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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) provides the user with standardized guidelines
for the measurement of effective intensity of strobe anticollision lights for aircraft in the laboratory, in
maintenance facilities, and in the field. A common source of traceability for calibration of the
measurement systems, compensation for known causes of variation in light output, and
recommendations which minimize sources of errors and uncertainties are included in this document.
Estimates of uncertainty and error sources for each class of measurement are discussed.

1.1 Purpose:
This documen{ recommends the test methods and equipment necessary to/perform photometric
measurementq used to determine the effective intensity of red and white strobe type anticollision
lights for aircraft.

1.2 Limitations:
This document does not include the measurements of long duration flashes, such as those achieved
with rotating be@acons or flashed incandescent lamps. This procedure does not apply to light sources
where the flasl duration is longer than 0.2 s. The measurement of long duration flashes and the
iterative calcul@tion process required to determine the\effective intensity from the intensity-time curve
is discussed inf FAA Advisory Circular 20-74. Measurement of the effective intensity of bursts of
flashes or multliple closely spaced flashes is not included in this document.

1.3 Categories of Test:
The measurenjents are divided into\three categories. The categories in descending order of
accuracy and detail are:
a. laboratory measurements
b. maintenange facility'mieasurements
c. field measyrements

1.4 Test Consideratiens:

Photometric calibration traceability for each type of measurement is recommended. The
uncertainties of the measurement system, causes for variations in intensity of the lights, and sources
of error for each type of measurement are reviewed in Appendix H. Particular attention is given to
the effect of temperature on the transmittance of red glass. In the laboratory test section, a
procedure is outlined for compensating for this temperature dependent effect when making intensity
measurements.
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1.5 Safety:

Observe the following safety recommendations when working with strobe based anticollision light
systems:

CAUTION: EXPLOSION HAZARD ! Do not operate the strobe light without the fitted lens securely in
place. Always wear eye protection when testing strobe lights. The flash tube is under
pressure, and possible injury can occur if flash tube explodes.

CAUTION: HIGH VOLTAGE ! Use care when handling cables, power supply ahd-strobe lights during
test, as high voltage is present. Allow adequate time for voltage/to‘blegd off or manually
dis¢harge the system.

CAUTION: HOJr SURFACES'! Do not touch the strobe light during.or'immediately pfter operation, as
surface temperatures near the lamp may be hot enough*to cause injury.

CAUTION: INTEENSE LIGHT ! Do not look directly at strobe.light during operation as eye injury could
restilt. Use protective eyewear, or assure that.the light is properly enclpsed within the
tes{ compartment.

2. REFERENCES:
2.1 Applicable Dog¢uments:

The following publications form a part ofthis document to the extent specified herg¢in. The latest
issue of SAE publications shall app©+. 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 pf this document
and referenceg cited herein, thetext of this document takes precedence. Nothing|in this document,
however, supefrsedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1.1 SAE Publications;<Available from SAE, 400 Commonwealth Drive, Warrendale, [PA 15096-0001.

SAE Aerospace Technical Report Style Manual Dated Jan.,1996
SAE 8017, Minimum Performance Standards for Anticollision Light Systems.
SAE J1330, Photometry Laboratory Guidelines

SAE J575, Test Methods and Equipment for Lighting Devices and Components
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2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk, Building
4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

2.1.3

214

2.15

2.1.6

14 Code of Federal Regulations, Part 23, Airworthiness Standards: Normal, Utility, and Acrobatic
Category Airplanes

14 Code of Federal Regulations, Part 25, Airworthiness Standards: Transport Category Airplanes

14 Code of

14 Code of H

FAA Publical;ons: Available from Federal Aviation Administration, 800-Indepenc

SW, Washin
FAA Advisor

CIE Publicat
01970.

CIE Publicat

NIST Publicg
U.S. Departn

NIST Specia
Other Public
Spectroradio]

Handbook of]

ederal Regulations, Part 27, Normal Category Rotorcratft

ederal Regulations, Part 29, Transport Category Rotorcraft

ton, DC 20591.
y Circular 20-74, Aircraft Position and Anticollision Light Measurem¢

ons: Available from TLA - Lighting Consultants Inc., 7 Pond Street

on 69, Methods of Characterizing lluminance Meters and Luminan

tions: Available from National Institute of Standards and Technolog
nent of Commerce, Gaithersburg, MD 20899.

Publication 250-37,"Photometric Calibrations
htions:
metry, Kostkowski ISBN 0-9657713-0O-X, Reliable

Applied Photometry, ed Casimer DeCusatis, ISBN 1-56396-416-3

ence Avenue,

PNts

Salem, MA

ce Meters

Y,

Lighting Handbook. Eighth Edition, ed. Mark S. Rhea (Illuminating Engineering Society of North
America, New York, 1993)

Y. Ohno and Y. Zong, Establishment of the NIST Flashing-Light Photometric Unit, Proceedings of
SPIE, Vol. 3140, Photometric Engineering of Sources and Systems, 2-11 (1997)
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2.2 Definitions:

2.2.1 LABORATORY STANDARD PHOTOMETER: A photometer which maintains the primary
standard of flashing light measurements for the laboratory and provides traceability to the NIST

standard.

2.2.2 INTEGRATED ILLUMINANCE: Integrated illuminance, E,, [lux>second (Ix>s), footcandle>second
(fc>s)], is the integral of the instantaneous illuminance, E(t), [Ix, fc], of a flashing light source over

the entire fla

2.2.3 INTEGRATE
the integral @

flash duration, (t, - t;), as given by:

To obtain I, f

D is express
[fcs]. Equat

5h duration, (t, - t1), as given by:

t2
E, = cE(at

t

D LUMINOUS INTENSITY: Integrated luminous intensity, I, [cand
f instantaneous luminous intensity I(t), [cd] of a flashing light sourcg

t

. = gt

L

g

rom E,:

istance fram-the source to the photometer

bd indmeters] when the integrated illuminance, E,, is in [Ix>s], and [f

(Eq. 1)

blassec, (cds)] is
b over the entire

(Eq. 2)

(Eq. 3)

[] when E,, is in
ehave as a point

on s valid only when D is large enough to enable the source to b

source, whene_iluminance is inversely proportional to distance squared. Far strobe

measurements, D must never be less than 2.4 m. A minimum of 9 m is recommended for
laboratory tests
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2.2.4 EFFECTIVE INTENSITY: The concept of effective intensity [cd] of a flashing signal is intended to
represent the luminous intensity [cd] of a steady light source with equivalent visual conspicuity.

The Blondel-

Rey equation defines effective intensity as:

t

Jloat

(Eq. 4)

where:

(-t

The [0.2]int
this documer
Since the pu
omitted from

results by refnoving the uncertainty introduced by variation in determining the pt

xenon strobe

For the purp
candelas (als
Regulations)
flashes. Usu
Reference S
average of a

= Flash duration [s]

ne denominator was derived experimentally under certain experime
t, the equation for effective intensity is based onya simplified Blond
se duration (t,-t;) for a xenon flash is very small*compared with 0.2
the denominator of the effective intensity equation. This will insure)

measurements, the effective intensity, is; therefore, expressed as:

t
I

\ N\
o = =25 X0

t

pses of determining the performance of the anticollision light, I is e
o referred to as effective candelas in other documents, or ecp in 14
The photometer should be capable of measuring a single flash or
hlly, the integral of several flashes is measured and the average res
AE 8017. This procedure recommends that the measurements be
minimum_of 8 flashes.

DVERAGE: An aircraft’s anticollision light system consists of one of

ntal conditions. In
b|-Rey Equation.
s, it may be
more uniform

Ise width. For

(Eq. 5)

xpressed in

| Code of Federal
hveraging multiple
ult calculated.
based on the

more lights which

1fnncify Ir_\affnrn r‘n\/nring 360° hnri7nnfn|l\}/ around-the aircraft and v

ertically over a

specified range. The field of coverage of a strobe light refers to that portion of the entire
anticollision light pattern which must be produced by that light. See Figure 1 for a pictorial

representation of field of coverage.

2.25 FIELDOFC
produce an i
2.3 Conversion Factors:

1 candela (cd) = 1 lumen/steradian
1 footcandle = 10.76 lux

1 footcandle = 1 lumen/foot?

1 lux = 1 lumen/meter?
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‘ ? -
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FIGURE 1 - lllustration of the Field of Coverage of Various Strobe Lights

0° Vertical, 90° Horizontal Photometer Location Shown
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3. LABORATORY TESTS:

3.1

3.2

3.3

3.4

3.5

Scope:

This section describes the required equipment, test procedure, safety precautions and other
information necessary to perform white or red strobe anticollision light measurements in a
photometric laboratory.

Minimum Reqt

a. Calibrated
b. Goniomete
c. Photometri

d. Regulated
Appendix [

iIred Equipment:

photometer for measuring strobe light as described in Appendix A
r for positioning strobe light as described in Appendix B
c tunnel in which light measurements are made described in Apper

power supply to supply electrical power to strobe light system as d¢
D

e. Temperatufe measurement device to read ambient'temperature and temperat

lens
f. Hand tools
Anticollision Li

Determine the
of coverage of
such as its mo
assembly mou
where the wing

voltmeter and other standardaboratory equipment
jht Intensity and Field of Coverage Requirements:

ntensity and field,ef'coverage requirements for the strobe light bein
the light must bg determined relative to some reference feature of t
Linting surface\ Note that in some cases, the aircraft surface to whi
hts changes angular orientation during flight. This is often the case
tip defleets upward during flight. It may be necessary to consider

surface deflection when defining the field of coverage relative to the mounting surf

dix C

bscribed in

ire of strobe light

j tested. The field
ne light assembly,
Ch the light

or wingtip strobes
this mounting

ace of the light.

Safety Consideratt

rat
T

Verify that all safety considerations have been met, as discussed in 1.5. The potential hazards of the
strobe light system include: high temperatures, high voltage, pressurized components, and intense

light.

Test Preparation:

3.5.1 Apply power to the photometer system and allow it to stabilize for at least 30 min. Confirm that all
lenses, filters and optical elements are clean and free from fingerprints as this can adversely affect
the measurements.
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3.5.2

3.5.3

354

3.55

3.5.6

3.5.7

3.5.8

3.5.9

3.5.10

3.5.11

Install the unit-under-test (UUT) onto the goniometer. Position and align the UUT onto the
goniometer such that its total field of coverage can be measured.

Record the laboratory temperature and humidity.

Record the distance from the reference surface of the photometer to the center of the light source
of the UUT. The distance should be as long as possible so that the light source will behave as a
point source (i.e., the illuminance is inversely proportional to distance squared). For this

procedure, afminimum of 9 mis recommended for Taboratory tests. Additionally

instantaneo

Red Lens Tgmperature Dependence Correction: Red glass lenses darken signi
(i.e., transmits less of the Xenon spectrum) with increased temperaturé. See Af
section of the¢ procedure will allow the intensity data taken under-a laboratory co
stabilized lens) to be corrected to be more representative of theé conditions enco
(ambient temperature lens). A clear glass lens may be installed in place of a red
making the nieasurements and a correction factor applied to'the data. When te

red glass len

Install a temperature sensor on the glass lens (i.e5'cover glass, red filter) and rg

temperature.
this procedu

Apply power
accordance

Record the a
horizontal fie
must be at ra
permissible g
the lens to cq

illuminance must lie well within the linear response range of the,p

s, follow the procedure below; otherwise, proceed directly to 3.6.

This location shall remain fixed far“all lens temperature measuren
e.

to the UUT and record the\input voltage and current. The applied {
vith Appendix D.

d of coverage in-20° (or smaller) increments, with a vertical angle g
om temperature (25 °C + 3 °C) during these measurements. Cooli
uring thistést. It may be necessary to power off the unit between of
ol downs This is the measurement of illuminance at room tempera

the peak
hotometer.

icantly

pendix E. This
hdition (hot
untered in flight
glass lens prior to
5ting a UUT with a

cord its
ents called out in

ower must be in

verage integrated illuminance (lens - room temperature) of 8 or more flashes over the

f 0°. The lens

ng air is
ientations to allow
ure.

Once again 4

pply power to the UUT and record the input voltage and current. A

llow UUT to

stabilize for at Teast 60 min. No cooling air is permissible during this portion of the test.

Record the lens temperature, using the temperature sensor location of 3.5.6.

Record the average integrated illuminance (lens - hot steady state) of 8 or more flashes in the
same orientations as in 3.5.8 with the lens temperature stabilized hot. The lens temperature must

be within +3

°C of the temperature recorded in 3.5.10.

-10 -
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3.5.12 Compute the correction factor for each horizontal orientation (vertical angle is zero):

3.6

temperature correction

llluminance (lens - room temperature)

llluminance (lens - hot steady-state temperature)

Intensity Measurements:

(Eq. 6)

3.6.1 Apply power to the UUT and record the input voltage and current. The voltage should be set at the

3.6.2

3.6.3

3.6.4

3.6.5

3.6.6

3.6.7

nominal desi
Allow UUT td

Record the I4
should be wi

Record the a
fields of cove
vertical rang¢
coverage.

As a double

jn voltage for the light. The applied power must be in accordance
stabilize. No cooling air is permissible for strobe lights with red)gla

NS temperature. If measuring a strobe light with a red glass)lens, t
hin +3 °C of the temperature measured in 3.5.10.

verage integrated illuminance of 8 or more flashes over the vertical

rage. Measure in 10° steps over the horizontaldange. Measure in
bs of £30° and every 15° beyond that, if testing-a light with a £75° v,

check of UUT stabilization, once againtmeasure the integrated illun

angular position measured at the beginning of the’test. The two measurements

within the m4
Record the I4
measured in
a white strob|

Calculate the

asurement uncertainty of the measurement equipment.

ens temperature. The temiperature should be within £3 °C of the te
3.5.10 if testing a strobe.ight with a red glass lens. The temperatu
e light.

effective intensity using the recorded distance and illuminance for

orientations as discussediin*2.2. The intensity data should be reported in cande

intensity) in ¢

If the strobe
particular ho

rder to compare the data to 14 Code of Federal Regulations requir

ight. Was measured with a red glass lens, multiply each set of data
izental angle by the temperature correction factor associated with t

vith Appendix D.
SS lenses.

he temperature

and horizontal
5° steps over
ertical field of

inance for the
should agree

mperature
e is not critical for

all angular
las (effective
ements.

collected at a
hat horizontal

angle. For example, ilfumination values recorded at 10 *H, -30 10 30 °V would b
correction factor measured at 10 °H, 0 °V.

e multiplied by the

-11 -
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3.6.8

4. MAINTENANCE

4.1

4.2

4.3

4.4

If a clear glass lens was substituted for a red glass lens prior to testing, multiply all the clear lens
measurements by the transmittance of the red lens. To obtain the lens transmittance, divide the
illuminance measured using a red lens by the illuminance measured using a clear lens for a
particular UUT orientation. The lens temperature during the red measurement must be

25°C = 3°C. The UUT must be in the exact orientation for both measurements, as the intensity of

the source wi

ill most likely vary with orientation.

red illuminance (25 ° £ 3 °C)

1 + £23
rcrrs—oartsrrirarict

white illuminance (same orientation)

This concludpes the laboratory test procedure.

Scope:

This section d¢
information ne
maintenance s

Minimum Req

a. Calibrated
b. Power sup
c. Lab meters
d. Anticollisio

Anticollision Li

Obtain the inte
horizontal ang|
coverage of th

SHOP TESTS:

scribes the required equipment, test procedure, safety precautions
cessary to perform white or red strobe antjcollision light measureme
hops.

ired Equipment:

photometer as described in Appendix |
bly as described in Appendix;D

, tape measure, hand taols

n light holding fixture

jht Intensity Requirements:
nsity that the-strobe light is required to meet in the horizontal plane

e over which the light is required to produce this intensity (the horiz
b light).

(Eq. 7)

and other
nts in

and the total
ontal field of

Safety Considerations:

Strobe light testing is potentially dangerous. Ensure that all safety considerations discussed in 1.5
are met when performing the following test. The potential hazards of the strobe light system include:
high temperatures, high voltage, pressurized components, and intense light.

4.5 Test Preparation:

4.5.1 Assemble and install the necessary measurement equipment and power supply as defined in 4.2.

4.5.2 Locate the strobe light being tested a minimum of 2.4 m away from the photometer and record the
exact distance.

-12 -
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453

45.4

455

45.6

457

45.8

4.6

46.1

4.6.2

4.6.3

Intensity Meas

Make sure that the line of sight between the strobe light and detector aperture is free from

obstructions.

Locate equipment and other objects in the test area to minimize the amount of reflected light

reaching the

photometer.

light in the direction of the photometer.

Verify that if a plate is used to mount the light, that it does not reflect

Clean the lens of the strobe light. Fingerprints or other contaminants on the lens can adversely

affect the me

asurements.

Operate the
elements areg
the measure

Mount the st
a known ang

direction from the light can be measured. Orient the UUT to'the desired horizon
angle. Itis recommended that a vertical angle of zero be used for maintenance

measuremer|

Apply power
nominal desi

Darken the r
photometric
NOTE: ltis
influg

Record the 4
red glass, m4g

bhotometer in accordance with manufacturer specifications. Ensure

clean and free from fingerprints or other contaminants as this;ean

ments.

obe light onto its holding fixture. The holding fixture.sheuld be able
lar orientation relative to the photometer such thatythe intensity in

ts.

gn voltage for the light.
urements:

pbom and confirm that any-femaining ambient light will not interfere
measurements.

not necessary,to-.darken the room if it can be verified that the ambig
bnce the measurement.

verage-integrated illuminance of 8 flashes or more. If the strobe lig
ke the‘measurements with the lens close to room temperature. A I

that all optical
adversely affect

to hold the UUT in
A particular

ital and vertical

shop

to the UUT and record the input voltage and current. The voltage should be set at the

vith the

nt light does not

ht lens is made of
ns temperature of

25°C+3°C

iS'rTecommended.

Calculate the effective intensity based on illuminance and distance as discussed in 2.2 and record
the results. The data should be reported in candelas (effective intensity) in order to compare it to
14 Code of Federal Regulations requirements.

This concludes the shop test procedure.

-13 -
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5. FIELD TESTS:

5.1

5.2

5.3

54

55

551

55.2

55.3

554

555

Scope:

This section describes the recommended practices for making white and red (xenon) strobe
anticollision light measurements on the aircraft. It is recommended that each light which comprises
the aircraft’s strobe anticollision light system should be tested using this procedure.

Minimum Reqt

a. Calibrated
b. Tape meag
c. Aircraft poy

Anticollision Li
Obtain the inte
horizontal ang|
coverage of th
Safety Considg
Ensure that all

the strobe light
intense light. K

iIred Equipment:

portable photometer as described in Appendix |
ure (if distance measurement is not part of portable photometer)
ver source

jht Intensity Requirements:

nsity that the strobe light is required to meet inithe horizontal plane
e over which the light is required to producetthis intensity (the horiz
b light).

rations:

safety considerations have been met, as discussed in 1.5. The po

system include: high temperatures, high voltage, pressurized com
Follow all warnings and Cautions contained in the applicable aircraft

manuals, component maintenance manuals, and test equipment manufacturer ma

Test Preparatiq

n:

Inspect the grea arounddhe light to be tested to make sure that ambient light an

nearby surfa
equipment m

ces will net adversely affect the measurement. Follow recommendj
anufacturer regarding environmental considerations.

and the total
ontal field of

ential hazards of
bonents, and
maintenance
nuals.

i reflections off
ations by the test

Confirm that
obstructions.

i
T

eter is free from

Inspect the general conditions of each strobe light to be tested. The exterior of the lens should be
clean. Fingerprints or other contamination on the lens can adversely affect the measurement.

Inspect the photometer for proper operation. Verify that all the optical elements of the photometer
are clean and free from fingerprints. Fingerprints and other contamination can adversely affect the
measurement.

Verify that the calibration of the photometer is current.

-14 -
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5.6 Intensity Measurement Procedure:

5.6.1 Locate the portable photometer at the same elevation as the strobe light, within the horizontal field
of coverage of the strobe light, at the distance recommended by the photometer manufacturer. A
minimum distance of 2.4 m is recommended. A discussion of measurement distance is given in
2.2.3.

5.6.2 Apply power to the strobe light.

5.6.3 Individual flashes from strobe lights can vary in intensity. Measure the effective [ntensity for a
sample of flashes in a fixed orientation until a representative measurementjis made. Itis
recommenddqd that the average of 8 or more flashes be made. The intensity data should be
reported in candelas (effective intensity) in order to compare it to 14«Code of Fegleral Regulations
requirementg (see 2.2.4).

5.6.4 If the strobe |ight has a red glass lens, avoid allowing the lens to get hot during the measurement,
as this will aglversely affect the data. It is recommended,that the intensity be mgasured with the
lens as closq to ambient temperature as possible. A leps temperature of 25 °C 4 3 °C is
recommendgd.

This concludes the field measurement procedure:

PREPARED BY SAE COMMITTEE A-20, AIRCRAFT LIGHTING
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APPENDIX A

LABORATORY PHOTOMETER REQUIREMENTS

A calibrated photometer, as described below, is the type recommended to measure (xenon) strobe
anticollision lights.

A.1 PHOTOMETER HEAD:

Al1l

Al.2

A.1.3

Al4

Detector:

Silicon photog
(37 decades
instability an

Photopic Filt

The photopig
V(I ) photopi
that will be u

Spectral Res

The photome
closely matc
evaluated by
standard phd
match the re
measuremer

Calibration:

The photome
photometer t

diodes are generally most suitable due to their linearity overéawide dynamic range
, fast response and long-term stability. Selenium cells shal’not bg used due to their

l non-linearity.

1%

r:

filter is used to shape the spectral response ef'the photometer to §imulate the CIE
function. The spectral response shall be,determined with all opti¢al components

ced for the flash measurements in place:

ponsivity:

ter optical system, including.the detector, filter(s) and other optical components, shall
n the CIE V(I') function between 380 and 780 nm. The spectral migmatch can be
calculating the f;" value‘as defined in the CIE Publication No. 69. For laboratory
tometers, f;' shall hewless than or equal to 3.0%. Special attention should be paid to
Eponsivity curve in the red region which is critical for red anticollision light

ts.

tershall be calibrated at a calibration cycle that assures the long-tgrm drift of the
bbe' within 1% between recalibrations. The photometer shall be cdlibrated for

response in lux>second (Ix>s) against the NIST flashing Tight photometric scale or laboratory
standard traceable to the NIST flashing light standards. If the photometer is designed to calculate
and display candelas based on a specified test distance, appropriate conversions must be
calculated and used. The calibration chain shall not exceed one intermediate step between the
photometer being calibrated and the NIST standard. The photometer system shall be calibrated
for measurement of both white xenon strobe and red xenon strobe lights.
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A.1.5 Measurement Geometry:

A.l.6

A.2 AMPLIFIER R

A21

A.2.2

A.2.3

A2.4

The photometer shall be equipped to measure integrated illuminance in lux>s or to process the
integrated illuminance to display candelas (based on test distance) as described in 1.1.4. This is
normally achieved by using a diffuser or a limiting aperture as the input optics of the photometer.
The front surface of the diffuser or the aperture will be the reference plane of the photometer. This
reference plane is used when measuring the distance from the photometer to the strobe source.

If the detectd
considered t

Angular Res
It is desirablg
view so that

photometer K
reflections.

Pulse Respo

The detector|
time of more

Repetition R

The detector|

subsequent flashes occufring more than 600 ms after the previous flash. This ¢

accomplishe

Range:

r/tilter combination I1s used without a diffuser or aperture, the refere
b be the detector plane and shall be clearly marked on the photome

honse:

that the photometer head be equipped with a hood or-have a limitg
hny stray light reflections are shielded from the detector. If a cosing
ead (with no hood) is to be used, great care must be taken to avoic
FQUIREMENTS:

nse:

amplifier combination should.be able to respond to optical energy |
than 1 s, and a pulse duration less than 10 ms.

hte:
amplifier combination should be ready to respond to the next readi

1 automatically or manually by intervention after a given number of

hce plane shall be
ter.

bd angular field of
-corrected
| ambient

bulses with a rise

ng or ignore
puld be
flashes.

The measurement system must be able to handle charges produced by the optical detector over
the range for which it is designed. A range of 5 to 10,000 cd is recommended for maximum

versatility. Note that different test distances may be required to cover this range. Narrower limits
of coverage may be acceptable for some applications.

Thermal:

The system must be able to operate within laboratory temperature specifications outlined in C.2.1.
The range of operating temperature must be included in the determination of uncertainty.
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A.2.5

A.2.6

A.2.7

A.2.8

A.3

A4

Background Rejection:

The laboratory tests should be conducted in a darkened laboratory. Darkening the laboratory is
optional if the photometric system is able to subtract the effect of ambient light, and display only the
flash component. This subtraction capability should be effective for the entire integrated interval
between flashes.

Signal Proce

ssing:

Signal proce

5sing may be analog or digital with a user readout resolution equat

0.5% throughout its measurement range.

EMI:

Electromagn
supply shoul
detector with
system shall

Averaging:

btic interference caused by electrical radiation fromythe flash lamp
I produce a negligible result in the final readout:{This can be check
an opaque, non-metallic material to measure\the EMI component
be shielded from broadcast sources of radio frequency energy.

The system must be capable of either computing the average of, or integrating,

DESIGN CON
Choice of elec
overload prote
(ESD) suscept
standards or r¢

LINEARITY Of

The photometsd

SIDERATIONS:

ronics is optional; however, power supply regulation, short circuit p
Ction are to be incorporated in the design. In addition, Electrical St4
bility to any of the input or output connector pins should conform to
pquirements,

- PHOTOMETER SYSTEMS:

risystem, consisting of the photometer head and amplifier, shall be|

lo or better than

r flash power
bd by blocking the
eparately. The

B8 or more flashes.

rotection, and
tic Discharge
the prevailing

linear to within

+2% throughout its entire measurement range which is recommended to cover 5 to 10,000 cd. Note
that more than one test distance may be required to cover this range. Narrower limits may be
acceptable for some applications. The linearity can be checked using a calibrated neutral density
filter (e.g., 10% transmittance) and a white xenon strobe light. The photometer reading should be
reduced by the same percentage as the transmittance of the filter. If the reading does not decrease
by the correct amount, saturation is generally the cause. For highest accuracy of this linearity
measurement, an additional photometer system can be used to monitor and correct for the variations
of intensity between flashes. The photometer response shall also be consistent to within £2% for
strobe light sources having a pulse duration ranging from 0.1 to 10 ms.
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APPENDIX B
GONIOMETER EQUIPMENT

B.1 GONIOMETER REQUIREMENTS:

B.1.1

B.1.2

B.1.3

B.1.4

B.1.5

B.1.6

Description:

A goniometer (Figure B1) is a mechanical device which is designed to provide precise angular

positioning o[ the unit-under-test (UUT) about two perpendicular rotational axes
o0 position the UUT such that the vertical and horizontal intensity, di

will be used
measured.

Angular Req
The goniome
The azimuth
elevation axi
Engineering

Angular Rep

The angular

Angular Accyracy:

The angular

Orthogonality:

The two axis

Structural Ri

Lirements:

ter is configured as azimuth rotation over elevatiany(Type A) as shq
axis of the goniometer must be able to rotate ohe complete 360° re
5 must be able to rotate £90°. More information can be found in “T}
Society Handbook”.

batability:

pccuracy of each axis.of the goniometer must be within £0.1° at the

of the geniometer must be orthogonal to within £0.1°.

jidity/Holding Torque:

The goniometer
stributions can be

wn in Figure B1.
volution. The
ne llluminating

epeatability of each axis of the goniometer must be within £0.1° at the mounting plate.

mounting plate.

Each axis of

the goniometer must be rigid and have sufficient holding torque to maintain the
specified angle within £0.1° in any orientation.

B.2 GONIOMETER MOUNTING FIXTURE:

B.2.1

Description:

The unit-under-test (UUT) shall be mounted on the goniometer using a fixture or mounting plate.
The fixture should hold the UUT rigidly in place, and have adequate clearances to allow rotation of
the UUT over the specified horizontal and vertical fields of coverage.
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B.2.2 UUT Location and Alignment:

The location/angular orientation of the UUT on the mounting plate should be accomplished using
alignment pins, fixed edges or other means to insure that the UUT can be removed and reinstalled
in the same location/orientation. The alignment uncertainty between the UUT and mounting plate
shall be less than £1.0° in each axis.

-20 -



https://saenorm.com/api/?name=8754194e91f0138e28d8e3f3b96d7d5e

SAE ARP5029

Pvation

Type A Goniometer

FIGURE B1 - Type A Goniometer

-21 -



https://saenorm.com/api/?name=8754194e91f0138e28d8e3f3b96d7d5e

SAE ARP5029

C.1

Cl1

C.1l.2

C.2 AMBIENT COI

C21

C.22

APPENDIX C
PHOTOMETRIC LABORATORY

LABORATORY LAYOUT:

The photometric laboratory generally consists of a darkened tunnel with a goniometer located at one
end, and a photometer at the other end. One example of a photometric tunnel is shown in Figure C1.
Baffles are placed at various locations along the line of sight between the goniometer and

photometer to prevent stray light from reaching the photometer.

Wall/Floor C

The walls an
equivalent) t

Baffles:

Each baffle i
photometer.
order to refle

light from thg
the amount @

Temperature
The laborato
Temperature

Large tempe
measuremer]

patings:

d floor coatings of the photometric laboratory shall be non-reflective
b reduce light from reflecting off these surfaces and reaching the ph

hcludes an aperture to allow direct light from the UUT to pass throu
The edge of the baffle where the aperture'is cut should be reduced
ct a minimum amount of light. The baffle should not block any port
UUT to the photometer. An adeguate number of baffles should be
f reflected light reaching the detector head.

ts-taken over long distances. For this reason, the air in the photom

(flat black or
otometer.

gh to the

to a sharp edge in
on of the direct
used to minimize

NDITIONS:

and Humidity:

[y temperature shall be 25 °C + 5 °C, with relative humidity of 80% pr less.
Gradients:

raturelgradients and turbulent air can cause fluctuations in luminous intensity

btric lab should be

of uniform temperature. Extreme temperature differences in any of the tunnel surfaces should be

avoided.
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FIGURE C1 - Typical Photometric Tunnel
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APPENDIX D

LABORATORY POWER REQUIREMENTS

D.1 LABORATORY POWER REQUIREMENTS:

D.1.1 Scope:

This appendix applies to 115 V AC (rms) 400 Hz and 28 V DC power supplies, for testing

anticollision Ijghts in the Taboratory.
D.2 115V AC SYSTEMS:

D.2.1 Voltage and Frequency Characteristics:

The voltage and frequency characteristics of the 115 V AC supply are shown in [fable D1.

TABLE D1 - Electronic Power Supply-Characteristics

Definition Voltage V AC (rms) Frequency, Hz

Maximum
Nominal
Minimum

117.3 404
115.0 400
11277 396

D.2.2 Grounding:

A three-wire AC power system shall be used. The third wire (ground) shall be attached to the
chassis of the power supply; unless otherwise indicated by the manufacturer. This chassis ground

shall be a low-impedancé path to earth ground.

D.2.3 AC Current imiting:

The lab powersuppty shattbeconnectedtothe BT throughacurrent=timitingdevice such as a
circuit breaker or fuse. The power supply and breaker shall be capable of supplying sufficient
current to power the UUT, including inrush current.

D.2.4 Transformers:

Isolation or autotransformers may be used in accordance with manufacturer's specifications and

the specifications herein.
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D.3 DC POWER SUPPLIES:

D.3.1 Electrical Characteristics:

The DC power supply shall have the characteristics specified in Table D2 and Figure D1:

TABLE D2 - DC Power Supply Requirements

Definition Voltage, DC
Maximum 28.8
Nominal 28.0
Minimum 27.4
D.3.2 Voltage and Frequency Characteristics of DC Ripple Voltage:
Figure D1 shows the maximum allowable ripple voltage over the frequency range of 0.01 to
1000 kHz.
WE DC Supply Maximum Ripple Voltage
- \
E 100 \
> \
E AC.
g7
\
£
2 Ls \
\
oot 0.1 1 10 100 1°10

Frequencyi
Frequency - kHz

FIGURE D1 - DC Supply Maximum Ripple Voltage
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APPENDIX E
CHROMATICITY AND TRANSMISSION PROPERTIES OF

SHARP-CUT RED FILTER GLASS AT ELEVATED TEMPERATURES

David A. Dutt and David Fox
Kopp Glass, Inc., 2108 Palmer Street, Pittsburgh, PA 15218

Prepared for the SAE A-20B and ARP5029 Task Group Meeting, Feb. 21-22, 1996

The use of colored dignal glasses in traffic signaling and warning applications is commg
domestically and intgrnationally. In many applications the glass temperature is eleyatec
conditions or operation with a high power illuminant. The change in chromaticity-of colo
elevated temperatures is important to understand in order to accurately desigf’a lightin
predict the optical pgrformance of the unit. All colored glass filters change eolor, to som
increasing temperatiire; however, this monograph will concentrate on the'changes evide
filter glass produced|by changes in glass temperature. The scope of this paper is to quar
the changes in chromaticity and photopic transmission induced by elevated glass tempg

relate this informatio

Chromaticity and Transmission Properties

The color and transn
incandescent source
(photopic) transmissg
functions of tempera
Stone is shown in Fi
glass temperature is
in photopic transmis
entire transmission (
The shift of the curv
decrease in the amo
the shift in transmiss

n to the considerations of anticollision lights currently undertaken b

nission properties of sharp-cut red filter glasses coupled with CIE illy
) were described in 1955 by Leberknight and Stone (see Referencq
ion and chromaticity coardinates of six sharp-cut red filters were dg
ture in the range 78 to,500 °F. A sample of the data collected by L
jure E1. The photaopie transmission of a red filter glass decreases ¢
increased. The tfahsmission profiles plotted in Figure E1 indicate w
5ion is observed.at elevated temperatures. As the filter temperaturg
urve is shifted to longer wavelengths and the maximum transmissi
b to longer\wavelengths is visibly noticeable as a change to a deep
unt of light transmitted through the glass. In terms of the 1931 CIE s
ionprofiles will decrease the photopic transmission and decrease {

n both

| due to external
red signal glass at
j system and to

b degree, with

nt in sharp-cut red
titatively describe
bratures and to

y this task group.

iminant A (2856 K
2 1). The visible
termined as
bberknight and
ramatically as the
hy such a change
b iS increased, the
bn is decreased.
er red color and a
tandard observer,
he y chromaticity
re reversible. As

value. Changesint

he-transmission profile induced by an increased filter temperature g

long as the filter temperature remains well below the glass strain temperature, the original room
temperature transmission profile is restored simply by cooling the glass to room temperature again.

The photopic transmission versus absolute glass temperature data for the six red filters examined by
Leberknight and Stone is summarized in Figure E2. The upper three photopic transmission curves have a
nearly linear dependence with temperature; however, the lower three curves show signs of curvature at
higher temperatures. All the photopic transmission curves monotonically approach zero at elevated
temperatures. Although the changes in photopic transmission are not strictly linear functions of
temperature, the family of curves shown in Figure E2 are useful in predicting the behavior of red filter
glasses at elevated temperature. One small annoyance with the six discreet curves in Figure E2 is that
interpolation may be necessary for filters having photopic transmission values which fall between two

curves.
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By changing the x-axis of Figure E2 from an absolute temperature to a temperature difference, a single
photopic transmission versus temperature difference curve can be constructed to remove the annoyance
of interpolation. Beginning with the 56.5% filter curve in Figure E2, the 45.7% filter curve can be shined
upwards 214 °F to become appended to the 56.5% filter curve. As such, the two curves become one
curve with the x-axis representing a temperature difference rather than an absolute temperature. In a
similar fashion the remaining four curves can be shifted in temperature until one united curve is obtained.
Using the data from Leberknight and Stone (see Reference 1), a curve of this type is shown in Figure E3.
The solid squares represent the data from Reference 1 and the solid line represents a least-squares fit to

an arbitrary mathematical function.

The data in Figure E
temperature. If the i
transmission of the

example, suppose a
during operation will
the photopic transmi
filter transmission pr
transmission increas

The data in Figure E
properties for particy
red filter glass with g
with other illuminant
lamp and a represer
difference curve can
model spectroradion
published in the IES
was obtained from &
UV4 spectrophotom
observer, were calct
commercial spreads
transmission profile
difference axis, the ¢

3 can now be used to find the shift in photopic transmission of any:s

itial photopic transmission and temperature of the filter are knewn,
Iter at some elevated temperature can be determined from'the gra
filter at 70 °F has a photopic transmission of 50% and suppose the
be 270 °F. By shifting upward 200 °F on the curve from the 50% tra
ssion at 270 °F can be estimated to be 39.5%. Because of the rever
pfiles described earlier, the data in Figure E3 can also be used to c
es for filters operating at reduced temperatures.

3 have proven useful to engineers needing to determine the proper
lar applications involving incandescent illuminants. However, the 1
n incandescent source illustrated in“Figure E3 also applies to red fi
5, such as xenon flash lamps. By, using the measured spectral outp
tative sharp-cut transmission_profile, a photopic transmission versy
be calculated. The output.ef a xenon flash lamp was measured ug
heter. The measured speetral intensity data compares well with xen
Reference Guide 2. VA representative sharp-cut red filter glass tran
Kopp code 6150(ilter glass of 0.200 in thickness and was measurg
bter. Chromaticity and photopic transmission values, based on the (
lated for a,standard C1E A (2856 K) and the xenon flash illuminant
heet program. Changes in filter temperature were simulated by shi
by fixed-wavelength intervals. In order to plot the resulting data on
atawere connected with the data in Figure E3 by matching the pho

values of the calculgted)and experimentally measured CIE A data and plotting the xeno

harp-cut filter with
then the photopic
bh. As an

filter temperature
ANsmission point,
sible nature of the
alculate photopic

filter transmission
atural property of
ter glass coupled
it of a xenon flash
s temperature

ing an EG&G

bn flash lamp data
smission profile

d using a Unicam
CIE 1931 standard
using a

fting the entire

a temperature
fopic transmission

n flash lamp value

at the same relative

temperature location. The resulting data Is shown In Figure E4.

There are two characteristics of the data shown in Figure E4. As is the case for the curves in Figure E3,
the photopic transmission of red filter glass coupled with a xenon flash lamp monotonically approaches
zero with increasing temperature difference. The shape of the curve is also nonlinear. Secondly, the
photopic transmission of the red glass coupled with a xenon flash lamp is lower than that for the same filter
coupled with an incandescent source (CIE A 2856 K). The spectral intensity of the CIE A source has a
maximum in the red spectral region while the spectral intensity of a xenon flash lamp has a maximum in
the blue spectral region. Since the photopic transmission is the ratio of light transmitted with the filter to
light transmitted without the filter, and the CIE A source emits most of its light in the red spectral region, the
red glass filter coupled with the CIE A source will have the highest photopic transmission.
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Although the data in Figure E4 is useful in a general application, the data for the xenon flash lamp can be
extended to provide further insight into the nature of chromaticity and photopic transmission changes with
the operation of certain anticollision lights. The solid line in Figure E5 shows the y-value versus photopic
transmission for sharp-cut red filter glass coupled with a xenon flash lamp. The y-value data was
determined using the same theoretical calculation previously described. The individual data points plotted
on the curve are from experimental measurements of a red anticollision lens with a xenon flash lamp. The
agreement between the experimental data and the theoretical curve is good, but the calculated curve
gives a slightly more conservative estimate of the photopic transmission. For an anticollision light using a

xenon flash lamp, th
y = 0.350 is 20.8%.

The decrease in phda
using data plotted in
chromaticity range.

one axis of a red antjcollision lens. The point labeled END is experimental data measurg
ticollision lens after continuous operation for 30°min. At a temperafure of 133 °F the

axis for the same an
photopic transmissig
in photopic transmis
the use of the calcul
applications.

Anticollision Light C

The temperature of

lighting unit. The d

transmission) is stro
some reference tem
effective output of a
variations in the tran
operating lens.

Glass manufacturers

e maximum photopic transmission which can be predicted for a chr
This estimate assumes room temperature (70 °F) operation.

topic transmission due to operation at elevated temperature/can ng
Figure E6. The solid curve is data from Figure E4 expanded to cov
[The point labeled RT is room temperature (70 °F) experimental dat

n has decreased from 23.6% to 20.4%. As the'experimental data s
sion was well predicted using Figure E6. Therefore, the experimen
ated photopic transmission versus tempégrature difference curve in

pnsiderations

n anticollision light lens is.a-complicating factor in determining the g
a shown in Figure EG6 indicate that the output of a lens (as deluded
ngly related to the temperature difference between the operating te
berature. Althougdh)it is possible to determine a scaling factor for ¢4
lens operating atan elevated temperature, the scaling factor can by
smission within a group of lenses and temperature distributions wit

5 reguire a working tolerance in order to economically produce lens

tolerances account fof-variations in surface quality, internal color homogeneity and wall

bmaticity of

w be estimated

er the aviation red
A measured along
bd along the same

how, the decrease

tal data validate

bractical

utput of the entire
by the photopic
mperature and
llculating an

b confounded by
hin a single

bs. The working

thickness.

Generally the tolerance observed is at least 4 to 5%. From the example given above the maximum
allowed photopic transmission for an anticollision lens, the working tolerance would generally be 20.8 to
16.8%. Tighter tolerances could be requested, but would result in lower yields and higher final cost.
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The second complicating factor, and the most important, is the temperature variation realized in an
operating lens of asymmetric geometry. In general, the temperature of a lens will be inversely proportional
to its distance from the light source. The closer the glass is to the source, the higher the glass temperature
will be. The external temperature profile measured for an elliptically shaped anticollision light with a xenon
flash lamp is diagrammed in Figure E7. The lens was operated continuously in a room temperature

(72 °F) laboratory for 30 min. Since the lamp was located in the center of the ellipse, the temperatures
measured along the minor axis are higher than those measured along the major axis. The maximum
temperature difference is 56 °F (31 °C). From the data in Figure E6, a temperature distribution of this

magnitude will prody
single lens.

Based on a glass m4g
anticollision lights w
would be developed
photometric levels.

temperature distribu
easily transferred to
operating temperatu
much easier and les
the test data from ez
evident when the tes
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ce a significant variation in photopic transmission, and therefore ol

inufacturing background, the optimum specification for phatemetric
buld be developed to be met at operating temperature. <The optimu
using the glass property data as a background to determine the pr
n this way any scaling problems associated withmanufacturing tol

practical measurements for fixtures mounted-on the aircraft. Some
re specification will need to be determined,or assumed, but our opi
5 time consuming to rewrite the specification for testing conditions

iIch laboratory measurement to a defined reference temperature. T
ting procedure is transferred to practical airfield or in situ measurer

and G.E. Stone, "Colorsand transmission properties of sharp cut-o
eratures.”
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COLOR ANALYSIS

Description of Sample SPECTRAL TRANSMISSION

Fig. 1
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FIGURE E1 - Spectral Transmission of KOPP Red Filter at Various Temperatures
-30 -



https://saenorm.com/api/?name=8754194e91f0138e28d8e3f3b96d7d5e

SAE ARP5029

Photopic Transmission (%) vs. Temp.
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FIGURE E2 - Photopic Transmission (%) versus Temperature, CIE Squrce A
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Photopic Transmission vs. Temp.
CIE Source A (2856 K)
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FIGURH E3 - Photopic: Transmission (%) versus Temperature Difference, GIE Source A
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IGURE E4.Photopic Transmission (%) versus Temperature Differ¢nce,
CIE Source A and Xenon Flash
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y-Value vs. Photopic Transmission
Xe Flash Lamp
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FIGURE E5 ~yValue versus Photopic Transmission for Xenon Flash|Lamp
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Photopic Transmission vs. Temp.
Xe Flash Lamp
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FIGURE E6 - Photopic Transmission versus Temperature for Xenon Flash Lamp
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