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ASTM Publications: Available from ASTM, 1916 Race Street, Philadelphia, PA
19103-1187.
ASTM B 660 - Packaging/Packing of Aluminum and Magnesium Products

ASTM E 34

TECHNICAL

5 - Tension Testing of Metallic Foil

REQUIREMENTS:

Material:

The product shall be a monolayer of boron filaments Tai

d on and

covered with 6061-0 aluminum alloy foil, pressed and bonded to produce
nominally 50% by volume each of boron filaments and aluminum alloy.

Boron F

laments: Shall conform to AMS-3865 with nominal filamen

of 0.00

Aluminu

%6 inch (0.142 mm).

I Alloy Foil: Shall conform to AMS-4009 of the tficknesqg

to prod

Construct

lice 50% by volume.
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Fabrica

tion: The product shall be fabricated\. by collimated posf
laments, 130 £ 2 per inch (25.4 mmd>on an aluminum alloy
sheet. The boron filaments shall@be secured on the foil
k. binder that may be driven off during the outgassing pha
bnt diffusion bonding. Each poron filament/aluminum allg
br shall be covered with anoadditional Tlayer of foil of f{

ESs as the backing foil.

1 Gaps: There shall_fe/not more than one 0.010-inch (0.4

per inc
shall h
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h (25.4 mm) of widthAn any 12 inches (305 mm) of Tength
ve a width greater-than 200% of the nominal filament sp4d

Iation of the pUmber of gaps and gap width shall be made
ce with 3.2.2,1.
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t shahhDbe determined visually or, when specified, by 1d
rapki¢ techniques. Locations of nonconforming gaps, crg
fi \aments, splices, or broken filaments shall be marked

t<n such a manner that the defective area can bhe remaovd

er fabrication.
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ts, determined in accordance with 3.2.2.1.
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There shall be no filament crossovers or stray

not exceed

0.5% of the filament count in any 10-foot (3-m) or shorter length and
shall not be closer to an adjacent filament defect than 0.50 inch
(12.7 mm) laterally (transverse direction) and 6.0 inches (152 mm) along

the fil
3.2.2.1

Edge De

ament axis (longitudinal direction),

lamination: Shall

edge.
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not extend more than 0.05 inch (1.3 mm) from any
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3.2.6 Boron Fiber Volume: The volume of boron fibers shall be 50% £ 2,
determined by microscopic examination of the number of 0.0056 inch
(0.142 mm) diameter (using actual filament diameter) filaments per inch
(25.4 mm) of width in relation to the foil thicknesses. This
determination can be by actual count of the filaments visually or, when
specified, on the radiograph produced in 3.2.2.1.

3.3 Properties of Boron-Aluminum Sheet: The product shall conform to the
following requirements; the specified values apply to the average of four
determinations per test but no individual specimen shall have tensile
strength or tensile modulus less than 90% of the average value specified.
Tests shald—be pav‘-Frw‘mod an cpor“imnnc cut from r‘nmpnc'i'f'n p;ann'lc fabricated
in accordgnce with 3.3.1 and tested in accordance with 3.3.2. _koy tests at
500°F (260°C), specimens shall be held at the test temperaturexfon not less
than 30 mjnutes before testing.

At Room Temperature At 500°F £+ 10] (260°C + 6)
Property psi MPa psi MPa

Tensile $trength,

minimup average

Longityidinal 180,000 1241 160,000 1103

Transvgrse 15,000 103 7,000 48
Tensile Modulus,

minimup average

Longityidinal 30,000,000 206,843 25,000,000 172,369

Transvgrse 15,000,000 103,421 10,000,000 68,948

3.3.1 Fabrication of Test Panels: Test panels, approximately 7.5 inches
(190 mm) square, shall-be fabricated by diffusion bonding eight|plies of
as-recejved sheet, W\ From these panels, longitudinal specimens (filament
orientation at 0ldegrees) and transverse specimens (filament orjentation
at 90 de¢grees)fishall be cut. Processing conditions for diffusiqn bonding
of each|tesk,panel shall be reported.

3.3.2 Tensile|Tésts:

3.3.2.1 Specimens: Tensile specimens for longitudinal and transverse tensile
property determinations shall be prepared from test panels fabricated in
accordance with 3.3.1. Specimen configuration, gage length, and rate of
loading shall be shown in the report.

3.3.2.2 Test Procedures: Shall be in accordance with ASTM E 345 and as follows:

3.3.2.2.1 Extensometer: An extensometer shall be used for a 1.00-inch (25.4-mm)
gage length capable of being used to failure at small strains,
(0.010 inch [0.25 mm]). The extensometer shall preferably be of the
LVDT type. An X-Y recorder shall be used to plot a load-extension
curve directly from the 1oad cell and extensometer.

-1
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.3.2.2.2

.3.2.2.3

Cyclic loading:

A11 Tongitudinal specimens shall be cycled

from 0 to

1000 pounds force (0 to 4448 N) at 0.050 inch (1.27 mm) per minute to

set

Tensile Modulus Determination:

the grips. Transverse specimens shall not be cycled.

determining modulus of elasticity in tension.

Filament Strength After Diffusion Bonding:

Boron filaments shall

evaluated
bonding.

testing i
by the te
filament

than 10 1
bonded pa

.1 Filamen

for embrittlement or other degradation caused by
Evaluation shall be made by the bend test of 3.4.
s specified or in case of question on the results

nsilo togt of 3 4 3 If tongile +oc+ﬁng is ||cor1’

2 or,
of the

Etrength shall be not less than 400,000 psi (2758 MPa)s
ndividual filaments, obtained as in 3.4.1 from each daff
nel prepared in accordance with 3.3.1, shall be evaluate

Extraction: Extract filaments from test panghs as foll

Cut a
filam

Comp1
solut
If ne
added

After
solut

Dry t

through
diamete
the ben
filamen
conduct

Tensile

Examime the filaments for breakage.

Bend Te

full
Ents.

Tength of panel sufficiently wide t@,yfeld approxin

btely submerge the panel section incavysuitable sodium hyd
on and allow to stand until the matrix is completely dig
fessary, spent solvent may be carefully removed and fres

matrix is completely disselved, separate the filaments f
on and rinse with distilhed water.

e filaments in-an oven or desiccator.

bt:  Each béron filament shall withstand, without breaki
an anglelaf 180 degrees around a 1.00-inch = 0.01 (25.4
" mandrel) with the filament direction perpendicular to t
1. JeSt not less than 10 filaments from each prepared p
s fested must pass. In case of question on the bend te
the tensile strength tests in accordance with 3.4.3.

Test:

accordance with AMS-3865.
filaments until

10 valid results have been obtained.

Strain gages may be used when

be

diffusion
if tensile

bend test,

the average boron

Not Tess
sion

OWS :

ately 25

roxide
solved.
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rom the

g, bending
mm £ 0.2)
e axis of
nel. All
t results,

Tensile test not less than 10 individual filaments in
If breaks occur in the grips, test additional
Report the

arithmetic mean of the 10 results and the individual values for each valid
specimen, the gage length used, the gripping method, and the rate of

loading

Quality:

condition

Sheet, as received by purchaser, shall be uniform in quality and

, smooth, as free from foreign material

and free from imperfections detrimental to usage of the sheet.

as commercially practicable,
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3.6 Sizes and Tolerances:

3.6.1 Thickness Increments: Shall be determined by filament spacing and foil
thickness of each face, developed to produce 50% by volume each of boron
filaments and aluminum alloy foil after diffusion bonding.

3.6.2 MWidth: Shall not deviate from the ordered width by more than +0.125 inch
(+3.18 mm), -0.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection: The vendor of sheet shall supply(gll samples
for vendof's tests and shall be responsible for performing all\redquired
tests. Plrchaser reserves the right to sample and to perforplany
confirmatgry testing deemed necessary to ensure that the sheet cor[forms to
the requiftements of this specification.

4.2 C(Classificdqtion of Tests:

4.2.1 Acceptance Tests: Tests for material (3.1),.construction (3.2), and
quality[(3.5) are acceptance tests and shall\ybe performed on eagh lot.

4.2.2 Periodig Tests: Tests for tensile strength and tensile modulus [(3.3) and
filameny strength after diffusion bond#ng (3.4) are periodic tegts and
shall bg performed at a frequency se¥écted by the vendor unless [frequency
of testing is specified by purchaser.

4.3 Sampling dnd Testing: Shall befas follows; a 1ot shall be all
/) poron-aluninum alloy compositie)sheet fabricated under the same fiXed
conditiond and presented f@r.vendor's inspection at one time.

4.3.1 For Accdptance Tests¢ ;~Sufficient sheet shall be taken at randonl from each
lot to gerform all ‘kequired tests. The number of determinationd for each
requirenent shaldbe as specified in the applicable test procedyre or, if
not speg¢ified dtherein, not Tess than three.

4.3.1.1 When 4 statistical sampling plan has been agreed upon by purchaser and

/] vendor,~sampling shall be in accordance with such plan in liey of
sampling as in 4.3.1 and the report of 4.4 shall state that such plan
was used.

4.3.2 For Periodic Tests: As agreed upon by purchaser and vendor.
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