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SAE ASx403y4 a2

MINIMUM PERFORMANCE STANDARD FOR
AIRBORNE MULTIPURPOSE ELECTRONIC DISPLAYS

1. PURPOSE: This Aerospace Standard (AS) specifies minimum performnce
standards £pr airborne, electronic displays except for single)purpose/single
function (ile., weather radar, fuel quantity, radar altitude,’ digital clock,
etc.) which|are primarily intended for use by the pilot or~other| £light
personnel upder standard and other environmental conditions.

2. SCOPE: Thik AS covers all types of electronic display systemé,.as qualified
in “Purposef*, both panel mounted (head down) and electro-opticall (head up),
monochromatfic and color which are used in the cockpit by flight jpersonnel.

Three basic| types of displays are covered as follows:

Type I Primary Flight and Navigation(Displays
which include vertical and horizontal situation displgys.

Type I Systems & Warning:Displays

ich include engine-instrument, aircraft systems perflormance,
rning, and documentation displays. :

Type III ntrol Displays .
ich include'communication, navigation and system control displays.

Airborne Multipurposé Electronic Displays can include one or moye of the
follawing interconnected components. An example is shown in Fidure 1. Other
configuratilons @re possible.

or Unit (SG)
containing display processing and symbol generation capability,
power supplies, interface logic/buffer circuits and Display Unit
interface capability. The SG receives data from external sources,

produces symbols as electronic signals, and transmits the symbols
to the Display Unit(s).

SAE Technical Board rules provide that: “All technical reports, including standards approved and practices recom-
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies
P is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, an¢gl no com-
. mitment to conform to or be guided by any technical report. In formulating and approving technical reports, the

Board and its Committees will not investigate or consider patents which may apply to the subject matter. Prospec-
tive users of the report are responsible for protecting themselves against liability for infringement of patents.”

Copyright 1982 Society of Automotive Engineers, Inc.

All rights reserved Printed in U.S.A. -
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SG

t INPUT/OUTPUT

Figure 1. Block Diagram Typical Electronic Display System
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2. Continued:

characteri

Control Panel (CP)

is an optional component providing the means for manually selecting
display symbology optlons/modes, selections, settings and
brightness controls, etc.

Display Unit (DU) ) .
providing the visual dlsplay of SG symbology. In the case of Head

up Displays, this information is combined with a view of thg real
wor td. -

display systems covered by this AS are multifunction and/or

se displays, whose failure can lead to loss ofCeritiqal displayed
ign. System design or installation must recognize this
stic and include appropriate redundancy criteria whege applicable.

2.1 Applicablle Documents: The following documents shall form a pgrt of this AS

2.1.1

2.1.2

2.1.3

to the exdtent specified herein. In event of conflict between [these
documents and this standard, the contents of.this standard sh3ll govern.

Federall Air Regulations: The applicable portions of the following

document should be adhered to:

FAR 25 [~ "aAirworthiness Standards: Transport Category Airplanes",

SAE Doguments:

including Appendix F-Effective change September 9§ 1980

*ARP 1782 - Color and Light Intensity Measurements for Direg¢t View CRT

Other:

Radio TMechnical Committee for Aeronautics:

RTCA DQ-160X - Environmental Conditions and Test Procedures|for Airborne

Equipment, dated: January 25, 1980 :

Electronic Industries Association:

TEPAC PUB. - Recommended Practice for Measurement of x-Radlatlon from

NO.

64D Direct View Television Picture Tubes

2.2 Related Documents: The following document provides information related to

the equlpment of this AS:

ARP 1068 - Flight Deck Instrumentation and Display De51gn Objectives for

Transport Aircraft

*Currently in preparation
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3.

GENERAL STANDARDS:

3.2

3.3

3.4

3.5

3.6

3.7

3.8.2

3.1 Material:

Material shall be of a quality which experience and/or tests have

demonstrated to be suitable and dependable for use in aircraft instruments.

Workmanship: Workmanship shall be consistent with high quality aircraft
electromechanical and electronic instrument manufacturing practices.

Compatab

ility of Components: 1If a display system component i

s individually

acceptable but requires calibration adjustments or matching to other

componen
manner t

Intercha

8 in the alrcraft for proper operation, 1t shall be
hat will insure performance to the requirements ofnth

hgeability: Dispiay system:compbhents which are,-iden

same man

Accessib

hfactured part or model number shall be completely in

ility of Controls: Controls which are not normally a

flight s
instrume
instruct

Self-Tes

hall not be.readily accessible to flight ‘personnel wh
nt is installed in-accordance with the. instrument man
ions. ’

k Capability: If the equipment contains integral arr

permit p
eguipmen
not adve

In-fligh
pilot or

Effect o

ye-flight and/or in-flight self-test checks .on the op
t in combination with otherlaircraft sub-systems, suc
Fsely affect any associated subsystem.

k, self-test activation’ features must include a means
appropriate flight'crew member of this mode of opera

F Tests: Unlegs‘otherwise stated, the application of

in servi
detrimen

Malfunct

e testing shall not produce a subsequent condition w
tal to the.cgontinued performance of the instrument,

fion Indication: Means must be provided to indicate m

failures

Power

to £he appropriate crew member.

Failure Indication: Means shall be incorporated in t

identified in a
Ls AS.

tified with the
terchangeable,

ijustable in
éen the _
hfacturer's

:

1

ngements to
ration of the
tests shall

to warn the
cion.
all prescribed

hich would be

alfunctions or

he instrument

to indicate when adequate electrical power (voltage and/or current of all
required phases), is not being made available for proper operation of the

instru

ments.,

Fail Safe Provision: No single failure or malfunction of the instrument

system shall introduce unsafe transients to associated interconnected

instru

3.9 - Multiple Mode Indications:

ments.

When an instrument has more than

one mode, each

mode .of operation shall be identified by the instrument system.
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Identification: . The following information shall be legible and permanently

marked on the instrument or nameplate attached thereto.

a) Name of instrument

b) Manufacturer's part number

¢) Manufacturer's serial number or date of manufacture

d) SAE AS 8034 or equivalent approval identification

e) Manufacturer's name or trademark

£) Weight to the nearest 0.05 kilogram (tenth of a pound)
d) Environmental Categories

3.11 Display:| The information being displayed should functionally conform to

the applicable Aerospace Recommended Practice.

3.11.1 Discerhibility: Appropriate means shall be incorporated to| prevent

3.11.2

3.11:3

3.11.4

3.11.5

obscuration or confusion of critical information.

Criticpl Information: Means shall be providéd to prevent the removal of
information deemed critical to safe aircraft operation.

Information Limit Indication: A means shall be provided to|l identify when
critichl displayed information exceeds-display format functfional limits.

Scale Readability: The display scaling, graduations, and numeration
shall be appropriate for the level of reading accuracy and dynamic range
requirgd.

Ambiguiity: Appropriate means shall be provided to prevent fambiguous
indicafkions within the‘operating range of the instrument.

3.11.6 Integrll Lighting:( When integral lighting is provided, it must, under

3.12

3.13

3.14

normal| cockpit ldighting conditions, make all indices within the required
viewing envelope-easily readable.

Hermetigl Sealing: When hermetically sealed, the case shall He filled with
an inert| gas;” free of dust particles, and sufficiently dry sd that fogging

of the ihdicato lass does not duri ] ure and
fogging tests of this AS.

Mechanical Hazard System Protection: The display should be so designed
that no hazard will result from implosion, or other mechanical failures.

Fire Resistance: Except for small parts, (e.g. fasteners, grommets, knobs,
seals, small electrical parts), that would not contribute significantly to
the propagation of a fire, all materials used must be self-extinguishing
when tested in accordance with the requirements of Federal Aviation
Regulation 25.853 and 25.1359 (d) and Appendix F thereto, with the
exception that materials tested may be configured in accordance with
paragraph (b) of Appendix F or may be configured as used.
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3.15 Supplemental Heating/Cooling: Where supplemental heating or cooling is
required by the equipment to ensure conformance with this standard, it
shall be the responsibility of the manufacturer to specify such
requirements.

4. MINIMUM PERFORMANCE STANDARDS UNDER STANDARD CONDITIONS:

The manufacturer shall conduct sufficient tests to prove compliance with this
AS.,

4,1 Equipment—Functions—and Mechaniecal Operation+—Bguipment—shall display
informat{ion in modes with contents as specified by the approptiate standard
documents for that display. All mechanical devices shall(operate

satisfadtorily.

4.2 Viewing [Characteristics: The following requirementsg)apply to|the instrument
in its installed position and as viewed under allic¢ockpit light conditions
from the manufacturer's design eye viewing envelope.

The instirument manufacturer shall specify ther instrument's degign eye
viewing lenvelope. This limitation shall contain, as a minimuE, the teotal
viewing jangles in both the horizontal and vertical planes measured normal to
the pla of the display surface, and:the minimum and maximum|distances from
the centler of display surface for which the instrument complies with this

minimum tandard. i"

4.2.1 vViewing Angle: The display.system shall have sufficient viewing angle to
provide complete visibility of the displayed information from any viewing
positipn within the specified design eye viewing envelope.

4.2.2 Symbol| Alignment: (Symbols which are interpreted relative t¢ each other,
includfing mechani¢ally produced symbols that are interpreted relative to
electrpnically produced symbols, shall be aligned, includinI parallax
effectp throughout the design eye viewing envelope, to preclude
misintprpretation of information.

4.2,3 Positipnal Accuracy: The display absolute positional accuracy shall be
better than 5% of the maximum diagonal dimension of the display. In no
case shall the absolute positional error cause erroneous data to be
presented.

4,2.4 Drift: Dimensional and positional stability of display system
presentations shall be sufficient to ensure the requirements of paragraphs
4.2.1, 4.2.2, and 4.2.3 are met. Drifts shall in no case cause an
erroneous interpretation of the information presented.

4.2.5 Line Width: Line widths shall be of sufficient size and sharpness to
display the intended information with no distracting visual effects or
ambiguities.
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4.2.8

4.3 Photocolorlimetric Characteristics:
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Jitter: Display jitter shall be no greater than 0.6 milliradians when
viewed within the design eye viewing envelope as specified by the
instrument manufacturer,

Flicker: The display shall not exhibit an unacceptable level of flicker
under the full range of ambient environment up to the maximum ambient
illumination level specified by paragraph 4.3.1 when viewed from any
viewing angle defined in paragraphs 4.2 and 4.2.1, with both foveal and
full peripheral vision.

Symbol Qna1ttyT——ntnEs7—symbUts7—and—cnaractars—shait—have—njwtai1s,
squigglels, skews, or gaps discernible from the design eye wviewing envelope

which cause erroneous interpretation.

4.3.1

4.3,2

Discrimination: Displayed information shall haye‘sufficient |Luminance
contrast|{ and/or color difference to discriminatevbetween the |[following as
applicable: : :

a) Between symbols, characters and/or lines and overlayed bdckground
(amblient or generated).

b) Betj:en individual symbols, chakacters and lines when thgy overlay
ambient or generated backgrounds. '

c) Between generated backgrounds and ambient backgrounds.

d) Between generated backgrounds of various specified colors.

In all dases the luminance contrast and/or color differences |between all
symbols, charactersy.‘lines, or all backgrounds shall be sufficient to
precludd confusion-or ambiguity as to information content of |[any displayed
informatjion. When operationally required, the absolute coloy of the
informafion §hall be identifiable, The manufacturers shall gpecify the
maximum [ambient illumination level and illuminate characterigtic for which
this requirement is met.

Luminance Characteristics:

4.3.2.1 Luminance: The display 1uminan¢e shall be sufficient to provide a

usable display under the maximum ambient illumination level appropriate
to the display type (as defined in paragraph 2 of this AS) and '
application., - ‘



https://saenorm.com/api/?name=701d0a7f33bf5a04610ac22ff710247a

SAE ASx803y 82 W 8357340 0034281 1 M

| AS 8034

4.3.2.2 Luminance Uniformity: The luminance of a given symbol, line, character,
or generated background shall not vary more than:

1) +30% when located within the useful display area, or
2) +20% when located within the central 80% of the useful display area.
These requirements apply for any luminance control setting.

4,3.2.,3 Manual Luminance Control: The display system shall have capability for
manyalIuminance control. :

4.3.2.4 Autdmatic Luminance Control: If the display system hasg automatic
lumilnance compensation, the operation of this compensatioph shall
fundtion so that the system meets the requirementsCof parpgraph 4.3.1
unddr changing cockpit ambient light levels. ,Manual lumihance control
shalll not be adversely affected by failure ofthe automatlfic luminance
conyrol. .

4,3.2.5 Lumilnance Tracking: When the luminance<of the display is|varied from
maximum to minimum, the relative luminance of all displaypd symbols,
charlacters, lines, and generated backgrounds shall visuallly remain
congtant. 1In no case shall any symbols or characters becpme invisible

e minimum luminance setting“while other characters of symbols are

Where multiple colors’ are used to enhance discrimingtion, the use
r shall not result'in the erroneous or ambiguous interpretation of
isplayed information. In no case should colors be selected which
t with the requirements of paragraph 4.3.1.

4.3.3

ral, color‘should not be used as the only coding dime¢nsion for
criticpl information.

4.3.4 Color pPniformity: The color difference between any symbols|of the same
color [Locatéd at any position within the useful display area shall not be
sufficliept to cause an ambiguity or an incorrect identification of an
assigned color over the entire range of luminance control.

4,3.5 Convergence: When a display element is a composite of multiple traces
(such as multiple guns of a shadow mask CRT, or alternate fields of a beam
penetration CRT), the beam centers shall be converged. This convergence
value at any point shall be within the average of the line widths of the
respective traces at that point. This requirement applies over the useful
display area for all symbol intensity settings.



https://saenorm.com/api/?name=701d0a7f33bf5a04610ac22ff710247a

SAE AS*BDBH 62 Em 4357340 00342482 3rll'

4.3.5

[ As 8034

Continued:

When a display element is comprised of two or more closely spaced traces
(such as raster generated symbology) the primary gun beam centers shall be
converged. This convergence value shall be within one display line width
or 0.7 milliradians, whichever is greater, when viewed from the
manufacturer's specified design eye position.

In no case shall misconvergence cause a line, symbol, or character color
or form to he ambiguous.

4.4 Head Up Dikplay (HUD) Supplemental Requirements: The following additional

4.4.2

4.4.3

4.4.4

4.4.5

4.4.6

s shall apply to Head Up Displays.

h: The HUD symbol line width shall be no gré&ater than two
ians when measured at the 50% intensity points with gymbol
» gset at maximum. :

Display Wisibility: The HUD symbology shallibe clearly visibhle against a
white light ambient background of 34,000 candelas/m2 (10,000

foot-lamberts), The HUD contrast shall beg/not less than 'l.1J Contrast is
defined jas follows:

D +.B
C="5
where C F Contrast
D = Display luminance.reflected off combiner
B = Background luminance through the combiner.

Transmigsivity: The(light transmissivity of the HUD combineyg over the
field off view of the HUD shall be a minimum of 65% at an angle of

incidende determined by the horizontal reference line intersection with
the combining glass surface.

Collimations. Displayed HUD symbols shall be collimated to appear to be
focused |athnot less than 15 meters (50 feet) in front of design eye
viewing envelope for all head positions within the allowable head motion
envelope and over the total field of view of the HUD.

Parallax: For a single display element viewed with two eyes laterally
displaced 6.4 centimeters (2.5 inches) from each other and centered within
the design eye viewing envelope, the HUD parallax shall not exceed:

a) 1.0 milliradian - vertically
b) 1.0 milliradian azimuth - eyes diverging
c) 4.2 milliradians azimuth - eyes converging

Combining Glass Assembly: ‘The combining glass assembly shall be designed
so that the pilot(s) will not be injured by contact with the combiner.
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4.,4.6.1 Real World Distortion: The HUD combining glass assembly shall not cause

the angular location of real world objects, as they appear through the
combining glass assembly, to deviate by more than 0.5 milliradian. This
deviation requirement shall apply for all head positions within the
allowable HUD head motion envelope and over the total field of view of
the HUD. The 0.5 milliradian maximum allowable radial error shall be
computed as the root sum square of the azimuth and elevation component
errors. ’

4.4.7 Mechanical Boresight Accuracy: The maximum allowable misalignment of the

HUD, shall be
ilans in azimuth.

HUD bqg
no grgdater than 2 milliradians in elevation and 4 millirad

osition error
easured from
ver the field

relatilve to the HUD boresight shall be 8 milliradians when
the d4gsign eye position. This allowable error shall apply
of vigw visible from the design eye position. ~An addition 2
milliradians of error shall be allowed for the‘remaining HUp field
achievied by head movement. Symbol positionietror shall be defined as the
root sum square of the azimuth and elevation displacements [from specified
position. This paragraph supersedes thé requirements contalined in
paragraph 4.2.3.

4.4.8.1 "Regl World" Symbol Position Errors: Symbol position errpr allowances

of paragraph 4.4.8 shall apply) to all symbols that are refjuired to
overllay a defined "real world" point in space, relative tp the HUD
mounting points and shall.linclude all sources of error in|the display
system. ’

MINIMUM RFORMANCE STANDARDS UNDER ENVIRONMENTAL CONDITIONS:

To demonsltrate compliiance with this document the following tests shall be
conducted in accordance with the applicable paragraphs herein:

Paragraph
a) Temperature and Altitude Tests 5.2
b) Temperature Variation Test 5.3
c) Humidity Test 5.4
d) Shock Tests 5.5
e) Vibration Tests 5.6
f) Explosion Tests (When Required) 5.7
g) Waterproofness Test (When Required) 5.8
h) Fluids Susceptibility Test (When Required) 5.9
i) Sand and Dust Test (When Required) 5.10
j) Fungus Resistance Test (When Required) 5.11
k) Salt Spray Test (When Required) 5.12
1) Magnetic Bffect Test 5.13
m) Power Input Test 5.14
n) Voltage Spike Conducted Test 5.15



https://saenorm.com/api/?name=701d0a7f33bf5a04610ac22ff710247a

SAE ASx8034 A2 WM 4357340 0034284 7 -

; | AS 8034

5. Continued:

o)
p)
q)
r)
8)

Unless othlerwise specified, the environmental measurement proce
applicablg to a determination of performance under environments
are set fdrth in Radio Technical Commission for Aeronautics, RT
number DO-1l60A dated January 25, 1980. Performance tests which
after subjlection to test environments may be conducted after ey
several environmental conditions., The order of <tests must be ]
with paradqraph 3.2, page 5 of DO-160A.

Audio Frequency Conducted Suspectibility Test
Induced Signal Susceptibility Test

Radio Frequency Susceptibility Test

Emission of Radio Frequency Energy Test

X-Ray Radiation

U.V. Radiation

Fogging

Thermal Shock

5.16.

5.17
5.18
5.19
5.20
5.21
5.22
5.23

Dieledtric Test

5.24

dures
1 conditions
'CA document

tposure to
n accordance

must be made

5.1 Requiremgnts: The following requirements~shall be met for the environmental

conditions as required in the applicable ‘paragraph.

5.1.1

5.1.2

5.1.3

5.1.4

5.1.5

Color: | Where multiple colors are used, any change in color
cause ambiguous or erroneous information to be presented., |

Viewind Characteristics: The display system shall meet the
charactleristics of the followindg paragraphs: : '

a) 4.3.2 Symbol Alignment
b) 4.3.4 Drift

c) 4,3.5 Line Width

d)y 4.3.7 Flicker

e} 4.3.8 Symbol )Quality

viewing

Luminance: The@isplay luminance shall be sufficient for the display to

perform its intended function.

shall not

Color Registration: For multicolor displays, color misregistration shall

not cause symbhol color to be ambiguous or erroneous information to be

presented.

Mechanical Operation: All mechanical devices shall operate satisfactorily.

5.2 Temperature and Altitude Tests: (Paragraph 4.0, DO-160A)

5.2.1

Low-Temperature Test: When the display system is subjected to this test,

the requirements of paragraph 5.1 of this AS shall be met.

11
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5.2.2 High Temperature Test:

a) When subjected to the High Short-Time Operating Temperature, the
equipment shall function both electrically and mechanically.

b) When the equipment is operated at the High Operating Temperature:
1. The requirements of paragraph 5.1 of this AS shall be met.
2. Systems which require cooling air shall meet paragraph 5.1 of this

AS when subjected to the High Operating Temperature for a period
of 30 minutes with no cooling air.

5.2.3 Altitudp Test: When subject to this test, the requirements o©f paragraph
5.1 of [his AS shall be met.

5.2.4 Decomprpssion Test (When Required): When subjected to this test, the
require[ents of paragraph 5,1 of this AS shall/be met.

5.2.4.1 Decompression: When installed in accordarice with the instrument
manufhcturer's instructions, the instrument shall function|and not be
advergely affected following exposure “to the decompression|test
conditions of DO-160A, paragraph .4:6.2.

: The instrument shall be so designed as to safequard against .
hazarfls to the aircraft and erew, and/or malfunction of the instrument
due tp outgassing of organi¢ or inorganic compounds when subjected to
the altitude conditions.of DO-160A, paragraph 4.6.

5.2'4.2

5.2.5 Overpregsure Test (Whén Required): When the equipment is subpjected to
this te[t, the requiréments of paragraph 5.1 of this AS shall be met.

5.3 Temperatufe Variation Test (Raragraph 5.0, DO-160A): When the|equipment is
subjected| to this‘test, the requirements of paragraph 5.1 of this AS shall
be met,

5.4 Humidity ph 6.0, DO-160A): After being subjectedlto this test,
the following shall apply:

5.4.1 Within 15 minutes after primary power is applied, the equipment shall
operate at a level of performance which indicates that no significant
failures of components or circuitry have occurred.

5.4.2 Within four hours after primary power is applied, the requirements of
Section 4 of this AS shall be met,

5.5 Shock Tests (Paragraph 7.0, DO-160A):

a) After being subjected to the Operational Shock Test, the requirements of
Section 4 of this AS shall be met. .

12|

I
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5.5 Continued:
b) After being subjected to the Crash Safety Shocks, the equipment shall
remain in its mounting and no parts of the equipment or its mounting
shall have become detached.

5.6 Vibration Tests (Paragraph 8.0, DO-160Aa):

a) When subjected to this test, the display shall not distort either
R dimensionally or in visual characteristics to the extent that it

presdnts ambiguous Of €rroneous information.

b) At the conclusion of vibration testing, the requirements of Section 4 of
this |AS shall be met.

5.7 Explosion Test (When Required) (Paragraph 9.0, D0O-160A): Durjing this test,

the equiﬁgent shall not cause detonation of the gxplosive mixture within the
test chamber.

5.8 Waterprogfness Test (When Required) (Paragraph 10,0, DO-160A): After being
subjected to this test, the requirements.of Section 4 of this|AS shall be

met.
5.9 Fluids Susceptibility Test (When Required) (Paragraph ll.d, DO-160A: After
. being subjected to this test, thelrequirements of Section 4 of this AS shall
be met.

5.10 Sand and Dust Test (When Required) (Paragraph 12.0, DO-160A); After being
subject¢d to this test, thé requirements of Section 4 of this AS shall be
net.

5.11 Fungus Resistance.Tests (When Required) (Paragraph 13.0, DO-160A): After
being suybjected o this test, the requirements of Section 4 of this AS
shall be met. -

5.12 Salt Spray'\Tést (When Required) (Paragraph 14.0, DO-160A): After being

subject¢d_to this test, the requirements of Section 4 of this AS shall be
met. :

5.13 Magnetic Effect Test (Paragraph 15.0, DO-160A): When the equipment is
subjected to this test, it shall meet the requirements of DO-160A for the
category of installations for which it is intended.

P 5.14 Power Input Test (Paragarph 16.0, DO-160A):

5.14.1 Normal Operating Conditions: When the equipment is subjected to this
test, the requirements of Section 4 of this AS shall be met.
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