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1. SCOPE: 

1.1 Form: This specification covers optical-qualtiy coatings applied to 
instrument glasses. 

1.2 Application: 
surfaces of instrument glasses and to increase light transmission through 
the glasses. 

Primarily to reduce the intensity of reflection from the 

2. APPLICABLE DOCUMENTS: The following publications form a part of this 
specification to the extent specified herein. 
publications shall apply. The applicable issue of other documents shall be 
as specified in AMS 2350. 

2.1 SAE Publjcations: Available from SAE, 400 Commonwealth Drive, Warrendale, 

The latest issue of SAE 

PA 15096. 

2.1.1 Aerospace Material Specifications: 

AMS 2350 - Standards and Test Methods 

2.1.2 Aerospace Recommended Practices: 

ARP924 - Specification and Inspection of Glass for Integrally Lighted 
Aerospace Instruments 

Copyright 19.39. Society of Automotive Engineers, Inc. 
All rights reserved. . Printed in U.S.A. 

~ - ~ -  

SAE Technical 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 particular infringement 
arising therefrom, is the sole responsibility of the user.” 

I AMS documents are protected under United States and international copyright laws. Reproduction of these documents by any I 
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2.2 ASTM P u b l i c a t i o n s :  A v a i l a b l e  f rom ASTM, 1916 Race S t r e e t ,  P h i l a d e l p h i a ,  PA 
19103. 

ASTM 8117 - S a l t  Spray (Fog) Tes t i ng  
ASTM D1003 - Haze and Luminous Transmi t tance o f  Transparent P l a s t i c s  
ASTM E l l  - Wire-Cloth Sieves fo r  Tes t i ng  Purposes 
ASTM G21 - Determin ing Resistance o f  Syn the t i c  Polymer ic  M a t e r i a l s  t o  Fungi 

P u b l i c a t i o n s  and Forms Center ,  5801 Tabor Avenue, P h i l a d e l p h i a ,  PA 19120, 
except  as s p e c i f i e d  i n  2.3.3. 

2 .3  U.S. Government P u b l i c a t i o n s :  A v a i l a b l e  from Commanding O f f i c e r ,  Naval 

2.3.1 v: 
MIL-E-12397 - Eraser ,  Rubber-Pumice ( fo r  Tes t i ng  Coated O p t i c a l  Elements) 

2 .3 .2  M i  1 i t a r y  Standards : 

MIL-STD-105 - Sampling Procedures and Tables fo r  I n s p e c t i o n  by A t t r i b u t e s  
MIL-STD-794 - Par t s  and Equipment, Procedures fo r  Packaging and Packing of 
MIL-STD-1241 - O p t i c a l  Terms and D e f i n i t i o n s  

2.3.3 U.S. A r m v  Drawinas: A v a i l a b l e  f rom Q u a l i t y  Assurance D i r e c t o r a t e ,  
DRDAR-TST-S, U.S. Army Armament Research and Development Command, Dover, 
NJ 07801. 

D7680606 - Coat ing,  Eraser Abras ion T e s t e r  

3, TECHNICAL REOUIREMENTS: 

3.1 Mate-rj.al: The composi t ion o f  the  c o a t i n g  m a t e r i a l  s h a l l  be o p t i o n a l  w i t h  
the  c o a t i n g  vendor. 

3.2 E r g p e r t i e s  o f  the  App l i ed  Coat ing:  The coa t ing ,  a p p l i e d  t o  subs t ra te  
m a t e r i a l s  hav ing  i n d i c i e s  o f  r e f r a c t i o n  w i t h i n  t h e  range 1.47 - 1.55, s h a l l  
conform t o  the  f o l l o w i n g  requi rements.  T e s t s  s h a l l  be performed on the  
coated p a r t s  or on coated g lass  wi tness specimens o f  the  same index o f  
r e f r a c t i o n  and sur face  f i n i s h  as the  subs t ra te  for  the  coated p a r t s ,  coated 
i n  t h e  same evapora t ion  r u n  as the  p a r t s ,  and p o s i t i o n e d  i n  the  chamber so 
as t o  rep resen t  t h e  o p t i c a l  and d u r a b i l i t y  c h a r a c t e r i s t i c s  o f  the  p a r t s .  
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3.2.1 Spect ra l  P r o p e r t i  es: 

3.2.1.1 Specular Ref lectance:  The specular  r e f l e c t a n c e  from each coated 
sur face,  measured w i t h  a c a l i b r a t e d  spectrophotometer as de f i ned  i n  ASTM 
D1003, s h a l l  n o t  exceed the  f o l l o w i n g  l i m i t s  for  energy i n c i d e n t  on the  
sur face  a t  t he  angles s p e c i f i e d  below: 

Refle-ctance. %, maximum 
For Angle o f  Inc idence Shown Wavelength Range 

M i  11 i m i  crons (nm) O t o  15 degrees, i n c l  30 degrees 0.5 

450 t o  675, i n c l  0.6 abso lu te  --- 
450 t o  650, i n c l  --- 1.0 abso lu te  
500 t o  620, i n c l  0.35 average 0.50 average 
425 t o  700, i n c l  0.35 average 0.50 average 

3.2.1.2 L i g h t  Absorp t ion :  W i t h i n  the  wavelength range 425 - 700 m i l l i m i c r o n s  
(nm), l i g h t  loss s h a l l  n o t  exceed the  f o l l o w i n g  l i m i t s  per  sur face ,  
determined w i t h  a c a l i b r a t e d  spectrophotometer as de f i ned  i n  ASTM D1003: 

Maximum average abso rp t i on  O. 5% 
Maximum abso lu te  abso rp t i on  2.Wk 

3.2.2 D u r a b i l i t y :  The coa t ing ,  sub jec ted  t o  the  adhesion t e s t  o f  4.5.1 fo l l owed  
by the  abras ion  r e s i s t a n c e  t e s t  o f  4.5.2, s h a l l  show no evidence o f  
pee l i ng ,  f l a k i n g ,  c rack ing ,  c raz ing ,  or de laminat ion  and s h a l l  have no 
change i n  s p e c t r a l  c h a r a c t e r i s t i c s  r e s u l t i n g  i n  nonconformance t o  the  
requi rements o f  3.2.1.  

3.2.3 Envi ronmenta l  Resistance: The c o a t i n g  s h a l l  show no change i n  spec t ra l  
c h a r a c t e r i s t i c s  r e s u l t i n g  i n  nonconformance t o  the  requi rements o f  3.2.1 
a f t e r  exposure t o  any o f  t h e  f o l l o w i n g :  

3.2.3.1 E leva ted  temperature i n  accordance w i t h  4.5.3. 

3.2.3.2 Sand and dus t  i n  accordance w i t h  4.5.4. 

3.2.3.3 Fungus i n  accordance w i t h  4.5.5. 

3.2.3.4 Thermal shock i n  accordance w i t h  4.5.6. 

3.2.3.5 Continuous exposure t o  s a l t  spray i n  accordance w i t h  ASTM B117 f o r  no t  
l e s s  than 50 hours.  

3.2.3.6 Humid i ty  i n  accordance w i t h  4.5.7. A f t e r  exposure, t he  coa t ing ,  l i g h t e d  
and inspec ted  i n  accordance w i t h  ARP924, s h a l l  show no evidence o f  a 
c loudy or hazy appearance. 

3 .3  Q u a l i t y :  The coa t ing ,  as rece ived  by purchaser,  s h a l l  be un i fo rm i n  q u a l i t y  
and c o n d i t i o n ,  smooth, and f r e e  from f o r e i g n  m a t e r i a l s  and from phys i ca l  and 
o p t i c a l  imper fec t i ons  de t r imen ta l  t o  performance o f  p a r t s ,  determined i n  
accordance w i t h  ARP924. 
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3.3.1 Sucface Imperfgtjons: Imperfections in the clear aperture area of the 
coating, as defined in MIL-STD-1241, shall not exceed the following - 
1 I m i  ts, evaluated i n  accordance with ARP924: 

Article 
Pi nhol e, 

Scratch . Spatter Void, or Lint 

Window #80 #50 
Cover glass or 

cover wedge #60 #20 
Li ght i ng wedge #40 #20 

#50 

#40 
#40 

4 .  QUALITY ASSURANCE PROVISIONS:  

4.1 Responsibility for Inspection.: The vendor of the coating shall supply all 
samples for vendor's tests and shall be responsible for performing all 
required tests. Results of such tests shall be reported to the purchaser as 
required by 4.6. Purchaser reserves the right to sample and to perform any 
confirmatory testing deemed necessary to ensure that the coating conforms to 
the requirements o f  this specification. 

4.2 v: 
4.2.1 Acceptance Tests: Tests to determine conformance to requirements for 

specular reflectance (3.2.1 .l), light absorption (3.2.1.2), durability 
(3.2.21, salt spray resistance (3.2.3.51, humidity resistance (3.2.3.61, 
and quality ( 3 . 3 )  are classified as acceptance tests and shall be 
performed on each lot. 

4.2.2 Prejroduction Tests: Tests to determine conformance to al 1 technical 
0 requirements of this specification are classified as preproduction tests 

and shall be performed prior to or on the initial shipment of coated parts 
to a purchaser, when a change in material and/or processing requires 
reapproval as in 4.4.2, and when purchaser deems confirmatory testing to 
be required. 

4.2.2.1 For direct 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. 

4.3 58~J-i-ng: Shall be not less than the following; a lot shall be all parts 
made of the basis material, coated in the same equipment in a single 
pump-down cycle, and presented for vendor's inspection at one time. 

0 

4.3.1 fo_cAcc.e~t-n.~e-Tests: One part or one witness specimen for each 

4.3.1.1 Sampling for inspection t o  quality requirements shall be in accordance 
with MIL-STD-105, Normal Inspection Level I I ,  with an acceptance quality 
level (AQL) of 2.5. Samples shall be coated parts. 

requirement except as specified in 4.3.1.1. 
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4.3.2 For Preproduct ion T e s t s :  T h i r t y  p a r t s  or wi tness specimens, f i v e  for each 
requi rement  except t h a t  t h e  d u r a b i l i t y  and h u m i d i t y  r e s i s t a n c e  t e s t s  s h a l l  
be performed on the  same f i v e  specimens and a l l  30 specimens s h a l l  be 
i nspec ted  fo r  conforman 

4.4 Approval :  

4.4.1 Sample coated p a r t s  sha 
p r o d u c t i o n  use a re  supp 
Resu l t s  o f  t e s t s  on p r o  
e q u i v a l e n t  t o  those on 

e t o  q u a l i t y  requi rements.  ' 

1 be approved by purchaser be fo re  coated p a r t s  f o r  
i e d ,  un less such approval  be waived by purchaser.  
u c t i o n  coated p a r t s  s h a l l  be e s s e n t i a l l y  
he approved samples. 

4.4.2 Vendor s h a l l  use i n g r e d i e n t s ,  manufactur ing procedures, processes, and 

If necessary t o  make any 
methods o f  i n s p e c t i o n  on p r o d u c t i o n  coated p a r t s  which a r e  e s s e n t i a l l y  the 
same as those used on approved sample p a r t s .  
change i n  i n g r e d i e n t s ,  i n  type o f  equipment fo r  process ing,  or i n  
manufactur ing procedures,  vendor s h a l l  submit f o r  reapproval  a statement 
o f  the  proposed changes i n  i n g r e d i e n t s  and/or process ing and, when 
requested, sample coated p a r t s .  P roduc t i on  p a r t s  coated by the r e v i s e d  
procedure s h a l l  n o t  be shipped p r i o r  t o  r e c e i p t  o f  reapprova l .  

4.5 T e s t  Methods: 

4.5.1 Adhes.i-on: T e s t  specimens s h a l l  be c lean  and f r e e  f r o m  contaminants, 
0 i n c l u d i n g  f i n g e r  p r i n t s ,  t h a t  would a f f e c t  t he  adhesion o f  the  t e s t i n g  

. t a p e .  A s t r i p  o f  p ressu re -sens i t i ve  tape, 1 i n c h  (25 mm) i n  nominal w id th  
or approx imate ly  213 o f  t h e  l e a s t  dimension o f  the  t e s t  specimen i f  l e s s  
than 1 i n c h  (25 mm), s h a l l  be pressed f i rmly  i n  c o n t a c t  across the  e n t i r e  
coated sur face.  A f t e r  30 - 60 seconds the tape s h a l l  be removed q u i c k l y  
w i th  a snap a c t i o n  which e x e r t s  the g r e a t e s t  p o s s i b l e  s t r i p p i n g  e f f e c t  on 
the  sur face.  

4.5.2 Abrasion Resistance: 

4.5.2.1 Test Procedure: The c o a t i n g  s h a l l  be t e s t e d  by h o l d i n g  a standard 
ab ras ion  t e s t i n g  dev ice i n  the  hand and rubb ing  t h e  coated su r face  w i t h  
a standard eraser  conforming t o  MIL-E-12397 mounted i n  the h o l d i n g  
dev ice.  A pressure o f  approx imate ly  2.0 - 2.5 pounds f o r c e  
(8.9 - 1 1 . 1  N) s h a l l  be a p p l i e d .  Strokes o f  approx imate ly  1 i n c h  (25 
mm) s h a l l  be made i f  the  s i z e  o f  t he  element or specimen w i l l  p e r m i t  i t ;  
sma l le r  strokes fo r  sma l le r  specimens. A l l  strokes s h a l l  be made on one 
p a t h  f o r  20 complete strokes. 

0 

4.5.2.2 T e s t  Eguipment: Assembly d e t a i l s  o f  the Abrasion T e s t e r  may be obta ined 
on w r i t t e n  request  from U.S. Army Armament Research and Development 
Command as i n d i c a t e d  i n  2.3.4. The o n l y  rubber  eraser  p l u g  which i s  
acceptable for  t h i s  t e s t  i s  a l s o  a v a i l a b l e  f rom the same source. A l l  
requests  should make re fe rence  t o  Drawing D7680606. 

4.5.3 Elevated Temperature: Specimens shal  
(599°F t 141, h e l d  a t  temperature for 
t o  room temperature.  Heat ing and coo 
8 C (14 F )  degrees per  minute.  

be heated t o  3150C 4 8 
n o t  l e s s  than 15 minutes,  and cooled 
i n g  r a t e s  s h a l l  be n o t  g r e a t e r  than 
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4.5.4 *: 

4.5.4.1 _T_est Chamber: The chamber shall consist of a dust-tight cabinet with 
the floor designed to permit the dust to fall i'nto hoppers for 
recirculation. The facility shall be time-cycle-controlled to 
accomplish the exposure and shutdown required. A blower and duster 
shall be provided to circulate the dust throughout the test chamber with 
the velocity and concentration out1 ined. 

4.5.4.2 TestJrocedure: The test samples shall be placed in the test chamber 
0 and the sand and dust density raised to, and maintained at, 0.1 - 0.5 

grain/cubic foot (3.5 - 17.7 g/m3> and velocity between 100 and 500 
feet/minute (508 and 2540 mm/s> within the test space. 
temperature of the test chamber shall be maintained at 25°C 
(77°F f 9) for not less than 6 hours then raised to and maintained at 
70°C 2 3 (158°F f 5) for not less than 6 hours additional. The relative 
humidity shall not exceed 30% at any time during the test. 
of the exposure period, the sample shall be removed from the test 
chamber and allowed to cool to room temperature. Accumulated dust shall 
be removed by brushing, wiping, shaking, or blowing with clean, dry air. 

The internal 
5 

At the end 

4.5.4.3 Sand and Dust: Sand and dust used in the test shall be of angular 
structure and shall have characteristics as follows: 

4.5.4.3.1 Particle Size: Shall be as follows, determined using U.S .  Standard 
Sieve Series or equivalent as defined in ASTM Ell: 

100% shall pass through a 100 mesh (150-pm) sieve. 
98% f; 2 shall pass through a 140 mesh (106-pm) sieve. 
98% f 2 shall pass through a 200 mesh (75-pm) sieve. 
75% 2 shall pass through a 325 mesh (44-pm) sieve. 

4.5.4.3.2 Chemical Composition: Shall be as follows, determined by wet chemical 
methods or as agreed upon by purchaser and vendor: 

Subs tance 
~- % by Weiuht 
minimum maximum 

S i  O2 97 - 99 

Fe203 

2 Ignition -- 
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