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ABSTRACT

A solid state ballast has been designed for the efficient opera-
tion of a 10" circline fluorescent lamp. The circuit can be manu-
factured using power hybrid technology. Eight discrete component
versions of the ballasts have been delivered to LBL for testing.
The results show the solid state fluorescent ballast system is
more efficient than the core-coil ballasted systems on the market,

This manuscript was printed from originals provided by the author.
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ELECTRONIC SCREW-IN BALLAST AND IMPROVED CIRCLINE LAMP

1.1 SUMMARY AND RECOMMENDATIONS

The EETech Division of Beatrice Foods Co. has developed an
electronic ballast for the new 10 ineh Cirecline lamp. The eir-
cuit design is adapted from the EETech ecirecuits used on 8 inch
and 12 inech Cireline lamps. A sample of eight hardware proto-
types was delivered along with a eircuit diagram. In-house test
regults, Lawrence Berkeley Laboratory test data, and prototype
characteristics are included in this report. The circuit design
was directed towards future conversion to power-hybrid-integrated
cireuitry. This design has all the inherent technical and econ-
omical advantages of high frequency ballasts plus the ability to
screw in to a socket with no changes in wiring. However, the dis-
advantages inherent in "instant start” fluoreseent lamps are pres-
ent. Therefore, it is recommended that future work should ineclude
investigation of our new low loss “"rapid start” eircuit where pre-
heated filaments result in superior lamp life, similar to the two
samples that were delivered near the end of the program.

Appendixes inelude additional test results by Mr. John H.
Campbell, our technical analysis of the theory of the flyback
inverter used in our Cireline ballasts, and a schematic cireuit
diagram of the 10 inch Circline ballast.

1.2 ADVANTAGES OF HIGH FREQUENCY BALLASTS

The published advantages of high freguency ballasts, com-
pared to 60 Hz magnetic ballasts, are listed below, and may be
uged as a framework for reviewing the performance of the new EETech
10 ineh Cireline ballast which operates at a freguenecy of approx-
imately 33 kilochertz.

These advantages ares

Inereased lumens per watt efficacy (econserves energy)
Inereased lamp power factor

Reduced ballast hum

Reduced ballast weight (conserves materials)
Eliminated ballast inductor

Eliminated stroboscopic effect



1.2.1 Inereased Lumens per Watt

Relative integrated light output was measured on the eight
10 inch prototypes with cool white lamps and compared to a 12
inch cireline lamp ( FCl2T9/CW ) with a standard magnetic ballast
( G.E. 547-RS ). The data and calculated results are tabulated
in Table 1.

Table 1. Light and Wattage Data Cemparison

Relative

Integrated Input System
Lamp Ballast Light Watts Efficacy
12~ Magnetie Ll 35 13.3
lo® #1 EETech 619 b3 144
io~ #2 EETech 662 42,8 18.6
167 #3 EETach 632 42 15.1
1o~ #& EETech 6135 &g 15.9
107 #5 EETeeh 672 bl 15.3
1lo» #6 EETech 696 43,8 16.0
197 #7 EETeeh 664 &3 15.5
io= #8 EETech 676 40,5 16.7
Average #1-8 657 42,3 15.6

This data demonstrates a 42% increase in light output, and
a Zl%fin@rease in input power, with a net inerease in effiecacy
@f 17 ()

- Table 2 ineludes test data and ecalculated results from
tests at Lawrence Berkeley Laboratory. Six EETech prototypes
with the same 10" lamp are compared with the new General Electrie
10 ineh "Cirelite” whieh has a special built-in magnetic ballast
and starter.

Table 2. Light and Wattage Comparison with
G.BE. Cirelite at 120 voltg input

Relative Lamp

Input Light Systen Are Lamp Lamp  Lumens/
Ballast Watts *Lumens [Efficacy VWatss ifficacy  Amp. Amp.
G.E, 43,8 1773 k0.5 36.7 . 702 25826
Cirelite
#1 EETech 44,0 1882 L2.8 32.2 ) .635
#2 EBETech k.5 1864 &1,9 31.6 .0 ,608
#3 EETech. 47.0 18%0 Lo, 2 32.5 .2 . 640
#4 EETech 42.5 1872 b, o 31.5 N 625
#6 EEtech 46.2 1886 4o, 8 32.1 58.8 .629
#7 EETech 46,0 1873 ko, 7 31.7 59.1 624
Average 45.0 1878 k1,7 31.9 58.8 626 3000

EETech

% Data normelized, assumes G.E. Cirelite produces menufacturer’'s rated
light output (1750 lumens).



The results show that EETech input wattaze was 3% sreater and
lamp arc wattage was 13% less than the G.E., Cireclite. The EETech
relative light output was 6% greater. The EETech overall efficacy
(1light out per watt input to ballast) was 3% greater than the G.E.
Cirelite. With lower lamp arc watts, the lamp efficacy (light out
per watt input to lamp) of the EETech lamp was 22% greater than the
G.E.Cirelite. The light output per ampere was 19% higher than the
G.E. Cirelite. This demonstrates the basic superiority of high fre-
quency ballasts, i.e. the fluorescent lamp is able to generate more
lizht per watt and per ampere in the gaseous discharge and phosphor.
On the other hand, these results also show that the EETech ecireline
ballast circuit ig not quite as efficient as the G.E. Cirelite magnetic
ballast; otherwise the overall efficacy would have been considerably
better.

This data and other data show that some EETech units have about the same
or slightly less overall efficacy than some G.E. Circlite umits. Varigbility
is associated with differences in individual ballasts.

1.2.2 Inereased lLamp Power Factor

Table 3 is a tabulation of power factor data and cal-
culations from the same tests described in the previous section.,

Table 3. Ballast and Lamp Power Pactor

5 EE Tech
‘2 EE Teeh
§§ BE Tech
gL  EE Tech
#6 EE Tech
#7 EE Tech

Aversge EE Tech 120 .736 45.0 .51

G.E.
Clrelite 120 ~.702 43.8 .52

These data demonstrate that the overall ballast and lamp power
factor of the EETech unit is essentially. the same as the G.E. Circlite

However, the power factor of the EETech lamp is nearly 100% as
compared to the 87% for the G.E. Cirelite. This is typical of the
effect of high fregquency on the impedance of flueorescent lamps, with
negligible induective reactance at high frequeney.



1.2.3 Reduced Ballast Hum

Audible hum is minimized in the EETech 10 ineh Cir-
celine ballast and the 8 ineh and 12 ineh EETech ballasts. B
The operating frequency is ultrasonic to human ears. .

The transformer utilizes a ferrite core with no laminations
to vibrate. Also, the major ballast impedance is & capacitor
instead of a magnetiec inductor. If vibrations were present due
t0 60 hertz drive frequencies, they were not causing audible noise,

1.2.4 Reduced Ballast Weight

The EE Tech prototype units are housed in a 6%" x 2 3/4" x
1 3/4» box at this stage of development, before introduction of
integrated circuits. Standard magnetie ballasts for 8" and 12%
cireline lamps are 64" x 1 3/4" x 13", The new G.E. Cireclite
magnetic ballast is roughly conieal in shape like the hub of a
3 spoked wheel., The hub is partly 2" diameter tapering down to
1" diameter at the screw-in adaptor. The height of the hub is
3 3/4", A starter appears to be incorporated into one of the
spokes that feed the lamp terminals. Thus, the EE Tech prototype
package is elightly larger than standard magnetie ballasts,

Weight comparisons are tabulated in Table &,

Table 4. Weight Comparison of Ballasts

Ballast Qunees Weirht

_ - Ballast Bulb Only Total
EE Tech 10¢ iz2.0 o .
G.E, Cirelite 10", magnetie . 23.7 Zeg %%e%
EE Pech 8¢ 16.8 5.5 16.3
Universal 8% magnetis S47-RS 33.5 5.5 39.6
EE Tech 12% 13.3 8.8 22.1
G.BE. 12%, 8G1085, magnetiec 29,0 8.8 37.8

The BEE Tech solid state ballast is about half the weight
of the G.E. Circlite ballast and only 35-40% of conventional
magnetic ballasts. ~

19235 Eliminated Ballast Induector

The negative resistance characteristic of the fluorescent
lamp requires an external series impedance ballast after starting.
Conventional 60 or 50 hertz ballasts use inductive reactance.

Some European ballasts use filament lamps for ballasts in 240 volt
applications. The high frequeney ballast is able to use capaci-
tors which are small, light weight,inexpensive and guiet. For ex-
ample, the 10" ballast uses capacitors of 0.0l mierofarad or less
in series with the lamp.

g



1.2.6 Eliminated Stroboscopie Effect

- While the eye cannot detect light flicker at 50 or 60 hertz,
it nevertheless may be a source of discomfort. DNoving or rotating
objects may appear to stand still or rotate backwards, ete., which
is particularly noticeable in motion piectures or TV camera work and
may even be a safety hazard with rotating machinery in factories.
With lamp frequencies of the order of 33 kilohertz, there will be
no gtroboscopic effect with the solid state ballast at its fundamen-
tal frequency. ILight flicker results from power supply "ripple”
which is a function of how well the rectifier output is filtered.
The 10 inch EETech ballast has a lamp eurrent. ripple factor of only
g%lihi@h will result in very 1little flicker compared to magnetic

allasts.

1.2.7 Redueced Radio Interference

Radio interference (EMI) for home environment is a compliecated
issue. Since existing government codes are easily met, a standard
must be established which can be met without jeopardizing the econom-
ie 1limits of the marketability = of the produet while still satisfying
the customer comfort level. Sinece Sears Roebuck has considerable ex-
perience in this area, we worked very closely with their experts.
Qualitative experience, discussions and testing resulted in a reason-
able gstandard of no “"objectionable” interference on either the AN or
FM bands at a distance of five feet from the ballast. However, the
overall effeectiveness of the EETech ballast cannot be measured until
the prototype is repackaged in near final form.. Nevertheless, before
reaching that stage, the ENI problem was attacked vigorously and an
effective, practical and economical EMI filter was designed andis an
integral part of the eircuit.

A major element for EMI propagation is the 60 Hertz power line
which ean eonduect direct-coupled or capacitively-coupled interference
to radio receivers. The power line can also act as an antenna, re-
radiating RF interference that it is condueting. Therefore, attenu-
ation of conducted EMI must be designed into the ballast eirecuit.

An AC line filter was gquickly rejected from consideration since cap-
aeitors that will withstand full AC line voltage are bulky and expen-
sive, A more ingenious approach ig to introduece the filter on the
DC side of the power supply rectifiers. Then the eapacitors can be
compact electrolytic capacitors. The EMI filter does double duty
since it .also filters and reduces AC ripple going to circuits and
lamp., '

The interference results from the “ecarrier® frequency of around
33 kilohertz and its higher harmonies whieh fall in the radio frequen-
ey bands. The carrier harmonics would not be evident in a radio re-
eeiver unless there were heterodyning “whistles” during tuning. How-
ever, with modulation of the carrier harmoniecs, the audio freguency
components generate audible hum on AM radio receivers,



In the EE Tech ecireuit, the amplitude modulation comes from
the 60 hertz pulses of line current which charge the filter
capacitors, and from the 120 hertz ripple at the output of the
filter capacitors. The RF filter is effective in attenuating
the RF energy fed back to the 60 hertz line and also reduces
ripple modulation.

The pi section filter circuit is shown in Fig. 1.

)

] 1§,
S
i3
. : >N

\

0,33
/20 V. 60 HZ
LINE

Fig. 1 EMI Filter Circuit

The eircuit is a low-pass filter with cut-off frequency
around 4 kilohertz. The ratio of output voltage to input cur-
rent is attenuated 20 dB/decade below cut-off and 60 dB/decade
at freguencies above cut-off. Thisg ecircult has effectively
attenuated line-conducted RF interference.



1.2.8 Radio Interference Measurements

The Cireline bulb agts as a loop antenna whenever it is
conducting radio freguency current. A loop antenna emits a gol-
enoidal magnetic fleld with a relatively large axial component
(parallel to the axis) near the antenna and a somewhat smaller
radial (parallel to the plane of the bulb ring) component. The
tangential component is also relatively small.

Relative signal strength was measured by a portable A.M.
radioc receiver modified by the addition of a milliammeter in the
AGC (automatic gain control) eirecuit. Portable receivers have a
ferrite rod antenna which will put out & maximum signal when the
rod is aligned with the magnetic vector of the electromagnetie
radiation field.

Testy were conducted first with the portable receiver an-
tenna rod in the same plane as the Cireline lamp ring. Relative
signal strength was observed at several distances from the bulb
with the antenna directed radially, axially, and tangentially.
Readings were checked using both battery and A-C operation.
Additional observations were made with the 10 ineh Cirecline ballast
turned off, , .

The receiver was tuned up and down the AM dial to locate
maximum signal strength associated with broadecast stations as well
as harmoniec frequencies from the Cirecline ballast. The maximum
ballast signal was at around S4%0 kilohertz. Peaks appear every
30 kilohertz (approximately) above 540, but the magnitude drops off
as frequency is increased. Therefore, 540 kilohertz was selected
ag the worst case test frequency and the receiver was constantly
tuned to peak value when the ballast freguency drifted in order to
maintain the worst case conditions. If the Cireline lamp is in a
horizontal plane, the radio interference will be a maximum when
the receiver antenna rod is vertical (with the receiver tipped up
on its side). When the receiver antenna rod is horizontal and is
in the same plane a8 the Cirecline bulb, the interference will be
less., However, when the horizontal receiver ig raised above or
lowered below the plane of the lamp, the interference will fall
somewhat in between the horizontal and vertical magnitudes due to
the solenoidal nature of the Cireline field.

If the receiver is tuned to a strong broadeast station,
the milliammeter reads above 0.8 milliamperes. A very weak sta-
tion reads 0.3 ma. or lower., A borderline station reads about
0.5 ma. where program information can be interpreted but back-
ground noise level distracts and interferes with accurate and
pleasurable listening., Sinee noise levels are lower at the high-
er dial frequencies, a weaker signal can be tolerated at the high-
er frequencies.

At 540 kilohertz, 0.5 ma. was selected as an arbitrary
borderline limit for interference from the Cireline ballast.



The receiver was first operated with battery power, then
A-C power., The receiver antenna was oriented in the same plane
ag the Cireline bulb, and directed radially, axially and tangen-
tially. Background noise r%adlngg were observed with the lamp
and ballagt off.,

Normally, the bulb plane would be horizontal and the re-
ceiver antenna rod would be heorizontal., Under these conditions,
the worst case borderline interference was encountered with the
receiver closer than 7 to 10 £t. With the recelver antenna rod
in the tangential direction, the borderline distance was about
6 £t. The worst case conditions require the radio broadeasting
gstation to be loecated in the worst direction, putting out low signal
strength, and operating directly on a ballast harmoniec frequency.
On the average, there would not be the coineldence of all three
pessimistic conditions, which would permit reasonably good re-
ception on many broadeasting stations by most users of Cireline
solid state ballast.

Tesgt with A-C power compared to battery power showed very
1ittle difference in interference indicating that the filter is
effeetive in reducing RF interference into the A-C power line.

Sigm&l strength of broadecasting stations depends not only
on the transmitter output power, antenna efficlency, and daylight
and nighi-time propagation, but also will be attenuated by distance,
and by metallic walls, doors and girders in buildings. For example,
outside our fa@%er during daylight hours, the test receiver was
able to tune in 24 stations with relative signal strength above
0.5 milliampere, with 12 of these above 1.0 milliampere. At a desk
in the office, @ﬁlg 5 of the same stations had signal strength
above 0.5 ma. of these were above 1.0 ma. This indicates more
interference problems would be encountered in steel industrial - -
office and apartment buildings as compared to residential housing
with wood frame construction.

1.2.9 Light Level Switeh

It was decided to provide a switch so that the user could
chooge two light levels. Ineclusion of a third light level was
rejected sinee it would be of questionable value, seldom used,
and not worth extra cost.



The switeching eircuit followss
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"Fig. 2 Light Level Switch Cireuit

When the switeh is in the “bright” position, capacitor
€1l is shorted out and series impedance in the lamp eircuit
is minimum. When the switch is in the "dim” poesition, Cl1l is
in series with C10, thus inecreasing series impedance. The re-
maining switech-leg switches C9 in series with C7 so as to pro-
vide optimim lamp starting voltages at each position. Power
and light outputs at each switeh position are tabulated in
Table 5.



Power Date With Two Level Switeh

Fable 5 Lizht a

Ave,

§§it§§ ?ari&bl@

Low Lighﬁ 72 287 289 290 306 289
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These data show that both input power and integrated
light output are attenuated 2.2 to 2.4 times in the Z@w switeh
position. Lamp are power is attenuated about 2.6 to 2.7 times,

The overall efficacy of ballast and lamp is affected
vgrg little by switeh position. However, the lamp.efficacy appears
to increase about 11 to 18% with the switeh in the low position.

l 2.10 Reﬁu@ed Modulation

The ballast output V@ltag@ "ecarrier freguency” is mod-
ulated by 120 hertz power supply "“ripple”. This modulation or
ripple can be reduced by additional hum filters in the DC power
supply. The 10 ineh ballast has inherently low modulation. -

If filter capacitance were reduced in order to check the effect

of modulation, the circuit would become unstable., Therefore,

it was necessary to introduce a different type of high frequency
ballast., Tests were run on our new dual-40 ballast modified to drive a
10 inch circline lamp. Some tests by Lawrence Berkeley Labora-
tory, using otur dual-40 modified ballasts, are tabulated in Table 6.

Table 6. Modulation Data

Effieaey Input to Ballast Input to Lamp

1. 1 nput Lam Volt Amp watts P. ¥, Vol% AMD Wwatt r.F.
Hed 53 §§ 2 §7°§ 120 9255 4878 T8 E®I.6 1,718 TO0UH VS
Unmed 2040 8 51, 2 120 ,620 ks, 5 .61 48,1 8@1 39.8 .98

Un/ttod 1,08 1.1% 1,09 1.0 1.37 0.95 .69 1.10 0.69 1.00 1.31

10



The effect of removing “ripple” modulation by added fil-
tering was to improve overall efficacy and lamp efficacy.
Lamp power fastor was inereased but overall power factor was
decreased. Light output was increased. Input power decreased
while lamp power was unchanged.

1.2.11 Funetional Limitations of 10” Circline Ballast

The prineipal difficulty has to do with filament current
on starting. In starting at the low level setting, the filament
current is so low, that the lamp starts more like instant start
than rapid start. Instant starting mode for the particular
cathode structure leads to an expectation of short lamp life.
With this design, filament current cannot be increased as an ine-
dependent parameter -- a major eirecuit change would be necessary.

Also, although the light per watt efficacy of the present
eircuit is better than conventional ballasts, our work on another
program indicates that increased efficacy is possible with a dif-
ferent eireuit approach.

1.3 TESTS
1.3.1 Wave Form Test

Study of wave forms is a very important part of development
and manufacture of electronie ballasts. Modern cathode ray oscil-
loscopes and voltage divider probes are used along with power
line isolating transformers when required.

FPig. 3 shows typical waveforms of transistor voltage and
current, lamp voltage and current, and input current.

11



XBB 8010-11497 \ XBB 8010-11498

Input Line Current: 0.5 A/cm Lamp Current: 0,5 A/cm

Time: 2.67 ms/cm (60 Hz) Time: 10 microsec/cm

XBB 8010-11499 XBB 8010-11500
Switching Transistor Top: Lamp Volts: 50 V/cm
Vee: 50 V/em Tc: 0.5 A/em Bottom: Lamp Current: 0.5 A/cm
Time: 5 microsec/cm Time: 10 microsec/cm

Fig. 3, Wave Form Characteristics, EETech 10-inch Circline Ballast
1/17/80

12



1.3.2 Are Watts Neasurement

The arc referred to is the gaseous electrical discharge
in the fluorescent bulb. .

Fig. 4 is a circuit diagram which shows the method devel-
oped by EE Tech to measure "are” watts of a fluorescent lamp.
Resistance voltage dividers are used to obtain average voltage
drop between the two filaments. A current transformer with
ferrite toroidal core was developed which has two primary wind-
ings, one for each terminal into a lamp filament. The secondary
winding feeds the current terminals of the watt meter. The two
primary windings totalize the arec current into the lamp and at
the same time cancel the filament loop current from the measure-
ment. The average voltage drop and current are combined in an
electronic watt meter which thus reads are power in watts.

FERRITE CoRE
e

I
N
1y
S <
S o
w
o AMe O %

CLARK - HESS 0

MoperL 255 %g

HIGH FREQUENCY =

VorT=AMP = WATTMETER

PIGC. 4. EETech Circuit for Arc Watts Measurement
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1.3.3 Integrated Light Output

Light meters have been used for spot readings at the sur-
face of fluorescent lamps. MNounting brackets or supports are
used sometimes to obtain comparative readings at a fixed distance
from a lamp.

In addition, a new photometriec chamber was developed and
congtructed patterned after some of the novel features of the
integrating light ecylinder at the Lawrence Berkeley [aboratory.
The EETech chamber will accomodate cirelines up to 16 inches
diameter as well as 40 watt straight lamps. A calibration com-
parison was initiated with the General Electrie Lighting Labora-
tory using a preconditioned certified 40 watt straight cool white
lamp as a reference gtandard.

1.3.4 Starting Endurance Tests

Bver since production was started on 8 and 12 ineh eireline
ballasts, EETech has been conducting starting-endurance tests
with a cyele of 3 minutes on and 3 minutes off. Since 10 ineh lamps
have not been available in production quantities, no realistie en-
durance tests have been completed,

Mr. J. H. Campbell has suggested that a more realistic test
schedule would be 50 minutes on and 10 minutes off. Our 3 minutes
on/ 3 minutes off sechedule would then seem to be an accelerated
life test.

1.3.5 Wall Loading Data

Wall leading refers to the voltage-current characteristiec of
a fluorescent lamp. Saturation effeects may be noted at overvoltages
due to limitations of the fluorescent coating on the inner wall of
the glass tube. These saturation effects may be evident when there
1§ a large amount of modulation, when peak light is relatively large
in comparison to average light.

The data in Table 7 when plotted on Fig. 5, shows very little
gaturation at are current up to 732 ma. on a 10 inch eireline.
Higher are currents were not possible with our high frequency power
gupplies. Foot Candle measurements were made with a portable
General Electrie F.C. meter positioned opposite the lamp connector
and not moved between measurements,

14



Pable 7. Wall Leading Detae on 10 Inch Cirelins
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APPENDIX A
EE TECH PROTOTYPE MODEL

SCREW BASE 10" CIRCLINE

The following report provides a summary of two tests conducted on the
EE Tech 10" screw base circline prototype lamp designed by EE Tech as a re-
placement for incandescent lamps of the 100 and 150 watt types.

The objective of this development is to provide an optimized circline
fluorescent lamp adapted for direct replacement of a conventional 150-watt in-
candescent lamp in residential applications.

The first test conducted at EE Tech, Baldwinsville, N.Y. was designed to
obtain lamp and ballast electrical characteristics and relative 1ight output -
compared to the G.E. 10" Circlite screw base Tamp which is now on the market.

Table I presents the data obtained on a Tamp calibrated in the sphere at
G.E. Nela Park. An accurate relative light comparison could not be made be-
tween the G.E. 60 Hz screw base designand the EE Tech prototype because the
G.E. unit is a modular design with the lamp and starter integrally connected
in the lamp frame and therefore the calibrated Tamp could not be used in.
both units. However, an approximation was made by adjusting the readings to
the 100 hours rating as shown. Light output readings were obtained in the
Light Box built according to the plan outlined in Fig. 4 of the report "Plans
For the Test Station and Recommended Tests". The Light Box is designed to
provide relative 1ight readings on calibrated lamps for use in determining
Tamp Tumen output with the lamp only in the box and the ballast outside.

Used in this way the Tight box will provide reasonably good correlation with
the sphere and becomes a valuable and inexpensive aid in ballast design.

When comparing two complete units with different size ballasts mounted on the
channel, a large integratingsphere is needed, so for this part of the test

it is recommended that the system lumens and system Tumens per watt be obtained
by E.T.L. or a lamp manufacturers Sphere for accurate results.

Svstem Electrical Characteristics

Starting

As mentioned in the early stages of this development, the cathodes in the
10" circline are of the high output type and require a minimum preheat current
of 0.8 amps to provide proper emission temperature to insure normal lamp 1ife.
Table I shows the starting current produced by the prototype varies between
0.633 and 0.678 amps at the high setting and 0.550 to 0.614 amps at the low
setting for various line voltages. During the test it was noted that when the
switch was set in the Tow position, a blue glow occurred before the cathode
hot spot was formed at all line voltages and at 108 Tine volts the lamp stayed
in the ionizing stage for 45 seconds before the hot spot formed. The blue
glow isavisual indication of severe sputtering at the cathode and blackening
of the lamp ends and short lamp T1ife usually result. (See report on "L.B.L.
Life Tests, Analysis and Recommendations dated March 8, zg?geg
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It is recommended that the circuit be modified to provide a minimum of
0.8 amps. To determine the effect of the present preheat conditions, an
accelerated starting test of about 6 lamps and ballasts with a schedule of
3 minutes on, 3 minutes off should give an early indication of the problem.
Both high and low settings should be tried.

Ballast Characteristics

Regulation of 1light output over the line volitage is good with the EE Tech
ballast +5% ~10%. Ballast efficiency is much Tower than expected due to the
relatively high ballast loss of about 11 watts. This amounts to 35% of the
watts delivered to the lamp. If this can be improved by changing the trans-
former core material and transformer design it will enhance the value of the
product from the standpoint of system efficiency. As it stands now the system
efficiency is dependent on gains in lamp efficacy due to high frequency oper-
ation.

Reading Lamp Test

In order to determine what the consumer is getting in illumination levels
with an energy efficient system compared to incandescent, a typical portable
lamp used for reading was equipped in my lab with several systems. Table II
shows the results of this test.

The reading lamp used on 8" harp to hold the shade which is 16" wide. Foot
candle readings were taken at various distances from the base of the portable
lamp at table level with a cosine, color corrected 1ight meter. Each set of
readings was taken at the four quadrants to show the light distribution at
the distances from the base in each quadrant. The three EE Tech units were
oriented in the socket so the lamp holder and ballast case were in the same
position for each unit. The average values were then compared with 100 watt
and 150 watt incandescent lamps using each as 100% in two columns. The 10"

EE Tech ballast was highest in each comparison, 24% higher than the 750 hour

100 watt but fell short in the comparison with the 750 hour 150 watt lamp.

The 150 watt 2500 hour lamp is shown in the data but is not considered because
of its low use and it is not recommended by D.0.E. because of its low efficiency.

By knowing the input wattage of each ballast, the footcandle level per watt
can be calculated. This is the consumers effifieﬂcy measurement.

John H. Campbell
for EE Tech.
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TABLE 11

Lamp

EE Tech 8™
Ave.

EE Té@h 12*
Ave.

EE Tech 10"

Ave.,

@w
12 3 4
45 56 52 38
48

67 65 63 74
&7

71 66 68 87
73

G.E. Circliite 10"

Ave.

100W Incand.
750 HWr., Life
1750 Lumens

Ave,

1504 Incand.

750 Hr. Life

2780 Lumens
Ave.

150W Incand.

2500 Hr. Life

2300 Lumens
Ave.

€5 61 65 75
66.5

52 58 40 52

50
%92 100 72 %95

89
74 B3 60 79

74

READING

P TEST CIRCLINE FLUORESCENT AND IMCANDESCENT 1
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61 52 63 65
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62 66 68 66
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APPENDIX B

OPERATING PRINCIPLE OF FLYBACK INVERTER

The schematic circult diagram of the inverter used on
the 10 ineh circline ballast is shown on Pig. C-1. Transistor
Q2 is a power switeh which alternately connects and disconnects
the primary ( terminals 1 and 2 ) of the transformer to the DC
supply. During the time that the primary is connected to the
supply, current builds up linearly in the magnetizing inductance
of the transformer, storing energy therein. When the ecurrent
reaches the proper level, the switch opens, and the current ,
modified by the turnsg ratio, is transferred to the secondary
cireuit.

The secondary circuit, a series RLC circuit with the lamp
acting as R, rings through part of one sine wave cycle before
the switeh Q2 closes again. In thisg way, the lamp current
extracts a major portion of the stored energy from the
transformer. The seguential transfer of energy: from the supply
to the transformer, then from the transformer to the lamp,
accounts for most of the power energiszing the lamp. A signifiecant
amount of power is also transferred direetly when the switech
first turns on. At this time the “transformer action” rather
than inductance is significant and current flows in both the
primary and secondary windings until the voltage on C10
(or ¢l0 and C11) matches, through the turns ratio, the DC
supply voltage. The time during whiech direct flow of power
ocecurs is on the order of 2 microseconds. ,

Turn-off of Q2 is a funetion of two conditions:

1. As the current rises in Q2, the emitter impedance,
consisting of R11l, causes the emitter voltage to rise.

2. The Q2 base voltage is clamped by Ql so that it eannot
rise above a level determined by the base network of Q1.
Therefore, ag the emitter current in Q2 rises to a region which
causes the elamp to operate, current flows ocut of the base of Q2,
turning it off quiekly.

The time waveforms of primary current, lamp current and
collector to emitter voltage are shown in Fig. B-1.

In order to obtain a further understanding of the action
of the circuit, it is useful to consider a two dimensional
state diagram, as shown in Fig. B-2. All voltage, current,
induetance, and ecapacitance values are referred to the primary
winding of the transformer at terminals 1 and 2,

It is desirable to scale the state diagram so that it has
equal energy axesg i.e., one inch on the horizontal current
scale should represent the same energy stored in the induetance
as one inch on the vertical voltage scale would represent stored
in the capaeitor. 20
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The relationship between scales would be as given in
Equation 1.

Volts/in@h:VL/b x Amperes/inch (1

If this is done, segments of the trajectory for whieh
no diode or transistor current flows will be arcs of a spiral.
The time for such segments will be:

T =6 x\{LC (2

where © is in radians. Also, the radius of the spiral will
g0 as:
-R ¢
radius = rgx e 2L (3

where R is the lamp resistance referred to the primary.

Switeh Q2 is "on" during T3 and T1. Durlng T2, the RLC
cirecuit of the secondary coasts through the major pO?thn of
one natural sine wave cyecle.

The static "on" line is determined by the base-emitter
drop of Q1 plus the voltage drops across diodes D12 and D13
plus other second order effects. It must be at a level below
zero for oseillation to begin.

The "off" line may be moved to the left by the signal
through R7. This is necessary to prevent excessive voltage on
Q2 during start up of the lamp. See the state diagram, Fig. B-3,
for a graphical explanation of the action.

Ten trips around the diagram are shown, although the
circuit may reach stable operation in more or fewer trips.
After Q2 turns "off" at A, the trajectory is controlled by the
small capacitor C8.If the trajectory was not interrupted by
the conduction of D10, and therefore the addition of C5 to the
current path, the voltage would rise to V1 which would exceed
the breakdown voltage of Q2. In faet, if the switeching point
remained at A, the voltage would eventually rise to V1 as C5
became charged through the diode. However, as the charge on
C5 approaches the level V2, the switching point is moved back
to B, so that the trajectory goes through V1 repeatedly until
the lamp ignites.
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This report was done with support from the United States Energy Re-
search and Development Administration. Any conclusions or opinions
- expressed in this report represent solely those of the author(s) and not
necessarily those of The Regents of the University of California, the
Lawrence Berkeley Laboratory or the United States Energy Research and
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