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The realization of the Dimmable Magnetic Ballast for HID Lamps by the Life Time
Extension Method of the Relays.
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(Kwang-Hyun Jung - Hyeon-Jin Lee - Chong-Yeon Park)

Abstract - The dimmable magnetic ballast which applies the variable inductor needs a switching process for the
dimming process, and it consists of mechanical relays because of costs and reliabilities. However, it is hard to operate
with correct timing in mechanical relay, so relays reduce their own life time in inductive applications. Moreover this
creates a destructive problem at the switching process. The life time reduction of relays means the life time reduction of
the ballast. Thus, in this paper, we described the problem at the switching process in the dimmable magnetic ballast
with a variable inductor, which consists of relays and the soft AC switching method in order to solve the problems. As
a result, we achieved the improvement of the life time and reliability of the ballast.

Key Words

1.M &

e Agslel A3 QU] ole @
ABlel g nrE A BPL 24

=2,
R)
)
)
ot
2y
X
o,
2
L
2L
i)
_l,?,
L
2
2
s
o>
ofN
N
—_
N
- r g
in)
o

AN 2289 Bege 249w |
249 el zExde A% A7 gF A7k Bol
ofold gov, 2ErdS AF WEL Je ol 2
P BH & 4 A

O 9 A 947 AANNE o8 2wz

@ zEx49 x4 447

@ zEx4% 2714 347

del 3744 WHEL 2EE 2Aay) 9ste] Aze T

F Agg zdst: wiolth 7 wge 7tud Adnw
@< AC chopperE o] 438 ZAeoed gAY A =4
& Zlolrhel. Ty ol#ld WHe 293 4] wdE9
A E AUAA 5&0] B FAHe] gt @ AR
2 RXAVE T 3 4F FHFE HAAY, Buck
Converterg AM8-8te] A¥L A3t Wy olt}H7]-[9]. o]
B IHE Yditdor §8 9 98 5 EAo] o I}
Aol nis I,

TA el g 29 2REY] £ &

Aol B T £ Ak @ V&Y A4 AU E

x A 3 9 Rd T AV AATtY bz

w #0393 AY FU SR HAuA

tOSAAR, A5 A4 T A7 FAESS w5 - 2
E-mail ! randyl05@kangwon.ac.kr

HedA 20089 109 27Y
AF g7 2099 19 129

516

: Dimmable Ballast, Relay, Inductive switching, Magnetic Ballast, HID

£33l 2E2EE FEFH :r“‘éi& RAe H AYHE
ALggtt 7 QIEE Y A S AolY AEE o] &3t FE
3 dE(1004], & a9 1011 ﬂﬁ% ye] F#8& Tapped
Inductor® T& WH[21[3] Fol Yt oluid HHES
21714 ekAr)e] JHEEE agE o835t AL A5 A&
28 AHEEgo=A HE9 SHAA w$ g&FHot 1Y
W ARte] A WERA] A9XE AMES] Wi 293
2xe] 4g 2 £ FAC AT - doH, 29 A
JEH #& 7HHeteE A9 293 53 A 29X9 49
o] g FEAlFo] HAY f vt B =FdqA4E @Y
F o] 7A%o st Egew, AFd EAYS WA
T AEE Soft AC switching 3|2 2 AoiuEL A<gtst
At

21 TEXHEZ 28 K74 ot™I|9 S&

ZEZEE AT A7 <AV EF thojojafE o
=9 g 19 YERASIT 8 19 Ve
AgL FTFs7) st 3 QY E i/}j%
7 Y E e B35S AT o)avtely =,
g ARAEH, dEzEE AT 295 2 FF ili 293
& A7l A MCU (Micro—-Controller Unit)2 2 43
5o gt}

a3 194 dveRd
gozw Brrsla 7

AT L % qzE A
AHHE Lia 2 %gfﬂ;, ol 4
a0



L3 :

YYY L

__________________ H
H
220V Ignitor t
1604z = 2
A
Meu "
P

1 =EEEE XA eryr|el Bsctojloj

Fig. 1 A Block-diagram of dimmable magnetic ballast

U (t)

)= "
l( ) jw‘[’var +Rlamp

4 128 AWEwE BZo] ML dyex ghel whud)
e AL ¢ & Tk F 79 104 4w ddEe 29
A e wt AfFe) A= datetA ¥4, 2o whel
Zo) Aol ®MEA Hrh 1Y 2¢] A9 A wa
A% 588 Heig

70%, SWH1 :off, SW2: off, SW3 : on
SW3 /
ot et ) em
sx&z —————
2207/ B —
B0Hz @ S 5o, SW1 off, SW2: on. SW3 : off g
Yy £
L b

100%, SW1 :on, SW2: off, SW3 : off

a8 2 A3 E YZNMFO
Fig. 2 The process of the lamp current according to
switching processes

lok

=
=

I3 29 dEbd AA™ 100% AHE FF AldE SW1

o] ON Hof #xo] AFE L1 v AXNA H1, 8% A
gL TFY Aol SW27F ON o] Hatol "R = 11+13
g AXH, 70% AL TFFE A= SW30] ON Hol &
Z9 ARE LI+L2+L3E AXA #d. &, 713 QddgE9
AR 2 e 3A e Pz AL HA FHEE A
olth, &7|A L1, L2, L3 ¢+4719 #A A =7 2 A%
H[-g wEol| Z-& mofe] FAE ok sy, o|&A AT
A% L2, L39 e Azudeirg &S i 51, o
B3 olf WiEel 12, L3 ¥ & A & 4 glri[4]

< 3y
322 SSR(Solid State Relay) &2 @ulo]Z 7hws] 7@
g g . 28y SSRY A4S ¥
29 EL HE0nz, Arz Fdss

Trans. KIEE. Vol. 58, No. 3, MAR, 2009

1A deolE A& gttt

a8y Edole FFA7HRelay on/off delay time)o]
bms 10msec® AASHA &h wkA d¥ ACH HEEF7| 7
oF 8msec Q1 AFAA AZH AH A9Ho| o9,
wg Zp dolrt FAY FFE7] ofFrh oleigt di e
9 B2 " 19 AAVAA el ]
o] v, deole T3] #HE ©tHFAY

oy
of
av)
S
lo,
{0,
rO

= o g
oX
y 1IF

3|

dgold =7tdog & AR &
zdzgy] 93t F el

T A g gtk 2 2004 100%
Hol A 70%9 A¥oz W3y 43 ~90Ae A7
B@ SW1 & ON->OFF o], SW32 OFF->ON o©]
7b FAlA TAEA Rt £3H e

ON Hof gttt 7kdstd 1d 3%
Zo] HF 7 HAAHA ot ojeid A2 L1¥ L3v ¢

%

g ashA Aok wEkA o] i E9t Y (]
2ot & ARV 524 Hol ey £EE d=AlY]
A

swa
. L o 2 3
SOV e YNV YV
swz
e
2207
80Hz (L swi z
-]
z
k-

a7 3 A8 SXO 2 HRZ Y

Fig. 3 The current closed-loop caused by the switching

process
Yol AT AN S FA37] Y] 19 37 e 29
A A (SW13 SW3e] FAe] ON) F g o]/} Imsec &
¢t ON Heol )& W& 1Y 49 AEHIN =2 T4
Hom, 19 5o 1 AHRE YEUTE AlEHeH AR
A ddel7t Al ONEle Bt ol ¢Ho=
2 AFN 22 A Y & F dv

517



2
N
1o
ﬂ
r-Iu
)
(6]
[e+]
i
w
ok

ny
(=]
Q
[ts]
i
w
o

K bingar
COUPLING =28
“ e |2 5}
LA 2 1702 1 2, sl
193m
3t 2160
]
152
v
YOFF =0 &7
VAMPL = ©
FREQ=40 . 12160
152
i
Riamp
[

O 4 293 SEo WE ABEolM 32
Fig. 4 Simulated circuit according to the switching process

- S0KY
Swh aer

swala® 18A — FAWVANIVAN

T

At A AL
IV VVIVIVY

R 3 Cic £ B o ET =ry £ e

a9 5 Al=d8old A
Fig. 5 Simulation result

23 HetE 3z = ¥ SzHAe

ol delA 2mzdE 4 AAVY 243 A 79
FAREE AR EAHL D olst 5 10msecd LA
A & FAALE 2] HE AR 0”olM 29
& A R, BAlYl 29A Fx £t Hold mA
4 R nIFY 2EH2E JMEte Aotk wgH B =
BoAAE ol2l® EAFS sAsy] A5t g 19 6
7 2L JEE AN

e iR D6 SWe .L2 ""“.‘Es‘"'i
g Y YV
b “swﬂ ““““““““““““
<
D4 SW4
£t
D3 sw3
o "<‘4 "
220V 2 = sw2 i
moel B L ;,2 — ] °
2 D1 SW1 A
o i "
c P

Cument | ©T
Detection
Circuit

o8 6 MetE 32
Fig. 6 The proposed cirouit

518

I 69 AgE I EE 7|E 2 o] E tho
.95 :aﬂ A7 A4E HAEst7] 918 OP-ampR o] F
Aty =zE Aol

] &3 AFY 0HoAM 29HAE&
3}“4 ’\%"l’é} A E Fsle] & AF/ 22 ‘%101 et

T FE27 FAHALdE EFL A3 SSRE A4
?‘5} A7l Hste M vtA o2 FHEIMEEI

a9 69 vehd AAY Agd s2E a¥ 19 7R
A WedlE 9= dddn, A4 golesg A vy
o2 dF3gth A" FRg JEAHA FF¥LE ZF
ol AF7 tholzo] 3 Positive &2 Negative
gxommt 7 ACY wE7) B¢ 524 3z, AF
27 &&= g¥oE YA Aolth Fat AR
2 T3S Ay At 29 7l 293 AZE vE
uilem, & dge #HE Hdtod L1 L2 e 3
100914 859% 2 ~9Fsh= AL Uk

:'. oflt

NE 01-4

o%
Orn

£ 3

i
N
23
13

— YL
swa
220V ) w2
oy e
80Hz . §
-/ I &
Ik
o 15|
e o i swe s o B2 @-
—IYYY L gy & ;_;_/ (LA ) S— YO
sw3 ™
= e )
e
mw@ sva i UE 220V~ )
60Hz T { gg S0Hz .
} i
e ‘(,i ore

@ L2 @y o 2
e - TV, v AN L

Tem

pr] i

|
g
p } H
2201~ swz. 187 zow ) sw2/
60Kz . + 1 1B oMz P —
T 2N il SN/

a3y 7 MeotE s2e A9y &
Fig. 7 The switching process of the proposed circuit

g ’s_%‘%}ait}. Bz 4 - 7%
e 98 ACY F3
£9 ]1_ 2, 83msec °jt}. WA
—t— Zrzk SW29t SW1g §3t9 A

223 Qu}. IV A HAF} LI+L2E 25 &
EXE 3} A—M SW12 = OFF 7}54 SW3,47} ON=

z_,

%ﬂ—%% (2>+ 2 0114 <2>+ %7% M= SW2E S5t AF
324 g+ SW1L OFF
&5 =

]_
a ]_ 3E
(2)— ?7%1 =4 %i%
A 9 oqul HeiA df7 52
=3

B2 tele=d 3 HAFIH & F gle SW4E ON
€ AT o F AFY Aol wHe] Q)+ F3ie]l HE A
¥ Ha (3)- T7to] HW SW3g ¥

Ho 2914 $o] $EHL,
b e gt PrdA 204¢



*
{2)+ YYTY ~ o Y™

220V1(~ P2 sw2
60Hz Bt

Lz
g E
b J/
‘T
e
WY OH

a8 8 2+ wtel #AHH
Fig. 8 The problem of (2)+ period

7] @Eol Lididosl o9 magkel wAsA 2=k

& 294 9 ACY BFI T o] FojNY Hrz

Yololg) FAAL Ao Japo] A,
%o

e 2204 AFaREe]l Belold +1 7a 2ol
st o A F, A=t g4sel £04 HAFA &
£ Zolt A9 29 79 @)+

2 ddole o] HaEH
TS AFRE O3 =
oA AFE FAHe] TS & £ gl
a9 8& EW (2)+ F7olA SW3Z SW2E F3dhe
HEEZ7l FAHE e & 5 do @A oy e EAN
£ A3 HA g2 294 dHE Agslefol &,
2 HREe 29 99 e 2™ 9l A s 1 7oA
e RY 29F H2& wAs g @+l a¥ 7
ol SW1 o] OFFetz SW3& ON stgd oy, 19 99
2+ T2 M e SW1vHE OFF st} whebs] ohee] AC
7190 (2)-" FAAME dolo=9 Heo] BF g

ot P o

Heo] ARF7F 28 ¢ A Ik o] u thole T miEe] A
F7F 22X E3E SW2, 42 47 OFF, ON%“?Jr 3+
7he 4#Eel AC Yol Positive® WAE A$-7F §0 o
W (2)-" 7 d ON e SW4E AF7 524 A
2 & oAl AR Aol viHY SW3oR AF7L TEA H
o] 2913 F&o] #FFETh oY FAL A 29H
& positived]l A A ZH8}=A] negatived A A &3t ER o w
2 294 A7 vE $ Qo
o M E VR N e u sw Ty ON
OO [w P v o M A |
a( ;—waﬁ_c_m_mzi ‘ au) ameE :
[ . o o1
PES
A .
2]
g 9 £=d= A2 &l =P

Fig. 9 The corrected switching process

@-" FRAA @R Jbe AZE AC 9 WFEQ
83msec MUk HTh o|RE oA 29io] el Ao
2 EAE 3 gt @309 AW 2= @
g9, A%/ 22E @ Toe QY] Swal A

Yelo] $9 o wuol oF HDUZE oY X4 orEvlel P

Trans. KIEE. Vol. 58, No. 3, MAR, 2009

Adsosls BelLsg 25N @ AR el
, @3 Fzre Aol o Alze

1
T;)eriode(Z) - (5 TGOHZ) - ﬂdelay C))

TF7ve] AIZY, Teme 60HzE

Adg AR Aol (2)-

0:1 7] A—] Tperiode(Z)*";; (2)7/
] Tldeavw_ L'jEioﬂ 9’]6—}1
]_

S0e F o AN AT A 19 109 2913 A
waAF R AT dge et
EOMR
T swz oFF | j—
e SW1 OFF \E swson ! W3 Oon
[ ; V| | \
1 A 12! &3 t4
[N e H H
L | !
B 4 : :
i SRS AR
swﬁxr-‘F | ;/ SW3 ON \\
NV S S A
p \,,\ E //E ™ .
— \T‘ -y \\\
{ i ores 4
ssgzasayon | NI | BNEDA s amgme
a3 10 - 7ol o Mok & Fo MR 94
Fig. 10 The phase of Input voltage and load current at the

(2)-" period

238 1094 YEMY AA"E 7EAH o
Fol 9ol o8] oo Y %A A
Zro] HEZY FAHE AL Hir) Y 3§
F2T3)e] FAEG o] FHE ZHAA (D)
of Frow mAsAoH, B FEAFIF a2 P
grel Aol v E AlZ(t3)o] Erh
B () Fre wae AYFF AA
AmaA R, ¢ 4 6msec AEVF HiE AL F

Fol BAR HLY ofze R fAYEE
97 gobd F8e FRol E47

A ge

u 1 E7} E2e 4 9l
= ¥/ gedd. 28 119 ojave|Ee &
=

728 UuAd. ol arolst SCRH AHel A
% ol Aoltt

olzuo B RI% R2¢l A@Eulel ofs ACY ) A
HolA SCRE E=EA7|A Hrh SCRo| ¥ on 253
A HW £7 SCR o AF7h 324 dr, olm L1

Zstol L1 L1I"e ¢

519



™7|%ts =R 583 3% 2009d 3¥

L1 Lt
—L e 2, 1 ey
1o
R13
vin 6 SCR
Rz g
=
ad 11 7|28 olaLtolg 3=

Fig. 11 An Ignitor circuit
Gt LAYl G PZE FEA
Agjte]l R2el ZHulE A<gte] SCR
= =8AE ©F 3x 97 qF FEAYe] A
Ferh 2y A AEEg R0 (2)- FIelA Waxg
=

A9 FFo] FUHM, Reol dele Ago] ®olHA SCR
< E=FAZ batx 27 ZF Fol g o] EEAIA
BES F7HA A2k daste), O 28 a9 124 4
28 Faaes
T oz
:’ , RbL 2N1'N2'1 2 o R L2 1
u‘| ki N st z |
| a [Fe=== -
oo cTTTAT T T
@ : Iﬁl T Dzvmsaz | gé‘
v:b?:gfanz) I 4 ’ 100‘ RS | 28
FREQ= 60 g 3 @ &
| § \_’\'&—A'J_‘ Qzwz2z2 ? I
| I Ozxmaz" h‘m ? >>>>>>>>> R:w |
I 257 l] i XY
| ¢ 4%
[ Mg ———— o o — [ [ S ——g—" T
¢ gnitor Ignition Control Circuit

¥ 12 olayM Mo 3=z
Fig. 12 An Ignition Control Circuit

oYM AojslzE EAX A} oo @ AQS
9% RC d=22 FAHUY. 279 Mo ZFFA R5
g C29] AlASe g8 AN T EARAE o] AS
EEA7)7] 9% Hgtel HHI EWXAHI =EHW
SCRY] AolEd| ¥ ol =EAMe] Hex FE2 3d]
27) A% F oJaUd FFAEL X YEES = Aoln)
olzigt F&L UEd AEYolHoR Fle] sy
EdolA 238 129 134 Jehiges A4 =49
< 29 149 el 23 A C2¢9 R5Y A A4
2 @20 AFr tdzA 24 =YY

il

a3 13 0la4M Mo E=zel ASyolM B}
Fig. 13 The simulation result of an ignition control circuit

520

24m.9 v
8.3 A

3300

Fms (R @89 ki
maseimom s .80 v

a8 14 &5 ooy ®et

Fig. 14 The measured ignition voltage
3.4 23 ¥ HAEAE
AE I2E ALt 294 A ol 1 AY F

o AFTE BAsEA &3] st 250Watt wlg Pt
2R ste] 29 A dyole] At # HF

fr'\ o

W-4-controt

0 e e n 2 18 e 188 . B s 088 8
a8 15 29/8 Al EHE Hajo| SwW349 MEF

Fig. 15 The measured current of SW3,4 at switching time

4

o k]

SW2 ;

o ;

Y . e ¢

P A Y t

|3 VOO R & oriBin s 5 4

- 5 N\

sW1 e K

? SW-2 '/ - :
g sy OURE By 19 oms 188 W 2 5 e FLERR &

a3 16 292 A E™E galo] swi29 HMF

Fig. 16 The measured current of SW1,2 at switching time

EA Al 293 F39 AFAHo] AF7} negative® EE
o A zFale] SW4 off -> SW1 on, SW3 off -> SW2 on
o £AFE FASAT F4E YA oty FFPL ¥
do] AAE A% Az zA ol Turn on/off delay )
o A&7t FoF F o 8msec Foll HFEA 0 &4
AHRRA 29 A F ARV A= TRl e RS
g8 4 glod, A" #¥L 2A/div, 10msec/divel A
SAFAT =T IY 172 29F A on HE € o]9
S At FFolH, 27 182 off HE ol dd A
daygoltt, 4 AAE AHEwE 293 A o]
dol FAsE [ g FHU ¥ 4 Avh &Y
L& 200V/div,10ms/divelA 24 = it}

O

o



[

O™ 17 293 A 5™ ON =He afloje Mt
Fig. 17 The measured voltage of ON Relay at switching
time

il

1 iR oee HED M

a3 18 223 Al £FE OFF =He 2allole M
Fig. 18 The measured voltage of OFF Relay at switching
time

Lamp current

¥ Lamp Voltage

g B

a3 19 80%>100%= H&E Al XY 3 uMF
Fig. 19 Lamp voltage and current at 80%->100%

a9 19444 YEhd AFYE 2REE)2EE 93 A9
A A 294 AAd e Pz HAHFFo] FuHE
7™ 99 3-8 AT 5 ok aEy dze A
R0l dAALE Famugt® olart fXHY g 3
Aol ALHLE A= AL B & = Yok 24 A
FAY-L 100V/div, 10msec/div & &Asgon, AHBZE

2A/div, 10msec/div & &3 &4t}
A=d QA2 2=EFHE)RE A A" derge

el ¥ 1% 2k

galol =g

54
ox
0z
s
2
1o
o
I
o
=
I3
o
jinl
its}
Pal
N
ks
e
0%
N
1o
-+
reh

Trans. KIEE. Vol. 58, No. 3, MAR, 2009

= 1 £3& Zelog
Table 1 Measured parameters
e
&) 99 i LA O S -
(%) | ALV | AFA) | AHW) | AGV)| AF(A)
(Lux)

100 220 1.29 266 143 1.85 | 4310
85 220 1.09 218 141 1.50 | 3090
70 220 0.99 187 141 1.29 | 2240

4.2 8

B eRdME 252ES A% A4 a4FUE st
e Agste] Fdstm, AV FHARS A 29
A o 2 322 At ERaEv AL Yo
TEI HEQYEHE AMgSe dHE FExde AT
293 A nAdAYg 2 AR BAL 5 3l oA AC
2R AR EE deole B4 7ds RelH, HiH ol
AN £8E ZaAA AAAA A7 FHE T
71 A A}

B =M E o#d EAHM dFdS fstd thelor,
A7 AN g2, F71e] ol & AMEEY FEE A
st 293 e Actstgch AdH FEE AUdH W
Moz AFste B 4y 2RFES A% 293 A A
ol AAHAEE FUsIAEh AddH WEL HE &2}
EojuA gt thE AAE o] &3 AY thE WS AlgE A
Boh oHs 7tAe] dor, AP E FHE 5 QY w3
Aoty Fg I 293 WL GUE AGEE R
dols AT Ad & A48 4 dS Aot

Aol 2

B oA (d9)e AAEARY A9en 4T
AL R AT AR, BARAS
B, |

il
]
i

il

[1] Walter Kaiser, “Hybrid Electronic Ballast Operating
the HPS Lamp at Constant Power”, IEEE Trans. on
Industry applications, VOL. 34, NO. 2, 1998.

(2] BEad @AY XFH “ZEFHo| slFg JlolHd
=2 ek 7)), 583 |10-2003-0007453, 2003.

(3] B4, A%, 9=, odxl, "250W HID-Lamp$
A7)4 2= Ay A Y] AT, 20019 E e
st3] stA e s =3, pp.1996-1997, 2007.

[4] Walter Kaiser, Ivan E.Chabu, Edward A.C.LourenGo,
“Design of a hybrid ballast with magnetic shunts:
application to control of HID lamp”, Industry
Applications Conference, pp.2270 - 2275, 1997

[5] Y.K. Eric Ho, Stephen T.S. Lee, Henry Shu-Hung

Chung, and S.Y. Hui, "A Comparative Study on

521



HoI1Es=2X] 582 35 20004 3%

dimming control methods for electronic ballast”,
IEEE Trans. on Power Electronics, Vol 16, pp. 828 -
836, 2001.

(6] #r&<d, d723¢E, Y=, “Chopper H& &% %
59 Faz:FA A" 4w, Wi Ar|EE A56
A 9%, pp.158471588, 2007.

(7] &34, 334, 44¥x, “250W Hedgol=s d=§
AR bA7e Fxd whE oPsA4 887 2006
= g Ar|gs sASEds =83, ppo66-967,

2006.

[8) G. Kanai, T. Inagaki, Y. Takeji and H. shibata .
"Technological trends and prospects of HID lamps
and low pressure sodium lamps”, Journal of the
Iluminating Engineering Institute of Japan, vol. 74,
NO. 5, pp. 2797285, 1990.

[9] P. Dong, K. W. E. Cheng, S. L. Ho, D. H. Wang, B
P. Divakar, and K. Ding, "General Discussion on
Dimming Control Method Used for Discharge Lamp”,
International  Conference on Power Electronics
Systems and Applications, pp.178-181, 2006.

[10] STMicroelectronics, “AN319 APPLICATION NOTE
- RELAY DRIVE PROTECTION", 2004.

¥ EBEER
1980 249 2594, 2006 7&%‘?}1 A7)
A £, 20083 F HER A7)
AA F&3] AL QG 20088 ~dA F
et A7) AAF e warA

el : 033-250-6292
E-mail : randy105@kangwon.ac.kr

of 8 & (F & i)
19843 29 256448, 20023~ A A
A7 HA-F eI g5

el ¢ 033-250-6292
E-mail : ziniblue@kangwon.ac.kr

4 35 A H &E R
19513 29 23¥4). 19733 n#Ed HA
3 24 1943 25 visig &
(Fuh). 19849 A 2Rd A7 AAR
3t @4
Tel : 033-250-6292
E-mail : cypark@kangwon.ac.kr

522



