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(A Study on Electronic Ballast for 1[kW] Metal-Halide Lamp Developed by Eliminating
Acoustic Resonance using Frequency Modulation Method)
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Abstract

This paper presents the design and implementation of an electronic ballast with a passive PFC structure
from which acoustic resonance of the metal halide lamp was removed by introducing the frequency
modulation(FM) method. The proposed ballast consists of an EMI filter, passive PRC circuit, full-bridge
inverter, LC resonance type ignitor and a circuit for removing acoustic resonance. The FM method solved two
problems associated with single frequency driving: variation of the acoustic resonance range according to lamp
aging and the acoustic resonance range discrepancy caused by different materials sealed inside the arc tube and
their pressures for arc tubes of identical sizes from different manufacturers. Performance of the prototype
developed for this study of the electronic ballast for 1[kW] metal halide lamp was verified by evaluating its
optical conversion efficiency, input PF, input current THD and power conversion efficiency.
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Fig. 1. Block diagram of proposed Electronic
Ballast
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Table 3. Component Value of Passive PFC Circuit

Az} ERa
Ll 350 mH]
L2 18 mH]
Cl 68[ wF]
Q2 960[ 2F]
m FEP30JP

3.3 B 28X 2IHE = HI| 24

LC 33 Bile s 328 sk 244k
& B& 23" ek Aol Ssf 2Asuh A
Al 2z A7k E Aol 1kVIZF Hx=E L3, Cp,
L & Ao At A= & 49 2o

k3 4, H3P| 329 AXKL
Table 4. Component value of lgnitor circuit

Parameter Value
L 10[ «H] Cp 1{nF]
13 1.3[ «H] n 20

Parameter Value

271 A%SAl 1kW] MHLS] ¢} A= 20[A] °]
Az vy 19 4 329 JIYH 14 92 T
Ao A5 Aghe aejste] dAstojof drt P
of o]aYAA DC B A 3100V]elar A=
(At 9 E e dyise 4 (D3 2.

Zu= VDQI— link 7
21 (Mol ol3f 149 d9fdas= 155 Qlo g At
=k gk 2 (9ol olsl Y 149 gh& 72

& ik

L,=Zu ®
A1 Rl o3 QIEEl 149 7k 130 urflolh.

14



FOe HE IYE 0|80 SYSY JYS MUY 1w 0Y A0S YB HAtY oy Wy

3.4 Fi=x= Ot Y2 &7

Fa 7P B2 o] MAle o] olayA Bt
O Foeg 4z ¥Ye FFEE A4 Az
Fue] 7hE F718 AAss 2x7) 37 agn
Fa¢] 7P W9 E nididol gk HE ¥ A
4 AR =esed dele A 2R vt
At 19 8 3|2 A R13} R2, C3& ZA3IS
Foe M2 F7)e A9 AF F 43 A &%
ool wAsh 2E Ak F71(120[Hz) ) 241Q)
A0(Hz]Z AR sl =3 Fo 29 W9s 2
k= 2212 R4} RS, 06 Fak5+7} 19.30kHz) %
8 201[kHz)74A 7PES =2 MASA waby
Veont A% 0[V]~350[mV], 240[Hz]¢] 718 3¢
© Az et 2EEHEE dAs A"
&g ¥ 50 YehiAch

k.3 5. o= MX 3|2 AL
Table 5. Parameter Value of Frequency
Modulation Circuit

a2 | 2ag &7 a7
Rl 82[042] a 3001 zF]
R2 220[ 2] A 1[ uF]
K3 5.2[ &) &b 0.47[ uF]
R4 11[ 2] Op— Amp LM358
K5 0.82[ &2]

4. 4y FL

AAE 1kW] MHLE Az} ¢kg7)e) A%
A557] A3l 38] A whgel o8] 2L 2Agt
< 32 X8 F AU SA AME Q
A2 232 = LeCroyAHe] LC574A0)t) & B a7
LEIH ol AR 29| = STW26NM60°]™ Drive
IC= IRS 2453DE AHE-3ITh T3 A5 328 A
2o AR FA% Aol7] wiEel Y 293
FoTR P HYE FESNe 28 A9 %
Folrg Wty Yo AHEE FHEQ

£

144

4.1 Fhi= JtA g2

¥ 8 F 29 &7 At wek 19 11, 129 2
o] Axo] AZIEE 294 Fug=rl JpAs .

A4 449 FYAME AT 5 UKl 1Y 8
329 &9 Aol wel BZ2 FFHE 2903
Fart MEES gAY 4= ok a8 138 ¥=
2 FuEe A4 179 38 ¢ 479 FFT

=]
g 2% Rolth

Lamp Voltage(200(V] /div)

: pr v \ £ ' i SR
ANA NN WA .

N \ NEANEAVE SRR IAVIRY|

Lamp Current (10[A} /div)

38 11. Veont.=0(V)Q) M 2HHA)/HHF(ED
Fig. 11. Lamp Voltage(U)/Current(D) at
Veont=0(V)

Forw = 2023k H 7]

777

NG NN NN N NN NG N
: i Lamp Voitage(200{V] /div)

AN AN W AWA AW AWANANa!
\\j\‘\&\.;\\;’

Lamp Current (10[A] /div)

R AT

28 12. Veont.=350(mV)g I BEQH(AN/2HF (S
Fig. 12. Lamp Voltage(U)/Current(D) at
Veont=0.35(V])

. Surrent. (1AL igiy)

FET amg Current) (¢

a3 13, BELNA), BER(E), BHERY FFT(8D
Fig. 13. Lamp Voltage(U), Lamp Current(M),
FFT of Lamp Current(D)

29 133D A= A7 FFTE 53 9 55

Journal of KINEE, Vol.22, No.2, February 2008



F7k ohd eld g Faez Pxo A 2F
goua 93 AL AXe Uk

4.2 OIT1UMA] g Mg

a9 148 29 155 42t W54 Az Uz
£ olad WS AR wolrh

a9 15, 169 274 A% W5A 1kvle] o)A
At 2[AlY B9 AR wAsgen ol
$Y% Aoy,

e P

a2 14, 35 ¥y o8 200(V/div)
Fig. 14. Lamp Voltage at Ignition 200(V/div}

a8 15. 38 W7 I8 10(A/div)
Fig. 15. Lamp Current at lgnition 10(A/div)

4.3 U= ML M

P e, Inplut e T inpdt P
. 3 pe 4 cre 3
AN Y N A N

Nt E (e

FFT((ngut Current)

i
1 Sth 71
H 1 LS S Y

a8 16, 3 Hetnt MR(Ah, Y™ MR FFT(8D
Fig. 16. Input Voltage and Current(U), FFT of
input Current(D)

9h 1ath k ty

&g - TEHAL=EN N227 22, 20084 2¢

EEEROE R

a9 168 ArE AR bgrlel 97 A
A% 223 A5 Uhe FFTE 23 Hyolr)

a9 17 98 RN B m2Ash FA
axs ARAE 2HZZ ehigic

Harmonic Current limits

T @ Hamonic Current limits
B input Current Harmonlic

1st Bth Tth Oth
Harmonlc order(n)

28 17. DXG} Hig H(EN61000-3-2)
Fig, 17. Harmonic limit range(EN61000-3-2)

Iy 17¢ 33 % PFC 328 AHE&Fowy
A 123 A YAE WHFAPE & F A%

4.4 HOHE T XA QHYI|Q| O|OIE

At A °Vé7H 2%, 3% ¥ PR, ¢
¥ A% THD 12jx 3ug 882 373l 8 6
of el

4" dolEoAM #A  3U%ol ¥ PFe
AA ZEAY 09 ol 0RE FAHHULH
D[] ol e &&H 200%] olste] ¢ HFe
THD7} 24831

k.3 6. &3 H0|g
Table 6. Measured Date

48 A 994.40[W1]
29 A 921.02[W]
ig 92.62[%]
F& 103,600[1m]
48 PF 0.921
338 dF THD 14.91{%]
SHg A g 106.80[lm/W]




Fote HR YE 0|00 SYSE AYS MY kW] HE H2A0|= I TAY oy N

5.8 B

. [

2 =52 Fog X 7IEE =YY% $3E
& AAE 1kW] MHLE 214 kY718 A
AR stk @Y For TEA BAHE 9
Z9o o] Aaglel met ST o] Wzt
e A% 4§ 2719 B ol YT A2AL
vt} ofA {FE Wil BUHE 2 Gl
A7 FFTE A Rojelth ol AE 3
dsr] 3 Foa Wz 7Y E =dEgied, o
A3t SFeE Y] AAEES AUk =3,
B =8lA At A g1 2714 ebgr)
thy] <k 85[%)e] Yoz FUT F&E By Y
T ANeH Y] 948 I £ dY AFY
THD7} Z23tgnt 22y & =@olA] 243 &
& PFC 32 544 ¥ M9 dFd Hgsin

2 ¥ o2 Re] 9 AT Dahsolof &
Aoz ArEr,

References

(1) Yan fiang, Miaosen Shen, Hua Li, Zhaoming Qian, “An
Adaptive Acoustic Resonance Free Electronic Ballast for
HD Lamps”, IEEE IAS Annual Meeting, Vol.2, pp.1020 -
1024, Oct. 2003.

{2) Chicn-Ming Huang, Tsomg—juu Liang, “A Novel Constant
Power Control Circuit for HD Electronic Ballast” I
Transaction on, Vol.22,(5), pp. 1573-1582, Sept. 2007.

(3) TJLiang, CACheng, and W.SLai, “A novel two-stage
high-power—factor low~frequency HD electronic ballast”,
in Proc. IEEE IECON'03, pp. 2607-2612. 2003.

(4) MShen, ZQian and FZPeng, “Design of a two-stage
low-frequency square-wave electronic ballast for HD
lamps”, IEEE Trans. Ind. Appl., vol.39, no.2, pp.424-430,
Mar./Apr. 2003

(6] Gulko, M, and Ben-Yaakov, S. “A MHz electronic ballast
for automotive-type HD lamps”, Proc. IEEE Conf, PESC,
pp. 39-45, 1997.

(6) Laskai, L., Enjeti, P, and Pitel, |J. “White Noise
modulation of high frequency high-intensity discharge
lamps ballast”, IEEE Tran, Ind. Appl, 34, pp. 597-604.
1998,

(7) C-ACheng, T.-JLiang, R-LLin and ).-F.Chen, “Design
and implementation of frequency-modulated electronic
ballast for metal-halide lamps”, IEE proc.Electr. Power
Appl., Vol.153, No.5, Sep,2006.

(8) C~ACheng, T.-JLiang R-LLin and }.-F.Chen, “Single
-stage high~-power—factor electronic ballast with complex
frequency modulation for HD lamps”, IET Elctr. Power
Appl., Vol.1,(3), pp. 377-386. May, 2007.

@

(9) HLWitting, “Acoustic Resonance in Cylindrical high
pressure ARC Discharge”, }'Apple Phy. 49(5), May, 1978.

(10) WMLin,  J.Sebastian, AFemandez, MMHemando,
P.).Villegas, “Design of the Basic Rectifier with LC Filter
to Comply with the New Edition of the IEC1000-3-2
Current Harmonics-Limit Specifications(Edition 2.0)”, in
Proc. IEEE APEC'02, Vol.2, pp. 10~14, Mar, 2002.

{11) Mangesh Borage, Sunil Tiwari and SKotaiah, “Passive
Tedhniques' for Compliance of Single-phase Rectifiers
with IEC 1000-3-2 Norms”, Proceedings of INCEMIC'03,
pp.1-8. Dec, 2003.

(12) Rong Guo, Zhaoming ~Qian, “A Novel Low-cost
High-reliability Igniter for Metal Halide Lamps”, IEEF
Appl, Power Elect. Conf. APEC'06, pp,19-23. Mar, 2006.

(13) Mario Ponce, Efren Flores, Rene Osorio, “Analysis and
Design of Igniters for HD Lamps Fed with Square
Waveforms”, IEEE Power Elect. Specialists Conf. PESC'(4,
Vol.1, pp. 20-25. June, 2004.

{14) Jiangiang Wang, Dianguo Xu, Hua Yang, “Low-Frequency
Sire Wave Modulation of 250W High-Frequency Metal
Halide Lamp ballasts”, IEEE Appl. Power Elect. APEC'(4,
Vol.2, pp. 1003-1007. 2004.

(15) Chun-An Cheng, Tsorng-Juu Liang, Chia-Ming Chuang,
Jiann-Fuh Chen, “A High Power Factor Electronic Ballast
of Projector Lamps with Variable Frequency Control”,
IEEE Power Elect. Specialists PESC'02, Vol.1, pp. 23 -
27. Jure, 2002.

(16) John Parry, “Variable Frequency Drive using IR215x
Self-Oscillating IC's”, International Rectifier, Design Tip
98-1.

(17) Supraim Basu, MH.JBollen, Tore Mundeland, “PFC
Strategies in light of EN 61000~-3-2" Paper ldentification
Nurrber A123656.

(18) C.YPark, B.)JLee, KNKim, “Passive PFC Circuit Design
for the High Power MHL Electronic Ballast”, KIEE Procee-
ding of the 38th Sumwmer Conf, CD pp. 1996-199 7.
2007

(19} WMLin, MMHernando, AFernandez, }.Sebastian P.}.Ville
gas, “A New Topology for Passive PFC Circuit Design to
Allow AC-to-DC Converters to Comply with the New
Version of IEC1000-3-2 Regulation”, IEEE Power Elect.
Specialists Conf. PESC'02, Vol.4, pp. 23-27. june, 2002.

O KA1 O-

UFA H@m)

19519 29 23948, 19733 weioista Az-E2ea 9.
19809 AHW 3ty FPHAD. 19843 A Ed o
3t £, 1973~1977'd KIST 9+4. 1977~
1984 AT Zug, Huf, 1949 ~3A Y
o A7) A AREA T wE,

O|F &l (=%iF)

19813 49 1994, 2007@ ZLUSE ANAAAR
BAZEAR A7 AL BE 2. 2007d ~BA S
2 W) AT (A AL ).

Journal of KIIEE, Vol 22, No.2, February 2008



