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Halogen Lamp Modeling For Low Voltage
Power Systems Transient Analyses

O. Craciun, D. Raduylember, |IEEE, S. BachaMember, |EEE

Abstract—This paper deals with halogen luminaries, ones of
the main used lighting sources in residential areal he use of these
artificial light sources leads towards different oprational
constraints in the low voltage power systems, suchs inrush
currents, harmonics or high frequency perturbations Hence, the
aim of the work is the characterization and modelig of halogen
luminaries in ATP-EMTP, in order to understand low voltage
power systems transient phenomena and the conditisrof lamps
compatibility with the electrical devices such asiccuit breakers
or residual current protection. Measurements on reh lighting
power systems were performed to show the accuracy developed
models.

Index Terms—halogen lamp, EMTP-ATP, transient analyses,
low voltage power systems.

I. INTRODUCTION

halogen luminaries, is necessary to be studiethdrhalogen
lamp family, two subcategories can be identifie@lolgen
lamps driven directly in LV power systems - low tagle
halogen lamps (HLs); extra low voltage halogen larfilLHs)
driven by a LV/extra low voltage (ELV) conversiorevice
such as TT or ET.

In literature, ATP-EMTP models of TTs [3], [4], [5F] for
different application such as current transformeerev
developed. Studies regarding the high-frequenagce®n the
ELH and the possibility of electromagnetic noisdugion in
the case of ET were achieved [7], [8]. In the saimee,
standard incandescent lamp models and HLs modglsd&
developed in ATP-EMTP in order to study the intéicac
between these loads and the LV power systems. tBdies
regarding the power up problem of electrical ligbtsystems
where ETs or TTs are associated with halogen Isghitrces
were not accomplished.

OWADAYS, lighting is essential all across the modern In this context, this paper investigates the ELMoban

society. It is very hard to find an activity thakes place
without it. Lighting is responsible for 14 percerm$ the
European Union’s electricity consumption and for top60
percents for the commercial buildings. In the satimee,
improving energy efficiency is crucial for the chte change
problem. European Union’s goal is to reduce greasbaas
emission by 20 percents by 2020 [1], [2].

As the lighting sources represent a consequentriekc
load, a solution to decrease the electricity comgion in
these systems is to replace the lamps with lowgciericy
(e.g.: incandescent lamp) by lamps with a highdiciehcy
such as halogen lamps, compact fluorescent lampsven
LEDs (Light Emitting Diodes). To drive these newamps,
the use of non-linear devices such as electroaitsformers
(ETs), toroidal transformers (TTs) or ballasts ecessary.
New perturbations are thus introduces in the lightystems
by these devices, such as: inrush currents, haonanmi high-
frequency perturbations. Even in the presence e$ehnew
problems, the proper exploitation of lighting povegstems is
required.

luminaries. The aim of this work is to analyze thansient
phenomena that occur in lighting power systemsnbgeling
and characterization of the HLs, ELHs, TTs and ETs.

Il. HALOGEN LUMINAIRES

A. Halogen lamp

The main constitutive element of halogen lampshe t
tungsten filament which will produce light by passian
electrical current through it. Halogen lamps carfdzbup with
LV or ELV power supply. In the case of ELV systenas,
LV/ELV conversion device (as TT or ET) is necessésge
Fig. 1).
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Fig. 1. Standard halogen lamps electrical circtits(a) and ELH (b).

Given the circumstances, the interaction betweew lo Halogen lamps are similar to incandescent lamp$e- t

voltage (LV) power systems and the light sourceshsas
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tungsten filament is sealed into a glass bulbdiligth an inert
gas (e.g.. argon or neon) mixed with a small amaonint
halogen (e.g.: iodine or bromine) [10]. The halogemacts with
the tungsten vapor in order to form a tungstendeathat
circulates in the filament area. The halogen alltvesfilament
to be run at a higher temperature and also allendeposit
tungsten from the inside of the bulb back onto filEenment,

this increasing the lifetime of the lamp which imated to



up to 4000 hours (the double of the incandescemipla 230v

lifetime) [11], [12]. Fig. 2 shows an example ofldgen
lamps.
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Fig. 2. Halogen lamps example: reflector spotlightand pinbase lamp (b).

The main advantages of these lamps are instanioigniow
investment cost and frequent switching possibiliymong
their disadvantages we note the high electricitysconption,
the operation cost and the dimensions of the toamers in
the case of ELH. Halogen luminaries are mainly ugsed
homes, restaurants, shops or projectors.

B. Toroidal transformer

As mentioned, for ELH drive, the use of a LV/ELV

conversion device is required. One of the devicesiun order
to assure this conversion is the TT. These deVizassfer
electrical energy from the primary winding to thecendary
one, without changing the frequency, by using thieciple of
electromagnetic induction. Usually, the energy dfan takes
place with a voltage change. For the consideredint This
study, the 230 V input voltage is transformed id® V at
50Hz (common for the European power).
constitutive elements of the transformer are represd by the
primary and the secondary windings (copper wiresgpwed
around a cylindrical core. Fig. 3 shows the cylicalr iron
coreofa TT.

Fig. 3. TT cylindrical iron core.

The main advantages of this device are its smad, dow
weight, low price and low no-load losses. Also, Tars easy
adaptable to customer requirements.

C. Electronic transformer

ET represents an alternative solution of power ecsion to
the standard iron core, 50Hz transformer technigliee
advantages of the ET compared with the classidatiso are
the fact that they have about 60 % of the volunge%dlof the
weight of conventional transformers [13]; the outpower
from the ET can be varied, and thus dimming conteot be
added. Another advantage of the ET is that a ptioteagainst
short circuit of the lamp can be included.

An overview of the general diagram of an ET is giue Fig.
4. Its structure is similar to a classic half-bedgrcuit. The
input voltage is rectified by the full-bridge ref@i resulting in
a semi-sinusoidal voltage at the double of the fieguency.
Then, by passing through the inverter, this voltagmnverted
into a high-frequency one (usually at 35 kHz) amthlfy
converted back into 12 V. The input filter avoide tradio
interferences and also protects the unit from pleéttions.

The mai

HF
Inverter

12v
HF Trans
former

Nowadays, the ET represents a more compact arcleetffi
alternative to TT. Its inconvenient remains thec@rwhich is
up to 5 superior to the classic transformer [14].

Filter ]:[ Rectifier]:[

Fig. 4. Principle diagram of an ET which poweisla.

Ill.  HALOGEN LUMINARIES MODELING
AND IMPLEMENTATION IN ATP-EMTP

This section deals with halogen luminaries charaagon,
modeling and implementation in ATP-EMTP in orderstady
the problems related to the powering up of a lightpower
system where halogen luminaries are associated.

A. Halogen lamp model

Halogen lamps are producing light by passing antedzl
current through the tungsten filament which wilahérom an
initial value to a final one. As the main consiitetelement of
a halogen lamp is the tungsten filament, the L\Ccteieal
network conceives a halogen lamp as a variablsteggie. So,
a halogen lamp represents a pure resistive loadording to
[9], the physical behavior of the tungsten filameain by
Hepresented by the following mathematical model:

Rarp = R +[[Re -R)u-e'7) @
where R, represents the initial resistance val&eyepresents
the final resistance value apdthe time constant.

In order to identify the model parameters, labanatests

were performed, as shown in [9]. Fig. 5 shows #mstance
variation of a 100 W HL.
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Fig. 5. 100 W HL resistance variation.

As described in [9], in order to characterize difg rated
powers of halogen lamps, the model parameter detation
was performed for several lamps.

The initial halogen lamp resistance value can beoup/15
the steady-state resistance value, resulting irigh mrush
current for the first few cycles after switching. @o, the ratio
between the inrush current and the steady-staterducan be
up to 15. This value mainly depends on the rategepof the
lamp and the supply and electrical circuit impedsnc

As a halogen lamp mathematical model is develojitsd,
representation in ATP-EMTP is now considered. T'oeleh of
a HL/ELH in ATP-EMTP will be represented by a Typ#
resistance [15] controlled by a model implementedATP-
Models that represents the mathematical model eflamp



variable resistance [9]. A representative icon whesen in subroutine are current and flux at positive satonapoint. As

ATP-EMTP for the HL/ELH representation (see Fig. 6) this data are available only from the iron core ténesis
% characteristic, SATURATION subroutine [15] is uséd
determine it, starting from the saturation chanastie.
Fig. 6. HL model representation in ATP-EMTP. For the saturation test, the primary winding of the
B. Toroidal transformer model transformer is excitated and voltages and corredipgn

currents are measured in order to create the (V, I)

Transformer models are especially important fodgitg the characteristic (see Fig. 8).

saturation current, ferroresonance phenomena, memand

their effect on the electrical power systems. Thajom 30
nonlinear effects in iron cores are saturation,yeddrrents, S
and hysteresis. An appropriate TT model based en it < 200 1
saturation characteristic is presented below. g

Generally, a single phase two winding transforman be g 100 .
represented as in the following diagram (see Big. 7

Ly Ry N1:N2 Ro Lo 0 ‘ : ‘
0 0.5 1 15 2

230 V Leal Rmag. * 12V Current (A)

Fig. 8. TT saturation characteristic.

l':ig. 7. Equivalent diagram' of a'singI'e phase twadimgs transformer.
By using the SATURATION subroutine in ATP-EMTP, the

Both windings have an associated leakage-impedand¥, 1) characteristic is converted into (Flux, GCemt)
characterized by the resistances &d R and by the characteristic. Fig. 9 shows the implemented SATURM
inductances Land L. subroutine and in Fig. 10 presents the resulteét peaent as

The saturation effect is confined to a single nuedir reactor a function of flux characteristic.

(Lsa)- In the ATP-EMTP program, two classes of nondine gEgigENEW DATA CASE
inductances are available for the saturation effeshruraTzon

. . C
representation: a true nonlinear model (Type 98Y &v0  345678901234567890123456789012345678901234567890123456789012
pseudo-nonlinear models (Type 96 and Type 98) [tbthe € HZ kv MVA

X i X C freq ><U_base><S_base> <Output>
Type 93 model, the nonlinearity of the model isresgnted by 50.0 = 0.230  0.00005 1 0
. . . C I_rms >< u_rms >
a nonlinear function (flux as function of currenth the ¢.001379 0.00621
pseudo-nonlinear model, the nonlinearity is represk by a  3-533342 9.10983
number of piecewise linear segments. ATP-EMTP st 9-006302 0.32739
then these segments as a resistor in parallelamitppropriate o.009429 0.54217
0.012144 0.65609
current source. , _ _ 0.016605 0.76435
Excitation losses are confined to a linear magaétn g-ggg%gi g-ggég%
resistance, Ry (See Fig. 7), which is in parallel with theo:089236 1.00000
saturation branch. 9-9980%0 113580
The considered transformer to be modeled is a 56igle 9999

L $PUNCH
phase two winding LV/ELV transformer used for theHE ItS ~ BLANK LINE ending saturation data
BEGIN NEW DATA CASE

model is developed according to the equivalentlSipiase g ANk LINE ENDING ALL CASES
transformer electrical diagram (see Fig. 1). Th&ursdion Fig 9. SATURATION implementation in ATP-EMTP.

effect will be represented by a Type 96 nonlineductance.

i ifi i -l ROW Current [amp] Flux [volt-sec]
For the models parameter identification, open-dingast and R gurrent game Flux Swolt s
short-circuit test were performed. The TT modelapagters 2 0.0004239566 0.0064296090
; 3 0.0009284558 0.1137140022
are presented in table I. 2 0.0013813741 0.2268792615
5 0.0017688956 0.3389677426
6 0.0022564142 0.4537585230
TABLE | 7 0.0028461231 0.5613431717
TT MODEL PARAMETERS 8 0.0039540978 0.6792918116
9 0.0059196261 0.7913802927
10 0.0105295131 0.9034687737
Data Value 11 0.0236642878 0.9908017072
R. Q] 5237 12 0.0489670686 1.0353637636
: 13 0.4721951220 1.1726529986
Ro [Q] 0.22 14 0.5505177450 1.2330147060
Ly [mH] 14 9999
L, [mH] 0.06 Fig. 10. SATURATION result (peak current as a fiime of flux).
Rmag Q] 13225

. . As the current and the flux at positive saturafmint are
For the Type 96 nonlinear inductance parametetfow available, HYSTERESIS subroutine is then used t
determination, the HYSTERESIS subroutine of ATP-BMT provide the necessary hysteresis loop data forTyme-96
[15] is used. The purpose of this subroutine idetermine the pseudo-nonlinear reactor model (see Fig. 11). Tewilted
necessary (Flux, Current) characteristic. The imfaté for this  (Flux, Current) characteristic is given in Fig. 12.



BEGIN NEW DATA CASE
HYSTERESIS
$ERASE

C ITYPE

1
0.489
$PUNCH
BLANK
BEGIN NEW DATA CASE
BLANK

Fig. 11. HYSTERESIS implementation in ATP-EMTP.

LEVEL
4
1.035

0.02 0.04 0.06
Current (mA)

Fig. 12. Resulting (Flux, Current) characteristic.

-0.02 0 0.08

The (Flux, Current) determined characteristic mimst
completed with one more point that represents theoae
inductanceL;, (the additional flux which circulates in air).

The air-core inductance can be approximated by t

geometry of the corresponding winding:
Lair = Ho IN? TA/I[H] ©)
where 4, represents the permeability of free spade,

Before creating the ET ATP-EMTP model, the real

transformer was studied in order to identify itsnstitutive
elements and theirs characteristics. Also, by dargig the
existent classic electrical diagrams of ETs [13][ Fig. 14
shows the electrical diagram of an ET.

F 35 kHz
Le | DiTa
._JVW\T R Ci =+
HFT
230V _T T 4& ww
F1 F2 D T
¢ c : ’ C, =
| 12v

Fig. 14. ET electrical diagram.

The main line voltage is firstly rectified by thallfbridge
rectifier and the DC bus capacitor is fully chargé&ithe power
stage is a half-bridge inverter, supplied from gwver line,
which delivers the power to the lamp by passingugh the
high frequency transformer (HFT)The two inverters
transistors are considered in the ATP-EMTP model d®de
dla series with a time controlled switch. The tratmis are

riven in the model, by a pulse train signal souwat&5 kHz
delayed by an output pulse delay Type 98 [15]his kind of
applications, the oscillation frequency is arounfl BHz,
generally around ten times the natural frequendphefcircuit.

represents the number of turn&, is the cross sectional area of The voltage across the DC bus capacitor permitsrémesistor
the W|nd|ng and , the W|nd|ng |ength |eg |ength The air CoretO switch. The antl-parallel diodes allow curremtflow when

inductance calculation may be different according the
geometry of the iron core.
The corresponding current value is calculated aftogrto

the devices are off. Also, in the model, for theodd
protection, a snubber circuit was connected in Iravith
each of them.

[15] as follows: firstly aAl value is estimated as the ratio A Type 18 ideal transformer [15] was chosen toesgnt the

between the flux which circulates in air dngl . The air flux

is estimated as the difference between the fluxthie
considered winding at its first maximum and theusatton
flux. Finnaly, the peak current value, correspogdin the flux
which circulates in the air, is now determined bg fddition
of Al
saturation flux.

As all the necessary parameters for the singleephdsare
available, its model can be implemented in ATP-EMGY
following the electrical diagram showed in Fig. The
saturation effect is represented by a Type 96 pseodlinear

inductance. As for the HL model, an icon was chosgn

represent a TT which powers an ELH (see Fig. 13).

model.

C. Electronic transformer model

As seen in Fig. 4, the main constitutive elemerfitaroET
used for powering up ELHs are the line filter, teetifier, the
high frequency inverter and the high frequencysfarmer.

The considered ET for this study is a 150 W onectvihias a
secondary voltage of 11.8 V. The main frequen®0isiz and
the operating frequency at around 35 kHz.

to the peak current value corresponding to the

high frequency transformer (HFT). This simplifying
hypothesis was taken into account because the HIES dot
influence the inrush current due to the poweringfig system
constituted of an ET and an EHL.

The association of the ET model and the ELH model i

represented in ATP-EMTP by the icon presented gn Fs.
Ty

Fig. 15. ATP-EMTP representation of the ET modgjether with an ELH
model.

IV. LABORATORY TESTS AND MODELS VALIDATION

For the models validation, tests were performetiwia test
laboratory on a real LV power system where difféteadogen
luminaries are connected. Fig. 16 gives an overdpuhe test

ELVi

Fig. 16. The test bench for halogen luminaries.



The test bench consists of three main parts: tisé dne is
represented by the measure equipment and by theedhat
permits to switch on the circuit at the desiredetindence,
voltage zero crossing instant can drastically ckatig ratio
between the inrush current and the steady staterdurThis
high current peak of inrush current can have adveffects on
the lighting system. It can affect the relay cotgathe circuit
breaker, and other related components. Repeateubesgto
the stress of inrush current can shorten the dpgréte span
of these elements. For the models validation tekts,zero
voltage switching will be considered.

The test bench second unit is constituted of switch
equipments (in this case, a contactor and the gtiote
device). The third part is the halogen luminarigst that
permits the connection into the LV power systense¥eral
lamps in parallel. This unit allows performing tesh the most
used incandescent and HLs and even on compactfcent
lamps.

To validate the developed models for different csteelies,
a part of the test laboratory equipments must bdeteal and
represented in ATP-EMTP. The main constitutive eets of
this model are: the power supply together wittshert-circuit
impedance, the line cables, the switching equipsérdt are
considered as ideal time controlled switches aedLi¥ load
represented by a HL and by two ELH powered up BiyTa
and secondly by a ET (see Fig. 17). Behind the Sctrat
represent the halogen loads, we find the completeets,
described in Section IV.

For the power supply model, an alternative eleatrtirrent
source Type 14 [15] was considered.
correspond to a 230 V — 50 Hz LV power system. dries
with the power supply, the short-circuit impedamcenodeled
as an RL branch (the RL values were measures irtetste
laboratory). Finally, in order to represent thectlical cables
in ATP, the PI line model [15] was used.
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Fig. 17. ATP-EMTP model of the considered eleafrivetwork.

For the first test, switch 1 was closed in ordestiady the
powering up of a 100W HL. The current in the fegdpoint
to the electrical network was measured and comptrdate
current evolution obtained in the ATP-EMTP simwdati as
shown in Fig. 18.

As expected, the inrush current due to the powenmof a
HL is, in this case, approximately five times bigdleen the
steady state current. According to the lamps ratder and

Its parameters

electrical network characteristics, the ratio betwéhe inrush
current and the steady state current can be up.td\l$o, as
the electrical current obtained in the simulatiersirictly the
same with the measured current, we can say thatetheloped
HL model is validated and it permits an exact repreation of
the transient phenomena that take place into tighpower
system.

y --—=-Simulation
2t |\ — Measure ||

Current (A)

0.06 0.08 0.1
Time (s)

Fig. 18. Inrush current of a 100W HL.

0.02 0.04 0.12

The second test was performed using the same fgedin

scheme, on the TT. In this case, switch 2 was dl@serder
to study the inrush current due to the iron corgmesization
of the TT. In the secondary winding of the TT, A\b&LH is
connected. The current in the feeding point of elextrical
network was measured and compared with the cuoteained
in the simulation (see Fig. 19).

) -=-- Simulation
4r —— Measure ||

Current (A)
N

2 0.06 008 0.1
Time (s)

Fig. 19. Inrush current of a 50 W luminaire (TT&HEL

0.04

0.02

0.12

The inrush current due to the powering up of tiasogen
load can be considered as formed by two inrusheatsr the
first one represents the transformer magnetizatiorent, and
the second one is the current due to the heatingeofamp
filament.

In the lighting power systems where TTs are corettdhe
inrush current can represent to up to 100 timestbady state
current (in the case of the connection in the s@apnof the
transformer an ELH of low rated power, e.g. 5W).

The developed TT model permits an accurate reptatsem
of the iron core magnetization and of the problatuss to
powering up and to functionalities of lighting paveystems.

The last validation test presented in this pape&icems the
ET. For that, an ET which supplies a 50W ELH isreexted
into the considered electrical network by closingich 3.

As for the two study cases presented before, thelated
inrush current follows the evolution of the measuome (see
Fig. 20). In this case, the inrush current is duéhe charge of
the circuit and to the lamp resistance variatiohe Tinrush
current value can also be up to 100 times biggen tthe
steady state current value, according to threeoffactthe
switch off moment of the load, the lamp rated poaed the
electrical network configuration.



| Simulation
— Measure

Current (A)

0.08 0.1

0.06
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Fig. 20. Inrush current of a 50 W luminaire (ET&HEL

0.12

A second verification of this model was performé&tle DC
bus voltage was measured in order to be compartdthe
ATP-EMTP simulation (see Fig. 21). The waveformtloif
voltage is a signal that has the double of theflieguency.

This model can easily represent the transient phena
that took place in lighting power systems where EFs
associated.

300 -—-- Simulation
g — Measure
o 200 B
()]
8
S 100 \

0.02 0.03 0.04 005 0.06 0.07 0.08
Time (s)

Fig. 21. ET voltage at the DC bus.

Different studies cases were also considered (st with
several lamps in parallel) in order to validate tteveloped
models. The results obtained are very satisfactonly the
representative cases were considered to be prdsanthis
article. Also, ATP-EMTP software offers a good enwviment
for the representation of transient phenomena drdifferent
perturbations that take place in the lighting eleat systems,
especially in the moment of powering up this kiridoads.

V. CONCLUSION

Lighting includes both artificial light (electricémps) and
natural sources such as natural illumination froaylight.
Lighting represents a major component of
consumption, accounting for a significant part &femergy
consumed worldwide. Atrtificial lighting is most comonly
provided today by electric lights.

To study the interaction between the LV power systand
the most used electric light sources, the paperribes
models implemented in ATP-EMTP for halogen lightises
powered in LV and ELV power systems. The proposedets
take into account the physical behavior of the larapd also
the different problems regarding the conversionaisy

Thank to this approach, a precise representationhef
problems due to the powering up of these loadsaghgved.
The aim of this study was to bring new elements tfog
switching equipment conception and development.

energ
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