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  OPTICAL COMPONENTS FOR FIRE CONTROL
INSTRUMENTS; GENERAL SPECIFICATION GOVERNING
THE MANUFACTURE, ASSEMBLY, AND INSPECTION OF

This specificat ion is approved for  use by all Departments and Agencies of the
Department of Defense.

1.  SCOPE

    1.1  Scope.  This specificat ion covers the manufactu re, assembly, and
inspect ion of fin ished opt ical components such as lenses, pr isms, mir rors,
ret icles, windows and wedges for  fire control instruments.

2.  APPLICABLE DOCUMENTS

    2.1  General.  The documents l isted in th is sect ion are needed to meet the
requ irements specified in sect ions 3, 4, and 5 of th is specificat ion.  This sect ion
does not  include documents in other  sect ions of th is specificat ion or
recommended for  addit ional in format ion or  as examples.  While every effor t  has
been made to ensure the completeness of th is l ist , document users are
cau t ioned that  they must meet all requ irements documents cited in sect ions 3,
4, and 5 of th is specificat ion, whether  or  not  they are listed.
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     2.2  Other  Government documents, drawings, and publicat ions.  The
following other  Government documents, drawings, and publicat ions form a par t
of th is document to the extent  specified herein.  Unless otherwise specified, the
issues are those cited in the solicitat ion. 

     DRAWINGS

          US ARMY ARMAMENT RESEARCH, DEVELOPMENT AND ENGINEERING
CENTER (ARDEC)

C7641866 - Sur face Quality Standards for  Opt ical
Elements

(Copies of other  Government documents, drawings, and publicat ions requ ired
by contractors in connect ion with specific acqu isit ion funct ions shou ld be
obtained from the contract ing act ivity or  as directed by the contract ing act ivity.)

     2.3  Order  of precedence.  In the event of a conflict  between the text  of th is
document and the references cited herein, the text  of th is document takes
precedence.  Nothing in th is document, however, supersedes applicable laws
and regu lat ions unless a specific exempt ion has been obtained.  (See contract
provisions for  addit ional precedence cr iter ia.)

3.  REQUIREMENTS

     3.1  General.  All opt ical elements, components and systems shall comply
with the requ irements of th is specificat ion, except as fu r ther  defined in the
detailed instrument specificat ion or  on applicable drawings forming a par t  of the
contract .

     3.2  Mater ials.  Mater ials shall be in accordance with applicable
specificat ions or  component or  instrument drawings.

     3.2.1  Glass, opt ical.  Opt ical glass shall be of type and grade specified on
the drawings.  On au thor izat ion to use glass other  than that  specified, complete
informat ion regarding the opt ical character ist ics of the glass and design data
shall be fu rnished to the contract ing officer .

     3.2.1.1  Radioact ive mater ial.  Opt ical glass specified herein shall contain no
thor ium or  other  added radioact ive mater iel in  excess of 0.05 percent by weight .

     3.2.2  Adhesive.  Unless specified by the contract  or  order , opt ical cement
shall be in accordance with Appendix A.
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     3.2.3  Bonding system.  Bonding system for  glass to metal bonding shall be
in accordance with Appendix D.

     3.2.4  Sealing compound.  Sealing compound shall be in accordance with
Appendix E.

     3.2.5  Reflect ion reducing fi lm.  Reflect ion reducing fi lm requ ired for  coat ing
of specified opt ical su r faces shall be in accordance with Appendix C.

     3.2.5.1  Reflect ing sur faces .  Aluminized reflect ing sur faces shall be in
accordance with Appendix B.

     3.3  Mechanical dimensions.  Opt ical elements shall conform to the
mechanical dimensions and opt ical data specified on the drawings or  in the
contract .

     3.3.1  Rim edges.  Rim edges of all opt ical par ts shall have a chamfer  of
0.020 inch - 0.010 at  45 degrees ± 15 degrees as measured along the face width
unless otherwise specified by the drawing.  Edges meet ing at  angles of 135
degrees and larger  need not  be beveled unless specified by the drawings.

     3.4  Fin ish and defects.  Fin ish and defects of the opt ical glass shall conform
with requ irements of th is specificat ion or  as indicated on applicable drawings or
opt ical diagrams.

     3.4.1  Glass defects.  Str iae, cords, ream, bubbles, seeds, strain, laps, folds
in pressings, or  any other  defect  located in such a point , plane, or  posit ion as to
impair  the per formance of the element shall be cause for  reject ion of that
element.

     3.5  Opt ical glass sur face quality.

     3.5.1  Opt ical drawings and diagrams.  Component opt ical drawings shall
indicate sur face quality, and opt ical system diagrams shall indicate the
diameter  of an axial beam of rays.

     3.5.1.1  Designat ion of defect  size.  Limit ing sizes of su r face defects shall be
designated on the drawings by two numbers which refer  to two graded sets of
sur face quality standards per  Drawing C7641866.  The first  number shall refer
to scratches and the second number shall refer  to digs (see 6.3).

     3.5.2  Scratches.

     3.5.2.1  Circu lar  element.  The combined length of maximum size scratches
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located on each sur face of an opt ical element shall not  exceed one quar ter  the
diameter  of that  element.

     3.5.2.1.1  Maximum combined lengths of scratches.  When a maximum size
scratch is present, the sum of the products of the scratch numbers t imes the
rat io of their  length to the diameter  of the element or  appropr iate zone shall not
exceed one half the maximum scratch number.  When a maximum size scratch
is not  present, the sum of the products of the scratch numbers t imes the rat io
of their  length to the diameter  of the element or  appropr iate zone shall not
exceed the maximum scratch number.

     3.5.2.2  Noncircu lar  shaped element.  The comput ing diameter  of element
shapes other  than circu lar  shall be that  of a circle of equal area.  Scratches
beyond the free aperatu re of any element as given on the opt ical system
drawings or  detail drawings shall not  be considered when applying the
appropr iate formu la specified in 3.5.2.1.1.

     3.5.2.2.1  True roof su r faces on pr isms.  True roof su r faces on pr isms shall
be considered equ ivalent  to a single sur face equal to the sum of the individual
roof areas for  purposes of scratch and dig computat ion, except that  the roof
edge shall not  be considered in the summation of the length of the allowable
scratches.  Scratch and dig tolerances for  roof pr isms are set  on the basis that
the equ ivalent  su r face above is viewed from the air  side. (3.7.10.1).

     3.5.2.2.2  Sur face quality, central zone.  Areas of su r faces whose specified
scratch qualit ies are 20 or  bet ter  shall have no more than 4 separate scratches
in any 1/ 4-inch diameter  circu lar  area.  This requ irement does not  apply for
scratches smaller  than number 10. 

     3.5.2.3  Sur face quality, ou ter  zone.  Sur face quality ou tside the free
apertu re of any element shall be considered 80-50, unless otherwise requ ired.

     3.5.2.4  Coat ing scratches.  Coat ing scratches, scratches which do not
penetrate the glass sur face, shall be with in the same limits specified in 3.5.2. 
Coat ing scratches shall be considered separate from the substrate scratch
requ irements.

     3.5.3  Digs.

     3.5.3.1  Dig designat ion.  Dig numbers are the actual diameters of defects
allowed, specified in units of 1/ 100mm.  In the case of ir regu lar  shaped digs the
diameter  shall be taken as the average of the maximum length and maximum
width.
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     3.5.3.2  Maximum size digs.  The permissible number of maximum size digs
shall be one per  each 20mm of diameter  or  fract ion thereof on any single opt ical
su r face.  The sum of the diameters of all digs as est imated by the inspector
shall not  exceed twice the diameter  of the maximum size specified per  20mm
diameter .  Digs less than 2.5 microns shall be ignored.

     3.5.3.3  Sur face quality.  All digs on each sur face whose dig quality is
number 10 or  smaller  shall be separated edge to edge by at  least  1mm.  The
measurement of scat ter ing shall not  be requ ired for  su r faces where digs larger
than number 10 are allowed.

     3.5.4  Bubbles and inclusions.  Bubbles shall be classed as sur face digs. 
Any inclusion in the glass shall be t reated as a bubble.  The size of ir regu lar
shaped inclusions shall be considered as one half the sum of the maximum
length and the maximum width.  Bubble size tolerances are ident ical in  all
respects to digs; bu t  the bubble tolerance, is in addit ion to the dig tolerance.

     3.5.4.1  Maximum size bubbles.  The permissible number of maximum size
bubbles shall be one per  20mm of l ight  path, or  fract ion thereof, of any single
element.  The sum of the diameters of all bubbles as est imated by the inspector
shall not  exceed twice the diameter  of the maximum size specified per  20mm
diameter  for  each 20mm of l ight  path.  When sur face dig quality is 10 or
smaller , bubbles shall follow requ irements for  digs as specified in 3.5.3.3.

     3.5.5  Limit ing size of su r face defects.  If not  specified on drawings, the
limit ing size of scratches or  digs shall be determined from Table I and is based
on the beam diameter  of magnificat ion.

     3.5.5.1  Beam diameter  of magnificat ion.  The beam diameter  shall be
obtained from the opt ical data.  It  is the diameter  at  the sur face of the opt ic in
quest ion, of a bundle of axial rays proceeding to the observer 's eye.  The
diameter  of the bundle at  the eye shall be taken as 3.5mm, (0.1378 inch) if the
exit  pupil is over  3.5mm.  If the exit  pupil is smaller  than 3.5mm, that  diameter
of the bundle at  the eye shall be the same as the exit  pupil.

     3.5.5.2  Beam size less than in table I.  When the beam size is less than that
specified for  focal planes and near  local planes of any sur face, the size of defect
is determined by the magnificat ion of the eyepiece mu lt iplied by magnificat ion of
the erect ing system.

     3.5.5.3  Zone.  The sur face on which the beam diameter  of an axial bundle is
25 percent or  less of the free aper tu re shall be divided into a central and ou ter
zone.  The central zone shall be half the free aper tu re in width.  Zone size for
ret icles shall be as specified in 3.7.11.1.
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     3.6  Cement defects.  Cement bubbles, voids, undissolved par t icles, dry
spots, blisters, dir t  (l in t  or  dust) with in the free aper tu re of the cemented lens
shall not  exceed the limits of defects for  digs and bubbles specified in 3.5.3.1
thru  3.5.4.1 inclusive.

TABLE I  Sur face Qual i t y  Requi rem ent s

                       Focal planes and near focal planes Central zone 1/ 2
diameter  of su r face

Outer  Zone

Beam diameter  (mm) Magnifying
power

Focal length
(mm)

Scratch Dig Scratch Dig

Over 5....................... ......................... .................... 80 50 80 50
4-5............................. ......................... .................... 60 40 60 40
3.2-4.......................... ......................... .................... 60 30 60 40
2.5-3.2 ......................... .................... 40 20 60 40
2.1-2.5....................... ......................... .................... 40 15 60 30
1.6-2.1....................... ......................... .................... 30 10 40 20
1.0-1.6....................... ......................... .................... 20  5 40 15
0.6-1.0....................... ......................... .................... 15  3 30 10
0.4-0.6....................... ......................... .................... 10  2 20  5
0.2-0.4....................... ......................... .................... 10  1 15  3
0.2............................. 20-10 12.5-25 10  1 15 3
0.4............................ 10-5 25-50 10  2 20  5
0. 6 5-3.3 50-75 15  3 30 10
1.0............................ 3.3-2 75-125 20  5 40 15
1.6............................ 2-1 125-250 30 10 40 20

     3.6.1  Sur face quality of cemented face.  Cement defects inside the free aper tu re
shall be considered on the basis that  the cement inter face is a single sur face of the
specified sur face quality.  When not  specified, the sur face quality for  a cement face
shall be intermediate between that  of adjacent faces.

     3.6.2  Edge separat ions.  Edge separat ion and edge cement defects in opt ical
components shall not  extend beyond the edge chamfer  of the cemented sur face of the
lens or  pr ism by the distance greater  than 1/ 2 the distance between the cemented
sur face chamfer  of the component and the radius of the clear  aper tu re.  The
maximum dimension of any edge separat ion or  cement defect  shall not  extend into the
cemented sur face of the component by more than 1mm.  The sum of the edge
separat ions or  cement defects larger  than 1/ 2mm as measured at  the sur face chamfer
of the lens or  pr ism, shall not  exceed 10 percent of the per imeter .

     3.6.3  Bonding defects (glass to metal).  Bonded opt ical assemblies shall have a
cont inuous bead of the cured adhesive along the edge of the bonded sur face.

     3.6.3.1  Voids and separat ions.  Subsequent to meet ing the requ irements of 3.7.2
and 3.8.2.5.2, there shall be no voids or  separat ions that  exceed 10 percent of the
bonded area.
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     3.7  Opt ical component details.

     3.7.1  Temperatu re operat ion.  Cemented components as a resu lt  of exposure to
ambient  air  temperatu res of minus 80 ± 2 degrees and plus 160 ± 2 degrees F shall
not  develop "feather ing", show evidence of separat ion or  softening of cement or  other
defect , except as specified in 3.6, with the provision that  the increase or  development
of edge separat ion or  edge cement defects shall be cause for  reject ion.

     3.7.2  Relat ive humidity - temperatu re operat ion.  Cemented components as a
resu lt  of exposure to an ambient  atmosphere of plus 130 ± 2 degrees F temperatu re,
and at  least  95 percent minimum relat ive humidity, and subsequent exposure to
ambient  air  temperatu re of minus 80 ± 2 degrees and plus 160 ± 2 degrees F, shall
not  develop "feather ing", show evidence of separat ion or  softening of cement or  other
defects, except as specified in 3.6.

     3.7.3  Reflect ion reducing fi lms.  Opt ical su r faces specified on drawings as
"sur faces to be coated" shall be coated with a reflect ion reducing fi lm (see 3.2.5).

     3.7.4  Opt ical blackening.  When specified, ground sur faces of opt ical elements
shall be blackened with a fin ish approved by the responsible technical act ivity.

     3.7.5  Resolu t ion.  Resolu t ion tests shall be per formed on each object ive, collect ive,
erector , eyepiece, mir ror , wedge, window, fi lter , pr ism and pr ism assembly (opt ical) as
specified in 4.2.5.

     3.7.6  Parallelism, fi lters.  Parallelism of fi lters shall be with in the tolerance
specified on the drawings.  When no tolerance is specified, fi lters located internally or
in front  of a telescope shall not  exceed 1 minu te of arc l ight  deviat ion.  Filters located
between the eyelens and the exit  pupil shall not  have a light  deviat ion exceeding 5
minu tes of arc.

     3.7.7  Ret icle scale spacing.  Ret icle scale spacing shall be tested in accordance
with 4.2.10.5.

     3.7.8  Polished sur faces.  Polished sur faces shall show no evidence of grayness or
stain when inspected in accordance with 4.2.2.

     3.7.9  Lenses.

     3.7.9.1  Sur face quality.  Sur face quality of each lens shall be in accordance with
applicable drawings or  instrument specificat ions.  When not  specified, the sur face
quality shall be as follows:  Object ives, erectors, windows and other  elements which lie
at  least  fifteen diopters ou t  of the focal plane, shall have a sur face quality of 80-50 or
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better .  Field and collect ive lenses shall have a sur face quality of 20-5 in the central
zone and 40-15 in the ou ter  zone.  Center  lenses of ocu lars shall have a sur face
quality of 40-15 in the central zone and 40-20 in the ou ter  zone.  Eyelenses, except ing
those in symmetr ical eyepieces, shall have a sur face quality of 40-20 in the central
zone and 60-30 in the ou ter  zone.  When the field and eyelens are ident ical, the
sur face quality for  both shall be 20-5 in the central zone and 40-15 in the ou ter  zone.
 Filters which lie between the eyelens and the exit  pupil shall have a sur face quality of
40-20 in the central zone and 60-30 in the ou ter  zone.  Filters which lie internally
shall have the same requ irements as specified for  pr isms in 3.7.10.1.  Filters located
in front  of the object ive shall have a sur face quality of 80-50 or  bet ter .

     3.7.9.2  Fractu res and edge chips.  Edge chips which do not  encroach on the free
apertu re of the lens shall be allowable, providing the chip does not  inter fere with the
sealing of the lens in the mount.  The sur face of all chips larger  than 1/ 2mm, as
measured at  the largest  extremit ies, shall be "stoned" to roughen it  and lessen the
possibil ity of annoying reflect ions and addit ional chipping.  The sum of the chip
widths of chips larger  than 1/ 2mm, as measured at  the edge of the lens, shall not
exceed 30 percent of the per imeter .  Fractu res in any face or  edge shall be ground ou t .
 Ground ou t  areas shall remain with in the applicable stoned chip l imits of th is
paragraph.  Stoned chips and fractu res in ground faces whose total summed up areas
are in excess of 2 percent of the area of the ground face or  which are in excess of 2mm
depth shall be cause for  reject ion.  Such stoned chips and fractu res shall be cause for
reject ion when they inter fere with the opt ical path, mount ing or  sealing methods
regardless of their  size.

     3.7.9.3  Concentr icity.  Edges of all elements shall be t rued to diameter  abou t the
opt ical axis as a center  by gr inding.  Lenses composed of two or  more elements shall
be cemented and centered in such a manner that  the axis of each element coincides
with the axis or  axes of the other  element or  elements.  Ocu lar  lenses shall be
concentr ic with in 6 minu tes or  arc, and all other  lenses shall be concentr ic with in 3
minu tes of arc unless otherwise specified on the drawing or  in item specificat ions. 
After  center ing and cement ing, mechanical eccentr ic glass overhang in excess of 50
percent diameter  tolerance shall be removed.  Opt ical eccentr icity is defined as the
angu lar  deviat ion, after  refract ion of an incident ray which is coincident with the
geometr ic axis of the lens.

     3.7.10  Pr isms and mir rors.

     3.7.10.1  Sur face quality.  Sur face quality of each pr ism shall be in accordance with
applicable drawings or  instrument specificat ions.  For  su r faces which lie at  least  15
diopters ou t  of the focal plane, quality shall be 80-50 or  bet ter .  For  su r faces which lie
with in 5 to 15 diopters of the focal plane the sur face quality shall be 20-5 for  the
central zone and 40-15 for  the ou ter  zone.  For  su r faces which lie with in 5 diopters of
the focal plane sur face quality shall be the same as for  ret icles.
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     3.7.10.2 Fractu res and edge chips.  Edge chips which do not  encroach on the free
apertu re of the pr ism shall be allowable with in the following limitat ions:  The sum of
the chip widths shall not  exceed 30 percent of the length of edge on which the chips
occur .  Chips shall be measured from the bevelling edge, not  from sharp edge; i.e. after
bevelling and not  before.  Chips less than 1/ 2mm shall not  be counted and not  stoned;
chips larger  than 1/ 2mm shall be stoned.  Encroachment of chips shall be measured
on the faces of the pr ism from the bevelled edges.  If the nominal length (measured to
sharp corner  before bevelling) of the shor test  edge of the pr ism which is adjacent to
any polished face is an inch or  less, chips may encroach the faces 1mm; if said length
exceeds 25.4mm chips may encroach 2mm.  This shall be permissible provided that
there are no edge chips which inter fere with mount ing or  sealing and the chips do not
encroach upon the free aper tu re.  Fractu res visible to the unaided eye on any sur face
or  edge are not  permit ted.

     3.7.10.3  Drawing requ irements.  The deviat ion of angle errors, pyramidal error  or
error  due to pyramid, spher ical power, ast igmat ism, resolu t ion, and image t i lt  shall be
as specified on the drawings.

     3.7.10.4  Erect ing pr isms.  Erect ing pr isms shall be inspected as specified in
4.2.5.2.

     3.7.10.5  Reflect ing sur faces - silvered or  aluminized.

     3.7.10.5.1  Edges.  The edges of par t ially silvered sur faces of ocu lar  pr isms shall be
sharp and shall be free of ir regu lar it ies when inspected with the aid of a magnifier  of at
least  the power of the eyepiece of the instrument to which the pr ism per tains.

     3.7.10.5.2  Defects.  Defects on reflect ing sur faces appear the same as defects on
other  opt ical su r faces and shall be t reated in the same manner as specified in 3.7.10.1.

     3.7.10.5.3  Apertu re sur faces.  Apertu re sur faces of pr isms through which light  is
to be t ransmit ted shall be free from par t icles of silver  or  aluminum remaining from
processing of other  su r faces.

     3.7.11  Ret icles.

     3.7.11.1  Sur face quality.  The sur face quality shall be as specified on the drawings.
 When not  so specified the sur face quality shall be as specified for  focal planes in
3.5.5.3, except for  zone sizes.  The central zone shall be the central area, one half the
free aper tu re in width, for  ret icles having ret icle graduat ion extremit ies with in th is
area, and those ret icles having hor izontal and ver t ical l ines withou t graduat ions
ou tside the area.  Ret icles having graduat ions ou tside the central area, one half the
free aper tu re in width, the central zone shall be the central area, three-four ths the free
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apertu re in width.  Imperfect ions beyond the free aper tu re shall be permit ted providing
their  character ist ics do not  impair  per formance of the instrument.

     3.7.11.2  Edge chips.  Edge chip l imitat ions shall be evaluated in accordance with
3.7.9.2.

     3.7.11.3  Parallelism of flat  su r faces.  Parallelism of ret icle flat  su r faces shall be
with in the tolerances specified by the drawings.  Where no tolerance is given on the
drawing, the tolerance shall be 6 minu tes of arc deviat ion of l ight  path.

     3.7.11.4  Mark ings.  Ret icle mark ings shall be viewed through an eyepiece of
essent ially the same power under which the ret icle will be viewed in the fin ished
instrument.  Let ters and numerals (whether  in par t  number or  adjacent to
graduat ions) shall be inspected pr imar ily for  legibil ity.  Defects in numbers or  let ters
shall be acceptable provided each let ter  of figu re is legible beyond doubt.  Unless
otherwise specified, any pr int ing style is permit ted for  let ters and numbers, however,
the style selected must be uniform throughout each ret icle and must meet with the
approval of the procur ing agency.  Line breaks one half the width of the line shall be
permit ted.  For  ret icles contain ing more than 15 lines, 1 break  per  5 l ines or  fract ion
thereof shall be permit ted.  All l ines shall appear to be of uniform width and depth and
the intersect ions of l ines shall appear to be sharp.  Smooth or  abrupt  var iat ions in l ine
width along the ent ire l ine shall not  be in excess of 20 percent of the line width and in
no case shall ret icle l ines be bowed in excess of 1/ 2 the ret icle l ine width.  The fi l let
radius at  the intersect ion of ret icle l ines shall not  exceed the line width.  Acid burns
shall be cause for  reject ion, if visible when the ret icle is viewed with the appropr iate
eyepiece.

     3.7.11.5  Il luminated ret icles.  If the br ightness of a defect  is greater  than the
br ightness of a ret icle l ine when il luminated by the associated instrument l ight  or  l ight
of equal intensity, the defect  shall be cause for  reject ion.

     3.7.12  Wedge and window.  Wedge and window sur face quality shall be in
accordance with 3.7.9.1.

     3.8  Opt ical systems.

     3.8.1  Unassembled.  Opt ical systems of specified design procured unassembled
shall be grouped into systems in accordance with the opt ical diagram per tain ing to
the system, and shall be inspected as specified in 4.2.9.

     3.8.2  Assembled.  Opt ical systems of specified design procured assembled in their
respect ive instruments shall be assembled in accordance with the drawing and
specificat ion for  the instrument, and shall be inspected as specified in 4.2.10.
     3.8.2.1  Defect  cr iter ia.  Defects not  otherwise covered in th is specificat ion, which
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will not  impair  the per formance of the fin ished instrument, shall be permissible. 
Whether  a par t icu lar  defect  shall be permit ted will depend on the locat ion of the
element in the fin ished opt ical system.  Defects in elements not  near  a focal plane are
not as important  as in elements which lie in or  near  a focal plane.  In all instances
pr imary emphasis shall be placed on the per formance of the lens or  pr ism rather  than
its appearance unless the lat ter  defin itely indicates poor  workmanship.  The order  of
importance is as follows:

     a.  Most cr it ical su r faces,
  Etched sur face of ret icle
  Sur face of collect ive lenses in a focal plane

     b.  Less cr it ical su r faces,
  Sur face of ocu lar  field lens nearest  the ret icle,
  Collect ive lens, center  lens or  pr ism sur faces near  a focal plane

     c.  Least  cr it ical su r faces,
  All other  su r faces of windows, object ives, pr isms,
  erector , and eyelenses

     3.8.2.2  Alignment.  The opt ical elements of all opt ical systems procured
assembled in their  instruments shall be aligned so that  the exit  pupil viewed on the
opt ical axis shall have a minor  diameter  not  less than 90 percent of its major
diameter .  The exit  pupil shall be concentr ic with the exit  free aper tu re with in 10
percent of the exit  free aper tu re when viewed from a point  on the opt ical axis at  a
distance of approximately two feet  from the eyelens.

     3.8.2.3  Sealed joints.  When specified, moistu re prevent ive sealing compound (see
3.2.4) shall be evenly applied to the opt ical component to form an unbroken bead. 
When in ject ion sealing is u t i l ized, 24 hours shall elapse before coll imat ion of the
instrument.

     3.8.2.4  Padding.  The use of pads, shims, wedges, or  opening under or  around
opt ical elements is prohibited and shall be cause for  reject ion of the instrument unless
specified by the drawings

     3.8.2.5  Per formance character ist ics.

     3.8.2.5.1  Vibrat ion.  After  being subjected to the vibrat ion test  specified in 4.2.10.7
the opt ical instrument shall show no dir t  (dust  or  l in t ) in  excess of that  allowed by the
item specificat ion.  In the absence of detail requ irements, dir t  in  any confined space
shall not  be in size or  amounts larger  than the allowable dig specificat ion for  the
adjacent su r face requ ir ing the best  dig quality.  The instrument shall show no evidence
of loose or  damaged par ts subsequent to th is test .
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     3.8.2.5.2  Shock .  All completed subassemblies in which an opt ical element is
physically supported from another  par t  or  par ts by a glass to metal bond shall be
subjected to the shock  test .

     3.8.2.5.3  Cleanliness.  The opt ical su r face of completed instruments shall be clean
and free of condensates and volat i le substances when examined by method specified in
4.2.10.9.  Dust  retent ion grease shall not  be used except with specific au thor izat ion of
the responsible technical act ivity.

     3.8.2.5.4  Parallax.  Parallax shall be removed where specified in 4.2.10.4.

     3.8.2.5.5  Fixed eyepiece focus.  Unless otherwise specified the ret icle at  the center
of the field shall be in sharp focus when the eyepiece is set  between minus 0.75 and
minus 1.0 diopter .  A calibrated dioptometer  with a magnificat ion of at  least  3 power or
an equ ivalent  auxil iary telescope shall be used to make th is set t ing.

4.  VERIFICATION

     4.1  General provisions.  Unless otherwise specified in the contract  or  purchase
order , the supplier  is responsible for  the per formance of all inspect ion requ irements as
specified herein.  Except as otherwise specified, the supplier  may u t il ize h is own
facil it ies or  any commercial laboratory acceptable to the Government.  The Government
reserves the r ight  to per form any of the inspect ions set  for th in the specificat ion where
such inspect ions are deemed necessary to assure supplies and services conform to
prescr ibed requ irements.

     4.1.1  Examinat ion and tests.

     a.  Classificat ion of character ist ics.  Conformance examinat ions and tests are
specified in the item specificat ion’s Classificat ion of Character ist ics paragraphs.  The
contractor ’s quality program or  detailed inspect ion system will provide assurance of
compliance of all character ist ics with the applicable drawing and specificat ion
requ irements u t i l izing, as a minimum, the conformance cr iter ia specified.  Unless
otherwise cited in the contract  or  item specificat ion, at t r ibu tes sampling inspect ion
shall be conducted in accordance with TABLE II below, using the inspect ion levels
stated in the Classificat ion of Character ist ics paragraphs of the item specificat ion.
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For the classificat ion of character ist ics, the following defin it ions apply:

Cr it ical - A cr it ical defect  is a defect  that  judgment and exper ience indicate wou ld
resu lt  in  hazardous or  unsafe condit ions for  individuals using, maintain ing, or
depending upon the product , or  a defect  that  judgment and exper ience indicate is
likely to prevent per formance of the tact ical funct ion of a major  end item such as a
tank , land vehicle, missile, aircraft , ar t i l lery, or  other  major  weapon system.

Major  - A major  defect  is a defect , other  than cr it ical, that  is l ikely to resu lt  in  failu re,
or  to reduce mater ially the usability of the unit  of product  for  its intended purpose.

Minor  - A minor  defect  is a defect  that  is not  l ikely to reduce mater ially the usability of
the unit  of product  for  its intended purpose, or  is a departu re from established
standards having lit t le bear ing on the effect ive use or  operat ion of the unit .
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TABLE II. At t r ibu tes sample inspect ion.

Inspect i on
Levels

Lot  Si ze

     I        II III IV V VI

2 to 8 * * * * 5 3
9 to 15 * * * 13 5 3

16 to 25 * * * 13 5 3
26 to 50 * * 32 13 5 3
51 to 90 * * 32 13 13 5

91 to 150 * 125 32 13 13 5
151 to 280 * 125 32 32 20 8
281 to 500 * 125 32 32 20 8

501 to 1200 * 125 80 50 20 13
1201 to 3200 1250 125 80 50 32 13

3201 to
10000

1250 125 125 50 32 13

10001 to
35000

1250 315 125 80 50 13

35001 to
150000

1250 315 125 80 50 13

150001 to
500000

1250 500 200 125 50 13

500001 and
over

1250 500 200 125 50 13

Numbers under inspect ion levels indicate sample size; aster isks (*) indicate one
hundred percent inspect ion.
If sample size exceeds lot  size, per form one hundred percent inspect ion.  Accept
on zero and reject  on one or  more for  all inspect ion levels.

     b.  Alternat ive conformance provisions.  Unless otherwise specified herein or
provided for  in the contract , alternat ive conformance procedures, methods or
equ ipment, such as stat ist ical process control, tool control, var iables sampling or
other  types of sampling plans, etc., may be used by the contractor  when they provide,
as a minimum, the level of assurance requ ired by the provisions herein.  Pr ior  to
applying such alternat ive procedures, methods or  equ ipment, the contractor  shall
descr ibe them in a wr it ten proposal submit ted to the Government for  evaluat ion.
When requ ired, the contractor  shall demonstrate that  the effect iveness of each
proposed alternat ive is equal to or  bet ter  than the specified conformance provision (s)
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herein.  In case of dispu te as to whether  the contractor ’s proposed alternat ive (s)
provides equ ivalent  assurance, the provisions of th is specificat ion shall apply.  All
approved alternat ive provisions shall be specifically incorporated into the contractor ’s
quality program or  inspect ion system, as applicable.

     c.  Inspect ion levels.  All references to inspect ion levels in th is document and its
appendixes are to u t i l ize the above Table II at t r ibu tes sample inspect ion.

     4.2  Methods of inspect ion.

     4.2.1  Inspect ion, opt ical components.  Opt ical components shall be inspected by
approved opt ical methods and equ ipment in accordance with applicable item
specificat ions.  In absence of approved test  methods and equ ipment, the following
procedures of the general specificat ion shall apply.  Appropr iate sampling procedures
may be used with pr ior  approval of the responsible technical act ivity.

     4.2.1.1  Mechanical dimensions.  Each opt ical component shall be checked for
compliance with the mechanical dimensions of the drawing and shall be inspected in
accordance with the requ irements and tests in th is specificat ion.

     4.2.1.2  Radioact ive mater ial.  Fin ished glass shall be tested by X-ray spectrometer
techniques, or  an approved alternate, for  compliance with 3.2.1.1.  Equ ipment and
method used in per forming X-ray fluorescence must have a minimum detectable level
for  thor ium and other  radioact ive mater ial of less than 100 par ts per  mill ion (ppm)
with an accuracy of ± 25 PPM.  Shou ld analysis show any sample to exceed the
requ irement of 3.2.1.1 all glass in the lot  from which the sample was obtained shall be
rejected.

     4.2.2  Sur face quality.  Each element shall be inspected by the following methods
for  compliance with 3.5.2, 3.5.5, 3.6.1, 3.7.9.1 and 3.7.10.1.

     4.2.2.1  Inspect ion method No. 1.  The element to be inspected shall be viewed
against  a ground glass or  opal su r face il luminated from behind by a 40 watt
incandescent or  15 watt  cool white fluorescent lamp approximately 3 inches from the
glass.  Two or  more opaque hor izontal bars occupying approximately 1/ 2 the area of
the glass shall be placed in front  of and in contact  with the glass.

     4.2.2.2  Inspect ion method No. 2.  The light  through ground glass from a 40 watt
incandescent or  15 watt  cool white fluorescent lamp shall be passed through the
element.  Defects are observed by light  scat tered from the sur face while viewing it  at
approximately 90 degrees to the path of the beam against  a dark  background.

     4.2.3  Temperatu re test .
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     4.2.3.1  Test  No. 1.  Three ou t  of the first  10 of each type of cemented or  bonded
component completed under each contract  shall be tested at  the h igh and low
temperatu res specified in 3.7.1.  If there is reason to doubt quality, the r ight  is
reserved to test  addit ional samples as the inspector  deems necessary.  Components
subjected to these tests shall have passed all other  requ ired tests.

     4.2.3.2  Test  No. 2.  The cemented or  bonded components shall be subjected to an
ambient  temperatu re of minus 80 ± 2 degrees F for  5 hours.  When inspected visually
at  th is temperatu re, and again after  remaining five hours at  room temperatu re, the
opt ical assembly shall show no evidence of "feather ing" or  ret icu lat ion and there shall
be no separat ion of the components.  In per forming th is test  the opt ical assemblies
shall not  be subjected to any undue thermal shocks while being cooled to minus 80
degrees F, or  while being warmed to room temperatu re.

     4.2.3.3  Test  No. 3.  The cemented opt ical assembly shall then be subjected to the
following test  at  the h igh temperatu re.  One of the components shall be held r igidly in
such a manner that  the cemented inter face shall be approximately in a ver t ical plane.
 A weight  of such magnitude as to induce in the opt ical assembly a unit  shear  stress
of 5 ounces per  square inch of area of the cemented or  bonded sur face shall be
suspended from the other  component.  In no case shall the weight  be less than one
ounce.  The ent ire apparatus shall be allowed to soak  at  an ambient  temperatu re of
plus 160 ± 2 degrees F, for  2 hours.  The lens shall pass the requ irements specified by
4.2.6 when tested at  room temperatu re and the movement or  slippage of one
component with respect  to the other  shall not  exceed .002 inch.  In per forming th is
test  the opt ical assemblies shall not  be subjected to any undue thermal shocks while
being raised to 160 degrees F or  while being cooled to room temperatu re.

     4.2.3.4  Failu re invest igat ion.  Failu re of one opt ical assembly shall be cause for
stopping shipments pending an invest igat ion of the cause.  The contractor  shall
inst itu te an immediate invest igat ion in the presence of a representat ive of the
contract ing officer  if the representat ive desires to be present to determine the cause of
failu re.  If the invest igat ion discloses a fau lt  in  cement ing or  bonding, acceptance of
opt ical assemblies incorporat ing th is fau lt  shall be stopped pending correct ion.  The
contractor  shall correct  h is cement ing technique and shall correct  all fau lty opt ical
assemblies previously produced.  Acceptance and shipments will be resumed when
ten consecu t ive opt ical assemblies of the type rejected have successfu lly passed the
temperatu re tests.

     4.2.4  Temperatu re - relat ive humidity.

     4.2.4.1  Sample size.  Three ou t  of the first  10 of each type of cemented or  bonded
components at  the beginning of each contract , or  upon change in method of
cement ing or  change in type cement, shall be tested at  the temperatu re-humidity
condit ions specified herein.  If there is reason to doubt quality, the r ight  is reserved to
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test  addit ional samples as the inspector  deems necessary.

     4.2.4.2  Test  procedure.  The cemented or  bonded component shall be gradually
heated in a dry atmosphere to plus 140 ± 2 degrees F, and then immediately placed in
an ambient  atmosphere of plus 130 ± 2 degrees F. at  95 percent relat ive humidity for
2 hours.  The opt ical assemblies shall be removed from the humid atmosphere,
immediately wiped dry, and allowed to cool to room temperatu re.  After  8 hours at
room temperatu re the component shall be subjected to the tests specified in 4.2.3.2
and 4.2.3.3.  The test  as specified in th is paragraph shall be repeated in the same
ident ical procedure whenever passable opt ical assemblies having edge separat ion or
cement blisters at  the star t  of the test  increase, or  addit ional cement defects develop
not in excess of that  specified in 3.6.  Components fail ing the in it ial test , or  a change
in any cement defects, or  the development of addit ional cement defects after  the retest
shall be cause for  reject ion including all opt ical assemblies having passable cement
defects from the corresponding lots offered for  inspect ion.  All components subjected
to the humidity tests shall be recemented and recoated if requ ired pr ior  to acceptance.

     4.2.4.3  Reject ion cr iter ia.  Failu re of one component to pass the tests specified in
4.2.4 shall be cause for  the components to be t reated in the same manner as specified
in 4.2.3.4.

     4.2.5  Resolu t ion test .  Resolu t ion test  shall be standard and shall be per formed
using one of the resolving power char ts, see Figure 1.  Resolving power is a measure of
the opt ical per formance.  The resolving power is the angu lar  subtense (in seconds of
arc) of a ser ies of parallel bars that  can just  be resolved.  Resolving power is measured
by viewing char ts contain ing parallel bars of appropr iate equal spacings.  An auxil iary
telescope is used to obtain su fficient  magnificat ion.  A resolving power char t  shall
consist  of fou r  sets of l ines, all sets either  ent irely three or  ent irely four  l ines at  45
degree steps (hor izontal, ver t ical, and two at  45 degrees).  The three line sets shall
contain l ines that  are five t imes as long as they are wide.  The four  l ine sets shall
contain l ines that  are seven t imes as long as they are wide.  The widths of l ines and
spaces shall be equal.  The lines may be either  black  on a white background, or  white
on a black  background.  There shall be an ident ifying numeral in  the center  of the
four  sets of l ines.  The contrast  shall be 100:1 minimum.  The char t  of appropr iate
dimensions may be located in a coll imator , or  it  may be viewed direct ly.  In the lat ter
case, the char t  shall be at  least  2 M2 feet  from the telescope object ive, where M is the
power of the telescope being tested.  The angu lar  subtense of a char t  is measured in
seconds and equals arc tangent 2W/ X, where W is the width of a char t  l ine and X is
either  coll imator  focal length or  distance from char t  to telescope under test .  The
telescope under test  is aligned so the char t  is in the center  of the field.  The auxil iary
telescope is added and or iented to again center  the char t .  With the diopter  scale of
the auxil iary telescope at  zero, the telescope under test  shall be focused on the
numeral in  the resolving power target .  In reading resolu t ion, the auxil iary telescope
may be focused plus or  minus 1/ 8 diopter  for  each of the four  mer idians.  All fou r
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meridians shall have the correct  l ine count.  The limit  of resolu t ion is reached when
individual l ines with in the pat tern are no longer clear ly seperated.

     4.2.5.1  Object ive and erector .  When an object ive or  erector  is being inspected by
means of the above char t , it  shall be placed at  the proper  distance and the image
formed by the object ive or  erector  shall be viewed with a microscope at  a given power
as requ ired by the item specificat ion or  the contract ing officer .  It  shall be possible to
discern a l ine structu re in the blocks equ ivalent  to the resolu t ion specified.  The char t
shall be so il luminated as to give a br ightness of the image of 10 to 20 mill i lamberts.

     4.2.5.2  Lens.  When the effect  of the lens on the defin it ion of the complete
instrument is being checked, the other  opt ical component of the instrument having
approved quality shall be arranged exact ly as in the actual instrument.  The lens to be
tested shall then be inser ted in posit ion, and the char t  shall be viewed through the
complete setup by means of an auxil iary telescope giving a combined power of 40 to
60 magnificat ions per  inch of aper tu re.  It  shall be possible to discern a l ine structu re
in the block  represent ing the line structu re requ ired for  the specified resolu t ion.  The
chart  shall be so il luminated as to give a br ightness of the image of 10 to 20
mill i lamberts.  Any opt ical elements needed for  th is test  that  are not  being
manufactu red by the contractor  will be fu rnished by the contract ing officer .

     4.2.5.3  Image.  Plane components used external to a opt ical system.  The
defin it ion shall be tested by observing through the appropr iate free aper tu re of the
component, the image of a target  of the form shown in Figure 1.  The image shall be
observed with a telescope of at  least  5-power greater  than the power of the opt ical
system between the component and the eye.

     4.2.5.4  Opt ical components or  par t ial systems.  Opt ical components or  par t ial
systems procured as such and not  as complete systems shall be tested in accordance
with the detail specificat ion or  contractual document.

     4.2.6  Concentr icity of lenses.  Cemented and single lenses shall be checked for
conformance with the concentr icity requ irements of 3.7.9.3.  The instrument specified
in 4.2.8 with modificat ions, may be used for  th is test  except that  the ret icle in the
collimator  shall be capable of being focused to permit  placing it  in  the focal plane of
the lens combinat ion consist ing of the coll imator  object ive and the lens undergoing
test  for  concentr icity, and the stage shall be constructed to permit  the lens to rotate
about the geometr ic axis.

     4.2.7  Deviat ion of pr isms.  The angle of deviat ion of pr isms shall be tested by
check ing the deviat ion of l ight  rays passing through the pr isms, by standard or
approved spectrometer  pract ices.

     4.2.8  Parallelism.  Windows, wedges, ret icles or  similar  flat  su r faces elements
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shall be tested for  parallelism of flat  su r faces by check ing the deviat ion of l ight  rays
passing through the element.

     4.2.9  Inspect ion of opt ical systems procured unassembled.

     4.2.9.1  Opt ical elements.  The opt ical elements of these systems shall be
subjected to the inspect ion specified in 4.2.1 thru  4.2.8.

     4.2.9.2  Systems, grouped.  The elements shall be grouped into systems for
inspect ion and shipments.  They shall be spaced, in accordance with the opt ical
diagram per tain ing to the system, and assembled in a master  instrument or  tester
and tested for  defin it ion and quality of image.  Elements causing unsat isfactory
per formance shall be replaced before acceptance of the system (see Figure 1 for  test ing
targets, and 4.2.10.2 and 4.2.10.3 for  ou t line of inspect ion).

     4.2.10  Inspect ion of assembled opt ical systems.

     4.2.10.1  Opt ical elements.  The opt ical elements of these systems shall be subject
to the inspect ion specified in 4.2.

     4.2.10.2  Target .  Targets used in test ing opt ical systems may be either  actual size
targets or  miniatu re targets contained in coll imators.  The actual size targets can be
made by pr int ing black  lines on a white background.  The target  in a coll imator  may
be an etched or  photographic ret icle duplicat ing in miniatu re form, a fu ll size target . 
The targets will vary, as requ ired, by the detailed specificat ion, from plain crosslines
to targets contain ing a plumb line, level l ine, tolerance limit  l ines, and graduated
scales (see Figure 1 for  resolu t ion test ing target).

     4.2.10.2.1  Collimator  ret icle.  The ret icle cell of the coll imator  is adjustable so that
the ret icle may be moved toward or  away from the object ive to represent different
ou tside distances at  which an ou tside target  wou ld be placed.  For  example, suppose
that  the specificat ion for  a telescope requ ires that  the instrument be free from parallax
when viewing a target  at  a distance of 200 yards and a coll imator  target  is to be used
for  test ing.  It  is necessary to adjust  the coll imator  ret icle to represent th is distance. 
This may be accomplished by removing parallax in a sample instrument when
observing an ou tside target  at  200 yards and then using th is sample telescope to
adjust  the coll imator  ret icle unt il there is no parallax observed when sight ing through
the sample telescope at  the coll imator  ret icle.

     4.2.10.2.2  Image quality.  When a coll imator  target  is used to test  the image
quality of a telescope, due allowance shall be made for  any aberrat ions of the
collimator  object ive which will appear to be defects of the telescope being tested. 
Caut ion shall be exercised to eliminate the effect  of these aberrat ions.
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     4.2.10.3  Instrument, inspect ion.  Where necessary, the field may be observed by
the use of a dioptometer  or  an equ ivalent  auxil iary telescope to compensate for  the
individual inspector 's eye accommodat ion.

     4.2.10.4  Parallax.  Parallax shall be removed at  the center  of the field unless
otherwise specified in the detail specificat ion.

     4.2.10.5  Ret icle scale spacings.  Accuracy of angu lar  subtense of ret icle scale
spacings of each ret icle shall be tested by check ing them against  a target , which is an
enlarged facsimile of the ret icle; or  a coll imator  ret icle target .  The enlarged target
shall have black  lines or  marks against  a white background and be placed at  the
proper distance with the face of the target  perpendicu lar  to the line of sight  of the
telescopes being tested.

     4.2.10.6  Sur face quality, ret icle.  Each ret icle shall be checked for  compliance
with 3.7.11.1 by viewing with a magnifier  whose magnificat ion is equal to or  greater
than the per t inent  viewing lens of the telescope of which it  is a component.  The light
and method shall be the same as specified in 4.2.2.

     4.2.10.7  Vibrat ion test .  Each opt ical instrument shall be mounted singly or  in
groups on an approved vibrat ion machine and fixtu re and vibrated at  an amplitude of
not  less than 1/ 16 inch (1/ 8 inch total movement at  the center  of the mount ing face
of the fixtu re) at  a frequency of 30 Hz for  2 to 2 1/ 2 minu tes.

     4.2.10.8  Shock  test .  Shock  test ing of bonded and cement-supported assemblies. 
In absence of specific requ irements each assembly shall be subjected to shock
accelerat ion in a direct ion parallel to the plane of the joint  in  test  for  poor  adherence
or incomplete cur ing in the bonded or  cemented joint .  The t ime var iat ion of the
accelerat ion shall be roughly that  of a half cycle of a sine funct ion in which the t ime
for  increase of the accelerat ion from zero to maximum is 0.7 to 2.0 mill iseconds.  The
amplitude of h igh frequency components in the t ime vs. accelerat ion curve shall not
exceed 30 percent of the fundamental amplitude.  Unless otherwise specified by the
item specificat ion, each assembly shall be subjected to six shocks of 150 G peak
accelerat ion.

     4.2.10.9  Cleanliness.  Each opt ical system shall be examined through the
object ive and eyepiece ends with the unaided eye.  Inspect ion for  moistu re shall be
made by the technique of shadowing.  Inspect ion for  dust  par t icles shall be made by
viewing a uniformly i l luminated field having a br ightness of approximately 300
apparent foot-lamberts.

5.  PACKAGING

     5.1  Packaging.  For  acqu isit ion purposes, the packaging requ irements shall be as
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specified in the contract  or  order .  When actual packaging of mater iel is to be
performed by DoD personnel, these personnel need to contact  the responsible
packaging act ivity to ascer tain requ isite packaging requ irements. Packaging
requ irements are maintained by the Inventory Control Point ’s packaging act ivity 
with in the Military Department of Defense Agency, or  with in the Military Department ’s
System Command.  Packaging data retr ieval is available from the managing Military
Department ’s or  Defense Agency’s au tomated packaging fi les, CD-ROM products, or
by contact ing the responsible packaging act ivity.

6.  NOTES

(This sect ion contains informat ion of a general or  explanatory natu re that  may be
helpfu l, bu t  is not  mandatory.)

     6.1  Intended use.  The fin ished opt ical components are to be used for  fire control
instruments such as sights, telescopes, per iscopes and range finders either  as
individual elements, par t ial or  complete systems, and assembled or  unassembled, as
requ ired by contract .

     6.2  Acqu isit ion requ irements.  Acqu isit ion documents shou ld specify the
following:

          a.  Tit le, number and date of th is specificat ion.

          b.  Select ion of an applicable level of preservat ion, packaging and pack ing.

          c. Cert ified test  repor ts are to be made available to the procur ing act ivity upon
request  (see Appendix A and Appendix D).

     6.3  Defin it ions.

     6.3.1  Scratch.  Any mark ing or  tear ing of the sur face.  Scratch types are ident ified
as the following:

         a.  Block  reek  - chain-like or  interrupted scratches that  are aligned.

         b.  Runner-cu t  or  cu t ter  marks - cu rved scratch caused in gr inding.

         c.  Sleek  - hair l ine scratch.

         d. Crush or  rub - ser ies of small su r face scratches generally caused by
mishandling.

     6.3.2  Dig.  A small rough spot on the polished sur face similar  to pits in 



Quality Control

BRINGING QUALITY INTO FOCUS

www.knightoptical.com   info@knightoptical.com   usasales@knightoptical.com 

Knight Optical (UK) Limited © and Knight Optical USA LLC. Whilst every effort has been made to verify the information and data, Knight Optical can take no responsibility for its accuracy.
All content on this page is protected under the Copyright, Designs and Patents Act 1988 and the Copyright © is owned by Knight Optical (UK) Limited 2011-2015. All rights are reserved. Reproduction of any content, by any means, without the express 
permission of the owner is prohibited by law. The KNIGHT OPTICAL name and/or mark and KO KNIGHT OPTICAL LOGO are the trademarks of Knight Optical (UK) Limited. Knight Optical (UK) Ltd is an ISO registered company.

Knight Optical (UK) Limited © Whilst every effort has been made to verify the information and data, Knight Optical (UK) Limited can take no responsibility for its accuracy

The KNIGHT OPTICAL name and/or mark and KO KNIGHT OPTICAL LOGO are the trade marks of Knight Optical (UK) Limited

+44 (0)1622 859444

info@knightoptical.co.uk

www.knightoptical.com

TM

QUALITY CONTROL
MIL-PRF-13830B

22

appearance, generally residuals of subsur face damage caused by gr inding that  didn’t
polish ou t  or  bubbles that  open up.

     6.3.3  Feather ing.  The physical change in cement causing the cement to lose its
adhesion and develop into a feather  l ike pat tern.

     6.4  Submission of alternat ive conformance provisions.  All contractor  proposed
alternat ive conformance provisions will be submit ted to the Government for
evaluat ion/ approval as directed by the contract ing act ivity.

     6.5  Drawings.  Drawings listed in Sect ion 2 of th is specificat ion under the heading
U.S. Army Armament, Research, Development and Engineer ing Center  (ARDEC) may
also include drawings prepared by, and ident ified as U.S. Army Armament, Research
and Development Command (ARRADCOM), Frank ford Arsenal, Rock  Island Arsenal or
Picat inny Arsenal drawings.  Technical data or iginally prepared by these act ivit ies is
now under cognizance of ARDEC.

     6.6  Subject  term (key word) l ist ing.

 Digs
 Ret icles
 Scratches
 Surface Quality

     6.7  Changes from previous issue.  Marginal notat ions are not  used in th is revision
to ident ify changes with respect  to the previous issue due to the extent  of the changes.
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FIGURE 1. Resolving power chart (for illustration purposes only)
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ADHESIVE, OPTICAL, THERMOSETTING

A.1  SCOPE

     A.1.1  Scope.  This appendix covers a thermosett ing liqu id resin adhesive for
bonding opt ical elements for  use in military opt ical instruments.  This Appendix is a
mandatory par t  of the specificat ion.  The informat ion contained herein is intended for
compliance.

A.2  APPLICABLE DOCUMENTS

     A.2.1  General.  The documents l isted in th is sect ion are needed to meet the
requ irements specified in sect ions A.3, A.4, and A.5 of th is specificat ion.  This sect ion
does not  include documents in other  sect ions of th is specificat ion or  recommended
for  addit ional in format ion or  as examples.  While every effor t  has been made to
ensure the completeness of th is l ist , document users are cau t ioned that  they must
meet all requ irements documents cited in sect ions A.3, A.4, and A.5 of th is
specificat ion, whether  or  not  they are listed.

     A.2.2  Non-Government publicat ions.  The following documents form a par t  of th is
document to the extent  specified herein.  Unless otherwise indicated, the issue in
effect  on the date of invitat ion for  bids or  request  for  proposal shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D1084 - Standard Test  Methods for  Viscosity of Adhesives

(Applicat ion for  copies shou ld be addressed to Amer ican Society for  Test ing and
Mater ials, 100 Barr  Harbor  Dr ive, West Conshohocken, PA 19428-2959.)

     A.2.3  Order  of precedence.  In the event of a conflict  between the text  of th is
document and the references cited herein, the text  of th is document takes
precedence.  Nothing in th is document, however, supersedes applicable laws and
regu lat ions unless a specific exempt ion has been obtained.  (See contract  provisions
for  addit ional precedence cr iter ia.)

A.3  REQUIREMENTS

     A.3.1  Qualificat ion.  The adhesive fu rnished under th is specificat ion shall be a
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product  which has been tested and passed the qualificat ion tests specified herein. 
Contractor  cer t ified test  repor ts are to be made available upon request . (see A.6.2)

     A.3.2  Adhesive.  The opt ical adhesive shall be thermosett ing.  There shall be no
restr ict ion as to chemical type provided the adhesive meets all requ irements specified
herein.

     A.3.3  Act ivator .  If necessary, an act ivator  may be used to cure the adhesive and
shall be supplied in the proper  quant ity for  act ivat ion with the adhesive.

     A.3.4  Refract ive index.  The refract ive index of the polymer ized and polymer izable
adhesive shall conform to the following:

     A.3.4.1  Polymer ized adhesive.  The index of refract ion of the polymer ized adhesive
shall be 1.530 to 1.560 at  25° ± 1°C (77 ± 2°F).

     A.3.4.2  Polymer izable adhesive.  The index of refract ion of the polymer izable
adhesive shall be 1.510 to 1.545 at  25° ± 1°C (77 ± 2°F).

     A.3.5  Viscosity.  The viscosity of the polymer izable adhesive shall be less than
800 cent ipoises at  25° ± 1°C (77 ± 2°F).

     A.3.6  Light  t ransmission.  The light  t ransmission character ist ics of the bonded
opt ical elements shall be greater  than or  equal to 98.5% with in the spectral range of
0.40 to 0.70 micrometers.

     A.3.7  Lint  and dust  par t icles.

     A.3.7.1  Adhesive.  Lint  and dust  par t icles per  4 ounces polymer izable adhesive
shall not  exceed any of the following:

7 par t icles of 0.1mm maximum length
3 par t icles of 1.0mm maximum length
1 par t icles of 5.0mm maximum length

The total number of par t icles of any size per  4 ounces polymer izable adhesive shall
not  exceed 7.

     A.3.7.2  Act ivator .  When an act ivator  is used to polymer ize the adhesive, the lin t
and dust  par t icles in that  quant ity of act ivator  su fficient  to polymer ize 4 flu id ounces
of the adhesive shall not  exceed any of the following:
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3 par t icles of 0.5mm maximum length
1 par t icles of 1.0mm maximum length

The total number of par t icles, of any size, shall not  exceed 3 in the total quant ity of
act ivator  necessary for  4 flu id ounces of adhesive.

     A.3.8  Cure condit ions.  The adhesive shall cu re with or  withou t the addit ion of
act ivator .  When an act ivator  is added, the adhesive shall cu re either  at  room
temperatu re 25° ± 5°C (77 ± 10°F) in no more than 7 days; or  at  a temperatu re not  to
exceed 74°C (165°F), in  no more than 3 hours.  When an act ivator  is not  added, the
adhesive may cure by exposure to u lt raviolet  radiat ion.

     A.3.9  Environmental exposure.  Ten bonded doublets (see 4.4) shall be subjected
to three environmental exposure cycles.  Each exposure cycle shall include water
immersion, temperatu re exposure and humidity and shall be conducted in the
following sequence:

                 a.  Immersion in dist i l led water  at  38° ± 2°C (100° ± 4°F) for  22 hours.

                 b.  Exposure at  a temperatu re of -54° ± 2°C (-65° ± 4°F) for  22 hours.

                 c.  Exposure to 95 to 100% relat ive humidity at  71° ± 1°C (160° ± 2°F) for
22 hours.

Subsequent to the environmental cycles, the bonding layer  shall be examined for
evidence of edge separat ion, feather ing, voids, or  other  forms of bonding layer
disintegrat ion.  Each bonded doublet  shall be evaluated for  its bonding layer  defect
and assigned the corresponding weighted value, as defined in Table IA for  its
par t icu lar  defect .  The weighted value for  the ten doublets shall be ar ithmet ically
averaged and th is average weighted value shall be less than five.

     A.3.10  Cold exposure.  Five bonded doublets shall be exposed to a temperatu re of
-62° ± 2°C (-80° ± 4°F) for  five hours.  Subsequent to th is cold temperatu re exposure,
the bonding layer  shall be examined for  evidence of edge separat ion, feather ing, voids
or  other  forms of bonding layer  disintegrat ion.  Each bonded doublet  shall be
evaluated for  its bonding layer  defect  and assigned the corresponding weighted value
as defined in Table IA, for  its par t icu lar  defect .  The weighted value for  the five
doublets shall be ar ithmet ically averaged, and th is average weighted value shall be
less than five.
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     A.3.11  Instruct ion sheet.  The manufactu rer  shall provide an instruct ion sheet or
pamphlet  when request ing qualificat ion and also with each unit  package of adhesive
ou t lin ing instruct ions for  its use.  The instruct ion sheet shall include as a minimum
the following informat ion:

a.  Manufactu rer ’s designat ion for  the adhesive and a descr ipt ion of the base
polymer(s) and modifiers, if any, used in the adhesive.

b.  Mixing instruct ions, including type and amount of act ivators, if requ ired, and
temperatu re controls dur ing mixing and minimum pot l ife of the mixed
adhesive.

c.  Complete processes and t reatments for  prepar ing the glass sur faces pr ior  to
their  bonding with the adhesive.

d.  Applicat ion instruct ions including the method of applying the adhesive to a
glass sur face and join ing two glass sur faces together .

e.  Cur ing t imes and temperatu re, including any pre-cure or  post-cu re
procedures.

f.  Suggested methods for  decement ing any poor ly bonded assemblies.

g.  Necessary safety precau t ions to be observed throughout all operat ions.

h.  Any other  per t inent  informat ion relat ive to the use and storage of the
adhesive or  act ivator , or  both.

A.4.  VERIFICATION

     A.4.1  General provisions.  Unless otherwise specified in the contract  or  purchase
order , the supplier  is responsible for  the per formance of all inspect ion requ irements
as specified herein.  Except as otherwise specified, the supplier  may u t il ize h is own
facil it ies or  any facil it ies su itable for  the per formance of the inspect ion requ irements
specified herein, unless disapproved by the government.  The government reserves
the r ight  to per form any of the inspect ions set  for th in the specificat ion where such
inspect ions are deemed necessary to assure that  supplies and services conform to
prescr ibed requ irements.
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TABLE IA.  Weighted Value

WEIGHTED
  VALUE BONDED LAYER DEFECT DESCRIPTION DEFECT TOLERANCE

     0 Perfect No defects in bonded sur face

     1 A separat ion from bevel into bonded sur face
at the per iphery for  0 - 49% of the
circumference

Up to 1.0mm penetrat ion

     2 A separat ion from bevel into bonded sur face
at the per iphery for  50 - 100% of the
circumference

Up to 1.0mm penetrat ion

     3 Same as #1 Up to 2.0mm penetrat ion

     4 Same as #2 Up to 2.0mm penetrat ion

     5 Same as #1 Up to 3.0mm penetrat ion or  bubble,
void, or  separat ion in the bonded
surface greater  than 0.41mm
diameter  bu t less than 1.0mm

     6 A separat ion from bevel into bonded sur face
at the per iphery for  50-100% of the
circumference or  a void, bubble, or
separat ion in bonded sur face.

Up to 3.0mm penetrat ion or  a bubble,
void, or  separat ion in the bonded
surface greater  than 0.41mm
diameter  bu t less than 1.0mm.

     7 A separat ion from bevel into bonded sur face
 at  the per iphery for  0 - 49% of the
circumference of void, bubble or  separat ion
in bonded sur face.

Up to 4.0mm penetrat ion or  a bubble,
void, or  separat ion greater  than
1.1mm in diameter  in bonded sur face.

     8 Same as #6 Same as #7

     9 Any fi lm condit ion worse than #8 with
 descr ipt ion noted.

Same as #7

     A.4.2  Classificat ion of tests.  The inspect ion and test ing of the adhesive shall be
classified as follows:

               a.  Qualificat ion test  (4.5)

               b.  Conformance tests (4.6)
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     A.4.3  Preparat ion of glass discs.  Glass discs as specified in Figure 1A shall be
prepared in su fficient  quant it ies to fu rn ish the necessary number of bonded doublets
requ ired for  the applicable tests of th is specificat ion.  The opt ical character ist ics of
these discs shall be equal.

     A.4.4  Preparat ion of bonded doublets.  Glass discs, as specified in A.4.3, shall be
thoroughly cleaned with ethyl alcohol and a camel hair  brush pr ior  to bonding.  The
adhesive shall be applied dropwise to the center  of one of the cleaned discs and
another  disc placed on the adhesive-laden sur face.  Pressure shall be applied to
spread the adhesive fi lm evenly between the adherends employing rotary movement
of the top element to obtain a bubble free fi lm.  Excessive adhesive shall be wiped
from the per iphery of the doublet  and the fi lm shall be cured in accordance with the
manufactu rer ’s instruct ions and in compliance with A.3.8.

     A.4.5  Qualificat ion tests.

     A.4.5.1  Qualificat ion tests.  Qualificat ion tests shall consist  of all tests of th is
specificat ion. (See A.6.3)

     A.4.5.1.1  Sample size.  The sample size of mater ial for  qualificat ion test ing shall
be as directed by the qualifying act ivity.

     A.4.5.1.2  Manufactu rer 's data.  Two copies of the manufactu rer 's test  repor t ,
contain ing complete test  data cer t ifying that  the mater ial submit ted for  qualificat ion
conforms to th is specificat ion shall be submit ted with qualificat ion test  samples. 
Locat ion and ident ity of the plant  which produced the samples tested shall also be
stated.

     A.4.5.1.3  Instruct ion sheet.  Duplicate copies of the manufactu rer 's instruct ions
for  use of the adhesive shall be fu rnished with the qualificat ion samples. (See A.3.11)

     A.4.5.1.4  Refract ive index.

     A.4.5.1.4.1  Polymer ized adhesive.  The index of refract ion of the polymer ized
adhesive shall be measured using an Abbe refractometer  at  25° ± 1°C (77° ± 2°F)
using a white-light  source to determine conformance with A.3.4.1.

     A.4.5.1.4.2  Polymer izable adhesive.  The index of refract ion of polymer izable
adhesive shall be measured with an Abbe refractometer  at  25° ± 2°C (77° ± 2°F) using
a white-light  source to determine conformance with A.3.4.2.
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     A.4.5.1.5  Viscosity.  The viscosity of the polymer izable adhesive shall be
measured with a Brook field Visometer , corrected to 25° ± 1°C (77° ± 2°F), in
accordance with Method B, ASTM 1084.

     A.4.5.1.6  Light  t ransmission.  The light  t ransmission character ist ics of the
adhesive shall be determined using a dual-beam spectrophotometer .  The test  shall
be per formed by applying a layer  of standard mineral oil (refract ive index 1.47)
between two glass discs to form a doublet .  Prepare a total of two doublets in th is
manner.  One of these doublets is then placed in both the reference and sample beam
of the spectrophotometer .  The spectrophotometer  is than calibrated to obtain a
100% level throughout the visible spectrum from 0.40 to 0.70 micrometers.  Doublets
bonded with the adhesive under examinat ion are then individually placed in the
sample compartment (the standard mineral oil sample is replaced by the adhesive
bonded doublet) and measured for  compliance with A.3.6.

     A.4.5.1.7  Dust  and lin t  content .  The cleanliness of the polymer izable adhesive
and act ivator , if requ ired, shall be inspected by placing the sample between two
polar izing fi lters whose faces are placed parallel and whose axes of polar izat ion are
crossed at  90°.  A diffuse white l ight  source is placed in front  of the first  fi l ter  and
viewed from behind the second fi lter  to determine conformance with A.3.7.

     A.4.5.1.8  Environmental exposure.  Ten bonded doublets, prepared in accordance
with A.4.4, shall be subjected to three environmental exposure cycles (of 3 tests each
cycle) as specified in A.3.9.  After  each test  with in the cycle, the bonded doublets
shall be allowed to cool or  warm to room temperatu re before proceeding to the next
test .  Subsequent to exposure to the three environmental cycles, the bonded doublets
shall be examined with the aid of one to three power (1X to 3X) magnificat ion to
determine conformance to A.3.9.

NOTE:  Cau t ion shall be exercised throughout th is environmental exposure
subject ing the doublets to thermal shock .

     A.4.5.1.9  Cold exposure.  Five bonded doublets, prepared in accordance with
A.4.4, shall be subjected to the cold exposure specified in A.3.10.  After  exposure, the
doublets shall be allowed to warm to ambient  room temperatu re.  The bonded
doublets shall then be examined with the aid of one to three power (1X to 3X)
magnificat ion to determine conformance to A.3.10.

NOTE:  Cau t ion shall be exercised throughout th is cold exposure to avoid subject ing
the bonded doublets to thermal shock .
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     A.4.5.2  Qualificat ion retest .  Unless otherwise specified by the procur ing act ivity,
adhesives which have previously passed the qualificat ion tests bu t  have subsequent ly
been modified in any manner, shall sat isfactor ily pass retest ing of the mater ial in
order  to retain qualificat ion approval.  Qualificat ion tests may be repeated on
mater ial previously found sat isfactory at  any t ime at  the opt ion of the act ivity
responsible for  qualificat ion approval.  Failu re will const itu te cause for  removal from
Qualified Products List .

     A.4.6  Conformance test .  Quality conformance test  shall consist  of the sampling
plans specified in A.4.6.1.

     A.4.6.1  Sampling for  inspect ion and acceptance.  Two unit  bot t les of adhesive
and two bot t les of act ivator  (su fficient  to cu re the adhesive) if requ ired, shall be
selected at  random from each lot .  The adhesive in each container  shall be subjected
to the following determinat ions.  If either  sample fails any test , the lot  shall be
rejected.

                   a.  Refract ive index of polymer izable adhesive (A.4.5.1.4.2).

                   b.  Viscosity (A.4.5.1.5).

5.  PACKAGING

     5.1  Packaging.  For  acqu isit ion purposes, the packaging requ irements shall be as
specified in the contract  or  order  (see A6.2).  When actual packaging of mater iel is to
be per formed by DoD personnel, these personnel need to contact  the responsible
packaging act ivity to ascer tain requ isite packaging requ irements.  Packaging
requ irements are maintained by the Inventory Control Point ’s packaging act ivity
with in the Military Department of Defense Agency, or  with in the Military
Department ’s System Command.  Packaging data retr ieval is available from the
managing Military Department ’s or  Defense Agency’s au tomated packaging fi les, CD-
ROM products, or  by contact ing the responsible packaging act ivity.

A.6.  NOTES

(This sect ion contains informat ion of a general or  explanatory natu re that  may be
helpfu l, bu t  is not  mandatory.)

     A.6.1  Intended use.  The adhesive covered by th is specificat ion is intended for
bonding opt ical elements in military opt ical systems.
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     A.6.2  Acqu isit ion requ irements.  Acqu isit ion documents shou ld specify the
following:

a.  Tit le, number and date of th is specificat ion
b.  Quant ity desired
c.  Size of container :  1oz or  4oz
d.  Cer t ified test  repor t  for  th is adhesive shall be available upon request  by the
      procur ing act ivity.
e.  Special Mark ings:

1.  Adhesive Opt ical Thermosett ing
2.  Specificat ion
3.  Manufactu rer ’s name and address
4.  Volume contained
5.  Lot  number
6.  Manufactu rer ’s designat ion
7.  Date of manufactu re
8.  Store in cool, dark  place
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NOTE: Glass type BK7 or  equ ivalent
Surfaces marked “P” polish, su r face quality 80-50

FIGURE 1A. Glass disc  (dimensions in inches)
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MIRROR, FRONT SURFACED ALUMINIZED,
FOR OPTICAL ELEMENTS

B.1  SCOPE

     B.1.1  Scope.  This specificat ion covers a mir ror  coat ing consist ing of a deposited
aluminum reflect ive fi lm over laid with a t ransparent dielectr ic protect ive fi lm applied
on the front  su r face of opt ical elements.  This Appendix is a mandatory par t  of the
specificat ion.  The informat ion contained herein is intended for  compliance.

B.2  APPLICABLE DOCUMENTS

     B.2.1  General.  The documents l isted in th is sect ion are needed to meet the
requ irements specified in sect ions 3, 4, and 5 of th is specificat ion.  This sect ion does
not include documents in other  sect ions of th is specificat ion or  recommended for
addit ional in format ion or  as examples.  While every effor t  has been made to ensure
the completeness of th is l ist , document users are cau t ioned that  they must meet all
requ irements documents cited in sect ions 3, 4, and 5 of th is specificat ion, whether  or
not  they are listed.

     B.2.2  Non-Government publicat ions.  The following documents form a par t  of th is
document to the extent  specified herein.  Unless otherwise indicated, the issue in
effect  on the date of invitat ion for  bids or  request  for  proposal shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B117 - Standard Pract ice for  Operat ing Salt  Spray (Fog) Test ing Apparatus

(Applicat ion for  copies shou ld be addressed to Amer ican Society for  Test ing and
Mater ials, 100 Barr  Harbor  Dr ive, West Conshohocken, PA 19428-2959.)

     B.2.3  Order  of precedence.  In the event of a conflict  between the text  of th is
document and the references cited herein, the text  of th is document takes
precedence.  Nothing in th is document, however, supersedes applicable laws and
regu lat ions unless a specific exempt ion has been obtained.  (See contract  provisions
for  addit ional precedence cr iter ia.)

B.3  REQUIREMENTS
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     B.3.2  Opt ical elements.  The supplier  is responsible for  the quality of the opt ical
elements used as back ing for  a front  su r face mir rored fin ish.  Opt ical elements shall
have been manufactu red, tested and approved for  use in accordance with the
applicable element drawing and referenced specificat ions pr ior  to the coat ing process.

     B.3.3  Coat ing process.  The coat ing process producing the front  su r face mir ror
fin ish shall cause no impairment to the opt ical element.  Opt ical elements which have
met the requ irements of B.3.2 shall not  be rejected because of fine hair  l ines,
scratches, digs or  stains which are made more visible by the coat ing process.

     B.3.3.1  Aluminum film.  The deposited fi lm shall be of h igh quality aluminum. 
There shall be no visible discont inu it ies or  blemishes that  adversely affect  the field of
view as seen with the eye in the specified viewing posit ion.

     B.3.3.2  Protect ive fi lm.  The front  su r face aluminum film shall be protected by a
fi lm of h igh quality uniform magnesium fluor ide or  sil icon monoxide or  as otherwise
specified on the applicable drawing.  The fi lm shall be free from holes, foreign matter
and percept ible var iat ions in density.

     B.3.4  Reflectance.  The fin ished coated sur face, for  visible use, shall have more
than 80 percent luminous reflectance when measured at  requ ired angle of incidence,
or  a reflectance as otherwise specified on the applicable drawing.

     B.3.5  Opt ical quality.  The fin ished coated sur face shall conform to the per t inent
opt ical requ irements set  for th on the applicable drawing.

     B.3.6  Coated area.  The opt ical element shall be coated over  its ent ire effect ive
apertu re or  as otherwise specified by the applicable drawing.

     B.3.7  Temperatu re influence.  The coated sur face shall show no signs of
deter iorat ion or  removal of fi lms after  being subjected to ambient  temperatu re of -80°
± 2° F and also +160° ± 2° F for  a per iod of five hours at  each temperatu re.

     B.3.8  Hardness.  The coated sur face shall show no signs of deter iorat ion such as
streaks or  hair l ine scratches as defined in MIL-PRF-13830 after  being hand rubbed
with a dry cloth.

     B.3.9  Adherence.  No par t  of the aluminum or  protect ive fi lms shall be removed
when cellophane tape is pressed against  the coated sur face and slowly removed.

     B.3.10  Humidity and salt  spray.  When specified in the contract  the coated
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sur face shall show no evidence of corrosion or  pit t ing when exposed to a relat ive
humidity of 95 to 100 percent at  120°F ± 4°F for  a per iod of 24 hours and when
exposed to a salt  spray for  the same t ime per iod. (See B.6.1)

B.4.  VERIFICATION

TABLE IB, Classificat ion of Defects
INSPECTION LEVEL III

Class Requ irement Test  Procedure

Cr it ical:  None defined

Major :

101.  Aluminum film B.3.3.1 B.4.4.1
102.  Protect ive fi lm B.3.3.2 B.4.4.1
103.  Reflectance B.3.4 B.4.4.2
104.  Opt ical quality B.3.5 B.4.4.3
105.  Coated area B.3.6 B.4.4.1
106.  Temperatu re influence B.3.7 B.4.4.4
107.  Hardness B.3.8 B.4.4.5
108.  Adherence B.3.9 B.4.4.6
109.  Humidity B.3.10 B.4.4.7
110.  Salt  spray B.3.10 B.4.4.8

Minor :  None defined

     B.4.4  Methods of inspect ion.

     B.4.4.1  Coat ing process.  Use a visual inspect ion and procedures set  for th in
MIL-PRF-13830 para. 4.2.2 to determine compliance with requ irements B.3.3.1,
B.3.3.2, and B.3.6.

     B.4.4.2  Reflectance.  The reflectance of the fin ished mir ror  at  the requ ired angle
of incidence shall be measured either  with a photometer  for  luminous reflectance or
an instrument (spectrophotometer) capable of measur ing nonvisual reflectance as
otherwise specified on the applicable drawing to determine conformance with the
requ irements of B.3.4.

     B.4.4.3  Opt ical quality.  Use test ing procedures as specified in para. 4.4.2 of MIL-
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PRF-13830 or  as otherwise specified on applicable drawing to determine compliance
with requ irement B.3.5.

     B.4.4.4  Temperatu re influence.  The element shall be exposed to ambient
temperatu res of -80° ± 2°F and +160° ± 2°F for  a per iod of 5 hours at  each specified
temperatu re.  A visual inspect ion shall be made after  the element is retu rned to
standard ambient  temperatu re (+60° to 90°F) to determine compliance with the
requ irement B.3.7.

     B.4.4.5  Hardness.  This test  shall be per formed using a pad of clean, dry,
cheesecloth, approximately 3/ 8 inch diameter  and 1/ 2 inch th ick .  Bear ing with a
force of one pound ± 1/ 4 lb. on the protected clean sur face of the element, rub a
minimum of 50 strokes across the sur face in straight  l ines or  circu lar  mot ions.
Subsequent to th is procedure the protect ive coat ing must meet the requ irements of
B.3.8.

     B.4.4.6  Adherence.  Place the st icky sur face of cellophane tape over  a por t ion of
the coated sur face.  Press the tape firmly against  the coated sur face.  Pu ll the tape
down over  the edges of the element and then slowly remove the tape.  A visual
inspect ion shall be made of the tested area to assure that  the fi lms have not  been
removed from the substrate mater ial to determine compliance with B.3.9.  Edges not
forming a par t  of the reflect ing sur face shall not  be considered when inspect ion is
being per formed.

     B.4.4.7  Humidity.  The coated elements shall be exposed for  a per iod of 24 hours
in a thermostat ically controlled humidity chamber having a relat ive humidity of
between 95 and 100 percent at  120° ± 4°F.  The elements shall be removed from the
chamber and dr ied with lens t issue or  soft  cloth, then visually inspected to determine
compliance with the requ irements of B.3.10. (see B.6.1)

     B.4.4.8  Salt  spray.  A visual inspect ion of the element shall be made of the
coat ing after  exposure to the salt  spray test  in  accordance with ASTM B117.

B.5  PACKAGING

(This sect ion is not  applicable to th is appendix.)

B.6  NOTES

(This sect ion contains informat ion of a general or  explanatory natu re that  may be
helpfu l, bu t  is not  mandatory.)
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     B.6.1  Humidity and salt  spray.  Humidity and salt  spray requ irements and tests
are applicable only when specifically requ ired by contract .  The contract  shall also
prescr ibe the specific protect ive coat ing that  will meet the environmental
requ irements of B.3.10. 
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COATING OF GLASS OPTICAL ELEMENTS
(ANTI-REFLECTION)

C.1.  SCOPE

     C.1.1  Scope.  This appendix establishes the minimum opt ical and durabil ity
requ irements for  magnesium fluor ide inter ference fi lms used as ant i-reflect ion
coat ings on opt ical mater ials.  This Appendix is a mandatory par t  of the specificat ion.
 The informat ion contained herein is intended for  compliance.

C.2.  APPLICABLE DOCUMENTS

     C.2.1  General.  The documents l isted in th is sect ion are needed to meet the
requ irements specified in sect ions 3, 4, and 5 of th is specificat ion.  This sect ion does
not include documents in other  sect ions of th is specificat ion or  recommended for
addit ional in format ion or  as examples.  While every effor t  has been made to ensure
the completeness of th is l ist , document users are cau t ioned that  they must meet all
requ irements documents cited in sect ions 3, 4, and 5 of th is specificat ion, whether  or
not  they are listed.

     C.2.2  Other  Government documents, drawings, and publicat ions.  The following
other  Government documents, drawings, and publicat ions form a par t  of th is
document to the extent  specified herein.  Unless otherwise specified, the issues are
those cited in the solicitat ion.

         DRAWINGS

         U.S.  Army Armament Research, Development and Engineer ing Center  (ARDEC)

         C7641866 Surface Quality Compar ison Standards
         D7680606 Coat ing, Eraser  Abrasion Tester

(Copies of other  Government documents, drawings, and publicat ions requ ired by
contractors in connect ion with specific acqu isit ion funct ions shou ld be obtained from
the contract ing act ivity or  as directed by the contract ing act ivity.)

     C.2.3  Non-Government publicat ions.  The following document(s) form a par t  of
th is document to the extent  specified herein.  Unless otherwise specified, the issues
of the documents which are DoD adopted are those listed in the issue of the DODISS
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cited in the solicitat ion.  Unless otherwise specified, the issues of documents not
listed in the DODISS are the issues of the documents cited in the solicitat ion (see
C6.2).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B117 - Standard Pract ice for  Operat ing Salt  Spray (Fog) Test ing Apparatus

(Applicat ions for  copies shou ld be addressed to the Amer ican Society for  Test ing and
Mater ials, 100 Barr  Harbor  Dr ive, West Conshohocken, PA 19428-2959.)

     C.2.4  Order  of precedence.  In the event of a conflict  between the text  of th is
document and the references cited herein, the text  of th is document takes
precedence.  Nothing in th is document, however, supersedes applicable laws and
regu lat ions unless a specific exempt ion has been obtained.  (See contract  provisions
for  addit ional precedence cr iter ia.)

C.3.  REQUIREMENTS

     C.3.2  Mater ials.  The mater ial used for  coat ing shall be a pure grade of
Magnesium Fluor ide adequate to meet all requ irements of th is specificat ion.

     C.3.3  Coated area.  Opt ical components shall be coated over  their  ent ire clear
apertu re.  In those instances where the clear  aper tu re is not  specified on the
component drawing or  procurement document the following allowable uncoated
holding area shall apply:

Diameter  or  Maximum
Diagonal Dimension
of Opt ical Element

Maximum Width of
Uncoated Area

Up to 2” 0.040”
Greater  than 2” 0.040”plus addit ional width of

0.015” for  each inch in
diagonal greater  than 2”

OR OR

Up to 5 CM 1 MM
Greater  than 5 CM 1 MM plus addit ional width

increasing at  the rate of 0.15
MM for  each CM over   5 CM
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In those instances where the clear  aper tu re is specified, areas ou tside the clear
apertu re may be coated at  the discret ion of the contractor .

     C.3.4  Coat ing quality.  The coat ing shall be uniform in quality and condit ion and
shall conform to the following:

     C.3.4.1  Physical.  The coat ing shall show no evidence of deter iorat ion such as
flak ing, peeling, crack ing or  blister ing.

     C.3.4.2  Cosmet ic.  No stains, smears, st reaks, or  cloudiness shall be permit ted
on opt ical components lying in a focal plane beyond those permit ted by the
component drawing.  Unless otherwise specified on the component drawing or
procurement document, visual discolorat ions such as stains, smears, st reaks,
cloudiness, etc. on opt ical components which lie ou tside a focal plane in an opt ical
system shall be acceptable when the stained area of the coated component conforms
to the following as applicable:

          a.  The t ransmission requ irements of C.3.5.

          b.  The reflect ion requ irements of C.3.7.

          c.  The adhesion requ irement of C.3.8.5.

          d.  The severe abrasion resistance requ irement of C.3.8.4.1 for  substrates
having a Knoop hardness greater  than 450 kg/ mm  ; or  the abrasion
resistance requ irement of C.3.8.4.2 for  substrates having a Knoop
hardness less than 450 kg/ mm  .

NOTE:  For  purposes of th is specificat ion, shou ld a quest ion ar ise as to whether  an
opt ical component l ies at  or  ou tside the focal plane, it  wil l be assumed that  it  l ies at
the focal plane.

     C.3.4.3  Spatter  and holes.  Coat ing spatter  and holes shall be considered as a dig
and shall not  exceed the allowable dig size and quality stated on the component
drawing or  procurement document.

     C.3.4.4  Sur face defects (scratch and dig).  Coat ing scratches and digs shall not
exceed the values specified for  the substrate on the component drawing or
procurement document.  Coat ing scratches and digs shall be considered separate
from the substrate scratch and dig requ irements.
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     C.3.5  Transmission.  The increase in t ransmission of an element after  coat ing at
the wavelength  that  corresponds to a coat ing with a quar ter  wave opt ical th ickness
(QWOT) (See C.6.3) shall be equal to or  greater  than the value specified in Figure 1C,
as applicable to the substrate’s refract ive index and sur face(s) coated.

     C.3.6  Film th ickness.  Unless otherwise specified on the component drawing or
procurement document, the coat ing shall have a QWOT between 0.45 um and 0.60
um (See C.6.2)

     C.3.7  Reflectance (at  the minimum point).  The magnitude of the specu lar
reflectance for  each coated sur face at  the minimum point  on the spectral reflectance
curve shall not  exceed the values shown in Figure 2C, according to the refract ive
index of the substrate.

     C.3.8  Durability.

     C.3.8.1  Salt  solubil ity.  After  immersion in a saline solu t ion for  a per iod of 24
hours, the coated sur face shall meet the requ irement of C.3.4.1 and the applicable
abrasion resistance requ irement of C.3.8.4.

     C.3.8.2  Humidity.  After  exposure to an atmosphere of 120°  4°F (48.9°  2.2°C)
and 95 to 100% relat ive humidity, the coated sur face shall meet the requ irements of
C.3.4.1 and the applicable abrasion reistance requ irement of C.3.8.4.

     C.3.8.3  Salt  spray fog.  After  exposure to a salt  spray fog for  a cont inuous per iod
of 24 hours, the coated sur face shall meet the requ irements of C.3.4.1 and the
applicable abrasion resistance requ irements of C.3.8.4.

     C.3.8.4  Abrasion resistance.

     C.3.8.4.1  Severe abrasion.  There shall be no visible damage, such as evidence of
abrasion or  coat ing removal, to the coated sur face when abraded with a coat ing,
eraser  abrasion tester  conforming to DWG 7680606.  The requ irement shall be
performed on substrate mater ials that  have Knoop hardness greater  than 450
kg/ mm .

     C.3.8.4.2  Moderate abrasion.  There shall be no visible damage, such as evidence
of abrasion or  coat ing removal, to the coated sur face when abraded by a dry, clean,
cheesecloth pad.  The requ irement shall be per formed on substrate mater ials that
have a Knoop hardness less than 450 kg/ mm .
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     C.3.8.5  Adhesion.  The coated opt ical su r face shall show no evidence of coat ing
removal when cellophane tape is pressed firmly against  the coated sur face and
qu ick ly removed at  an angle normal to the coated sur face.

C.4.  VERIFICATION

     C.4.1  General provisions.  Unless otherwise specified in the contract  or  purchase
order , the supplier  is responsible for  the per formance of all inspect ion requ irements
as specified herein.  Except as otherwise specified, the supplier  may u t il ize h is own
facil it ies or  any other  facil it ies su itable for  the per formance of the inspect ion
requ irements specified herein, unless disapproved by the Government.  The
Government reserves the r ight  to per form any of the inspect ions set  for th in the
specificat ion where such inspect ions are deemed necessary to assure that  supplies
and services conform to prescr ibed requ irements (See C.6.2).

     C.4.1.1  Witness piece.  Unless otherwise specified, witness pieces as defined in
C.4.1.2 or  coated components may be used to test  the opt ical and durabil ity
requ irements of the coated component (See C.4.2, C.4.3 and C.6.2).  The witness
pieces shall be posit ioned in the coat ing chamber such that  they represent the opt ical
and durabil ity character ist ics of the whole evaporated lot  (See C.6.3).  The
Government reserves the r ight  to test  the actual coated component with the same
test  to which the witness pieces were subjected, except in the case where the known
Knoop hardness of the coated component is less than 450 kg/ mm , the moderate
abrasion test  of C.4.5.11 shall be u t i l ized.  Shou ld a component fail, even through the
representat ive witness pieces pass the test , the lot  shall be rejected.

     C.4.1.2  Character ist ics of the witness piece.  When the witness pieces are used to
test  the opt ical and durabil ity requ irements of the coated component they shall
exhibit  the following character ist ics:

a.  The witness piece shall be such that  it  presents no difficu lty in
measur ing and test ing the opt ical and durabil ity requ irements of the
coat ing.

b.  The witness piece shall have a sur face fin ish similar  to that  of the
component to be coated.

c.  The witness piece shall simu late the axial th ickness of the component
by either  computat ional methods or  using a witness piece that  has
the same th ickness as the coated component for  the measurement of
t ransmission character ist ics.
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d.  The witness piece shall have a Knoop hardness greater  than 450
kg/ mm  and be a low stain ing mater ial.

NOTE:  When the refract ive index and absorpt ion coefficient  of the witness piece
differs from that  of the component, the t ransmission difference between the coated
and uncoated witness piece shall conform to Figure 1C; the reflectance of the quar ter
wave opt ical th ickness (QWOT) coat ing on the witness piece shall be equal to or  less
than the value specified in Figure 2C.

     C.4.2  First  ar t icle (in it ial product ion) approval.  The requ irement for  first  ar t icle
approval and the responsibil ity (government or  contractor) for  first  ar t icle test ing
shall be as specified in the contract  (See C.6.2).  Unless otherwise specified, the
sample for  first  ar t icle approval tests shall consist  of five (5) coated components, plus
fifteen (15) coated witness pieces (See C.4.1.2 and C.4.1.3).  The five (5) coated
components shall be tested as specified herein, for  all the requ irements of C.3.3,
C.3.4.1, C.3.4.2, C.3.4.3 and C.3.4.4.  The fifteen (15) coated witness pieces shall be
divided into three (3) groups.  Each group shall consist  of five (5) each coated witness
pieces.  One group of five (5) coated witness pieces shall be tested, as specified
herein, for  all the requ irements of C.3.5, C.3.6, C.3.7, C.3.8.1, and C.3.8.4.1.  The
second group of five (5) coated witness pieces shall be tested, as specified herein, for
all the requ irements of C.3.5, C.3.6, C.3.7, C.3.8.2 and C.3.8.4.1.  The th ird group of
five (5) coated witness pieces shall be tested, as specified herein, for  all the
requ irements of C.3.5, C.3.6, C.3.7, C.3.8.3 and C.3.8.4.1.  Except as noted herein,
the government reserves the r ight  to subject  the coated components to all the tests
specified.  The sample shall be coated in the same manner using the same mater ials,
equ ipment, processes and procedures as used in regu lar  product ion. All mater ials
shall be obtained from the same source of supply as used in regu lar  product ion.

     C.4.2.1  Government test ing.  When the government is responsible for  conduct ing
first  ar t icle approval tests, the contractor , pr ior  to submit t ing the sample to the
Government, shall inspect  the sample to insure that  it  conforms to all the
requ irements of the contract  and submit  a record of th is inspect ion with the sample,
including cer t ificates of conformance for  mater ials, as applicable.

     C.4.2.2  Contractor  test ing.  When the contractor  is responsible for  conduct ing
first  ar t icle approval tests, the sample shall be inspected by the contractor  for  all the
requ irements of the contract .  The sample and a record of th is inspect ion, including
cer t ificates of conformance for  mater ials, shall be submit ted to the Government for
approval.  The Government reserves the r ight  to witness the contractor ’s inspect ion.

     C.4.3  Inspect ion provisions.
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     C.4.3.1  Submission of product .

     C.4.3.1.1  Inspect ion lot  size.  The inspect ion lot  size shall consist  of all
components or  subassemblies (unit  of product) coated with in one (8 through 12 hour)
work  shift .

     C.4.3.1.2  Lot  format ion and presentat ion of lots.  The unit  of product  shall be
submit ted for  inspect ion on a moving inspect ion lot  basis where the components or
subassemblies are cont inuously offered for  inspect ion in the order  produced.

NOTE:  Each evaporat ion lot  (coated components and witness pieces) forming a par t
of a moving inspect ion lot  shall be ident ified for  subsequent evaluat ion, if requ ired.

     C.4.3.2  Examinat ion and tests.

     C.4.3.2.1  Components, subassemblies and witness pieces.  The magnesium
fluor ide fi lm coat ings on components, subassemblies and witness pieces shall be
inspected in accordance with th is specificat ion and the inspect ion provisions
contained in Supplementary Quality Assurance Provisions (SQAP) or  other
procurement document l isted in the Technical Data Package (TDP).  Examinat ion in
accordance with the sampling plans specified in Table IC and IIC herein.  The
tabu lated classificat ion of defects in Table IC and IIC shall const itu te the minimum
inspect ion to be per formed by the supplier  after  first  ar t icle approval and pr ior  to
Government acceptance or  reject ion by item or  lot .
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TABLE IC - Classificat ion of Defects

CLASS CHARACTERISTIC REQUIREMENT TEST
PROCEDURE

CRITICAL: NONE-DEFINED

MAJOR INSPECTION LEVEL III

101. Coated area C.3.3 C.4.5.2
102. Coat ing quality, physical C.3.4.1 C.4.5.3.1
103. Coat ing quality, cosmet ic C.3.4.2 C.4.5.3.2
104. Coat ing quality, spat ter  and

holes
C.3.4.3 C.4.5.3.3

105. Coat ing quality, scratch and
dig

C.3.4.4 C.4.5.3.4

MINOR: NONE DEFINED

NOTE:  The inspect ion for  the character ist ics in Table IC shall be conducted at  a
temperatu re between +60°F and +90°F (15.6°C and 32.2°C).

For  the classificat ion of character ist ics, the following defin it ions apply:

Cr it ical - A cr it ical defect  is a defect  that  judgment and exper ience indicate wou ld
resu lt  in  hazardous or  unsafe condit ions for  individuals using, maintain ing, or
depending upon the product , or  a defect  that  judgment and exper ience indicate is
likely to prevent per formance of the tact ical funct ion of a major  end item such as a
tank , land vehicle, missile, aircraft , ar t i l lery, or  other  major  weapon system.

Major  - A major  defect  is a defect , other  than cr it ical, that  is l ikely to resu lt  in  failu re,
or  to reduce mater ially the usability of the unit  of product  for  its intended purpose.

Minor  - A minor  defect  is a defect  that  is not  l ikely to reduce mater ially the usability
of the unit  of product  for  its intended purpose, or  is a departu re from established
standards having lit t le bear ing on the effect ive use or  operat ion of the unit .

     C.4.3.2.2  Acceptance and reject ion.  Lots or  batches found unacceptable shall be
resubmit ted for  reinspect ion only after  all units are re-examined or  retested and all
defect ive units are removed or  defects corrected.  The responsible au thor ity shall
determine whether  normal or  t ightened inspect ion shall be used, and whether
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reinspect ion shall include all types or  classes of defects or  only the par t icu lar  types or
classes of defects which caused in it ial reject ion.

     C.4.3.2.3  Special sampling.

     C.4.3.2.3.1  Opt ical and abrasive resistance.  A minimum of three coated witness
pieces, or  coated components (when requ ired), shall be selected from each
evaporat ion lot  as a special sample.  The samples shall meet the requ irements and
tests in Table IIC.

TABLE IIC - Classificat ion of Defects

NO. CHARACTERISTIC REQUIREMENT TEST
PROCEDURE

301. Transmission C.3.5 C.4.5.4
302. Film th ickness C.3.6 C.4.5.5
303. Reflectance at  minimum point C.3.7 C.4.5.6
304. Severe abrasion C.3.8.4.1 C.4.5.10

NOTE:  The inspect ion for  the character ist ics in Table IIC shall be conducted at  a
temperatu re between +60°F and +90°F (15.6°C and 32.2°C).

     C.4.3.2.3.2  Failu re of special sample.  Shou ld any one item of a special sampling
fail to meet the specified test  requ irements, acceptance of the represented
evaporat ion lot  shall be suspended by the Government unt il necessary correct ions
have been made by the contractor  and the resubmit ted item has been approved (See
C.4.3.2.2).

     C.4.5  Methods of Inspect ion..

     C.4.5.1  Cleaning.  Before and after  subject ing a coated sample (component or
witness piece) to any inspect ion or  test , the coated sample shall be thoroughly and
carefu lly cleaned to remove dir t , finger  marks, smears, etc.  The cleaning solu t ion
shall be acetone, ethyl alcohol, isopropyl alcohol, or  mixtu res thereof.  Following the
cleaning, the coated sample shall be carefu lly dr ied with lens t issue or  a soft  clean
cloth.  The temperatu re of the cleaning solu t ion shall not  exceed 80°F (26.7°C).

     C.4.5.2  Coated area.  The coated area of the component or  subassembly shall be
examined with standard measur ing equ ipment (See C.6.3).  The coated area shall
conform to the requ irements of C.3.3.
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     C.4.5.3  Coat ing quality.

     C.4.5.3.1  Physical.  The fi lm coat ing on the component shall be visually examined
by reflect ion, with the unaided eye, for  evidence of flak ing, peeling, crack ing or
blister ing.  The examinat ion shall be per formed using two 15 watt  cool white
fluorescent l ight  tubes as the light  source.  The viewing distance from the coated
sur face to the eye shall not  exceed 18 inches (45.7CM).  The coated sur face shall be
viewed against  a black  matte background.  The only i l luminat ion in the inspect ion
area shall be from the light  source used for  examinat ion..  The coat ing shall conform
to the requ irements of C.3.4.1.

     C.4.5.3.2  Cosmet ic.  The fi lm coat ing on the component shall be examined using
the test  method specified in C.4.5.3.1 for  evidence of discolorat ion, stains, smears,
streaks, cloudiness, etc.  Coat ings exhibit ing any visual discolorat ion shall be
subjected to the applicable tests (See note) specified in C.4.5.4, C.4.5.6, C.4.5.10,
C.4.5.11 and C.4.5.12.  The coat ing shall conform to the requ irements of C.3.4.2.

NOTE:  The test  procedures selected for  discolored coat ings shall be compat ible with
component drawing requ irements (C.4.5.4 or  C.4.5.6) and the Knoop hardness of the
component substrate (C.4.5.10 or  C.4.5.11).

     C.4.5.3.3  Spatter  and holes.  The fi lm coat ing shall be examined for  coat ing
spatter  and holes in the fi lm coat ing using the applicable test  method specified in
C.4.5.3.4.  The fi lm coat ing shall conform to the requ irements of C.3.4.3.

     C.4.5.3.4  Sur face defects (scratch and dig).  The fi lm coat ing of the component
shall be examined u t il izing the technique specified in C.4.5.3.1 except that
magnificat ion will be used where needed.  The size of the scratch and dig (hole) in the
coat ing shall be evaluated by compar ison with the Surface Quality Standards for
Opt ical Elements (scratch and dig) Drawing C7641866.  The size of the scratch, and
the diameter  of the digs in the coat ing shall conform to the requ irements of C.3.4.4. 
The lengths and density of all scratches, and the diameters and density of all digs
shall conform to the requ irements of MIL-PRF-13830, paragraph 3.5.

     C.4.5.4  Transmission.

     C.4.5.4.1  Witness pieces and components with plano sur faces.  Coated witness
pieces, and components with plano sur faces shall be tested for  increase in
transmission by use of a spectrophotometer .  The t ransmission values of ident ical
coated and uncoated witness pieces, or  components, shall be obtained by
spectrophotometr ic measurements.  The increase in t ransmission after  coat ing shall
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conform to the requ irements of C.3.5.

     C.4.5.4.2  Lenses or  components with cu rved sur faces.  A coated lens or
component with curved sur face(s) shall be tested for  increase in t ransmission by use
of a photometer  system (Pr itchard Model No. 1980 or  equ ivalent) that  is capable of
mak ing a measured compar ison between a coated and uncoated component.  The
increase in t ransmission after  coat ing shall conform to the requ irements of C.3.5.

NOTE:  The spectophotometr ic inspect ion methods specified in C.4.5.4.2 will only be
used for  acceptance inspect ion when it  is necessary to evaluate a coated lens or
component with curved sur face(s) that  has a visual discolorat ion since the values
obtained are relat ive, not  absolu te.

     C.4.5.5  Film th ickness.  Per form th is test  on a witness piece, coated on one side,
u t il izing a spectrophotometer .  A specu lar  reflectance curve shall be obtained and
used to determine the QWOT.  The QWOT is the wavelength associated with the
minimum point  on the reflectance curve.  The QWOT shall conform to the
requ irements of C.3.6 (See C.6.3).

     C.4.5.6  Reflectance at  the minimum (witness pieces and plano sur faces).  Per form
this test  concurrent  with the test  for  opt ical fi lm th ickness.  The percentage of
reflectance at  the minimum point  on the spectral reflectance curve shall conform to
the requ irements of C.3.7.

NOTE:  This test  is not  applicable to components with cu rved sur faces.

     C.4.5.7  Salt  solubil ity.  The coated witness piece shall be immersed for  a per iod of
24 hours in a solu t ion of water  and sodium chlor ide (salt ).  The mixtu re shall be 6
ounces (170 grams) of salt  per  gallon (3.8 l iters) of water  at  room temperatu re (16° to
32°C).  Subsequent to th is immersion the coated witness piece shall be removed from
the solu t ion and gent ly washed, or  dipped in clean running water  not  warmer than
100°F (38°C) to remove salt  deposits.  The witness piece shall then be cleaned (See
C.4.5.1), dr ied, and then subjected to the examinat ion specified in C.4.5.3.1 
Subsequent to the visual examinat ion for  physical defects the witness piece shall be
subjected to the test  in  C.4.5.10.  The fi lm coat ing on the witness piece shall meet the
requ irements of C.3.8.1 and C.3.8.4.1.

     C.4.5.8  Humidity.  The coated witness piece shall be placed into an
environmentally controlled test  chamber and exposed to a temperatu re of 120° ± 4°F
(48° ± 3°C) 95% to 100% relat ive humidity for  a minimum of 24 hours. Subsequent to
th is exposure the coated witness piece shall be removed from the test  chamber,
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cleaned (See C.4.5.1.),dr ied, and then subjected to the examinat ion specified in
C.4.5.3.1.  Subsequent to the visual examinat ion for  physical defects, the witness
piece shall be subjected to the test  in  C.4.5.10.  The fi lm coat ing on the witness piece
shall meet the requ irements of C.3.8.2 and C.3.8.4.1.

     C.4.5.9  Salt  spray (fog).  The coated components, or  witness piece shall be
subjected to a salt  spray fog test  in  accordance with ASTM B117, for  a cont inuous
per iod of 24 hours.  Subsequent to the slat  spray fog exposure the witness piece shall
be washed and dr ied as specified.  The witness piece shall then be cleaned (See
C.4.5.1), dr ied, and then subjected to the examinat ion specified in C.4.5.3.1. 
Subsequent to the visual examinat ion for  physical defects the witness piece shall be
subjected to the test  in  C.4.5.10.  The fi lm coat ing on the witness piece shall meet the
requ irements of C.3.8.3 and C.3.8.4.1.

     C.4.5.10  Severe abrasion.  The coated components, or  witness piece, shall be
subjected to a severe abrasion by rubbing the coated sur face with a standard eraser
abrasion coat ing tester  that  conforms to the requ irements of Drawing D7680606. 
The eraser  shall be rubbed across the sur face of the component, or  witness piece,
from one point  to another  over  the same path for  20 complete cycles (40 strokes) with
a force of 2.0 to 2.5 pounds cont inuously applied.  The length of the stroke shall be
approximately equal to 3 diameters of the eraser  when the diameter  or  area of the
component, or  witness piece, permits.  The eraser  abrasion tester  shall be held
approximately normal to the sur face under test  dur ing the rubbing operat ion. 
Subsequent to the rubbing operat ion the component or  witness piece, shall be
cleaned (See C.4.5.1), dr ied and then subjected to the examinat ion specified in
C.4.5.3.1 for  evidence of physical damage to the coat ing.  The fi lm coat ing on the
component, or  witness, shall meet the requ irements of C.3.8.4.1.

     C.4.5.11  Moderate abrasion.  The coated component shall be subjected to a
moderate abrasion by rubbing the coated sur face with a 1/ 4 inch (6.4MM) th ick  by
3/ 8 inch (9.5MM) wide pad of clean dry, laundered cheesecloth, affixed to the tester
specified in C.4.5.10.  The cheesecloth pad shall completely cover  the eraser  por t ion
of the tester  and be secured to the shaft  with an elast ic band.  The cheesecloth pad
shall be rubbed across the sur face component from one point  to another  over  the
same path for  25 complete cycles (50 strokes) with a minimum force of 1.0 (0.45kg)
pound cont inuously applied).  The length of the stroke shall be approximately equal
to two diameters of the cheesecloth pad when the diameter  or  area of the component
permits.  The abrasion tester  shall be held approximately normal to the sur face
under test  dur ing the dubbing operat ion.  Subsequent to the rubbing operat ion the
component shall be cleaned (See C.4.5.1), dr ied and then subjected to the
examinat ion specified in C.4.5.3.1 for  evidence of physical damage to the coat ing. 
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The fi lm coat ing on the component shall meet the requ irements of C.3.8.4.2.

NOTE:  Where the Knoop hardness of the component is unknown it  shall be
subjected to the abrasion test  of C.4.5.10.

     C.4.5.12  Adhesion.  The coated component shall be subjected to an adhesion test
using 1/ 2” (12.7MM) wide cellophane tape.  Press the adhesive sur face of the
cellophance tape firmly against  the coated sur face so as to cover  the stained area,
then qu ick ly remove it  at  an angle which is normal to the coated sur face. 
Immediately following the removal of the adhesive tape, the coated sur face of the
component shall be evaluated as specified in C.4.5.3.1 for  evidence of coat ing
removal.  The fi lm coat ing on the component shall meet the requ irements of C.3.8.5.

C.5.  PACKAGING

     This sect ion is not  applicable to th is appendix.

C.6.  NOTES

(This sect ion contains informat ion of a general or  explanatory natu re that  may be
helpfu l, bu t  is not  mandatory.)

     C.6.1  Intended use.  The magnesium fluor ide coat ing covered by th is specificat ion
is applied to the sur face of opt ical elements to increase light  t ransmission and reduce
reflect ions.  The requ irements defined by Figures 1C and 2C for  t ransmission
difference and maximum reflectance respect ively, apply to coat ings employed in the
visible spectrum.  Opt ical requ irements for  magnesium fluor ide coat ings used in
u lt raviolet  or  infrared spectral applicat ions must be independent ly determined and
specified.

     C.6.1.1  Durability.  The durabil ity requ irements established in th is specificat ion
insure a level of quality consistent  with military requ irements.  Addit ional durabil ity
requ irements to confirm the su itabil ity of a magnesium fluor ide coat ing in a
par t icu lar  applicat ion shou ld be considered when it  is established that  a coated
opt ical element (coat ing and substrate) will exhibit  the capability to sat isfy the
addit ional requ irements.

     C.6.1.2  Cosmet ic defects.  This specificat ion permits cer tain cosmet ic defects,
such as stains, on coated opt ical elements. This requ irement is established to permit
the acceptance of coated elements where the defect  is str ict ly aesthet ic and the
opt ical and durabil ity proper t ies of the coat ing are not  impaired.  The at tent ion of
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opt ical designers is directed to th is requ irement on an individual basis when
cosmet ic defects cannot be tolerated on the opt ical elements.

     C.6.2  Acqu isit ion requ irements.  Acqu isit ion documents must specify the
following:

     a.  Tit le, number and date of th is specificat ion.

      b.  Issue of DODISS to be cited in the solicitat ion, and, if requ ired, the        
                   specific issue of individual documents referenced (see C.2.2).

     c.  Requ irements for  submission of first  ar t icle sample.

     d.  Applicable stock  number.

     e. Packaging requ irements, if other  than specified in Sect ion 5.

     f.  Ser ializat ion requ irements, if applicable.

     g.  Cer t ificate of conformance for  each lot  or  shipment of product .

     C.6.3  Defin it ions.

     C.6.3.1  QWOT.  QWOT is the quar ter-wave opt ical th ickness defined as

                   QWOT = 4 nt

    where n  is the reflect ive index of the coat ing
t  is the physical th ickness of the coat ing

The QWOT has the dimension of length and is usually expressed as micrometers
(um) and nanometers (nm).  Thus if a layer  has a QWOT of 550 um, th is means that
one-quarter  wavelength of l ight  at  550 um has the same length as the opt ical
th ickness of the layer .

     C.6.3.2  Standard measur ing equ ipment (SME).  Standard measur ing equ ipment
is defined as the common measur ing devices which are usually stocked by
commercial supply houses for  ready supply (shaft  items) and which are normally
used by an inspector  to per form dimensional inspect ion of items under procurement..
This category also includes commercial test ing equ ipment such as meters, opt ical
comparators, etc.
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FIGURE 1C: Transmission
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FIGURE 2C: Reflectance
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ADHESIVE SYSTEM, EPOXY-ELASTOMERIC, FOR GLASS TO METAL

D.1.  SCOPE

     D.1.1  Scope.  This amendment covers elastomer modified epoxy resin adhesive
bonding systems for  the structu ral join ing of opt ical glass pr isms to metal, the
sealing of glass and metal components, and for  other  applicat ions requ ir ing bonding
of a similar  natu re.  This Appendix is a mandatory par t  of the specificat ion.  The
informat ion contained herein is intended for  compliance.

     D.1.2  Classificat ion.  Adhesives bonding systems shall be of the following types,
as specified (see 6.2)

      Type I - System composed of an epoxy pr imer component and an epoxy adhesive 
                   component.

      Type II - System composed of an epoxy adhesive component.

D.2.  APPLICABLE DOCUMENTS

     D.2.1  General.  The documents l isted in th is sect ion are needed to meet the
requ irements specified in sect ions 3, 4, and 5 of th is specificat ion.  This sect ion does
not include documents in other  sect ions of th is specificat ion or  recommended for
addit ional in format ion or  as examples.  While every effor t  has been made to ensure
the completeness of th is l ist , document users are cau t ioned that  they must meet all
requ irements documents cited in sect ions 3, 4, and 5 of th is specificat ion, whether  or
not  they are listed.

     D.2.2  Non-Government publicat ions.  The following documents form a par t  of th is
document to the extent  specified herein. Unless otherwise specified, the issues of the
documents which are DoD adopted are those listed in the issue of the DoDISS cited
in the solicitat ion. Unless otherwise specified, the issues of documents not  l isted in
the DoDISS are the issues of the documents cited in the solicitat ion (see 6.2).

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI/ SAE AMS 4035 - Aluminum Alloy Plate &  Sheet (2024)
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(Applicat ion for  copies shou ld be addressed to Amer ican Nat ional Standards
Inst itu te, 11 West 42nd Street , New York , NY  10036.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D1640 - Standard Test  Method for  Drying, Cur ing, or  Film Format ion of
Organic Coat ings at  Room Temperatu re

(Applicat ion for  copies shou ld be addressed to Amer ican Society for  Test ing and
Mater ials, 100 Barr  Harbor  Dr ive, West Conshohocken, PA 19428-2959.)

     D.2.3  Order  of precedence.  In the event of a conflict  between the text  of th is
document and the references cited herein, the text  of th is document takes
precedence.  Nothing in th is document, however, supersedes applicable laws and
regu lat ions unless a specific exempt ion has been obtained.  (See contract
provisions for  addit ional precedence cr iter ia).

D.3  REQUIREMENTS

     D.3.1  Qualificat ion.  The adhesive fu rnished under th is specificat ion shall be a
product  which has been tested, and passed the qualificat ion tests specified herein.
 Contractor  cer t ified test   repor ts are to be made available upon request  (see 6.2).

     D.3.2  Mater ials.

     D.3.2.1  Components.  The components of the Type I adhesive system shall
consist  of a pr imer and an epoxy-elastomer adhesive. The components of the Type
II adhesive system shall consist  of the epoxy-elastomer adhesive only.

     D.3.2.2  Adhesive.  The adhesive shall be a thermosett ing resin and shall be
based on epichlorohydr in-bisphenol A-Type epoxy resin, modified with
acrylonit r i le-bu tadiene rubber.

     D.3.2.3  Pr imer.  The Pr imer shall be a two component (Par ts A and B) room
temperatu re cur ing liqu id epoxy and shall meet the physical proper t ies of th is
specificat ion.

     D.3.3  Bond Strength (Type I and Type II).  The bond strength for  the Type I and
Type II adhesive bonding systems shall be as specified in Table 1D.
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TABLE ID  Bond Strength
TEST
 NO.

PROPERTY TEST
CONDITIONS

NO. OF
SPECIMENS

TEST
TEMPERTURE

PARA.
REF.

MIN AVG.
STRENGTH REQT.

TYPE I TYPE II
1. Tensile

Shear
23° ± 2° C,
50 ± 10% R.H.

6 23° ± 2° C 4.5.4.1 11 MPa 11 MPa

2. Tensile
Shear

60 minu tes
at 71° ± 2°C

6 71° ± 2°C 4.5.4.2 5.86 MPa

3. Tensile
Shear

60 minu tes
at -51° ± 2°C

6 -51° ± 2°C 4.5.4.3 13.8 MPa

4. Tensile 10 days at
at  71° ± 2°C &
95-100% R.H.

6 23° ± 2° C 4.5.4.4 11 MPa

     D.3.4  Low Temperatu re thermal stabil ity (Type I and Type II).  Bonded pr isms
shall not  become detached or  cracked when tested at  -62° ± 2°C for  4 hours.

     D.3.5  Mechanical shock  stabil ity (Type I only).

     D.3.5.1  Mechanical shock  stabil ity- low temperatu re.  Bonded pr ism assemblies
shall not  become detached dur ing shock  test ing at  -43° ± 2°C. The bonded assemblies
shall be shocked at  250, 300, 350, and 400 g’s. The shock  pu lse shall have a wave
form approximat ing a half-sine with a minimum t ime durat ion of 1.5 mill iseconds.

     D.3.5.2 Mechanical shock  stabil ity - h igh Humidity. Bonded pr ism assemblies
shall not  become detached dur ing shock  test ing after  exposure to 3 temperatu re
humidity cycles. Each cycle shall consist  of exposure to 95-100% relat ive humidity at
70° ± 3°C for  24 hours. The bonded assembles shall be shocked at  250, 300, 350,
and 400 g’s. The shock  pu lse shall have a wave form approximat ing a half-sine with a
minimum t ime durat ion of 1.5 mill iseconds.

     D.3.6  Storage life.  The Type I and Type II adhesive bonding systems shall meet
the bond strength requ irements of tests No. 1, 2, and 3 of Table ID, if applicable,
after  storage for  12 months at  a temperatu re not  to exceed 30° ± 2°C in the absence
of sunlight .

     D.3.7  Product  character ist ics.

     D.3.7.1  Adhesive component.

     D.3.7.1.1  Applicat ion life.  The applicat ion life of the adhesive when mixed and
ready for  use at  23° ± 3°C, shall be a minimum of 30 minu tes.
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     D.3.7.1.2  Cur ing t ime and temperatu re.  When subjected to a temperatu re not  to
exceed 74°C at the bond line, the adhesive shall cu re in 4 hours maximum. At a
temperatu re of 25° ± 2°C, the cure t ime shall not  exceed 7 days.

     D.3.7.1.3  Cur ing pressure.  The adhesive shall be capable of cu r ing and mak ing
sat isfactory bonded joints as descr ibed with in th is specificat ion when only contact
pressure is applied dur ing the per iod of cu re.

     D.3.7.2  Pr imer component.

     D.3.7.2.1  Viscosity.  The viscosity of the admixed pr imer (i.e. pr imer plus cur ing
solu t ion ) one hour  after  mixing shall be 15 to 20 seconds using a No. 2 Zahn cup.

     D.3.7.2.2  Drying t ime.  The admixed pr imer shall set  to touch in not  more than
60 minu tes and shall be dr ied hard in not  more than 24 hours.

     D.3.7.2.3  Mixing.  Equal volumes of Component A and Component B shall show
easy mixing to a smooth homogeneous product .

     D.3.7.2.4  Pot  l ife.  The admixed pr imer shall have a minimum useable pot  l ife of
8 hours at  25°C.

     D.3.8  Instruct ion sheet.  The manufactu rer  shall provide a dated, coded and
t it led instruct ion sheet with each shipment of adhesive ou t lin ing instruct ion for  its
use. The instruct ion sheet shall include the following informat ion:

a.  Complete recommended pre-bonding t reatments and cleaning processes.

b.  Maximum useable storage and pot  l ife of the adhesive and pr imer. The pot
life of the adhesive after  the addit ion of the act ivator  shall be based on
defin ite quant it ies of the adhesive.

c.  Mixing instruct ions including recommended percentage of act ivator  and any
temperatu re control necessary when mixing the adhesive or  pr imer.

d.  Applicat ion instruct ions, including applicat ion temperatu re and relat ive
humidity, acceptable th ickness range, and method of cleaning equ ipment.

e.  Typical cu re condit ions for  the adhesive and pr imer.
f.  Necessary related data and precau t ions to be observed throughout all
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operat ions, including:

1.  Standard operat ing procedure (SOP) in the use of the mater ial.

2.  Physical data on the character ist ics of the components (boil ing point
and flash point).

3.  Fire and explosion hazard data including gu idance on the proper
protect ion to use if a fire occurs in the area.

4.  React ivity data - gu idance on classes of mater ial which are not
compat ible with the components in the epoxy.

5.  Precau t ions to take in the event of a spil l or  leak .

g.  Any other  per t inent  informat ion relat ive to the use and storage of the
adhesive and or  pr imer.

D.4  VERIFICATION

     D.4.1  General provisions.  Unless otherwise specified in the contract  or  purchase
order , the supplier  is responsible for  the per formance of all inspect ion requ irements
as specified herein.  Except as otherwise specified, the supplier  may u t il ize h is own
facil it ies or  any commercial laboratory acceptable to the Government.  The
Government reserves the r ight  to per form any of the inspect ions set  for th in the
specificat ion where such inspect ions are deemed necessary to assure supplies and
services conform to prescr ibed requ irements.

     D.4.2  Classificat ion of inspect ion.  The inspect ion and test ing of the adhesive
shall be classified as follows:

a.  Qualificat ion tests (see D.4.5)

b.  Quality conformance tests (see D.4.6)

     D.4.3  Test  condit ions.

     D.4.3.1  Specimen condit ions.  All specimens shall be condit ioned at  23° ± 2°C
and 50 percent relat ive humidity for  at  least  24 hours.  Other  condit ioning shall be
prescr ibed in Table 1.  Preparat ion of the test  specimens shall be in accordance with
4.4 and as descr ibed herein.
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     D.4.3.2  Normal condit ions (room temperatu re)..Strength proper t ies shall be
determined for  room temperatu re adhesive at  23° ± 2°C, no sooner than 10 minu tes
after  specimens have reached equ ilibr ium at  such temperatu re.

     D.4.3.3  Elevated temperatu re Condit ions.  Condit ioning of specimens for  elevated
temperatu re shear strength tests shall requ ire a su itable oven to maintain the
specimen at  71° ± 2°C for  a per iod of 60 minu tes pr ior  to test ing.

     D.4.3.4  Low temperatu re condit ions Condit ioning of specimens for  low
temperatu re shear strength tests shall requ ire a su itable condit ioning chamber to
maintain the specimens at  -51° ± 2°C for  a per iod of 60 minu tes pr ior  to test ing.

     D.4.3.5  Humidity condit ions.  Condit ioning of specimens for  humidity shear
strength tests shall requ ire a su itable condit ioning chamber to maintain the
specimen at  71° ± 2°C and 95 to 100% relat ive humidity for  a per iod of 10 days pr ior
to test ing.

     D.4.4  Preparat ion of test  specimens.

     D.4.4.1  Preparat ion of shear test  specimens.  Test  specimens as shown in
Figure 1D shall be prepared in su fficient  quant it ies for  all the necessary tests.
Specimens for  test ing all the Table 1 proper t ies shall be prepared from 0.32 cm (min)
by 2.54 cm by 10 cm 2024-T3 aluminum conforming to ANSI/ SAE AMS 4035; and
glass microslides 2.54 cm by 2.54 cm by 0.30 cm (min).  The cleaning, pr iming, and
bonding procedures shall be in accordance the manufactu rer ’s instruct ion sheet. 
The test  specimens are to be assembled as shown in Figure 1D with the glass forming
a bond of 6.45 sq. cm to one aluminum adherent and 3.23 sq. cm to the other
aluminum adherent.

     D 4.4.2  Preparat ion of thermal and mechanical shock  stabil ity test  specimens.
Test  specimens shall be prepared in su fficient  quant it ies for  all the necessary tests.
Specimens for  test ing the thermal and mechanical proper t ies shall consist  of r ight
angle opt ical glass pr isms 4 cm x 4 cm x 4 cm bonded to an aluminum plate
6 cm x 6 cm x 1.0 cm.  The pr iming and bonding procedures shall be in accordance
with the manufactu rer ’s instruct ion sheet.

     D.4.5. Qualificat ion tests.

     D.4.5.1  Qualificat ion retest .  Unless otherwise specified by the qualifying act ivity,
adhesives which have previously passed the qualificat ion tests bu t  have subsequent ly
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been modified in any manner shall sat isfactor ily pass re-test ing of the mater ial in
order  to retain qualificat ion approval.  Qualificat ion tests may be repeated on
mater ial previously found sat isfactory at  any t ime at  the opt ion of the act ivity
responsible for  qualificat ion approval.

     D.4.5.2  Manufactu rer ’s data.  Qualificat ion samples shall be accompanied by a
test  repor t  showing resu lts of all tests requ ired by th is specificat ion except the tests
for  bond strength, low temperatu re thermal stabil ity and mechanical shock  stabil ity.

     D.4.5.3  Instruct ion sheet.  Two copies of the manufactu rer ’s instruct ions for  use
of the adhesive shall be fu rnished with the qualificat ion samples (see D.3.8).

     D.4.5.4  Tests.  The qualificat ion tests shall consist  of all the tests of th is
specificat ion.

     D.4.5.4.1  Normal temperatu re tensile shear test ..  (Test  No. 1 of Table ID)
The test  specimen shall be gr ipped t ight ly and uniformly across the ends of the jaws
of the test  machine with the jaws and specimen so aligned that  the jaws are direct ly
opposite each other , and in such a posit ion that  an imaginary straight  l ine will pass
through the center  of the bonded area and through the points of suspension.  All
specimens shall be pu lled at  a jaw separat ion rate of 0.13 cm per  minu te.  All fail ing
loads shall be expressed in MPa of actual shear area, calcu lated to the nearest  0.65
sq cm.  A total of six specimens shall be tested.  The average strengths of these six
specimens shall equal or  exceed that  specified for  test  number 1 in Table ID.  An
average shear strength, less than that  specified in Table ID, shall cause reject ion of
the adhesive.

     D.4.5.4.2  Elevated temperatu re tensile shear test .  (Test  No. 2 of Table ID)
The 71° ± 2°C shear strength test  shall be in accordance with D.4.5.4.1 with the
added requ irement that  a su itable oven shall be provided to maintain the specimens
at the specified test  temperatu re (See D.4.3.3 and Table ID).  Six specimens shall be
tested for  tensile shear test  l isted in Table ID.  The average shear strength of each set
of specimens tested shall equal or  exceed that  specified for  Test  No. 2 in Table ID.  An
average shear strength less than that  specified in Table ID shall cause reject ion of the
adhesive.

     D.4.5.4.3  Low temperatu re tensile shear test .  (Test  No. 3 of Table ID)  The low
temperatu re tensile shear test  shall be in accordance with D.4.5.4.1 with the added
requ irement that  a su itable chamber shall be provided in maintain ing the
temperatu re at  -51° ± 2°C (see D.4.3.4).  Six specimens shall be tested for  tensile
shear strength at  -51° ± 2°C.  The average shear strength of test  specimens shall
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equal or  exceed that  specified for  Test  No. 3 of Table ID.  An average shear strength
less than that  specified in Table ID shall cause reject ion of the adhesive.

     D.4.5.4.4  High humidity tensile shear test .  (Test  No. 4 of Table ID).  The
humidity tensile shear test  shall be in accordance with D.4.5.4.1 after  the specimens
have been condit ioned at  71° ± 2°C and 95 to 100% relat ive humidity.  A total of six
specimens shall be tested. The average strengths shall equal or  exceed that  specified
for  Test  No. 4 in Table ID.  An average shear strength less than that  specified in Table
ID shall cause reject ion of the adhesive.

     D.4.5.4.5  Low temperatu re thermal stabil ity.  The adhesive shall be evaluated for
its low temperatu re thermal stabil ity by placing pr ism assemblies, prepared as
specified in D.4.4.2, in  a cold box at  room temperatu re and allowing the temperatu re
to drop to -62.5° ± 2°C at a rate not  to exceed 20°C per hour .  The temperatu re shall
be maintained for  fou r  hours, after  which the specimens shall be retu rned to room
temperatu re and examined to meet the requ irements of D.3.4.  If one or  more of the
test  specimens fails the test , the adhesive shall be rejected.  A total of five specimens
shall be tested.

     D.4.5.4.6  Mechanical shock  stabil ity.

     D.4.5.4.6.1  Mechanical shock  stabil ity-low temperatu re.  The adhesive shall be
evaluated for  its low temperatu re mechanical shock  stabil ity by test ing pr ism
assemblies, prepared as specified in D.4.4.2 in the ver t ical plane, in accordance with
the pu lse shape, peak  value and t ime durat ion as specified in D.3.5.1.  The
specimens shall be refr igerated by placing them in a cold box at  room temperatu re
and allowing the temperatu re to drop to -51° ± 2°C and maintain ing that  temperatu re
for  two hours.  The specimens shall then be removed from the cold box and mounted
on a fixtu re of the shock  test  machine and then shock  tested.  This must be done
expedit iously so that  the temperatu re of the assembly does not  increase above -40°C.
The mounted pr ism shall first  be shock  tested at  250 g’s and the shock  test  increased
at increments of 50 g’s unt il the 400 g level has been reached.  One shock  test  shall
be made at  each level.  If one or  more of the test  specimens fails the test , the adhesive
shall be rejected.  A total of five specimens shall be tested.

     D.4.5.4.6.2  Mechanical shock  stabil ity - High humidity.  The adhesive shall be
evaluated for  its mechanical shock  stabil ity by test ing pr ism assemblies in
accordance with he pu lse shape, peak  value and t ime durat ion as specified in
D.3.5.2.  The specimens shall be placed in a humidity chamber at  71° ± 3°C and 95
to 100% relat ive humidity for  24 hours.  The specimens shall be removed from the
humidity chamber and mounted on the fixtu re of a shock  test  machine and shock
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tested.  The mounted pr ism shall first  be shock  tested at  250 g’s and the shock  test
increased at  increments of 50 g’s unt il 400 g’s has been reached.  Three shock  tests
shall be made at  each interval.  This combinat ion of humidity and shock  shall
const itu te one test  cycle.  A total of three cycles shall be per formed.  If one or  more of
the test  specimens fails the test , the adhesive shall be rejected.  A total of five
specimens shall be tested.

     D.4.5.4.7  Storage life tests.  A .47 liter  package of each component for  Type I or
Type II shall be stored under temperatu re and t ime condit ions specified in D.3.6.  At
the end of the storage per iod, the components shall be used in the preparat ion of
bonded lap joint  specimens as requ ired by test  nos., 1, 2, and 3 of Table ID.  Six
specimens shall be tested at  each of the applicable test  condit ions.  The strength of
the specimens shall be equal or  exceed that  specified for  the applicable tests in Table
ID.

     D.4.5.4.8  Applicat ion life.  Approximately 10 grams of the mixed adhesive shall
be placed in a su itable container  such as a plast ic dish.  A spatu la with a 1 cm wide
flat  top shall be used in th is test .  St ir  the adhesive frequent ly with the spatu la and
note the t ime at  which the adhesive is considered to be defin itely no longer
spreadable on a glass or  metal su r face with spatu la.  The t ime to reach th is
consistency after  mixing is the applicat ion life of the adhesive at  23° ± 3°C.  The
adhesive shall meet the requ irements of D.3.7.1.1 for  applicat ion life.

     D.4.5.4.9  Pr imer viscosity.  The viscosity of the pr imer shall be determined by
using a number 2 Zahn cup.  The cup shall be immersed in the admixed pr imer one
hour after  mixing.  The temperatu re of the pr imer shall be maintained at  25° ± 2°C.
After  allowing bubbles to disappear when the cup is immersed in the pr imer, the cup
shall be removed from the liqu id and simu ltaneously the stop watch shall be star ted.
 At  the first  dist inct  break  in the stream, the stop watch shall be stopped.  The
average elapsed t ime of three such readings shall be in conformance with D.3.7.2.1.

     D.4.5.4.10  Pr imer drying t ime.  The drying t ime shall be determined in
accordance with ASTM D1640 dur ing preparat ion of specimens specified in D.4.4 to
determine compliance with D.3.7.2.2.

     D.4.5.4.11  Pr imer mixing.  St ir  par t  A unt il completely uniform.  Add an equal
volume of par t  B, st ir , and examine for  conformity to the requ irements of D.3.7.2.3.

     D.4.5.4.12  Pot l ife.  The admixed pr imer shall be brushable after  8 hours at  25° ±
2°C to establish compliance with D.3.7.2.4.  The pr imer may be kept covered dur ing
this test  to minimize evaporat ion of solvent .
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     D.4.6  Quality conformance tests.  Quality conformance tests shall consist  of the
sampling tests (D.4.6.1) and the inspect ion of fi l led containers (D.4.6.2).

     D.4.6.1  Sampling for  inspect ion and a acceptance.

     D.4.6.1.1  Adhesive.  One container  of adhesive shall be selected at  random from
each lot .  The adhesive shall be subjected to the tests in D.4.5.4.8.  If the sample fails
any tests, the lot  shall be rejected.

     D.4.6.1.2  Pr imer.  One container  of pr imer shall be selected at  random from each
lot .  The pr imer shall be subjected to the following determinat ions.  If the sample fails
any test , the lot  shall be rejected.

a.  Drying t ime (D.4.5.4.10)

b.  Mixing (D.4.5.4.11)

     D.4.6.1.3  Lot .  A lot  shall consist  of all the mater ial (adhesive or  pr imer offered for
delivery at  one t ime.

     D.4.6.2  Sampling for  inspect ion of fi l led containers.  A random sample of fi l led
containers shall be selected from each lot  in  accordance with inspect ion Level III,
Table II.  The sample containers shall be subjected to the inspect ion of fi l led
containers as specified in D.4.7.

     D.4.7  Inspect ion of fi l led containers.  Each sample fi l led containers selected in
accordance with D.4.6.2 shall be examined for  defects of construct ion relat ive to the
container  and the closure, or  evidence of leakage and for  unsat isfactory mark ings. 
Each sample fi l led container  shall be examined to determine the amount of contents.
Any container  in the sample having one or  more defects or  under requ ired fi l l  shall be
rejected.

D.5  PACKAGING

     D.5.1  Packaging.  For  acqu isit ion purposes, the packaging requ irements shall be
as specified in the contract  or  order . (D.6.2)  When actual packaging of mater iel is to
be per formed by DoD personnel, these personnel need to contact  the responsible
packaging act ivity to ascer tain requ isite packaging requ irements. Packaging
requ irements are maintained by the Inventory Control Point ’s packaging act ivity
with in the Military Department of Defense Agency, or  with in the Military



Quality Control

BRINGING QUALITY INTO FOCUS

www.knightoptical.com   info@knightoptical.com   usasales@knightoptical.com 

Knight Optical (UK) Limited © and Knight Optical USA LLC. Whilst every effort has been made to verify the information and data, Knight Optical can take no responsibility for its accuracy.
All content on this page is protected under the Copyright, Designs and Patents Act 1988 and the Copyright © is owned by Knight Optical (UK) Limited 2011-2015. All rights are reserved. Reproduction of any content, by any means, without the express 
permission of the owner is prohibited by law. The KNIGHT OPTICAL name and/or mark and KO KNIGHT OPTICAL LOGO are the trademarks of Knight Optical (UK) Limited. Knight Optical (UK) Ltd is an ISO registered company.

Knight Optical (UK) Limited © Whilst every effort has been made to verify the information and data, Knight Optical (UK) Limited can take no responsibility for its accuracy

The KNIGHT OPTICAL name and/or mark and KO KNIGHT OPTICAL LOGO are the trade marks of Knight Optical (UK) Limited

+44 (0)1622 859444

info@knightoptical.co.uk

www.knightoptical.com

TM

QUALITY CONTROL
MIL-PRF-13830B

APPENDIX D

65

Department ’s System Command.  Packaging data retr ieval is available from the
managing Military Department ’s or  Defense Agency’s au tomated packaging fi les, CD-
ROM products, or  by contact ing the responsible packaging act ivity.

D.6.  Notes

(This sect ion contains informat ion of a general or  explanatory natu re that  may be
helpfu l, bu t  is not  mandatory.)

     D.6.1  Intended use.  The adhesive systems covered by th is specificat ion are
intended pr imar ily for  use in bonding glass to metal.  The mater ials to be bonded
include glass pr isms and other  opt ical elements to their  metal supports in opt ical fire
control instruments.  For  maximum reliabil ity and environmental resistance
especially to humid condit ions, the Type I adhesive system is recommended.  Both
the Types I and II adhesive systems may be used for  general purpose bonding of
mater ials such as aluminum, stain less steel, brass, bronze, plast ics, glass, etc., to
themselves or  in dissimilar  combinat ions.  Var ious bond line th ickness may be used
for  bonded assemblies, however, for  the structu ral bonding of glass pr isms to metal
mounts a bond line th ickness of .036 to 0.41 cm is recommended.

     Minor  assemblies bonded with the adhesive systems of th is specificat ion shou ld
be thoroughly evaluated for  the effect  of the adhesive on the opt ical proper t ies of the
assemblies.

     D.6.2  Acqu isit ion requ irements.  Procurement documents shou ld specify the
following:

a.  Tit le, number, and date of th is specificat ion.

b.  Type requ ired.  (see D.1.2).

c.  Quant ity desired.

d.  Cer t ified test  repor t  for  th is adhesive shall be available upon request  by the
procur ing act ivity.

e.  Package mark ing shall contain the following informat ion:

1.  Specificat ion and type..

2.  Manufactu rer ’s designat ion.
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3.  Date of manufactu re.

4.  Recommended expirat ion date.

5.  Storage requ irements.

6.  Precau t ionary mark ings.

7.  Manufactu rer ’s name and address.

8.  Manufactu rer ’s batch ident ificat ion.

9.  Cer t ified test  repor t  for  th is adhesive shall be available upon request
by the procur ing act ivity.

f.  A copy of the manufactu rer ’s instruct ions shall be enclosed with or  at tached
to each container  of adhesive as specified (see D.3.8).

     D.6.3  Debonding procedure.  Sat isfactory debonding of glass to metal bonds,
formed with epoxy based adhesives conforming to the requ irements as contained
herein, can be accomplished through the use of the solvent  N-Methyl-2-Pyrrolidone. 
A quant ity of solvent , su fficient  to completely submerse the assembly to be debonded,
shou ld be brought to an elevated temperatu re in excess of 90°C bu t less than 150°C.
 (The higher  the solvent  temperatu re the faster  will be the debonding effect).  The
volat i l i ty of the solvent  at  elevated temperatu res will necessitate a hooded area plus
the use of condensing retor t  for  the confin ing and condensing of gaseous solvent .  A
debonding effect  shou ld be obtained in one hour  or  less for  a 2cm 2 assembly and in
three hours or  less for  an 9cm2 assembly depending on actual solvent  temperatu re. 
The t ime of submersion may have to be extended to completely remove the pr imer
coat ing (if applicable).
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FIGURE 1D.  Assembly of shear specimens.
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SEALING COMPOUND, SINGLE-COMPONENT, NON-CURING, POLYSULFIDE BASE

E.1.  SCOPE

     E.1.1  Scope.  This appendix covers single-component black , iner t , thermoplast ic,
mast ic, non-cur ing, sealing compounds.  The service temperatu re of the sealing
compounds are -40°C to 82°C (-40° to 180°F) (see E.6.1).  This Appendix is a
mandatory par t  of the specificat ion.  The informat ion contained herein is intended for
compliance.

     E.1.2  Classificat ion.  Sealing compound shall be fu rnished as follows:

             Type I - For  stat ic sealing of metal, glass, Polyacrylic plast ics to each other
and in combinat ions with each other .

E.2.  APPLICABLE DOCUMENTS

     E.2.1  General.  The documents l isted in th is sect ion are needed to meet the
requ irements specified in sect ions 3, 4, and 5 of th is specificat ion.  This sect ion does
not include documents in other  sect ions of th is specificat ion or  recommended for
addit ional in format ion or  as examples.  While every effor t  has been made to ensure
the completeness of th is l ist , document users are cau t ioned that  they must meet all
requ irements documents cited in sect ions 3, 4, and 5 of th is specificat ion, whether  or
not  they are listed.

     E.2.2  Non-Government publicat ions. The following documents form a par t  of th is
document to the extent  specified herein.  Unless otherwise specified, the issues of the
documents which are DoD adopted are those listed in the issue of the DODISS cited
in the solicitat ion.  Unless otherwise specified, the issues of documents not  l isted in
the DODISS are the issues of the documents cited in the solicitat ion (see E.6.2).

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI/ SAE AMS 4077 - Aluminum Alloy Sheet and Plate

(Applicat ion for  copies shou ld be addressed to Amer ican Nat ional Standards
Inst itu te, 11 West 42nd Street , New York , NY 10036.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM D217 -   Cone Penetrat ion of Lubr icat ing Grease
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ASTM D471 -   Rubber Property - Effect  of Liqu ids
ASTM D897 -   Tensile Propert ies of Adhesive Bonds
ASTM D4397-  Polyethylene Sheet ing for  Construct ion Industr ial,

     and Agr icu ltu ral Applicat ions
ASTM E437 -    Industr ial Wire Cloth and Screens (Square Opening

     Ser ies)
ASTM D 4802-  Poly(Methyl Methacrylate) Acrylic Plast ic Sheet

    (Applicat ion for  copies shou ld be addressed to Amer ican Society for  Test ing and
Mater ials, 100 Barr  Harbor  Dr ive, West Conshohocken, PA 19428-2959.) (See
contract  provisions for  addit ional precedence cr iter ia).

     E.2.3  Order  of precedence.  In the event of a conflict  between the text  of th is
document and the references cited herein, the text  of th is document takes
precedence.  Nothing in th is document, however, supersedes applicable laws and
regu lat ions unless a specific exempt ion has been obtained. (See contract  provisions
for  addit ional precedence cr iter ia).

E.3.  REQUIREMENTS

     E.3.1  Mater ial.

     E.3.1.1  Sealing compound.  Sealing compound shou ld be a non-cur ing mast ic
organic polysu lfide polymer.  The sealing compound shall be homogeneous, stable,
and noncorrosive.

     E.3.2  Volat i le content .  The volat i le content  of sealing compound shall be not
greater  than 1.5 percent when tested as specified in E.4.5.1.

     E.3.3  Water  solubil ity.  The water  solubil ity of the sealing compound shall be not
greater  than 0.4 percent when tested as specified E.4.5.2.

     E.3.4  Oil resistance.  Sealing compound shall show no evidence of blister ing,
softening, or  loss of adhesion when exposed to mineral oil and tested as specified in
E.4.5.3.

     E.3.5  Adhesion.  Sealing compound shall have a bond strength of not  less than
25 psi (1.75 kg/ cm).  Failu re shall occur  only in the sealing mater ial itself when
tested as specified in E.4.5.4.

     E.3.6  Aging.  When tested as specified in E.4.5.5, the sealing compound shall
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show a depth of cone penetrat ion before aging in 1/ 10mm of 40-80, after  aging
change in cone penetrat ion in 1/ 10mm 20 MAX.

     E.3.7  Effect  of volat i le compounds.  There shall be no evidence of chemical at tack
such as crazing, pit t ing or  etching on the sur face of poly (methyl methacrylate) when
exposed to volat i le components of freshly prepared sealing compound and tested as
specified in E.4.5.6.

     E.3.8  Crazing on stressed acrylic plast ic.  Sealing compound shall not  cause
crazing or  crack ing of acrylic plast ic under stress when tested as specified in E.4.5.7.

     E.3.9  Low temperatu re flexibil ity.  Sealing compound shall show no evidence of
crack ing or  loss of adhesion when subjected to flexing at  -40°  1°C (-40°  2°F) and
tested as specified in E.4.5.8.

     E.3.10  Flu id resistance at  elevated temperatu re.  Sealing compound shall show
no evidence of hardening, blister ing, or  any other  deleter ious proper ty when tested as
specified in E.4.5.9.

     E.3.11  Water  vapor permeability.  When tested as specified in 4.5.10, the water
vapor permeability rate of the sealing compound shall not  be greater  than 0.010
gm/ hr / sq. in.

     E.3.12  Color .  The color  shall be black  (see E.4.5.11).

     E.3.13  Toxicity.  The mater ials shall not  contain any asbestos, mercury or
chromate compounds.  The mater ial shall have no adverse effects on the health of
personnel when used for  its intended purpose.  Quest ions per t inent  to th is effect
shall be referred by the contract ing act ivity to the appropr iate departmental medical
service who will act  as an advisor  to the contract ing agency (see E.4.5.12).

     E.3.15  Mater ial safety data sheet (MSDS).  A MSDS shall be prepared for  the
sealing compound produced under th is specificat ion (see E.6.2).

E.4.  VERIFICATION

     E.4.1  General provisions.  Unless otherwise specified in the contract  or  purchase
order , the contractor  is responsible for  the per formance of all inspect ion
requ irements (examinat ions and tests) as specified herein.  Except as otherwise
specified in the contract  or  purchase order , the contractor  may use his own or  any
other  facil it ies su itable for  the per formance of the inspect ion requ irements specified
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herein, unless disapproved by the Government.  The Government reserves the r ight
to per form any of the inspect ions set  for th in th is specificat ion where such
inspect ions are deemed necessary to ensure supplies and services conform to
prescr ibed requ irements.

     E.4.2  Lot  acceptance tests.  A lot  shall consist  of all mater ials of the same type,
from the same batch or  blending operat ion, subjected to the same processing
operat ions and condit ions, produced by one manufactu rer  and offered for  delivery at
one t ime.  Unless otherwise specified, for  the purpose of lot  acceptance tests,
representat ive resu lts shall be repor ted from the resu lts obtained on a frequency
basis for  grades of sealing compound which are monitored using process control
systems and procedures which insure no defects and shall be the basis for
acceptance or  reject ion of the lot .  Lot  acceptance tests shall consist  of the test
indicated in Table IIE.

     E.4.3  Sampling.

     E.4.3.1  Sampling for  examinat ion of sealing compound.  Unless otherwise
specified a random sample of fi l led containers shall be selected in accordance with
at t r ibu tes sampling inspect ion level II.

TABLE IIE.  Lot  acceptance test  requ irements.

REQUIREMENTS

CHARACTERISTIC TYPE I TEST METHOD

Volat i le Content 3.2 4.5.1
Water  solubil i ty 3.3 4.5.2
Oil resistance 3.4 4.5.3
Adhesion 3.5 4.5.4
Aging 3.6 4.5.5
Effect  of volat i le
compounds

3.7 4.5.6

Crazing 3.8 4.5.7
Low temperatu re flexibil i ty 3.9 4.5.8
Flu id resistance 3.10 4.5.9
Water  vapor  permeabil i ty 3.11 4.5.10
Color 3.12 4.5.11
Toxicity 3.13 4.5.12
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     E.4.3.2  Sampling for  tests.  A sample consist ing on 1 qt  (0.95 liter ) of sealant ,
representat ive of the lot  shall be selected and placed in a wide-mouth, glass, 1 qt
(0.95 liter ) container  and sealed t ight ly.

     E.4.4  Examinat ion.

     E.4.4.1  Examinat ion of sealing compound.  Sample units of sealing compound
selected in accordance with E.4.3.1 shall be examined for  defects l isted in Table IIIE.
 Sampling plan acceptance and reject ion numbers apply collect ively to all
character ist ics.

TABLE IIIE.  Classificat ion of defects in sealing compound.

Classificat ion
of defect

Defect Method of
inspect ion

Major  101 Evidence of set t l ing or  separat ion (see E.3.1) Visual
Major  102 Mill ing and blending not  as specified (see E.3.1) Visual
Major  103 Evidence of corrosion on inside of containers (see

E.3.1)
Visual

Major  107 Evidence of foreign matter  (see E.3.14) Visual

     E.4.4.2  Cleaning on test  panels.  Except where otherwise specified herein, metal
panels shall be cleaned with l in t -free cheesecloth using an acceptable non-toxic
solvent .

     E.4.5  Tests.

     E.4.5.1  Volat i le content .  Weigh a 2 by 4 inch (5.0 by 10.1 cm) aluminum panel to
the nearest  0.001 g.  Approximately 2 g of the sealing compound shall be spread
uniformly to approximately 0.0625 in. (1.5 mm) th ick  on one side of the panel.  The
panel with the compound shall be weighed and then placed in an oven at  65.5°  1°C
(150  2°F) for  two hours.  The panel with the compound shall then be reweighed. 
The loss in weight  divided by the weight  of the or iginal coat ing mu lt iplied by 100
shall const itu te the percent of volat i le content .  Tests shall be per formed in duplicate.
 Failu re of either  sample shall be cause for  reject ion of the lot  (see E.3.2).

     E.4.5.2  Water  solubil ity.  The panels used in determining volat i le content  shall be
immersed in dist i l led water  and heated at  65.5°  1°C (150°  2°F) for  4 hours.  They
shall then be removed and dr ied at  65.5°  1°C (150°  2°F) for  4 hours.  The loss in
weight  divided by the weight  of the coat ing after  determinat ion of the volat i le content
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and mu lt iplied by 100 shall const itu te the percent of water  soluble mater ial.  Failu re
of the sample shall be cause for  reject ion of the lot  (see E.3.3).

     E.4.5.3  Oil resistance.  Approximately 2 g of the sealing compound shall be
spread uniformly on one side of a 1 by 4 in. (2.5 by 10.1 cm) aluminum panel.  The
aluminum shall be solvent  degreased before immersing in 3% alkaline cleaner (90%
sodium metasil icate and 10% Aerosol OT-B) at  80°C (176°F) for  5 minu tes, washing
in running tap water , immersing in dichromate solu t ion (85 grams of sodium
dichromate, not  less than 99% by weight , and 250 ml of concentrated su lfu r ic acid,
93% by weight  min. to 2 l iters of dist i l led water) at  75°C (167°F) for  5 minu tes,
washing in running tap water  and dist i l led water  and drying.  The sample shall then
be par t ially immersed for  96 hours in oil conforming to Oil No. 2 (ASTM D471).  The
test  shall be conducted at  room temperatu re.  The panel shall be removed and the
sample examined for  evidence of blister ing, softening and lack  of adhesion.  Test  shall
be per formed in duplicate.  Failu re of either  sample shall be cause for  reject ion of the
lot  (see E.3.4).

     E.4.5.4  Adhesion.  Test  shall be made as descr ibed in ASTM D897 except that
there shall be 3 types of specimens:  (a) steel specimens as descr ibed in ASTM D897;
(b) steel specimens with a th in glass wafer  bonded with su itable adhesive (epoxy resin
base) to the steel work ing sur faces; (c) steel specimen with a polyacrylic plast ic
(conforming to ASTM D4802) wafer  bonded to the work ing sur face.  The sealing
compound shall be applied to both sur faces.  The specimen shall be compressed
under a load of 200 lb. (90 kg) for  abou t 20 seconds to insure a minimum gap
between the adherents of the specimen.  The prepared specimen shall be condit ioned
at room temperatu re 22° - 25°C (72° -  77°F) for  49 hours pr ior  to test ing.  The bond
strength of the assembly shall be measured in a tensile test ing machine whose jaw
separat ion speed is 1-in. per  minu te.  The specimens shall be examined for  failu re in
cohesion of the sealing mater ial.  Test  shall be per formed in duplicate.  Failu re of the
sample shall be cause for  reject ion of the lot  (see E.3.5).

     E.4.5.5  Aging.  The consistency of the sealing compound shall be determined in
the or iginal condit ion and after  aging for  24 hours at  65°  1°C (150°  2°F).  The
sample shall be tested in accordance with ASTM D217 tested for  unworked
penetrat ion, using a 150 g total load for  5 seconds.  Four  readings shall be taken on
each sample.  More than one unsat isfactory reading shall be cause for  reject ion of the
lot  (see E.3.6).

     E.4.5.6  Effect  of volat i le components.  A 5-6 g sample of the sealing compound
shall be placed on a 2 in. (5.0 cm) diameter  watch glass and then placed in an
enclosed vessel which contains a polished polymethylmethacrylate (conforming to
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ASTM D4802) window as shown on figu re IE.  The test  fixtu re shall be placed in an
oven at  71°  1°C (160°  2°F) for  3 hours, then removed and allowed to cool to a
temperatu re of approximately 38°C (100°F).  The ou ter  su r face of the
polymethylmethacrylate window shall be cooled by placing a piece of dry ice having a
flat  size of abou t 0.5 in onto the window of the fixtu re and allowing it  to remain in
contact  with the window unt il condensat ion is observed on the inner  su r face of the
window or  for  a per iod not  greater  than 20 minu tes.  The fixtu re shall then be
allowed to remain at  room temperatu re for  a per iod of 2 hours.  The window of the
fixtu re shall be removed and its inner  su r face washed with tap water  and wiped with
a soft  cloth.  The sur face shall then be examined with the aid of a 10-power magnifier
in the area where condensat ion had formed for  visual evidence of crazing, pit t ing, or
etching.  Visual examinat ion shall be done by viewing perpendicu lar  to the sur face
and then at  an angle of 30 to 45° to the sur face.  Tests shall be per formed in
duplicate. Failu re of either  sample shall be cause for  reject ion of the lot  (see E.3.7).

     E.4.5.7  Crazing on stressed acrylic plast ic.  A piece of acrylic sheet plast ic in
accordance with ASTM D4802 shall be set  up as a cant ilever  beam under load, as
shown in figu re 2E.  After  the beam has been loaded for  10 minu tes and while st i l l
under  load, the compound shall be applied to the top (tension) side of the plast ic
specimen two inches from the clamped end and direct ly above the support  and
allowed to remain an addit ional 10 minu tes under load.  The acrylic plast ic sheet
shall be examined with the aid of a 10 power magnifier  for  visual evidence of crazing
or  other  at tack  while under stress.  Visual examinat ion shall be done by viewing
perpendicu lar  to the sur face and then at  an angle of 30 to 45° to the sur face.  Visual
evidence of crazing or  other  at tack  while under stress const itu tes failu re of th is test . 
Failu re of the test  shall be cause for  reject ion of the lot  (see E.3.8).

     E.4.5.8  Low temperatu re flexibil ity.  Two panels, 1 by 6 by 0.030 in. (2.5 by 15.2
by 0.07 cm) of aluminum sur faced aluminum alloy, ANSI/ SAE AMS 4077, shall be
coated on one side with the sealing compound to a th ickness of 0.03 in. (0.07 cm). 
The panels shall then be immersed for  48 hours at  38°  1°C (100°  2°F) in a non-
toxic electro-opt ical grade solvent (ie Opt iClear  or  equ ivalent).  At  the complet ion of
the immersion per iod, the panels and the flexibil ity j ig (figu re 3E), shall be subjected
to a temperatu re of -40°  1°C (-40°  2°F) for  two hours.  While at  th is temperatu re,
one end of the test  panel shall be placed in the slot ted posit ion and the other  bent
around the curved por t ion of the flexibil ity test  j ig, at  a steady uniform rate such that
3 seconds are requ ired to complete the bend.  The panels shall be removed and
examined.  Failu re of either  panel shall be cause for  reject ion of the lot  (see E.3.9).

     E.4.5.9  Flu id resistance at  elevated temperatu res.  Two panels, 3 by 5 inches (7.6
by 12.7 cm) of aluminum sur faced alloy conforming to ANSI/ SAE AMS 4077 shall be
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coated on one side with the sealing compound to a th ickness of (0.0625 in. (0.16 cm).
The panels shall be immersed for  48 hours at  38°C  1°C (100°  2°F) in so that  one
half of the mater ial is above the liqu id level.  The panels shall then be removed, air
dr ied for  24 hours, and baked at  82°  1°C (180°  2°F) for  72 hours.  The panels
shall then be examined for  changes in fi lm proper t ies.  Visible evidence of change in
the fi lm proper ty shall const itu te failu re of th is test .  Failu re of the sample shall be
cause for  reject ion of the lot  (see E.3.10).

     E.4.5.10  Water  vapor permeability.  A su fficient  amount of sealing compound
shall be pressed between two sheets of polyethylene fi lm (0.003-0.004 inches th ick ),
according to ASTM D4397 to form a fi lm abou t 0.075 in. (0.19 cm) th ick  and 2 in.
(5.0 cm) in diameter .  One of the polyethylene sheets shall be peeled off and a
su itable size screen which shall retain the sealing compound shall be placed on the
sealing compound.  Use 2.5 inch (6.3 cm) diameter  30 mesh plain weave screening
with 0.010 inch (0.025 m) diameter  wire made of type 5056 aluminum or  brass,
according to ASTM E437.  The polyethylene sheet shall be placed on the screen and
the assembly shall be compressed unt il the overall th ickness of the sealing
compound and the screen is 0.064  0.002 in. (0.16  0.01 cm).  The polyethylene
sheets shall be removed and the screen-supported fi lm shall be t r immed to size and
placed in a posit ion as shown in figu re 4E.  5 ml of dist i l led water  shall be placed in a
Petr i dish.  The two metal plates holding the fi lm of sealing compound and the Petr i
dish shall be screwed t ight ly to insure a good seal between the edge of the Petr i dish
and the sealing mater ial (see E.3.11).

     E.4.5.10.1  Assemblies.  Two assemblies shall be prepared as descr ibed in
E.4.5.10.  A th ird assembly shall be prepared in the same manner except that  no
water  shall be placed in the Petr i dish. The three assemblies shall be weighed to the
nearest  0.001 grams and then placed in an oven at  71°  1°C (160°  2°F) for  4
hours.  The loss in weight  of the dry assembly shall be subtracted from the weight  of
each of the other  two assemblies.  The water  vapor t ransmission rates shall be
calcu lated in units of g of water / hr / in.  of open area.  The open area is the area of the
1.875 in-hole in the metal plate minus the area occupied by the wires of the screen
with in the hole.  Failu re of either  sample shall be cause for  reject ion of the lot . 
Percent of water  vapor is calcu lated as follows:

          wt  of (sample + water  + dish) X 100
                      wt  of dish

     conducted at  1 hr  intervals unt il constant  weight .

     E.4.5.11 Color .  The mater ial shall be visually examined for  conformance to color
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requ irements (see E.3.12).

     E.4.5.12  Toxicity.  The supplier  shall fu rn ish the toxicological data and
formu lat ions requ ired to evaluate the safety of the mater ial for  the proposed use (see
E.3.13).

E.5  PACKAGING

             This sect ion is not  applicable to th is appendix.

E.6  NOTES

     (This sect ion contains informat ion of a general or  explanatory natu re that  may be
helpfu l, bu t  is not  mandatory.)

     E.6.1  Intended use.  The sealing compounds covered by th is specificat ion are
intended for  use in sealing metal to metal, glass to metal and acrylic to metal and for
general purpose as deemed necessary by the using act ivity.  This mater ial is not  to be
used as an integral fuel tank  or  pressure cabin sealant . 

     E.6.2  Acqu isit ion requ irements.  Acqu isit ion documents must specify the
following:

     a.  Tit le, number and date of th is specificat ion.

     b.  Issue of DODISS to be cited in the solicitat ion, and, if requ ired, the
                   specific issue of  individual documents referenced (see E.2.1.1).

     c.  Requ irements for  submission of first  ar t icle sample.

     d.  Applicable stock  number.

     e.  Packaging requ irements, if other  than specified in Sect ion E.5.

     f.  Ser ializat ion requ irements, if applicable.

     g.  Cer t ificate of conformance for  each lot  or  shipment of product .

     h.  For  the format and content  of the MSDS consu lt  FED-STD-313
Mater ial Safety Data Sheets, preparat ion and the submission of.
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FIGURE 1E. Assembly for test on effect of volatile components.
(dimensions in inches)
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FIGURE 2E.Stress crazing test
(dimensions in inches)
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MARERIAL: MAPLE WOOD

FIGURE 3E. Low temperature flexibility test jig.
(dimensions in inches)
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FIGURE 4E. Assembly for water vapor permeability test.
(dimensions in inches)
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CONCLUDING MATERIAL

Custodian: Prepar ing act ivity:
      Army-AR      Army-AR
      Navy-OS

(Project :  6650-0201)
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