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SAE Information Report
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Report of the Lighting Committee, approved August 1982. Rati

1. Scope—The purpose of this information report is to list and explain
major equipment, instrumentation, and procedure variables which can
affect inter-laboratory differences and repeatability of photometric mea-
surements of various lighting devices listed in SAE Standards and Recom-
mended Practices. The accuracy guidelines listed in the report are for
the purpose of controlling variables that are not a direct function of
the lighting device being measured. The control of these individual varia-
bles is necessary to control the overall accuracy of photometric measure-
ments. These accuracy guidelines apply to the measurement of the lumi-
nous intensities and reflected intensities of devices at the specified
geometrically distributed test points and areas. These guidelines do not
apply to photometric eqmpment used to measure llcense plate lamps

2. Use of Guidelines—Ih mitg : hi
report are intended as a reference gunde to photometnc laboratones of
various accuracy parameters to help maintain correlation of photometric
measurements between laboratories. The guidelines are not intended as
specifications to be appljed to all photometric equipment, test fixtures,
and measurements. Actupl photometric performance of various functions
and the designs of lightinig devices and test fixtures may vary considerably.
The use of the guideline information in this report as rigid specifications
applied to all types of photometric measurements would be impractical
and in some cases would result in equipment with unnecessary accuracy
restrictions. These guide]ines should be used to aid the photometric labo-
ratory in the awareness of the major variables and to provide information
on equipment, instrumentation, and procedure accuracies which may af-
fect overall laboratory differences and repeatability.

3. Accuracy Guidelines

3.1 Test Fixtures

3.1.1 Device PosrtioyiNG—The lighting device to be photometered
should be mounted on j rigid test fixture in a position corresponding
to the designed nominal|operating position of the device on the vehicle.
For devices designed for|a specific vehicle, the designed nominal position
should be determined from the vehicle manufacturer’s specifications. For
devices designed for multiple vehicle use, the designed nominal position
should be determined ffom the device manufacturer’s specifications_or
instructions. Multiple use devices should be tested in each position in
which they are designed for use, or the equivalent, by mathematically
translating axis angles and test points.

One of the factors which can significantly affect the device.mounting
attitude is the torque uded to fasten the device to the (test*stand. This
is particularly important| when the device floats on a compression type
gasket. Mounting torqugs should be specified for_ alhdevices, and these
torques should be suffidient to compress the specified gaskets so that
“floating” of parts does|not occur, unless certain-parts are so designed
as a means of absorbing|shock and vibration.

3.1.2 Test FIXTURE PpsITIONING—Numerous factors affect the ability
of the test fixture to pgsition the tesf device in its designed nominal
position. Some of these [accuracy factors are the rigidity and flatness of
the base, the rigidity of the test fixture structure, and the length of the
machined alignment edge or the spacing between alignment pins. Each
test fixture should be built from a‘manufacturer’s test fixture design stan-
dard to minimize these erfors: One suggested example of a test fixcure
design guide is shown ik : ! ths—
be equally satisfactory (for example specnallzed ﬁxtures for sealed beam
units) if they provide proper positioning accuracy.

3.1.3 PosrrioNING ToLERANCE—Tolerance guidelines for positioning
the test device are listed below.

3.1.3.1 Lighting Devices Except Headlamp Units—The tolerance for posi-
tioning the device in the test fixture should be +0.1 deg in each axis.

3.1.3.2 Headlamp Units—The positioning of headlamp units is gener-
ally more critical than other lighting devices. The tolerance for positioning
of headlamp units in the test fixture should be +0.05 deg in each axis.

3.2 Measurement of Spatial Distributions of Luminous Intensity—
The photometric test point patterns specified in the SAE technical reports
are based on measurement of luminous intensity as a function of angle
when using a Type A goniometer (as shown in Appendix B and recom-
mended in SAE ]J575) to position the device with the configuration of
horizontal rotation over elevation. The other goniometer configuration
is elevation over horizontal rotation (Type B). The use of a Type B go-
niometer configuration may require the use of a conversion table as given
in Appendix B. Methods other than a two axis goniometer, as described

above, may be used. For example, a fixed test device with fixed photometer
sensors mounted at every specified test point at some suitable distance,
or other configurations of fixed and/or moveable sensors may be used.
It should be noted that specified luminous intensity maximums or values
between test points cannot be measured using sensors at fixed test points.

3.2.1 PosITIONER AcCURACY DETERMINATION—The accuracy of posi-
tioners or goniometers used to measure spatial distributions of luminous
intensities can be determined by using a checking procedure such as
outlined in Appendix C.

3.2.2 PosrTioNER TOLERANCES—The repeatability of photometric mea-
surements stated as a percent difference between laboratories when mea-
suring the same dev1ce cannot be solely determmed as a function of the

ne : erFor example, a difference
ill result in no difference

of 0.1 deg due to mountmg/ posmoner accuracy
between measurements (other factors being{equa) if the light distribution

is uniform and does not vary significantly. with angle in the area of interest.
On the other hand, if the area of interest is inja high gradient (rate of
change of luminous intensity with angle), one system may, for example,
measure 500 cd and another system with a difference of 0.1 deg may
measure 550-600 cd. The percent difference between the two measure-
ments could then be 10-20%_even with the small orientation difference.
This example demonstraies that it is not possible to state a specific accu-
racy for a photometric measurement system as a fyinction of angle accuracy
alone, as both the positioner angular accuracy ar{d the luminous intensity
gradient are involved.

Two axis goniometers are available with accufacies of +0.05 deg and
with a resolution‘of +0.01 deg. However, in moft photometric measure-
ments, a positioner system accuracy deviation of 0.1 deg with a resolution
of +0.03 deg is considered adequate. (See paragraph 3.1.3.2 above.)

3.3 Power Supplies—Unless otherwise spegcified, a regulated DC
powersupply should be used for all photomefric measurements. The
following are suggested specifications for the DC power supply:

3.3.1 LiNe REGULATION—X0.1%

3.3.2 RIPPLE AND NoI1SE—{.4% maximum

3.3.3 StaBILITY—Any power supply that remains stable within £0.1%
during the photometric measurement period is fatisfactory.

3.4 Voltage Measurements—A 414 digit digital voltmeter (DC) with
a 10 meg ohm minimum impedance and with 3gn accuracy of 0.05% of
the reading is recommended for measurements ul to at least 20 V. Voltage
measurements should be taken as close to the device input terminations
as practicable.

3.5 Current Measurements—A 4% digit digital voltmeter reading
the output of a precision current shunt is recommgnded for measurements
up to 100 W. The size of the shunt should be syfficient to prevent error
due to excessive heat loading. The minimum [accuracy of this system
should be 0.09% of the value of the current bejng measured.

3.6 Accurate Rated Bulbs—Unless otherpise specified, accurate
rated bulbs should be used for all photometric measurements. When
applicable ratings are available, these bulbs should be rated at the current
to produce the designed luminous flux (lumens) jor mean spherical inten-
sity (candela) in the attitude in which they are ifitended to be used with
respect to gravrty (an)l atntude for vacuum bu bs). Yellow glass bulbs

flux. Because there are several ﬁlament parameters in addition to those
controlled in accurate rated bulbs such as coil length, pitch, diameter,
and color temperature, some lighting devices may produce significantly
different luminous intensity measurements with two different accurate
rated bulbs, particularly lighting devices with exceptionally short focal
lengths. The light source should be allowed sufficient warmup period

“for the luminous flux to stabilize. Yellow glass bulbs should also have a

sufficient warmup period for any color change to stabilize.
3.7 Sensor/Photometer System

3.7.1 Coror RespoNse—The spectral response of the photometer sen-
sor system should be such that color corrections in the yellow color being
tested are less than 2% between the yellow-green limit and the yellow-
red limit. Likewise, the red correction should not exceed 3% from the
red-yellow limit to medium red. One method to determine this color
response requires a 2856°K (C.LE. Illuminant A) standard lamp and a
set of at least four glass color filters calibrated for transmittance at 2856°K.
Suggested filters are:
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Chromaticity Coordinates
Color Region X y

0.56 0.44

SAE Yellow-Green Limit Area

SAE Yellow-Red Limit Area 0.61 0.39
SAE Red-Yellow Limit Area 0.67 0.33
Medium Red Area 0.69 0.31

In addition, blue filters can be used to check the blue response such as
ones with 2856°K chromaticity coordinates of approximately x = 0.16,
y = 0.13; and approximately x = 0.12, y = 0.30.

Other methods for determinations of color response are acceptable.
For example, a calibrated filter may be used whose color matches the
color of the light emitted by the device(s) being measured.

3.7.2 RaNGE LINEARITY—The linearity of the sensor/photometer sys-
tem should be verified at least over the range of luminous intensities
used for the specific type of device being measured. A deviation from
linear response over the range from the calibration level to the extreme

of Standards or other national laboratories, or by comparison to other
like calibrated instrumentation. Records of these checks should be main-
tained by the laboratory.

3.8.2 SENsOR/PHOTOMETER SysTEM—The system should be checked for
color response and linearity (see paragraphs 3.7.1 and 3.7.2) at least
annually. Records of these checks should be maintained by the laboratory.

3.8.3 StanDARD LamPs aND BuLBs—In addition to the annual recalibra-
tion, operating time records should be kept on standard lamps, calibrating
lamps, and accurate rated bulbs. Secondary and working calibrating lamps
should be recalibrated or replaced at the interval recommended by the

calibrating laboratory.

3.9 Environmental Variables—The following environmental varia-
bles should be controlled so that their effect on photometric measurement

accuracy is minimal.

3.9.1 TEMPERATURE AND Humiprry—Temperature and humidity can
have a significant influence on electrical and photometric measuring in-
strumentation. Unless special steps have been taken to negate the effects

of these factors, such as temperature control (o

luminous intensity valug measured should not exceed 2.5%. Measure-
ments made over a nagfrow range of intensities should have a smaller
deviation from linear refponse.

3.7.3 PHOTOMETER SENSOR APERTURE SizE—Since photometric mea-
surements are allowed 3t various distances with different lighting device
functions, the area of the photosensor aperture determines the inter-
cepted solid angle of the light flux at the measured test point. Use of
large diameter photodetectors should be avoided at shorter measurement
distances. Unless otherwiise specified, the actual effective area of the sensor
used for making the ph¢tometric measurements should fit within a circle
whose diameter is apprgximately 0.009 times the distance from the mea-
sured light source to the sensor. A 0.009 ratio is equivalent to a solid
angle formed by a radiis of 0.26 deg. At test distances greater than 5
or 10 m it is common practice for sensor areas to be considerably smaller
than the 0.009 maximufn. Unless otherwise required, a minimum size s
not specified for a sensor; however, some differences in measurements
due to large differences|in sensor sizes may be experienced, particularly
in areas of high luminops intensity gradients.

3.7.4 PuoTOMETER SKSTEM CaLiBRATION—The preferred method of
photometric calibration|is with z calibrated photometric standard lamp.
When a calibrating lamp is used for the procedure, it should be calibrated
using standard lamps df a high order of accuracy and be traceable to
the National Bureau of $tandards or other qualified laboratories, through
no more than four steps| A minimum of three photometric standard lamps
or calibrating lamps shoyld be maintained by the testing laboratory. These
lamps should be intercpmpared periodically and records -of the results
maintained by the laboratory.

3.8 Instrumentatign Calibration—Maintenance of ‘instrumentation
accuracy is necessary fgr the photometric laboratory to make measure-
ments with consistent precision. The following are-récommendations of
calibration intervals on [various instrumentation and standards:

3.8.1 ‘GENERAL INSTRUMENTATION—AIl instrumentation including volt-
meters, current shunts, [standard lamps, and accurate rated bulbs should
be recalibrated at least dnnually by comparison with standards of a higher
order of accuracy whosp calibration-is‘traceable to the National Bureau

midity protection on the sensors and amplifiers,
should be maintained at a calibrated room temp,
temperature and humidity range so as(not’to
on the instrumentation. Typical acceptable tol
maximum of 80% relative humidity-_Large te
turbulent air can cause fluctuations in luminou
over long test distances of 20 m\or/more. Unifq
be maintained in long, enclosed photometric
high concentrations of smoke or dust in the atmo
results.

3.9.2 ConbrrioNiNG, PERIODS—Injection mold
nents may tend to’' change dimensionally after m

r compensation) and hu-
the photometry test area
erature within a sufficient
have a significant effect
Frances are *5°C and a
nperature gradients and
intensity measurements
rm temperatures should
bes or tunnels. Likewise,
Ephere may also influence

ed plastic optical compo-
plding. Final critical pho-

tometric measurements should be made after {he parts have stabilized.

Similar precautions should be taken with devices
to extreme temperatures or humidities in shipp
mum accuracy and repeatability, parts should be
tory environment for a minimum of 24 h, imm
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APPENDIX A
TEST FIXTURE DESIGN (

To assist the photometric laboratory in using

graph 3.2.1), an example of a test fixture des

, [lluminating Engineer-

ide to Photometry.
b5—I.E.S. General Guide
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est fixtures which control

the main factors influencing the overall posilixgl'ilng accuracy (see para-

Other designs, suitable for specific devices su
or for multipurpose use, and sufficient to pr
accuracy, may be equally satisfactory.

is shown in Fig. A-1.
th as sealed beam units,
vide proper positioning
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MOUNTING SURFACE TO POSITION LAMP

IN “INSTALLED BODY POSITION"

"V NOTCH REQUIRED
TO LOCATE MULTIPLE
BULB FOCAL POINTS
SCRIBE LINE (AFTER
PAINT) PERMISSABLE
IF INSUFFICIENT
SPACE FOR NOTCH

NOTE: INCLUDE OTHER LEGENDS AND DIMENSIONS
N.

AS SHOW
NOTE: C/L = ¢ OR CENTERLINE

INDEXING HOLES ARE NOT SHOWN IN TOP DRAWINGS.

NOTCH FOR FOCAL POINT
HEIGHT LOCATION

FOUR HOLES REQUI"ED FOR
MOUNTING FiIXTURE ON
VIBRATOR TEST TABLE

FIXTURE NUMBER AND LAMP

BRACKET UNDER 51.0
MAY BE CONTINUOUS
WELD

7.0 DIA. INDEX HOLE

ATE REAR OF VEHICLE

45 DEGREES
CORNERING LAMP ONLY

&

\/
N

NOTCH 3 PLACES ON BASE ON BASE PLATE
PLATE AS SHOWN TO LOCATE
EDGEOF BASE PLATE
FOCAL POINTS PARALLEL TO ¢ OF
VEHICLE AND MARKED
DIMENSIONS SHOWN IN mm
TOLERANCE ON DIMENSIONS TQJBE 0.5 mm.
TOLERANCE BETWEEN ALL HOLES WITHIN A GROUP
10 BE + 0.25 mm.
WELD LENGTHS AND'SPACINGS SHOULD BE SUFFICIENT
TO PROVIDE RIGIDITY AND NOT RESULT IN WARPAGE.
MATERIALLTHICKNESS: BASE 3.0 mm FOR HEAD LAMP
ONLY, STRUCTURE 2.5 mm
FIXTURE TO BE SUFFICIENTLY RIGID TO PREVENT
DISTORTION DURING VIBRATION.
VIBRATOR MOUNTING HOLES ARE NOT SHOWN
IN THE BOTTOM DRAWINGS. .
FOCAL P0|rr
GONOMETER TRDEXING /[
HOLES AND SLOTS AT
SPECIFIC LOCATIONS.
ALTERNATE LOCATION
FOR INDEXING PIN
6.0
8 DiA. INDEXING PIN
N — . .
7.0 X 8.0 SLOT p—— YT,
e 150.0 % .5 =i

FIG. A-1—LAMP TEST FIXTURE DESIGN
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