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Introduction

Dimming electronic ballasts for fluorescent lamps can save energy
and increase the range of illuminances provided by a lighting system.
A dimming system saves energy relative to a non-dimming system,
assuming lamps are dimmed and both systems are operating for
similar periods of time. Most dimming electronic ballasts are silent
and cause no perceptible flicker. They represent a significant im-
provement over dimming magnetic ballasts, many of which hum and
may cause dimmed lamps to flicker. Control devices for dimming
electronic ballasts include automatic and manual dimmers, photo-
sensors to dim lamps when daylight is available, and energy manage-
ment systems that dim lamps during peak demand hours or at night.

Figure 1. Dimming Electronic Ballasts, Control Devices, and
Fluorescent Lamps
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Dimming electronic ballasts are available
for linear fluorescent lamps and compact
fluorescent lamps (CFLs). All linear lamps
used with dimming electronic ballasts must
have the bi-pin bases typical of rapid-start
lamps because dimming electronic ballasts
supply heating voltage to the lamp elec-
trodes during lamp starting and operation.
For the same reason, CFLs used with
dimming electronic ballasts require a four-
pin base.

Lamp manufacturers offer two types of
CFLs: amalgam and non-amalgam. Amal-
gam CFLs use a mercury amalgam instead
of liquid mercury, allowing them to achieve
a relatively constant light output over a wide
range of temperatures and in different
operating positions. However, amalgam
CFLs require a longer time to reach full
light output after they are switched on and
have unpredictable light output under
dimmed conditions. The National Lighting
Product Information Program (NLPIP)
tested both amalgam and non-amalgam
CFLs for this report. Table 1 on p. 8 lists the
types of lamps used in testing.

Dimming electronic ballasts can be
especially cost efficient when combined with
controls such as photosensors. In order to
calculate life-cycle costs, specifiers must
first make application-specific assumptions
such as how long, how often, and to what
percent lamps will be dimmed. Using these
values, total annual energy use and the
respective annual costs can be estimated
and compared to the estimated energy use
and costs for a non-dimming system.

In November 1995, NLPIP published
Specifier Reports: Dimming Electronic
Ballasts, which covered dimming electronic
ballasts for linear fluorescent lamps. This
report supersedes the 1995 publication. In
this issue of Specifier Reports, NLPIP
addresses the effects of dimming on
electrical and photometric parameters of
fluorescent lighting systems and provides
manufacturer-supplied information and
NLPIP testing data for continuous dimming
electronic ballasts for 4-foot (ft) [1.2-meter
(m)] linear T8 fluorescent lamps and
CFQ13, CFQ18, CFQ26, CFM26, CFM32,
CFS38, and CFM42 CFLs. This report
specifically focuses on ballast-lamp interac-
tion and presents information specifiers
need to design systems.
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Ballast Technology

A ballast for a fluorescent lamp has two
primary functions: it provides a high initial
voltage to start the lamp, and it regulates
lamp current during operation. Magnetic
ballasts typically operate lamps at 60 hertz
(Hz). Common electronic ballasts convert
60-Hz line voltage to a much higher fre-
guency, between 19 and 100 kilohertz
(kHz). With the advent of highly efficient
electronic ballasts, the fluorescent lighting
industry is rapidly progressing toward
high-frequency operation of fluorescent
lamps. The primary advantage of high-
frequency fluorescent lighting is the
improvement in efficacy relative to lighting
systems with 60-Hz magnetic ballasts. High-
frequency operation also reduces the
possibility of perceptible lamp flicker that is
sometimes associated with low-frequency
ballasts because the lamp phosphors are
refreshed more often.

Ballast Types

Ballasts use one of three starting methods,
as defined by the American National
Standards Institute (ANSI). These are
preheat, rapid, or instant. Preheat starting is
used primarily by magnetic ballasts for
specialty lamps such as 2-ft (0.6-m) fluores-
cent lamps. Rapid-start ballasts supply
electrode-heating voltage during starting
and operation. Instant-start ballasts do not
provide electrode-heating voltage during
starting or operation. All dimming elec-
tronic ballasts identified by NLPIP for this
report are rapid-start. ANSI does not
provide standards for dimming electronic
ballasts as of this date.

Rapid-start ballasts provide low voltage
of approximately 3.5 volts alternating
current (Vac) to the electrodes, heating
them to approximately 1800° Fahrenheit (F)
[1000° Celsius (C)] in 1 to 2 seconds.

Then the ballast applies a starting voltage
of 200 to 300 Vac to strike the arc. Rapid-
start ballasts start lamps with a brief delay,
but without flashing. Recently, a number of
ballast manufacturers have introduced
ballasts that preheat the lamp electrodes
before applying the starting voltage and
control the electrical operation during the
starting period more accurately than
traditional rapid-start ballasts. These



ballasts are generically referred to as
programmed-start ballasts, but ANSI has not
officially adopted a definition for this term.
Manufacturers are also developing other
rapid-start technologies that have names
such as modified rapid-start and controlled
rapid-start.

Rapid-start ballasts dim lamps by reduc-
ing the effective lamp current. Electrode
voltage is concurrently increased to main-
tain electrode heating. During lamp opera-
tion, lamp electrodes should be maintained
at a temperature between 1100 and 1800°F
(600 and 1000°C) to maximize lamp life. At
higher temperatures the emissive coating
on lamp electrodes evaporates, and at lower
temperatures the electrodes may lose their
emissive coating through sputtering.

Control Signal Circuitry

Dimming electronic ballasts contain one of
two types of control circuits: low voltage or
high voltage. The control signal range is the
range of the electrical signal (in volts) that a
control device uses to signal the dimming
level to a ballast. Each ballast is designed
for a particular control signal range; Tables
2 and 3 list ballasts and their associated
control signal ranges.

In addition to their power supply wires,
low-voltage dimming electronic ballasts
have two wires for a low-voltage control
circuit, often rated at 0 to 10 volts direct
current (Vdc). The ballast supplies voltage
to a control device, such as a photosensor.
For full light output on this circuit, the
control device returns the maximum control
signal to the dimming ballast. For less than
full light output, the control device reduces
the voltage across the control wires, causing
the ballast to dim the lamps. As the control
voltage approaches 0 Vdc, the ballast dims
the lamps to the lowest light output possible
for that system.

High-voltage dimming electronic ballasts
do not have additional control wires.
Instead, high-voltage control devices such
as manual dimmers are typically installed
between the electrical supply and the “hot”
lead of the ballast and can be used to
replace light switches.

Control Devices

Control devices (shown in Figure 2) are
available for a wide variety of applications.
Many dimming control devices can operate
more than one ballast simultaneously.
Manual dimmers are designed to replace
standard wall switches. Automatic timers
are control devices that can automatically
dim lights at predetermined hours. Auto-
mated control devices operate with or
without regular user control.

Photosensors can be used when day-
light is available in a space or for lumen
maintenance control. The photosensor
detects the light in a space, then adjusts
the control signal to maintain a relatively
constant level of light. Occupancy sensors
are sometimes used to provide automatic
two-level control: maximum light output
when they detect motion and reduced
light output when they detect no motion.
(See Specifier Reports: Photosensors, 1998;
Occupancy Sensors, 1997).

Programmed-Start Ballasts

Similar to rapid-start
ballasts, programmed-start
ballasts preheat the lamp
electrodes before starting
the lamp. These ballasts
provide very low lamp
starting voltage during the
preheat time. This low level
of lamp starting voltage
helps to reduce glow current
and minimize sputtering
during lamp starting to better
maintain lamp life. After the
preheating period, lamp
voltage increases to strike
the lamp arc.

Figure 2. Control Devices

1 occupancy sensors; 2 photosensors; 3 manual dimmers.
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Certifications

CBM Seal

The Certified Ballast Manu-
facturers (CBM) consists of
manufacturers of fluorescent
lamp ballasts who participate
in a certification program that
requires independent labora-
tory examination and certifi-
cation. To bear a CBM seal,
a ballast must meet ANSI
specifications.

uL

Underwriters Laboratories
(UL) sets safety standards for
building materials, electrical
appliances, and other prod-
ucts. To be UL listed, the
ballast must meet all UL
safety requirements.

CSA

The CSA mark means that
the ballast is certified for the
Canadian market, following
the applicable Canadian
standards.

C-UL

The C-UL listing mark is
applied to products for the
Canadian market. Products
with this mark have been
evaluated and found to
conform to Canadian safety
requirements for the
Canadian market.

NLPIP recommends that specifiers
select dimming electronic ballasts and
control devices that are either made by the
same manufacturer or listed in manufactur-
ers’ literature as being compatible. Control
signal range is key to ballast/control device
compatibility and is often reported in
manufacturer information. Always specify a
control device with a control signal range as
close as possible to that of the ballast. A
device with a wider control signal range is a
better selection than one with a control
signal range that does not completely
encompass the ballast’s effective dimming
control range. If the control device’s signal
range is too great, however, much of its
range may produce no response from the
ballast and precise control of light output
may be more difficult. If the control signal
range is less than a ballast’s effective
dimming control range, the ballast’s full
dimming range will not be usable.

Performance
Characteristics

Dimming Operation

Dimming can be described in terms of
percentage of maximum light output,
measured illuminance, and perceived
brightness. Perceived brightness accounts

for the adaptability of the human eye when
exposed to different amounts of light. For
example, a space with the system dimmed
to 25% of maximum light output may be
perceived as being almost half as bright as
the same space with the system at maxi-
mum light output. Figure 3 illustrates the
theoretical relationship between measured
illuminance and perceived brightness.

NLPIP observed some variations in
dimming operation during the testing of
dimming electronic ballast systems. All
dimmers were supplied by the ballast
manufacturers. The manufacturers’ infor-
mation for all of the ballasts tested indicates
that each product provides continuous
dimming. NLPIP researchers observed
“step” dimming characteristics for some
systems, in which the light output changed
in discrete (and noticeable) steps rather
than continuously.

Also, the mechanical range of the slide
dimmers used by NLPIP in testing some-
times did not exactly coincide with the
dimming range of the lamps and ballasts.
The lamps in some cases extinguished
before the slide dimmer was at its lowest
setting. NLPIP recommends that specifiers
obtain samples of the lamps, ballasts, and
control devices being considered. These
samples should be evaluated in a mock-up
before the system is specified and installed.

Figure 3. “Square Law” Curve: Theoretical Relationship
Between Measured llluminance and Perceived Brightness
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Dimming Range

The dimming range of a lighting system
varies with different dimming ballasts.
NLPIP found that a few of the dimming
ballasts tested could dim lamps to less than
5% of maximum light output and that most
could dim lamps to less than 20% of maxi-
mum light output. The dimming range
required for a specific installation depends
on the application. A ballast that dims to 20%
of maximum light output is adequate for
many photosensor applications. Ballasts
with a broader dimming range may be
preferable for applications where dimming is
needed to accommodate audiovisual needs
or to create architectural effects.

Power Quality

Dimming devices can, in some instances,
affect power quality. Power quality describes
the extent to which a specific electronic
device distorts the voltage or current
waveform and/or changes the phase rela-
tionship between them. A device with ideal
power quality characteristics neither distorts
the supply voltage nor affects the voltage-
current phase relationship. NLPIP evaluated
power quality for dimming electronic ballasts
by measuring power factor and current total
harmonic distortion (THD).

Power factor is defined as the ratio of
active power [in watts (W)] to apparent
power [in volt-amperes (VA)]. Apparent
power is the product of root-mean-square
(rms) voltage and rms current. Power factor
ranges from 0 to 1. A power factor of 1 means
that the current voltage waveforms are in
phase and neither waveform is distorted. In
other words, when power factor is 1, apparent
power and active power are equal.

Any distortion of the current wave shape
causes distorted current to flow through the
electrical distribution system, thus reducing
power factor. These distortions are expressed
by current THD. Distorted currents may have
other effects, including interference with the
operation of electronic equipment, both
nearby and remote. High current THD
levels can cause overheating in conductors
and transformers. For more information,
see Lighting Answers: Electromagnetic
Interference Involving Fluorescent Lighting
Systems, 1995, and Lighting Answers: Power
Quality, 1995.

Ballast Life

Ballast life is listed in Tables 2 and 3, and
ranges from 10 to 20 years. Ballast life
depends upon maximum ballast case
temperature and operating voltage. High
temperatures or high peak voltage can
damage electronic components or shorten
their lives. Tables 2 and 3 list maximum
rated ballast case temperatures for all
dimming electronic ballasts supplied by
manufacturers. These range from 104 to
185°F (40 to 85°C). If ballasts are operated
at temperatures higher than those recom-
mended, warranties could become void.
NLPIP did not test ballast case temperatures.

Definition and Standards for Harmonic Distortion

Current THD is a measure of the amount of distortion in a current’'s wave
shape: the higher the THD value, the greater the distortion. American Na-
tional Standards Institute (ANSI) Standard C82.11 sets a limit of 32% current
harmonic factor for electronic ballast systems. The United States Department
of Energy has proposed limiting current THD to 20% on all lighting equip-
ment. Many utilities only include ballasts that have THD less than 20% in their
energy-efficiency programs.

Harmonics that are odd triple multiples of the fundamental frequency (3rd,
9th, 15th, ...) have the greatest potential impact on electrical systems be-
cause the current from these harmonics flows on the neutral conductor and
may overload it. ANSI C82.11 also sets limits for odd triple multiples and
other harmonics.

In this report, NLPIP uses the definition of the Institute of Electrical and
Electronic Engineers (IEEE 519-1992) because that is how ballast manufac-
turers typically report it. This definition coincides with the definition of har-
monic factor used by ANSI, Canadian Standards Association (CSA) and the
International Electrotechnical Commission (IEC).

L2+ 12+12+ ..
THD = % % 100
1
where
11 = fundamental current,

I2 = current in second harmonic,
I3 = current in third harmonic,
l4 = current in fourth harmonic,

etc.

ANSI, CSA, and IEC define THD as the ratio of the harmonic content to the
rms value of the periodic current (all of the harmonic components including
the fundamental), which is expressed as

2 2 2
L2+ 12+ 1,2+ ..

THD =
2 2 2 2
L2 H,2+ 124+ 1,2 .

x 100
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PLC Transmitters and
Electronic Ballasts

Interference from high-
frequency electronic ballasts
may disrupt some power-line
carrier (PLC) signals. PLCs
are systems that transmit
high frequency (50 to 500
kHz) signals via the power
lines of a building. These
signals control devices such
as synchronized clocks or
contain voice transmissions
such as intercom messages.
Some commercial and
residential energy manage-
ment systems also use
PLCs. Specifiers should
consult the manufacturers of
both the PLC device and the
electronic ballast to ensure
compatibility.

Lamp Starting

Rapid-start ballasts (including dimming
electronic ballasts) can reduce lamp life if
they do not heat the electrodes enough
before starting the lamp. Because electrode
temperature cannot be measured directly,
the lighting industry uses two related
metrics: electrode preheat time and
electrode-heating voltage. ANSI specifies a
minimum preheat time of 0.5 seconds (s)
for rapid-start ballasts and an electrode-
heating voltage of 2.5 to 4.4 Vac for non-
dimming ballasts operating F32T8 lamps.
All dimming electronic ballasts tested by
NLPIP preheated lamp electrodes for at
least 0.5 s. NLPIP found that at maximum
light output, most dimming electronic
ballasts provided electrode-heating voltage
within the range specified by ANSI.

When lamps are dimmed, the electron
flow in the arc decreases. To compensate
for this decrease, most ballasts tested by
NLPIP exceeded 4.4 Vac of electrode-
heating voltage when operating at the
minimum light output setting.

In addition to electrode-heating voltage
and preheat time, NLPIP has found
evidence to support the use of another
metric to predict lamp and ballast compat-
ibility for rapid-start electronic ballasts
(Davis and Ji 1998). Ru/Rc is the ratio of
hot electrode resistance to cold electrode
resistance for each lamp-ballast system as a
way to estimate electrode temperature just
before a lamp is started (Hammer 1995). An
Rn/Rc value of 4.25 equates to a lamp
electrode temperature of 1300°F (700°C),
which lamp experts consider the minimum
temperature for proper lamp starting. ANSI
is currently considering Ru/Rc as a new
metric for determining whether rapid-start
lamp-ballast systems adequately heat lamp
electrodes before starting. To find out more
about Ru/Rc, see the sidebar on the facing
page or NLPIP’s Guide to Selecting Fre-
quently Switched T8 Fluorescent Lamp-
Ballast Systems, 1998.
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Lamp Operation

Ballast factor (BF) is the ratio of the light
output of a lamp or lamps operated by a
specific ballast to the light output of the
same lamp(s) operated by a reference
ballast. Most electronic ballasts have BFs
less than 1.0, although some electronic
ballasts have BFs greater than 1.0 to
provide high light output. An electronic
ballast with a BF of 1.0 requires less power
than a reference ballast, even though they
both produce the same light output.

Lamp current crest factor (CCF) is the
ratio of peak lamp current to rms lamp
current and so is a measure of current wave
shape. A high lamp CCF indicates high
peaks in the current wave shape that can
reduce lamp life. CCF is determined by the
ballast. The CCF for a sine wave is 1.41.
ANSI specifies CCF less than 1.7 to ensure
rated lamp life (ANSI 1993).

Alternative Technologies

Lighting Circuit Power Reducers

Lighting circuit power reducers are retrofit
devices designed to reduce the energy use
of a lighting circuit. These power reducers
are installed at electrical panels between a
circuit breaker and the lighting load to
reduce the active power of the entire
lighting circuit. The end result is less
power, less illuminance for the space, and
in some instances, reduced system efficacy.
Specifiers considering this type of retrofit
for existing lighting applications should see
Specifier Reports: Lighting Circuit Power
Reducers, 1998.

Step-Dimming

Another alternative to a continuously
dimming electronic ballast is a step-dimming
electronic ballast with a built-in switch for
selecting preset dim settings. The ballast
must be physically accessed to change the
settings, so it cannot be remotely controlled.
Many controls can be used to step-dim
ballasts in a two-level mode (either maxi-
mum or reduced light output).



Fluorescent System Reliability

The rated life of a fluorescent lamp is the
number of hours at which half the lamps in
a large test group have failed (IESNA
1987). Lamp life testing is performed in a
controlled open-air environment. The lamps
are cycled continuously on for three hours
and off for twenty minutes. This is known
as the standard cycling rate. Previous re-
search (Vorlander and Raddin 1950) has
shown that starting a lamp more frequently
decreases lamp life, while starting it less
frequently increases lamp life.

A T8 linear fluorescent lamp typically has a
rated life of 20,000 hours. Using the stan-
dard cycling rate, it would take three to four
years to test these lamps. As a result,
when new lamps or ballasts are developed,
there is a long delay before a determination
can be made about the longevity of a fluo-
rescent system. For this reason, there is
interest in developing a life-predicting tech-
nigue. The technique could be used to test
lamp and ballast combinations and deter-
mine their compatibility.

One technique that has been used with
rapid-start fluorescent systems for the past
ten years or more is RH/Rc. RH/Rc is the
ratio of the hot electrode resistance to the
cold (or ambient) electrode resistance. The
ratio is part of an equation that allows the
researcher or designer to predict the tem-
perature of the electrode during starting just
before the lamp arc is established. Before
starting the lamp, the ballast should heat
the electrodes to at least 1300°F (700°C),
which equates to an RH/Rc value of 4.25. If
the electrodes are not heated enough,
sputtering will occur, but if they are over-

heated, too much of the emissive coating
may evaporate. The relationship between
RH/Rc and electrode overheating is not
known at this time.

Cold electrode resistance can be measured
using an ohmmeter capable of measuring
low resistances, such as a few ohms. Hot
electrode resistance cannot be measured
directly. It must be calculated by measuring
the voltage applied to the electrode and the
electrode current during starting. It is critical
to make these measurements just before
the lamp arc is established. Several meth-
ods of measuring this hot electrode resis-
tance have been presented, most of which
are similar in technique.

For this testing, NLPIP used a measure-
ment technique similar to Mortimer (1996).
The Rc was measured at a room temperature
of 77£2°F (25+1°C). For the Ry measure-
ment, the electrode-heating voltage and
electrode-heating current values were mea-
sured immediately before the lamp’s transi-
tion from glow to arc. NLPIP calculated the
RH value and the RH/Rc ratio based on
these values.

NLPIP measured RH/Rc for two different
ballasts that were tested in this report. One
ballast operated two 26-W CFLs and the
other ballast operated one 32-W CFL. For
each ballast, nine lamps (three from each
of three different lamp manufacturers) were
tested. This test demonstrates that RH/Rc
is dependent on which lamp is used with a
particular ballast. However, the data sug-
gest that the differences between ballasts
are greater than the differences between
lamps. The results are shown in the follow-
ing table.

Ballast Lamp Mean Ru/Rc Range Standard Deviation

kgté?gF 06.120..E 26-W (GE Lighting) 4.08 1.20 0.324
26-W (OSRAM SYLVANIA) 4.44 0.61 0.177
26-W (Philips Lighting) 3.64 1.40 0.357
Average For All 26-W Lamps 4.05

E[Je\i_CTollgFee <D 32-W (GE Lighting) 5.44 0.66 0.270
32-W (OSRAM SYLVANIA) 4.55 0.07 0.030
32-W (Philips Lighting) 5.93 0.88 0.351
Average For All 32-W Lamps 5.30
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Switch-Dimming

A third alternative, useful for new construc-
tion applications or for extensive lighting
renovations, is to wire lamps within lumi-
naires to different control circuits. For
example, two of the lamps in a three-lamp
luminaire can be wired to a control circuit
separate from the third lamp. Depending on
which circuits are switched on, one, two, or
all three lamps can be operated.

Performance Evaluations

NLPIP tested 120-Vac ballasts for two 32-W
T8 lamps (F32T8), two 18-W quad tube
lamps (CFQ18), two 26-W quad tube lamps
(CFQ26), and one 32-W triple tube lamp
(CFM32). NLPIP conducted all testing at
the LRC’s laboratory in Watervliet, New
York, from March to June 1997 and from
April to July 1999.

Table 1 contains product information
for lamps and luminaires used in NLPIP’s
testing. Tables 2 and 3 contain manufacturer-
supplied product information for dimming
electronic ballasts for linear fluorescent and
compact fluorescent lamps, respectively.
Table 4 contains the results of NLPIP’s
testing. Table 5 contains a list of manufactur-
ers along with contact information.

NLPIP Testing Procedure for Dimming
Ballasts for T8 Lamps

NLPIP requested three samples of dimming
electronic ballasts for two F32T8 lamps and
one dimmer from each manufacturer. The
dimmers used were not necessarily manu-
factured by the ballast manufacturers but

were supplied to NLPIP by them. When
possible, NLPIP purchased an additional
ballast from a local vendor for each manufac-
turer. One randomly selected ballast from
each set was tested with the manufacturer-
supplied dimmer. NLPIP used lamps from

a single manufacturer (listed in Table 1) to
test all the ballasts for a particular lamp type.
All lamps were seasoned for at least 100
hours (h) and then operated for at least

15 h immediately before the first measure-
ments. Ambient temperature was main-
tained at 77+2°F (25£1°C) and input voltage
at 120+0.12 Vac.

Figure 4 illustrates the apparatus for
testing dimming ballasts for T8 lamps.
NLPIP used a partitioned lamp rack to
perform simultaneous electrical and light
output measurements. Each lamp compart-
ment was painted black inside and designed
to hold one 4-ft (1.2-m) lamp and one
illuminance detector so that the light output
from each lamp could be measured inde-
pendently. The illuminances from both
detectors were added to give the total light
output for the system.

NLPIP first took electrical and illumi-
nance measurements at the maximum light
output setting of the supplied dimmer for
each ballast tested. Then the system was
manually dimmed to 80% (+3%) of the
maximum illuminance. The same set of
measurements was taken after the light
output stabilized. NLPIP continuously
monitored light output and considered it
stabilized when the variation over a five-
minute period was less than 2%. This
procedure required at least 30 minutes for
each measurement. The procedure was
repeated with the following light output

Table 1. Lamps and Luminaires Used in NLPIP Testing
Lamp Used Amalgam Luminaire Used
Lamp Type Manufacturer Catalog Number (YIN) Manufacturer Housing Reflector
OSRAM
F32T8 SYLVANIA F32T8/741 N NA NA NA
CFQ18 GE Lighting F18DBX/SPX27/4P N Lightolier 7218F120 8056CLW
OSRAM . .
CFQ26 SYLVANIA CF26DD/E/827 N Lightolier 7226F120 8056CLW
CFM32 Philips Lighting PL-T 32W/30/4P Y Lightolier 7132E120 8050CLW

NA = not applicable
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levels (£3%) in order: 60%, 40%, 20%, the
minimum level (if lower than 20%) achiev-
able with the supplied dimmer, 20%, 40%,
60%, 80%, and finally, the maximum light
output level. The values were the same
when lamps were measured from minimum
to maximum light output and from maxi-
mum to minimum light output.

Dimming range, which had an upper
limit of 100%, was calculated for each
individual ballast. Each ballast's minimum
dimmed level is reported as a percentage of
its maximum light output in Table 4.

Results

Table 4 contains data obtained at maximum
light output, minimum light output, and 40%
of maximum light output. The 40% level was
chosen to provide a benchmark to compare
dimmed performance. This is the lowest
dimmed level that all ballasts met.

Relative Light Output

To calculate maximum relative light output
(RLO), NLPIP normalized the data for all
the F32T8 systems to the highest maximum
light output measured. This value was
assigned an RLO of 100%, and the other
data were scaled accordingly. For example,
in Table 4, within the F32T8 lamp group,
the system using the Philips Lighting
ballast with catalog number ECD-120-2/32T
had the highest light output, so its RLO was
100%. The light output from the other
systems for F32T8 lamps were normalized
to this RLO.

RLO correlates with ballast factor
because they are both based on light
output. For example, the NLPIP-measured
data in Table 4 for two F32T8 120-Vac lamps
shows that RLO ranged from 100 to 72%.
This range correlates with manufacturer-
supplied information in Table 2 for the same
lamp types, for which ballast factor ranged
from 1.00 to 0.74.

Relative System Efficacy

The efficacy of a lighting system is the ratio
of the light output to the active power,
calculated in lumens per watt (LPW). For
fluorescent lighting systems, system
efficacy can range from approximately 60 to
100 LPW. System efficacy depends on the
characteristics of individual systems and
therefore varies with each application.
Researchers computed relative system
efficacy as the ratio of RLO to system active
power. Researchers then normalized these
relative system efficacy data to the highest
value at the maximum light output level,
which was assigned a relative system
efficacy value of 100%. Figure 5 on p. 10
illustrates the overlapping range of RLOs as
the ballasts dim the lamps. These test
results were similar for all the ballasts.

Figure 4. Testing Apparatus for Linear T8
Fluorescent Lamps

Lamp
(OSRAM SYLVANIA F32T8/741)

llluminance
detector
holder

Partition

Black surface

Dimensions: 48 in. (L) x 18 in. (W) x 10%, in. (H)
Each lamp compartment was 9 in. wide
1cm=0.394in.
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Constraints on Length of
Ballast Leads for CFL
Products

NLPIP originally planned to
test the CFL ballasts with the
lamps inside an integrating
sphere. However, some CFL
ballast manufacturers print
lead length constraints on
their ballast labels. In the
course of discussions with
manufacturers, NLPIP
learned that the lead length
required between the lamp(s)
and the ballast is usually less
than or equal to 3 ft (0.9 m)
and that the proper length
leads are usually sent to the
customers with the ballasts.
According to the manufactur-
ers, longer or shorter leads
alter the lamp signal because
of varying capacitance, af-
fecting the dimming and

starting capability of the lamp.

To evaluate this effect,
NLPIP conducted a pilot
study with one of the two-
lamp dimming electronic
ballasts for CFLs. Results
showed that when the leads
were 3 ft (0.9 m) long, the
dimming range was as
claimed by the manufacturer
(5 to 100% light output).
When the leads were 20 ft
(6.2 m) long, the lamps
extinguished at about 20%
light output. At this length,
the light output changed
considerably when research-
ers simply moved the wires
relative to each other. This
lead length constraint made
the sphere testing plan
impractical and led to
NLPIP’s decision to test the
lamps and ballasts within a
luminaire.

NLPIP Testing Procedure for Dimming
Electronic Ballasts for CFLs

For commercial applications, dimming
systems for CFLs are usually sold as a
package including the lamp, ballast,
luminaire, and control. For testing pur-
poses, NLPIP researchers selected com-
mon downlights for two CFQ18 lamps, two
CFQ26 lamps, and one CFM32 lamp.
Researchers asked each manufacturer to
submit two ballast samples and one dim-
mer. NLPIP purchased one additional
ballast for each manufacturer from an
electrical distributor when possible.
Because of maximum lead length
constraints (see the sidebar “Constraints on
Length of Ballast Leads for CFL Products”),
researchers tested the compact fluorescent
lamps and dimming ballasts installed in a
recessed downlight in a test chamber.
Figure 6 shows the simulated ceiling
chamber used by NLPIP for testing CFLs.
During testing, NLPIP researchers held
the relative positions of the downlight,
lamp or lamps, and five illuminance
detectors constant. Researchers used the
illuminance measurement at the center
illuminance detector (see Figure 6) to
calculate the RLO for the lamp-ballast

system being tested. Measurements from
the other illuminance detectors were
monitored to ensure that the luminaire
location and the light distribution re-
mained constant. All lamps were seasoned
for at least 100 h and then operated for at
least 15 h, except for the 32-W amalgam
lamp, which was operated for more than
100 h before the first measurements were
made. Ambient temperature was main-
tained at 77+2°F (25+1°C), and input
voltage at 120+0.12 Vac.

For each ballast tested that operated
non-amalgam lamps, NLPIP researchers
followed the same procedure for electrical
and light output measurements as those
described for the ballasts for T8 lamps.

For each ballast tested with the amalgam
32-W CFM lamp, researchers initially used
the same testing procedure, but the results
were non-repeatable for the middle dimmed
levels. Therefore, researchers decided to
perform measurements only at the maxi-
mum and minimum light outputs achievable
with the supplied dimmers.

For CFL dimming electronic ballasts,
researchers calculated RLO and relative
system efficacy using the method described
in testing procedures for T8 lamp ballasts.

Figure 5. Range of RLO Compared to Active Power
Dimming Electronic Ballasts for Two F32T8 Lamps
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Results

Minimum Dimmed Level

In one case (Energy Savings ballast ES-1-
CFH-42-120-G-DIM-E), the lamps extin-
guished before reaching the reported
minimum light output level. In another case
(Lutron Electronics ballast FDB-CF26-120-
2-E), the lamps flickered at the minimum
level. For these products, NLPIP reports
the measured data at the minimum level
achievable without flicker during testing.

Relative System Efficacy

As reported in Table 4 and shown in Figures
7 and 8, the CFL ballasts tested by NLPIP
differed from each other in relative system
efficacy. Figure 8 shows the relationship
between RLO and active power for the
ballasts operating two CFQ26 lamps. This
figure illustrates that for the same power,
the products tested varied in the light output
they produced, resulting in different relative
system efficacies. The difference is greater
at higher active powers.

As shown in Table 4, dimming electronic
ballasts for CFLs tested at maximum light
output showed relative system efficacies
that ranged from 71 to 100%. Those tested
at 40% of maximum showed relative system
efficacies that ranged from 70% to 86%.
Those tested at minimum light output
showed relative system efficacies that
ranged from 8 to 62%.

THD and Power Factor

NLPIP found that the THD produced by a
few dimming ballasts increased significantly
at dimmed levels. This increase in THD
produced a corresponding decrease in
power factor. Power factor during dimming
ranged from greater than 0.99 at maximum
light output to 0.29 at minimum light
output. Because THD is expressed as a
percentage of the fundamental current, a
high THD at low light output levels (and
low fundamental current levels) may not be
a concern, as the actual distorted current is
small. Current THD ranged from 6 to 18% at
maximum light output, from 5 to 69% at 40%
of maximum, and from 7 to 158% at mini-
mum light output.

Figure 6. Simulated Ceiling Chamber Used by NLPIP for

1 Chamber lid
2 Black interior
3 Downlight

4 Black felt

5 llluminance detectors

6 Floor

7 Ballast — N4+ — _

Testing CFLs

1— [

¥

I L6
33"
_v_ 'm A

Ce—=5»=

4

Chamber dimensions: 8 ft (L) x 4 ft (W) x 4 ft (H) and 33 in. above floor

1cm =0.394in. = 0.0328 ft

Relative Light Output (%)
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Figure 7. RLO as a Function of Active Power
Dimming Electronic Ballasts for Two CFQ18 Lamps
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Figure 8. RLO as a Function of Active Power
Dimming Electronic Ballasts for Two CFQ26 Lamps
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Data Table Terms and
Definitions

The following data tables present product
information supplied by NLPIP and by
manufacturers. The column headings are
defined in this section.

Note that for many of the column
headings in Tables 2, 3, and 4, there are two
sub-headings: Max and Min. The Max
column contains data obtained at each
dimmer’s maximum light output setting.
The Min column contains data obtained at
each dimmer’s minimum setting. Table 4
also contains data obtained at 40% of each
dimmer’s maximum setting.

Active power. The input power (in watts)
for a lamp and ballast combination.

BEF (Ballast efficacy factor). The ratio of
the ballast factor (as a percentage) to the
active power (in watts). For eample, if the
ballast factor of a ballast is 0.88 and its
active power is 33W, the ballast’s BEF is
88+33 = 2.67%/W.

BF (Ballast factor). The ratio of the light
output of a fluorescent lamp operated by a
particular ballast to the light output of the
same lamp operated by a reference ballast
under standard testing conditions, given as
a percentage.

CCF (Current crest factor). The peak
lamp current divided by the root-mean-
square (rms) lamp current. CCF ranges
from 1.0 to infinity. ANSI requires CCF to be
less than 1.7; lamp manufacturers usually
will not warranty their lamps if operated on
ballasts with CCFs greater than 1.7.

Control signal range. The range of the
electrical signal (in volts) that a control

device uses to signal the dimming level to
a ballast.

Current THD. A measure of the degree to
which the current waveform deviates from
sinusoidal, expressed as a percentage.

Glow current. The current that flows from
the lamp electrodes during the electrode
preheat period while the lamp starting
voltage is applied.

Lamp current. The current flowing
between the lamp electrodes during
operation.

Low-voltage circuit protection. Protec-
tion for the ballast’s low-voltage control
circuit from high voltage spikes. Does not
apply to high-voltage controls.

Maximum ballast case temperature.
The maximum temperature of the ballast
case for which the manufacturer’s life rating
is valid.

Maximum relative light output. The
illuminance measured at a fixed distance
from the lamps. For each lamp type, the
maximum relative light output was normal-
ized to the highest value at the maximum
light output level, which was assigned a
value of 100%.

Minimum dimmed level. The lowest
dimmed level achieved by the ballast,
expressed as a percentage of that ballast’s
maximum light output.

Minimum starting temperature. The
minimum ambient temperature at which the
ballast will reliably start fluorescent lamps.

Operating electrode voltage. The voltage
that the ballast supplies to the lamp elec-
trodes while the lamp is operating.

Power factor. The ratio of active power
(in watts) to apparent power (in rms volt-
amperes).

Relative system efficacy. The ratio of
relative light output (RLO) to system active
power. For each lamp type, relative system
efficacy was normalized to the highest value
at the maximum light output level, which
was assigned a relative system efficacy
value of 100%.

Starting method. All the dimming elec-
tronic ballasts in this report use one of
these starting methods: rapid-start (RS),
programmed-start (PS), or controlled rapid-
start (CRS).
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Table 2. Manufacturer-Supplied Data: Dimming Electronic Ballasts for Linear Fluorescent Lamps

Electrical Data

Operating Electrode

Power Factor Current THD  Active Power Starting Voltage
Max.  Min. Max. Min. Max. Min. Method Max. Min.
Manufacturer Trade Name Catalog Number? (%) (%) w) W) (Vac) (Vac)
One F32T8 Lamp, 120 Vac
Advance Transformer Mark VII RZT-132 >0.98 >0.90 <10 <25 58 9 PS 2.0-4.0 4.0-4.8
Mark X REZ-132 >0.98 NAP <10 NAP 35 9 PS 2.5-4.5 2.5-5.0
MagneTek Ballastar  B132R120V20 0.99 0.95 8 15 33 12 RS 3.1-3.2 4.4-5.0
Motorola Lighting Helios M1-RN-T8-10C-120 0.99 0.98 <10 <25 34 10 RS NS NS
Philips Lighting Ecotron ECD-120-1/32T >0.98 NAP <10 NAP 55 9 BS) <4.4 >3.6
One F32T8 Lamp, 277 Vac
Advance Transformer Mark VIl VZT-132 >0.98 >0.90 <10 <25 58 9 PS 2.0-4.0 4.0-4.8
Mark X VEZ-132 >0.98 NAP <10 NAP 35 9 PS 2.0-4.0 4.0-4.8
MagneTek Ballastar  B132R277V20 0.98 0.94 8 15 33 12 RS 3.1-3.2 4.4-5.0
Motorola Lighting Helios M1-RN-T8-10C-277 0.99 0.98 <10 <25 33 10 RS NS NS
Philips Lighting Ecotron ECD-277-1/32T >0.98 NAP <10 NAP 55 9 BS) <4.4 >3.6
Two F32T8 Lamps, 120 Vac
Advance Transformer Mark VII RZT-2S32 >0.98 >0.90 <10 <25 64 15 BS 2.0-4.0 4.0-4.8
Mark X ~ REZ-2S32 >0.98 NA® <10 NA® 70 15 PS 2040 4.0-48
Electronic Lighting SmartStart 55 ¢120 099 093 12 33 58 23 CRS 4.0-45 4550
Series 700
SmartStart
Series 700 D232-C120-P3 099 0.92 12 37 61 21 CRS 4.0-4.5 45-5.0
PowerPlus
SmartStart
Series 700 D232-C120-P3° 099 094 12 32 61 22 CRS 4.0-45 45-5.0
PowerPlus
Energy Savings SuperSlim ES-2-T8-32-120-A-DIM-E  0.99 NS 3 <110 57 15 PS 4.0-5.0 4.0-5.0
Lutron Electronics ECO-10 ECO-T832-120-2 0.99 0.98 3 13 64 18 RS 3.5-4.5 3.7-4.2
ECO-10 TVE-T832-120-2 0.99 0.92 8 14 68 17 RS 3.9-4.0 4.0-4.2
Hilume FDB-4827-120-2 0.99 0.82 8 16 68 9 RS 3.9-4.0 3.3-3.6
MagneTek Ballastar B232SR120V20 >0.99 0.96 5 12 63 20 RS 3.1-35 4.0-5.0
Motorola Lighting Helios M2-RN-T8-10C-120 0.99 0.98 <10 <25 65 20 RS NS NS
Philips Lighting Ecotron ECD-120-2/32T >0.98 NAP <10 NAP 70 16 PS <4.4 >3.6

NA = not applicable
NS = not supplied
°C =%/ (°F-32)
1kg=221lb

a Catalog numbers in red indicate products tested by NLPIP.
b Manufacturer claims that power factor at minimum light output, current THD at minimum light output, and control signal range do not depend

on the ballast alone; they also depend on the control device used.
¢ Operated with the dimming module MP3 (allows dimming to 10%).

d Prices are retail for small quantity orders.
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Electrical Data

Photometric Data

Life

Control  Low-Voltage Min. Max. Listed/ Min.
Lamp Current  gjqy i Signal Circuit Dimmed Case Certified  Start  List
Max.  Min. Current Max. Min.  Range Protection BF BEF  Level Rated  Temp. Warranty By Temp. Price Weight
(MA)  (mA)  (mA) (V) (6IW) (%) VL) (°F) (yr) (CF) ($US)  (Ib)
NS NS <15 <1.6 <1.6 0-10 NS 0.88 2.67 5 15-20 158 5 UL/CSA 50 70 1.6
NS NS NS <1.7 <17 NAP NA 1.00 2.86 5 15-20 158 5 UL/CSA 50 65 1.6
185 & 10 1.4 15 0-10 Y 0.88 2.67 20 12-15 167 5 UL/CSA 50 45-50 25
180 17 <10 14 15 0-10 0.88 1.36 10 20 104 5 UL/CSA 50 509 1.3
NS NS NS <1.7 <17 NAP NA 1.00 2.86 5 15-20 158 5 UL/CSA 50 NS 1.6
NS NS <15 <1.6 <1.6 0-10 NS 0.88 2.67 5 15-20 158 5 UL/CSA 50 74 1.6
NS NS <15 <1.6 <1.6 NAP NA 1.00 2.86 5 15-20 158 5 UL/CSA 50 68 1.6
185 & 10 1.4 15 0-10 Y 0.88 2.67 20 12-15 167 5 UL/CSA 50 45-50 25
180 17 <10 14 15 0-10 N 0.88 1.36 10 20 104 5 UL/CSA 50 509 1.3
NS NS NS <1.7 <17 NAP NA 1.00 2.86 5 15-20 158 5 UL/CSA 50 NS 1.6
NS NS <16 <1.6 <1.6 0-10 NS 0.88 1.36 5 15-20 158 5 UL/CSA 50 67 1.6
NS NS <15 <16 <1.6 NAP NA 1.00 1.43 5 15-20 158 5 UL/CSA 50 63 1.6
186 58 4 1.7 15 0-10 Y 0.86 1.41 20 18 113 5 UL/C-UL 50 3540 13
184 23 4 1.7 15 0-10 Y 0.86 1.43 20 18 113 5 UL/C-UL 50 35-40 1.3
184 28 4 1.7 14 0-10 Y 0.86 1.43 10 18 115 5 UL/C-UL 50 35-40 1.3
150 20 0 <1.6 <1.6 40-120 NA 0.74 1.29 10 15 185 3 UL/CSA 0 <30 0.5
175 22 <20 14 14 57-112 NA 0.85 1.33 10 10 167 8 UL/CSA 50 >75 1.0
190 21 <20 15 18 1-9 Y 091 1.34 10 10 167 3 UL/CSA 50 >75 1.0
190 5 <20 15 25 57-112 NA 091 1.34 1 10 167 3 UL/CSA 50 >75 1.0
185 35 10 14 16 0-10 Y 0.88 1.40 20 12-15 167 5 UL/CSA 50 45-50 25
180 17 <10 14 15 0-10 N 0.88 1.36 10 20 104 5 UL/CSA 50 509 1.3
NS NS NS <1.7 <1.7 NAP NA 1.00 1.43 5 15-20 158 5 UL/CSA 50 NS 1.6
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Table 2 (continued). Manufacturer-Supplied Data: Dimming Electronic Ballasts for Linear Fluorescent

Lamps
Electrical Data
Operating Electrode
Power Factor Current THD  Active Power Starting Voltage
Max. Min. Max.  Min. Max. Min. Method  Max. Min.
Manufacturer Trade Name  Catalog Number® (%) (%) w) W) (Vac) (Vac)
Two F32T8 Lamps, 277 Vac
Advance Transformer Mark VII VZT-2S32 >0.98 >0.90 <10 <25 64 15 PS 2.0-4.0 4.0-4.8
Mark X VEZ-2S32 >0.98 NAP <10 NAP 70 15 PS 2.0-4.0 48-48
Electronic Lighting SmanStart 05 277 099 092 13 34 60 22 CRS 4.0-45 4550
Series 700
SmartStart
Series 700 D232-C277-P3 0.98 0.94 12 28 61 26 CRS 4.0-45 45-50
PowerPlus
SmartStart
Series 700 D232-C277-P3¢ 0.98 0.93 12 32 61 22 CRS 4.0-45 4550
PowerPlus
MagneTek Ballastar B232SR277V20 0.99 0.94 5 12 63 20 RS 3.1-3.5 4.0-5.0
Motorola Lighting Helios M2-RN-T8-10C-277 0.99 0.98 <10 <25 65 20 RS NS NS
Philips Lighting Ecotron ECD-277-2/32T >0.98 NAP <10 NAP 70 16 PS <4.4 >3.6
Three F32T8 Lamps, 120 Vac
Advance Transformer Mark VII RZT-3S32 >0.98 >0.90 <10 <25 93 20 PS 1.0-4.0 4.0-438
Mark X REZ-3S32 >0.98 NAP <10 NAP 104 20 PS 2.0-4.0 4.0-4.8
Lutron Electronics ECO-10 ECO-T832-120-3 0.99 0.95 7 13 95 23 RS 4.1-42 4.1-43
ECO-10 TVE-T832-120-3 0.99 0.95 7 13 95 23 RS 4.1-42 4.1-43
Hilume FDB-4827-120-3 0.99 0.91 7 15 95 15 RS 4.1-42 3.9-4.1
Philips Lighting Ecotron ECD-120-3/32T >0.98 NAP <10 NAP 104 20 PS <4.4 >3.6
Three F32T8 Lamps, 277 Vac
Advance Transformer Mark VII VZT-3S32 >0.98 >0.90 <10 <25 93 20 PS 2.0-40 4.0-438
Mark X VEZ-3S32 >0.98 NAP <10 NAP 104 20 PS 2.0-4.0 4.0-4.8
Philips Lighting Ecotron ECD-277-3/32T >0.98 NAP <10 NAP 104 20 PS <4.4 >3.6

NA = not applicable

NS = not supplied

°C =5/s (°F-32)

1kg=221b

& Catalog numbers in red indicate products tested by NLPIP.

b Manufacturer claims that power factor at minimum light output, current THD at minimum light output, and control signal range do not depend

on the ballast alone; they also depend on the control device used.
¢ Operated with the dimming module MP3 (allows dimming to 10%).
4 Prices are retail for small quantity orders.
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Electrical Data Photometric Data Life

Control  Low-Voltage Min. Max. Listed/ Min.

Lamp Current oy CCF Signal Circuit Dimmed Case Certified  Start List

Max. Min. Current Max. Min. Range Protection BF BEF  Level Rated Temp. Warranty By Temp.  Price  Weight
(mA) _(mA) _(mA) v) () 0) wv) Ao CF)__(8USs) _ (b)
NS NS <16 <1.6 <16 0-10 NS 0.88 1.38 5 15-20 158 5 UL/CSA 50 70 1.6
NS NS <15 <1.6 <1.6 NAP NA 1.00 1.43 5 15-20 158 5 UL/CSA 50 66 1.6
186 34 4 1.7 15 0-10 Y 0.86 1.44 20 18 113 5) UL/C-UL 50 35-40 1.3
184 38 4 1.7 1.3 0-10 Y 0.86 1.40 20 18 115 5 UL/C-UL 50 35-40 1.3
184 26 4 1.7 14 0-10 Y 0.86 1.40 10 18 115 5 UL/C-UL 50 35-40 1.3
185 35 10 14 16 0-10 Y 0.88 1.40 20 12-15 167 5 UL/CSA 50 45-50 2.5
180 17 <10 14 15 0-10 N 0.88 1.36 10 20 104 5) UL/CSA 50 509 1.3
NS NS NS <1.7 <1.7 NAP NA 1.00 1.43 5 15-20 158 5 UL/CSA 50 NS 1.6
NS NS <15 <1.6<1.6 0-10 NS 0.88 0.95 5 15-20 158 5) UL/CSA 50 80 1.9
NS NS <15 <1.6<16 NAP NA 1.00 0.96 5 15-20 158 5 UL/CSA 50 75 1.9
185 21 <20 14 19 57-112 NA 0.87 0.92 10 10 167 3 UL/CSA 50 >75 1.0
185 21 <20 14 19 1-9 Y 0.87 0.92 10 10 167 3 UL/CSA 50 >75 1.0
185 8 <20 14 25 57-112 NA 0.87 0.92 1 10 167 3 UL/CSA 50 >75 1.0
NS NS NS <1.6<1.7 NAP NA 1.00 0.96 5 15-20 158 5 UL/CSA 50 NS 19
NS NS <15 <1.6<1.6 0-10 NS 0.88 0.95 5 15-20 158 5 UL/CSA 50 84 1.9
NS NS <15 <1.6 <1.6 NAP NA 1.00 0.96 5 15-20 158 5 UL/CSA 50 79 19
NS NS NS <1.7<1.7 NAP NA 1.00 0.96 5 15-20 158 5) UL/CSA 50 NS 1.9
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Table 3. Manufacturer-Supplied Data: Dimming Electronic Ballasts for Compact Fluorescent Lamps

Electrical Data

Active Operating Electrode
Power Factor Current THD Power Starting Voltage
Max. Min. Max.  Min. Max. Min. Method  Max. Min.

Manufacturer Trade Name  Catalog Number® (%) (%) W) (W) (Vac) (Vac)
One CFQ13 Lamp, 120 Vac
Prescolite Intelect PUV-10RS-D >0.95 >0.95 <10 <10 18 6 RS 3.8-55 4.2-6.1
Two CFQ13 Lamps, 120 Vac
Lightolier Powerspec GLT2-13T4-120I >0.95 0.73 <15 <20 29 10 RS 25-32 4453
Prescolite Intelect PUV-20RS-D >0.95 >0.95 <10 <10 30 NA RS 3855 42-61
Two CFQ13 Lamps, 277 Vac
Lightolier Powerspec GLT2-13T4-277I >0.95 >0.95 <15 <20 29 11 RS 25-32 4453
One CFQ18 Lamp, 120 Vac
Prescolite Intelect PUV-11RS-D >0.95 >0.95 <10 <10 21 7 RS 3.8-55 4.2-6.1
Two CFQ18 Lamps, 120 Vac
Lightolier Powerspec GLT2-18T4-120I >0.95 0.82 <15 <20 SSRGS RS 12-2.0 29-38
Lutron Electronics Hilume FDB-CF18-120-2-B 0.98 0.80 12 18 38 9 RS 4.6-4.7 4.9-5.0
Prescolite Intelect PUV-21RS-D >0.99 >0.95 <10 <10 37 13 RS 3855 42-6.1
Two CFQ18 Lamps, 277 Vac
Lightolier Powerspec GLT2-18T4-277I >0.95 0.84 <15 <20 36 13 RS 12-2.0 29-38
One CFQ26 Lamp, 120 Vac
Lightolier Powerspec GLT1-26T4-120I >0.95 0.78 <15 <20 26 11 RS 0.8-1.5 2.0-2.6
Prescolite Intelect PUV-12RS-D >0.95 >0.95 <10 <10 23 8 RS 2.7-3.8 3.0-4.2
One CFQ26 Lamp, 277 Vac
Lightolier Powerspec GLT1-26T4-277I >0.95 0.77 <15 <20 27 11 RS 0.8-15 20-2.6
Two CFQ26 Lamps, 120 Vac
Advance Transformer Mark X REZ-2Q26 >098 NA® <10 NAP 58 12 PS 1.5-25 >3.6-4.4
Lightolier Powerspec GLT2-26T4-120I >0.95 0.84 <15 <20 48 15 RS 0.8-15 2.0-2.6
Lutron Electronics Hilume FDB-CF26-120-2-E 0.98 0.84 9 15 49 11 RS 4.0-4.0 3.4-35
Prescolite Intelect PUV-22RS-D >0.95 >0.95 <10 <10 42 15 RS 27-3.8 3.04.2
Two CFQ26 Lamps, 277 Vac
Advance Transformer Mark X VEZ-2Q26 >0.98 NAP <10 NAP 58 12 PS 15-25 >3.6-4.4
Lightolier Powerspec GLT2-26T4-2771 >0.95 0.88 <15 <20 46 18 RS 0.8-15 2.0-2.6

NA = not applicable

NS = not supplied

°C =5/5(°F-32)

1kg=221b

& Catalog numbers in red indicate products tested by NLPIP.

b Manufacturer claims that power factor at minimum light output, current THD at minimum light output, and control signal range do not depend
on the ballast alone; they also depend on the control device used.

¢ Data were not supplied for this product because the company is no longer in operation.
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Electrical Data Photometric Data Life
Control Low Voltage Min. Max. Listed/  Min.

Lamp Current Glow cer Signal Circuit Dimmed Case Certified ~ Start  List
Max. Min.  Current Max. Min. Range Protection BF BEF Level Rated  Temp. Warranty By Temp. Price Weight
(mA)  (mA)  (mA) (v) (YIN) (W) (%) (yr) (°F) (yr) (°F) (8US)  (Ib)
168 NS NS 1.4 1.4 3-10 Y 0.88 4.89 5 20 140 5 UL/CSA 32 NS 0.35
148 8 NS <1.7 31 0-90 NA NS NS 10 10 126 B UL/CSA 50 90-99 1.85
165 NS NS 14 14 3-10 Y 0.90 3.00 5 20 140 5 UL/CSA 32 NS 0.35
150 NS NS <1.7 <15 0-90 NA NS NS 10 10 126 3 UL/CSA 50 9099 1.85
170 NS NS 1.4 1.4 3-10 Y 0.97 4.61 5 20 140 5 UL/CSA 32 NS 0.35
184 23 NS <1.7 25 0-90 NA NS NS 10 10 126 B UL/CSA 50 90-99 1.85
185 5 <10 1.7 1.6 57-112 NA 0.95 2.50 5 10 164 UL/CSA 50 >75 1.00
165 NS NS 14 14 3-10 Y 0.97 2.62 5 20 140 5 UL/CSA 32 NS 0.35
118 13 NS <17 15 0-90 NA NS NS 10 10 126 3 UL/CSA 50 9099 1.85
238 45 NS <17 15 0-90 NA NS NS 10 10 126 3 UL/CSA 50 9099 1.85
170 NS NS 1.4 1.4 3-10 Y NS NS 5 20 140 5 UL/CSA 32 NS 0.35
176 23 NS <1.7 15 0-90 NA NS NS 10 10 126 3 UL/CSA 50 90-99 1.85
NS NS <5 <16 <1.6 NAP NA 1.00 1.72 5 15-20 158 5 UL/CSA 50 65 1.60
188 55 NS <1.7 3.0 0-90 NA NS NS 10 10 126 3 NS 50 90-99 1.85
200 5 <10 1.6 2.0 57-112 NA 0.80 1.63 5 10 167 3 UL/CSA 50 >75 1.00
166 NS NS 1.4 1.4 3-10 Y NS NS 5 20 140 5 UL/CSA 32 NS 0.35
NS NS <5 <16 <1.6 NAP NA 1.00 1.72 5 15-20 158 5 UL/CSA 50 65 1.60
212 28 NS <17 15 0-90 NA NS NS 15 10 126 NS 50 9099 1.85
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Table 3 (continued). Manufacturer-Supplied Data: Dimming Electronic Ballasts for Compact Fluorescent

Lamps
Electrical Data
Active Operating Electrode
Power Factor Current THD Power Starting Voltage
Max. Min. Max.  Min. Max. Min. Method Max. Min.
Manufacturer Trade Name Catalog Number? (%) (%) W) (w) (Vac) (Vac)
One CFM26 Lamp, 120 Vac
Advance Transformer Mark X REZ-1T32 >0.98 NAP <10 NAP 31 9 PS 1525 >36-44
Energy Savings SuperMini  ES-1-CFH-42-120-G-DIM-E 0.98 NS 15 <110 27 7 PS 1.2-2.0 4.0-5.0
Prescolite Intelect PUV-T13RS-D >0.95 >0.95 <10 <11 32 6 RS 2.7-45 2.7-45
One CFM26 Lamp, 277 Vac
Advance Transformer Mark X VEZ-1T32 >098 NA® <10 NA® 32 9 PS 1525 >3.6-44
Prescolite Intelect PUV-T13RS-D >0.95 >0.57 <10 <45 31 7 RS 27-45 27-45
One CFM32 Lamp, 120 Vac
Advance Transformer Mark X REZ-1T32 >0.98 NA® <10 NA® 38 10 PS 1525 >3.6-4.4
Energy Savings SuperMini  ES-1-CFH-32-120-G-DIM-E~ 0.99 NS 10 <110 31 8 PS 1.2-2.0 4.0-5.0
Lutron Electronics ECO-10 TVE-CT32-120-1 0.97 0.82 10 15 37 10 RS 4.0-42 3.2-33
Hilume FDB-CT32-120-1-E 0.97 0.77 10 16 37 8 RS 4.0-42 35-36
Prescolite Intelect PUV-T13RS-D >0.95 >096 <10 <10 38 8 RS 27-45 27-45
Solium® NS 31426 NS NS NS NS NS NS NS NS NS
One CFM32 Lamp, 277 Vac
Advance Transformer Mark X VEZ-1T32 >0.98 NAP <10 NAP 38 10 BS 1525 >3.6-44
Prescolite Intelect PUV-T13RS-D >0.95 >0.63 <10 <41 37 9 RS 2745 27-45
One CFS38 Lamp, 120 Vac
Energy Savings SuperSlim ES-1-CFT-39-120-A-DIM-E 0.99 NS 5 <110 40 9 PS 15-2.0 3.5-4.0
One CFM42 Lamp, 120 Vac
Advance Transformer Mark X REZ-1T42 >0.98 NAP <10 NAP 49 11 BS 1525 >3.6-44
Energy Savings SuperMini  ES-1-CFH-42-120-G-DIM-E 0.99 NS 7 <110 43 9 PS 0.5-1.0 4.0-5.0
Prescolite Intelect PUV-T13RS-D >0.95 NS <10 8 44 8 RS 2745 27-45
One CFM42 Lamp, 277 Vac
Advance Transformer Mark X VEZ-1T42 >0.98 NAP <10 NAP 49 10 BS 15-25 >3.6-4.4
Prescolite Intelect PUV-T13RS-D >0.95 NS <10 45 42 8 RS 2745 27-45

NA = not applicable

NS = not supplied

°C =%/ (°F-32)

1kg=221lb

& Catalog numbers in red indicate products tested by NLPIP.

b Manufacturer claims that power factor at minimum light output, current THD at minimum light output, and control signal range do not depend
on the ballast alone; they also depend on the control device used.

¢ Data were not supplied for this product because the company is no longer in operation.
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Electrical Data Photometric Data Life
Control Low Voltage Min. Max. Listed/  Min.

Lamp Current Glow cCr Signal Circuit Dimmed Case Certified ~ Start  List
Max. Min.  Current Max. Min. Range Protection BF  BEF Level Rated Temp. Warranty By Temp. Price Weight
(mA)  (mA)  (mA) (V) (%IW) (%) oy CH (yr) (°F) (8US)  (ib)
NS NS NS <1.6 <1.6 NAP NA 1.00 3.23 5 15-20 158 5 UL/CSA 50 65  1.60
275 12 0 <16 <1.6 40-120 NA NS NS 10 15 140 3 UL/ICSA O <30 0.39
276 7 NS 15 13 3-12 Y 0.95 2.96 5 20 140 5 UL/CSA 32 NS 0.35
NS NS <5 <1.6 <1.6 NAP NA 1.00 3.13 5 15-20 158 5 UL/CSA 50 65 1.60
274 7 NS 15 13 3-12 Y 0.95 3.06 5 20 140 5 UL/CSA 32 NS 0.39
NS NS <5 1.6 <16 NA? NA 1.00 2.63 5 15-20 158 5 UL/CSA 50 65 1.60
272 13 0 <16 <1.6 40-120 NA NS NS 10 15 140 3 UL/CSA 0 <30 0.39
305 28 <10 19 14 1-9 Y 0.90 2.40 10 10 167 3 UL/ICSA 50 >75 1.00
305 15 <10 19 20 57-112 NA 0.90 2.40 5 10 167 3 UL/CSA 50 >75 1.00
272 7 NA 15 14 3-12 Y 091 244 5 20 140 5 UL/CSA 32 NS 0.35
NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
NS NS <5 1.6 <16 NAP NA 1.00 2.63 5 15-20 158 5 UL/CSA 50 65 1.60
270 7 NS 15 13 3-12 Y 0.92 255 5 20 140 5 UL/CSA 32 NS 0.35
350 13 0 <16 <1.6 40-120 NA NS NS 10 15 140 3 UL/CSA 0 <30 0.44
NS NS <5 1.6 <16 NA? NA 1.00 2.04 5 15-20 158 5 UL/CSA 50 70  1.60
253 16 0 <1.6 <1.6 40-120 NA NS NS 10 15 140 3 UL/ICSA O <30 0.39
275 5 NS 15 14 3-12 Y NS NS 5 20 140 5 UL/CSA 32 NS 0.35
NS NS <5 1.6 <16 NAP NA 1.00 2.04 5 15-20 158 5 UL/CSA 50 70  1.60
275 5 NS 15 14 3-12 Y NS NS 5 20 140 5 UL/CSA 32 NS 0.35
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Table 4. NLPIP-Measured Data: Dimming Electronic Ballasts for Compact and Linear Fluorescent Lamps

Minimum Dimmed Level

Active Power

Max.  40% of Max. ~ Min.

Manufacturer Catalog Number (%) (W) (W) (W)

Two F32T8 Lamps, 120 Vac

Advance Transformer RZT-2S32 6 59 31 13
REZ-2S32 6 66 35 14

Electronic Lighting D232-C120 41 59 32 32
D232-C120-P3 39 60 33 33

Energy Savings ES-2-T8-32-120-A-DIM-E 6 57 33 17

Lutron Electronics ECO-T832-120-2 12 63 33 17
FDB-4827-120-2 5 67 34 13

MagneTek B232SR120V20 21 60 31 21

Motorola Lighting M2-RN-T8-10C-120 10 62 35 19

Philips Lighting ECD-120-2/32T 5 67 35 14

Two CFQ18 Lamps, 120 Vac

Lightolier GLT2-18T4-120I 7 43 24 15

Lutron Electronics FDB-CF18-120-2-B 2 42 21 9

Prescolite PUV-21RS-D 4 37 20 9

Two CFQ26 Lamps, 120 Vac

Advance Transformer REZ-2Q26 5 56 25 13

Lightolier GLT2-26T4-120I 9 48 25 16

Lutron Electronics FDB-CF26-120-2-E 8 58 22 11

Prescolite PUV-22RS-D 6 44 23 12

One CFM32 Lamp, 120 Vac

Energy Savings ES-1-CFH-42-120-G-DIM-E 21 33 NT 12

Lutron Electronics FDB-CT32-120-1-E 2 40 NT 7

Prescolite PUV-T13RS-D 5 36 NT

Solium? 31426 34 33 NT 17

NT = not tested due to unstable light output with amalgam lamps.

& Manufacturer-supplied data were not supplied for this product because the company is no longer in operation.

Table 5. Manufacturer Contact Information

Manufacturer Telephone Number Fax Number Web Site

Advance Transformer

(847) 390-5000 or (800) 322-2086

(847) 390-5109

www.advancetransformer.com

Electronic Lighting

(510) 795-8555

(510) 795-0870

www.elinet.com

Energy Savings

(847) 925-8400

(847) 925-8490

NA

Lightolier

(508) 679-8131

(508) 674-4710

www.lightolier.com

Lutron Electronics

(610) 282-3800

(610) 282-3769

www.|lutron.com

MagneTek

(800) 624-6383

(615) 316-5165

www.magnetek.com

Motorola Lighting

(847) 215-6300 or (800) 654-0089

(847) 215-6311

www.mot.com

Philips Lighting

(800) 555-0050

(732) 563-3125

www.lighting.philips.com

Prescolite

(510) 562-3500

(510) 577-5026

www.prescolite.com

NA = not available
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Relative System Efficacy

Power Factor

Current THD

Max. Relative Light Output Max. 40% of Max. Min. Max. 40% of Max. Min. Max.  40% of Max.  Min.
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
87 99 76 26 >0.99 0.99 0.98 6 11 20
98 99 75 25 0.99 0.72 0.52 13 65 92
86 98 73 73 0.99 0.96 0.96 12 24 24
86 96 70 70 0.99 0.97 0.97 12 21 21
72 85 58 17 0.98 0.62 0.43 9 67 93
87 93 72 40 >0.99 0.99 0.98 2 4 14
96 96 78 24 0.99 0.97 0.87 6 7 9
89 99 77 58 0.99 0.98 0.95 4 6 6
84 92 66 31 0.99 0.97 0.92 10 21 32
100 100 76 24 0.99 0.72 0.47 13 65 98
100 95 71 21 0.96 0.87 0.74 14 25 35
91 88 70 8 0.98 0.95 0.83 6 8 11
91 100 77 14 0.98 0.93 0.85 8 6 7
100 93 86 20 0.99 0.71 0.47 13 69 102
90 97 77 29 0.97 0.90 0.78 12 20 33
84 83 76 14 0.99 0.96 0.86 7 9 12
85 100 77 20 0.97 0.96 0.90 9 5 7
100 100 NT 59 0.99 NT 0.29 7 NT 124
85 71 NT 10 0.98 NT 0.75 8 NT 13
94 87 NT 21 0.98 NT 0.82 6 NT 9
92 93 NT 62 0.98 NT 0.35 18 NT 158
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