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ABSTRACT

Ballasts and lamps, which have been selected to replace existing
lamp/ballast systems based on improved performance, were tested to
determine if they meet standard Naval MIL specifications. Fifty ballasts
manufactured by Advance Transformer Corporation and Universal Manufac-—
turing Corp., and 100 lamps manufactured by GTE were tested to determine
their quality assurance and durability. These components met all of the

MIL specifications that lamp/ballast systems in use must meet. In addi-

‘tion, these new systems have an improved system efficacy, 62 lumens per

watt, and lower third harmonics, which will reduce the need for generat-

ing capacity for lighting on ships.

Based on the results of this study, we recommend that these systems

be used on ships to replace existing lamp/ballast systems.
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1.0 INTRODUCTION

This repoft evaluates the performance of 50 efficient, éore-coil
ballasts and 100 F-17, cool-white (CW), T-12, fluorescent lamps to
determine whether they meet Navy requirements for use on ships. The

ballasts were manufactured by Advance Transformer and Universal Manufac-

turing Corp. The EXP, F-17, CW, T-12 lamps were supplied by the GTE
Lighting Division. These particular components were selected based on
ballasts and lamps submitted by four lamp companies and four ballast
manufacturers in a preliminary competition.

The assessment involves measurements of the quality assurance of
the products, lumen depreciation of the lamps, 1life of the lamps and
ballasts, harmonic content, conducted and radiated electromagnetic
interference (EMI), and the thermal performance of the lamp/ballast sys—
tems.

2.0 REFERENCE DOCUMENTS

Specifications

MIL-F-16377F General Specification for Shipboard Use, Lighting, Fix-
: tures and Associated Parts.

 MIL-F-16377F Amendment - 1, 31 August 1971.

Standards
MIL-STD-461A Electroﬁégnetic Interference Characteristics
Requirements for Eﬁuipment'
MIL-STD-462 Electromagnetic Interference Charécteristics
Measurement of

DOD-STD-1399 Section 100 and Section 300 - Interface Standard for Ship-
: board Systems, Electric Power, Alternating Current

MIL-STD-756A Reliability Prediction

Other Publications

The foilowing documents form a part of this specification to the
extent noted herein:

ANSI C82.1 - 1977 - Specifications for Fludrescent Lamp Ballasts

ANSI C82.2 - 1972 - Methods of Measurement of Fluorescent Lamp Bal-
lasts :

3.0 TASKS

',3.1 Assess the performance of each lamp and ballast system submitted by
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DTNSRDC in accordance with para. 3.1.6. This is a test for quality
assurance.

3.2
wall

3‘3

3.1.1 Determine whether ballasts can bé ilnstalled and easily
replaced in Navy lighting fixtures- described 1n Military Specifica-
tions Sheets MIL-F-16377/8,/11,/12, and /57

3.1.2 Determine that ballasts conform to marking'requlrements'and
that color coding of leads is as spec1fied in Section 4 of ANSI
c82.1 - 1977.

3.1.3 The furnished fluorescent lamp will be 17-watt, pre-heat,
cool-white lamp, Sylvania Part No. EXP, ‘F-17, T-12, CW.

3.1.4 The government shall furnish ballasts from not more than two
(2) different suppliers and lamps from one (1) supplier.

/
3.1.5 The government shall furnish twenty-five (25) ballasts from
each supplier and fifty lamps (50) not later than 10 days after
award date of contract.

"3.1.6 The ballast/lamp system shall ‘be measured for the following

parameters:
(a) Input power, current, voltage . . : -
(b) Output power, current, voltage

(c) Flicker

(d) Harmonic content (lst to 32nd harmonic) per DOD~-STD-1399 Sec-
tion 300 6.2.7

(e) Voltage regulation +10% of design voltage

(f) Light regulation, lumen output

3.1.7 The contractor shall provide a Written,réport in accordance
with DI-T-5247, which shall include all pertinent test data includ-
ing, but not limited to, test procedures followed and test equip-

ment used.

Determine performance of Government-furnished lamps over a lamp
temperature range of 0°C to 70°C. :

3.2.1 The government shall furnish fifty (50) lamps not later than
10 days after award date of contract.

3.2.2 Report - Same as 3.1.7.

Assess the performance of ballast/lamp systems in Navy lighting

fixture described in MIL-F-16377/8 in accordance with para. 3.3.2.
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3.3.1 The contractor shall perform tests on not less than three
(3) nor more than five (5) ballast/lamp systems.

3.3.2 The ballast/lamp systems shall be measured for following
parameters:

(a) Radiated EMI per MIL-STD-462 Test Method REO2.

(b) Conducted EMI per MIL-STD-462 Test Method CEO2.

3.3.3 Report - Same as 3.1.7.
3.4 Complete life test of fifty (50) lamps and fifty (50) ballasts sup-
plied by the government under Request for Contractual Procurement (RCP)
NOO16782RC00237, Lawrence Berkeley Laboratory, DE-AC03-76SF00098. Meas-

ure performance at one thousand (1000) and three thousand (3000) hours.

3.4.1 Report — Same as 3.1.7.

3.5 Survey the United States lamp manufacturers for capability of fur-

nishing off-the-shelf F-20, T-8, CW lamps in terms of efficiency.

3.5.1 Procure not less than five (5) nor more than ten (10) lamps
for evaluation in accordance with the ballast/lamp systems found to
be acceptable by the Govermment in accordance with para. 3.1.6. °

3.5.2 Report - Same as 3.l1.7.
3.5.3 Unless otherwise stated in this specification, all methods

of performing the tests shall agree with those in ANSI C82.2 -
1972. '

3.6 Final Report. Same as 3.l.7.

4.0 INITIAL CHARACTERISTICS

Twenty-five new efficient core—-coil ballasts were received from two
manufacturers (Advance and Universal), and 100 EXP, F-17, CW, T-12
fluorescent lamps were received from GTE. The ballasts conformed to the
size requirements and all leads were properly color-coded. The ballast
designs were based on the information supplied by Lawrence Berkeley
Laboratory (LBL). The reference ballast settings for the new lamps were
provided to the manufacturers along with samples of the new lamps. The
reference ballast settings for the new lamps to obtain 1200 lumens are
listed in Table I. '



Table I

Reference Ballast Settings for EXP, F-17 CW, T-12 Fluorescent Lanps

Reference Ballast Lamp Input
Voltage 90.5 V Voltage 59.1 v
Current 0.327 A Current 0.327 A
Power 21 W : Power 17.9 W
Impedance 276.9 ohms
Power Factor 0.071
Volt-Amps 29.6 V-A

The ballast manufacturers were to design the ballasts to obtain at least
92 1/2% of full light output (1200 initial lumens). The initial lumens
of a lamp are a measure of the total light flux from the lamp after 100

hours of operation.
4.1 Quality Assurance of Ballasts

The quality assurance of the ballast is a measure of the uniformity
of production. Variations in performance were measured for 20 Advance
and 18 Universal efficient core ballasts, and coméared with a standard
Navy ballast manufactured.by Starfield, measured four times. All the
ballasts were measured in 25 + 1°C ambient temperature with thé same
lamp (EXP, F-17, CW, T-12) to assure that any variation waé due to
differences among the ballasts. Several measurements with the _samé
standard ballast demonstrated the experimental precision. Table II
lists the results for the measurements at the center design voltage of

118 V.

Based on results, in which the mean variance in the parameters is
1% or less, the quality assurance of the efficient ballasts is accept-

able.

The table also shows that the ballasts operate the lamp to produce at
least 1200 initial lumens, 1i.e., the ballast factor is greater than

0.925.
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Compared to the present ballast/lamp system efficiency of 50 1m/W,
the new ballast/lamp system efficiencies are greater by factors of 1.24

~and 1.21 for the Advance and Universal ballasts, respectively.

The other noteworthy feature of the new ballasts is the reduction
in the third harmonics from 8.4% to 7.5 and 6.7%. The third harmonic is
the only one that exceeded the 3% limit for both the standard and the
new ballasts. After more than 5000 hours of operation, there have been

no ballast failures.

Table I1

Initial Performance of Ballasts with New Lamp (EXP, F-17 CW, T-12)

Ballast

Ballast Input ' Starfield Advance Universal
Voltage (V) B 118 ' 118 118
Current (A) 0.364 + 0.5% 0.303 + 1% 0.328 + 1.2%
Power (W) 25.4 ¥ 0.4%  19.4 + 1.5% 20.9 + 1.4%
Power Factor 0.59 + 0.2% 0.54 + 0.7% 0.54 + 0.4%
Third Harmonic (%) 8.4 + 1.5% T 7.5 4+ 2% T 6.7 + 2%
Ballast Output
Voltage (V) 57.8 + 0.3% 59.6 + 0.3% 59.1 + 0.5%
Current (A) 0.364 + 0.5% T 0.303 + 1% 0.328 + 1.2%
Power (W) 19.2 + 0.5% 16.5 + 0.6% 17.8 + 1.1%
Ballast Factor - - -

(power ratio) 1.08 + 0.6Z 0.929 + 0.9% 0.998 + 1.1%
Lamp Output - - -
Initial Light Output - v v

(1m) 1350 + 0.7% 1200 + 0.9% 1270 + 1.2%
Ballast Factor - - -

(light ratio) ' 1.08 + 0.7% 0.959 + 0.8% 1.01 + 1.2%
Regulation of Light : - B

for + 10% Voltage (%) + 14 +7% + 15 + 4% + 14 + 4%
Flicker (%) 42 + 3% T 41 F 2% T 40 F 3%
Lamp Efficacy (1lm/W) 70.3 + 1.2% 72.7 + 1.5% 71.1 + 2.3 %
System Efficacy (Im/W) = 53.1 + 1.2Z2  61.8 + 2.4% 60.6 + 1.9%

A 4.2 Quality Assurance of Lamps

4.,2.1 Initial Light Output

The light output of 75 lamps (EXP, F—l7, CW, T-12) as received was

measured with the reference ballast:iﬁ the integrating chamber. In the
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ambient temperature of 25 + 1° c, the average light output was 1209
lumens with a mean variance of + 1.6%. This is an acceptable product

variance.

4.2.2 Lumen Depreciation

Lumen depreciation is a measure of the decrease in light output of
a lamp with respect to length df operation. A total of 75 lamps were
measured; 30 were operated with Advance ballasts, 30 with Universal bal-
lasts, and 30 were operated with Starfield ballasts. A standard opefaté
ing cycle of 3 hoﬁrs on and'20 minutes off was used. The light output
of the lamps was measured after 0, 100, 500, 1000, and 3000 hours of
operation under standard ANSI conditions in the integrating chamber with -

the reference ballast.

The rate of lumen depreciation for‘ this type of lamp 1is not
vexpected.to exceed 117% at 40% of rated life. The rated life of these
lamps for this operating cycle is 9000 hours. Hence, the light output
should be 89% of initial light output at 3600 hours. |

The results of the lumen depreciation measurements are pldtted ih
Fig. 1. The depreciations for lamps operated with the three different>
ballasts afe shown. The large cross in the figure is the 897% level at
40% of life (3600 hours). The results show that the rate of lumen
depreciation meets the manufacturers” ratings and there is no difference

in rate of depreciation for lamps operated with the different ballasts.

The figure also shows the general depreciation curves for light-'
loaded and medium-loaded fluorescent lamps. The arc watts perbphosphor
area are ~ 0.1 watts per square inch (W/in.z) for light-loaded lamps and
~ 0.25 W/in.2 for medium-loaded lamps. The loading for the EXP, F-17,
CW, T-12 lamps is 0.15 W/in.z. The general curves are based on the
halophosphate—type phosphor. The results indiéate thaf the phosphor
used for the EXP, F-17, T-12 lamp exceeds the performance of the stan-
dard cool-white (CW) phosphor.



4.2.3 Lamp~Failure Rate

The lamps have been operating for more than 4650 hours, which is

52% of the rated-life (9000 hours). To date, five lamps and no ballasts

have failed. The new lamps have been operated at a 3-hour-on/20-

. minute—off cycle. The times at which lamp failures have occurred have
béen monitored. Table III lists the times lamp failures have occurred

and with which ballast the failed lamps were operated.

Table III

Lamp Failures

Operating Ballast Time of Failure Percent of Life Remaining Lamps
(h) Advance Universal Starfield
0 [o] 30 30 15
Universal . 3410 38 29 30 15
. Universal/Advance 3930 44 28 29 15
Universal 4270 47 27 29 15

Universal 4650 52 26 29 15

There have been several starter failures. No track of .their
failures has been made. When a failure is due to a starter, the starter
is replaced and the lamp life test continued. The survival rates of

lamps operated with different ballasts are listed in Table IV.

Table IV
Survival Rates of Lamps
Percent of Life Survival (%)
(%) Universal Advance Standard Universal All
and Lamps
Advance

o 38 100 100 100 100 100
38 97 100 100 98 99

44 93 - 97 100 95 96

47 90 97 100 93 95

© 52 86 97 100 92 93

Figure 2 plots the survival rate of all the lamps (last column,
Table IV). The solid curve in the figure is the general mortality curve



for pre-heat start lamps operating at a'3—hou§ on/20-minute-off cycle.
The survival rate is below the general mortéii;y curve. However, the
life tests are at 52% of life, where the mortality rate is low, and

there is a large statistical variation.

Figures 3a, b, and ¢ plot the data in Table IV on a more sensitive
scale for different groupings of lamps. This figure shows that the sur-
vival rate of the new lamps operated with the Advance and Starfield bal-
lasts are equal to or greater than predicted by the general mortality
curve. If the excessive failure rate of lamps with the Universal bal-
last is real, we have identified no apparent reason for it from the data
collected to date. One possible cause could be a slightly higher start-

ing voltage which cannot be measured with the pre-heated starters. The

data on starting at 70°C ambient shows that the input voltage at start- E

ing is less for the Universal system. This implies that the starting
voltage across the lamp is. greatest for these ballasts for the same

input voltage to each type of ballast.

However, the life tests have not reached the sensitive portion of
the mortality curve, 80 to 120% of rated life (7200 to 10,800 hoﬁrs of
operation). The present data for all the lamps provide some confidence
Ehat the survival rate will meet the Navy s requirements. >The actual
life of lamps on board ships will be considerably longer than measured
with the standard testing cycle. Figure 4 shows the additional 1life
expectancy of pre—heat fluorescent lamps for longer burning times per
start. The Navy operates lamps almost continuously, thus lamp life is

extended by a factor of 1.9 with respect to the 3-hour burning cycle.
4.3 Thermal Performance

4.3.1 Minimum Lamp Wall Temperature

The performance of a fluorescent lamp/ballast system is sensitive
to the minimum lamp wall temperature (MLWT) at which the lamp is
operated. This minimum temperature determines the mercury pressure in
the lamp. The MLWT for the present lamp/ballast system (F-40 lamp and
Starfield ballast) and the new lamp/ballast systems has .been measured

for one-lamp and three—lamp Naval fixtures. Table V lists the results.



Table V
Minimum Lamp Wall Temperature
Starfield Advance Universal
Fixture  p-20 Lamp EXP F-17 Lamp EXP F-17 Lamp
(°c) (°c) (°c)
One-lamp 46 44 45
Three-lamp 58 57 57

The table shows that on ships the MLWT for lémps in the fixture
ranges from 46° C to 58° C, which is considered a relatively high
operating temperature. The new ballast/lamp system will operate 1 or 2

degrees centigrade lower.

4.3.2 Comparison of 40 and 50°C MLWT Operation

All of the data collected on the present and new systems were meas—
ured at a MLWT of either 40°C or 50°C. Table VI shows the fesults of
the various lamp/ballast systems at the two temperatures. The opti@um
operating condition for a fluorescent lamp occurs at an MLWT of 40°.
The table indicates that maximum efficacy is at 40°C. However, at the
high MLWTs, the relative increase in efficacy of the‘gew systems with

-respect to the present system (Starfield, F-20 lamp) is greater. As

shown in Table V, this is the region in which lamps operate on ships.

) , Table VI
Performance at a 40 and 50°C MLWT

" System MLWT  Power - Light Efficacy Relative

Ballast Lamp (°c) W) Output (1m) (1m/W) Efficacy
Starfield F-20 40 25.5 1220 48.1 1.00
Starfield F-17 40 25.4 1350 53.1 1.10
Advance F~17 40 19.0 1230 64.6 1.34
Universal F~-17 40 20.4 1300 63.8 1.32
’Starfield F-20 50 25.6 1130 44,1 1.00
Starfield F-17 50 25.1 1330 52.9 1.20
Advance F=17 50 18.7 1160 62.1 1.41

Universal F-17 50 20.0 1250 62.5 1.42



4.4 Starting

The standard F-20, CW, T-12, fluorescent laﬁp/ballast system is
specified to ignite in an ambient temperature from 10°¢ . (50°F) to 70°C
(158°F) at the center design input voltage. The new and present
lamp/ballast systems were tested to measure the minimum sterting voitage
at 0° and 70°C. The measurements were taken in a thermal ehamber capa-
ble of providing these ambient temperatures. Table VII lists the aver-
age starting voltages for the three types of ballasts for five EXP, F-17
lamps and three F-~20 lamps in ambients of 0°c and 70°C;' The teble
includes the input voltages at which the starter was. fired and shows
that the starting voltage was not limited by the étarter,:i}e., the'lamp

firing voltage always exceeded the starter firing voltage.

Table VII :
Starting Voltage at 0° and 70°C
Ballast Type

Starfield Advance Universal
Firing Voltage (V) Firing Voltage (V) . Firing Voltage (V)
. . Starter . Lamp Starter Lamp Starter Lamp
EXP F-17 - 0°C 87 134 86 145 86 . 142
'F-20 -0°% .88 116 84 S 121 86 S 113
EX F-17 -.70°%  , 80 - 84 82 87 8L - - 84

F-20 - 70°C 80 .90 84 89 81 83

At 70°C ambient, the-voltages at which the F-20 and EXP F-17 lamps will
start are about the same. At 0°C, the new lamp requires a substaatially
greater input voltage. Since the Navy specification is based on the
ANSI standards, these lamps are required to start at 10°C ambient. The
low-temperature test was repeated, in which the center design voltage
was aﬁplied while the ambient temperature was slowly increased from 0°c.
At every 5°C intetvai‘ the lamp was tested to determine whether it would
start. Table VIII lists the average starting temperature at whlch the

lamps were ignlted for five new lamps and three F-20 lamps.



The average starting temperatures for the lamps meet ANSI standards for

relative to the F-20 lamp, which suggests that the gas mixes in the
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Table VIII

Average Starting Temperature at 118 Volts

Lamp Type Ballast
Starfield Advance Universal
(°c) (°c) - (°¢)
EXP F-17 9 10 9

F-20 0 0 0

~all the ballasts. The starting temperature is greater for the new lamps

lamps are different.

4.5 Harmonic Content

The Névy requires all electrical components on ships to limit any
single harmonic peak to 3% of the fundamental frequency. Fluorescent
lamps/ballasts were in use prior to these regulations, and they gen-

erated a third harmonic above this limit. Table IX lists the results of

the three types of ballasts with the EXP, F-17 lamp.

The results éhow that the‘new ballast systems still do not meet the 3%

For each ballast type and an EXP, F-17 lamp, all harmonics up to

the 32nd were measured.

each type.

Table IX
 Magnitude of Third Harmonic
Ballast

Starfield Advance Universal

Percent of 8.4 + 1.5%2 7.5 2% 6.7 + 2.1%
Fundamental '

limit. However, they are an improvement over existing systems.

Table X lists the results for one ballast of
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Table X
Harmonic Magnitude

Starfield Advance Universal
Harmonic Peak % Peak % Peak %
Fundamental (60 Hz) 17800 100 14900 100 15300 100
2 64 0.4 56 0.4 - 55 0.4
3 1490 8.4 1070 7.2 1160 6.7
4 13 0.1 12 0.1 13 0.1
5 164 0.9 191 1.3 202 1.3
6 26 0.1 19 0.1 24 0.2
7 18 1.1 104 0.7 113 0.7
8 7 - 6 - 5 -
9 17 0.1 24 0.2 28 0.2
10 3 - 2 - 3 -
11 62 0.3 35 0.2 35 0.2
12 9 0.1 5 - - 8 0.1
13 8 - 23 0.2 24 0.2
14 8 - 4 - 4 -
15 39 0.2 29 0.2 28 0.2
16 7 - 3 - 3 -
17 12 0.1 12 0.1 - 15 - 0.1
18 12 0.1 8 0.1 7 -
19 24 0.1 18 0.1 19 0.1
20 11 0.1 4 - 5 -
21 11 0.1 14 0.1 14 0.1
22 . 7 - 8 0.1 7 -
23 ‘ 22 0.1 9 0.1 8 0.1
24 9 0.1 11 0.1 10 0.1
25 17 0.1 6 - 8 0.1
26 9 0.1 9 0.1 12 0.1
27 9 0.1 8 0.1 7 -
28 8 - 9 0.1 11 0.1
29 5 - 6 - 7 -
30 6 - 6 - 8 0.1
31 5 - 2 - 2 -
32 9 0.1 1 - 3 -

Table X shows that all harmonics of the 60-Hz fundamental,

third, meet Navy requirements.

except the
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4.6 Radiated and Conducted Electromagnetic Emissions

4.6.1 Experimental Procedures

The radiated electromagnetic fields (E-fields) from a sing%e
lamp/ballast system were measured in a screen room. Figure 5 is a
schematic layout of the experiment. The spectrum analyzer was posi-
tioned outside the screen room. The lamp-antenna distance was one
meter. Broadband measurements were taken with an impulse bandwidth of
150 Hz up to one MHz ahd with an impulse bandwidth of 1500 Hz above one
MHz. ‘

The conducted EM emissions were measured with the experimental
setup shown  schematica11y in Fig. 6. A current probe was employed to
detect EMI levels. The high—pass filter was used to prevent overlo;ding
of the spectrum analyzer. Narrowband measurements were made over the
frequency range of 60 to 20 kHz. Broadband measurements were made with
an impulse bandwidth of 1550 Hz over a range of frequencies from 300 to
10 kHz. |

4.6.2 Radiated EMI Results

v The radiated electromagnetic interference (EMI) spectrum from the
lamp/ballast system was broadband. Measures were made at 14, 33, 55,
100, 300, 500, and 800 kHz; 1 and 2 MHz results are plotted in Fig. 7.

Measurements were also made at 2 and 20 MHz. The high-frequency data

were below the instrument noise level. The measured data are presented

in terms of dBuV/m/MHz so they can be compared to the Navy broadband
(RE02) limit expressed in the same units. The limit is shown as a solid
line inA the figure. The dotted liné is the measured instrument noise
level and shows discrete changes because ihe instrument sensitivity had

to be changed to prevent overloading of the spectrum analyzer.

The radiated broadband limit (REO2) is exceeded below 1 MHz and
merges into the instrument noise level at 2 MHz. However, above 1 MHz,
the REO2 limit is met. These results are simiiar to those that would be
obtained with present lamp/ballast systems.
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4.6.3 Conducted EMI Results

Figures 8 and 9 show fesults for narrow—.ah& broadbaﬁd conducted
EMI,:respectively. The broadband data have been plotted in units of
dBPAJZO kHz in order to compare with the CEOl broadband 1limits. The
conducted EMI meets the CEOI limits over the entire range of frequen-

¢ cies, 60 Hz to 20 kHz.
5.0 Advanced Lamp/Ballast Systems

In the course of the présént Navy;supported,effort, additional com—
ponents (lamps and ballasts) were submitted for evaluation. Table XI
lists the results that were obtained with an F-20, T-8 (l—-inch—-diameter)
lamp, an advanced efficient core—coil ballast, and.solid-state ballasts. 
The advanced lamp/ballast systems are compared to the present Navy sys—
tem and the efficient—-core ballast EXP, F-17 lamp systeﬁ assessed in

this report.

Table XI

Summary of Advanced Lighting Systems
Efficacy (1m/W)

System ‘ _ .
Number Ballast Lamp Lamp System Relative Power Third
_ : Factor  Harmonic (%)
1 Starfield - F=20" 61 49 1.00 0.6 8
2 Efficient-Core EXP F-17 66 60 1.22 0.6 6
3 Advanced : EXP F-17 66 62 i 1.27 0.95 3
v Efficient—Core

4 Advanced F-20 T-8 82 77 1.57 0.95 3

Efficient-Core i
5 Solid-State F-20 T-8 86 8.4 1.71 0.97 2

The systems are listed in order of the likelihood of their applica-
tion. System 1 is in current use. System 2 has been tested and is
ready for application. Advanced efficient-core ballasts have passed
through advanced development and require the testing carried out for

this report. .The F-20, T-8 lamp is a laboratory prototype and requires
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initial evaluations such as those done with the EXP, F-17 lamp. Operat-
ing lamp specifications must be developed for the ballast design. The
solid-state ballast is in the prototype stage for this particular Navy
application. Thorough evaluation must be conducted to test its relia-

bility, and its cost must be reduced.

The table shows that significant advances have been achieved in the
development of a reliable, more efficient lighting system for ships.
The relative efficacy has been increased by a factor of more than 1.2
with some reduction in the third harmonic. Near at hand is a more
advanced efficient-core ballast that should be reliable, prove nearly
30% more efficient than the present system, and increase the power fac-
tor to over 90%, as well as reduce the third harmonic to meet Navy
requirements. A 607% additional imprerment in efficacy can be realized
with the T-8 lamp. This system should also be as reliable as the
present system. The solid-state ballast, which requires further
development to reduce costs and establish a tecord of.reliability, will
nearly double system efficacy, reduce weight, obtain a near 100% power

factor, and reduce the third harmonic well below the Navy”s upper limit.

6.0 CONCLUSION

A total of 50 efficient core-coil ballasts submitted by Advance
Transformer and Universal Manufacturing, and 100 EXP, F-17, CW, T-12
lamps developed by GTE lighting were tested according to Navy MIL-SPEC
requirements (see section 2.0). The results show that these efficient
ballasts equal or exceed the performance of the F-20 lamp/ballast system
presently used on ships. The number tested and the reputation of the
companies that submitted these short—run samples demonstrate that the
units can be manufactured in large quantities. The uniform performance
of the products is evidence that they can be manufactured to close

tolerances so that they can meet Navy requirements.

Based on our results, we recommend that Navy procurement accept

these products as equivalent replacements for existing equipment.
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Figure 9.

CONDUCTED EMI (NARROWBAND)
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