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1. SCOPE:
1.1 Form:
This specification covers an optical-quality, transparent, polycarbonate plastic, to which a hard

protective sufface coating has been applied, supplied in the formof flat sheet or formed parts made
from flat sheet.

1.2 Application:
These produgts have been used typically for parts, sueh as vehicle windows, requiring optical quality
and serviceability under adverse environmental egnditions, but usage is not limited|to such

applications.

1.3 Safety-Hazardous Materials:

While the materials, methods, applications, and processes described or referenced in this
specification may involve the usé:of hazardous materials, this specification does nqt address the
hazards which may be involved-in such use. It is the sole responsibility of the user {o ensure
familiarity with the safe and\proper use of any hazardous materials and to take necgssary
precautionary measures’to-ensure the health and safety of all personnel involved.

2. APPLICABLE DOCUMENTS:

The following in. The
applicable issue of referenced publications shall be the issue in effect on the date of the purchase
order.

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

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright © 2003 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org
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2.1

2.2

3. TECHNICAL REQUIREMENTS:

3.1

3.1.1

3.1.2

3.1.3

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959 or
www.astm.org.

ASTM D 673 Mar Resistance of Plastics

ASTM D 1003Haze and Luminous Transmittance of Transparent Plastics

ASTM D 1044 Resistance of Transparent Plastics to Surface Abrasion

ASTM D 1499 Qperating Light- and Water-Exposure Apparatus (Carbon-Arc Type) for Exposure
of Plastics

ASTM D 2134 Softening of Organic Coatings by Plastic Compositions
ASTM D 3029 Impact Resistance of Flat Rigid Plastic Specimens by Means of & Tup (Falling

Weight)

ASTM D 414 Conducting Accelerated Outdoor Exposure Tests of-Coatings

ASTM G 23 Operating Light- and Water-Exposure Apparatus(Carbon-Arc Type) for Exposure
of Nonmetallic Materials

ASTM G 26 Operating Light-Exposure Apparatus (Xenon-Arc Type) With and Without Water

for Exposure of Nonmetallic Materials
U.S. Government Publications:

Available from DODSSP, Subscription Services.Resk, Building 4D, 700 Robbins Avienue,
Philadelphia, |PA 19111-5094.

MIL-P-83310 Plastic Sheet, Polycarbonate, Transparent
MIL-STD-81(Q Environmental Test Methods and Engineering Guidelines

MIL-STD-2073-1 DOD Materiel, Procedures for Development and Application of Fackaging
Requirements

Material:

Basic Polygarbonate: The polycarbonate sheet shall conform to MIL-P-83310.

Hard Coating: The hard coating shall be formulated for, and processed onto, the polycarbonate
base sheet such that the total product will meet the requirements specified herein.

Storage Life: The product shall meet the requirements of this specification when tested at any time
up to 12 months from date of manufacture when stored in the original shipping container. The
protective covering applied to the coated optical surfaces shall be removable without special
handling or cleaning.
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3.2

3.2.1

Properties:

Coated sheet shall conform to the following requirements; tests shall be performed on the product

supplied and

in accordance with specified test methods:

Abrasion Resistance: Specimens shall show not more than 5% arithmetic increase in haze
measurement (for example, 1.8% haze before and 6.8% haze after) after being abraded by one of

the methods specified in Table 1, using separate specimens for each test. Haze measurements
shall be determined before and after abrasion in accordance with ASTM D 100

Procedure A.

TABLE 1 - Abrasion Resistance Parameters

Minimum
Number Test Test
Mgthod of Cycles Method Conditions
Taber Abraser 300 ASTM D 1044 O CS-10F calibfase wheel
with 500 gram load
Goodyear Abrpder 1000 4.5.1 0.75 psi (5.2 kPa) shoe
pressure; wafer lubricant
3.2.2 Mar Resistance: Specimens shall show not more than 5% increase in haze measurement after

3.2.3

3.2.4

3.2.5

3.2.6.

3.2.7

3.2.8

being subje
determined

Chemical
ethyl keton

Coating Po
shall show

Adhesion: T
“snap tape”

Hardness: ]

cted to the mar resistance test in acecardance with 4.5.2. Haze measu
before and after testing, in accordance with ASTM D 1003, Procedur

esistance: Specimens shall'show no crazing when subjected to conta
(MEK) for 30 minutes +-1;xdetermined in accordance with 4.5.3.

osity: Not more than\ene specimen from each set of five specimens f
bvidence of crazing) determined in accordance with 4.5.4.

'he coating-shall not separate from the polycarbonate substrate, deter
test in accordance with 4.5.5.

hercoated specimen shall exhibit an initial hardness value of not less

determined

fements shall be
e A.

ct with methyl

br each test fluid

mined by the

than 35,

inraccordance with ASTM D 2134-66.

Impact Resistance: The coating shall not separate from the polycarbonate substrate, determined
by the “snap tape” test of 4.5.5 after impact loading in accordance with 4.5.6.

Light Transmission and Haze: Specimens shall show light transmission greater than 82% with
haze not exceeding 2%, determined in accordance with ASTM D 1003, Procedure A, both
percentages being based on 0.25-inch (6.4-mm) thick specimens.
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3.2.9 Optical Integrity:

3.2.9.1 Coating: Foreign material, such as lint or dust particles, or processing imperfections, such as
bubbles or scratches, within the specified optical area shall not exceed four imperfections of
0.06 inch (1.5 mm) or less in diameter or fiber inclusions of 0.250 inch (6.35 mm) or less in
length, or a combination of both, determined in accordance with 4.5.7. Inclusions or
imperfections greater than specified above are not acceptable. The optical area shall be defined
as the central 75% area of an untrimmed sheet, the entire formed and coated part except the

periphera

1.0inch (9’% mm), aras annr‘ifipr{ aonthe nlnlnlir‘nhlp Ihnr'f drnwing

3.2.9.2 Overall: T

3.2.10 Humidity: T|
“snap tape”

3.2.11 Artificial Ult
determined
45.9.

3.2.12 Atrtificial We
adhesion (3
(3.2.9), and
weatherom

ASTM G 24.

3.3  Quality:

The product,
from foreign n

4. QUALITY ASS

4.1 Responsibility

he overall optical integrity shall conform to the requirements of MIL~P-

test of 4.5.5 after humidity exposure in accordance with 4,5.8.

raviolet Exposure: The coating shall not separate from the polycarbon
by the “snap tape” test of 4.5.5 after exposure toyultraviolet light in ac

.2.5), impact resistance (3.2.7), light transmission and haze (3.2.8), o
quality (3.3) after exposure to the.gnvironment of a carbon- or xenon
bter for not less than 1000 hours in accordance with ASTM D 1499, A

naterials and frgm-imperfections detrimental to usage of the product.
URANCE PROVISIONS:

for Inspection:

83310.

he coating shall not separate from the polycarbonate substrate, determined by the

hte substrate,
cordance with

athering: The coating shall conform to thelfequirements for abrasion re¢sistance (3.2.1),

btical integrity
arc
5TM G 23, or

s received by purchaser, shall be uniform in quality and condition, smooth, and free

The manufac

lurer of the product shall supply all samples for required tests and shall be responsible

for performing all required tests. Purchaser reserves the right to sample and to perform any
confirmatory testing deemed necessary to ensure that the product conforms to the requirements of
this specification.

4.2 Classification

of Tests:

4.2.1 Acceptance Tests: Tests for adhesion (3.2.5), hardness (3.2.6), light transmission and haze (3.2.8),
optical integrity (3.2.9), and quality (3.3) are acceptance tests and shall be performed on each Iot.
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4.2.2 Preproduction Tests: Tests for all technical requirements are preproduction tests and shall be
performed prior to or on the initial shipment of the product to a purchaser, when a change in
ingredients and/or processing requires reapproval as in 4.4.2, and when purchaser deems
confirmatory testing to be required.

4.2.2.1 Fordirect U.S. Military procurement, substantiating test data and, when requested, preproduction
test material shall be submitted to the cognizant agency as directed by the procuring activity,
contracting officer, or request for procurement.

J4.3 Sampling and Testing:
Shall be as fqllows:

4.3.1 For Acceptance Tests: Sufficient product shall be taken at random from each lot tp perform all
required tegts. The number of determinations for each requirement shall be as spgcified in the
applicable test procedure or, if not specified therein, not less thian three.

4.3.1.1 Aot shall be all sheet or parts produced from the same:batches of raw materials in a single
productiop run under the same fixed conditions and presented for manufacturer's inspection at
one time.|A lot shall be not more than 2500 pounds{1134 kg).

4.3.1.2 When a statistical sampling plan has been agreed upon by purchaser and manuifacturer,
sampling shall be in accordance with such plan in lieu of sampling as in 4.3.1 apd the report of
4.6 shall state that such plan was used.

4.3.2 For Preproduction Tests: As agreed upon by purchaser and manufacturer.
4.4 Approval:

4.4.1 Sample product shall be approved by purchaser before product for production usg is supplied,
unless such approval bé-waived by purchaser. Results of tests on production product shall be
essentially equivalent.to those on the approved sample.

4.4.2 Manufacturger-shall use ingredients, manufacturing procedures, processes, and meethods of
inspection an prnr{ur‘finn-prndur‘f which are neennﬁally the same as those used oh the approved
sample. If necessary to make any change in ingredients, in type of equipment for processing, or in
manufacturing procedures, manufacturer shall submit for reapproval a statement of the proposed
changes in ingredients and/or processing and, when requested, sample product. Production
product made by the revised procedure shall not be shipped prior to receipt of reapproval.

45 Test Methods:
451 Abrasion Resistance Test:

4.5.1.1 Test Apparatus: Shall be an abrader in accordance with Figure 1, identified as a “Goodyear
Abrader.”
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4.5.1.2 Test Specimens: Shall be the as-received thickness cut to 4.0 x 8.0 inches (102 x 203 mm).
4.5.1.3 Abrading Materials: Shall be as follows:

4.5.1.3.1 Pad material shall be chloroprene-base rubber, 10 Durometer A hardness, 0.125 inch + 0.016
(3.18 mm % 0.41) thick.

4.5.1.3.2 Abrasive film shall be aluminum oxide lapping film, 12 micron (12 ym) grit.

4.5.1.3.3 Lubricant shall be water.

4.5.1.4 Procedur¢: Shall be as follows:

45.1.4.1 Prepard a number of abrading shoes equal to the number of specimens to be|tested. Add
weight fo each abrading shoe to provide a total weight of 6.00 pounds + 0.01 (2722 grams + 4)
on the ghoe area of 8.0 square inches £ 0.1 (51.6 cm2 + 0.6) per shoe, or a shoe pressure of
0.75 psi (5.2 kPa). Mount the specimens and the abrading.shoes.

4.5.1.4.2 Thoroughly wet the surface of the specimens with distilled water and maintainf continuous
surface|wetting from the dripping orifice.

45.1.4.3 Setthe cycle counter to zero and the machine speed to 20 cycles per minute (cpm) before
starting [the testing machine.

4.5.1.4.4 Startthe testing and stop testing atithe completion of 1000 cycles.

45.1.45 Wash the specimens free of abrasion dust and chips with distilled water and air dry, taking care
not to s¢ratch or alter the abraded area.

45.1.4.6 Report {he percentagé.increase in haze for each specimen and the average df all specimens.
4.5.2 Mar Resistance Test:._Specimens suitable for haze determination in accordance with ASTM D

1003, Procedure’A; shall be subjected to the mar resistance test of ASTM D 673,|using 1000
grams * 10|of-No. 80 silicon carbide grit.

4.5.3 Chemical Resistance Test: Chemical resistance shall be determined in accordance with the
crazing test defined in MIL-P-83310 except that the test fluid, MEK, shall be applied to a 0.5 x 0.5
inch (12.7 x 12.7 mm) piece of filter paper placed on each of the five specimens used. After 30
minutes * 1 exposure of the specimens in an unstressed condition, the filter paper patches shall be
removed, the affected surfaces flooded with demineralized water, and air dried and the specimens
placed in the test fixture with the treated area centered on the tangent line of the 2000 psi
(13.8 MPa) outer fiber stress. The chemical resistance stress-craze test shall then proceed
under load for 30 minutes £ 1 in a dry state.
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4.5.4 Coating Porosity Test: Coating porosity shall be determined in accordance with the crazing test
defined in MIL-P-83310 except that specially prepared test fluids shall be applied to a 0.5 x 0.5 inch
(12.7 x 12.7 mm) piece of filter paper placed on each specimen. Five specimens shall be used for

each of two

Test Fluid A
Test Fluid B

test fluids prepared as follows; percentages are by volume:

95% glacial acetic acid and 5% water

90% aliphatic naphtha and 10% methyl ethyl ketone (MEK)

4541 Thetests
fiber stres

test fluid.

455 Adhesion T
12.0x12.0
after being
procedure {

hall be continued for not less than 30 minutes with the specimens loa
s of 2000 psi (13.8 MPa) and the filter paper patches constantly wetw

bst: The “snap tape” adhesion test shall be performed on specimens

subjected to impact, humidity, and artificial ultraviolet exposure as spe
hall be as follows:

surface to be tested with a clean flannel clethyor soft paper towel saty
alcohol and air dry with a filtered airstrearny, Allow the specimen to sta
inutes in a clean environment, after drying, before continuing the test

X 12.7 mm).
rip of paper-backed tape;sinch (25-mm) wide, 3M No. 250 or equiva
bm date of manufacture,-centered over and completely covering the g

ly without wrinkles @rbubbles in the test area.

ply pull or “snap®the tape quickly at a 90-degree angle from the surfac
eriine until thertape has been completely removed.

e the extent of coating removal by lightly rubbing the test area with No
ared,substrate has become hazy and less transparent.

4551 Clean the
isopropyl
than 30 m
4552 Scribe af
inch (12.7
4553 Applyas
months fr.
press firm
4554 Immediat
tape cent
4555 Determing
until the b
4556

4.5.5.7 Reportan

4.5.6 Impact Res

Removal of the coating to any extent is not acceptable.

y evidence of non-adhesion.

istance: Impact resistance of the coating, in distinction to the impact resistance of the
substrate polycarbonate, shall be determined by no loss of adhesion, tested as specified in 4.5.5,

after impact loading as follows:

4.5.6.1

polycarbo

Impact load specimens, of as-received thickness by 12.0 x 12.0 inches (305 x 305 mm), in
accordance with ASTM D 3029, Procedure A, with the coated side down (tup striking on the
opposite side). Increase the weight on the tup on each specimen to produce failure in the

nate substrate (may require approximately 20 specimens).

AMS 3614B

ded to an outer
th the applicable

ot less than
nches (305 x 305 mm) in size, cut from a coated panel in the as-receivied condition and
cified. Test

hd for not less

pur-line grid (nine squares) through-the coating over an area approxinately 0.5 x 0.5

Jent, not over six
Fid pattern and

e and along the

000 steel wool
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4.5.6.2 Reportthe results in accordance with ASTM D 3029. Evidence of coating separation, determined
as specified in 4.5.5, is not acceptable.

4.5.7 Optical Integrity: Each coated sheet or part shall be examined at low viewing angles of 15 to 45

45.8

4.5.9

4.6

4.7

5. PREPARATION

5.1

5.1.1

degrees wit

h back-lighting in order to identify and evaluate coating imperfections.

Humidity Test: Specimens, suitable for adhesion testing, shall be subjected to the humidity cycling
of MIL-STD-810, Method 507, Procedure |, for three cycles. Immediately at the conclusion of the

humidity test, Ir‘mr‘fnrm the adhesion test in accordance with 4 5 5

Artificial Ult
shall be sul
ASTM D 41
Immediatel
with 4.5.5.

Reports:

The supplier

determine co
the other tech
AMS 3614B,

quantity.

Resampling &
If any specim
product may

nonconformir
cause for reje

Packaging ar

jected to not less than 1000 hours of ultraviolet light exposuredn‘equip
41, or equivalent, modified to retain only the ultraviolet light-€xposure
at the conclusion of the ultraviolet exposure, perform thexadhesion te

pf the product shall furnish with each shipment a report showing the re
nformance to the acceptance test requirements and stating that the pro
nical requirements. This report shall include the purchase order numh
manufacturer's identification, date.of manufacture, form, size or part n

nd Retesting:

en used in the above tests fails to meet the specified requirements, di
pbe based on the results of testing three additional specimens for each
g specimen. Failure of any retest specimen to meet the specified requ
ction of the pfeduct represented. Results of all tests shall be reported

| FOR DELIVERY:

d-déntification:

raviolet Exposure Test: Specimens, approximately 4.0 x 4.0 inchés’ (102 x 102 mm),

ment specified in
features.
st in accordance

sults of tests to
duct conforms to
er, lot number,
umber, and

5position of the
original
rements shall be

Each coated surface shall be protected by a suitable non-abrasive material such as soft plastic
films, clean flannel cloths, or adhesive-backed tapes. Adhesive that will leave a residue, become
tacky under hot storage or transportation conditions, or chemically attack the polycarbonate

coating sha

Il not be used.
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