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2 to 1 Shrink Ratio
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1. SCOPE:

1.1 Form: This specification covers an irradiated, thermally-stabilized, flame resistant, modified
polyolefin plastic in the form of semi-rigid, thin wall, heat shrinkable tubing.

1.2 Applicdtion: Primarily as a semi-rigid, electrical insulation tubing whose diamefer can be re-
duced to a predetermined size by heating to temperatures higher than 121 C (2500F). This material
is stable under the following conditions:

-85 C (-67 F) to 135 C (275 F) Continuous
-55 C (-67 F) to 150 C (302 F) 2000 hr
-85 C (-67 F) to 175 C (347 F) 336 hr
-85 C (~67 F) to 200 C (392 F) 48 hr
-55 C (-67 F) to 250 C (482 F) 8 hy
-55 C (-67 F) to 300 C (572 F) 2.hr

2. APPLICABLE DOCUMENTS: The following publications form a part of this specificttion to the extent
specified herein. The latest issue of Aerospace Material Specifications (AMS) shall fapply; the appli-
cable isdue of other documents shall be as specified in AMS 2350.

2.1 SAE Pyblications: Available from Society of Automotive Engineers, Inc., Two Penhnsylvania Plaza,
New Ydrk, New York 10001.

2.1.1 Aerogpace Material Specification:

AMS 2350 - Standards and Test Methods

2.2 ASTM Publications: Available from American Society for Testing and Materials, 1916 Race Street,
Philadglphia, Pennsylvania 19103.

ASTM D149 - Dielectric Breakdown Voltage and Dielectric Strength of

Electrical Insulating Materials at Commercial Power

Frequencies

ASTM 1257 - D-C Resistance or Conductance of Insulating Materials

ASTM D471 - Change in Properties of Elastomeric Vulcanizates Resulting
from Immersion in Liquids

ASTM D570 - Water Absorption of Plastics

ASTM D573 - Accelerated Aging of Vulcanized Rubber by the Oven Method

ASTM D638 - Tensile Properties of Plastics

ASTM D792 - Specific Gravity and Density of Plastics by Displacement

ASTM D876 - Testing Nonrigid Vinyl Chloride Polymer Tubing

ASTM D882 - Tensile Properties of Thin Plastic Sheeting

ASTM D1924 - Determining Resistance of Plastics to Fungi

2.3 Government Publications: Available from Superintendent of Documents, Government Printing Office,
Washington, D. C. 20402

2.3.1 Federal Specification;
UU-T-450 - Tissue, Facial

Copyright 1971 by Society of Automotive Engineers, Inc. . Printed in U.S. A.
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MIL-H-5606

MIL-T-5624

.3.2 Military Smacifications:

- Hydraulic Fluid, Petroleum Base, Aircraft, Missiles -
and Ordnance
- Turbine Fuel, Aviation, Grades JP-4 and JP-5

.3 Military Standard:

MIL-STD-104 - Limit for Electrical Insulation Color

TECHNICAL REQUIREMENTS:

Composition;

The material shall be an irradiated, thermally-stabilized, flame-resistant, modified

polyolefin.

Color: The ty
otherwise spe

- Properties:
of meeting thq

specified AST]
after being sh|

(392 F + 9), with an air velocity of 100 - 200 ft per min. (508 - 1616 mm/s) past the tubin

from the oven

bing shall be furnished in the color specified in Table II for the respective
cified, the colors shall be in accordance with MIL-STD-104.

The product shall conform to the requirements of 3. 3.1 through.3. 3.5 and §
requirements of 3. 3.6 through 3.3.17. Tests shall be colducted in accor

runk by heating for 3 min. in a mechanical convectionoyen which is at 200

, and cooled to room temperature.

bize.

Unless

hall be capable

lance with
M methods, insofar as practicable. Unless otherwise specified, tubing shalll be tested
C +5

g, removed

.1 Tensile Strepgth, min ASTM D638, Speed D
R (See 3.3]1.1)
Sizes 3/64 to 1/4, inecl 2500 psi 9
- ' (17.2 MN/m")
Sizes 3/8 to 1/2, incl 2000 psi
(13.8 MN/m")
.1.1 Five spedimens, each 4 in. (10136 mm) long, shall be tested, using 1 in. (25.4 mm) (bench marks
and 1 in. |(25. 4 mm) initial jaw separation. The specimens shall be full sections of thbing for sizes
1/4 and smaller and strip specimens not less than 1/4 in. (6. 35 mm) wide cut longitydinally from
sizes 3/8|and larger. Metal plugs are not necessary when testing full sections of tuhing. A speci-
men break at a benchundark or outside the gage length shall be cause for retest.
.2 Elongation, min 200% ASTM D638, Speed D
(See 3.3.[1.1)
.3 Secant Modulus at 2% Strain, max 45,000 psi ASTM D882
(310.3 MN/m?) (See 3.3.3.1)

.3.1 Five specimens in the expanded form (as supplied), each 12 in. (304.8 mm) long, shall be tested.
The specimens shall be full sections of tubing for sizes 1/4-and smaller and strip specimens not

less than 1/2 in. (12.7 mm) wide cut longitudinally from sizes 3/8 and larger.

Metal plugs are not

necessary when testing full sections of tubing. Initial strain rate shall be 0.1 in. per in. per min.
(0.1 mm/mm/min.).

.3.4 Heat Shock: Shall pass the test of 3.3.4. 1.
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3.3.4.1

3.3.5 Flamy

3.3.5.1

3.3.6 Low T

Three specimens in the expanded form (as supplied), each 6 in. (152.4 mm) long, shall be condi-
tioned for 4 hr in a mechanical convection oven which is at 250 C + 5 (482 F + 9), with an air velocity
of 100 - 200 ft per min. (508 -~ 1016 mm/s) past the specimens. After conditioning, the specimens

sha
not

diameter shown in Table I. The tubing shall remain free from cracks except that any side cracking
caused by flattening of the specimen on the mandrel shall be disregarded.

_3- AMS 3638C

11 be removed from the oven, cooled to room temperature, and examined visually. Tubing shall
drip, flow, or crack. Tubing shall then be bent through 180 deg (3. 14 rad) over a mandrel of the

TABLE I

Diameter of Mandrel
Size Inch (Millimeters)

Fiy
con
(0.
An
apy
tab
hig
the
sha
thal
gui

370410 3716, INCL 0710 (7943
1/4 to 1/2, incl 3/8 (9. 52)

hability: Shall pass the test of 3.3.5.1.

e specimens, each 5 in. (127 mm) long, shall be marked 1 in.(25.4 mm) from each end with
trasting color ink. Each specimen shall be mounted at an angle of approximately 45 deg

785 rad) in a draft free chamber by a clamp that completely-closes the uppey end of the tubing.
8 x 8 in. (203.2 x 203.2 mm) piece of tissue paper conforming to UU-T-450 shall be centered
roximately 9-1/2 in. (241 mm) below the test specimen and at least 1/2 in. |(12.7 mm) from the
le top, in such a manner that any dripping particle\will fall on the tissue pager. A1l in. (25.4 mm}
h blue flame from a standard 3/8 in. (9.52 mm) diameter Bunsen burner shall then be applied to
lowest point of each specimen. When specimen has been burned to the lowgr ink mark, the flame
11 be removed and the specimen shall remain undisturbed until burning ceases. Failure of more
h one specimen to extinguish within 3, in:(76.2 mm), failure of more than one specimen to extin-
sh within 60 sec, or flaming of the tissue paper shall be cause for rejection

emperature Flexibility: Shallpass the test of 3.3.6.1.

3.3.6.1

3.3.7 Heat 4

3.3.7.1

3.3.8 Copper Stability: Shall pass the test of 3.3.8.1.

3.3.8.1

Thi
4 h
cor
the

2 spconds. The specimens shall be free from cracks.

Spe
ved

ree specimens, each 12 in\_(304.8 mm) long, shall be conditioned at -55 C 4 2 (-67 F + 3. 6) for
burs. A fixed steel mandrel, selected in accordance with Table I above (seg¢ 3.3.4.1), shall be
ditioned at this temperature. Upon completion of this conditioning and at this same temperature,
specimens shall be-wrapped not less than 360 deg (6.28 rad) about the mandrel in approximately

\ging: Shall'pass the test of 3.3.7. 1.

cimens/shall be prepared as in 3.3.1.1 and shall be conditioned for 336 hr |n a mechanical con-

(50
the
not

A specimen of each color of tubing, 6 in. (152.4 mm) long, shall be slid over a straight, clean, un-

pla

shall be used; for sizes 3/8 and larger, several copper conductors shall be used, each conductor
AWG 18 (0.0403 in.) (1.024 mm) or smaller. The specimens on horizontally suspended conductors
shall be conditioned for not less than 24 hr in a humidity chamber at 90 - 95% relative humidity and

25

for 168 hr in an oven which is at 160 C + 3 (320 F + 5.4), in accordance with ASTM D573, cooled to
room temperature, and examined. The tubing shall not be brittle, glazed, cracked, severely dis-
colored, or otherwise deteriorated by direct contact with copper. The elongation of the tubing shall

be

to normal air oxidation shall be disregarded.

tion‘oven which is at 175 C + 3 (347 F+ 5.4), with an air velocity of 100 - 200 {t per min,

s—01t6-mm/sy past-thespecimens—After-conditioning—thé-specimens—shdll be removed from

oven, cooled to room temperature and tested for elongation. Specimens shall have elongation
lower than 1509%.

ted, uninsulated, solid copper conductor. For sizes 1/4 and smaller, a single copper conductor

C+ 3 (77 F + 5.4). The specimens on horizontally suspended conductors shall then be conditioned

not lower than 200%. The copper shall not be pitted or blackened. Darkening of the copper due

T
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3.3.9 Corrosion: Shall pass the test of 3.3.9.1.

3.3.9.1

3.3.10 Color Stabjility: Shall pass the test of 3.3.10.1.

3.3.10.1

A specimen 1 in. (25.4 mm) long shall be placed in the bottom of each of two clean 1/2 x 12. in.
(12,7 x 304. 8 mm) test tubes. A third test tube shall be used for control. A copper-glass mirror
about 1/4 in. (6.35 mm) wide x 1 in. (25.4 mm) long shall be suspended 6 - 7 in. (152.4 - 177.8 mm)
above the bottom of each tube by fine copper wire attached to a silicone rubber stopper wrapped in
aluminum foil. The mirrors shall be vacuum-deposited copper, on one side only, with a thickness
equal to 10% + 5 transmission of normal incident light of 5000 Angstroms (5 x 1077 m). The coated
mirrors shall be stored in vacuum and may be used for test only if no oxide film is present and the
copper is not visibly damaged. The three test tubes shall be tightly sealed. The lower 2 in.

(50.8 mm) of each tube shall be placed in an oven or oil bath at 175 C + 3 (347 F + 5.4) for 16 hours.
After cooling, the mirrors shall be examined in a good light against a white background. The coppelJ
shall not have been removed from a mirror leaving an area of transparency greater than 5% of the
total are; i i il i Fo-5i61

Three gpecimens, in the expanded form (as supplied), each 4 in. (101.6 fam) long pf each color
shall bg conditioned for 48 hr in a mechanical convection oven which jglat 175 C + 3 (347 F +5.4),
with an|air velocity of 100 - 200 ft per min. (508 ~ 1016 mm/s) past the specimens| After condi-
tioning | the specimens shall be removed from the oven, cooledto‘room temperature, and deter-
mined tp be within the limits of MIL-STD-104.

3.3.11 Solvent Rejsistance: Shall pass the test of 3.3.11. 1.

3.3.11.1

3.3.12 Fungus Refgistance: Shall pass'the test of 3.3.12. 1.

Tubing ghall have tensile strength not lower than 1600psi (11.0 MN/mz) and dieledtric strength
not lower than 400 v per mil (15,750 V/mm) after being immersed for 24 hr + 2 at[23 C + 3
(73.4 F|* 5.4) in JP-4 Fuel (MIL-T-5624), SAE-Phosphate ester fluid No. 1, hydrgulic oil
(MIL-H[-5606), ASTM Fuel B (ASTM D471), and water. Six specimens (a total of 30), each 6 in.
(152.4 ) long, shall be immersed in each of the fluids. The volume of fluid shalll be not less
than 20(times that of the specimens. \Aftér immersion, the specimens shall be lightly wiped, air
dried fofr 30 - 60 min. at room temperature, and subjected to the tensile strength anfl dielectric
strength tests; three of each group of six specimens shall be tested for tensile strg¢ngth and the
other tHree for dielectric strength.

3.38.12.1

3.3.13 Restricted Shrinkage: Shall pass the test of 3.3.13.1.

Fungus |resistance shall be determined in accordance with ASTM D1924 except that|the incubation
period ghall be 28-days and the test organisms shall be Aspergillus niger, Aspergillus flavus,
Pencilljum luteuny; and Trichoderma T-1. At the end of the incubation period, notf more than
traces ¢f growth on the specimens are permissible. Three specimens, each 3 in. |(76.2 mm) long,
shall bq used for each organism.

3.3.13.1

. the largest diameter of the tubing, in accordance with ASTM D876. The test potential shall then be

A specimen in the expanded form (as supplied) shall be shrunk onto a clean metallic mandrel of the
configuration and size shown in Fig. 1. The tubing on the mandrel shall then be conditioned for:
30 min. in an oven which is at 175 C + 5 (347 F + 9), in accordance with ASTM D573. When cooled
to room temperature, the tubing shall be examined visually and shall then be subjected to the
following voltage withstand test. The tubing shall snugly fit the mandrel and shall not be cracked.
The test potential shall be applied between the mandrel and a metal foil electrode wrapped around

applied in accordance with the short-time test of ASTM D149 using a 500 v per sec rate of rise.
The specimen shall withstand 2000 v for 1 minute.
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3.3.14 Specific Gravity, max 1.35 ASTM D792, Method A
3.3.15 Water Absorption in 24 hr, max 0.50% ASTM D570
3.3.16 Dielectric Strength, short time test, min 500v per mil ASTM D876
(19,680 V/mm)
3.3.17 Volume Resistivity, min 1014 ohm-cm ASTM D257

3.4 Dimensions After Shrinkage:

3.4.1 Diametral: Three specimens in the expanded form (as supplied), each 6 in. (152.
measured for length and inside diameter. The specimens shall be conditioned for 3 min. in a mechan-
ical co i ich i + + i i i 100 - 200 ft per min.

(508 -
oven,
no add

tooled to room temperature, and remeasured. Longer heating at suchtemp

ance with Table II. Measurements shall be made in accordance with ASTM/D876.

3.4.2 Longitudinal: In reaching its recovered dimensions, the tubing shall'mot exhibit a

greate

3.5 Marking:

r than + 1%, - 5%, computed as follows:

Length after heating - Tiength before heating
Length before heating

% change =

on it with conventional tubing marking techniques.

3.6 Quality:

materia

The product shall be uniform in quality and condition, clean, smooth, and

3.7 Standard Sizes and Tolerances: Unless otherwise specified, tubing shall be supplie

+1, -0 (
apply at

1219 mm + 25.4, -0), and\in)the standard sizes and tolerances shown in Tab
23 - 30 C (73.4 - 86 F).

4. QUALITY ASSURANCE PROVISIONS:

4.1 Respondibility for Imspection: The vendor shall supply all samples and shall be re

forming
quired 4
sary to

v 4.4, <Purchaser reserves the right to perform such confirmatory testing
hssuré.that material conforms to the requirements of this specification,

4 mm) long, shall be

1016 mm/s) past the specimens. After cor;iitioning, the specimens shall bg removed from the

erature shall cause

tional shrinkage. Prior to and after conditioning, the dimensions of\the tubing shall be in accord

longitudinal change

x (00

Prior to or after shrinkage, tubing shall bg-capable of having numbers ox characters printed

free from foreign

|s and from imperfections detrimeftal to fabrication, appearance, or performance of parts.

| in lengths of 48 in.,
le II. Tolerances

tponsible for per-

all required'tests. Results of such tests performed shall be reported to th¢ purchaser as re-

hS he deems neces-

4.2 Classifi

catiomof —TestsT

4.2.1 Routine Control Tests:

Tests to determine conformance to tensile strength (3.3.1), elongation (3. 3. 2),

secant modulus (3. 3. 3), heat shock (3. 3.4), flammability (3. 3.5), diametral change (3.4.1), and longi-
tudinal change (3. 4.2) requirements are classified as routine control tests.

4.2.2 Periodic Control Tests: Tests to determine conformance to low temperature flex

ibility (3.3.6), heat

aging (3.3.7), copper stability (3.3.8), corrosion (3.3.9), color stability (3.3.10), solvent resistance
(3. 3.11), fungus resistance (3. 3.12), restricted shrinkage (3. 3.13), specific gravity (3. 3. 14), water
absorption (3. 3. 15), dielectric strength (3.3.16), and volume resistivity (3. 3. 17) requirements are
classified as qualification and/or periodic control tests.
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TABLE II

Recovered Dimensions (After Heating)
Wall Thickness

Expanded (As Supplied) Nominal Tolerance
ID, Inches ID, Inches Wall Thickness Inch
Color Size min : max Inch plus and minus
Yellow 3/64 0.046 0.023 0.020 0.003
White 1/16 0.063 0.031 0.020 0.003
Blue 3/32 0.093 0.046 0.020 0.003
Red 1/8 0.125 0.062 0. 020 0.003
Green 3/16 0.187 0.093 0.025 0.003
Gray 1/4 0.250 0125 0.025 0.003
Brown 3/8 0. 375 0.187 0.030 0.003
White 1/2 0.500 0.250 0.030 0.003
TABLE II (S))
Recovered Dimensiong’(After Heatihg)
Wall Thickness
Expanded (As Supplied) Nominal - Tplerance
ID, Millimeters ID, Millimeters ¢) Wall Thickness Millimeter

Color Size min " max Millimeters plug and minus
Yellow 3/64 1.168 - 0.584 0.508 0.0762
White 1/16 1.602 0.987 0.508 0.0762
Blue 3/32 2. 362 1) 168 0.508 0.0762
Red 1/8 3.175 1.575 0.508 0.0762
Green 3/16 4.750 2.362 0.635 0.0762
Gray 1/4 6. 350 3.175 0.635 0. 0762
Brown 3/8 9.525 4.750 0.762 0. 0762
White 1/2 12.700 6.350 0.762 0.0762

4.3 Samgling;

4.3.1 Routine Control Test Samples: Shall consist of not less than 16 ft (4. 88 m) of tubing selected at ran-

dom from each lot. A lot:shall consist of all tubing of the same size from the same prpduction run and

offered for [inspection-at the same time.

4.3.2 Periodic Control(Test Samples: Shall consist of 50 ft (15.25 m) of tubing of each size [and color.

Certain sizes will qualify additional sizes, as shown below:

4.4 Reports:

hange o1 olzes Qualllicatloll vlze
3/64 - 1/4, incl 1/4
3/8 -1/2, incl 1/2

4.4.1 The vendor of the product shall furnish with each shipment three copies of a report showing the results
of routine control tests made on the lot and a statement that the product conforms to all other technical
requirements of this specification. This report shall include the purchase order number, material
specification number and its revision letter, vendor's compound number, lot number, size, color, and

quantity.

Vel S
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