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MODELING DYNAMIC HIGH INTENSITY DISCHARGE
LAMP CHARACTERISTICS

Florin Ciprian ARGATU', Costin CEPISCA?

Lucrarea propune un model de aproximare a caracteristicii tensiune-curent
pentru lampile HID bazat pe rezultatele mdsurdrii curentilor §i tensiunii.
Conductanta lampii este aproximatd prin polinoame de ordinal trei ce descriu
corect neliniaritatea caracteristicii tensiune-curent a acestui tip de lampa. Modelul
propus a fost testat la incercarile unei lampi de 70W cu vapori de sodiu la inaltd
presiune. Din compararea rezultatelor mdsurate cu cele simulate se observd o
exactitate corespunzatoare a modelului propus, inclusiv pentru studii in regim
nesinusoidal.

This paper proposes a model curve-fitting approach for modeling HID lamps
voltage—current characteristics based on measured lamp voltage and current. The
lamp conductance is considered as a series of piecewise cubic polynomials that
describes the nonlinear voltage-current characteristic of the lamp. The proposed
model has been tested with a 70W high pressure sodium lamp. By comparing the
measured and simulated results, it shows that the proposed model can accurately
model the lamps for harmonic studies.
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1. Introduction

The last decade the light bulb has evolved. Nowadays, there are many
types of light bulbs, each with their specific energy efficiency.

High efficacy, long life and color rendition have made the High Intensity
Discharge (HID) lamp one of the most useful light sources, from large space
lighting such as streets, sports arenas and industrial areas to specialized
applications.

These lamps have a negative dynamic resistance behavior that makes
necessary use a ballast to limit the current [1], [7]. A considerable difference in
efficiency exists between the various ballasts found in the industry, but generally
are 2 main categories: electronic and conventional electromagnetic ballasts. In
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some applications, electronic ballasts offer important improvements over the
traditional electromagnetic ballasts.

To verify the performance of dimmable electronic ballast or traditional
electronic ballast, the lamp model employed in PSPICE or others simulators
becomes a useful tool [2]. Several studies proposed SPICE compatible models of
fluorescent lamps [2], [4], [5] but the authors are unaware of earlier studies that
present a SPICE compatible model of HID lamps. A number of papers presented
mathematical models of High Pressure Mercury, Sodium and Metal-Halide Lamps
[3], but they are not readily adaptable to the environment of common SPICE
simulators.

As a first approach to lamp modeling, one could measure the operating
voltage of the lamp at the desired lamp current. The rms voltage can be divided by
the rms current to obtain an effective lamp resistance.

Some authors, M. Sun and B. L. Hesterman [2], G. W. Chang [9], have
used a fixed resistance to represent a lamp when simulating ballast circuits. This
approach is valid only for one operating point since, in the normal operating
range, the effective resistance of lamps decreases with increasing lamp current.
An improvement over a fixed-resistance model is to make the lamp resistance a
function of the average lamp power. It is also possible to create a variable-
resistance model in which the rms lamp voltage is a function of the rms lamp
current instead of the average power. The averaging process involved in
computing the value of the average lamp power or the rms lamp current in
variable-resistance models prevents the lamp resistance from changing much
during a half cycle of high-frequency current. Consequently, the high-frequency i-
v characteristics of such models are essentially linear. Although linear variable-
resistance models are useful, they cannot accurately predict lamp power factor and
lamp current crest factor because the instantaneous dynamic i-v characteristics of
high pressure sodium lamp are nonlinear.

The first model which presents a dynamic fluorescent lamp who directly
models the nonlinear i-v characteristics for high-frequency operation was
developed by Mader and Horn [10]. In this model, the lamp voltage is a cubic
function of the lamp current, but presents convergence errors.

This paper presents a mathematical models for HID lamps based on use of
a cubic spline interpolation to interpolate the measured conductance data and then
a set of piecewise cubic polynomials for describing the lamp dynamic
conductance is obtained.

2. The mathematical model

The shape of the dynamic i-v curves suggests using a cubic polynomial to
fit the low-frequency dynamic lamp data. Cubic spline interpolation is a spline
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constructed of piecewise third-order polynomials which pass through a set of data
points without knowing slopes [6]. Consider a data acquisition of voltage and
current lamp (fig.1 — HID lamp 70W).
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Fig. 1. Voltage and current acquisition data

The electrical conductivity, determinate by:
Ilam ()
g ="
Ulamp (t)
for one fundamental cycle with 250 sampling points, is presented in Fig. 2.

The unknown conductance function G(x), whose values are known only at
the n + 1 points that are defined:

Gy, x| <x<
Glx)={ =T @)
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where G; is a third degree polynomial defined by:
Gi(x) = al-(x—xl-)3 +b;(x —xl-)2 +c;(x—x;)+d; where xe [xl-,le] 3)

fori=1,2...n-1.
The first and second derivatives of these n-1 equations are fundamental to
this process, and they are:

i(x)=3a;(x—x; 2 +2b;(x — x;) + ¢; 4)
g; (x)=6a;(x - x; )+ 2b; (5)
for i=1,2...n-1.

The interpolation require the conductivity estimation for any point
x e [xg.x, ]
Our spline will need to conform to the following stipulations:
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Fig. 2. a)Measured conductance of the SOHz fluorescent lamp
with its interpolated curve for one fundamental cycle;
b) the first 10 points of a)

- function G(x) will interpolate all data points:
Gi(x;) =y
Gi(Xi41) = Vit (6)
i=012,.,n—-1

- G(x) will be continuous on the interval [x;,x,]:
Giy1(xi41) =G (x41)
. (7)
i=012,.,n-1

- G'(x) will be continuous on the interval [x;,x,]:

Gi1(xi41) =Gi(x;41)

. (8)
i=012,..,n-2

- G"(x) will be continuous on the interval [x;,x,]:
Gip1(xi11) =G (xj41) 9)

i=012,..,n-2
The coefficients of model conductance of the lamp were obtained, through
the voltage and current acquirement (fig.3), with the Matlab software:

a; = 8147
b; =—0,2113
(10)
¢; =1433
d; =—0,05353

Fig. 4 presents the simulation circuit, where the lamp is replaced by this

model for conductivity.
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Fig.3. Results of data acquisition for voltage and current
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Fig. 4. Equivalent circuit for simulation

3. Measurement and simulation results

The lamp under test, to verify the accuracy of the proposed model, is a high
pressure sodium lamp. System measurement and data acquisition is based by using a
digital oscilloscope Metrix OX 7042-C with 250 sampling points per cycle (Fig. 5).
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Fig.5. Measurement system Fig.6. Simulation with Simulink
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Simulink simulation circuit is shown in Fig. 5 and Fig. 6 present the
integration of proposed lamp model in to Simulink circuit. Table 1 shows the
parameters of circuit.

Controlled current  Lamp current
source sensor

signal T

Lamp woltage
sensor

Fig.7. Lamp model in the Simulink software
Table 1
Parameters of simulation circuit
a;=8147 b;=-0,2113 ¢;= 1433 d;=-0,05353
R, =2x9,6Q

C,=3.1639x10°F
V,, =800/ 7*2V
L,=2.2358x10°H
C,=2.4207x10°F

For the high pressure sodium lamp, Fig. 7(a) shows the measured and
simulated lamp voltages, and the corresponding lamp currents are shown in Fig.
7(b). Fig. 7(c) and (d) illustrates the associated v-i characteristics.

Tests results show that the proposed method is effective in modeling the
v-i characteristics of the fluorescent lamps and high pressure sodium lamp.

400 0.6 measured
— AU .
00 | — L NG
00 simulated 04 “"H \'\ smulated
s 200 / \
= - Y
& 100 ozl f \
{ %
£ 1} g 4 i
g i 0 “\
E— -100 - 4 6,005 .61 6,015 oz
. #
I -00 _i. -0.2 ',,_1 /
-300 " f‘
04 4
400 -\"‘W"’”
Time {sec.) -
' Time {sec.)

a) lamp voltage b) lamp current



Modeling dynamic HID lamp characteristics 283

ETii] ALHF
300 ———
= =

L] =7 7
= ra = .
o 100 - =
£ = ]
g - z
s “ T % 0.4 u.E
E— _1““-0,6 04 -<=0,2 ,;“0 0,2 3.4 0.5 £ 4 §
) 7 =

300 A

A0

Lamp current (A) -400 Lamp currant (A)
¢) measured characteristic v-i d) simulated characteristic v-i

Fig. 8. Experimental and simulated results for
the high pressure sodium lamp.

Spectral analysis results for the lamp are shown in Fig. 9. The corresponding total
harmonic voltage and current distortions of Fig. 8 are given in Table 2.

Table 2
Distorsion coefficients
HPS lamp
measure | simulate
THDy (%) 6.74 6.95
THDI (%) 5.71 5.96
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Fig. 9. Measured (left) and simulated (right) harmonic spectra:
(a) Lamp currents (b) Lamp voltages

By observing Figs. 8 and 9 and Table 2, it shows that the simulated and
measured results agree well with each other. The adopted sampling rate is
sufficient for obtaining accurate lamp v-i modeling by the proposed method.
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4. Conclusion

In this paper, the cubic spline interpolation method is proposed for
modeling the v-i characteristics of fluorescent lamp and high pressure sodium
lamp. The curve-fitting technique not only effectively generates conductance
function values at data points intermediate between those available measurements,
but also produces a smooth function for which values are known only at discrete
data points. As shown in the results, it is concluded that proposed method is an
accurate and efficient modeling approach for determining lamp harmonic
components and can be applied for modeling other similar arcing loads. The
approximations do not affect the performance of the model, eliminating
convergence errors and becoming the simulation easier and faster, without
reducing the lamp model performance. Simulation shown in this paper validates
the model when compared to experimental results. This model presents the easiest
and fastest way to simulate a HID lamp considering its negative resistance feature,
without convergence errors.
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