ry only. Their use by anyone engaged

ere is no agreement to adhere to any SAE standard or recommended practice, and no commitment to conform to or be guided by
patents which may apply to the subject

pproving technical reports, the Board and its Committees will not investigate or consider

“‘All technical reports, including standards approved and practices recommended, are advisol
h
matter. Prospective users of the report are responsible for protecting themselves against liability for infringement of patents.”

in industry or trade is entirely voluntary. Tl

SAE Technical Board rules provide that:
any technical report. In formulating and a
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ARP 582A
RECOMMENDED PRACTICE

Issued 8-15-61

SOCIETY OF AUTOMOTIVE ENGINEERS, Inc. 485 Lexington Ave., New York, N.Y. 10017 Revised 10-31-67

LIGHTING, INTEGRAL, FOR AIRCRAFT INSTRUMENTS:
CRITERIA FOR DESIGN OF RED LIGHTED INSTRUMENTS

1, PURPOSE instrument specification, No marking should depend

solely on one incandescent lamp for its illumination,

The purpose of this ARP is to recommend certain The lighting system should last the service life of the

basic considerations and criteria which the designer

instrument and should in no way interfere with the

should observ S'W‘hcﬂ'd‘esiguiug a-systern of Ted iul.cgl.al
lighting for afrcraft instruments,

2. SCOFPFE

This ARE

covers the general requirements and

test procedur¢s for illuminating systems for integrally

lighted aircra
uniformity off
(b) legibility

ft instruments in order to provide (a)
illumination within each instrument,
of instrument presentation under daylight

or integral light, and (c¢) uniformity of illumination
between instrpment displays,

3., RECOMMENDATIONS

It is recd
applicable to
examples are
lighting, wegd

gnized that several techniques are
integral lighting of instruments.,  Typical
edge lighting, back lighting,-direct

ge lighting, electroluminescence. The

considerations and criteria included herein are specified

in sufficientl
utilize the te
hand, provid

broad terms to permitithe designer to
chnique most suited to/the problem at
bd it meets the requirements of the

applicable instrument speeification, and takes into

consideration| also the efivironmental conditions, power
available, sppce available, weight, cost, etc, For '
various suggitions, the designer is referred to Appendix

correct operation of the instrument.

3.1.3 Lamps - A wide tange of tungsten filament
lamps conforming to M824367, |MS24515, MS24237 are
available to the designers, Th¢ choice should be made
on the basis of the lamps with the longest life that will
give the required illumination. | If the lamps are to be
replaceable, Mt is recommended that MS24237-328
(for 5-volt operation) or MS25287-327 (for 28 -volt
operation) can be used as these [are the most universal,
In these cases, the red filters sHould be contained within
the instrument so that lamps mdeting these specifications
may be replaced at will,

3.1.4 Lamp Location - Lanps may be either
accessible from the outside of the instrument or sealed
within the instrument enclosure} Where practicable,
the lamps should be removable [without opening the
instrument case, When lamps 4re removable, the
replacement units may be localed anywhere on the
instrument case, The location jof the lamps should not
result in protrusions from the injtrument case, which
would interfere with the removdl of the instrument
from -its mounting provisions on|the panel, Inflight
replacement of lamps is not intgnded, At least two
incandescent lamps should be ujed to illumninate the
instrument, Where the applicable instrument specifi-
cation requires hermetic sealing, the lamps need not be

I of ARP 798, ¥"Désign- Criteria for White Incandescent contained within the seal or maly be completely en-
Lighted Aero-p&e&heﬂtmﬁru'—ehmkwﬁh—eheseﬁed—imﬁujem.

3.1 Design and Construction

3.1, 1 Materials - The instrument lighting system
should be of a type of material and construction to
withstand the service, functional, and environmental
conditions specified by the applicable instrument
specification, without degradation of the lighting
requirements, Cognizance should be taken of the fact
that lighting systems generally run considerably hotter
than the environments in which the instrument is
operating,

3.1,2 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 as outlined in the applicable

3.1.5 Lamp Circuit - The lamp circuit should
preferably be designed to operate from a 5-volt power
system, All lamps should be connected in parallel,

The lamp circuit should terminate in two electrically
independent pins of the instrument connector, One of
the terminals may be case grounded at the option of the
instrument designer except where it would be harmful to
the correct operation of the instrument, Resistors
should not normally be used within the instrument to
change the voltage applied to the lamps from that
applied to the lighting terminals of the electrical
connectors unless the instrument design requires the use
of smaller 5-volt lamps and the instrument spec requires
28-volt lighting. The use of a resistor should be cleared
with the procuring activity,

.
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3, 1. 6 Dielectric Strength = The insulation should TABLE 1 .

withstand without evidence of damage the application
of a sinusofdal voltage at a commercial frequency Brightness (Redlight) of Markings, Display Elements and
between all electrical circuits connected together and Background Areas
the metal case for a perfod of 5 seconds. The rms
value of the sfnusofdal voltage applied should be 500 Daylight Color Brightness (Foot-Lamberts)
volts plus twice the lamp circuit design voltage for one White Grey Black
minute, except for hermetically sealed hellum filled White (37875) Mark-
instruments, whete the test voltage should be 200 ings or White (37875)
volts rms. Display Elements and

- 3.1, 17 Electrical Gonunector = Unless otherwise Grey (  )Background 1,0%.5 062,03

speciffed by the procuring activity, the electrical circuit
for the lighting system should terminate {n two electrically  white (37875) Mark-

independent pins in the §lectrical connector used 107 ings or White (37875)

other electrical terminals to the indicator, In the event Display Elements and

the instrument does not tequire an electricl connector Black (37038)

except for the lighting cjrcuit, a connector having a Background 1,045 ,02 -,10
minimum of two electri¢ally independent pins should be

provided, A suitable cap should be provided to protect Black (37038) Mark~

the connector during shipment and storage. Unless ings or Black (37038)

otherwise specified by tlie procuring activity, the connector pyeniay Elements and

should be located on the back of the Instrument case, A Grey ( ) Background .6+.3 01 Max,

mating connector plug agsembly with approximately 8
feet of wire attached to the lighting terminals should be Black (37088) Mark~
fuenished for qualificatiqn or preproduction test units, ings and.White (37875)

8.1.8 Color = Red lighting required {s generally Display Elements and
"Aviation Red'* as requifed by MIL-L-25487, In Grey/( ) Background 1,0%,5 .3%,2 05 Max, .
fnstruments this color can be obtained by various meanst
a red filter can be inserted In the path of the lght Numerical designations in parenthesis refer to colors
(fixed filters, boots slipped over the lamps, etc.) or listed in Federal Standard No, 595, Tighter tolerances
lamps with colored glasg or color coated to emit the, may be desfrable to secure better uniforfnity between
proper color car be used, It is recommended that when varjous instruments, It {s suggested thay while individual
lamps are replaceable, fixed filters that are not.part readings be as in Table I, the average of all readings fall
of the lamp be used, Filiters should be heat. resistant and in the upper range of the tolerance,

must not change shapeof color under the most severe heat

conditions to be encountered, tion be considered when designing a ligljting system, in
3.1.9 Brightness - When § volts.£ 2% (design voltage  qrder that those elements of greater importanée will

% 2% for other than 5-vqlt circuits) is applied to the have relatively greater brightness within| the specified

lighting terminals, the Brightniess of the presentation brightness range, Where relatively large illuminated

should conform to Table

areas, the small
ness of the polnters and

apparent intensity

1~ For any display the bfisht" areas are adjacent to small illuminated

brighter than the display markings but should not balance,

exceed 1.8 foot Lamberts, 8,1,10 Stray Light = The lighting system should be
3.1, 9,1 Special Considerations = When markings so housed as to prevent leakage of stray light and to

ar display elements are used, which are colored red * shield from direct view all lamp fllaments, When a

(munsel) (Color Designation 5 Red 4/14) under daylight white sheet of paper is placed perpendicular to the

fllumination, their brightness, when {lluminated by the coverglass and on any line parallel to the horizontal

red Mghting systemn of the instrument, should in general center line of the instrument, the brightntess of any

be consistent with the surrounding red lighted markings point looking down on the paper should not exceed 1, 50

or display elements, except in the case of warning foot-Lambetts and on any point looking up on the paper

elements, and should have a brigheness of 1,5 to 3,0 should not exceed 0, 20 foot«Lamberts, The sheet of white

feor=Lamberts at rated voltage, All brightness readings paper used in the above measurements should be neutral,

will decrease as voltage is decreascd, diffusing, and have a reflectance of 85 & 5 percent. .
3,1.9.2 Brightness Balance = It is desirable that the 3.1.11 Knobs - Unless otherwise specified in the

relative fmportance of differcnt vlements of a presenta- applicable {nstrument specification, all indicia associated
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with the instrument knob positions should be illumi-
nated, The brightness range should be as specified
herein,

3.1.12 Indicia - The presentation may be any com-
bination of white, black, grey, or red as specified in the
applicable instrument specification, Unless otherwise
specified in the applicable instrument specification, the
colors should conform to Table I,

3.1,13 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

ARP 582A

to the life test time required by the applicable instrument
specification, Wherever possible, the lighting system
life test should be performed concuirently with the life
test of the instrument, During the life test of the instru-
ment lighting system, the power supplied to the lighting
circuit should be interrupted every 57 minutes for a
period of 3 minutes,
' 4,2, 4 Lighting Tests

4,2,4.1 Instrument Calibration - Determine the
suitability of the Spectra Brightness meter to measure
color, This is accomplished by calibrating the meter
with a 9 foot-Lambert Spectra Brightness source,

display should be a ast ''C'* js defined 'ween the Brightness

as:
12701
C =13
1
Where: 82 is the| brightness of the grey or white and B 1 is

the brightness of the black or grey portions of the instru-
ment display,

" Contrast m¢asurements should be made as per
paragraph 4.2, .

4, QUALITY ASSURANCE PROVISIONS

4,1 Test Conditions

4,1,1 Atmgspheric Conditions - Unless otherwise
specified, tests fequired by this specification should be
made at atmospheric pressure of 28 to 32 in. Hg.y-a
temperature of 5 + 10 C, and a relative humidity of
80% or less. il

4,1, 2 Envijonmental Conditions - Wherever possible,
the tests described in paragraph 4. 2,( "'Test Methods, "’
should be perforned after the environmental tests re-
quired by the applicable instrument specification,

4,2 Test MnEthods
4.2.1 Exanpination of\Product - The lighting system

should be examined cdrefully to determine conformance
to those requirenents-of Section 8 that can be checked
visually,

source and the photometer and)tpke a reading (RS).'
Insert a second NBS filter No./3%415 between the
brightness source and thé/photonjeter and take a second
reading (R ). The photemeter shall give a ratio of (R4)
divided by (R,) equalto or less ghan 0, 82 to be con-
sidered suitab%e for measuremenj of color.

NOTEL This ratio is now cyrrently supplied with the
color corréction factor curve for{use with NBS filter No.
3114 and'obviates the necessity pf having two NBS
filters: No, 3215, It should be npted that the spectra
brightness source will vary with fime and should be cali-
brated to a brightness standard af least monthly using a
standard lamp and opal glass in pccordance with NBS
procedures,

4,2.4,2 Color Measuremeirjt - Apply 5 volts + 2%
(or applicable voltage + 2%) to|the lighting terminals.
All measurements should be magle in completely dark
surroundings. Calibrate the photometer with a bright-
ness source, Focus the photomefer on a red portion of
the illuminated indicator and take a reading (R1). Insert
an NBS filter No, 3215 in the optical path between the
instrument and the photometer Without changing focus
and record reading (Rg), The r3tios of (Rg) divided by
(R1) shall not be less than 0,97 fimes the ratio of (Ry)
divided by (R3) (paragraph 4, 2. ¢, 1),

4.2,4,3 Brightness Measurgments - Calibrate the
photometer with a brightness soyrce. Focus the photom-

4,2.1.1 Indicia - The instrument should be checked
visually to assure conformance with the requirements of
paragraph 3.1,12,

4.2.1, 2 Dial Visibility - The instrument should be
checked to assure that the lighting system does not
interfere with the visibility of any portion of the instru-
ment display as outlined in the applicable instrument
specification.

4,2.2 Operation - The lighting system should be
energized with 5 volts or the applicable voltage and
examined to ascertain that all lamps function properly,

4.2,3 Life - The lighting system should be subjected
to a life test with 5. 0 volts & 2% (or applicable voltage
+ 2%) applied to the lighting terminals, The duration of
the life tests should be 1000 hours or for a period equal

eter on a lighted portion of the indicator and take a
reading (R1). Insert an NBS filter No. 3114 in the opti-
cal path between the instrument and the photometer
without changing focus and take a reading (Rg), Com-
pute the ratio of (Rg) divided by (R1). Enter this ratio
into the CCF-3114 graph on the "*X'* coordinate and
determine the value '*Y, ** The true brightness of the
indicator is given by multiplying (R1) by 'Y .'* The
values should conform to Table I, paragraph 3, 1.9,

4,2,6 Stray Light - Stray light should be checked
to determine that the instrument meets the require-
ments of paragraph 3,1.8,

4.2,6 Contrast - The {llumination for the contrast
measurements should be furnished by uniform, diffused,
artificial illumination, Gontrast measurements should

N
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