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SUPERSEDES

M L- W 81752( AS)
23 April 1970

M LI TARY SPECI FI CATI ON

W NDSHI ELD SYSTEMS, FI XED W NG Al RCRAFT - GENERAL SPECI FI CATI ON FOR

This specification is approved for use within the Naval Air Systens
Command, Departnent of the Navy, and is available for use by all
Departments and Agencies of the Departnent of Defense.

1. SCOPE

1.1 Scope - This specification establishes the general
requi rements for the design, performances, installations and acceptance
of windshield systens in fixed wing aircraft,

2.  APPLI CABLE DOCUNMENTS -

2.1 Governnent docunents -

2.1.1 Specifications, standards, and handbooks. The follow ng
speci fications, standards, and handbooks form a part of this
specification to the extent specified herein. Unless otherw se
specified, the issues of these docunents shall be those listed in the
i ssue of the Departnent of Defense Index of Specifications and
Standards (DODISS) and suppl enment thereto, cited in the solicitation.

}

Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should
be addressed to: Commanding Officer, Naval Air Engineering Center,
Systems Engineering and Standardization Department (SESD) Code 93,
Lakehurst, NJ 08733-5100, by using the self-addressed Standardization
Document Improvement Proposal (DD Form 1426) appearing at the end of
+hie document or bv letter.
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SPECI FI CATI ONS

M LI TARY

M L- G 5485 d ass, Lam nated, Flat, Bullet-Resistant

M L-T- 5842 Transparent Areas, Anti-lcing, Defrosting and
Def oggi ng Systens, General Specification for

M L-W6729 Watertightness of Aircraft, Testing, General
Specification for

M L-P-8184 Plastic Sheet, Acrylic, Mdified

M L-1-8500 | nt erchangeability and Repl aceability of
Conmponent Parts for Aircraft and Mssiles

M L- A- 8860 Airplane Strength and Rigidity, GCeneral
Specification for

M L- A- 8869 Airplane Strength and Rigidity Special Wapons
Ef fects

M L-1-18259 Installation of Wndow Anti--1cing, De-Geasing, and
Washing Systens (General Specification for)

M L- E- 18927 Envi ronnental Control Systens, Aircraft, General
‘Requirenents for

M L- P- 25690 Pl astic, Sheets and Parts, Modified Acrylic Base,
Monolithic, Crack Propagation Resistant

ML-R 81261 Rai n Repellent, dass Wndow and Wndshield, for
Inflight Application

M L- R- 81367 Rain Renoval System Aircraft Wndshield, Jet
Air Bl ast

M L- R- 81589 Rain Repellent Fluid Application System

Aircraft Wndshield

M L- P- 83310 Pl asti c Sheet, Polycarbonate, Transparent
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Naval Air Systens Comrand

SD- 24 General Specification for Design and Construction
of Aircraft Wapon Systens, Volunme | - Fixed Wng
Aircraft

(Copi es of specifications and standards required by contractors in
connection wth specific acquisition functions should be obtained from
the Contracting Activity or as directed by the Contracting Activity.)

STANDARDS
Mlitary
M L- STD- 143 Specifications and Standards, Oder of Precedence
for the Selection of
M L- STD- 210 Aimatic Extremes for Mlitary Equi pnent

M L- STD- 470 Mai ntai nability Program Requirenents (for Systens
and Equi prent)

M L- STD- 785 Reliability Program for Systens and Equi pnent,
Devel opnent and Production

M L- STD- 810 Environnental Test Methods and Engi neering
Gui del i nes

M L- STD- 850 Aircrew Station Vision Requirenments for Mlitary
Aircraft

M L- STD- 882 Systens Safety Program Requirenents

M L- STD- 1333 Aircrew Station Geonetry for Mlitary Aircraft

M L- STD- 1472 Human Engi neering Design Criteria for Mlitary
Systens, Equipnent, and Facilities

M L- STD- 2072 Survivability, Aircraft, Establishnment and Conduct
of Prograns for

2.1.2 QG her governnment docunents and publications - The follow ng
ot her governnment docunents and publications forma part of this
specification to the extent specified herein. Unless otherw se

specified, the issues shall be those in effect on the date of the
solicitations.

FEDERAL TEST METHODS

FTM 406 Plastics, Method of Testing



Downloaded from http://www.everyspec.com

M L- W 81752A( AS)

PUBLI CATI ONS

M LI TARY
M L- BUL- 544 Li st of Specifications and Standards (book forn

2.2 Oher publications - The follow ng docunent(s) form a part of
this specification to the extent specified herein. Unl ess ot herw se
specified, the issues of the documents which are DOD adopted shall be
those listed in the issue of the DOD SS specified in the
solicitation. Unl ess ot herw se specified, the issues of docunents not
listed in the DODISS shall be the issue of the nongovernnment docunents
which is current on the date of the solicitation.

Anerican Society for Testing and Miterials (ASTM St andards:

ASTM F- 320 Hai|l |npact Resistance of Aerospace Transparent
Encl osur es

ASTM F- 330 Bird Inpact Testing of Aerospace Transparent
Encl osur es

ASTM F- 428 Standard Test Method for Intensity of Scratches on
Aerospace d ass Encl osures

ASTM F- 733 Standard Practice for Distortion and Deviation of
Transparent Parts Using the Doubl e Exposure Mt hod.

ASTM D- 1003 Haze and Lum nous Transmttance of Transparent
Pl astics

ASTM D- 1925 Yel | owness | ndex of Plastics

(Application for copies should be addressed to the Anerican Society
for Testing and Materials, 1916 Race Street, Philadel phia, PA 19103.)

2.3 Oder of precedence. In the event of a conflict between the
text of this specification and the references cited herein (except for
associ ated detail specifications, specification sheets or M
standards), the text of this specification shall take precedence.
Nothing in this specification, however, shall supersede applicable
| aws and regul ations unless a specific exenption has been obtai ned.

3. REQUI REMENTS

3.1 Conponents
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3.1.1 Selection of materials, parts and processes - The
materials, parts, and processes used shall be selected primarily to
acconpl i sh the designated Performance requirenents. Specifications
and standards for all materials, parts, and processes which are not
specifically designated herein, shall be selected in accordance wth
M L-STD-143 and Mlitary Bulletin 544 and shall require acquiring
activity approval prior to use. Variations from designated itens and
the use of newly devel oped advanced materials shall require acquiring
activity approval. Polycarbonate plastic shall not be used w thout an
environmental protection |ayer.

3.1.1.1 Non-specification material - The contractor shall be
required to develop specifications for materials for which no federal,
mlitary or industry specifications exist. The specifications shal
cover technical requirenments, test nethods, qualification, and
acceptance criteria by the acquiring activity.

3.1.2 Wndshield - A fixed windshield shall be provided forward
of the cockpit. The wi ndshield shall be designed to provide clear
vision for the pilot and to protect the cockpit and crew as defined
both in this specification aid the airplane detail specification. For
tandem cockpit arrangenents, consideration shall be given to providing
wi nd blast protection for each cockpit when the canopy is jettisoned.

3.2 Design anbient conditions

3.2.1 perations - The design anbient conditions of the
at nosphere under which equi pnent shall remain operational shall be in
accordance with the operations criteria of M L-STD 210.

3.2.1.1 Environnental conditions - The w ndshield system shal
wi thstand environnental conditions in accordance with M L-STD- 810 as
specified in 4.3.4 herein.

3.2.2 Performance - Unless otherwise specified in the contract
(See 6.2.1), the design anbient conditions of the atnosphere for
neeting the performance requirenents of this specification shall be in
accordance with the 10 percent risk criteria of M L-STD 210. If a 10
percent risk criteria is not available for a given paraneter, the
hi ghest risk factor provided shall be used.

3.2.2.1 Aerodynamic heating - In addition to the requirements of
3.2.1, the entire windshield system shall be designed to operate as
prescri bed when subjected to the effects of aerodynam c heating.
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3.3 Aerodynanm c shape - The exact shape of the wi ndshield shall
i nclude an optimum conbi nation of all design requirenents, but in no
case shall the normal angle of incidence to the surface exceed 60
degrees. The contour of the w ndshield shall not be so abrupt that it
woul d create a distorted effect for binocular vision nor should there
be abrupt changes in contour or thickness between adjacent transparent
panel s which would allow differences in angular deviation and
subsequent inmage shift.

3.4 Structural arr angenent

3.4.1 Structural frames - Structural franes which affect vision
from the cockpit shall be arranged to avoid gunsight and opti cal
| andi ng aids view ng areas. Wndshield structural frames shall also
conformto the requirements of ML-STD-850 with regard to size and
vision inpairment |imtations.

3.4.1.1 Configuration - The use of a one piece wap-around type
wi ndshield for fighter/attack aircraft using a single pilot
configuration is desired to maximze external vision.

3.4.2 Joints - Detail design of joints between the w ndshield and
the openable section shall insure that distortion due to crash _
| oadings will not cause nechanical interlocking and hangup which will

preclude forceable opening or jettisoning of the canopy for energency
escape or rescue.

3.4.3 Cew clearance - Crew clearance envel opes and equi pnent
space requirenments shall be coordinated with the aerodynam c shape of
t he w ndshi el d.

3.5 Structural desi gn

3.5.1 Nonmagnetic material - Al parts within 24 inches of the
magneti c conpass shall be of nonmagnetic material.

3.5.2 Wndshield Mterial - WMaterial selection for w ndshield
transparencies will be based on a trade study that has evaluated, at a

mninmum the following requirenents as defined in the aircraft detail
specification: flight envel ope, cockpit arrangenent, service life,

i ngress/ egress/escape considerations, bird inpact, survivability,
reliability, and nmaintainability. When bullet resistant glass is
used, it shall conformto the requirenents of M L-G 5485. When
as-cast acrylic is used, it shall conformto the requirenents of

M L- P- 8184. When stretched acrylic is used, it shall conformto the
requirenents of M L-P-25690. Wen pol ycarbonate material is used, it
shall conform to the requirenments of ML-P-83310. The material (s)
sel ected shall be submtted to the procuring activity for approval.
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3.5.3 Edge attachments - Transparent plastic windshield elenents
may incorporate edge attachnments of the |am nated-type based on gl ass
fabric or other suitable textile to reinforce the edges and restrain
crack initiation.

3.5.4 Thermal effects - The transparent materials shall be
securely anchored within the supports but, where feasible, shall be
free to expand and contract with changes in tenperature and aging
wi thout distorting the structure, inpairing the efficiency of the
joints, or inpairing the optical qualities of the panel.
Consideration shall be given to the interaction between transparent
conponents and frane caused by thernmal effects under extrene
tenperature conditions to insure that stress concentration in the
transparent conponents is kept to a mninmm

3.5.5 Loads - The w ndshield system (transparent materials and
support structure) shall be sufficiently rigid to withstand all flight
| oads combined with pressure differential |oads from zero up to the
maxi mum regul ator tolerance. The wi ndshield shall also withstand all
| anding and handling |oads w thout permanent deformation. Elastic
def ormati ons shall be of nagnitudes which will not adversely affect
proper functioning and operation.

3.5.6 Wndshield attachnents - Except for electrical heating
el ements of thernocoupl es, accessories or equipnment shall not be
attached to the transparent elenments of the wi ndshield.

3.5.7 Watertightness - The w ndshield assenbly/system shall neet
the watertightness requirenents of ML-W6729 and the aircraft detail
speci fication.

3.5.8 Airtightness - Wndshield design shall consider that
pressurized cockpits shall be airtight within the limts of
M L- E- 18927 when the airplane is in flight or with engine(s) running.

3.5.9 Redundant load paths - To avoid catastrophic failures, the
wi ndshi el d design shall provide nultiple |oad paths whenever
practical . Each |l oad path shall be capable of carrying the
anticipated applied load such that failure or nalfunction of one
conmponent will not be likely to cause a nore serious failure. It nmay
be necessary to permt elastic deflection in excess of that normally
desired in the event the applied load is carried by a structural
system in which one or nore of the redundant |oad paths is inactive.

The maxi rum anmount of deflection occurring under these conditions
shall not cause further failure or nalfunction.

3.6 Strength requirenents
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3.6.1 General - The wi ndshield system shall be designed to
w thstand the | oad Inposed by conditions specified in ML-A-8860, in
the detail specification of the airplane, and as nodified herein.

3.6,2 Load factors - Al structural designs shall be in
accordance with M L-A-8860, and the detail specification of the
ai rpl ane. Transparent w ndshields and associated structure shall be
designed to ensure structural continuity and conpatibility between
wi ndshield and surrounding structure. Additional design |oad factors
shall be used as required to ensure safety. Def | ecti ons which may
cause gl ass breakage or stress crazing in plastic panels shall be
avoi ded. The size, contour, and material of the transparent

w ndshield shall be considered in establishing a valid design |oad
factor.

3.6.3 Pressurization loads - The w ndshield system shall be
designed to withstand the pressurization |oads specified in ML-A-
8860. The design shall include the effects of continuous and cyclic
pressurization |oads, aerodynamc |oads, and the effects of
tenperature and tenperature differentials throughout the ground and
flight envelope of the aircraft. In the event of cabin
overpressurization due to a failure in the pressurization contro
system the w ndshield system shall be designed to remain intact
beyond the point where pressure is relieved by failure or deflection
of sone other less critical portion of the cockpit.

3.6.4 Airload distribution - The nagnitude and distribution of
the airloads used in the structural design shall be those determ ned
by the use of acceptable analytic nmethods and reliable aerodynamc
data applicable to the conditions enconpassed by the aircraft design
[imt flight envel ope. This data shall include, at a mninmm the
effects of math nunber, aeroelasticity, and thermal effects.

3.6.5 Landing arrestnent barrier/barricade - The w ndshield
structure shall Dbe designated to withstand | oads inposed by contact with
arrestnent barrier/barricade cables during energency |anding. No
failure shall be permtted which mght result in injury to the pilot.

3.6.6 Crash and ditching - The w ndshield system design shal
guard against failures which sight result in injury to the pilot
during crash or ditching.

3.6.7 Underwater survival - Wen underwater escape provisions are
required by the detail specification for the airplane, the w ndshield
shall be designed such that excessive deflection or failure wll not

prevent canopy or hatch opening.

3.7 Wndshield survivability
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3.7.1 General - The survivability and vulnerability of the entire
wi ndshi el d system shall be designed in accordance with the
requi rements of M L-STD 2072.

3.7.2 Bird inpact - The windshield, all supporting structure, -and
| at ching mechani snms that are positioned ahead of and protecting the
pilot/crew shall be designed to withstand the inpact of a four pound
bird when the velocity of the aircraft (relative to the bird along the
aircraft flight path) is equal to the maxi mum operational true
ai rspeed achievable in level flight at altitudes up to 5000 feet.
Structural damage which inpairs operation of the aircraft is not
per m ssi bl e. In the event of a bird inpact, the design of the
wi ndshield system shall not permt nore than 50 percent of the
aircrew s forward visibility to be lost. Head clearance shall be
taken into account to preclude the possibility of pilot or crew injury
from excessive deflection of the w ndshield during bird inpact.

Cockpit equi pment clearances with the w ndshield shall be considered
to preclude equi prent damage from excessive deflection of the

wi ndshield during bird inpact. | nternal damage such as gl ass or
plastic parts spalled off, structural nenbers broken free, or lining
panels torn |oose which could injure the pilot or restrict performance
of the pilots normal duties in the cockpit is not permssible.

3.7.3 Ballistic inpact - Wen ballistic inpact resistance is
required by the mission requirenments of the aircraft, the forward
wi ndshi el d, when made of bullet resistant glass, shall neet the
requi rements of M L-G 5485. Bal listic inmpact requirenents of other
wi ndshield material shall be as specified in the detail specification
for the aircraft.

3.7.4 Nuclear detonation - The wi ndshield and support structure
shall survive a 2.0 psi overpressure load and any loads resulting from
transi ent phenomena associated with the nuclear detonation as
specified in ML-A- 8869.

3.7.5 Lasers/particle beam weapons. The w ndshield shall defeat
threats from |l asers and particle beam weapons as specified in the
aircraft detail specification.

3.7.6 Radar Cross Section (RCS) - The windshield system shall be
designed to mnimze the RCS the requirements of the aircraft
detail specification.

3.7.7 Nuclear, Biological, Chemical (NBC) contanination - The
wi ndshield shall resist the effects of NBC contami nation as specified.
in the aircraft detail specification. The w ndshild shall also
withstand the detrinmental effects of decontam nation
sol utions/cl eaners w thout degradation of w ndshield perfornmance.

3.8 Human _endi neering
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3.8.1 General - The design of the system shall conformto the
requi renents of M L- STD- 1472.

3.8.2 Safety - The w ndshield system shall be designed to

preclude the incorporation of features which result in catastrophic
hazards as specified in M L-STD 882.

3.8.3 Cockpit space - The w ndshield system design shall provide
adequat e space In the cockpit for personnel and equi pnent specified in
the detail specification for the airplane. There shall be no sharp
corners or projections into the cockpit which mght result in injury
to the pilot during a crash.

3.8.4 Eye location envelope - The pilot’s design eye position
shall be located in accordance with the proposed cockpit geonetry
specified in the detail specification for the airplane. The envel ope
of perm ssible eye travel shall be as specified in the detai
specification for the airplane and shall conply with ML-STD 1333.

3.8.5 Vision

3.8.5.1 Envelope - The wi ndshield, as part of the cockpit
encl osure, shall be designed to provide vision fromthe cockpit as
required by ML-STD 850, as a m ni mum

3.8.5.2 Tandem cockpit - For aircraft utilizing a tandem cockpit
arrangenment in which the pilot may occupy the rear cockpit, the vision
requirements of 3.8.5.1 apply. If forward vision is limted by the

person and seat in the front cockpit, effect of such obstruction shal
be kept to an absolute mninmum and shall be denonstrated by a nockup.

3.8.5.3 Night Vision CGogale (NVG conpatibility - Wen specified
in the detail specifcation for the aircraft, the w ndshield shall be
NVG conpati bl e over the wavel ength range of 600 to 900 nanoneters.

3.8.5.4 Primary viewing zone - Zone | shall be considered the
primary operational view ng zone of the wi ndshield used by the pilot.
Zone | definition dinensions shall be submitted to the procuring
activity for approval (See 6.3.1).

3.8.6 Optics

3.8.6.1 General - The windshield shall be capable of meeting the
optical requirenments specified in 3.8.6 before and after a m ni num of

two lifetimes of pressure/tenperature cycling as specified in the
aircraft detail specification

3.8.6.2 Luminous transmttance

10



Downloaded from http://www.everyspec.com

M L- W 81752A( AS)

3.8.6.2.1 Fighter/attack type aircraft - The average | um nous
transmttance of the transparent material shall be not |ess than 80
percent when neasured at normal angles of incidence to the surface.
The lum nous transmttance shall be not |ess than 65 percent when
nmeasured at the design eye position along a horizontal line with zero
azimuth and the windshield in the installed position

3.8.6.2.2 Oher aircraft - The average lumnous transmttance of
the transparent naterial shall be not less than 60 percent. The
| um nous transmttance shall be not less than 50 percent when neasured
at the observer's eye position along a horizontal line with zero
azimuth and the windshield in the installed position

3.8.6.2.3 Anti-icing coating - If an anti-icing conductive

coating is used, the coating shall not reduce light transmttance by
nore than 5 percent.

3.8.6.3 Haze - The haze in the windshield shall be not greater
than 3 percent at normal angles of Incidence.

3.8.6.4 Binocular disparity - The angul ar deviati on between each
eye from a point object shall be not greater than 10 minutes of arc in
the horizontal plane and 2 mnutes of arc in the vertical plane. If
the aircraft is used for high altitude reconnai ssance, the angul ar
deviation shall be not greater than 3 mnutes of arc in the horizonta
plane and 2 mnutes of are in the vertical plane.

3.8.6.5 Aniseikonia - Aniseikonia shall be not greater than 2
percent.

3.8.6.6 Mnocul ar distortion

3.8.6.6.1 Fighter/attack type aircraft - The angular deviation of
the w ndshield, when neasured normal to the surface, shall be not
greater than 3 mnutes of arc. The change in direction shall be not
greater than 180 degrees within any linear 36 inches. Wth the
transparency in the installed position, not less than 60 points shall
be selected for the determnation of the apparent deviation in
el evation and azinmuth at each point. The apparent deviation at each
poi nt shall be not greater than 3 mlliradians and the RVB value for
all the points shall be less than 1 mlliradian.

3.8.6.6.2 Oher aircraft - The angular deviation of the
wi ndshi el d, when neasured nornal to the surface, shall be not greater
than 3 mnutes of arc. The change in direction shall be not greater
than 180 degrees in any linear 36 inches. Wth the windshield in the
installed position, 15 random points shall be selected for the
determ nation of the apparent deviation in elevation and azinuth at
each point. The apparent deviation shall be not greater than 10

m nutes of arc at any single point, but the average deviation shall be
not greater than 3 mnutes of arc.

11
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3.8.6.7 Distortion

3.8.6.7.1 Fighter/attack type aircraft - The maximum gridline
slope for the wi ndshield shall be 1:15 when the grid is photographed
t hrough the windshield in the installed position

3.8.6.7.2 Oher aircraft - The requirenents of 3.8.6.7.1 apply.
In addition, normal roll-off distortion of 1:1 in Zone 11l shall not
be cause for rejection.

3.8.6.8 Mgnification - The maxi mum magnification shall be not
greater than +8 percent and a mnus value indicating a reduction in
size shall be less than -8 percent.

3.8.6.9 Birefringency - The rainbow associated wth interna
stresses and variation of individual ply thickness and internal stress
shall not be permtted when the wi ndshield is photographed and
visually inspected. A color photograph shall be taken from the [|eft
and right eye position at zero azinuth.

3.8.6.10 Visual performance - The w ndshield shall be inspected
visually. There shall be no imredi ate apparent bending, blurring
di vergency, convergency, or broken gridlines. Defects less than 0.035
inches in dianmeter shall be acceptable if not |ocated or grouped in a
manner to cause vision inpairment. Any optical defect, regardless of
size, which causes vision inpairnent shall be cause for rejection.
Defects in Zone 11l are permtted if structural integrity of the
wi ndshield is not affected. The entire w ndshield, including Zone
I11, shall be free of bull's eye type distortion (See 6.3).

3.8.6.11 Scratches - Scratches shall be evaluated using ASTM
F- 428 St andar ds. There shall be no scratches npbre severe than

F-428-3 in Zone |I. There shall be no scratches nbre severe than
F-428-4 in Zone I1. There shall be no scratches nore severe than
F-428-6 in Zone I11. Scratches that are equal to, or |ess severe

than, the limts defined are acceptable, provided they are not of a
length or density that inpairs vision.

3.8.6.12 Color - Wen polycarbonate material is used in
wi ndshield construction, the yellowness of the core ply mll run prior
to fusion bonding shall be determned. The yellowness index (Yl) for
a mll run ply of 0.25 inch thick polycarbonate shall be not greater
than 8.5.

3.8.7 Cockpit reflections - Wndshield and canopy configurations
whi ch produce objectionable patterns of reflections of cockpit and
external lights shall be coordinated with |locations of internal Iight
sources, light baffles, and orientation of reflective surfaces for an
opti mum configuration. Proposed cockpit enclosure configuration.

[1. Db ified b i ghti kup. Poi [ '
PIPLb 08 V5T 00 P50 Gl | DL M IRgYR; o1 N secure and distributec

12
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3.8.8 - Rain renoval - Wndshield system design shall include
provisions to insure visibility while flying through rain of 4 inches
per hour in accordance with ML-R-81367. System functioning shall be
proven by test. The rain renoval and repellent system shall
provide clear vision for taxing, takeoff, approach, |anding, inflight
refueling, and level flight at 1.6 tinmes the stall speed at maxinmum
weight wth flaps and gears retracted. For carrier-based aircraft, a
clear view of |anding aids shall be provided during the entire carrier
approach operati on.

3.8.8.1 - Wndshield wpers - Specifications for electrically
operated wi ndshield w pers shall be provided by the prine aircraft
contractor in accordance with 3.1.1.1 herein. Designs shall include

provisions to prevent the possibility of damage to transparenci es by
aerodynam c buffeting, abrasion, and to elimnate vision obstruction
by the w per when stowed. Adequate strength and rigidity shall be
provided to prevent possible |oss of blades, arns, or other conponents
during all flight conditions. Wpers shall not be used on panels in
which the outer ply is susceptible to scratching. Hydraul i c

wi ndshield w pers shall not be used.

3.8.8.1.1 - Wper clearance envelope - The Iimts of the required
clear area on the external surface of the w ndshield panel(s) shall be
determned with respect to the pilot’s (co-pilot’s) design eye
posi tion. The m nimum upper limt of the clear area shall be defined
by the external intersection of the w ndshield panel(s) and a
hori zontal plane passing through the pilot’s (co-pilot’s) eye position
with the aircraft at maxi num expected nose-down attitude during
approach and landing. The mninum transverse extent of the clear area
shall be defined by the external intersection of the w ndshield
panel (s) and two vertical planes passing through and neasured from the
pilot’s (co-pilot’s) eye position, one 13 degrees horizontally to the
left and one 13 degrees horizontally to the right. The lower limt of
the clear area shall be defined by the |ower extent of the w ndshield
panel (s) or the upper limt of intervening structure as viewed from
the pilots (co-pilot’s) eye position.

3.3.8.2 Air Blast sytens - Designs utilizing air blast systens
shall be in accordance with requirenents of ML-R81367. A
m ninmum flowate of 7 pounds per mnute per inch of nozzle |length and
sonic flow through nozzles shall be naintained at all conditions where
rain renoval is required. A tapered coverging slot type nozzle is
preferred. A normally closed shutoff valve that will fail closed
shall be provided in the air blast supply line to each cleared
wi ndshi el d. Airflows to both windshields in side by side cockpit
aircraft nmust not be lost due to failure of a flow control or pressure
regul ati ng devi ce.

13
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3.8.8.3 - Rain repellent systems - Approved chemcal rain
replellent systens nay be used as required to augnment air blast or
wi ndshi el d w per systens. Designs shall be in accordance with ML-R

81261 and M L-R-81589.

3.8.9 - Wndshield heating elenents - The use of heat sources to
keep transparent areas of the windshield free of fog and ice shall not
cause an unconfortable tenperature rise on the crew Sur f ace
tenperature shall be the mininmumrequired to provide clear vision.
Rate of onset and renoval of heat shall be controlled to mnimze the
possibility of transparency damage due to thermal shock. Designs
shall be in accordance with M L-T-5842.

3.8.10 - Wndshield washers - Wndshield washers in accordance
with ML-1-18259 shall be provided on all seaplanes and on all other
ai rpl anes whose principle mssion will involve |owlevel search over
water or night carrier operations. The spray pattern shall cover the
“clear area” requirenment of 3.8.8.1.1 herein. The system shall be
capabl e of renoving salt water encrustations over the “clear area” of
t he wi ndshi el d. The system shall have sufficient capacity to
throughly clean the windshield a mninmm of five tines. For aircraft
with extended mission tines of greater than 4 hours, the system shall
have sufficient capacity to provide for one thorough cleaning every 45
m nut es of operation. Wen a fluid anti-icing systemis incorporated
the spray distribution system should be conmon to the washing and
anti-icing systenms. (Rain repellent fluid is not conpatible wth
wat er - based wash or anti-ice fluids and shall have a separate storage
system)

3.8.11 - Wndshield decreasing - Wndshield decreasing shall be
provided in accordance with ML-1-18259 for all airplanes having a
reci procating engine installed forward of the pilot s w nd-shield.

3.8.12 - Wndblast protection - Wndblast protection shall be
provided for rear seat occupants of aircraft utiltzing a tandem
cockpit arrangement to permt operation of seat ejection controls or
flight and landing from the rear seat subsequent to an inadvertent
canopy | oss.

3.9 - Maintainability

3.9.1 - Ceneral - The wi ndshield system shall be designed in
accordance with the qualitative and quantitative maintainability
requi rements of M L-STD 470. Desi gns which require special tools for
handling and installation shall be avoided as nmuch as practicable.

14
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3.9.2 - Interchangeability - Itens which require frequent
repl acenment such as transparent panels shall be designed to have
i nterchangeable fit and attach hole patterns in accordance with ML-I-
8500 to permt replacenent with mninmm danger or damage during
installation of the new part. Renmoval and re-installation shall be
possible w thout affecting the entire system

3.3.9 - Handling - Wndshield systens shall be designed to prevent
danmage due to the strains inposed during ground handling, nmaintenance,
removal , and servi cing. Areas which are convenient for seating and
Ist eé)pi ng by maintenance personnel shall be designed to w thstand such
oads.

3.9.4 - Warpage - Parts, which are subject to warpage or
di stortion when not installed, shall be suitably protected and shall
be placarded to forbid nesting, if applicable.

3.9.5 - Seals - Provisions shall be nade to protect weather seals
and cockpit pressurization system seals from danage as a result of
normal nai ntenance activities and from normal entrance and egress by
the crew. Designs of seals shall provide for sinple replacenent.

3.9.6 - Replacenment - The design Mean Tine To Renove And Repl ace
(MITRAR) at the organi zational |evel, shall be furnished as part of
t he design approval report. The m ni mum MITRAR shall be as specified

by the procuring activity.

3.10 Reliabilty - Reliability shall be a basic consideration in
the design of all conponents used in the system Areliability
program shall be established in accordance with ML-STD 785. The
design threshold reliability expressed quantitatively in MIBF shall be
furnished as part of the design approval report. The m nimum MIBF
required shall be as specified in the contract (See 6.2.1).

3.11 - Design data - Prior to installation of a w ndshield
assenbly or system on an aircraft, the contractor shall prepare a
report on the design of the system

3.12 - Test plan - A report covering the proposed |aboratory and
flight tests required to prove the system design, shall be prepared
prior to conducting of the final |aboratory or flight test required to
prove the system performance.

4. - QUALITY ASSURANCE PROVI SI ONS




Downloaded from http://www.everyspec.com

M L- W 81752A( AS)

4.1 - Responsibility for inspection - Unless otherw se specified
in the contract or purchase order, the contractor is responsible for
the performance of all inspection requirements as specified herein.
Except as otherw se specified in the-contract or purchase order, the
contractor may utilize his own facilities or any other facilities
suitable for the perfornmance of the inspection requirenents specified
herein, unless disapproved by the governnment. The governnment reserves
the right to perform any of the inspections set forth in the
speci fication where such inspections are deened necessary to assure
supplies and services conform to prescribed requirenents.

4.1.1 Responsibility for conpliance. Al items nust neet all
requi rements of sections 3 and 5. The inspection set forth in this
specification shall becone a part of the contractor’s overal
i nspection system or quality program The absence of any inspection
requirements in the specification shall not relieve the contractor of
the responsibility of assuring that all products or supplies submtted
to the Government for acceptance conply with all requirements of the
contract. Sampling in quality conformance does not authorize
subm ssion of known defective material, either indicated or actual
nor does it commit the Governnent to acceptance of defective materi al

4.2 - Cassification of tests - The inspection requirenents
specified herein are be classified as follows:

a. First article inspection (See 4.3)
bh. Acceptance Tests (See 4.4)
4.3 - First article inspection - First article tests shall

consist of the quality conformance tests herein and the additiona
tests specified in 4.3.1 and subparagraphs thereto.

4.3.1 - Strength testing - Tests shall be conducted to prove that
adequate strength exists in all parts of the wi ndshield systemto
neet the mninmum strength and rigidity requirements inposed on the
ai rpl ane. Ai rpl anes designed in accordance with SD-24 shall be tested
in accordance with ML-A-8860 with the wi ndshield install ed.

4.3.1.1 - Test loads - The nagnitude of the test |oads shal
include the factors of safety specified in ML-A8860, and as
specified in 3.6.2 herein.

4.3.1.2 - Test setup - The windshield shall be tested as part of a
conplete airplane or on a test specinen, consisting of at |east the
cockpit portion of the fuselage together with the entire cockpit
enclosure installed in operational condition

16
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4.3.1.3 - Wndshield test - The wi ndshield shall be tested in
accordance with the applicable sections of ML-A-8860 together with
any additional tests which are dictated by peculiarities in the
structure and which are deened necessary to ‘insure w ndshield
structural Integrity.

4.3.1.3.1 - Bird inpact test - Bird inpact resistance tests shall
be conducted in accordance with the requirenents of ASTM F-330, The
testing shall be conducted under the m st extrene tenperature
conditions likely to occur in flight below 5000 feet altitude. The
testing shall use a four pound bird. Target |ocations on the
wi ndshield shall include:

a. Poi nt of maximum structural stiffness
b. Poi nt of m nimum structural stiffness
. Poi nt of maxi num defl ection
d. A representative edge |ocation
e. Center of each w ndshield support nenber
If the aircraft is equipped wth a heads-up-display (HUD), the
conbi ner portion of the HUD, or suitable nock-up, shall be installed
in the test specinen during all bird inpact testing.
4.3.1.3.2 - Ballistic testing - Wen specified in the contract

(See 6.2.1), tests shall be conducted in accordance with M L-G 5485 or
as specified in the contract or purchase order.

4.3.1.3.3 - Electrical termnal test - Wen an electrical
anti-icing systemis usedfor the wndshield, the electrical termnals
shall be tested by applying a 100 pound tension |oad perpendicular to
the panel surface followed by a 50 inch-pound torque |oad. Cracking,
| ossening of a termnal, or electrical non-continuity shall not be
permtted.

4.3.2 - Functional testing

4.3.2.1 - CGeneral - The entire wi ndshield system shall be tested
for proper functioning and reliable operation of all conponents.

4.3.2.2 Wndshield defogging system - The normal w ndshield
def oggi ng system shall be operated through not |ess than 1000 conplete
cycl es. A cycle shall consist of cooling the windshield to
-30 degrees F, filling the cockpit with anmbient air at 70 degrees to
90 degrees F and relative humdity of not |less than eighty percent and
activating the defogging system Ni nety percent of the transparent
area, useable for viewing from the design eye position, shall be free

of .condensation within 5-mnutes after the defogging systemis
activate.
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4.3.2.3 - Energency defogging - The energency wi ndshield defogging
shall be tested to prove proper functioning. Reduced cl ear vision
area, as allowed by the detail specification for the airplane, shall

be free of condensation within 5 mnutes when tested in accordance
with 4.3.2.2.

4.3.2.4 - Rain renoval system- The w ndshield rain renoval
system if applicable, shall be denonstrated as part of the airplane
flight test programor in a suitable rain tunnel, in accordance with
the requirenents of ML-R 81367 and M L-R-81589. Landing approach

visibility in a rainfall rate of four inches per hour shall be
denonst r at ed.

4.3.2.5 - Anti-icing system - Wen applicable, the anti-icing
system shall be denonstrated as part of the airplane flight test
program or in a suitable climatic hanger as specified in the contract

(see 6.2.1). Testing shall show conformty with the requirenents of
M L- T-5842.

4.3.3 - Optical testing - Testing shall be conducted to prove
conpliance with all optical requi rements herein. A test plan
outlining the procedures of all optical testing shall be prepared.

4.3.3.1 - Luminous transmttance and haze - Lum nous transmttance
and haze testing shall be conducted in accordance with ASTM D- 1003.
Not |ess than one neasurenent shall be nade on every 9 inches of
surface area. Lum nous transm ssion and haze shall be neasured at the
sane |ocation and shall be included as the average of the total
nmeasurenents. The lumnous transm ssion for the installed position

shal |l be included separately and shall neet the requirenents of
3.8.6.2 and 3.8.6.3 herein.

4.3.3.2 - Angular deviation - Gid board photographs shall be used

to determine angular deviation and direction to show conpliance with
3.8.6.6 herein.

4.3.3.3 - Distortion - Gid board photographs shall be used to
determ ne optical distortion. The grid board shall consist of white
lines 1/16 inch wi de nmaxi mum on one inch centers, against a dull black
backgr ound. The phot ographs shall be eval uated using the procedures

of ASTM F-733-81 to assure conpliance with 3.8.6.7 and 3.8.6.10
her ei n.

4.3.3.4 - Birefringency - Color photographs shall be taken through
the wi ndshield from each eye position at zero azinmuth to show
conpliance with 3.8.6.9 herein. If wndshield heating elenents are
used, color photographs shall also be taken with the heating el enent
on and conmpared to those with the heating el enent off.

18
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4.3.3.5 - Color - |If polycarbonate material is used in w ndshield
construction, color of the core ply mll run shall be tested in
accordance with ASTM D-1925 to show confornmance with 3.8.6.12 herein.

4.3.4 - Environnmental tests of conponents - Conponents shall be
subjected to the following environmental tsts specified in ML-STD
810. Failure to pass specified tests shall be cause for rejection.

a. H gh tenperature test, Method 501. 1.
b. Tenperature-altitude, Method 504. 1.
C. Lowtenperature test, Method 502.1.
d. Tenperature shock, Method 503.1
e. Hum dity test, Method 507. 1.
f. Solar radiation (sunshine), Method 505. 1.
g. Atitude test, Mthod 500.1.
h. Rai n, Method 506. 1.
i Salt spray test, Method 509. 1.
j. Vi bration test, Mthod 514. 2.
k. Fungus resistance test, Mthod 508. 1.
. Sand and dust test, Method 510. 1.
m  Acceleration test, Method 513. 2.
n. Shock test, Method 516. 2.
4.3.4.1 - Additional tests - The wi ndshield transparency shall

al so be subjected to the following tests. Failure to pass specified
tests shall be cause for rejection.

a. Crazing resistance tests in accordance with FTM 406
Met hod 6053. No crazing of the transparent materi al
shal | be al | owed.

b. Hai|l inpact tests per ASTM F-320.

4.4 - Acceptance tests
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4.4.1 - Ceneral - The quality conformance tests for acceptance
shall consist of those tests required by the detail specification of
the aircraft and the foll ow ng:

a. Examination (See 4.4.1.1)
b. Functional operation (See 4.4.1.2)
C. Optical Quality (See 4.4.1.3)
4.4.1.1 - Examination - The wi ndshield system shall be inspected
to determine conpliance with the requirements specified herein with

respect to materials, workmanship, and all other requirenments not
covered by the tests.

4.4.1.2 - Functional operation - The entire wi ndshield system
shall be tested for proper functioning and reliable operation of all
noving parts. In addition, if the w ndshield system incorporates

heating elenments, tests shall be perfornmed to show conpliance with
3.8.9 herein.

4.4.1.3 - Qptical quality - To determ ne conpliance with the

optical requirenents specified herein, Optical Quality Tests shall be
conducted in accordance with 4.3.3 through 4.3.3.5.

5. - PACKAG NG - Not applicable to this specification.

6. - NOTES

6.1 - Intended use - The requirements of this specification are
intended for use in designing w ndshield systens for fixed w ng
aircraft. The wi ndshield system shall provide clear vision for the

pilot(s) and provide protection from environmental and other
threats. These requirenments apply to the transparency materials,
fram ng, support structure, attachments, and seals.

6.2 - Odering data

6.2.1 Acquisition requirenents. Acquisition docunents should
specify the following:

Title, nunber, and date of this specification.
Performance, if other than specified in 3.2. 2

A reliability assurance program (See 3.10).
Reliability MIBF denonstration, if other than
specified in 4.1.

Responsi bility for Inspection, if other than specified
in 4.1

Test reports and distribution if required (see 4.2).
g. Environnmental tests, if other than specified in 4.3.4.

coow
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h. Mninmum MIBF required (See 3.10).
i. Ballistic testing (See 4.3.1.3.2).
j. Anti-icing system denonstration (See 4.3.2.5)

6.2.2 - Data requirenents - Wen this specification is used in an
acqui sition which Incorporates a DD From 1423, Contract Data
Requirenents List (CDRL), the data requirenents identified bel ow shall
be devel oped as specified by an approved Data Item Description
(DD Form 1664) and delivered in accordance with the approved CDRL
incorporated into the contract. When the provisions of DOD FAR
Suppl enent, Part 27, Sub-Part 27.410-6 (DD form 1423) are invoked and
the DD Form 1423 is not used, the data specified below shall be
delivered by the contractor in accordance with the contract or
purchase order requirenent. Deliverable data required by this
specification is cited in the follow ng paragraphs.

Par agr aph No. Data requirenent title Applicable DID no. Option

3.1.1 Request for Dl - E- 3129 -
Devi ati on/ Wi ver

1,101 Material specification Dl - E- 3131 -

3

3.8.5.4, 3.9.6, Report, technical UDl - S- 23272 -
3.10, 3.11, 4.1,
3

.8.6.12 Certification datal/report UDI - A- 23264 -
3.12, 4.3.3 Test plan Dl - T- 5204 -

(Data item descriptions related to this specification, and
identified in section 6 wll be approved and |isted as such in
DCD 5010.12L, ANSDL. Copies of data item descriptions required
by the contractors in connection with specific acquisition
functions should be obtained from the Naval Publications and
Forms Center or as directed by the contracting officer.)

6.3 - Definitions - Definitions listed herein pertain only to
those itens peculiar to this specification.

6.3.1 - Qptical zones - The definitions for optical zones,
for specified requirenents establishes the critical and
non-critical areas of the w ndshield.
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6.3.1.1 - Zone | - Zone | is the primary operational view ng
zone used by the pilot. For carrier based aircraft, Zone | also
includes any area of the windshield that is used to view optica
| andi ng ai ds.

6.3.1.2 - Zone H - Zone Il is the peripheral view ng zone
requi red for scanning. Movenent of the pilot’s head from the
design eye position should be considered scanning. Any part of
the transparency that is not considered Zone | should be

considered Zone 11 except for the boundary area which is
desi gnated Zone 111.

6.3.1.3 - Zone 11l - Zone Ill is the boundary area of the
transparency used for installation into an aircraft. Zone |1
can extend one inch from structural support nmenbers and the sil
line of the fusel age.

6.4 Subject term (key word) listing

W ndshi el d systens

Fixed wing aircraft

Optics

Fighter/attack type aircraft
Anti-static coating

Bi nocul ar disparity

6.5 - Changes from previous issues. Asterisks (or vertical
lines) are not used in this revision to identify changes with
respect to the previous issue due to the extensiveness of the
changes.

Preparing activity
Navy- AS
(Project 1560- N156)
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