipment a report showing the purchase order number, AMS 3591A, contractor
or other direct supplier of tubing, supplier's compound number, part

number, and quantity.

When tubing for making parts is produced or

purchased by the parts vendor, that vendor shall inspect each 1ot of
tubing to determine conformance to the requirements of this specification
and shall include in the report either a statement that the tubing
conforms or copies of laboratory reports showing the results of tests to
determine conformance.
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