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CIRCUITS FOR DISCHARGE LAMPS

(1) INTRODUCTION

The electrical circuit of the discharge lamp has to satisfy two
principal sets of requirements. Basically, it must both establish
and maintain the electrical conditions essential to the normal
functioning of the lamp. To be acceptable in everyday practice,
the circuit should conform to certain electrical engineering stan-

- dards, and should also be realisable in the form of auxiliary com-

ponents which the user can regard with equanimity as simple,
robust, and even convenient. Any circuit arrangement should,
therefore, be appreciated as an attempt to meet two distinct and
possibly conflicting aims—perfection in physics and unobtrusive-
ness in use. i

There is an expanding demand for new and improved light sources
having widely divergent characteristics as expressed in terms of
brightness and size, shape and colour. Already the lamp research
engineer has successfully utilized somewhat differing phenomena
and techniques, and it is not surprising that this versatility in
lamp design is reflected in the intimately co-operating control
circuits.

Diversity in circuit practice is more apparent in the manner of
initiating the discharge than in the means of maintaining contin-
uous stable operation. Arc stabilization practice is quite firmly
established, and the problems vary from lamp to lamp mainly in
degree. It is, therefore, convenient to examine this aspect of the
subject first, thus gaining a vantage point from which to review
the more exciting transient phase by which stable lamp operation
is reached. '

This paper is intended as a review of circuit practice and trends,
and certainly not as an exhaustive exposition of the principles
of circuit design and development.

(2) THE ELEMENTS OF
ARC STABILIZATION

The basic need for stabilization arises from the inherent ** nega-
tive resistance *’ characteristic of most electric discharge sources.
Thus, in the normal operating condition of the discharge, the arc
voltage decreases with an increase in current. Even where this
effect is slight, the lamp current will rise rapidly to destructive
values unless limited by some external series impedance. Experi-
mental evidence of this fact is so reliable that physicists and




mathematicians are encouraged to seek theoretical explanations of
equally devastating consequence, () and such labours may ultimately
culminate in the chokeless lamp. With present types, however,
the stabilization requirement is dictated in quite minute detail by
. various factors which, while unspectacular, cannot be ignored in
practice.

It is almost universal practice to use low-loss iron-cored reactors,
or high-reactance transformers, for stabilizing lamps on A.c. mains.
A series resistance, even when in the form of an incandescent
filament lamp, gives a lower overall luminous efficiency, and its
use is normally restricted to D.c. mains. Condensers are also used
for lamp stabilization on A.c. supplies, but only in combination
with chokes when the supply frequency is as low as 50 cycles. See
Sections (7) and (12).

It is important that any study of the lamp circuit, particularly
when undertaken primarily as an installation problem, should be
based on an appreciation of the extremely close relationship between
circuit characteristics and lamp performance. While it is well-
known that lamp current and wattage are regulated by the circuit,
it is not so widely realized that the life, light output, effective
power factor, and stability of operation of the lamp may all be
adversely affected by a circuit which is indisputably operating
the lamp at “ rated ” rRMs. current and wattage. This is due to
the fact that lamp voltage and current waveforms are greatly
influenced by circuit design, and satisfactory lamp performance
depends on the maintenance throughout the circuit of voltage
relationships appropriate in both phase and magnitude.

(3) THE BASIS OF CHOKE
STABILIZATION PRACTICE
The general nature of the stabilization problem is perhaps best
shown by a typical instance of established practice (23) followed
by an examination of the underlying factors. While the 400 watt
HPMV lamp is here taken as an example, the same arguments
apply in varying degree to other types of lamp.

(3.1) Choke Stabilization of the 400 watt HPMV Lamp

The basic control circuit of Fig. 1 is not complicated by special
starting devices, since the 400 watt lamp is designed to start at
mains voltage. There is, however, an initial *“ running-up *’ period
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before normal operating conditions are reached, as shown in Fig. 2.
At first the lamp drop is about 15 volts, and the difference between
this and mains voltage has to be absorbed by the choke. As the
lamp warms up, the vapour pressure rises and the arc voltage
increases until stable conditions are established when all the mercury
1s evaporated and the vapour is superheated.
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The ultimate lamp voltage is determined by the amount of
mercury inserted in the lamp, and may be regarded as constant
for any individual lamp operating within normal wattage limits.
A value of about 0-6 has been adopted for the ratio lamp volts/
supply volts, and with a choke designed for minimum losses and
low power factor, the corresponding choke voltage is about 70
per cent. of supply voltage.

Choke voltage
(Startma)

SUPF!)J voitoge

80w
’ Tybular

’

¢ Flyorescent
’

LO.I'!"IP vottnge currenl

(starting)

1 5upp|y \"o|tnge. Lamp Voltage @Current
F@g 3. Approximate vector dia- © ®

gram for 400 watt choke Fig 4. Curvent and voltage waveforms of
stabilized lamp. ; choke stabilized lamps.

(3.1.1)  Circust Power Factors and Waveforms—50 Cycle Supply

Vectorial methods are inaccurate with non-sinusoidal waveforms,
but Fig. 3 shows the approximate relationship of voltage and current
at the beginning and end of the run-up period. With normal choke
stabilization practice, the current lags 50° to 55° behind the supply
voltage, and the basic circuit has an overall power factor of about
0-55. Although the lamp voltage and current are practically in
phase, the power factor of the lamp is only slightly better than
0-9, due to the contrasting waveforms of Fig. 4. These lamp wave-
forms are characteristic of good 50 cycle choke stabilization practice,
and the explanation of their shape is of interest since it has a con-
siderable bearing on circuit design.

As the current falls to zero at the end of each half cycle, the arc
is extinguished and the supply voltage is applied to the lamp.
With the circuit power factor at 0-55, the supply voltage is leading
the lamp current, and at current zero has already reached an instan-
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~ taneous value sufficient to re-strike the arc in the opposite direction.
The re-establishment of the arc arrests the lamp voltage, which
then falls slightly as the current rises, producing the characteristic
rectangular waveform beginning with the ignition peak.

If the supply voltage waveform is sinusoidal, the voltage difference
to be absorbed by the choke will trace a peaky waveform. Current
is controlled almost wholly by the choke which, with a peaky
applied voltage, produces a somewhat less distorted current wave-
form containing 5 per cent. to 10 per cent. third harmonic.

(3.1.2) Significance of Circuit Power Factor

It should be noted that if the power factor of the basic circuit
is increased a lower re-striking voltage will be available at current
zero due to the reduction in the angle of lead of the supply voltage.
If such a phase shift is carried far enough, the effect is to delay
the rise of current, and even to retard re-striking of the arc. In
either case, the result is a peakier current waveform and a reduction

of the effective power
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(3.2) Factors Influencing Stabilization Practice

The considerations which fashion stabilization practice can be
discussed conveniently in terms of the ratio lamp volts/supply
volts. For HPMV lamps in common use, a value of about 0-6 is
acceptable as a basis of design for lamps required to operate effici-
ently and strike reliably at mains voltages normal in Great Britain.
It can be shown that, with this value, a satisfactory circuit per-
formance is obtained with reasonable economy in component
design.

(3.2.1) Choke Rating and Losses

With fixed supply voltage, an increase in lamp voltage means
a reduced current for a given lamp wattage, and thence a reduction
i both choke voltage and choke current for normal operation.
For minimum choke size, cost, and losses therefore, the ratio lamp
volts/supply volts should be as high as practicable.

(3.2.2) Power Factor of Basic Lamp-Choke Circuit

The power factor of the basic circuit increases with lamp voltage,
and 1s approximately equal to the ratio lamp volts/supply volts.
While power factor correction is usually applied, the cost increases
with the amount of correction required. The voltage ratio should
therefore approach unity.

(3.2.3) Regulation of Lamp Wattage

The ratio lamp volts/supply volts has an important influence on
the variation of lamp wattage
with supply voltage, and there-
fore upon the regulation of
luminous output. Since lamp

voltage is fixed, supply voltage
/ variation must be absorbed by

L
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the choke alone. As the choke
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CIRCUITS FOR DISCHARGE LAMPS

Fig. 6 shows the influence upon lamp wattage regulation of the
ratio lamp volts/supply volts, which on this score should be kept
as low as other factors permit.

(3.2.4) Circuit Waveforms and Light Modulation

An increase in the ratio lamp volts/supply volts reduces the
angle of lag of current behind supply voltage. Referring to (3.1.2) :
if the current zero occurs too early, the re-striking of the arc will
be delayed. Hence, the current waveform will become peakier,
the effective power factor and light output of the lamp will be
reduced, and light flicker will be accentuated with too great a value
of the ratio lamp volts/supply volts.

(3.2.5) Stability Under Supply Volt Surges

The vapour pressure of the lamp is not immediately affected by
a sudden change in lamp wattage. With a sudden drop in supply
voltage and lamp current, therefore, the lamp voltage rises, thus
increasing the effective voltage ratio. Hence both the angle of
lead and the peak value of the supply voltage are reduced simul-
taneously with a progressive rise in the ignition voltage required,
and the lamp may fail to re-strike. On this count it is desirable to
keep the voltage ratio down, and with a value of about 0-6 there is
a margin which should permit a sudden supply voltage drop of
about 15 per cent. without extinction of the lamp.

(3.2.6) Practical Choice of Ratio, Lamp Volts/Supply Volts

It is seen that the ratio should approach unity to keep down the
size and cost of both the stabilizing choke and the power factor
correction condenser. For satisfactory circuit performance, how-
ever, an upper limit of about 0:6 should be imposed. In practice,
the HPMV lamps in common use (400 watt and 250 watt MA ;
125 watt and 80 watt MB) are made for nominal supply voltages
of 200-250 in 10 volt steps, the corresponding lamp voltages ranging
from 110-160. With other types of lamp, different factors may
be dominant—for example, in lamp design—thus imposing values
lower than 0-6 for the voltage ratio.

(3.3) Selection of Choke Impedance

For a fixed lamp wattage, the lamp current must be varied from
a maximum at the lower supply voltage to a minimum at the top
of the voltage range. Hence the choke is required to pass maximum
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current at minimum choke voltage, and minimum current at maxi-
mum choke voltage. Provision has to be made for selecting
suitable choke impedances, and the complete supply voltage range
may be covered either by one or more tapped chokes, or by a range
of untapped chokes.

(3.4) Bulk Stabilization

It is not practicable to operate lamps directly in parallel from a
common stabilizing impedance. Thus the lamp with the lowest
striking voltage would arrest the lamp voltage at a value below
that required to strike the remaining lamps. Furthermore, the
first lamp to strike would receive the full current intended for the
group of lamps, and the lamps would be destroyed one by one.

Series operation of a group of lamps with a single stabilizing
impedance is permissible, and has practical applications which
are discussed later.

(4) STABILIZATION WITH
STEP-UP TRANSFORMERS

When a lamp circuit requires an operating voltage greater than
the available supply voltage, a close-coupled transformer may be
used as at “A” or “ B ” in Fig. 7. Similar results are obtained with
fewer components by using a high-reactance transformer as at
“C” in Fig. 7. Auto-transformers or double-wound transformers
may be used, the choice often depending on safety requirements

or other installation factors. R IR
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(4.2) Close-Coupled Transformer—Primary Choke

The operating voltage of the choke is lower with stabilization on
the primary side, as at “ B "’ in Fig. 7, and this arrangement may
be more economical or more convenient where the lamp voltage
is unusually high. Lamps may be operated in series, but not in
parallel.

(4.3) High-Reactance Transformer

The high-reactance transformer combines in one component the
functions of voltage step-up and arc stabilization. The transformer
is designed to have a high leakage reactance which acts as the
stabilizing impedance, this characteristic being obtained by placing |
magnetic shunts between the primary and secondary windings.
The arrangements shown at “ C ”” in Fig. 7 may be used for operat-
ing lamps in series, but not in parallel.

(5) RESISTANCE STABILIZATION

The only practical current limiting device available for D.c.
supplies is the series resistor. Reference has already been made to
the relatively high power losses in resistance ballasts—with the
standard 400 watt HPMV lamp the total power consumption is
about 670 watts on a 230 volt supply and the overall luminous
eficiency is between 60 per cent. and 70 per cent. of that obtained
with choke stabilization on A.C. mains.

The regulation of lamp wattage and of light output is generally
less satisfactory than with choke control because the voltage drop
of the stabilizing resistance is only about 40 per cent. of the supply
voltage, as compared with about 70 per cent. for the choke. Hence
the same supply voltage variation will appear as a correspondingly
higher percentage variation of lamp current, lamp watts, and
luminous output. Where, however, an incandescent filament
lamp is used as a ballast, the volt-ampere characteristic of the hot
filament provides a barretter effect, tending to compensate for
supply voltage fluctuations, thus improving the regulation of
luminous output of the discharge lamp.

Having regard to the appreciable energy to be dissipated by the
stabilizing resistance, the filament lamp ballast has much to recom-
mend it on practical grounds alone. Thus the design and manu-
facture of a compact, high temperature component is well estab-
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lished and, furthermore, it is often more convenient to dissipate
heat by radiation rather than by convection. One discharge lamp
design utilizes the luminous output of an arc-stabilizing filament.
It consists of a 300 watt discharge with a 200 watt series filament
() and is used in some cases for public lighting from D.c. mains in
Great Britain.

Resistance stabilization may be encountered in the future—for
example, in train lighting—when only a D.c. supply is available,
and the quality and efficiency of fluorescent tube lighting can
offset the inherently lower efficiency of resistor ballasts. High
brightness mercury lamps are sometimes operated with resistances
where D.C. operation is necessary to eliminate stroboscopic effects,
as in certain scientific applications.

(5.1) Resistance Stabilization on 50 Cycle A.C. Supplies

With resistance stabilization alone on A.c., the current waveform
1s less satisfactory, and the lamp power factor lower than for choke

80 W
Tubular
Fluorescent

@Suppi, Vcltnge ®@Lamp Voftage @Current

Fio. 8. Current and voltage waveforms of
g 8 resistance stabilized lamps.

control with the same ratio of lamp volts/supply volts. As com-
pared with the sequence described in (3.1.1), the supply voltage
falls to zero in phase with the lamp voltage and current at the end
of each half cycle. The re-establishment of the arc on the next
half cycle is therefore delayed while the supply voltage rises, and
a reduced current flows at the start of each half period. Fig. 8
shows the peakier current waveform obtained with a 400 watt
HPMV lamp, and with an 80 watt Tubular Fluorescent Lamp.
























































































































