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II. Test Procedure

In practice, the photometric tests were conducted as
follows: A lighting component, (such as a tail lamp), was
mounted unto a test fixture built to simulate the component's
orientation in its designated vehicle. The original bulb was

1

Figures in brackets indicate the literature references at the
end of this paper.
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replaced with another bulb calibrated 2 in accordance with
techniques specified in the SAE Lighting Standard [3]. Then,
the fixture with the lamp was mounted on a goniometer with
two angular degrees of freedom. The goniometer could be

indexed ten degrees of arc from the normal in the vertical,
and twenty degrees of arc from the normal in the horizontal
plane. A photoelectric detector, facing the assembly from
100 feet away, and the associated electronic equipment com-
pleted the experimental setup.

FMVSS No. 108 [1] requires the measurement of direction-
al luminous intensity (in candlepower) at 27 defined horizon-
tal and vertical angle combinations of the goniometer's
setting. To check for compliance with the minimum requirement
in the standard, the 27 candlepower values are pooled into
seven groups representing aggregates of three to five test
point values. Figure 1, FMVSS No. 108 [1] lists minimum
candlepower values for each group (also called "zone").
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III. Statistical Analysis of Data

The data were first arranged in a two-way table, (Table
1), in which the rows represented the. 12 laboratory and bulb
combinations (3 laboratories x 4 bulbs), and the columns
represented the 28 lamp and zone combinations (4 lamps x

7 zones). An analysis of this table of data snowed no signi-
ficant systematic differences between the four bulbs used in
the experiment. Therefore, the four results obtained by each
laboratory for a particular zone on a given lamp, using the
four bulbs, were treated as replicate measurements. The
statistical analysis then proceeded to the calculation of the
repeatability and reproducibility [4] of the test method.

Preceding the first calibration, the bulbs were seasoned for
1% of their rated average lifetime to assure stability.
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The standard deviation of repeatability, s r , is a measure
of the variability obtained when the same laboratory measures
repeatedly the same zone of the same lamp, using, however, a

different bulb for each replicate measurement.

The standard deviation of reproducibility, sr, is a mea-
sure of the variability obtained between single measurements
made in different laboratories on the same zone of the same
lamp. The estimate, sr, is obtained by the formula

2

R
= V + s where s^ is the square of the

2

standard de-

viation of repeatability defined above, and s^/ is the compo-
nent of variance due to systematic differences between lab-
oratories .
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the data reveals that both s r and sr increase as the
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TABLE 1

DIRECTIONAL LUMINOUS INTENSITY - CANDLEPOWER

LAMP NO. 1

Lab. Bulb Z-l Z-2 Z-3 Z-4 Z-5 Z-6 Z-7

1 60.0 68.0 71.0 121.0 47.

C

31.2 33.8

2 51.9 67.0 71.0 133.0 53.0 33.0] 39.7

3 54.9 66.0 75.0 138.0 52.0 34.0 36.9

4 56.6 63.0 70.0 122.0 48.0 31.8 33.4

1 59.0 74.2 75.5 139.6 57.0 34.7 43.1

2 52.1 71.5 65.5 131.5 58.4 29.5 42.1

3 56.8 72.8 75.7 143.4 57.5 34.2 41.5

4 56.0 68.1 70.4 127.6 52.2 32.1 36.9

1 53.19 62.50 67.30 118.1 45.70 30.35 32.29

2 49.19 63.30 67.50 121.1 49.10 30.61 37.43

3 51.10 63.70 69.30 127.7 50.10 31.20 36.90

4 59.48 61.80 66.50 117.2 50.10 30.92 38.83



TABLE 1 (continued)

LAMP No. 2

Lab. Bulb Z-l Z-2 Z-3 Z-4 Z-5 Z-6 Z-7

1 1 19.9 19.8 26.5 49.6 27.4 27.8 23.0

2 19.1 20.5 21.7 52.2 33.8 25.9 28.8

3 20.2 20.5 23.8 49'.4 29.8 20.8 22.8

4 19.7 20.3 23.6 46.4 27.1 24.8 22.6

2 1 16.5 17.6 24.7 43.7 21.3 23.1 17.5

2 17.1 15.9 21.7 45.3 27.2 23.1 22.1

3 16.8 17.3 20.2 40.5 24.2 23.8 18.5

4 17.0 18.1 19.1 41.1 2 8.4 23.3 23.1

3 1 18.03 20.22 26.56 48.70 21.84 26.08 18.91

- 2 19.64 20.08 24.73 53.98 31.03 27.15 23.20

3 16.07 20.65 20.06 46.79 27.90 25.95 21.74

4 20.48 18.64 26.56 45.65 23.46 30.32 22.21



TABLE 1 (continued)

LAMP No. 3

Lab, Bulb Z-l Z-2 Z-3 Z-4 Z-5 Z-6 Z-7

1 14.7 9.8 15.9 30.1 15.4 17.3 14.1

2 15.3 9.7 16.6 30.4 15.1 18.1 13.7

3 15.1 9.7 15.6 29.8 15.4 18.2 14.8

4 14.9 9.9 15.3 28.3 14.8 17.1 14.2

1 11.3 10.0 13.7 27.6 14.6 13.1 12,4

2 11.0 9. 8 13.6 28.0 14.7 13.0 11.8

3 10.6 10.0 12.7 27.8 15.6 13.1 13.2

4 11.5 10.0 13.9 27.9 14.7 13.7 12.8

1 12.26 10.73 14.96 29.62 15.29 13.93 12.50

2 12.52 10.3 2 15.40 29.97 15.07 13.79 12.41

3 12.17 10.93 14.36 29.91 16.26 14.47 13.73

4 11.94 10.53 14.27 28.71 15.24 14.19 13.45



TABLE 1 (continued)

LAMP No. 4

Lab. Bulb Z-l Z-2 Z-3 Z-4 SjJS Z-6 Z-7

1 1

2

3

4

2 1

2

3

4

3 1

2

3

4

66.1 35.3 105.0 182.0

61.8 31.9 103.0 192.0

62.5 33.1 110.0 197.0

66.2 34.4 106.0 165.0

64.1 36.6 107.0 206.3

57.7 34.5 105.5 218.1

6-3.5 37.8 114.6 221.7

68.1 37.4 109.8 201.1

59.74 35.05 107.6 201.0

62.32 34.95 104.6 183.2

61.81 35.53 111.3 197.6

63.63 38.37 110.0 184.6

59.0 84.0 34.3

66.0 96.0 34.6

61.0 94.0 33.5

54.0 85.0 33.1

69.5 94.8 38.0

76.0 101.5 38.8

73.1 98.3 37.5

69.8 101.1 40.6

63.30 88.00 32.51

58.40 84.20 32.51

60.10 87.40 32.18

58.70 84.20 34.16
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TABLE 4

Avg.
% CV Lamp 1 Lamp 2 Lamp 3 Lamp 4

v 5.3 8.6 2.4 4.4
r

vD 7.2 11.3 8.5 7.4
K

11
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within the Federal Government for information on
standards adopted and promulgated under the Public

Law 89-306, and Bureau of the Budget Circular A-86
entitled. Standardization of Data Elements and Codes
in Data Systems.

Consumer Information Series. Practical informa-

tion, based on NBS research and experience, cover-

ing areas of interest to the consumer. Easily under-

standable language and illustrations provide useful

background knowledge for shopping in today's tech-

nological marketplace.

BIBLIOGRAPHIC SUBSCRIPTION SERVICES
The following current-awareness and literature-survey bibliographies are issued periodically by the

Bureau :

Cryogenic Data Center Current Awareness Service (Publications and Reports of Interest in Cryogenics).

A literature survey issued weekly. Annual subscription : Domestic, $20.00; foreign, $25.00.

Liquefied Natural Gas. A literature survey issued quarterly. Annual subscription : $20.00.

Superconducting Devices and Materials. A literature survey issued quarterly. Annual subscription: $20.00.

Send subscription orders and remittances for the preceding bibliographic services to the U.S. Department

of Commerce, National Technical Information Service, Springfield, Va. 22151.

Electromagnetic Metrology Current Awareness Service (Abstracts of Selected Articles on Measurement
Techniques and Standards of Electromagnetic Quantities from D-C to Millimeter-Wave Frequencies). Issued

monthly. Annual subscription: $100.00 (Special rates for multi-subscriptions). Send subscription order and

remittance to the Electromagnetic Metrology Information Center. Electromagnetics Division, National Bureau

of Standards, Boulder, Colo. 80302.

Order NBS publications (except Bibliographic Subscription Services')

from: Superintendent of Documents, Government Printing Office, Wash-

ington. D.C. 20402.
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