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PLASTIC TU~ING, ELE(:TRICNL INSULHTIUN 

Irradiated Polyolefin, Pigr~~ented, Ser~ii-Rigid, Neat-Shrinkable 
Z to 1 Shrink Ratio 

1. SCOPE: 

l, .l Forr~~: This specification covers an irradiated, thern~ally-stabilizea, 
flar~ie-retardant, modified polyolefin plastic in the forr~ of thin wal i tubiny. 

1.2 Application: Prir~arily as a ser~~i-rigid, electrical insulation tubiny whose 

diameter can be reduced to a predeterr~~ined size by heating to a ter~~perature 
higher than 12U°C (25U°F). This tubing is stable under the followiny 
conditions: 

-55° to +135°C (-b5° to t275°F) Gontinuous 
-55° to +~SU°C (-65° to +3U0°F) 20~0 hours 
-55° to +175°C (-65° to +35U°F) 336 hours 
-55° to +200°C (-65° to +39U°F) 48 hours 
-55° to +250°C (-65° to +48U°F) ~ hours 
-55° to +3U0°C (-65° to +57~°F) 2 hours 

2. APPLICHBLE UOCU~~IEN1S: The followiny publications forni a part of this 

specification to the extent specified herein. The latest issue of Aerospace 
htaterial Specifications shall apply. The applicable issue of other docur~ents 
shall be as specified in NP1S 2350. 

2.1 SAE Publications: Hvailable from SNE, 400 Comc~onwealth ~rive, warrendale, 
PA 15U96. 

2.1.1 Aerospace h1aterial Specifications: 

ANIS 2350 - Standards and Test ,Niethods 

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state of technical and engineering sciences. 
The use o( this repoA is entirely voluntary, and its applicability and suitabilityr for any particular use, including any patent infringement 
arising therefrom, is the sole responsibility of the user." 

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

Copyright 1988 Sociery of Automotive Engineers, Inc. 	 Printed in U.S.A. 
All rights reserved. 
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2.2 NSTI~I Publications: Nvailable fror~ American Society for Testiny and 

hlaterials, l y lb Race Street, Philadelphia, PH 191030 

kSTPI D471 - Rubber Property - Effect of Liquids 

ASTf~i G2671 - Testiny Neat-Shrinkable Tubiny for Electrical Use 

ASTD"i G[1 	- Uetern~ining Resistance of Synthetic Polyrieric f~iaterials to Fungi 

2.3 U.S. Governnient Publications: Available fror~ Corimandiny ~fficer, Naval 

Publications and Forr~s Center, 5b~1 Tabor Avenue, Philadelphia, PN lyl2Ge 

2.3.1 h1ilitary Specifications: 

hiIL-H-56U6 - Nydraulic Fluid, Petroleum trase, Aircraft, f~~issiles and 

Ordnance 
hiIL-T-5624 - Turbine Fuel, tiviation, Grades ~P-4 anu JP-5 

2.3.2 Piilitarv Standard: 

hiIL-S1L,-7 y4 - Parts and Equipr~ent, Procedures for Packaginy and Packiny of 

3. 1ECHNICAL RE(~UIREhiENTS: 

30l Niaterial: Shall be an irradiated, therr~ally-stabilized, flar~~e-retar~art 
modified polyolefin. 

3.2 Color: Shall be black. 

3.3 Properties: Tubing shall confori~~ to the follo~riny requirer~ients; reportea 
values shall be the averaye of all specimens tested for each requirer~ent> 

Except as otherwise specified herein, tests shall be perforr~eu in accordar~ce 

~dith ASTM ~2671, insofar as practicable. 

3.3.1 Recoverea Tubiny: The following requirer~ents apply to tubirig after beiriy 

shrunk by heating to ZUO°C + 5(39U°F + 1~) in a convection-current air 
oven with air velocity of 1GU - 2UU feet/r~~inute (0.5 - 1.0 r~~/sec) past the 
tubiny, holding at heat for not less than 3 r~~inutes, rer:+cviny fror,~ the 
oven, and conditioning for not less than 4 hours at 23°C + 2(73°1 =  + 4) 

and 45 - 55% relative hui~idity. 

3.3.1.1 	lens i 1 e strenyth, r~in ir~ur~ 
~aw separation rate [ inches/ 	'lUUU Nsi 

r~~inute (G.bS r~ir.~/second) 	 (13.b hlPa) 

~ 

3.3.1.2 	Elongation, r~inir~iur~ 

3.3.1.3 ~ielectric Strength, minir~ur~ 

~ 

3.3.1.4 Volurie kesistivity, iiiinimur~i 

3.3.1.5 Flar~r:~ability, Procedure ~ 

~UG% 

5U~ V per r;ii l 
(1 y ,7~U V/r~iri) 

1~ 14 ohr~-cr~ 

Self-extinguishing within 

1 t~iinute; n~ r~ore than l5% 
of indicator burned or 
charred; no falliny, burning 
particles 
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3.3.1.6 Copper Stability 	 Pass 

3.3.1.5.1 	Elongation, minimum 	 200% 

3.3.1.7 Fungus Resistance 	 Rating of 1 or less 	ASTM G21 

3.3.1.8 Low-Temperature Flexibility 	 4.5.1 
4 hours at -55°C + 2(-65°F + 4) 	No cracks 

3.3.1.9 Heat Aging, 1~8 hours + 2 

at 175°C + 3 (345°F + 5) 

3.3.1.9.1 	Elongation, minimum 	 150°1 

3.3.1.10 Corrosion, Procedure A, After 

16 hours + 0.25 at 15U°C + 3 
(300°F + ~) 	 Pass 

3.3.1.11 	Solvent Resistance 	 4.5.2 

3.3.1.11.1 Tensile Strength, minimum 	 1600 psi 

(11 .0 P~1Pa ) 

3.3.1.11.2 Dielectric Strength, minimum ~ 	400 V/mil 
(15,750 V/mm) 

3.3.1.12 Dimensional Change on Heating 

3.3.1.12.1 Diametral 	 In accordance with 
Table I 

3.3.1.12.2 Longitudinal, maximum 	 _5q, +1% 

3.3.2 Expanded Tubing: The follo~ving requirements apply to tubing in the 
expan e 	as-received) condition. Heating for the tests of 3.3.2.2 and 
3.3.2.3 shall be performed in an oven as specified in 3.3.1. 

3.3.2.1 Secant Modulus at 2% 	 35,000 psi 
Strain, minimum 	 (240 MPa) 

3.3.2.2 Heat Shock, 4 hours at 	 No dripping, flowing 
250°C + 5(480 °F + 10) 	 or cracking 

3.3.2.2.1 Bending after Heat Shock 	 No cracks 	 4.5.3 

3.3.2.3 Restricted Shrinkage, Procedure C, 

After 30 minutes + 1 at 	 No cracks; withstand 
175°C + 5(345°F + 10) 	 ?_000 V for 1 minute 

3.3.2.4 Specific Gravity, maximum 	 1.35 

3.3.2.5 Water Absorption, maximum 

24 hours + 0.25 at 25°C + 2 
(77°F + 4~ 	 0.50~ 
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3e4 f~larkiric~; Tubing, prior to ana aft~r sririnkage, shall be suitable for Iiavinc~ 
nur3ibers or characters printed on it with conveni;ional tube rt~arkiny 
techniqueso 

3.5 Quality: Tubiny, as received by purchaser, shall be unifori,: iri quality and 

condition, sr~ooth, and free frors fioreign r~aterials ana fror~~ ir,iperfections 
cietrir~,ental to usage of the tubiny. 

3.6 Standard Sizes and Tolerances: lubiny shall be supNliea ir~ ler~yths ot 48 
inches, +1, -0 1219 r~r~, +~5, -G) ~.nd in the standard sizes and to the 

tolerances shoran in lable Ie Tolerances apNly at 23° - 3U°l, i73° -~b°F~)e 

~~leasuren~ents shal l be rade in accordance with AS1~~i ~26%10 

4, QUALITY ASSUkANCE PR~VISIOI~S: 

4.1 Responsibility for Inspection: The vendor of tul~ir~g shall supply all 

sar~~~les for vendor's tests anci shall be responsible for perforr~~ing all 
required tesl,s. Kesults cf such tests shall be re~ortea to the Nurchaser as 

required by 4.6. Purchaser reserves i;he riyhl: to sar~iple and to perfiorr~; any 
confirr,atory testing deer~~ed necessary to ensure that the tuUiny confiorr~~s to 
the requirer~~ents of this s~ecifiicatione 

4.`L Classification of 7ests: 

4e2.1 Acceptance 7ests: Tests to aeterr~~ine confiori,~ance to requirer,~ents for 
tensile strenyth 13.~.1.1), elonyation (3.3.1.2), filar~r~~ability (~.3.1.~) 
dir~~ensional change on heating (3.3.1.12), secar~t r~~odulus (3.~.~.1), heat 
shock (3.3a2.2), ana siz~s and tolerances (3.~) are classifiea as 

acce~,tance tests and s~~~all be perforr;~ed on each lot. 

4.~,2 Periodic 7ests: Tests to deterr:iine conforr~arice tu requirer~~ents for~ 
dielectric strenyth (3.3.1.3), volur~e resistivity (3>3,1.4), copper 

stability (3.3e1.6), fungus resistance (3.3.1.7), lo~~-teruperature 
flexibility (3.3.1.8), heat ayiny (3.3.1. y ), corrosion (3.3.1.1~), solvent 

resistance (3.3<l.11), restricted shrinkage (3.3.~.3), sNecific yravity 
(3.3.2.4), ~~ater absor~,tion (3.3.2.5), ar~U r~~arking (3.4) are classifiea as 
periodic tests and shall be perforr~ea at a freyuency selected k,y tl~ie- 
verrdor unless frec,uency of testing is specified 'by purchaser. 

4e1.3 Preproduction Tests: 7ests to determine conforn~anc~ to all techr~ical 

requirer,~ents of this specificatiun are classifieu as preproduction tests 

and shall be perfiorr~~ed prior to or on the initial shipr.~Ent ofi tubiny to a 
purchaser, wher a chanye in r~aterial, ~,rocessing, or both, reyuires 
rEapproval as iri 4.4a2, ana when purchaser deer~~s confirn~atory testiny tu 
be required. 

402.3.1 For direct U.Se hlilitary procurei,~ent, su~stantiating test cia~ta ar~d, when 
requested, preproduction test material shall ue su~n:ittec~ to the 
coynizant agency as directeG by the procuriny ~ctivity, contractir~y 

officer, or request for procurement. 
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4.3 Sar~~p ling: Shall be in accortlance with NSTf~i U2671 and the followiny; the 
(b 	nur~~ber of deterr~inations for each requirer~ent shall be as specified in the 

ap~licable test procedure or, if not specified therein, not less than 
three. N lot . shall be all tubing of the same size fror~ the sac~e Nrouuction 

run presented for vendor's inspection at one tir~e; a lot shall not exceed 

5UU,UCO feet (152,40~ r,~). A lot r~~ay be packagea in srualler yuantities and 
delivered under the basic lot approval providea lct identification is 

rr~aintained. 

403.1 For~ Acceptance Tests: fvot less than 16 feet (5 r~~) of tubiny fror,~ each lot. 

4.3.1.1 When a statistical sar~pliny plan arid acceptance quality level (ti(~L) Yiave 
been ayreed uNon by purchaser and venuor, sar~pliny shall be in 

accurdance with such plan in lieu of sarnpliny as in 4.3.1 and the reNort 

ofi 4.6.1 shall state that such plan ~ras used. 

4.3.2 For Periodic Tests: Not less than 50 feet (15 t~~) of tubiny of each size 

or size range. Certain represer~tative sizes r~ay be used ta der;~onstrate 
conforr;~ance of a range of sizes as follows: 

Representative Size 	 Ranye of Sizes 

1/4 	 3/64 - 1%4, incl 
1/2 	 , 	 3/~ - 1/Z, incl 

4.3.3 For Preproductior~ Tests: As ayreed uNor~ by purchaser and veridor. 

4.4 Approval: 

4.4.1 Sar;ple tuLiny shall be approved by purchaser before tubiny for proauction 

use is supplied, unless such approval be waived by purchaser. KESUIts of 
tests on production tubiny shall be essentially equivalent to those un the 
approved sar~ple. 

4.4.2 Vendor shall use ingredients, r,~anufacturing procedures, processes, and 

r~ethods of inspection on production tubiny which are essentially t~~e san~e 

as those used an the approved sar~ple tubing. lf necessary to r~~ake any 

change in ingredients, in type of equiprient for processiny, or in 

nanufacturiny proceaures, vendor shall subrnit for reapproval a stater~~ent 

of the proposed changes in rnaterial, processing, or both and, when 
requested, sar:~ple tubiny. Tubiny r~ade by the revised procedure shall not 
be shipped prior to receipt of reapproval. 
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4.5 Test hiethoas: 

4.5.1 Lord-Ter~perature Flexibility: Shall be aetermined in accoraance with ti51P~ 

U2671, Proceaure C, bendiny the specin~en aruund tl~e appl ica~le r~~anarel ofi 
Table IIo Any side-cracking, caused by flatteniny of the specir,~en on the 

riandrel, shall be disregarded. 

1/~BLE lI 

Piandrel Uiar:~eter 
lncfi 	I~ii 11 ir~ietres 

3/64 to 3/lb, incl 	 5/lb 	7e~ 

1/4 to 1/[, incl 	 3/8 	 5.5 

4.5.2 Solvent Resistance: Shall t~e determined in accordance with AS11~i U~b%1 on 

specimens ir~~r.iersed for 24 hours +~ at 'L3°l, +;s (73°F + 5) in Pi1L-T-5624 
,;N-4 Fuel, SAE phosphate ester test fluid No. 1~+, P11L-h-~bUb hydraulic 
oil, ~,SThi Fuel B(See NSI~~ L;471), ana ~;ater. 

4.5.3 bending tifter heat Shock: Specir,~ens fror~~ the heat shock test of ~.3.ce~ 
shall be k,ent 180 degrees arouna the applicable r;~anurel of 7a~le 11. l~ny 

side-crackiny, causec+ by flatteniny of the specin~en on the i~~andrel shall 
be disregarded. 

4.6 Keports: 

4.6.1 1he vendor of tubiny shall furnish ti~ith each shipt~;ent a reNort showiny the 

results of tests to deterruine confort~~ance to the acceptance test 
requirer;ents and, when perforr~~ed, to the periodic test requirer~~ents, anu 
stating that the tubing conforrzs to the other technical requirer~ients of 
this specification. This report shall include the ~urchase order nui,~ber, 

A~IS 3638E, vendor's cor~~pound nur~iber, lct nun~ber, size, and yuantitye 

4.6.[ The vendor of finished or ser:?i-finished parts shall furnisf~ witii each 
shipment a report showing the purchase order nur~ber, Af~iS 363b~, contractor 

or other direct supplier of tubiny, supplier's cor c~Nound nui~iber, part 
number, and quantity. When tubiny for r~~akiny parts is Nroaucea or 

purchased by the parts vendor, tl~at ven~or shall inspect each lot uf 

tubing to deterrriine conforruance to the requirerier~ts uf this specificatior~ 
and shall incluae in the report either a stater:~ent triat the tubiny 

conforr~is or copies of laboratory reports showiny the results of tests to 
deterr~ine conforr~~ance. 

4.7 Resai,~pl ing and ketesting: If trie averaye results of the sNecir~~ens tested 
for any requirer~ent fail to r~eet the specifiea value, uisNosition ofi the 
tubing may be based on the results of testiny three additional sNecir~,ens for 

each oriyinal specir~en failiny to r~~eet the s~,ecified averaye reGuiret~~ent. 
Failure of the average of the original sNecir,~ens plus the retest sNecir~~ens 
to meet any specified reyuirer~~er~t shall be cause fior re~ection ufi the tul,iny 
represented ar~d no additior7al testiny s~~all be peri,~itted. kesults of all 
tests shall be reported. 
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AhiS 363~E 

5. PkEPNRRTIGN FOK DELIVEKY: 

5.1 ld~ntification: Each packaye of tubing shall be ~,err~~anently and leyibly 
r~iarked with not less than /~hiS 363bE, size, quantity, ~;urchase order nur„ber, 
r,~anufacturer's identification, and date of r~~anufacture. 

5.~ Packaginy: 

~.2.1 Packaging shall be accor~plished in such a 

tubing, during shipment and storaye, will 
~~ill be protected ayainst da~~~age fror,+ exp~ 
norr~~al hazard. Stanaard packages, except 
each contain the followinc quantities: 

Size 

3/64, 1/16, 3/3~, 1/8, 3/16, 1/4, 3%b 
~/L 

r:zanner as will ensure that the 

not be perr~ianently aistort~a ano 
~sure to weather or any other 

as specifiea in 5.~.1.1, shall 

(~uaritity 

IOGU feet (3U5 r~~) 
b0~ fieet ([44 n~) 

5.2.1.1 Packaginy of special sizes ar~a lenyths shall be as agreed upon by 

~ 	purchaser and vendor. 

5.2.2 Packayes of tuUiny shall be prepared fior shipr~~ent in accoraance with 

cor~~r~ercial practice and iri cor~~pliance with aNNlicable rules an~ 
reyulations pertainir~g to the handliny, packaginy, and trans~,ortation of 

the tubing to ensure carrier acceptance and safe delivery. Packayiny 
shall coriforr~ to carrier rules and reyulations applicable to tfie r~~oae of 
transportation. 

5.'L.3 For direct U.S. f~~ilitary procure<<~ent, packaying shall be in accuruance 

~dith P~1L-STU-754, Level A or Level (:, as specifiied in tl~e request tor 
procurer,ient. 	Cor:~r:~ercial packaginy as in ~.2.1 ana 5.~.2 will be 
acceptablE if r~eets the requireraents of Level C. 

6. ACK~JUWLEUG~IEI'~T: ti vendor shall r~~ention this specification nur,~ber ana its 
revision letter in all quotations and ~~hen acknowlenying purchase orders. 

i. REJE:CTlUNS: Tubiny not confiorr,~iny to this specitication, or ta r~~odifiications 
authorized by purchaser, will be subject to rejection. 

5. NUTES: 

8.1 	~laryinal Inaicia: 	The phi (10) syr~~bol is used to inricate teciir~ical 
chanyes fror,~ the previous issue of this specificatiori. 

8.2 Gir~~ensions and properties in inch/pound units ana the Celsius ternNeratures 

are prir~ary; dir~ensions and properties in SI units dnd the Fahrenrieit 
ter~peratures are shown as the approxir,~ate equivalents of the prir~ary units 

and are preser~ted only for infiurr,~ation. 
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