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required

3. MATERIAI

2. APPLICATION:

1

AND FABRICATION: The sheets shall be constructed of-lamil

of copp
laminatg

L. TECHNICA

fabric lhoroughly impregnated with an epoxy resin and properly cur

r may be applied to one or both faces during the original
or in a subsequent operation.

L REQUIREMENTS:

k.1.1 Colod
natuy

cluding standards approved and practices recommended, are advisory only. Thelr
ment to adhere to any SAE standard or recommended practice, and no commitmen

technical reports, the Board and its Committees wil

»

rt. In formulating and appr:

L.2 Properiies
ing red

with 1i
¢ in accq
requiri
perforn

ospective users of the report ure responsible for protecting themselves against llabllity for infringment o

L.l General

. SOCIETY OF AUTOMOTIVE ENGINEERS, Inc. 485 Lexington Ave., New York 17. N.Y. | Revised 5-15-58
o4 — .
82 PLASTIC SHEET, COPPER FACED
° Glass Fabric Reinforced Epoxy Resin
s
3
z 1. ACKNOWLEDGMENT: A vendor shall mention this specification number and its revision
3 letter in all quotations and when acknowledging purchase orders.

Prlmarlly for use 1n etched, prlnted c1rcu1t= used in electrical and

nd strength are

nations of glass
ed., Face sheets
cure of the

¢ Unless otherwise specified, the tolor of the plastic laminate shall be

hal,

L.1.2 Coggir Facest The facing material shall be electrolytically de
of n

t less than 99.50% purity.

posited copper

lest Unless otherwise specified, the product shall confoz

to the follow-

juirements; tests shall be performed on the product supplief andin accordane
sted ASTM methods). insofar as practicable. Specimens shalll be conditioned

rdance with ASTM DA18-5k4, Procedure A, prior to testing.
ng removal of copper faces prior to testing, the condition
ed after such removal.

or specimens
ing shall be

ed In Industry or trade Is entirely voluntary, There Is no ¢

Section 7C of the SAE Technical Board rules provides that: “All technical re

£
to oonform to orn guided by any technical re
patents which may apply to the subject matter. F?

use by anyone en

s

4.2.3 Water Absorption in 24 hr, %, max

L.2.1 Flexyral Strength, flatwise, min
af 77 &y psi 50,000 ASTM D7p0O-L9T
afl 300-F, # of value at 77 F 50 (See Notp 1)
L.2.2 Compressive Strength, edgewise, psi, min 30,000 ASTM D229-4L9

" (See Note 1)

ASTM D570-54T

Nominal Thickness, in. (See Note 2) (See Note 1)
0.031 0.50
0.125 0.18

Cooright 1gC by Seclety of Automotive Ensineors. Ine.

Printed In U. & A.
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L.2.Li Dielectric Strength, when specified, ASTM D1L9-5ST
perpendicular to laminations, step Gee Note 1)
by step, v per mil, min
Nominal Thickness, in. (See Note 2)

0.031 600
¢ 0.062 500
0.125 L25
L.2.% Dielectric Strength parallel to ASTM D229-L9,
laminations, step by step, kv per Tentative Revision _
in,, min June 1951, Section 27c
¢ As recetxed L5 (See Note 1)
After 48 hr immersion in distilled
water|at 122 F + L 30
Wl.2.6 Dielectric|Constant at 1 megacycle, max 5.2 ASTM-D150-54T
* (See'Note 1) | -
@gL.2.7 Power Factor at 1 megacycle, max 0.020 ASTM D150-5LT
Gee Note 1)
J¢u.2.8 Arc Resistance, sec 100 ASTM DL9S-56T
gL.2.9 Solder Bath Resistance Pass See Note 3
4.2.10 Bond Strepgth, 1b per in. width, min See Note L -
Nominall Foil Thickness, in. S
0,001l As received 7
y After solder float 7
0L 0028 As received 8
After solder float 8
Li.2.11 Insulatioh Resistance, megohms, min _ 1000 See Note 5
gL.2,12 Solvent Resistance Pass See Note 6
#L.2,.13 Heat Resiptancé Pass See Note 7
gl.2.14 Copper Porosity o . Pass See Note 8

Note 1. Removal of Copper: Prior to testing, specimens shall be immersed in vigorously,
aerated LO deg Baumé ferric chloride solution at 75 - 100 F until unwanted
g copper is removed. Solution shall be renewed when time of removal exceeds
15 min. per 0.001k in. thickness of copper. After removal of copper, speci-
mens shall immediately be rinsed for 1 hr in running water at 60 - 90 F.

@Note 2. For thicknesses not spegified, use the value for the next lower thickness.
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Note 3.

Note L.

Note 5.

-3 - AMS 3601A

Solder Bath Resistancet Three etched specimens 1 in, square by the thickness
of the material shall be tested. The specimens shall be dipped in ligquid flux
(rosin in alcohol) and then floated on the surface of a bath of molten solder,
with the copper face to be tested down. The solder shall be at a temperature
of 49O F + 10. After 20 sec, the specimen shall be removed from the solder
bath and examined. The material shall not soften, split, blister, or delamin-
ate. For material with copper on both sides, three specimens shall be tested
for each side.

Bond Strength: The strength of the bond between the copper foil and the base
Taminate shall be determined at 70 - 85 F in accordance with the following
procedure on epec1mens as recelved and on spec1mens which have been floated on
moliten—solde accords A o —E our H ¢imens, two in

the| lengthwise direction and two in the crosswise dlrectlon,lu accordance with
Notg 1. Grasp the test specimen, on each end, between the\thymbe and fore-
fingers and flex each side of the specimen 5 times, During flexing, the center
of [the specimen shall deflect at least 1/L in. beyond.‘the ends (flexing of
specimens over 0.093 in. thick is not required). The copper foil shall be
peelled back from one end of the specimen for approximately 2 in., with the

ling of peel perpendicular to the edge of the specimen. The gpecimen shall be
supported in a horizontal plane with the peeled copper strip qown between two
sollid supports adjusted to provide a 3/L iri $pan. The end of the peeled strip
shdll then be clamped between two rubber-faced jaws. The Jaws shall cover the
fulll width of the strip and shall be clamped parallel to the line of peel. The
logd shall be applied to the gripping~tab, starting with no lg¢ad, at a uniform
rate not to exceed 2 in. per minute, * The direction of the logd applied to the
tabl shall not deviate from the perpendicular by more than 5 de¢grees. The load
required to produce separation -ef the copper foil from the bage material shall
be [recorded as the bond strength. The full width of the strip shall peel,
otherwise the results shalllbe discarded and the test repeated. For sheets

thalt are copper faced on'both sides, eight specimens shall be|tested, four on
each side,

An jalternate method)of test follows: The specimen shall be sypported in a
horfizontal plane(with the peeled copper strip down between tw¢ solid supports
adjusted to provide a 3/L in. span. The end of the peeled strip shall then be
clamped betwWeen rubber-faced jaws to which is attached a light container. The
totlal weight' of the clamp and the container shall not exceed 1 pound. The jaws
shalll cover the full width of the strip and shall be clamped parallel to the
line of-peel. Sand (ar equivalent) shall be pored into the contaimer at a rate of
approximately 2 1b per min. until the strip begins to peel, and the container
shall then be weighed. The full width of the strip shall peel. otherwise the
results shall be discarded and the test repeated. For sheets that are copper
faced on both sides, eight specimens shall be tested, four on each side.

Insulation Resistancé:

(a) Test Specimens, Circuits Three test specimens 2 in. x 2% in. by the
thickness of the material shall be made as shown in Figure 1, or be the
equivalent.
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Note 6.

Note 7.

FNote 8.

(b)

(c)

Solvent Hesistance: A1l x 6 in. .specimén etched and rinsed in acco

Test Specimen, Preparation: Apply suitable resist to each test panel and
develop Figure 1 wiring pattern in accordance with best commercial prac-
tice. Remove unwanted copper in accordance with Note 1 except final rinse
shall be for 15-20 minutes. Immediately remove iron salts by immersing
the wet panel in 10% oxalic acid at room temperature for 5 - 10 min., with
occasional agitation. Rinse panel for 1 hr in running water at A0 - Q0 F
and 15 - 20 min. in running water at 170 - 190 F. Dry for 2 - 2-1/2 hr in
a forced circulating air oven maintained at 150 - 180 F and cool in a de-
siccator to room temperature and approximately 50% relative humidity. Drill
necessary holes and solder lead wires into the holes using a pencil-type
soldering iron or gun and water-white, unactivated rosin flux, filling the
hole with a plug of solder, Remove excess flux and other contaminants by
i < - Fdisti er by

volume, Air dry. Care should be exercised to avoid touching)pritical

of the clean specimen with bare hands,

Insulation Resistance Measurements Mount test specimen$ in a firculating-

air |humidity chamber (provided with suitable specimen lead wirp insulators
on the chamber) maintained at 92% + 2 RH and 149 E'+ L and exppse for 18
hr #{ 1. Lower the humidity to 87% + 2 RH while holding the temperature
constant and stabilize the specimens at this condition for 2 -|2-1/L hours.
Apply 500 v IC between terminal leads and maintain electrificatipn time for
1 minute., Immediately thereafter, measure,insulation resistanpe using a
megohm bridge (General Radio Type S5LLB or equivalent). Measurpments shall
be pgerformed while the RH is 87% + 1.

dance with

Note 1 ard dried shall be trichlorethylene vapor degreased for 1/2
with recifrculated degreaser solvent for 1-1/2 min., and examined.
laminate |and residual surface adhesive shall show no delamination,
blisterirg, or lifting,

Heat Resilstance: A 6 x 6.in. test specimen shall be supported vertfi

in., sprayed
e bhase
oftening,

cally, on a

non-metalllic rack, in a(horizontal-flow, air-circulating oven at 3
1/2 howr. [The plane of thHe test specimen shall be parallel to the ai
the end of this period remove the specimen from the oven and immedi

ine,

Copper Porosity: One half of a standard size sheet shall be vapor

F + 10 for
flow., At
tely exam-
There shall-be no evidence of blistering.

egreased and

air dried
rinse tha

.~ Lightly scrub the copper surfaces with a slurry of pumipe and water,
i aces are

free of fingerprints, dust, etc. Examine in a dark room, using ultra-violet

light, for fluorescent resin spots. There shall be not more than 3 resin spots,
spaced no less than 1 in, apart, for each 18 x 18 in. area of copper. No resin
spot shall have an included area greater than that of a 1/2 in. diameter circle.

5. QUALITY: The product shall be uniform in quality and condition and free from
blisters, cracks, holes, cuts, wrinkles, delamination, unbonded areas, corrosion,
excess bonding material, and other imperfections. Discoloration of the copper faces
shall not be considered objectionable., The bonded copper faces shall be of such
smoothness as to present no visible evidence of the underlying glass fabric weave.
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6. SIZES AND TOLERANCES:

6.1 Length and Widths

6.2 Thickness:

Nominal Thickness

-5 =

Shall not vary more than +1.0 in.,
Cept where test specimens have been removed; no more than L, sq ft shall be cut from
each thickness in a shipment for testing, and the size of the portion of material
removed shallbe stated on the outside of the package.

Tolerance, Inch

AMS 36014

from that ordered ex-

6.2.1 Copper face standard thicknesses and tolerances shell be as follows:

Inch Plus Minus
- 0.0014 0.0004 0.0002
0.0028 0.0007  0.0003%

6.2.2 Sheet Thickness: The total thickness of the finished Sheet, including copper
facet, shall be in accordence with the following; unless otherwise specified,
material conforming to the normal thickness tolerances shall bg furnished. When
othef thicknesses are specified,use the tolerance for the next |greater thickness,

6.2.2.1 Nofmal Thickness Tolerances:

6.2.2.1.1 Tolerance, Inch, Plus and Minus
Nominal Thickness Copper..on One Side Only Coppdr on Both Sides
4 Inch 0.001L in. 0.0028 in. 0.00l4 in. 0.0020 in.
0.031 0.0055 0.0065 0.0045 0.0075
0.062 0.0065 0.0075 0.0075 0.0085
0.125 0.011 0.012 0.01¢ 0.013

6.2.2.1.2 At least 90% of the sheet shall be within the tolerance giyen and at no point
hall the thickngss vary from the nominal thickness by & vglue greater than

125% of the specified tolerances.

6.2.2.2 Cllose Thickness Tolerances:

Tolerance, Inch, Plus and Minus
Nominal Thickness Copper on One Side Only Coppqr on Both Sides
¢ Inch 0.001; in, 0.0028 in. 0.00}4 in. 0.0028 in.
0.031 0.004L 0.005 0.005 0.006
0.060 0.006 0.006 0.006 0.006
0.125 0.006 0.007 0.007 0.008

¢6.2.2.2.1 Specified tolerances shall be furnished over 100% of the area of the sheet.
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6.2.3 Warp and Twist:

6.203.1 When it ;

7.

7.1 TUnless otheryise specified, the vendor of the product shall furnish wit
ment three ¢
of this spec
rial specifi

7.2

9.

Shall not exceed the following values, based on 36 in. length,
when determined in accordance with ASTM D229-4,9 or D709-55T:

Nominal Meximum Deviation, Inches
Sheet Copper on One Side Only Copper on Both Sides
Thickness Both Thicknesses Both Thicknesses
Inch
0.031 to under 0.060 3,60 1.80
0.060 to under 0.125 1.80 0.90
0.125 to 0,250, incl 0.72 0.36

missible

Where:

D = pe

D
13 = tn

length.
= ma%?mum deviation in inches for 26 in. length (from table abg

REPORTS:

quantity.

Unless otherwise specified, the vendor of finished or semi-finished pan
furnish with
number, mater
rial, part n

deviation for that length, the following formula may be ms

2

D=0.,00077 xD_, xL

36

given length in inches.

bpies of & report stating thet the product meets the requin

pation number, vendor's‘identification number, size, thickn

each shipment three copies of a report showing the purcha

ber, ard quantity.

1l deviation for any length with the per-

ed:

'missible deviation from the straightedge in lnches for thg given

ve).

h each ship-

ements

| fication. This report shall include the purchase order number, mate-

ess, and

ts shall

e order

ial specification number, contractor or other direct suppllier of mate-
When material for meking parts is prdduced or

purchased by|the parts)wvendor, that vendor shall inspect each lot of material to
ormande)to the requirements of this specification, end shall include
a statement that the material conforms, or shall include [copies of
laboratory reports” showing the results of tests to determine conformande.

determine co
in the repor

IDENT IFICATION:

Unless otherwise specified, each sheet shall be marked

on one

corner with AMS 3601A, sheet thickness, normal or close thickness tolerance, copper
foil thickness, manufacturer's identification, aml month and year of manufacture.
The characters shall be applied using a suitable marking fluid and shall not be

obliterated by normal handling.

PACKAGING:

9.1 Packaging shall be accomplished in such & manner as to ensure that the product,
during shipment and storage, will not be permarsntly distorted, amd will be pro-
tected against damage from exposure to weather or any normal hazard.

9.2 Each package shall be permanently end legibly marked to give the following informa-

tion:
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