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ELASTOMERIC TUBING, ELECTRICAL INSULATION
Irradiated Polychloroprene, Flexible, Heat-Shrinkable
1,750 to 1 Shrink Ratio
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1. SCOPE:

1.1 Form: This specification covers an irradiated, thermally-stabilized, flame-resistant, modified-

polychl- EEHH00 p-theform o exible . heat-sh nkahle hing

1.2 Application: Primarily for use as a flexible, electrical insulation tubing whose

Hiameter can be

reduced to a predetermined size by heating to temperatures higher than 135¢9'C (2§5° F). This

materigl is stable under the following conditions:

-70°C (~94° F) to 105° C (221° F) Continuous
~70°C (-94° F) to 200° C (392°F) 4 hr

2. APPLICABLE DOCUMENTS: The following publications fobm’a part of this specification to the
extent sfecified herein, The latest issue of Aerospace Material Specifications (AMS) shall apply.

The applicable issue of other documents shall be as specified in AMS 2350,

2.1 SAE Publications: Available from Society of Automotive Engineers, Inc., 400 Commonwealth

Drive, Warrendale, Pennsylvania 15096.

2.1.1 Aerogpace Material Specifications:

AMS P350 - Standards and Test Méthods

2.2 ASTM Plblications: Available from American Society for Testing and Materials,

Street, Philadelphia, Pennsylvania 19103.

ASTM D[L49 - Dielectric Breakdown Voltage and Dielectric Strength of
Eleétrical Insulating Materials at Commercial Power Fre-
quencies

ASTM D257 = \D-C Resistance or Conductance of Insulating Materials

ASTM D12 </-" Tension Testing of Vulcanized Rubber

ASTM Water Absorption of Plastics .

ASTM i i he Oven Method

ASTM D792 - Specific Gravity and Density of Plastics by Displacement

ASTM D876 -~ Testing Nonrigid Viny! Chloride Polymer Tubing

ASTM D2240 - Indentation Hardness of Rubber and Plastics by
Means of a Durometer

ASTM D2671 Testing Heat-Shrinkable Tubing

ASTM G21 - Resistance of Synthetic Polymeric Materials to Fungi

1916 Race

2.3 Government Publications: Available from Commanding Officer, Naval Publications and Forms

Center, 5801 Tabor Avenue, Philadelphia, Pennsylvania 19120.

Copyright 1975 by Society of Automotive Engineers, Inc.
All rights reserved.

Printed in U.S.A.
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2,3.1 Military Specifications:

MIL-H-

5606 - Hydraulic Fluid, Petroleum Base, Aircraft, Missiles and
Ordnance

MIL-T-5624 - Turbine Fuel, Aviation, Grades JP-4 and JP-5
MIL-L-7808 - Lubricating Oil, Aircraft Turbine Engine, Synthetic Base
MIL-A-8243 - Anti-icing and Deicing-Defrosting Fluid

3. TECHNICA

L REQUIREMENTS:

3.1 Composition:

polychloroprene rubber.

3.2 Color: Shall be black.

3.3 Propertigs: The product shall conform to the following requirements; tests,shall be

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

conducted in

accordange with the specified methods, insofar as practicable. Unless otherwise specified, tubing
[’} shall be tested after being shrunk by heating for not less than 10 min. inla ‘mechanicfl convection

oven whigh is at 175°C + 5 (347°F + 9), with an air velocity of 100 <200 ft per min.
past the tubing, removed from the oven, and conditioned for not less)than 4 hr at 239
3.6) and #5 - 55% relative humidity.

3.3.1 Tensile

§ 3.3.2 Elongat

# 3.3.3 Tensile Btress at 200% Elongation,max 2000, psi ASTM D412

3.3.4 Hardned

3.3.5 Heat Sh

3.3.6 Flammability, Burning-Time, max 15 sec ' ASTM D876

Strength, min 1500 psi ASTM D412
(10. 3 MPa) (See 4.5.1)

on, min 225% ASTM D412
(See 4.5.1)

(13:8 MPa) _ (See 4.5.1)

s, Durometer A or Equiv{ " 80+ 5 ASTM D224

ck No dripping, flowing, 4,5.2
: or cracking

3.3.7 Low-Temperature-Flexibility No cracks 4.5.3
3.3.8 Heat Agjing 4,5.,4
3.3.8.1 Tensile Strength, min 1200 psi
(8.27 MPa)
# 3.3.8.2 Elongation, min 175%
B 3.3.9 Copper Stability Pass 4.5.5
3.3.9.1 Elongation, min 150%

# 3.3.10 Corrosion - Pass 4.5.6

(508 - 1016 mm/s)
C+2(73.4°F +
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@ 3.3.11 Solvent Resistance 4,5.7
# 3.3.11.1 Tensile Strength, min 1200 psi
(8.27 MPa)
g 3.3.11.2 Elongation, min 150%
3.38.11.3 Dielectric Strength, min 200 V/mil
(7,870 V/mm)
$ 3.3.12 Fungus Resistance Rating of 1 or less 4.5.8
g 3.3.13 Restricted Shrinkage No cracks 4.5.9
Withstand 2000 V for 1 min.
3.3.14 Specific Gravity, max 1.50 ASTM/D792, Method A
3.3.15 Watgr Absorption in24hr, max 1. 00% ASTM D570
3.3.16 Dielgctric Strength 200 V/mil ASTM D876
(Short Time Test), min (7,870 V/mm)
11
# 3.3.17 Volume Resistivity, min 107" ohm-cm ASTM D257
3.3.18 Dimensional Change on Heating ASTM D876
(See 4. 5. 10)
3.3.18.1 Didmetral In accordance with
Tabled
3.3.18.2 Lopgitudinal, max “10%, +1%
3.3.19 Shelf Life Pass 4.5.11
3.4 Marking: Prior to and aften.shrinkage, tubing shall be suitable for having numbers$ or characters
printed|on it with conventional tubing marking techniques.
3.5 Quality} The product.shall be uniform in quality and condition, clean, smooth, and free from foreign
materials and from{imperfections detrimental to fabrication, appearance, or perfqrmance of parts.
3.6 Standard Siz€s and Tolerances: Unless otherwise specified, tubing shall be suppligd in the
¢  standailld sizes and to the tolerances shown in Table I. Tolerances apply at 23° - 30°C (73. 4° -

86° F). | Measurements shall be made in accordance with ASTM D876.
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TABLE I

Recovered Dimensions (After Heating)

Expanded (As Supplied) Wall Thickness
ID, Inches 1D, Inches Nominal Wall Tolerance, Inch
Size min max Thickness, Inch plus and minus
1/4 0.250 0.143 0. 035 0.010
3/8 0. 375 0.214 0. 040 0. 010
1/2 0.500 0. 286 0,048 0,015
5/8 0. 625 0.357 0. 052 0. 015
3/4 0.750 0.429 0. 057 0.015
7/8 0,875 0.500 0, 065 0. 015
1 1. 000 0.571 0.070 0.020
1-1/4 1.250 0.714 0. 087 0. 020
1-1/2 1,500 0. 857 0. 095 0.020
1-3/4 1,750 . 1,000 0. 107 0. 020
2 2. 000 1.143 0,110 0.020
3 3. 000 1.713 0.125 0. 020
4 4, 000 2.284 0.149¢ 0.020
TABLE I (SI)
Recovered Dimensions (After Heating)
bxpanded (As Supplied) Wall Thickness
ID, Millimetres ID, Millimetres Wall Thickness Tglerance, Millimetre
Size min max Millimetres ples and minus
1/4 6.35 3,63 ' 0.89 0.25
3/8 9,52 5, 44 1.02 0.25
1/2 12.70 7.26 1.22 0.38
5/8 15.88 - 9. 07 1.32 0.38
3/4 19,05 10. 90 1.45 0. 38
7/8 22,22 12.70 1.65 0. 38
1 ) 25,40 14.50 1.78 0.51
1-1/4 31.75 18,14 2,21 0.51
1-1/2 38.10 21.77 2.41 0.51
1-3/4 44 (45 25.40 2.72 0.51
2 50+80 29. 03 2.79 0.51
3 76. 20 43.51 3.18 0.51
4 101,60 58. 01 3.56 0.51

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection: The vendor of tubing shall supply all samples 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 perform such confirmatory testing as he deems necessary

g  to assure that the tubing conforms to the requirements of this specification.

4.2 Classification of Tests:
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g

as acceptance or routine control tests.

4.2,2

Qualification Tests: Tests to determine conformance to low temperature flexibility (3. 3.7), heat

aging (3. 3.8), copper stability (3.3.9), corrosion (3.3.10), solvent resistance (3. 3.11), fungus
restricted shrinkage (3. 3.13), specific gravity (3. 3. 14), water absorption
(3.3.15), dielectric strength (8.3.16), volume resistivity (3. 3.17), and shelf life (3.3.19)

require

4.3 Sampling: Shall be in accordance with the following; a lot shall be all tubing of the same size from the
same production run offered for inspection at the same time.

g

resistance (3. 3.12),

ments are classified as qualification or periodic control tests.

4.3.1 Accepts

Ince Tests: Not less than 16 ft (4.88 m) of tubing from each lot.

4. 3.2 Qualifi¢ation Tests: Not less than 50 ft (15. 25 m) of tubing of each size or §ize ray

[4] sizes
4.4 Approval

4.4.1 Sample

such ap

those o
4.4.2 Vendor
product
any cha
procedy
process
shall bd

4.5 Test Metlods:

4.5.1 Tensile

ill qualify additional sizes as shown below:
Range of Sizes Qualification Size

7/8
4

1/4 - 7/8, incl
1-4 , incl

tubing shall be approved by purchaser befo¥e tubing for production use is si
proval be waived. Results of tests on production tubing shall be essentially
L the approved sample.

shall use ingredients, manufacturing procedures, processes, and methods
jon tubing which are essentially:the same as those used on the approved san
hge is necessary in ingredients, in type of equipment for processing, or in
res, vendor shall submit for reapproval a statement of the proposed change
ing and, when requestéd, ‘sample revised tubing. No tubing made by the re
shipped prior to rgceipt of reapproval.

Strength,( Elongation, and Tensile Stress: Three specimens shall be tested

strengtl), tensilestress, and elongation using 1-in. (25-mm) bench marks and a jay

speed o
be full s

20¢ns/+ 2 or 500 mm + 50 per minute, For sizes 3/8 and smaller, the sp¢

Tests to determine conformance to tensile strength (3. 3. 1), elongation
(3. 3. 2), tensile stress (3. 3. 3), hardness (3. 3.4), heat shock (3.3.5), flammability (3. 3. 6),
dimensional change on heating (3. 3.18), and size and tolerance (3. 6) requirements are classified

ge. Certain

Ipplied, unless
equivalent to

bf inspection on
ple tubing. If
manufacturing

s in material and
vised procedure

for tensile
F separation
tcimens shall

getions of tubing and the initial jaw separation shall be 1 in. (25 mm). TFor|

sizes larger than

3/8, the Specimens shall be cut from tubing using die D and the initial jaw separation shall be
2 in, (51 mm), The die D specimens shall be obtained by cutting the tubing wall along its entire
length, flattening the piece, and applying the die with its long dimension parallel to the longitudinal

axis of the tubing,

4.5.2

Heat Shock: Three specimens in the expanded form (as supplied), each approximately 12 in. (305 mm)
long, shall be conditioned for 4 hr + 0.2 in a mechanical convection oven which is at 200°C + 5

(392°F + 9) with an air velocity of 100 - 200 ft per min, (508 - 1016 mm/s) past the specimens.

After conditioning, the specimens shall be removed from the oven, cooled to room temperature,

and examined visually. Tubing shallthen be bent through 360 deg (6.28 rad) over a mandrel of the
diameter shown in Table II. The tubing shall remain free from cracks except that any side

cracking caused by flattening of the specimen on the mandrel shall be disregarded.
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4.5.3

4.5.4

4.5.5

4.5.6

TABLE II
Diameter of Mandrel
Size Inches (Millimetres)
1/4 to 1/2, incl 3/8 (9. 5)
5/8to1 , incl 5/8 (15.9)
1-1/4to 2 , incl 7/8 (22. 2)
2-1/4to4 , incl 1-1/8 (28. 6)

Low-Temperature Flexibility: Three specimens, each approximately 12 in. (305 mm) long, shall be
conditioned at -70° C + 3 (-94°F + 5.4) for 4 hr + 0.2, The specimens shall be full sections of tubing
for sizes 3/8 and smaller. For sizes above 3/8 12 in. (305 mm) X 1/4 in. (6 4 mm) strips shall be
cut from b ing e eel-man : b shall be conditioned
at ~-70°C|+ 3 (- 94° F + 5. 4) Upon completmn of this cond1t10n1ng and at th1s sametemperature, the
specimens shall be wrapped not less than 360 deg (6. 28 rad) about the mandrel’in-approximately

2 seconds. The specimens shall be free from cracks except that any side ¢racking ¢aused by
flattening of the specimen on the mandrel shall be disregarded.

Heat Aging: Three specimens shall be prepared as in 4.5.1 and shall be conditioned for 168 hr + 2 in
a mecharfical convection oven which is at 121°C + 3 or 250° F + 5, with an air velocitly of 100 - 200 ft
per min,| (508 - 1016 mm/s) past the specimens. After conditioniing, the specimens|shall be removed
from the|oven, cooled to room temperature, and tested for tensile strength and elongation in
accordange with ASTM D412,

Copper Stability: A specimen of tubing, approximately/6 in. (152 mm) long, shall bé slid over
a straight, clean, unplated, uninsulated, solid, copper conductor. For size 1/4, a pingle copper
conductof shall be used; for sizes 3/8 and larger,\ several copper conductors shall he used, each
conductor being AWG 18 (0. 0403 in.) (1. 024 mmy) or smaller. The specimens, on hQrizontally
suspendefl conductors, shall be conditionedfor not less than 24 hr in a humidity chaI:ber at 90% -

95% relafive humidity and 25° C + 3 (77°F +°5.4). The specimens, on horizontally syspended
conductors, shall then be conditioned.in)accordance with ASTM D573 for 168 hr + 2 in an oven

which is at 121°C + 3 or 250°F + 5{ cooled to room temperature, visually examined,| and tested

for elonghtion in accordance with’ASTM D412. The tubing shall not be brittle, glazed, cracked,
severly discolored, or otherwise' deteriorated by direct contact with copper. The cqpper shall

not be pifted or blackened,~ ‘Darkening of the copper due to normal air oxidation shall be disregarded.

Corrosioh: A strip spécimen, approximately 1 in. (25 mm) long x 1/4 in. (6. 4’'mm) wide cut from the
tubing, shall be plae&d in the bottom of each of two clean 1/2 x 12 in. (12.7 x 305 mm) test tubes.

A third tybe shall‘be’used for control. A copper-glass mirror about 1/4 in. (6.4 m}}) wide x 1 in.
(25 mm) [long €hall be suspended 6 - 7 in. (152 - 178 mm) above the bottom of each tube by fine
copper wire attached to a silicone rubber stoppe1 wrapped in aluminum foil. The mirrors shall be
hission of normal
incident light of 5000 angstroms. The coated mirrors shallbe stored in vacuum and may be used for test
only ifno oxide film is present andthe copper isnot visibly damaged. The threetest tubes shall be
tightly sealed. The lower 2 in. (51 mm) of each tube shall be placed in an oven or oil bath at

150°C + 3 (302°F + 5.4) for 16 hr + 0.5. After cooling, the mirrors shall be examined in a good
light against a white background. The copper shall not have been removed from a mirror leaving

an area of transparency greater than 5% of the total area, disregarding the bottom 1/16 in, (1.6 mm)
of the mirror. Discoloration of the copper film shall not be considered corrosion.
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Solvent Resistance: Tubing shall be immersed for 24 hr + 2 at 23°C + 3 (73.4°F + 5.4) in
(MIL~T-5624) JP—-4 fuel, MIL-H-5606 hydraulic fluid, SAE phosphate ester test fluid No. 1A

(see 8.2), aviation gasoline 100/130, MIL-L-7808 lubricating oil, MIL-A-8243 de-icing fluid,

and water. Six specimens (a total of 42), each approximately 6 in. (152 mm) long, shall be immersed
in each of the fluids, The volume of fluid shall be not less than 20 times that of the specimens. After
immersion, the specimens shall be lightly wiped and air dried for 30 - 60 min. at room temperature.
After drying, three of each group of six specimens shall be tested in accordance with ASTM D412

for tensile strength; the other three shall have inner electrodes inserted as specified in ASTM D876
and shall be tested in accordance with ASTM D149 for dielectric strength.

Fungus Resistance: Shall be determined in accordance with ASTM G21 except that the incubation
period shall be 28 days + 0.5 and the test organisms shall be Aspergillus niger, Aspergillus flavus,
Penicillium funiculosum, and Trichoderma sp. Three specimens, each approximately 3 in, (76 mm)
long,

i[a’“‘b?‘ﬂwd‘h‘!ﬂuh u;sa.u;.aul. -
Restricted Shrinkage: A specimen in the expanded form (as supplied) shall be)sh

onto a clean

k
metallit mandrel of the configuration and size shown in Fig. 1. The tubing.6n th:t:andrel shall

then be|conditioned for not less than 30 min, in an oven which is at 175° C+°5 (347°
accordqnce with ASTM D573, and cooled to room temperature. The tubing shall be
visually and then subjected to the following voltage withstand test: ‘The tubing shall
mandrefl and shall not be cracked. The test potential shall be applied between the 1
metal fpil electrode wrapped around the largest diameter of the tubing, in accordan
ASTM 876, The test potential shall then be applied in acéordance with the short-1

F + 9), in
examined
snugly fit the

handrel and a
ce with.
ime test of

Reports:

ASTM D149 using a 500 V per sec rate of rise.

Dimensional Change: Three specimens in the expanded form (as supplied), each approximately
6 in, {152 mm) long, shall be measured for length'and inside diameter. The spedimens shall be
conditfoned for 10 min. + 0.5 in a mechanical-convection oven which is at 175°C 4 5 (347° F + 9)
with 2n air velocity of 100 - 200 ft per min. (508 - 1016 mm/s) past the specimens. After
conditioning, the specimens shall be removed from the oven, cooled to room temperature, and
remegsured. Longer heating at such temperature shall cause no additional shrin}age. Prior to

and affer conditioning, the dimensions of the tubing shall be in accordance with Table I. Measure-
shall be made in accordance 'with ASTM D876. Longitudinal change shall he computed as
=H

ments
follow|

Length after heating - Length before heating
Length before heating

% Change = x 100

bsted in

ns shown in
hall meet
D.

Shelf Life: Three specimens, each approximately 6 in. (152 mm) long, shall be t
accordance with ASTM D2671, Tubing shall meet expanded (as supplied) dimensi
Table [T after conditioning for not less than 2 weeks at 60°C + 1 (140°F + 1. 8) and
recovéred dithensions shown in Table I after heat shrinking as described in 4.5.1

The vendor of tubing shall furnish with each shipment three copies of a report showing the results of
tests made on the lot to determine conformance to the acceptance test requirements of this
specification and a statement that the tubing conforms to the other technical requirements. This
report shall include the purchase order number, material specification number and its revision
letter, vendor's compound number, lot number, size, and quantity.
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4.6.2 The vendor of finished or semi-finished parts shall furnish with each shipment three .copies of a

report showing the purchase order number, material specification number and its revision letter,
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 lot of tubing to determine conformance to the requirements of this speci-
fication, and shall include in the report a statement that the tubing conforms, or shall include
copies of laboratory reports showing the results of tests to determine conformance.

4.7 Resampling and Retesting: If any specimen used in the above tests fails to meet the specified

g

5..

requirements, disposition of the tubing may be based on the results of testing three additional
specimens for each original nonconforming specimen. Failure of any retest specimen to meet
the specified requirements shall be cause for rejection of the tubing represented and no additional
testing shall be permitted. Results of all tests shall be reported.

PREPARATION FOR DELIVERY:

5.1 Identification: Each package shall be permanently and legibly marked with AMS 86234, size,
quantity, 1

5.2

5.2.

g

5.2.2 Packagesg shall be prepared for shipmeént in accordance with commercial practice td assure carrier
acceptange and safe transportation(to the point of delivery. Packaging shall conform to carrier rules

8.1

8.2

NOTES:

urchase order number, manufacturer's identification, and date of-manufacture.

Packaging

1 Packaging shall be accomplished in such a manner as will insure that the tubing, dufing shipment
and storgge, will not be permanently distorted and will be protected against damage [from exposure
to weath¢r or any normal hazard. Standard packages shall’each contain the following quantities in
one continuous length:

Size Quantity
1/4 to 2, incl 100 ft (30.5 m)
3 and 4 50 ft (15,3 m)

and regulations applicable to the mode of transportation.

ACKNOWLHDGMENT: A vender shall mention this specxficatxon number and its revisipn letter in all
quotations and when acknowledging purchase orders.

REJECTIONS: Tubing-not conforming to this specification or to authorized modificatigns will be
subject to rgjection.

Marginal Indicia: The phi () symbol is used to indicate technical changes from the previous issue
of this specification. ‘

SAE phosphate ester test fluid No. 1A is available from:

Monsanto Chemical Company
Organic Chemical Division

800 North Lindbergh Boulevard
St. Louis, Missouri 63166
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