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ED-14 Environmental Conditions And Test Proecedures For Airborne Equipm

3. GENERAL STANDARDS

3.1 Dihedral Angle Cqverage, Forward Position Lights, Types | and Il, and Rear Position Lights,
When mounted on the|aircraft in accordance with:tnanufacturer’s instructions, the forward an
unbroken light within thg dihedral angles specified‘in/'Table 1 and defined in 3.1.1. Forward positio
red and a green light spaced laterally as far apart as practicable. The rear position light(s) must be
far aft as practicable on fhe tail or on each wingtip. Example system installations include but are n
in Figure 1. Position lights are intendedto*be viewed from a distance and appear as point sourd

individual colors identifigble from one another such that an observer can identify the aircraft’s direq

Table 1 - Dihedral angle coverage

i

cken, PA 19428-2959,

el: +33 1 40 92 79 30,

ent

Type Il

rear lights shall show
lights must consist of a
A white light mounted as
t limited to those shown
es in order to make the
tion of flight.

Position Light Type Dihedral Angle
Type | (forward, red) L (left)
Type H{forward, greem) R<right)
Type Il (rear, white) A (aft)
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Eigz;e 1 - Dihedral angle coverage, forward and rear position lights,

SHrowi tions

3.1.1  Definitions of Dihedral Angles

a.

Dihedral Angle L (Left): The dihedral angle formed by two intersecting vertical planes, one parallel to the longitudinal
axis of the airplane, and the other at 110 degrees to the left of the first when looking forward along the longitudinal axis
(Figure 2).

Dihedral Angle R (Right): The dihedral angle formed by two intersecting vertical planes, one parallel to the longitudinal
axis of the airplane, and the other at 110 degrees to the right of the first when looking forward along the longitudinal
axis (Figure 2).

Dihedral Angle A (Aft): The dihedral angle formed by two intersecting vertical planes making angles of 70 degrees to
the right and 70 degrees to the left, respectively, looking aft along the longitudinal axis, to a vertical plane passing
through the longitudinal axis (Figure 3).
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Figure 2 - Representation of angles for left forward position light
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Figure 3 - Representation of angles for aft position light
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3.2 Position Light Intensity Distribution
3.2.1  General

The intensities specified in this section shall be provided with all light covers and color filters in place, when mounted on
aircraft in accordance with the manufacturer’s instructions. Luminous intensity can be measured at nominal input voltage.
If the luminous intensity varies with the input voltage, it should be shown that the light assembly meets the minimum and
maximum intensity requirements throughout the rated (assembly) input voltage range.

3.2.2 Minimum Intensities in the Horizontal Plane
The intensities in the horizontal plane shall not be less than the values given in Table 2. The horizontal plane is defined as

the plane containing the longitudinal axis of the airplane in the normal flying position and is perpendicular to the plane of
symmetry of the aircraft.

Table 2 - Minimum intensities in the horizontal plane,
forward and rear position lights

Angle (x) from Right or Left of Minimym
Longitudinal Axis Measured Intensity
Posifion Light Considered from Dead Ahead (0 degrees) (candelgas)
Type I |(forward, red) 0 degrees < x < 10 degreés 40
Type | (forward green) 10 degrees < x < 20 dégrees 30
’ 20 degrees < x < 110-degrees 5
Type Il (rear, white) 110 degrees < x < 180’degrees 20

3.2.2.1  Minimum Intehsities Above and Below the Horizontal Plane

The intensities in any vertical plane shall not be less than the appropriate value given in Table 3,|where | is the minimum
intensity specified in Taple 2 for the corresponding angles)in the horizontal plane. Vertical planes are defined as planes
perpendicular to the horjzontal plane.

Table 3- Minimum intensities in any vertical plane,
forward and rear position lights

Angle (y) Above or Below Horizontal, Minimum
in Any Vertical Plane Intensity (1)

0 degrees 1.00 x|

0 degrees <y < 5 degrees 0.90 x|

5 degrees <y < 10 degrees 0.80 x|

10 degrees <y < 15 degrees 0.70 x|

15 degrees <y < 20 degrees 0.50 x|

20 degrees <y < 30 degrees 0.30 x1

30 degrees <y < 40 degrees 0.10x 1

40 degrees <y < 90 degrees 0.05x

3.2.3 Maximum Intensities in Overlap Regions, Forward Position Lights, Types | and Il, and Rear Position Lights, Type llI

The intensities in the overlap regions between any forward or rear position lights shall not exceed the values given in
Figure 4 and Table 4, except as noted in 3.2.3.1. Area A includes all directions in the adjacent dihedral angle which pass
through the light source and which intercept the common boundary plane at more than 10 degrees but less than 20 degrees.
Area B includes all directions in the adjacent dihedral angle which pass through the light source and which intercept the
common boundary plane at more than 20 degrees (Figures 2 and 3).
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Figure # - Maximum intensities in-overlaps between forward and rear position lights

Table 4 - Maximum intensities in overlaps between forward and rear positiol

maximum intensity in Area “A” may be 10 % of this peak.

Area “B" is all directions more. titan 20 ® from the boundary
planes in dihedral angles “L"_ and “R”. Maximum intensity

n lights

Maximum Intensity
(candelas)

Dihedral Angle AreaA | AreaB
Typé I)(fwd, red) in dihedral angle R 10 1
Type | (fwd, red) in dihedral angle A 5 1
Type |l (fwd, green) in dihedral angle L 10 1
Type Il (fwd, green) in dihedral angle A 5 1
Type Il (rear, white) in dihedral angle L 5 1
Type lll (rear, white) in dihedral angle R 5 1

3.2.3.1  Maximum Intensities in Overlap Regions with High Main Beam Peak Intensity

If the peak position light intensity is substantially greater than minimum intensity levels defined in 3.2.2, a higher maximum
overlapping intensity is permitted due to the improved signal clarity of a brighter main beam compared to the overlapping
beam. When the peak intensity of the main beam is greater than 100 cd, the maximum overlapping beam intensity may
exceed the values given in Table 4, provided the overlapping beam intensity in Area A is not greater than 10% of the peak
main beam position light intensity and the overlapping beam intensity in Area B is not greater than 2.5% of the peak main

beam position light intensity.
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So, for a rear position light, the scaling on the right side is driven by the right forward position light peak intensity, and the
scaling on the left side is driven by the left forward position light peak intensity. For the forward position lights, the overlaps
to the rear are scaled by the rear position light peak intensity. The concept is that as the correct color light intensity increases
in its prescribed area, the tolerance of the incorrect color invading light from the adjacent areas increases. For example, if
a green position light has a peak intensity of 150 cd, the adjacent red position light and the rear position light are permitted
a maximum of 15 cd (10% of 150) into Area A of dihedral angle L.

3.3 Position Light Color Specifications

The colors of the position light shall be in accordance with Table 5 and shall conform to 3.3.

Table 5 - Position light colors

Type Color

Each position light col
chromaticity coordinates

CFR Title 14, Part 25,21

a.

Aviation red

y is not greater than
z is not greater than

Aviation green
x is not greater than
x is not greater than
y is not less than 0.
Aviation white
x is not less than 0.

y is not less than x-
y is not greater than

Where yo is the y coordi

A H pu |
MAAVIAUUIT TTU
Aviation green
Aviation white

T_ypc : (fUI V\Iald, ch)
Type Il (forward, green)
Type lll (rear, white)

br must have the (CIE 1931, 2 degrees observer) International Com
preferably as per CFR, or per alternate color definitions reported in 3.3.1.

,29 § 2-.1397 aviation color definitions:

0.335; and
0.002.

0.440-0.320y;
y-0.170; and
90-0.170x.

00 and not greater than 0.540;
.040; or y0<0.010, whichever is the smaller; and
x+0.020 nor0.636-0.400x.

hate.of the Planckian radiator for the value of x considered.

mission on lllumination

See Table 6 for x,y colo

envetope vertex coordinmates of CFRtotordefinitions:
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Table 6 - CFR x,y vertex coordinates

X,y
Color CFR Color Definition CFR Vertex Coordinates

Aviation Red y is not greater than 0.335 0.664, 0.335
z is not greater than 0.002 0.663, 0.335
0.7333, 0.2647
Aviation Green | x is not greater than 0.440-0.320y 0.190, 0.781
x is not greater than y-0.170 0.292, 0.462
y is not less than 0.390-0.170x 0.188, 0.358
0.027, 0.385
Aviation White Aviation White 0.300, 0.260
0.300, 0.320
0.440, 0.460

0540 0-420
UTIOTY, U4 4

0.540, 0.40(
0.520, (0,404
0.500,~.0.405
0.480; 0.404
0.460, 0.401
0.440, 0.395
0.433, 0.393
0.300, 0.26(
*Repressentative points have been chosen to approximatea smooth curve.

* * * * *

3.3.1  Alternate color definition that has been practiced by industry’sihSO and certification programs:
a. Aviation Red

Purple Boundary |y =0.980 - x
Yellow Boundary |y =0.335

b. Aviation Green

Yellow Boundary |x =0.360 - 0.080y
White Boundary x = 0.650y
Blue Boundary y =0.390 - 0.14 1%

c. Aviation White

Yellow Boundary [x =.0:500
Red Boundary y=.0.382
Purple Boundary L=02047=0762x
Blue Boundary x =0.285
Green Boundary y =0.150 + 0.640x
and y =0.440

A visual representation of the color definitions is shown in Figure 5. Refer to AS25050 for xy and u’v’ color envelope vertex
coordinates of SAE alternate color definitions.
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Figure 5 - Aviation color definitions*in CIE1931 color diagram

ly to the alternate color definitionscdetailed in 3.3.1 (without compliance tq the CFR requirements)

will require an equivalent level of safety finding by the Federal Aviation Administration in order tq allow installation of the

lights on certified aircraft.
3.4 Light Covers, Colgr Filters, and Light Emitting Diodes (LED)

For all position lights, th

e light covers or color filters used shall not readily support combustion and shall be constructed so

that they will not changg shape or permanently change color or shape or suffer any appreciable Ipss of light transmission

during normal use.

3.4.1 Red Filters

Red color filters commo
temperature rise. Ther

nly.used have a characteristic where the color changes and luminous trangmission decreases with

fore—both-the-colerand-intensitydistribution-testing-shall-be—perarmed-Uinder standard ambient

temperature conditions of 25 °C £ 5 °C. This requirement is intended to produce results which will be more representative
of actual aircraft installation and in-flight temperature environment.

342 LEDs

LEDs commonly used have a characteristic where the color chromaticity coordinates change with temperature. In addition,
luminous intensity decreases with temperature rise. Therefore, both the color and intensity distribution testing shall be
performed under standard ambient temperature conditions of 25 °C £ 5 °C. This requirement is intended to produce results
which will be more representative of actual aircraft installation and in-flight temperature environment. However, the impacts
of temperature on color and intensity should be understood to verify that compliance is met under the expected range of
in-flight environments. This requirement is applicable to any lighting technology, not just LEDs.
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3.5 Multiple Installations

If the lighting distribution for any one type of position light is supplied by two or more lights which are located immediately
adjacent to each other (generally 2 feet or less), the intensity distribution shall be determined with both lights operating and
mounted in the same relationship to each other as they would be on the aircraft. If the lights are not located immediately
adjacent to each other, intensity distributions shall be determined individually for each light and the minimum intensity in
any direction shall be provided by either one or the other light. Additive intensity in the same direction cannot be used to
demonstrate compliance with the minimum required intensity for non-adjacent lights.

3.6 Measurements
3.6.1 Laboratory ambient temperature shall be 25 °C + 5 °C.

3.6.2 Input Power

Measurements should be performed at nominal input voltage. Compliance shall be demonstrated by testing or other means
at the lower and higher pormal voltage limits to show compliance for all normal input voltages:

3.6.3 Forced Air Cool|ng

There should be no extgérnal forced air cooling (fans and other drafts) during measurements, except in cases where their
use is required to simulgte the aircraft’'s operating environment.

3.6.4 Warm Up and Stabilization

For purposes of demongtrating compliance with this specification, all photometric and color measurgements for LED sources
shall be made after a minimum of warm up period of 30 minutes, or after the light has reached thermal stabilization,
whichever is longer. Stapilization shall be defined as the point in-which light output does not change by more than 3% over
a 15 minute period. The|minimum warm up period for incandescent/tungsten halogen light sourceg is 90 seconds.

3.6.5 CoverlLens
Intensity measurements| must comply with any integrated or external cover lenses in place.

NOTE: This includes effects such as colorshift, light reflection and/or refraction which may impact compliance to the
minimum and maximum intensity-requirements. It is not acceptable to only consider the natural light transmission
loss of the covef lens material.

3.6.6 Measurement Ppints

A minimum number of test poihts is required to show compliance with this specification. Test poipt increments should be

taken at a minimum of p degrees apart In add|t|on to the scans |dent|f|ed below a V|sual inspegtion shall be conducted

through the entire area aeow :stionable compliance. If
such areas are identified, further testlng shall be made to ensure compllance in each area.

3.6.6.1  Forward Red and Green Position Light Test Data
At a minimum, the following photometric scans must be made to show compliance to minimum intensity levels:

e A horizontal distribution curve in the zero degree vertical plane from directly forward outboard through 110 degrees
horizontal.

o Vertical distribution curves from 90 degrees up to 90 degrees down at: 0 degree, 10 degree, 20 degree, and 110 degree
horizontal points.

At a minimum, the following photometric scans must be made to show compliance to maximum intensity levels:

e Vertical distribution curves from 90 degrees up to 90 degrees down at: -20 degree, -10 degree, 120 degree, and
130 degree horizontal points to cover Area A and Area B of the adjacent forward and rear position lights.
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3.6.6.2 Rear White Position Light Test Data
At a minimum, the following photometric scans must be made to show compliance to minimum intensity levels:

e A horizontal distribution curve in the zero degree vertical plane from 70 degrees right to 70 degrees left of the the rear
direction.

e Vertical distribution curves from 90 degrees up to 90 degrees down at the following horizontal points: directly rear,
70 degrees right of the rear direction and 70 degrees left of the the rear direction.

At a minimum, the following photometric scans must be made to show compliance to maximum intensity levels:

o Vertical distribution curves from 90 degrees up to 90 degrees down at the following horizontal points: 80 degree left of
the rear direction, 80 degrees right of the rear direction, 90 degree left of the rear direction, and 90 degrees right of the

rear direction to COW
3.6.6.3 Color Test Data
At a minimum, color tegt points must be collected in the directly forward direction for-the forward position lights and the
directly aft direction for the rear position light(s).
3.6.7 Photometric Testing Orientation
For purposes of demonstrating compliance with this specification, all photometric measurements|shall be performed with
the horizontal and vertidal planes aligned with the expected orientation 6f'the light as installed on the aircraft in the normal
flying position.
Different fixture and ligipt orientations may be used in testing as long as measured data is repdrted with respect to the
expected flight orientatipn of the light. Care should be taken.to-ensure that the test stand does ndt impact the results. For
example, reflected light pn the test stand might make an impact when measuring dim areas such 3s the overlap regions.
3.6.8 Glare
Each light must not impair the crew’s vision due to direct or reflected glare in its intended installatipn. For example, wingtip
mounted forward naviggtion lights which on-their own meet the maximum overlap criteria may crgate reflected glare once
installed behind a wingtip cover lens. Wingtipmounted rear navigation lights may shine directly intq the aft part of the cabin.

3.7 Definition of Opergting Lifetime

Operating lifetime is the duration:for which the light is expected to meet the minimum intensity requifements when intensities
are measured per 3.6.

Environmental and instattatiormcomnditions affectoperating fifetimetmthe tase of tED basedights; lumen maintenance is a
function of LED junction temperature and drive current. Lumen maintenance for typical laboratory ambient conditions
(T =25 °C £ 5 °C) and other elevated or lower expected flight test temperatures and their exposure times (50 °C, 71 °C with
a 3 knot wind for 3 hours per day, for example) can be used to help estimate actual operating lifetimes for particular flight
patterns. This data would be used to define the aircraft’s installation environment.

Continuing airworthiness can be achieved by a number of methods, some of which are:

e Limiting on-wing operating lifetime based on an estimation of component laboratory life with adjustments which take
into account actual operating conditions on-the-ground and in-flight; or

e Limiting on-wing operating lifetime based on active feedback from an integrated light sensor; or

e Requiring aircraft operators to measure intensity levels at regularly scheduled maintenance intervals to ensure
compliance.
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Failure modes where a light continues to operate at a degraded level of performance should be identified and addressed.
The probability and effects of these failure modes must be considered, including how an operator can determine when a
light no longer meets regulatory performance requirements. For example, in LED based systems the light may continue to
illuminate even if one or more individual LEDs no longer illuminate. This analysis also includes driver circuitry, flash
controllers or other integrated electronics.

As LED technology improves, the duration of time for an LED light to degrade to a level of non-compliance may exceed the
MTBF of the remaining electronics in the system. To ensure proper functionality, integrated continued airworthiness features
shall reliably perform its function throughout the expected LED life. This should be considered when identifying the method
of continued airworthiness.

4. PERFORMANCE STANDARD UNDER ENVIRONMENTAL CONDITIONS

4.1 Unless otherwise specified herein, the test procedures called out in Section 4 are those set forth in Radio Technical
Commission for i
4.1.1 The order of tHe tests must be in accordance with DO-160. The test procedures)-spegified or referenced are
satisfactory for Juse in determining the performance of position lights under normal and| extreme environmental
conditions. Altefnate approved test procedures that provide equivalent results may’be usef.
4.1.2 Certain tests require the equipment to be tested with consideration to,the) intended equliipment installation. For

example, lightni
For alight unde
installation mus
4.2 Environmental Te

In this section, the mea

without flickering or flashing during the test, and following the t€st, lights shall not suffer any signifi

4.2.1 Temperature an

When lights are subjected to the appropriate category tests of DO-160 Sections 4 and 5, they mus

show no significant ligh
installation location.

4.2.2 Humidity
After being subjected to

must operate electricall
category is dependent g

development which is not intended for a specific installation, such as a TS(
be taken into account when establishing the testifnig protocol.

D

ts

ning of “no significant lighting degradation or degradation in lighting” is th

d Altitude Tests

ting degradation. Test category is dependant on the intended aircraft op

the testsof\DO-160 Section 6 Category C (or more stringent) humidity ¢

y and shew no significant lighting degradation. Optical parts may be cle
n thetintended installation aircraft zone.

hg direct effects testing must consider the equipment jnstallation mounting and electrical bonding.

D applicant, the intended

at the light must stay lit
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4.2.3 Vibration

When the system is tested in accordance with DO-160 Section 8 Category S (or more stringent) vibration environment, the
system must operate electrically and show no significant lighting degradation. Test category is dependant on the intended
installation aircraft zone. For incandescent light sources, some bulb failures are acceptable so long as the minimum and
maximum intensity requirements are met.

4.2.4 Explosive Atmosphere

Systems which are to be marked with an explosion-proof category shall meet appropriate category explosive atmosphere
requirements of DO-160 Section 9. Test category is dependant on the intended installation aircraft environment and
equipment construction. All components containing a light source and intended for installation in fuel vapor zones (examples
may include mounting within wing tip or tail enclosures) shall meet the explosion containment requirements of DO-160
(latest applicable revision) for Category A equipment.
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