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1. INTRODUCTION

The most advantageous — fluent (or amplitude) mode light
regulation is often provided by an electronic LED ballast
(driver) operating in continuous conduction mode (CCM).
Quite rare reports dealing with discontinuous conduction
mode (DCM) usually focus on grid interfacing problems [6] or
on the weight/size optimization [7] of LED drivers. The main
aim of the presented research is to determine the
controllability parameters of the converter in DCM mode and
to compare them with those in CCM and to find the impact of
the conduction mode on the losses and efficiency.

II. CONTROLLABILITY IN DCM AND CCM

The controllability of an LED driver is understood as a set
of parameters [8] that reflects its capability to control LED
current and which are mostly found form the regulation curve
of the driver (current vs. duty cycle). At the same time the
current is defined by the working point of the driver found as
an intersection of its V-A curve and those of LEDs. The
generalized idea of this research is to move the boundary line
between CCM and DCM so that VA-curve of LEDs is mostly
located in DCM operation region of the driver. Then the same
values of current require lower duty cycles that make the span
of duty cycles wider and control of the driver — easier (Fig. 1.).
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Fig. 1. Calculated operation VA curves of buck LED driver (Vix=25 V, load —
7xW724C 23.2 V x 2.8 A = 70 W): a) completely in continuous conduction
mode; b) completely in discontinuous conduction mode.

TABLE I
SIMULATED PARAMETERS OF CONTROLLABILITY OF LED LAMP
La uH GLEDmin GLIfl)max RG NL; Y% Ga
1 0.53 1.61 3.03 13.2 1.15
2 0.66 1.25 1.90 6.48 0.94
4 0.73 0.87 1.18 2.10 0.77
10 0.51 0.58 1.13 0.44 0.53
50 0.22 0.24 1.10 0.46 0.23
250 1.20 5.37 4.48 17.7 2.97
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Fig. 3. Measured regulation curves of LED lamp taken in CCM and DCM.

A. Mathematical Model and Simulation of Buck LED Driver

The PSpice simulated controllability parameters of a buck
type LED driver at different values of the inductance are
presented in Table I. They confirm that the proposed idea of
DCM utilization for better controllability seems quite realistic.
The lower is inductance the better regulation can be achieved.

B. Experiments and Analysis

The experimentally achieved regulation curves are given in
Fig. 3. This figure shows good correspondence of simulated
and measured results that also confirm the proposed idea.

IV. CONCLUSIONS

In this paper the operation of LED drivers in DCM have
been discussed. The results of simulation and experiments
gave opportunity to compare the controllability of buck LEDs
driver with different values of inductance. Obviously, smaller
inductance leads to DCM. In this mode the dynamic range of
relative light output is closer to 1. It can be summarized that
from the point of controllability the DCM is preferable.
However, the controllability is not the only criterion.
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1. IEVADS

Visizdevigako apgaismojuma reguléSanu — plastoso (jeb
amplitidas) apgaismojuma reguléSanu parasti nodroSina
elektroniskie =~ LED  balasti  (draiveri), kas darbojas
nepartrauktas stravas rezima (NSR). Retie zinojumi, kas veltiti
partrauktas stravas rezZimu (PSR) pétijumiem, ir fokuséti uz
tikla saskarnes problémam [6] vai uz LED draivera
svara/izméra optimizacijas [7]. ST pétfjuma galvenais markis ir
noteikt parveidotaju vadamibas parametrus PSR rezima un
salidzinat tos ar PSR reZima parametriem, ka arT noteikt So
rezimu ietekmi uz zudumiem un lietderibu.

II. VADAMIBA PSR UN NSR REZIMA

Ar LED draivera vadamibu saprot parametru kopu [8], kas
atspogulo draivera sp&ju regulét LED stravu. Parasti Sos
parametrus atrod no draivera reguléSanas raksturliknes
(stravas atkariba no aizpildijuma koeficienta). Taja pasa laika
stravu nosaka draivera darba punkts, kas ir draivera un LED
voltamp@ru raksturliknu krustpunkts. ST pétijuma pamatideja ir
nobidit robezliniju starp NSR un PSR reZimiem ta, lai LED
voltampéru raksturlikne parsvara atrastos draivera partrauktas
stravas darbibas zona. Tad tadas paSas stravas iegiSanai ir
nepiecieSams mazaks aizpildijuma koeficients, kas paplasina
lietderigi izmantojamu aizpildijuma koeficienta diapazonu un
draivera vadibu padara vienkarsaku (1. att.).
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1. att. Aprékinatas voltampéru raksturliknes pazemino$as topologijas LED
draiverim (V=25 V, slodze — 7xW724C 23.2 V x 2.8 A = 70 W): a) pilniba
nepartrauktas stravas rezZima; b) pilniba partrauktas stravas reZima.

1. TABULA
LED GAISMEKLA MODELETIE VADAMIBAS PARAMETRI
L, unH GLEDmin GLEDmax RG NL, % G,
1 0.53 1.61 3.03 13.2 1.15
2 0.66 1.25 1.90 6.48 0.94
4 0.73 0.87 1.18 2.10 0.77
10 0.51 0.58 1.13 0.44 0.53
50 0.22 0.24 1.10 0.46 0.23
250 1.20 5.37 4.48 17.7 2.97
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3. att. Eksperimentali ieglitas regul&Sanas raksturliknes NSR, PSR rezima.
A. Matematiskais modelis un LED draivera modelésana

l.tabula ir apkopoti PSpice modela iegiitie vadamibas
parametri pazeminoSas topologijas LED draiverim pie
dazadam induktivitates vértibam. Sie dati apstiprina izvirzito
ideju un parada, ka ar PSR reZima izmantoSanu ir iespgjams
sasniegt labakus vadamibas parametrus. Jo mazaka
induktivitate, jo vienkarsak var veikt regulésanu.

B. Eksperimenti un to analize

Eksperimentali uzpemtas raksturliknes ir paraditas 3. att.
Attels parada labu atbilstibu starp modeléSanas datiem un
eksperimentaliem rezultatiem, kas apstiprina izvirzito ideju.

IV. SECINAJUMI

Saja raksta tiek apspriesta LED draivera darbiba partrauktas
stravas rezima. ModeléSanas rezultati un eksperimentalie
mérfjumi deva iesp&ju salidzinat pazeminoSas topologijas
LED draivera vadamibas parametrus pie dazadam
induktivitates veértibam. Ir acimredzams, ka mazaka
induktivitate noved pie PSR rezima. Saja reZima relativas
gaismas atdeves dinamiskais diapazons ir tuvaks 1. Var
secinat, ka no vadamibas viedokla PSR rezims izdevigaks.
Tomér vadamiba nav vienigais kritérijs.
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1. BBEJEHUE

MeTon N1aBHOTO PETYJIMPOBAHUS CBETA CBETOAMOJIOB YaCTO
obecrieunBaercs JpaiiBepamMu, pabOTAIOUIMMU B  pPEXHME
HenpepeiBHOTO TOKa (PHT). Pexxum mpepwiBucTOrO TOKa
(PIIT) paccmarpuBaeTcs pexe U B OCHOBHOM C TOYKH 3pEHHS
CEeTEBBIX IapaMeTpoB [6] WM ONTHMHU3AIMU Beca/radapuTOB
npaiisepoB [7]. llenplo JaHHOTO HCCIIEIOBAHUS SIBISIETCS
onpexaenenne BausHua PIIT Ha ympasisiemocTs ApaiiBepoB
CBETOJIMOJIOB, @ TAKXKE HA UX MOTEPU SHEPTHHU.

II. YiPABIIIEMOCTEL B PHT 1 PIIT

YnpaBiseMoCTh CBETOANOTHOTO IpaiiBepa IIOHUMAETCS KaK
COBOKYITHOCTb €r0 MapaMeTpoB [8], KOTOpbIE BBIpaXKaroT €ro
CHOCOOHOCTh MEHATh TOK cBeroguona. OHHU MOTryT OBbITh
HalIeHBl TIPY TIOMOIIM KPHWBOW PpEryJIupoBaHUs (TOK, Kak
¢yskuus kodp¢punmenra 3anonHenus K3IT). OmHOBpeMeHHO
paboumnii TOK ApaiBepa U CBETOHOIOB ONMPEICISICTCS TOYKON
MIEPECEYCHUs] MX BOJBTAMIEPHBIX XapaKTepUCTUK. CMbICT
9TOr0 HCCIEJOBAaHHA COCTOMT B TEPEMELICHUH TI'PAHUIIBI
mexnxy PHT m PIIT Ttak, uToOBI BONbTaMmepHass KpHBas
cBeToAMoN0B pacnonaraigack B obmactu PIIT. Tornma takue
ke 3HadyeHusi Toka TpeOyioT Mmenpmux K3II, uro memaer
nmuana3oH K311 mmpe u ynpasiseMocTs - mydiie (puc. 1.).
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PHC. ]. BOHBTaMHepHBIe XapaxKTCPUCTUKU IMOHMXKAKIIETO CBETOAHUOAHOTO

npaiiBepa (Vin=25 V, Harpyska — 7 ceeronuonoB tuna W724C 23.2 Vx 2.8 A
~ 70 W): a) B pesxuMe HEIPEPHIBHOTO TOKA; b) B pexKKUMe IPEPHIBUCTOTO TOKA.

TABJIMLA 1
SIMULATED PARAMETERS OF CONTROLLABILITY OF LED LAMP
L, mxH GLEDmin GLEDmax RG NL, % G,
1 0.53 1.61 3.03 13.2 1.15
2 0.66 1.25 1.90 6.48 0.94
4 0.73 0.87 1.18 2.10 0.77
10 0.51 0.58 1.13 0.44 0.53
50 0.22 0.24 1.10 0.46 0.23
250 1.20 5.37 4.48 17.7 2.97
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Puc. 3. Vi3MepeHHbIe KPUBBIC PEryJIMPOBAHMS IIOH. CBETOIMO/IHOTO JpaiiBepa.

A. Mooenv nonusicaroujeco cemoouoono2o opatigepa

Pesynpratel  MonenmupoBaHus  npaiiBepa B PSpice
npuBeneHsl B Tabmuue . OHM  MOATBEPXKOANOT, 4TO
npeularaeMasi  uaes  ucnonb3oBaHuss  PIIT  aBmsercs
peanmuctuuHoi. Jlyumas  ympaBisieMocTh  MOXKET — OBITBH

JOCTUIHYTa IPH YMEHbILICHUH HHAYKTUBHOCTH ApaiBepa.

B. Oxcnepumenmut u ananuz

Ha puc. 3 JaHbl 3KCIICPUMCHTAJIbHO ITOJIYYCHHBIC KPUBBIC
peryianpoBaHus, MNOKa3bIBalOIINE COOTBETCTBUC PACUCTOB U
I/I3MepeHI/II71 1 NOATBEpIKAAIOIHNE TPETOKCHHY IO UICHO.

IV. BbIBOJIBI

B crathe paccMoTpeHa YNpaBIseMOCTb CBETOAMOIHBIX
npaiisepoB B PIIT. MogenupoBanue n TecTHpOBaHHE Iaiu
BO3MOXKHOCTb TOHIJKAIOIETO JpaiBepa IpH pa3lIn4HbIX
3HAYCHUSIX HWHAYKTUBHOCTH Tmokazaso, uro B PHT
JUHAMHYECKUH  JIMarna3oH  OTHOCUTEIBHOW  CBETOOTIAud
npubnusurensHo paBeH 100%. MoxHO caenaTh BBIBOJ, YTO C
TOUYKM 3peHusd ynpasisieMocTd pexum PIIT  sgBisercs
MIPeAnoYTHTENIbHBIM. OIHAKO YIPaBISEMOCTh HE SBISETCS
€/IMHCTBEHHBIM KPUTEPUEM, YTO JIOJDKHO YUUTBIBATHCS.
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