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Abstract - A novel power control ique for

electronic  ballasts is proposed. The power
controller consists of operational amplifiers and
passive elements. And the effect of spread

and i | results. Desig
powear controller consists of normal operation
amplifiers and some passive elements. This
confrofler has the simple structure with only
summing operation. And with only sinusoidal

Ty is acquired for AR with only

sinusoidal signal added fo

From a mathematical model of ballast with
iler, the root-io of the

d power

balrast is plotted and the contml performance is
analyzed by using Matlab, The experimental
results from the prototype ballast show
controlling of constant power.

keywords: electronic ballast, power controlier,
HID lamp, current control

L Introduction

In the design of electronic ballast for HID
lamps, the impedance characteristics of lamp
and the resonant characteristics of circuit are
used. Usually, a series resonant inverter is the
common circuit topology and the lamp power
can be controfled by means of swilching
frequency. Because HID lamps have low
|mpedancu alter lgninng and have negative

in ing-up, balast
should supply low woltage to control lamp
current at start. The impedance of warmed-up
HID lamps after aging may get higher so the
ballast should supply higher vollage than rated
to get constant light output al aged HID lamps.
In high frequency driving HID lamps, the
AR{acoustic resonance) phenomenon Causes
vanous problerns such as arc ms‘ablhty Ilghl
output color
General AR aliminating melhod is to gel spread
spectrum and high frequency electronic ballast
must have some additional circult to eliminate
AR. Eventually, electronic ballasts with complex
structure may cause low reliability and high cost.
in thiz paper, a novel power controller for
electronic ballast is proposed and shows ils
stability and good perdormance by computer

signal g action of spread specirum is

quired for AR eli jon. A p ype ballast
for experiment consists of PFC(power factor
corection), a half-bridge resonant inverter, a
simple ignitor and proposed controller. The
experimental results show the validity of the
proposed controller. High efficiency, low total
harmonic  distorion in curment, low electro-
magnetic interference level and high power
factor are measured.

IL. Basic Topology

In order that ballast may apply to HID lamp
varying impedance, the controller of ballast must
have ability to adjust supplying power to the
lamp. Fig. 1 shows the block diagram of general
power controlier used in electronic ballasts and
the lamp power s derived from product of
current and voltage. HID lamp at high frequency
acts as a pure resistor and power control can be
satisfied with only control of lamp's current. The
current command 1” of input of inverter is
generated from between command power and
measured power. Power control is operated I:ly
means of changi y that is g
by voikage—mnﬁolled-oedialur (VCO).

When lamp comes to steady state after warm-
up time, ballast supplies raled power to lamp
and a little change of impedance doesn’t make
any p But lamp i al starting
after igniting is about 20% of rated value in case
of MH lamp. If rated power s supplied to lamp at
start, ballast may form very high current and it
may contribute o have shorten life time of the
lamp. So ballast should supply appropriate low
power lo lamp at starl. General ballast certainly
has a proper current limiter,
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Fig.1 The block diagram of power controller for
electronic ballast.

Fig. 2 shows a serles resonant inverter used
in general electronic ballast. The lamp vollage
and lamp current of HID lamp driven high
frequency are in phase and HID lamp can be
dealt with pure resistor. Square-wave V, of
half bridge inverter is presented as equation (1)
by Fourier series and the RMS lamp current [,
becomes equation (2) with only fi |

The switches of resonant inverter are driven
by VCO. The transfer function of series resonant
inverter with VCO can be presented as following
equation.

fo=(-Kpy -KEw+ly==K vely (4)
where [, is offset cument and v is inpﬂt
voltage of VCO. Fig. 3 is represented block
diagram of series resonant inverter.

£

f— K, —-é—vf.

Fig.aTheblockdiagramdwmmlod

frequency componant.

Fig.2 Series
ballast.
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The value of C,is small enough than V. Before
lamp start, lamp impedance R, is very high
and C,ls ignored. C,is chosen for generating
Igniting voltage at a frequency II{Z»—JL,C,}.
After igniting, lamp impedance tum to lower and
C,is ignored, C, and L, determine the

%.= 12ayLC,).

ballast is higher than

y of

series inverter.
TII. Controller Design

The output power is measured from vollage
and current. Fig. 4 presents traditional block
dizg of ller of ic ballast with
serles resonant inverter. In this block diagram,
the transfer function { P, / P") has nonlinear
characteristics as equation (5).

- K KK
T e —t e I (5)
=1 o, Ry ) o Tk

. ] @

Fig. 4 The block diagram of general power
controller for electronic ballast with product
operation.

The output characteristics of this controller is
acquired by Simulink. The output power and The
output current was simulated following as lamp

frequency of the resonant tank and inverter's

c can be p d constant -k,
as following.
A Ty = drpugy
Fmimrhl. (T | L S 3
Aw TS @
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. The ballast is for 250W
MH lamp and the referenca power F"is 250[w].
Control coefficient K, and K, are selected
to have small avershool. The dotted line is lamp
power and current without current limiter and the
ane dot dashed line is lamp power and current
with current limiter when lamp impedance
changes from 1002 to 1000 . The rated lamp



impedance of 250(w] MH lamp is about 7302
and the initial lamp impedance after igniting is
about 1202 . When lamp impedance is lower
than 5110, the output power with current limiter
is lower than that without current limiter. When
lamp impedance is above 5101, the outputs of
with and without current limiter are same. As a
result, power troller of alk i

ballast must have current limiter, I ballast
doesn’t limit current at start, ballast offers too
much current and it may cause damage of lamp
and inverter circuit. It is nesded additive current
limiter and high cost multiplier devica.

Ballasts must supply constant powsr to lamp
al steady state, Fig. 5 shows |-V characteristics
of ballasts, dot line presents constant power and
one-dot dashed [ine presents constant sum of
both voltage and current properly scaled. These
two line meet al operating point at steady state.
This describes us that summation of voltage and
currant may be used in power calculation as well
as product of voltage and current. The thick solid
fine is of constant power with current limiter,

This proposed controfler has only adders and
offers simple and low cost control circuit. And
the controller can be designed with the linear
madel, From Fig. 6, the transfer function of curert
contral loop & presented as equation (6) and the poles
of system ane calculated as equation (7).

Fig. 6 The control block diagram of electronic
ballast.
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g oa ¥ f To achieve stable operation, the system bandwidth
8 / > must be selected as below the cussover frequency of
ERR = — LPF. Let , =0in equaton (7). e real pert o pokes
3 e | steady Siste / half of LPFs bandwidh. Therefore, the
= / system yields the poles and zero as: equstion (8). To
0z J'___ 7 make the system slightly under-damped, the fallowing
i prpdust ‘condiions are required,
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Fig. 5 IV curve of electronic ballast for MH
lamps.

In this paper, the novel controlier that cutput
power is calculated from sum operation like Fig.
6 is proposed. Where T, is the delay time of
LPFand K and K, are 50% value of inverse
of rated voltage and rated current, respactively.
As a result, feadback power P,— b

P—— Kk, =0 @)

This means that the cument contraller consists of an
imegralor. The adders in Fig. 6 can neform simple

mean wvalue of normalized wvoltage and
li current. G power s unit
value and power eror £, can be

Fig. 7
In Fig. 7, command power p'is 1.0, k, is
0?5 and g, is 025 Lamp uumsm I, by

by multiplying mmaumed power emor £, by
raled power P . This block diagram I}

(10} and poles and znro of this rransfer function

inner control loop that is a current controller. The
current controller includes the resonant inverter.

as jon (11). T, is of LFF. K,
:s derived from the inverter's transfer function. In
computer simulation, it is used that T, = 001,
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K =2 K

. = 041, Kk, = 00019 and K, =

Fig. 7 The block diagram of controller for
designed electronic ballast,

K KT+ KK,
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= A P bl Belbvinl i LS
Ay T, " T!] T )

o=

(10)

Locations of poles and zero of the system will
be fixed of lamp imped: since
k., is bigger than k, in equation(11). Fig. 8
shows root-locus plot of the system and the
designed system is stable in all area.

- tw

Imag Axis

Real Axis =16
Fig. 8 Root-locus plot of designed el i

power and output current following as lamp
impadance Ripy  increases. The power of
proposed controller is similar to that of constant

pawer controller  with current  limiter.  The
s of wo get same 2

Fig.12 is si graph of i v
h of prop ller.
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Fig. 9 Comparison of step response of ballasts
at constant impedance.

If lamp has low impedance, the voltage is very
low and the current is 1.2 times value of rated
current. Proposed controfler guaraniees current
limit in transient time as well as power control at
steady state.

Fig.13 is an example of realized circuit of
Fig.7 with an operational amplifier and each
value of devices can be changed as sensor and
ratio of signal transfer. Especially, umenlamp
has higher imped
supplies somewhat hlgher r.un'ervt and power
than traditional controller, This property is
effective to aged lamp. The aged lamp has
somewhat higher impedance than rated value
and arc in the tube may be extinguished. But
appropriately higher voltage keeps arc for some
time.

This novel power conircller with simple
summing operation has some merit compared to
traditional controller with product operation.
Adaptable starting action required in discharge
lamp is ensured without current limiter and
stability analyscs of designed ballast is easily

ballast.

Fig. 9 is the step responses of each system at
steady state and two systems have same
response time and cutput accuracy. Solid lines
in Fig. 10 and Fig. 11 are graphs of output
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o ion results show that the
intains stable b
perslsbenny and the aged lamp can service rated
light by increased vulage The control circuit
ists of op ifi and some
passive elements.







