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Dimming eircuits have been inuse to reduce nighttime vehicular signal
glare. Dimming circuits can also provide an added benefit of reducing
energy consumption. However, dimming by reducing the effective voltage
to a lamp does affect signal lens color and intensity. Measurements of
signal lens color, transmission, and intensity while the lamp was operat-
ing on each of three dimming circuits were compared with measurements
obtained at astandard 120 v.a.c. and with MDSHT requirements for 12-in.
and 8-in. lenses.! TLens colorand transmissionwere satisfactory for signal
operation on each of the dimming circuits. However, lens intensity mea-
surements did not conform with requirements for either 12-in. or 8-in.
signal lenses. Lumen output of a 12-in. signal lamp vs. voltage and effi-
ciency of the dimming circuits have been included for information.

The study was initiated at the request of D. E. Orne, Engineer of Traf-
fic and Safety in a May 25, 1978 memo to K. A. Allemeier. On June 13,
1978, L. A. Tiedeman forwarded thethree dimming circuits, a 12-in. traf-
fic signal optical, a 150-watt ASA type P25 clear lamp and three 12-in.
diameter lenses (red, yellow, and green). The three dimming circuits as
shown in Figure 1 were:

1) a diode circuit which yielded half-wave rectification,

2) a 3M brand proportional automatic intensity control, photocell acti-
vated, phase-controlled switch,

3} a 'bucking' transformer.

Color and Intensity Measurements

Color including transmittance of each lens was measured using the
150-watt lamp operating from each of the three dimming circuits and also
operating on a standard 120 v.a.c. circuit. Intensity distributions were
meagured using a standard lamp operating on the various circuits.

Red Lens - The lens color was within specified limits with the signal
lamp operating on each of the four circuits. Relative luminous transmit-
tance exceeded the 9.5 percent specified minimum with the signal lamp
operating on each of the four circuits. Values are given in Table 1.

The lens failed the intensity (candela)distribution specification minima
for 12-in. lenses for each of the three dimming circuits and for the stand-

! MDSHT requirements for 12-in. intensity distribution are the same as
the Institute of Traffic Engineers' Standard for Adjustable Face Vebhicle
Traffic Control Signal Heads, January 1976. MDSHT requirements for
8-in. intensity distributionare 80 percent (due to aluminum reflector) of
the Institute of Traffic Engineers' Standard for Adjustable Face Vehicle
Traffic Control Signal Heads, January 1976.
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Figure 1. Three traffic signal dimming circuits.

TABLE 1
LENS TRANSMISSION

Transmittance, percent

Circuit Red Yellow | Green

Lens Lens Lens

MDSHT Specified Minimum 9.5 44,0  20.0
Standard 120 v.a.c. 11.4 64.8 17.0
Diode Dimming 13.7 69.0 15.4
3M Dimming 13.1 65.0 14.0
Transformer Dimming 12.0 61.9 13.8




dard 120-v input. The intensity distribution of the red lens, Table 2, ex~
ceeded the gpecification for 35 of 44 test locations using the nominal 120-v
circuit, but was below the specified minimum in almost all locations for
the three dimming circuits. The red lens intensity distribution with the
dimming cireuits also failed to meet specifications for 8-in. signals, Table
3. '

Yellow Lens - The lens color was within specified limits with the signal
lamp operating on cach of the four circuits. Relative luminous transmit-
tance exceeded the 44.0 percent specified minimum with the signal lamp
operating on each of the four circuits. Values are given in Table 1.

The intensity distribution of the yellow lens was slightly below the
specified minimum for 12-in. lenges in two of the 44 total test locations,
Table 4, with the signal optical operating at the standard 120-v input. The
intensity distribution obtained from each of the dimming circuits failed to
meet the 12-in. lens and 8-in. yellow lens specifications; however, the
diode and transformer dimming circuits resulted in an intensity distribu-
tion only slightly below the 8-in. lens specification minima. The 3M dim-
ming circuit adjusted tooperate at its lowest output (with photocell covered)
resulted in an intensity distribution well below the minima specified for
8-in. lenses (Table 3).

Green Lens ~ The lens color was within the specified limits with the
gignal operating on each of the four circuits. Relative luminous transmit-
tance did not meet the 20 percent specified minimum with the signal lamp
operating on any of the four circuits. Values are shown in Table 1.

The intengity distribution of the green lens, Table 5, was below the
specified minimum for 12-in. lenses innine of the locations using the stan-
dard 120-v input circuit. The lens intensity values for the dimming cir-
euits all were below specification limits for both 12 and 8-in. lenses (Table
3).

Circuit Characteristics

The dimming circuit characteristics were determined by electrical
measurements using rms meters and an oscilloseope (Fig. 2), and also by
comparing signal lamp lumen cutput. Results of the electrical measure-
ments are shown in Table 6. For comparison purposes the 3M circuit
photocell was only partially covered to produce 86.5 v at the signal lamp
comparable to the voltage output of the other two circuits.

The diode, transformer, and 3M circuit (photocell completely covered)
and the 3M circuit {photocell paxtially covered)each showed an approximate
2, 9, 16, and 14-watt loss, respectively, within the circuit.




Manufacturers standard rated lumen value for the 12~in. signal lamp
is 1,950 lumens. We measured 1,632 lumens on the lamp supplied, which
is typical for off-the-shelf lamps. While varying the input voltage to the
lamp from 70 to 120 v.a.c., the lumen output was obtained and the values
are shown in Table 7 and Figure 3. The lamp lumen output was also mea~
sured with the lamp operatingon eachof the three dimming circuits. These
values are alsoshown in Table 7and Figure 3. An equivalent lamp voltage
based on lumen output was calculated for each of the dimming circuits and
is shown in Table 7.

Since intensities obtained with the 12-in. signals operating on the dim-
ming circuits were compared with intensity requirements for 8-in. signals
it can be noted from Figure 3 that a 12-in. (1,950 lumens) signal lamp
would have tooperate atnot lessthan 90 v inorder to equate tothe standard
8-in. signal. The standard 8-~in. signal lamp produces 655 lumens, 34
percent of the 12-in. signal lamp at the nominal 120-v input.

In an FHWA report on traffic signals the author referred to dimmed
signal circuits operating at 70 v.2 References are not given, but it does
indicate that 12-in. signals, for example, could be operating at 70 v. If
this were the case the 12-in. signal at 70 v would be operating at approxi-
mately 1/3 the intensity of an 8-in. signal at 120-v input. The FHWA re-
port also shows that the color temperature of a 15-watt lamp operating at
70 v approaches 2,150 K and at 90 v, 2,350 K. Current limits for signal
colors are based on a lamp color temperature range of 2,350 to 2,850 K.

Lamp colortemperature is affected by lamp voltage changes, the lower
the voltage the more red emitted by the lamp. The effect on a red lens is
minimal, the yellow lens appears more amber and the green lens appears
darker. The net effect is that the intensity ratio of the red to green lens
changes and that change could affect those drivers having color deficient
vision.

The circuits have been evaluated in the laboratory and the evaluation
results warrant further study by traffic signal enpineers. If it can be as-
sumed that, in general, the operation of an 8-in. signal is satisfactory then
equivalent performance could be obtained from a 12-in. signal operating at
not less than 90 v,

2 King, D. F., '"Development of Standards and Tests for Acceptance of
Traffic Signal Lenses, ' U. S. Department of Transportation, Report No.
FHWA~RD-77-93, November 1977.
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LAMP LUMENS, AS PERCENT OF STANDARD 120 VAC CIRCUIT LUMENS
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Figure 3. Effect of lamp voltage on lamp lumens.
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TABLE 6
ELECTRICAL PARAMETERS

Voltage | Current Volt- Power, Power
Circuit rms, rms, Amps, rms, | Factor,
volts amps watts watts percent
-
Standard 120 v.a.c. 120.0 1.269 152.3 152.5 100.0
« | Diode 86.5*% 1,090 94.3 94.3 ~——
% 3M (photocell covered) 120.0 1,282  153.9 87.8 63.9
= | 3M (photocell partially covered) 120.3 1.304 156.9 102.9 65.6
L Transformer 120.0 1.006 120.7 101.9 84.4
P
Standaxd 120 v.a.c. 120.0 1.269 152.3 152.56 100.0
B Diode 84.8 1.090 02.3 92.3 160,90
£ | 3M (photocell covered) 73.2 0.982 72.0 72,1 100.0
5 3M (photocell partially covered) 86.5 1.023 88.5 88.6 100.0
Transformer 86.7 1.066 092.4 92.6 1060.0
\.
¥ = 120/42  v.a.c.
TABLE 7
LAMP LUMEN OUTPUT
Equivalent Standard
o Input Lamp Voltage Lamp
Circuit Voltage { From Lumen Lumens Rated
Lumens
Output
Standard 120 v.a.c. 120 120.0 1632 1950
Diode 120 83.4 423 505
Shfié?hotoceli cover- 120 79.7 933 279
SM (photocell par- 120 86.2 472 571
tially covered)
Transformer 120 86.3 484 577
Standard 120 120 1632 1950
115 115 1410 1685
% 110 110 1203 1437
105 105 1018 1217
100 100 848 1014
95 95 700 836
g0 90 564 675
85 85 454 542
¥ 80 80 357 427
75 75 266 318
Standard 70 70 193 230
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