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1. SCOPE 

This SAE Aerospace Recommended Practice (ARP) covers the general requirements and test procedures recommended 
for use with white incandescent integrally lighted instruments.  Its use should provide uniformity of illumination from 
instrument to instrument and legibility under daylight operation.  An appendix is provided to familiarize the designer with 
some of the techniques used to obtain uniformity of color and illumination in various types of instruments. 

1.1 Purpose 

The purpose of this document is to recommend to the designer the various criteria and to familiarize him with techniques 
associated with white incandescent lighted aerospace instruments. 

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein.  The latest issue of SAE 
publications shall apply.  The applicable issue of other publications shall be the issue in effect on the date of the purchase 
order.  In the event of conflict between the text of this document and references cited herein, the text of this document 
takes precedence.  Nothing in this document, however, supersedes applicable laws and regulations unless a specific 
exemption has been obtained. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside 
USA and Canada) or 724-776-4970 (outside USA), www.sae.org. 

AS25050 Color, Aeronautical, Lights and Lighting Equipment, General Specification for 
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2.1.2 U.S. Government Publications 

Available from Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue, Philadelphia, 
PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/ 

JAN-F-675    Coating of Glass Optical Elements (Anti-Reflection) 

MS24367 Lamp, Incandescent, Miniature Integral Lighting 

MS24515 Lamp, Incandescent, T-1, Sub-Midget Flanged 

MIL-L-6363/8 Lamps, Incandescent, Aircraft Service, Single Contact Midget Flanged  Base T-1-3/4 Bulbs 

MS90451 Lamp, Incanescent, T-1 Bulb, Short, Integral Lighting 

MIL-C-14806 Coating, Reflection Reduction, for Instrument Cover Glasses and  Lighting Wedges 

MIL-DTL-6363 Lamps, Incandescent, Aircraft Service, General Specification for 

MIL-L-27160 Lighting, Instrument, Integral, White, General Specification for 

FED-STD-595 Colors 

2.1.3 Other Publications 

ANSI C81.61 Electrical Lamp Bases 

"Nomenclature & Standards" published by Illuminating Engineering Society 

3. RECOMMENDATIONS 

3.1 General 

There are available to the designer many methods of integral lighting.  A number of the more fundamental of these 
methods are discussed in Appendix A.  There are several basic considerations and determining factors which must be 
taken in account when selecting a method of instrument illumination.  They are: 

a. The individual specifications of the instrument to be designed (military and/or commercial). 

b. Environmental conditions (ambient illumination, high temperature, low temperature, etc.). 

c. Power available (a-c, d-c, 5 V, 28 V, etc.). 

d. The amount of space and weight allowed for the lighting device. 

e. Cost. 
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3.2 Design and Construction 

3.2.1 Materials 

Materials used for the lighting system should be chosen to meet the high quality requirements of aerospace instruments.  
Special attention should be given to the functional and environmental conditions in which the instruments will be operated 
and tested.  Lighting systems generally run considerably hotter than the environments in which they are operating.  
Materials should be selected with due consideration to their effects on the color of the illumination. 

3.2.2 Lighting System 

The lighting system should be so designed that the light sources are contained within the instrument enclosure.  The 
lighting system should not interfere with the visibility of any portion of the instrument display.  No marking should depend 
solely on one incandescent lamp for its illumination.  The lighting system shall contain a minimum of two lamps and shall 
be designed so that no portion of the display depends on one lamp for more than 60% of its illumination.  The lighting 
system should outlast the service life of the instrument and should in no way interfere with the correct operation of the 
instrument. 

Appendix A describes some techniques which may be of value to the designer. 

3.2.3 Cover Glass and Transparent Interfaces 

The instrument cover glass and any other transparent element between the cover glass and the display, such as a 
lighting wedge, should be coated with reflection reducing films equal to or better than those specified in MIL-C-14806. 

3.2.4 Lamps 

The lamps shall conform to MIL-DTL-6363.  Additional guidance on lamp selection can be found in SAE AS4156 and 
ANSI C81.61. 

3.2.4.1 Characteristics 

It will be noted that lamps such as MS24367, MS24515 and MS90451 allow considerable variation in the dimensions, 
power dissipation, candle power, life, and color temperature of the lamps.  All these factors should be carefully considered 
when selecting the lamps to be used in a particular instrument.  Should clear lamps fail to meet individual requirements 
for color or apparent color temperature of illumination, methods of coloring, as described below, may be used. 

3.2.4.2 Colored Lamps 

Any of the clear lamps referenced in 3.2.4 may be obtained coated, stained, or dyed to achieve a desired color or 
apparent color temperature.  Such coatings should provide uniform coloration, and should have no perforations or 
openings through which uncolored light may escape.  The coating should be such that light emitted by the lamp will meet 
specified requirements when the lamps are first turned on and after the lamps have warmed up to a stabilized operating 
condition.  The lamp coatings should not crack, fade, peel, or discolor to any degre greater than the specified tolerance 
when subjected to and operated at the ambient temperatures encountered in the instrument for such period of time as 
indicated by the applicable specifications. 

Should coated lamps fail to meet the specification requirements, colored glass lamps which do not deteriorate under 
ambient operating and test conditions may be used. 

3.2.4.3 Filters 

Filters may also be used with any of the lamps referenced in 3.2.4 to achieve desired color or apparent color temperature. 
Such filters should remain stable dimensionally, as well as in color and transmission, for such time and under such 
operating and test conditions as indicated by the applicable specifications. 
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3.2.5 Lamp Location 

Lamps must be located within the confines of the outline drawing of the indicator.  Typical lamp location for the various 
lighting systems may be found in Appendix A. 

3.2.6 Lamp Circuits 

The lamp circuit should preferably be designed to operate from a 5 V power system.  All lamps should be connected in 
parallel.  The lamp circuit should terminate in two electrically independent pins of the instrument connector.  Resistors 
should not be used within the instrument to change the voltage applied to the lamps from that applied to the lighting 
terminals of the electrical connectors. 

3.2.6.1 Dielectric Strength 

The insulation should withstand without evidence of damage the application of a sinusoidal voltage at a commercial 
frequency between all electrical circuits connected together and the metal case for a period of 1 minute.  The rms value of 
the sinusoidal voltage applied should be five times the maximum instrument lighting voltage 500 V, except for hermetically 
sealed helium filled instruments, where the test voltage should be 200 V rms. 

3.2.6.2 Electrical Connector 

Unless otherwise specified by the procuring activity, the electrical circuit for the lighting system should terminate in two 
electrically independent pins in the electrical connector used for other electrical terminals to the indicator.  In the event the 
instrument does not require an electrical connector except for the lighting circuit, a connector having a minimum of two 
electrically independent pins should be provided.  A suitable cap should be provided to protect the connector during 
shipment and storage.  Unless otherwise specified by the procuring activity, the connector should be located on the back 
of the instrument case.  A mating connector plug assembly with approximately 3 ft of wire attached to the lighting 
terminals should be furnished for Qualification or Preproduction test units. 

3.2.7 Color 

The color of the illuminated markings when 4.50 V ± 0.050 V applied shall be determined on which type of "white" is 
called out.  There are three types of "white" color selections for instrument lighting:  Aviation White, Instrument and Panel 
Lighting White, and Blue-Filtered White.  The recommended "white" for new designs should be the Blue-Filter White or 
commonly known as "Air Force Blue-White".  The rationale for this selection of "white" is that it can maintain a smaller 
color tolerance over the full brightness range.  The selection of Air Force Blue-White will require filters over the lamps (in 
accordance to 3.2.4.3).  The color coordinates for Air Force Blue-White is: 

- "x" is not less than 0.420, or greater than 0.460 (using the CIE 1931 Chromaticity chart). 
 - "y" is not less than 0.385, or greater than 0.425 (using the CIE 1931 Chromaticity chart). 

All other colors that are contained within the instrument (i.e., pointers, flags) shall adhere to color requirements of 
AS25050.  For example, red flags should have the chromaticity coordinates of "Aviation Red". 

3.2.8 Brightness 

In the measurement of brightness, the lamps shall be operated at 5 V + 0.050 or other specified rated voltage defined by 
the aircraft system.  Unless otherwise specified the following values of brightness in foot lamberts are recommended: 

White Areas:  1.00 fL ± 0.50 fL.  The overall average of all white areas shall be contained with 1.00 fL ± 0.20 fL.  This 
ensures a balanced cockpit between the other instruments. 

Red Areas:  1.00 fL ± 0.50 fL. 
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Gray Areas:  0.60 fL ± 0.30 fL.  The lower limit is due to the lower transmission levels of gray areas when compared to the 
white areas.  This is due to the fact that one lamp may be illuminating both the white and gray areas. 

Black Areas:  0.05 fL ± 0.03 fL when reflected light is used (i.e., wedge and ring lighting as shown in Figures 1 and 2) and 
0.04 fL ± 0.02 fL for refracted light (i.e., back lighting as shown in Figures 4 and 5). 

For all other colors, the brightness limits are governed by the approval of the procuring activity.  However, the general 
guideline is to apply the brightness limits of 1.00 fL ± 0.50 fL. 

For pointers, lubber lines, command bars, miniature airplane symbols and similar reference marks, a higher illumination 
level should be applied to have it stand out from the other light sources within the instrument.  For such markings, 1.20 fL 
± 0.50 fL shall be applied with the average brightness 0.10 to 0.50 fL higher than the average.  This assist the operator in 
rading the key information components in a quick scan. 

3.2.9 Stray Light 

The lighting system shall be designed to prevent leakage of stray light and to shield all lamp filaments from direct view. 

3.2.10 Dial Visibility 

The lighting system should in no way restrict the visibility of any graduations, numerals, pointers, or other specific 
markings. 

3.2.11 Knobs and Lettering 

Unless otherwise specified in the applicable instrument specification, all indicia associated with instrument knob positions 
and all lettering on the instrument face shall be illuminated.  The brightness range shall be as recommended in 3.2.8. 

3.2.12 Indicia 

The daylight presentation when unlighted shall conform to the specified document or may be any combination of colors 
best suited for the particular display.  Black areas should conform to color No. 37038, white areas to color No. 37875, and 
grey areas to color No. 36373 of  
 FED-STD-595. 

3.2.13 Flags 

The presentation of warning flags shall be black markings on a red background.  The black markings shall be color No. 
37.38 and the red background shall be fluorescent color No. 38905 as specified in FED-STD-595.  All other flag colors 
shall be governed by the approval of the procuring activity and use a color specified in FED-STD-595. 

3.2.14 Contrast 

Daylight contrast between the white and black portions of the indicator presentation should be 12 or greater.  Contrast 
between the white and grey or the grey and black portions of the indicator display should be 5 or greater.  Contrast "C" is 
defined as: 
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Where B2 is the brightness of the grey or white and B1 is the brightness of the black or grey portions of the instrument 
display. 
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