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PERFORMANCE SPECI FI CATI ON
FOAM RI G D, STRUCTURAL, CLOSED CELL

This specification is approved for use by all Departnents and Agencies of the
Depart ment of Defense.

1. SCCPE

1.1 Scope. This specification covers rigid, structural, closed cel
foam (see 6.1).

1.2 dassification. The foamto be of the follow ng types and cl asses:

Type | For processing up to tenperatures of 250°F (121°C)
Cass 1 2.0 I b, /ft® (32.0 kg/n?) density, nomi nal
Cdass 2 3.2 I b,/ft®(51.3 kg/n?) density, nomi nal
Cass 3 4.7 Iby/ft® (75.3 kg/ n) density, nonina
Type 11 For processing up to tenperatures of 350°F (177°C) after
post-curing (see 6.4)
Cdass 2 3.2 I b, /ft® (51.3 kg/n?) density, nomi nal
Cass 3 4.7 by /ft3 (75.3 kg/ n?) density, nomi nal
Cass 4 6.9 | b, /ft®(110.5 kg/ n?) density, nonina
Cass 5 12.8 I by, /ft® (205.0 kg/ ) density, nom nal
Cass 6 18.7 I by, /ft® (299.5 kg/ n?) density, nom nal

2. APPL| CABLE DOCUMENTS

2.1 GCeneral. The docunents listed in this section are specified in sections 3
and 4 of this specification. This section does not include docunents in other
sections of this specification or recommended for additional information or as
exanples. While every effort has been made to ensure the conpl eteness of this
list, document wusers are cautioned that they nust neet all specified
requi renents docunents cited in sections 3 and 4 of this specification,
whet her or not they are I|isted.

UAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
3 Beneficial comments (reconmendations, additions, deletions) and any

3 pertinent data which may be of use in inproving this docunment should be
3 addressed to: Director, U S. Arnmy Research Laboratory, Wapons and

3 Materials Research Directorate, ATTN. AVMSRL-VWM APG MDD 21005-5069 by
3 using the Standardi zati on Docunent | nprovenment Proposal (DD Form 1426)
3

W wwwwwe

appearing at the end of this docunent or by letter
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2.2 Non-Governnent publications. The followi ng docunents forma part of this
docunent to the extent specified herein. Unless otherw se specified, the
i ssues of the docunents which are DoD adopted are those listed in the issue of
the DoDISS cited in the solicitation. Unless otherw se specified, the issues
of docunents not listed in the DoDISS are the issues of the docunents cited in
the solicitation (see 6.2).

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C273 - Standard Test Method for Shear Properties of
Sandwi ch Core Materials

ASTM D638/ - Standard Test Method for Tensile Properties of
D638M Pl asti cs
ASTM D910 - Standard Specification for Aviation Gasolines
ASTM D1621 - Standard Test Method for Conpressive Properties of
Rigid Cellular Plastics
ASTM D1622 - Standard Test Method for Apparent Density of Rigid

Cellular Pl astics

(Application for copies should be addressed to the Anerican Society for
Testing and Materials, 100 Barr Harbor Drive, Wst Conshohocken, PA 19428).

SCCI ETY OF AUTOMOTI VE ENG NEERS ( SAE)

AS 1241 - Fire Resistant Phosphate Ester Hydraulic Fluid for
Aircraft

(Application for copies should be addressed to Aerospace Material
Speci fications, 400 Commonweal th Drive, Warrendal e, PA 15096).

2.3 Oder of precedence. In the event of a conflict between the text of this
docunment and the references cited herein, the text of this docunment takes
precedence. Nothing in this docunment, however, supersedes applicable | aws and
regul ati ons unl ess a specific exenption has been obtai ned.

3.  REQUI REMENTS

3.1 First article. Wen specified in the contract or purchase order, a sanple
shall be subjected to first article inspection (see 4.2.1).

3.2 Recycled, recovered, or environnentally preferable materials. Recycled,
recovered, or environmentally preferable materials should be used to the
maxi mum extent possible provided the material neets or exceeds all specified
requi renents and pronotes econonically advantageous |ife cycle costs.

3.3 Material. The material shall be a dinmensionally stable, closed cell,
rigid foam The foam material shall be honbgeneous throughout. The cells shall
be of approximately the same size, w thout |arge accumul ati ons of unexpanded
resin, or other inclusions. The foam shall be free of cracks, surface
irregularities, handling damage, and contam nants. The foam shall conformto
t he di nensional requirenents of the purchase order.
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3.4 Thermal stability. Type | expanded foam shall maintain dinmensional
stability at tenperatures up to 250°F (121°C). Type Il foam shall nmaintain
di mensional stability at tenperatures up to 350°F (177°C).

3.5 Marking. Each individual sheet shall be permanently nmarked in one corner
with the follow ng information:

a) Material specification nunber, revision letter
b) Type and cl ass

c) Lot nunmber and batch nunber

d) Date of manufacture

e) Manufacturer’s product designation

3.6 Properties. Unless otherwi se specified, the physical, chemcal, and
mechani cal properties of the foam shall be as specified herein when tested in
accordance with the test nethods listed in Table V.

3.7 Physical properties. The density range and maxi mal water absorption of
the foam shall be as specified in Table I.

3.8 Fluid resistance. The foam shall be resistant to the fluids listed in
Tabl e TT. The conpressive strength of the foamat 73.4 + 3.6°F (23.0 + 2.0°0)
shall remain above the mnimal values specified in 3.3.3 when imersed in the
fluids for the exposure times and tenperatures as specified in Table I1.

3.9 Mechani cal properties.

3.9.1 Type | foam The mnimal mechanical properties of type | foam shall be
as specified in Table I11.

3.9.2 Type Il foam The mniml mechanical properties of type Il foam shall
be as specified in Table IV

4. VERI FI CATI ON

4.1 Verification alternatives. Alternative test nethods, techniques, or
equi prent, including the application of statistical process control, tool
control, or cost effective sanpling procedures nmay be proposed by the
contractor. Acceptable alternative verification approaches shall be identified
in the contract.

4.2 Cassification of inspection. The examnation and testing of the foam
material shall be classified as foll ows:

a) First article inspection (see 4.2.1)
b) Confornmance inspection (see 4.2.2)

4.2.1 First article inspection. First article inspection shall be perfornmed
on the first production-representative sanples of an order when a first
article sanple is required (see 3.1). The first article sanple(s) shall be
examined for all the provisions specified by the procuring activity, the
contract or the purchase order (see 6.2). This inspection shall consist of the
tests specified in table V.
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4.2.2 Conformance inspection. Conformance inspection for acceptance of rigid,
structural, closed cell foam shall neet all the provisions specified by the
procuring activity, the contract or the purchase order (see 6.2).

4.3 Lot size. Lot size shall consist of all foammaterial of the sane density
produced from one batch during a single production run

4.4 Sanmpling. Unless otherwi se specified, at |east one sanple sheet which is
representative of each lot (4.3) shall be selected at random for confornmance
testing. Wien material is supplied in thicknesses of less than 1 inch (2.5
cm), the supplier shall also furnish material fromthe same Iot, not |ess than
1 inch (2.5 cnm) thick for conformance inspection

4.5 Water absorption test. Water absorption shall be determned on five
speci mens selected at random from each density submitted for testing. Each
speci men shall be 2 inches by 2 inches by 1 inch thick (5 x 5 x 2.5 cm. The
speci mens shall not be sealed or protected with any coating which would
i nhibit noisture absorption. After drying as specified in 6.3, the specinens
shall be allowed to cool to roomtenperature (73.4 + 3.6°F) (23.0 + 2.0°C) in
an environnental ly controlled (50 + 5% RH) roomfor 2 hours, and then shall be
wei ghed. The specinens shall then be placed into an environnmental chanber at a
relative humidity of 85 + 2 percent and a tenperature of 160 + 5°F (71 + 3°C).

Speci mens shall be renoved fromthe chanber periodically (but at |east once a
week), allowed to cool to roomtenperature, then rewei ghed to determ ne wei ght
after exposure. The above procedure shall be repeated until the equilibrium
nmoi sture |level (saturation) is attained. Equilibrium shall be defined as two
consecutive weekly mneasurenents indicating a noisture gain of |less than 0.05
percent. Except for reweighing, wet conditioning shall not be interrupted.
Cal cul at e moi sture absorption for each speci men as: weight (percent) absorbed
= [(wei ght wet specinmen - weight dry specinmen)/(weight dry specinen)] x 100.
Cal cul ate the average noi sture absorbed.

4.6 Nonconpli ance.

4.6.1 Rejection. Unless otherw se specified where one or nore test specinens
fail to neet the requirenents of the specification, the ot represented by the
speci men or speci mens shall be subject to rejection

4.6.2 Retest. Wen a sanpling plan is not provided or approved by the
procuring agency, where there is evidence that indicates that the specimen was
not representative of the lot of material, and when the contract does not
otherwi se specify, at least two specinmens shall be selected to replace each
test specinmen which failed. Al specinmens so selected for retest shall neet
the requirements of the specification or the lot shall be subject to
rejection.

4.7 Test results. Test results shall be kept in the contractor’s file for the
duration of the contract.

5. PACKAGQ NG

5.1 Packagi ng. For acquisition purposes, the packagi ng requirenments shall be
as specified in the contract or order (see 6.2). Wen actual packagi ng of
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materiel is to be performed by DoD personnel, these personnel need to contact
the responsible packaging activity to ascertain requisite packaging
requi renents. Packaging requirements are maintained by the Inventory Contro
Point's packaging activity within the Mlitary Departnent or Defense Agency,
or within the Mlitary Departnment's System Conmand. Packaging data retrieval
is available from the managing MIlitary Department's or Defense Agency's
aut omat ed packaging files, CD ROM products, or by contacting the responsible
packagi ng activity.

6. NOTES

(This section contains information of a general or explanatory nature which
may be hel pful, but is not mandatory).

6.1 Intended use. The foans which are specified in this docunment are rigid,
closed cell materials conparable in density to sone types of honeyconb core
This material may be a viable candidate for structural aerospace applications
whenever a core or filler is needed and in nonstructural applications
i ncluding formed configurations. Polynethacrylimde (PM) foam has been used
to conply with the requirenments of this specification

6.2 Acquisition requirenents. Acquisition docunents should specify the
fol | owi ng:

a. Title, nunber and date of the specification

b. Type and class of material (see 1.2)

C. Issue of DoDISS to be cited in the solicitation, and if required
the specific issue of individual docunents referenced (see 2.2).

d. Wen first article is required (see 3.1).

e. Dinmensions in SI and English units.

f. Sanpling plan, if other than specified in 4.4

g. Packaging requirenments (see 5.1).

6.3 Procedure for drying type | and type Il foans. Dry foam sections and
panels in an air circulating oven at 250+ 10°F (121 + 5°C) for a mininum of 2
hours. Do not allow panels to cone in contact with other panels in the oven
(do not stack panels). Separate each panel from the cl osest panel by not |ess
than one inch (2.5 cm. Arrange panels parallel to the direction of air flow
Do not place panels directly on the bottom of the oven, or on any other piece
of nonperforated netal (which could restrict air flow. Place a piece of
perforated netal or heavy netal screen atop the panel to prevent warpage
during the drying cycle.

6.4 Procedure for heat treating type Il foans. Prior to heat treating, dry
the material in accordance with 6.3. Heat treat the material imediately after
the drying cycle for the following tinmes and tenperatures: 48 hours @ 350 +
10°F (177 + 5°C) for class 2 and 3, 20 hours @320 + 10°F (160 + 5°C) foll owed
by 28 hours @350 + 10°F (177 + 5°C) for class 4 and 5, and 24 hours @ 350 +
10°F (177 + 5°C) for class 6. Do not allow panels to come in contact wth
other panels in the oven (do not stack panels), and separate each panel from
the cl osest panel by not less than one inch (2.5 cm. Arrange panels parallel
to the direction of air flow Do not place panels directly on the bottom of
the oven, or on any other piece of nonperforated netal (which could restrict
air flow. Place a piece of perforated netal or heavy netal screen on both
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sides of each panel to prevent warpage during the heat treating cycle. Heat
treating is a processing step involving extended exposure of foamto el evated

tenperatures; heat treat under highly controlled conditions to ensure
di mensi onal stability of the foam

6.5 Subject term (key word) listing.

Honeyconb core
Pol yret hacryl i m de

Cust odi ans:

Preparing activity:
Arny - MR Arny - MR
Navy - AS
Air Force - 11

Project No. CMPS-0136

Revi ew activities:
Arny - AT, AV, IE
Navy - SH
Air Force - 13
DLA - DH
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TABLE |I. Physical properties of rigid foam

d ass Density Vater Absorption (%, Mix 1/

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1.56 to 2.44 (25.0 - 39.1) 13 --

2.45 to 3.85 (39.2 - 61.7) 13 10

3.86 to 5.59 (61.8 - 89.5) 13 10

5.60 to 8.20 (89.7 - 131.3) -- 10

10.60 to 15.00 (169.8 - 240.3) -- 10

6 1560 to 21.80 (249.9 -349.2) oo oo 10
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1/ The procedure in paragraph 4.5 shall be used to determ ne water absorption

OO WNE
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TABLE Il. Fluid resistance tinmes and tenperatures of imersion. 1/

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Huid oo lmrersion Time o Tenperature
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Gasol i ne (ASTM D910, octane 100) 1500 hours 73.4 £ 3.6°F (23 = 2.0°C
Hydraulic oil, petrol eum base 1500 hours 73.4 £ 3.6°F (23 = 2.0°C
Hydraulic oil, synthetic 1500 hours 73.4 £ 3.6°F (23 = 2.0°C

hydr ocar bon base

JP-4 turbine fuel, aviation 1500 hours 73.4 £ 3.6°F (23 = 2.0°C)
Lubricating oil, aircraft turbine 1500 hours 73.4 £ 3.6°F (23 = 2.0°C
engi ne, synthetic base with a

ki nematic viscosity of 4.0 + 1.0

centistokes [4.3 + 1.1(10)° ft% sec]

at 212°F (100°C)

Deicing fluid (propyl ene glycol 1500 hours 73.4 £ 3.6°F (23 = 2.0°C
base with a specific gravity of

1.103 £ 0.003 or ethylene glyco

base with a specific gravity of

1.105 + 0.005)

C eani ng conmpound, water dilutable 1500 hours 73.4 £ 3.6°F (23 = 2.0°C
for exterior surfaces of aircraft

Acetone (If the end itemw Il be 1500 hours 73.4 £ 3.6°F (23 = 2.0°C
exposed to nethyl ethyl ketone,

MEK shal | repl ace acetone)

Fire resistant phosphate ester 1500 hours 158.0 = 3.6°F (70 = 2.0°C

hydraulic fluid (SAE AS 1241,
type LV, class 1) o
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1/ Specimens shall be dried prior to imrersion and prior to testing in
accordance with paragraph 6. 3.

TABLE I'l1. M niml mechanical properties of type |I foam

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

d ass Conpr essi ve Tensil e Shear
Strength Strength Modul us Strength Modul us
oo psio(kPa) o psi (kPa)  ksi (MPa)  psi (kPa) ksi (MPa)
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1 29 (200) 80 (552) 3.2 (22.1) 42.6 (293.7) 1.1 (7.6)
2 61 (421) 152 (1048) 6.2 (42.7) 72.5 (499.9) 2.0 (13.8)
3 137 (945) 246 (1696) 10.6 (73.1) 127.0 (875.7) 3.0 (20.7)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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TABLE I V.  Mnimal nechanical properties of type Il foam 1/

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

d ass Conpr essi ve Tensil e Shear
Strength Strength Modul us Strength Modul us

oo psi (kPa) o psi (kPa)  psi (kPa)  psi (kPa) ksi (MPa)
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

2 58 (400) 128 (883) 6.5 (44.8) 72 (496) 2.0 (13.8)

3 152 (1048) 227 (1565) 10.8 (74.5) 145 (1000) 3.5 (24.1)

4 319 (2200) 369 (2544) 19.5 (134.4) 253 (1744) 5.8 (40.0)

5 928 (6399) 780 (5378) 39.1 (269.6) 426 (2937) 14.5 (100.0)

6 1150 (7929) 1180 (8136) 43.5 (299.9) 760 (5240) 29.0 (200.0)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR
1/ Aerospace users may specify higher values for structural applications in
consul tation with the manufacturer/supplier

TABLE V. Test nethods.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

o Property o Test Method
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Conpr essi ve strength ASTM D1621 ¥ 2
Apparent density ASTM D1622 ¥
Shear strength ASTM C273 ¥
Shear modul us ASTM 273 ¢
Tensile strength ASTM D638 ¥
Tensi | e nodul us ASTM D638 ¢

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1/ Procedure A in ASTM D1621
2/ Specinmen size: 2 in. x 2in. x 1in. (5x5x 2.5cn, speed 0.2 in./mn
(0.5 cmmmn).
3/ Specimen size: 4in. x 4in. x 1in. (10 x 10 x 2.5 cm
4/  Conpression nmethod, speed: 0.08 in./mn (0.20 cmmn), thickness: 0.78 in.
(1.98 cm.
5/ Specimen type I, 0.4 in. x 0.4 in. (1 x 1 cm, speed: 0.2 in/mn
(0.5 cmmmn).
6/ Specimen type I, 0.4 in. x 0.4 in. (1 x 1 cm, speed: 0.04 in/mn
(1 mm mn).
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