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TINCH-POUND}
A-A-5805S
January 1, 1996

COMMI RCIAT 1TEM DIUSCRIPTION
INDICATOR, ATTITUDE, THREE INCH, SOLID STATE, SELF-CONTAINED

The General Services Administration has authorized the use of this commercial item description,
for all tederal agencies

I SCOPE Ihis commercial item description covers a 3-inch, sohd state, self-contained attitude indicator intended
to provide a standby attitude display for transport arcraft

2 SALIENT CHARACTERISTICS.
21 Performance
211 Accuracy

2111 Static Accuracy The indicator, when connected and operating at standard “bench” conditions, shall
provide pitch and roll accuracies of £0 5°

2112 Dypnamic Accuracy The indicator shall provide pitch and roll accuracies of +0 5° when the aircraft 1s 1n
steady state, unaccelerated, non-maneuvering flight The pitch and roll error shall not exceed +3 0“ during all
anticipated normal and emergency flight operations for a transport aircraft that 1s within the envelope of safe or
recoverable flight The supplier shall perform the tests and analysis necessary to verify that the indicator meets
these accuracy requirements Flight profiles that can be used in the analysis to verify the dynamic accuracy
requirements are given in Appendix 2

212 Response Tume The indicator shall achieve the required accuracy of £0 5° within five minutes after power 1s
applied when operating within the full environmental range specified in section 2 6 The indicator shall achieve
+0 5° accuracy after one minute of unaccelerated flight following a turn or acceleration

213 Dynamuc Range The instrument shall operate and display attitude through full 360° rotations in pitch and
roll There shall be not reduction in accuracy for all displayed angles

2 14 Dynamic Rate The instrument shall operate when the aircraft dynamic rates are within the following hmits

Roli 100° per second

Pitch 75° per second

Yaw 100° per second
22 Controls

221 Reset A control shall be provided to reset the instrument to 0° pitch and 0° roll

2 3 Dusplay The display shall meet the requirements of Appendix 1

Beneficial comments, recommendations, addstions, deletions, clarifications etc and anv data which mav
mmprove this document should be sent 10 SA-AL C/T11L.DD, 485 Quentin Roosevelt Rd | Kelly AFB 1X 78241-
6425
1SC 6610
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TS Dasplgy Ared The mummum actinv e deplay arca shadbhe > by 2 N anches

252 Miewmng Lovelope  The display shall mcet the requinements ot Appendin 1 paragraphs 42 2.4 for luminance
umiormity and 4 2 4 3 fot chuoma (percerved color) untormity for the design cye positions and allowable head
motion envelopes as given i Appendix 3

233 Dusplay Quality The display shall exhibit viewing charactertstics, ine-width umiformity, symbol ahgnment,
and symbol uniformity compatible with Appendix | paragraphs4 11 412 41 6and4 17 The display shall
exhibit no matrix anomahes, crosstalk, pitter, flicher, or symbo! motion jerhness as described i Appendi 1
patagraphs 4 1310419

234 Display Resolution The displav shall contain a mimmuim pivel density of 80 pixels (color gioups) elements
per inch for matrix displays to avoid visual aliasing effects

235 Display Maximum and Muimimum Luminance The display should be capable of providing the maximum and

mimmum luminance levels under the conditions specified in paragraph 4 2 2 of Appendiy |

236 Display Contrast The display should meet the contrast ratio requirements defined i Appendix 1 paragraph
4 2 3 1n both dark and high ambient conditions

237 Display Temporal Response Time and Image Retention The display shall meet the response time
charactenstics defined in Appendin 1 paragiaph 4 1 10 of a 70%% perceived luminance to commanded luminance
1at10 over an update time period of 1730 sec  Furthermore the displav shalt exhibit no discernible after-image that
could cause erroneous display interpretation as outlined 1n paragraph 4 1 11

235 8 Display Defects The display shall meet the defect requirements outlined in Appendix | paragraph4 112 No
failed ON Row/Columns on the display, no aliowable faited OFF Row Columns withm tegions of significant
dispiayed informanion Design guidetines should follow techmques outlined 1n paragraph 4 1 12 4 in order to
minimize effects of faiied elements

Allowable failed sub-pixel elements will follow the recommended practices of Wright Lab WL-TR-93-1177 “Draft
Standard for Color Active Matrix Liquid Crystal Displays (AMLCDS) mn U S Military Arrcraft” paragraph
4223131 Nomore than 0 01% of the sub-pixels on the display shall be defective For a 240 x 240 pixel display
with 2x2 sub-pixels per pixel, this corresponds to no more than 23 pixels No more than two of these allowable sub-
pixel defects in the Failed-ON condition will be white pixels Furthermore, adjacent failed sub-prxels, known as a
cluster defect, will be imited 1n number to less than 2 Failed-ON clusters and 4 Failed-OFF clusters A cluster
defect in an area of critical information display s unacceptable and will result in the rejection of the display

239 Dusplay Sunlight Readability The display shall meet the symbology readabiiity requirements of Appendi |
paragraph 4 2 1 for ambient illumination levels incident on the display face ranging from 1 1 lux (0 | foot-candies)

to a sun-shafuing level of 86,100 lux (8000 foot-candles)

2310 Display Multiple Images The display shall exhibit no multiple images due to oft-normal incidence
illumination that could cause erroneous interpretation of the displayed data Baffling and anui-reflection filtering of
glass surfaces should be employed to mintmize the occurrence

The specular reflectivity of the display face shall be < 1% per WL-TR-93-1177 paragraph 422 3 10

231t Brightness Contrel The indicator shall automanicallv control brightness as a tunction of sensed cockpit
lighting level and pilot selected dimmung level i order to provide nimmmum and manimum boghtness Joveds
spectfied n 2 35 The prot selected dimming level should cause the display o maich as closels as practical the
brightness levels of nearby mstruments that are being controlled by the sdine sienal - The pilot selected dunming
level 1s provided as a 0 1o 5 7 volt ac siendl



Downloaded from http://www.everyspec.com

23 12 Night Viswon Goggle Compatibility  1he display will meet the segunements of NVISy compatibiiity as
specified in MIL-L-85762A, Mildary Specificanon Lighting, Ancraft Intenior Naght Vistion Tmaging, Sysiem
(NVIS) Compatible, 26 August 1988

2 4 Mechanical and Electucal Interface Requirements

241 Case The case shall be 3 AT! in accordance with ARINC Specification 408A, and 9 mmches long maximum
measured from the back of the bezel to the back of the case and excluding connector The weight, excluding cables,
should not exceed 5 0 pounds The case and the bezel shall be painted m a lusterless biack, Color No 37038 or
equivalent The finish shall diffuse hght sufficiently to avoid highlights when 1lluminated with external or internal
hight sources

242 Signallnterface The indicator shall provide serial digital interfaces in accordance with ARINC Specification
429 Output data to be provided through this interface shall include, as a minimum, roll and pitth angles and
instrument fault status Acceleration, angular rate, any other sensor data such as temperature, and indicator status
should be included with the output data An ARINC 429 data bus input shal! be provided This input bus 15 used to
command instrument testing and diaguostics

243 ]pstallation Onentation The ndicator shall provide program pins in the connector to specify the panel
mounting angle The range of angle shall be 0° to 20° with a resolution of 1 0° The panel mounting angle will be
elected by providing the proner jumper wires from a common pin to the appropriate program pins An aaditional
pin shall be provided for parity check 1f the proper parity 1s not detected the indicator shall not displav attitude and
provide a message that indicates the reason for the lack of attitude display

24 4 Electrical Power The primary electrical power shall be 27 § volts DC in accordance MIL-STD-704 The
indicator shall operate properly over a range of 18 0 to 30 0 volts DC The total power consumption shall not
exceed 20 watts operating 1n normal flight operation or 36 watts during warm-up Power consumption may be
greater when the digital output bus 1s being used

245 Connector The connector shall be located at the rear of the indicator The connector shall mate with
connectors in accordance with MIL-C-26482 Connector and mate shall he within area defined by figure 1n
Appendix 4

25 Supportability Requirements

251 Built-In-Test The indicator shall have built-in-test (BIT) functions for fauit detection and fault 1dentification
The system BIT shall consist of power-up BIT and continuous BIT Any detected faults shall result in the message
“ATTITUDE FAIL” being displayed 1f the display is still functional If the display 1s not functional, the display
should be blanked A fatlure modes and effects analysis shali be performed to 1dentify failure modes, define the
probability and effects of these failures, and determine which are covered by BIT

2511 Power-up BIT The indicator shall automaticaily perform power-up BIT every time power 1s applied
provided that power has been removed for more than one minute The power-up BIT shall test all instrument
components that can be practically tested with built in test equipment

2512 Continuous BIT The indicator shall perform BIT continuously during operation and remove the attitude
display 1f any failure 1s detected that would prevent the indicator from displaying attitude within the required
accuracy

252 Rebability The indicator, including display fight source, shall have a mimimum mean-time-between-tatlure
(MIBD) of 12,000 hours nunmmum - A reliability analysis shall be petformed using M1 -HDBK-217 (or equivalont)
methods to support MTBI predictions A failure modes and effects analysis (F LMA) 1s also required o support the
system safety hazard analysis
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253 Mantaingbility The following general maintamabihity reguirements shall be considered in the design of the
indicator

a) No cahbrations, adjustment, or mspections required in the ficld

b) Minimization of complexity of maintenance tasks (1 ¢, calibrauion, adjustment, inspection, etc ) by
maximum use of standardized equipment or commercial items

¢) Rapid and positive recognition of equipment malfunction or marginal performance on the aircraft

d) Rapid and positive identification of the replaceable defective part, assembly, or component

¢) Minimum number and types of 100ls and test equipment (special and standard) needed to perform
maintenance

f) Optimum accessibility of all components requiring maintenance, inspection, removal, or replacement

254 Elapsed Tume Indication The instrument shall provide a means for determining the total time of operation
This may be provided by a conventional time totalizing meter on the back of the instrument or electronically using
non-volatile memory to retain the time as long as there 1s a means of easily reading out the information without
requiring support equipment

2 6 Environment The indicator shall meet the requirements of RTCA DO-160C for operation in the cockpit of a

transport aircraft  The environmental categories to apply to the instrument are 1dentified as
A2XBABXWXDFSZABAZWZA3E3XX The identification of each of these items 1s gsven in the following list

Section Test Category
40 Temperature and Altitude Test A2
Operating Temp - -15°C to 70°C
Ground Survival Temp -55°C to 85°C
Altitude 15,000 feet
Decompression 45,000 feet
Overpressure -15,000 feet
454 In-Fhight Loss of Cooling Test X
Operation without cooling 180 minutes
50 Temperature Variation Test B
Temperature Change Rate 5°C per minute
60 Humidity Test A
Standard Humidity Environment
70 Shock and Crash Safety
Operational Shock each axis 6g
Crash Safety
Up 27¢
Down 60¢g
Forward 120¢g
Aft 20g
Sideways 20¢g
80 Vibration Test B
Instrument Panel for Turbojet Arrcraft
90 Explosion Proofness Test X
Not Required
100 Waterproofness Test W
Exposure to condensation
1o Fluids Susceptibility Test X
Not Required
120 Sand and Dust Test D
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Blowing Sand and Dust Environment

130 Fungus Resistance lest l
Tungus Environment

140 Salt Spray Test S
Salt Environment

150 Magnetic Effect Test z
Magnetic Effect Limited to <0 3 meters

16 0 Power Input Test A
Constant Freq ac Input to T/R Units with battery floating on bus

170 Voltage Spike Test R
More Sever Test for Backup Instrument

180 Audio Frequency Conducted Susceptibility Test A
Constant Freq ac Input to T/R Units with battery floating on bus

190 Induced Signal Susceptibility Test z
Interference Free Operation Required

200 Radio Frequency Susceptibility Test w
Moderate to Severe Environment

210 Emission of Radio Frequency Energy Test Z
Interference Free Operation Required

220 Lightning Induced Transient Susceptibility Test A3E3
Lightning Test Level

230 Lightning Direct Effect Test X
Not Required

240 leing Test X
Not Required

3 REGULATORY REQUIREMENTS

31 Certification The mstrument shall be certified in accordance with Federal Aviation Regulations The
certification shall include those defined by Part 37—Technical Standard Order Authorizations (37 114} TSO-C4c
and also those required for electronic displays and software quality

4 QUALITY ASSURANCE PROVISIONS

4 1 Contractor Certification The contractor shall certify and maintain substantiating evidence that the product
offered meets the salient charactenistics of this Commercial Item Description, and that the product conforms to the
producer’s own drawings, specifications, standards, quahity assurance practices, and 1s the same as the product
offered for sale in the commercial marketplace The Government reserves the right to require proof of such
conformance pnior to first delivery and thereafier as may be otherwise provided for under the provisions of the
contract

4 2 Inspection Requirements. Unless otherwise specified in the contract or purchase order, the contractor s
responsible for the performance of all inspection, examination, and test requirements specified herein  Except as
otherwise specified in the contract or purchase order, the contractor may use his own or any other facilities suitable
for the inspection requirements specified herein, unless disapproved by the Government The Government reserves
the right to perform any of the inspections, examinations, or tests set forth i this description where such nspection,
examination, and tests are deemed necessary to assure supplies and services conform to prescribed 1equuements

S PACKAGING

S 1 Pachaging Prescrvation packing, and marking shall be as specified in the contract or onder
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6 NOILS

61 CID Preparation This CID was prepared with the assistance of The Chailes Stark Diaper Labotaiory
Technical contact person 15

Larry Brock

The Charles Stark Draper Laboratory, Inc , MS 59
Cambrnidge, MA 02139-3539

Voice (617)258-2222

Fax (617)258-2200

EMail brockid@draper com

6 2 Source of Documents

621 SAE Standards are available from the Society of Automotive Engineers, 400
Commonwealth Dr, Warrendale, PA 15096-0001

6 22 ARINC specifications are available from Aeronautical Radio Incorporated, 2551
Riva Road, Annapolis, MD 21401

6 2 3 Mulitary Documents are available from the Standardization Docuinent Order Desh,
700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094

6 2 4 Wright Laboratory document can be obtained from the National Techmcal

Information Service (NTIS) or from Wright Laboratory, Cockpit Avionics Office,
WL/AAA-2 BLDG 146, 2210 Eighth St STE 1, Wrnight Patterson AFB, OH 45433-7511

MILITARY INTERESTS

Custodians Prepanng Activity
Air Force - 99 Arr Force -82
Agent

Air Force - 99

Project 6610-0447

6
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APPENDIX 1 Design.objectives for iquid crystal displays

NOTE This appendix was extracted from SAE Aerospace Recommended Practice ARP4256 “Design
Objectives for Liquid Crystal Displays for Part 25 (Transport) Aircraft,” Draft “B”

1 SCOPE

This appendix covers monochrome and color LCDs (transmissive, transflective, and reflective), both
matrixed and segmented in format, and i1s applicable to the following types of displays

a Flight and navigation displays
b Engine, systems, and warning devices
c Control displays

In this appendix the terms “LCD", “LCD Display”, “Display”, and *Instrument” are synonymous and
encompass the display system (e g, LCD device, drivers, backlight, display processor, etc ), not just the
device

11 Purpose

This appendix recommends design and performance cniteria for liquid crystal displays (LCDs) on the
fight deck of aircraft subject to Part 25 certification It 1s intended as guidance for the certifying authonty
A secondary purpose IS to share information about the unique charactenstics of LCDs and how they relate
to the fught deck

2 REFERENCES
21 Applicable Documents

The following publications form a part of this specification to the extent specified herein In the event
of conflict between the text of this specification and references cited herein, the text of this specification
takes precedence Nothing in this specification, however, supersedes applicable laws and regulations
unless a specific exemption has been obtained

211 SAE Publications Availabie from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001

ARP450D Flight Deck Visual, Audible and Tactile Signal

ARP571C  Fhight Deck Controls and Dispiays for Communication and Nawvigation Equipment for
Transport Aircraft

ARP1068B Fiight Deck Instrumentation, Display Critenia and Associated Controls for Transport
Arrcraft

AIR1093 Numeral, Letter and Symbol Dimensions for Awrcraft Instrument Displays

ARP4102 Core Document, Flight Deck Panels, Controls and Displays

ARP4102/7 Electronic Displays

ARP4103  Fught Deck Lighting and Visual Interface

ARP4105 Nomenclature and Abbreviations for Use on the Fiight Deck

AS8034 Mintmum Performance Standard for Airborne Multipurpose Electronic Displays

AMS 2521B Reflection Reducing Coatings for instrument Glasses

212 FAAPublications Available from the Federal Aviation Administration, 800 Independence Avenue,
SW, Washington, DC 20591

~J



Downloaded from http://www.everyspec.com

FAR Part 25/JAR 25
TSO-C113 Arrborne Multipurpose Electronic Displays

22 Related Publications

The following publications are provided for mformation purposes only and are not a required part of
this SAE Aerospace Recommended Practice

221 SAE Publications Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001

ARP1161 Crew Station Lighting - Commercial Aircraft

ARP1782 Photometric and Colornmetnc Measurement Procedures for Direct View CRT Displays

ARP1874 Design Objectives for CRT Displays for Part 25 {(Transport) Arcraft

ARP4032 Human Engineering Considerations in the Application of Color to Electronic Aircraft
Displays

ARP4101 Core Document, Flight Deck Layout and Faciiities

ARP4260 Photometric and Colonmetnc Measurement Procedures for Airborne Direct View Flat
Panel Displays (When Approved)

ARP4067 Design Objectives for CRT Displays for Part 23 Arrcraft

222 FAAPublications Available from the Federal Aviation Administration, 800 independence Avenue,
SW, Washington, DC 20591

Adwvisory Circular 25-11Transport Category Airplane Electromc Display Systems

223 US Miitary Publications Available from DODSSP, Subscnption Services Desk, Bullding 4D, 700
Robbins Avenue, Phitadelphia, PA 18111-5094

AFGS-87213B (USAF)Displays, Airborne, Electrorically/Optically Generated

224 CIE Publications Available outside of the U S from Bureau Centrale De La CIE, 52, Boulevard
Malesherbes, 75008 Pans, France and inside the U S from United States National Committee of the
Commussion intemationale De L'Eciatrage, c/o Thomas Lemons, TLA-Lighting Consuttants, Inc, 7 Pond
Street, Salem, MA 01970-4893

Supplement No 2 to CIE Publication No 15 Recommendations on Uniform Color Spaces Color
Difference Equations - Psychometnc Color Terms

225 RTCA/EUROCAE Pubiications Availabie from RTCA, inc, 1140 Connecticut Avenue, Suite
1020, Washington, DC 20036

RTCA DO-160C/EURQCAE ED-14C  Environmental Conditions and Test Procedures for Airborne
Equipment
RTCA DO-178B/EUROCAE ED-12B  Software Considerations in Airborne Systems and

Equipment Gertification
23 Definttions

Definitions used in this appendix shall be as noted in the Glossary of Terms defined in Section 5

The word “shall” 1s used to express an essential (mandatory) requirement Conformance requires that
there be no deviation The word “should” 1s used to express a recommended requirement Dewviation from
the specified recommendation may require justification
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3 GENERAL REQUIREMENTS
31 Equipment Functions

The design objectives for fiight deck displays as set forth in ARP4102/7 are applicable to LCD displays
unless they are superseded by or conflict with the recommendations of this appendix

32 Environmental Conditions

Except as detalled in appropriate sections of this appendix, the performance requirements specified in
Section 4 apply over the applicable environmental conditions and test procedures set forward in RTCA
document DO-160C and over the useful life of the equipment In no case shall performance be degraded
s0 as to lead to erroneous interpretation or loss of displayed data

33 Smoke and Toxicity

No matenal used shall hberate gases or fumes that are detrmental to performance of the aircraft or to
performance or to health of personnel

34 Malfunction indication

Means must be provided to indicate malfunctions or failures to the appropriate crew member in a
positive manner (reference ARP4102, 6 2) It 1s not practical to use built-in-self-test procedures to monitor
the functionaiity of all the addressable elements in iguid crystal display devices One manual means to
detect addressable element matfunctions is to provide a “push-to-test” procedure which activates all
display elements in “on” and “off” states Displayed fonts, symbols, indicia, etc should be designed to be
tolerant of addressable element defects and faillures whenever practical

Particular emphasis should be given to precluding or mitigating failures which could resutlt in
hazardously musleading information Inconspicuous and undetected loss of information could contribute to
hazardously misleading information Consideration should be given to drive and addressing techniques to
avoud the loss of information resulting from the failure of rows, columns, and/or elements

365 Glass Breakage

Front glass strength shall be sufficient to withstand normal impacts that can be expected in the fight
deck environment without cracking, breaking, or loss of LCD edge seal

4 DETAIL REQUIREMENTS
41 Display Visual Charactenstics

411 Viewing Charactenistics Ali indicating means displayed (indicia, pointers, symbols, etc ) shall be
completely visibie from any eye position within the viewing envelope(s) as specified by the equipment
manufacturer Each installation shall be examined to venfy that the design eye position(s) and afiowable
head motion envelope(s) (reference 22 1,411 1, and 6 1 5 of ARP4102) are within each viewing
envelope

Cross-cockpit viewing to the other piot’s displays shouid be provided to achieve the capability
recommended by ARP4102 The cross-cockpit viewing angle 1s installation dependent and 1s usually a
compound angle

NOTE The cockpit viewing angle requirements may far exceed 45 degrees
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412 Symbol Ahgnment Symbois which are interpreted relative to each other (i e | cursors on scales,
command bars against reference points, etc ) shall be aligned to preciude misinterpretation of information

413 Matrix Anomahes Since the display 1s an array of discrete elements, displayed information may
have visible spatial and color anomailes Stair stepping, fine width vanation, and moire are examples of
spatial anomalies, color banding and color fringing are examples of color anomalies Anomalhes are
especially visible in dynamic images and may not be visible in static images The extent of the anomaly 1s
dependent on many factors including the size, shape, and arrangement of the display elements,
construction of the symbol, rate, direction, and increment of motion and luminance controt of the elements
The display shall have no matrix anomalies which cause distraction or erroneous interpretation This shall
be assessed with both static and dynamic formats

414 Crosstalk Crosstalk should not be readily apparent or distracting

415 Jitter There should be nc discernible display jitter when viewed within the viewing envelope
Jitter of 0 3 mrad peak-to-peak from any point within the viewing envelope 1s a suggested upper hmit, but
that may not be acceptable in some instances

416 Line Width Uniformity  When viewed from the design eye position (DEP), lines of a specified color
and luminance should appear uniform in width at all rotational or transiational orientations of the ine Line
width vanation shouid not be readily apparent or cause distracting visual effects Lines with a minimum
hne width less than 70% of the maximum line width may produce an undesirable visual "roping’ effect

417 Symbol Qualty Symbols should not have distracting gaps or geometric distortions which cause
erroneous interpretations, any distorted dimension should not exceed one half the local line width

418 Fucker Flicker should not be readily discernible or distracting under day, twiight, or might
conditions, considering both foveal and full penpheral vision, and using an operational format most ~—
susceptible to producing flicker This ts intended to include stroboscopic ficker induced by vibration
and/or pilot motion

419 Symbol Motion Display symbology that s in motion (translation and/or rotation) should not have
distracting jitter, jerkiness, or ratcheting effects Dynamic symbols should maintain luminance, (per
paragraph 4 1 10) contrast, color, ine width, and symbol quality characteristics independent of therr rate of
motion Pointers and bar graphs should be designed with built in hysteresis or smoothing of the displayed
value such that when a constant or near constant value of a parameter 1s to be displayed, objectionable
motion is eliminated

4110 Response Time Response time imitation shall not produce undestrable artifacts which could
iead to the erroneous interpretation or loss of displayed information Such artifacts include smearing of
moving images and loss of luminance These effects may be temperature dependent and shall be
evaluated over the operating temperature range For either increasing or decreasing commanded
luminance, the ratio of integrated luminance change (luminance perceiwved by the eye) to commanded
steady state luminance shouid be greater than a suggested value of 70% Mathematically, this 1s
descnbed as

‘U
| Litat

Percewed Luminance Change { ON") = to » 07 (Eq 1)
tulle - Ly, )

10
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4110 (Continued)

where

L(t) = Function luminance change with respect lo ime
Le = Commanded steady state luminance
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4110 (Continued)

where
L(t) = Function luminance change with respect to time
Lg= Commanded steady state luminance
L, = Intal steady state luminance
tu = Data update period (reference 4 3 3)
to = Start of the update period {time = zero)

NOTE The data update period 1s here assumed to be longer than the refresh cycle

For displays with siowly changing symbol posttions, t; shall be equal to the data update period or
the minimum time required for symbol ine widths to move to new pixel positions, whichever 1s greater In
no case should response time cause the maximum perceived luminance of dynamic symbology to fall
below 70% of the average white luminance recommended n 42 2 1

4 111 Image Retention image retention should not be readily discernible day or night, should not be
distracting, and shall not cause an erroneous interpretation of the display image retention 1s an undesired
aftenmage that persists on the display

4 112 Defects Visible defects on the display surface (such as failed-ON or falled-OFF elements rows,
or columns, spots, discolored areas, etc ) should not be distracting and shall not cause an erronecus
interpretation of the display Defects which are not visible with any operational format from the minimum
viewing distance are acceptable

41121 Failed-ON Row/Columns (Matrix Display) No failed-ON row/columns shall be allowed on the
display

41122 Failed-OFF Row/Columns (Matrix Display) Depending on resolution, made, color, and format,
there may be falled-OFF row/column defects which are neither distracting nor cause efroneous
interpretation In no case shall a failed-OFF row/column cause any erroneous interpretation If a failed-
OFF row/column 1s In an unused area (format dependent) or 1s orthogonal to symbol lines, it may never be
detected

41123 Element Failures Beyond the requirements of 4 1 12 1 and 4 1 12 2, the number of acceptable
element failures 1s an aesthetic 1Issue Failed-OFF and failed-ON blue elements are much less
objectionable than failed-ON red, green, or white elements Clusters of falled elements are more
objectionable than those widely separated The number of acceptable defects 1s dependent on the format
Any segment failure on a segmented disglay shall constitute an unacceptable display (unless there are
redundant segments)

41124 Defect Service Limits Defects should not constitute a service hmit unless they are distracting or
could cause an erroneous interpretation Even though failed-ON row/columns are not acceptabile at
acceptance testing, they might be tolerated in service for a ime If safe fight 1s not threatened by
distraction or erronecus interpretation Dispatch capability can and should be enhanced by designing the
display hardware/software system to be as tolerant of falures as practical, an example 1s designing
symbols with dispiayed lines that are at least three elements wide so that no single failed row/column can
cause an erroneous interpretation

4113 Multipie Images When illuminated with hght not normal to the dispiay surface, tor example sun
shafting (lumination, transflective or reflective hqutd crystal displays can produce multiple images of
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422 Luminance The display luminance shall be sufficient to provide a comfortable level of viewing
under all conditions of cockpit ambient iflumination and provide rapid eye adaptation for transitions from
forward field-of-view (FOV) luminance tevels of up to 34 300 cafm? (10 000 iL)

The luminance uniformity values stated in 4 2 2 3 and 4 2 2 4 shall be used for LCDs instead of the
values stated in AS8034, 4322

4221 Maximum Luminance, Transmissive Displays With manual and automatic iuminance controts
at maximum, the average white symbof [uminance across the usable display surface should be at ieast
257 cd/m2 (75 fL) when measured from the design eye posttion in a dark ambient  The maximum white
symbol luminance should be at teast 171 cd/m2 (50 fL) anywhere on the usable display surface under
static or dynamic conditions This luminance requirement 1s based on a 0 6 mrad line width  Larger line
widths and filled areas will require less luminance to provide the same apparent brightness Conversely,
smaller hne widths will require more luminance for the same apparent bnghtness Based on matching
bnghtness of paralle! ines on a dark surround with iuminances of 1 to 8 fL at & 33 inch viewing distance
the following bnghtness-to-luminance relationship has been developed

The relationship between luminance and relative bnghtness shown below s normalized for a 0 6
mrad hine width (0 5 mm or 0.02 in at a 33 in viewing distance) For line widths from 0 15 to 1 5 mrad,
luminance times the normalizing factor, Kq, yields equal apparent bnghtness

Apparent Bnghtness = K, x Luminance (Eq 3)
15 -y T -T Y r -y Y — i ) g ) 4 T T M T A
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FIGURE 3 Bpnghtness vs Luminance Relationship
4221 (Continued)

Other symbol colors typically have a luminance level significantly lower than white  The actual
level of the luminance dispanty between white and other colors ts dependent on several factors including
pixel configuration, backlight phosphor mix, and color filters employed Other colors, especially red and
blue hues have greater perceived brightness than white which partially compensates for this luminance
dispanty The use of larger line widths, symbol area fills, and white outhning of dimmer symbol colors
should be used to further compensate for lower symbol color luminance values
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Maximum iuminance required ts also a function of the display fight deck location The above
luminance requirement 1s based on requirements for pnmary instrumentation centrally located under the
glare shield and are mintmum performance requirements Glare shield mounted displays subject to the
immediate proximity of the forward-field-of-view ambient luminance will require greater luminance leveis
for equal readabihty

42211 Maxmum Luminance, Transflective/Refiective Segmented Displays Transflective or
refiective segmented liquid crystal displays should have the following maximum total white segment
luminance (self-luminance plus reflected illurmination with any integral kghting or gray scale controls set to
maximum luminance) when measured from the design eye position These luminance requirements are
based on a 1 2 mrad line width (reference normalizing factor, K in 4 2 2 1) and are minimum performance
requirements

TABLE 2
Cockpit Luminance Diffuse Source
Location Level Cockpit lllumination
Glare shield >70 fL = 2160 lux (200 fc)
Front Panel and Side Console 250 fL = 1620 lux (150 fc)
Aisle Stand and Overhead Panel 235 fL = 1080 lux (100 fc)

NOTE The total luminance requirements stated above have been deemed sufficient by pilot
evaluations The cockpit ambient llumination levels which contribute to these total luminance values,
however, are installation dependent and depend on cockpit configuration

4222 Minimum Luminance Under night hghting, with the display bnghtness set at the lowest usable
level for fight with normat symbology, all flags and annunciators shall be adequately visible To achieve
acceptable viewing in dark conditions, the minimum white symbo! luminance when measured in a dark
ambient should be no greater than 0 343 cd/m2 (0 1 fL) for 0 6 mrad wide lines A narrower line could
have higher luminance (reference normalizing factor, Knin4 22 1) A luminance of 0 171 cd/m2 (0 05 fL)
will be desired by a small percentage of users

NOTE These mimimum luminance values have been established for dark-adapted flight
conditions The values may be increased for applications where the fight deck ambient ighting design
precludes a high degree of night vision adaptation

4223 Design Eye Position Luminance Uniformity Display areas of a specified color (excluding the
dark or OFF state) and luminance should have a luminance uniformity of less than 0 5 across the utilized
display surface when measured from the DEP In no case should luminance nonuniformity cause the
maximum white symbol luminance anywhere on the usabie display surface to go below the 171 cd/m2 (50
fl) value specified in 4221

Where Luminance Uniformity = Lmax ~tmin ’
Lmean
And Lmax = Maximum luminance measured anywhere on the utilized display surface from the
DEP
Lmin = Minimum luminance measured anywhere on the utilized display surface from the
DEP

Lmean=Mean luminance of the utiized display surface as measured from the DEP
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NOTE The measurement technique used to determine Lmean should produce a value as close as
possible to that given by

fLdA

Eq4
A (Eq 4)
where A 1s the utilized display surface area Care should be taken to sufficiently sample

luminance over the utilized display surface to produce this result

The size of the display, its format, and the gradient of the nonuniformity affect overall
acceptability Higher values of the luminance uniformity metric could be comfortably acceptable The rate
of change of luminance within any small area should be minimized to eliminate distracting visual effects
and could require a smailer value of the luminance uniformity metric  Of particular concern are effects
caused by the instrument’s integral ighting

4224 Viewing Envelopeis) Luminance Uniformity Display area luminance should not vary more than
0 5 when measured from any eye position within each viewing envelope as specified by the equipment
manufacturer and with the display set to its maximum gray scale (full-on)

Where FOV Luminance Uniformity = Lmax ~Lmin
mean
And Lmax = Maximum area luminance of a specified area measured from any eye
position within each viewing envelope -

Lmin = Minimum area luminance of a specified area measured from any eye position
within each viewing envelope
Lmean = Mean area luminance within each viewing envelope

4225 Background (Black) Uniformity The total difference in the color, 1976 CIE AE* (CIELUV), at
any two locations commanded to their dark state, within the usable display surface, should not exceed 12
These himits apply for any fixed eye position within the design viewing envelope with the display integral
hghting set to full ntensity and measured in a dark ambient illumination environment

Where AE* = JAL -2 +AU*2 4Av*2

And AL* = Difference between background color CIE 1976 L* values
au* = Difference between background color CIE 1976 u* values
AvV* = Difference between background color CIE 1376 v* vaiues

Measured Lumin ance
100 fL
for Measured Lummance > 1 fL

Where L* = 116# 16

L* = 903 x Measured Luminance
for Measured Luminance < 1 fL

u* = 13L%(uv' -01978)

v' = 13L%v' - 0 4684)

NOTE Reference 52

The size of the display, the amount of black in the format, and the gradient of the nonuniformity
affect overall acceptability Higher values of AE* could be comfortably acceptable The rate of change of
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AE* within any small area should be minimized to eliminate distracting visual effects and couid require a
smaller value of the AE* metnic

4226 Background (Black) Chroma The average Background CIE 1976 Chroma, C*pack. measured
across the utiized display surface should be less than or equal to 26 anywhere within the display’s design
viewing envelope when measured tn a dark ambient ilumination environment with the display integral
hghting set to full intensity

Where C*back = 13 L*back +(Upack-01978)2 + (v pack ~04684)2

And  uUpack = CIE 1876 u’ of background
V'pack = CIE 1976 v' of background
L - 1165 Measured Luminance 6
back 100 fL

for Background Luminance > 1 fL
L*back = 9 03 x Measured Luminance
for Background Luminance < 1 fL

Dgs00 (u'=0 1878, v'=0 4684) 1s recommended as the reference to insure uniformity from flight
decx to fight deck Another reference could be used to insure uniformity across a given flight deck
providing the color 1s not objectionable

423 Contrast Ratio (CR) The contrast ratio (total foreground luminanceftotal background luminance)
shall be sufficient to provide a promptly discernible, easy to read image under all conditions of cockpit
ilumination and under all conditions of eye adaptation to the external visual scene Image brightness, the
subjective perception of luminance, 1s heavily dependent on image size or iine width Smalier ine widths
than those referenced in the following paragraphs will require higher contrast ratios for comparable
readability

The following contrast ratio requirements apply only to skeletal-graphics or text display formats
Formats which present image video information or make extensive use of shading to code information
may require higher contrast ratios

4231 Dark Ambient Contrast Ratio The average white contrast ratio over the usable display surface
should be a mmimum of 20 1 at the design eye pasition and 10 1 for any eye position within the viewing
envelope This requirement shall apply to self-luminous displays In a dark ambient or to
transflective/reflective displays subjected to a cockpit illumination of dark ambient to 100 fc  This
requirement 1s based on a 0 6 mrad line width For line widths of 1 2 mrad or greater, the average white
contrast ratio at the design eye position should be a minimum of 15 1

4232 High Ambient Contrast Ratto The average white contrast ratio over the usable display surface
should be a minimum of 3 1 for 0 6 mrad hne widths and 2 1 for 1 2 mrad line widths when viewed from
any eye location within the viewing envelope This requirement shall apply to self-luminous or
transflective/refiective displays when subjected to point source illumination levels up to 86 100 lux (8000
fc} This requirement does not apply to specular reflections from point source Hluminations

424 Color Displayed symbology shall be distinguished from its background and from the other

symbols by means of luminance differences and/or chromaticity differences in all ambent conditions
definedin4 2 1

16
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The most credible color difference system 1s CIELUV which 1s described in Supplement 2 to CIE
Publication No 15, but it does not constder symbol size and does not offer critenia for perception Except
In cases where an absolute chromaticity is desired (e g , Cyan for sky shading), colors should be selected
which maximize color differences Results should be analyzed using the CIELUV system since this
system perceptually weights both luminance and chromaticity components in deterrmining color difference
Although there 1s no adequate basis for specifying a minimum acceptable difference at this time, chroma
difference tolerances are recommended to prevent genenc color confusion when observing several LCD
displays on the same fiight deck The chroma difference tolerances shown below are partitioned into
three separate categones

a Chroma difference between colors across the utilized display surface (4 2 4 1)
b Chroma difference between specified colors and colors measured at the DEP (4 2 4 2)
¢ Chroma difference between DEP colors and colors anywhere in the viewing envelope (4 2 4 3)

In no case shall the tolerances specified in the subparagraphs listed above act additively to
prevent discrimination or proper interpretation of symbols of different colors A display not meeting these
himits could be acceptable If analysis/testing of operational formats determine the d:stinguishability of the
symbols

4241 Chroma Uniformity A symbol of a specified color set to any intensity within the specified
dimming range (backhight and/or gray scale) shall have a chroma which 1s uniform across the utilized
display area when viewed from the design eye posttion The chroma difference (AC*fixed) between any
two points on the screen of the same color when viewed from a fixed point should not exceed 24

Where AC *gyed = VAU

And Au* = Difference between measured CIE 1976 u* values
Av* = Difference between measured CIE 1976 v* values
u* = 13L*(u'-0 1978)
v* = 13L*(v'-0 4684)
L = 1163 Measured Luminance 16
100 fL
for Measured Luminance > 1 fL
L* = 903 x Measured Luminance

for Measured Luminance < 1 fL

4242 Design Eye Position Chroma Tolerance When displayed image colors, set to any intensity
within the specified backlight dimming range are measured in a dark ambient illumination environment the
chroma difference (AC*dep) between the specified color and measured color should be no greater than 24
when measured from the design eye position

Where AC*dep = 13 L"measured VAUZ+AV* -
And AU = Difference between specified u' values and u' measured at the display
center
AV’ = Difference between specified v' values and v’ measured at the display
center

. Measured DesignEye Luminance
L*measured= 116 3 00 L - 16

for Measured Design Eye Luminance > 1 fL

17
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L*measured= 9 03 x Measured Design kEye Luminance
for Measured Design Eye Luminance < 1 fL

4243 Viewing Envelope(s) Chroma Tolerance Within each viewing envelope, the intended colors
should be identifiable in the presence or absence of other colors and distinguishable from each other All
displayed image colors measured at the display center from any point within each viewing envelope
should have a chroma difference (AC*foy) no greater than 26 when compared to the same color as
measured at the design eye posttion This measurement shall be performed in a dark ambient illumination
environment with the display set to the selected color's maximum luminance and gray scale level

Where AC*fov = 13 L*measured \)Au'2 +AV'2
And AU’ = Difference between u' measured at any point in each viewing envelope and
u’ measured at the design eye position
AV = Difference between v' measured at any point in each viewing enveiope and
v’ measured at the design eye position
. MeasuredDesignEyeLuminance
L*measured= 116 3 T00 fL - 16

for Measured Design Eye Luminance > 1 fL
L*measured= 9 03 x Measured Design Eye Luminance
for Measured Design Eye Luminance < 1 fL.

425 Gray Scale Gray scale control may be required to match chromaticity requirements, remove stair
stepping, render video images, or provide luminance control The degree of control needed depends on
the purpose When gray scale I1s used for anti-aliasing, deviations in luminance levels can lead to
vanations in line shape and legibility When gray scale 1s used for color selection, deviations 1n primary
color gray scale luminance levels can lead to vanations in chromaticity Gray scale luminance level
deviations throughout the viewing envelope should be mintmized to preciude misleading information or
distraction

426 Specular Reflections The specular reflectivity of all surfaces in the optical path should be
minimized to preclude distracting image reflections (e g, pilot's white shirt reflections) The display front
surface and any other surfaces in the optical path which are not optically coupled to minimize
dissimilanties 1in their index of refraction should have a reflection reducing coating with performance
charactenstics conforming to AMS 2521 Electrode pattemns and other nonemitting areas should have low
reflectivity coatings to minimize internal refiections  In no case shall the level of reflectivity and resulting
loss of contrast be sufficient to cause distracting or erroneous interpretation

The total photopic shecular reflectivity (in %) of LCD displays installed where direct solar or “white
shirt” specular reflections are within the instrument's viewing envelope should be equal to or less than the
LCD display maximum white luminance times the hne width normalizing factor, Kn, (reference 42 2 1),
divided by 100

Specular Reflectivity (%) < 5%;%‘1@1 (Eq 5)

For viewing angles of 30° or less from the display normal, and L, in fL
427 Inactivated Segments In segmented displays, when segments are not electrically activated, there
shall be no obtrusive difference between the normal background luminance, color, or texture and the

inactivated segments or the area surrounding them Contrast ratios (between inactivated segments and
the background) in excess of 1 to 1 15 measured at the design eye posion under a point source ambient

I8
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liumination of up to 86,100 lux (8000 fc) result 1n visibility of the inactive segments and should be avoided
in no case where the contrast ratio exceeds 1 to 1 15 shall the data be misleading

43 Operating Time

431 Warm-Up Under ambient room conditions, a display should present statically correct and
nonmisieading information within 1 min of the initiat turn-on  Full dynamic and other detailed performance
requirements should be met within 10 min

4311 Power Transient Recovery For power interruptions up to 200 ms in duration, recovery time
should not exceed 500 ms Power interruptions between 200 ms and 1 s in duration may cause
disruptions of system operation for up to 2 s after completion of the transient Recovery from power
interruptions up to 10 s duration should not cause any unsafe condition in system operation In no case
shall power transients cause any steady erroneous display or output

432 LagTime The lag time between pilot selection of a format and display of the format should not

exceed 1 s The lag between pilot selection of primary fight data and display of the data should not
exceed 0 25 s (reference ARP4102/7,6 1 3)

433 Data Update Display data shall be updated at sufficient frequency to meet symbo! motion (4 1 9)
requirements In particular, experience has shown the following to be acceptable

TABLE 3

Parameter Minimum Rate
Pitch 15 Hz
Roil 15 H2

5 GLOSSARY OF TERMS

51 CHROMATICITY A measure of the hue and purity of a color, it 1s defined as x,y (CIE 1931), or u',v’
(CIE 1976) coordinates (reference ARP4260)

52 CHROMA The psychometnc correlate, C*, of the concept of perceived chroma which depends
significantly on the viewing conditions such as the nature of the surround (Y, U'n, V'n)

Where C*= u'2 + v'2

And u* = 13L%(u'-u'p)
v* = 13L%(v'-v'n)

Lumtnanace
| *=1163 —————— _16for Luminance > 1 fL
Ya
L* = 903 x I_.ETl_Ynaa_n_(_:g_ for Luminance < 1 fL

Where the surround or object-color stimulus is specified as
Yn =100 fL

u'n =01978 (Des)
vin = 04684 (Dgs)

19
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53  COl OR BANDING (MATRIX) Nonuniform dgisttibution of color within a ine or symbol (see tigure

Magenta Band

Whtte Line
FIGURE 4

54 COLOR FRINGING (MATRIX) Color distortion along the edge of a hne or symbol due to the
interaction of hine or symbo! orientation with pixel pattern geometry (see Figure 5)

Red Fringe

White Line

FIGURE S

55 CONTRAST RATIO(CR) CR= l—_L—t-
b

Ly 1s the total luminance of the symbol or image, including any transmitted and reflected ight as
measured in the specified ighting conditions Lp ts the luminance of the background, or dimmer area,
including any transmitted and refiected hight and any stray display emissions measured in the specified
hghting conditions See ARP1782 for a full discussion on this and related definitions

56 CROSSTALK Unwanted luminance modulation in display elements which 1s caused by the cross
coupling of electnical signals addressed to other elements or rows, columns, or blocks of other elements

57 DESIGN EYE POSITION (DEP) A point fixed in relation to the aircraft structure (neutral seat
reference point) at which the midpoint of the pilot's eyes should be located when seated at the normal
positton The DEP 1s the pnncipal dimensional reference pownt for the location of flight deck panels,
controls, displays, and external vision {reference Figure 1 of ARP4101)

58 DISPLAY ELEMENT The smallest addressable entity of the display In the case of an active
matrix LCD, the smallest addressable shutter of an individual color in the case of a segmented display,
any of the shapes, or symbols made up of only one individual addressable entity

NOTE  Other commonly used terms are “dot” in matrixed displays and “segment” in segmented
displays

59 FAILED-ON A display element, row, or column which s falled permanently or sporadically i the
brnght’ or emitting state

510 FAILED-OFF A display element, row, or column which 1s falled permanently or sporadically in the
dark™ or nonemitting state

20
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511 FLICKER Flicker s an undesired rapid temporal vanation in display luminance of a symbol, or a
group of symbols, or a luminous field Fhcker can cause fatigue and reduced crew efficiency

512 GRAY SCALE The incremental levels of display element light transmission which exist between
fully off (dark) and fully on (brnight)

513 IMAGE RETENTION Image retention s an undesired afterimage (residual pattern) that persists on
the display

514 INSTRUMENT The word “instrument” shall be considered to mean the specific unit or complete
system for which this appendix is written

515 JITTER Unintended rapid movement discernible to a human eye located at'the design eye
position

516 LINEWIDTH W.idth at 50% of peak luminance of the line luminance distnbution when measured
from the DEP

517 LUMINANCE A measure of luminous intensity per unit area, units are candela per square meter
(cd/m2) or foot-lamberts (fL) (reference ARP4260)

518 MILLIRADIAN (mrad) An angular measurement equal to 0 0573 degrees defined as one
thousandth of an arc whose length equais the circle radius  Table 1 converts milliradians to linear
dimensions (inches and mihmeters) for a viewing distance of 762 mm (30 in)

519 MOIRE A pattern seen when two out of phase spatially penodic patterns are superimposed

520 PIXEL Ina matrix display, the smaliest group of display elements which provides the color
capability of the display

NOTE Be careful with the word “pixel”, it 1s sometimes erroneously used to refer to a single “display
element” on a color matrix display (see 5 8)

521 RACHETING Discontinuous (jerky) movement or rotation of a dynamic display feature caused by
excessively large quantization steps in the translation or rotation of the particular feature

522 ROPING Penodic luminance modulation along a hine producing a “rope-like” appearance

523 SEGMENTED DISPLAY A display in which the individual addressable display elements
{segments) are of varying shape and/or onentation such that they are dedicated to the display of a specific
type or specific types of symbolic or pictonal information

524 SERVICE LIMITS An end of life condition under which the unit must be removed from the-aircraft

525 SPECULAR REFLECTIONS Reflections from a finite, resolvable area of a surface which
continuously, over that area, follow the law of reflection (angie of ight incidence equals angle of hight
reflection) Such reflections are exemplified by those from an ideal mirror and involve no diffusion or
scattering of light

526 STAIR STEPPING Discrete steps occurring along edges of a ine or symbol caused by
quantization phenomena
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527 STROBOSCOPIC FLICKER An electronic display image can appear to flicker or jump when the
image has a short rise and fall time and there 1s relative motion between the observer and the display
Because of the relative motion, the pulsing image 1s focused upon different areas of the retina This gives
the observer the impression that the image s flickering or breaking up

528 VIEWING ENVELOPE The volume in space defined by, as a mmimum, the total viewing angies in
both the horizontal and vertical planes measured normal to the plane of the display surface, and the
minimum distance from the center of display surface for which the instrument comphies with this appendix

PREPARED BY SAE SUBCOMMITTEE A-4éD, ELECTRONIC DISPLAY
OF COMMITTEE A-4, AIRCRAFT INSTRUMENTS

TABLE 1
angle (a) angle (a) h h angle (a) angle (a) h h

mrad deg n mm mrad deg n mm
010 03 0 0030 008 55 189 0165 429
015 05 0 0045 011 60 20¢ 0180 457
020 o7 0 0060 01§ 65 273 0195 495
025 09 00075 019 70 24 1 0210 533
030 10 0 0090 023 75 258 0225 572
035 12 00105 027 80 275 0240 610
040 14 00120 030 85 292 0255 648
045 15 00135 034 90 309 0270 6 86
050 17 00150 038 85 327 0285 724
- 055 19 00165 042 10 344 030 760
060 271 00180 046 15 516 045 114
065 27 00195 050 20 1°9' 060 152
070 24 0 0210 0563 25 1°26’ 075 19 1
075 26 0 0225 057 30 1°43' 090 229
080 28 00240 061 35 2°1 105 267
085 29 0 0255 065 40 2°17 120 305
090 3T 00270 069 45 2°35%' 135 343
095 33 00285 072 50 2°52' - 150 381
10 34 00300 076 55 2°9 165 41 9
16 52 0 0450 114 60 3°26' 180 457
20 69 0 0600 1862 65 3°43 195 495
25 86 00750 191 70 4°7 210 533
30 0% 0 0800 229 75 4°18’ 225 57 2
35 120 0 1059 267 80 4°3%5’ 2 40 610
40 138 0 1200 305 85 4°52' 255 64 8
45 155 0 1350 343 90 5°10° 270 68 6
50 172 0 1500 381 100 5°44' 300 760

NOTES

1 Milliradians and degrees (a) to inches and millimeters (h) at the display surface for a viewing
distance (d) of 762 mm (30 in) which s a typical viewing distance for a design eye position

2h=axd
where

h = Character or symbol height
a = Angle subtended (radians)
d = Viewing distance

3 This conversion table is for an assumed viewing distance of 762 mm (30 In) and may not satisfy
performance cntena

-
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-APPENDIX 2

1 Refueling training

. Racetrack pattern with 180° wrns at 15* bank and a minimum of 5 mm straight and level between tuins

2 Takeoff and landing training

. Takeoff, ciimbing 180° turn to downwind starting at 500 feet and chimbing to 1200 feet above ground,
180° turn to final approach and touchdown keeping whole pattern within | n m of runway, repeat pattern

3 Combat Air Tactics (CAT)

Takeoff, begin 45° bank at 200 feet, chmb 1n a continuous turn at 15° nose up or less as required to
maintain Vmco + 10 knots until reaching 5000 feet,

. Approach and landing, begin 45° bank at 5000 feet, descend 1n a continuous turn [5° nose down or less as
required to maintain less than maximum flap speed (approx 217 KCAS)
(maneuver used to keep aircraft over airfield to mimmize exposure to ground fire)

APPENDIX 3 Design eve points relative to the normal of the display surface for C-5 to be used for display
characteristics requirements.

Primary design eve point (pilot) Eye position 21 inches to left, 31 inches in front of, and 6 inches above
the display

Secondary design eye point (copilot) Eye position 31 inches to rnght, 31 inches in front of, and 6 inches
above the display

The eye box of both primary and secondary eye pownt 1s 4 inches wide, 4 inches high and 7 inches long

(8]
)
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