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ATRCRAFT FLUORESCENT LIGHTING BALLAST/FIXTURE
SAFETY DESIGN STANDARD

SCOPE:

This document does not dictate a specific design approach or’tedhnology, but
rather it|provides design consideration to assist the specificaffion writer in

establishfing a fail/safe design.
APPLICABLE DOCUMENTS:

2.1 U.S. Govprnment Publications:

Availablp from DODSSP, Subscription Services Desk, Building 4D,

Avenue, Philadelphia, PA 19111-5094.

MIL-STD-f154
MIL-B-50B7B
DO-160C

2.2 FAR Publfications from FAA:

700 Robbins

Availablp from Federal Aviation Administration, 800 Independenge Avenue, SW,

Washingtpn, DC 20591.

FAR 25.8p3

GENERAL DESIGN-REQUIREMENTS:

Equipment, supp11ed under the requ1rements of this document shal]

to the fol

be designed
enments and to

the performéncevleve]s'spec1f1ed The'des1gn/constructlon-of all equipment
shall incorporate features which allow the equipment to be operated safely.

Testing shall be conducted to verify the design standards.

SAE Technical Standards Board Rules provide that: "This reportis published by SAE to advance the state of technical and engineering

sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular use,
infringement arising therefrom, is the sole responsibility of the user."

including any patent

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your

written comments and suggestions.

Copyright 1994 Society of Automotive Engineers, Inc.
Al nghts reserved.
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3.1

3.2

3.3

3.4

3.5

Materials and Finishes

Materials and finishes used in the construction of the ballast/fixture shall
be capable of withstanding the airplane environment.

a. Metals: A1l metals shall be of the corrosion resistant type unless
suitably protected to resist corrosion during normal service Tife.
Metals in contacts with each other shall be selected and protected as
defined in MIL-STD-454, Requirement 16.

ngi shall not

c. Flammable Materials: A1l nonmetallic/metallic compositecmaterials shall
meet HAR 25.853.

Arc Resistance:

The arc rgsistance time of insulating materials shall exceed 125|s, when
tested pen arc resistance test, ASTM designation D495-48T, high-yoltage, low
current anc resistance of solid electrical ipsulating materials.

Lampholdens:

a. The 1dmpholders shall be capable of retaining the fluorescent lamp and
permif satisfactory lamp operation throughout the specified pirplane
envirgnment.

b. Gold plated contacts are recommended.
¢. Moistyre resistant lampholders shall be specified or the fixture design

shall [provide protéction for the lampholder from condensatiop and
moistyre accumulation.

Ballast/Fixture:
When operdting-in an ambient of 77 °F (25 °C), the exposed surfafe shall not

exceed 16¢ ©F (71 °C) under any conditions of normal, abnormal, pverload
operations or fajlure.

A11 materials used shall be self-extinguishing per FAR Part 25.853. The
ballast shall be designed in such a manner to be smoke and fume free under
any condition.

Schematic:
A schematic shall be affixed to the equipment. The schematic shall clearly

show the electrical connections such as input voltage, frequency, dimmer
contral and lamp load (type or power), and ground plane spacing dimension.
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.10

TEST REQUIREMENTS:

A

1.1

1.2

Ground Plane:

If the ballast or integrated light fixture and ballast design approach
requires a minimum ground plane spacing, either the airplane lamp
installation or the integrated light fixture shall provide a proper ground
plane spacing.

Connector:

Connectors with go]d plated contacts are recommended for electrical
connecti n various
light aslsemblies or ballast could cause a catastrophic failure] keyed
connectors, mounting hole or foot print variation or other-mechanical means
shall be used to prevent incorrect connection.

Thermal [Protection:

The equipment shall be protected against overheating by a thermal protective
device. | The rated temperature of this thermal protective devi¢e must be
lower than that of the rated temperature of the material. It }s recommended
that a test be done to ensure the effectiveness of the thermal|protective
device and its location.
Electridal Grounding and Bonding:
The equipment shall provide a grounding system capability that|is compatible
with the grounding within the aircraft and all other equipment|to be used

with or which interfaces with.the equipment. Electrical grounding and
bonding [per MIL-B-5087B if applicable to the installation.

Electrilcal Protectiong

The ingut power circuit of the electrical equipment shall contain a fuse or
circuitl breakerwith current rating of at Teast 50% over the maximum current
under worst case voltage and environment conditions. The fuse¢ part number
shall be marked adjacent to the fuse on external replaceable fuses.

Operational Tests:

The system shall perform within operational requirements during and after
exposure to the following.

Thermal: The equipment shall be subjected to thermal testing as defined in
D0O-160C, Sections 4 and 5. The category shall be defined by the customer
specification.

Altitude: The equipment shall be subjected to altitude testing in
accordance with D0-160C, Section 4.0. The category shall be defined by the
customer specification.

- 2
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4.1.3 Vibration: The equipment shall be subjected to vibration testing in
accordance with D0-160C, Paragraph 8.0, Sine or Random.

4.1.4 Operational Shock: The equipment shall be subjected to operational shock
testing in accordance with D0O-160C, Paragraph 7.2, 6.0 g’s.

4,1.5 MWaterproofness Tests: The equipment shall be subjected to the
waterproofness test specified in DO-160C, Section 10, Category W under the
following conditions:

a. The equipment shall be tested in the normal aircraft instaliation
origntation with droplets falling from above.

b. The|test solution shall be a 5% NaCl solution.
c. The|equipment shall be operated during the test.

d. Fusg opening or temporary shutdown shall noticonstitute fajilure or
rejdction of the article.

e. Failure of the article shall consist of flame or smoke emifsion,
arcing, or other signs of catastrophic-failure.

4.2 Nonoperational Tests:

4.2.1 Accelerdtion and Crash Safety: The equipment shall be subjectgd to crash
safety flesting in accordance with D0-160C, Paragraph 7.3 - except the force
shall bg 9.0 g’s in each axis.

4.2.2 Humidity: The equipment ‘shall operate normally after exposure|to relative
humidity up to 100 percent with temperature and altitude cyclipg between
20 to 130 °F [-6.7 to 54.5 °C] and -1000 to 20 000 ft mean sea|level (MSL),
including conditions.where condensation occurs on the equipments described
in DO-1640C, Paragraph 6.3.2 for Category B equipment - Severe Humidity
Environment.

4.2.3 Insulatilon Resistance Test: The insulation resistance between|electrically
isolated eircuit elements and between those elements and the hpusing shall
be measured at 500 VDU minimum (with lamps removed). Ihe minimum
insulation resistance shall be 100 M2. This test shall be performed prior
to and following the dielectric withstanding voltage test.

4.4 Dielectric Withstanding Test:

Apply a test voltage of 1500V rms at 60 Hz for 1 min between mutually
insulated conductive paths. The test voltage shall be applied and removed at
a uniform rate of 250 to 500 V/s. Any arcing as evidenced by flashover,
sparkover, (or) breakdown, or leakage current exceeding 2 mA shall constitute
failure. Capacitors, diodes, and other electronic devices susceptible to
damage may be disconnected from the equipment or short circuited for these
tests.

-4
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4.5

4.6

4.7

4.8

Power Quality:

Article shall be tested to verify the compliance with its performance
requirements when supplied with power, having normal and abnormal operating
characteristic as specified in Section 16 of RTCA/DO-160C. The applicabie
category shall be specified by customer specification. When electrical power
with an abnormal steady state and transient characteristic is applied, the
article shall meet the following requirements:

Sustain no damage and remain safe.

Reliabillity and 1ife shall not be affected.

Automatilcally recover full performance capability when power wjth normal
charactdristics is reestablished.

Electronfagnetic Interference (EMI):

The Tocdtion of the equipment in the aircraft_and wiring have & major impact
on the dignificance of the EMI. The system level EMI requiremg¢nts should be
considerled when writing the equipment EMI specification. It i$ recommended
that thd ballast, fixture and lamp be tested to show that they|meet the
requirenents of DO-160C Sections 17 threugh 21.

Flammabiflity Test:

A1l nonmetallic/metallic composite materials shall meet the requirements of
FAR Parf] 25.853.

Fail/Safle Verification Test:

Catastrgphic failure(is defined as a failure or malfunction that emits smoke,
noxious |gas, or causes a flame, arc, fire, explosion, damage tp adjacent
aircraft structure; components, equipment or system, or interfere with the
essentigl or critical aircraft equipment or system(s).

The ballast-and fixture shall be designed so that when a failupe occurs due
to any normal or abnormal conditions and/or operation, this fajilure shall not
be catastrophic. At Teast the folTowing fail/safe conditions shall be
verified when the unit is powered:

a. Lamp fail conditions such as: Indefinite short filament(s), open
filament(s), broken lamp(s), rectifying lamp(s), lamp removal and relamp
(Dependent upon the design approach, a reasonable time shall be
specified to simulate indefinite short or open filament(s) or
indefinite...).

b. Indefinite shorted output: Filaments shorted together and/or shorted to
ground (Dependent upon the design approach, a reasonable time shall be
specified to simulate indefinite shorted output).

=
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4.8 (Continued):

C.

No Toad (no Tamp(s): Open circuit voltage with normal, abnormal and
transient input power.

High temperature: The ballast and fixture shall be operated in a 185 °F
[85 °C] ambient for 24 h or until the unit fails. If no failure occurs
within 24 h, slowly increase the temperature at a rate of 7 deg/h until

failure. Note that the effectiveness of the thermal protective device

shall be ver1f1ed by th1s test.
High Q
The
until

o1ta : 3 : e DY power for 1 h.
nput vo]tage shall be 1ncreased at a rate of no more \than 5 V/h
the unit fails.

High [voltage transient in high ambient: The unit shall operate in 185
°F [85 °C] ambient for 3 h then apply 600 V power line spike at a rate
of 6(Q per minute repeat for negative 600 power w01t spike. |If no
failyre occurs, slowly increase the voltage spike level at %0 V
incrdments and repeat until the unit fails,

PREPARED BY SAE SUBCOMMITTEE A-20C, INTERIOR OF
COMMITTEE A-20, AIRCRAFT LIGHTING

- 6 Distributed under license from the IHS Archive
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APPENDIX A
LESSONS LEARNED

A.1 "Lessons Learned" have been provided by the people listed considered by many
to be experts in the design and manufacture of ballasts/fluorescent 1ighting
systems for the commercial aircraft industry.

a. Avtech, Seattle Washington
Mr.DBennis—tund—andMr—Mark Reetor —MM

b. Bruce Industries
Mr.| David Greenblat

¢. Douglas Aircraft Company
Mr.| Herm Klein

d. Grimes Aerospace Co.

Mr.| Ron Bezdon
Mr.| Paul Greenlee
Mr.| Chuck Roudeski

-
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