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Reliability Modeling of Electronic Ballasts for the
Fluorescent Lamp Using Telcordia
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Abstract

As the level of technology and the standard
of living improve, product reliability plays
an iIncreasingly significant role. This study
has been performed to build a reliability
model of electronic ballasts for the low
wattage fluorescent lamp. Telcordia SR-332,
one of the most widely used reliability
specifications, was selected for the miodel
development. We briefly reviewed the basic
concepts of the electronic ballast. We then
developed a reliability model for the ballast
using SR-332 concepts and the reliability
has been examined.

keywords: ballast, reliability prediction,
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2= 7 ZF9Ae]  MIL-HDBK-217(23],
Bellcore/Telcordial4,6], -] I RAC
(reliability analysis center)9] PRISM [5] &
o] "t ol F B dAFoAME

e 2 e W

K3
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FZ(fuse)7t AAH Utk tho2 2
(EMI filter) 3= XR o= WA= Az
3 (EMI: electromagnetic interference) & <
Aste]l EMI 40 9uli=A] gx g2 Azt
7171 WA= FFS Hagsth olx
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F(rectify) #42 AA 2AFHagen Wy
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(diode)¥r AM&3t3, 588> 29348
|3 $4P(boost type)el IC(integrated
circuit) & ©o]-&3%tth dukxQl Hxp2a] obA 7
o] A9 dE(power factor)e] 95%o) Ao},
&2, FA AW E (inverter) S A& 38k
DCE ©A ACE upirdh Awie 3 2 FA%
S MAAEHOY ZLDL)S 7FA Asirt
FA3 BAHE HEoleA e FAFA
3 wFAQom v FE AL TEtu o9
59k €9 o] AWEY T2 Fugr) v

Ao  QrtEE AC MY FHF=2
20-60KHz7F €t oldf FAFsta]l 20KHz
ojAel Fut4E Wi v WA Y
2] (self-oscillation) 3% e} & 4] (external
oscillation)o] Stk AL EdHAIEH
(transformer)E At&3t=d 3789 dAd& @
o] Fojo| ZrolA 1akE 23 3FAFOo=
nET ggaE FETE ZEE ARE 13
o Fja o]zl 2, 33l ArtEE A%
2 OR A 2 HAFE o] &AM L=
20KHz o302 2283 s mpAwoz o1

o] ¢= BRSO Ai(]agmp)e] F 3Hignition)
S 9% =R ol

3. Telcordia 71 8.

1984\ AT&TAMY] #&37 A, Agd
W 2 3AtSo] Aol HaAdog A 7
#A Bellcore (Bell Communications
Research, Inc)E& A™3IGTE. olF 19974
SAICe] uid&e] uwzt 19993  Telcordia
Technologies2 7§ 5 It}

Bellcoret= %7] #H4le] AF X o Fo) o]
kg el A4 d5% 4 MIL-HDBK-
217 [2,3]& AH&dch 22y 34} AlF
S35t ARH 2] A FAL AR
2402 MIL-HDBK-217 28% 4 ¥
31t o 24 Bellcore AEA ASHAE
wakgdtt o) ¥ 19973 Bellcore (TR-332)
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Issue 6 [6]7hA] oJ2] el % - R g5}
20013 ¢] Telcordia document SR-332, Issue
1 [4]= TR-332, Issue 69 474 - B9t o
Aoz F2 ol&e "Reliability Prediction
Procedure for Electronic Equipment”
(document number SR-332, Issue 1)o|t}. =
< UEE AIREINAESS Bellcore/
Telcordia TAAME ANEL AFHAY o=
SR
Telcordia®] 7,‘33 WAl MIL-HDBK-
2173 FAbshY, 71BA o2 F4adptE
TAGH 2= ’E}‘ﬁ% A2l Zggr}
Telcordia SR-3329] 4184 A AnE 1%
Eoly MTBF (mean time between failures)
o ez AT, —7345]L TE 1Z¥E
#44 R A 4= 3 (exponential
dlStI’lbUthH) 7t s, 148 B g9
= 10° (109) A zte =z Aok
SR~-3329] A} &= 147(} A& 3709 A=A
TAEFLR HFdta ¢l °lz~, % (device)
< A7HA 7R FRESS BIG, SUE
(unity= FFEY AZgA= E.E E]€7FL
T HHE AERIE A J_J’- A e o
AE 23d. agm A~ system)° 4
EES JFAZ sty TTL’]E *’7‘“’& Al
28 1] fuke]l Jlss A
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SR-33291 M= Al 7FA] #HWo] o] UBE
= 7IEo® AHAE d3ss wwe Mg
sta glov FEAHoR thgo HE(factor)
5 A =

B (quality factor)

g A=FHo] e} SR-3326] M =
¥ FF A (supplien ol td 471x) EAq)
B AREEt D Qi ZH EP o) EHEL HE
Asae] FA AA BE g = %a‘u@
A ER AFHY, NETZEY g3 FA <
A2 g8

@ A71AH 2E e X(electrical stress)

sEHs WEE Y PE AsjE:
TOP(stress)ﬂ' FHd e 9T I4y
e Aws & Aotk A/|H 2EgAE R
AR g QAL W e
2, o]& 1GEo 3 2EH 29 FIFL A
FHor FAIY AXFH 2eyx =@y
(I b 42 S 7o),

HS:em(Pl‘Po) (1)

@, op - Ve 2EHA HAE(%)

P - 71 2EHX
(reference stress, 50%)
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me] ol W TA West 2eAe & 11

7HX 2 EFE} o] =
5t ?o}ﬂb} 5ol
2 AT =% %
2EHY A HE 9

rsyA
m gy
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e‘mPO
. B, (%)
<Y 2> 2EfA AHE g5
@ F2& % (operating temperature)
2EE AVAARF ANFEd s 2
PSS A= 29lo)th o] e gk AA
FE Y 25 X2 A9y 23eeEs o
F 9E 49, 0C2 BFIY. 25 2709
2 BEY £HE ofgy$a FAo) suw
stu|, 2EHEE g HJoz Aagn
fa 1l 1,
HT~—ek hoh (2)
@, T, - 71E-&=(T+273),

Ty - AA $RLE(C+203)
Ea - &4 <Y XA (activation energy)
k - 2z g4 = 8.62x107°

ZEw s Ao F9-9 5 Ead 3ol
e 107kA1 9] ¥ g shg it

® 374 27 (environmental factor)
HAAZ A Fo] A4 o =53
Z 87 zvitk o] @3d £ o,

SR-3324- & o]gid BAZAL “Ground
Fixed Controlled, Ground Fixed
Uncontrolled, Ground Mobile, Airborne

Commercial, Space-based Commercial” & 5
HAZ RHEE, 1-1574X 9 G4 G H
|3t
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ol HEHEL REF REo oAy
& (steady-state failure rate)ol] ¥ F

Aotk GG HE NYES} A
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, 31 (bath-tub curve) 49l ¢ u A
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4.1 EMI filter 81 &

otgr] = A
60Hz wFA719 xo]Z(no
HPo|t} o] 2+ 2709 =
7 5} A] ] (capacitor) 2 B
A

SR-332¢ Slel ZYe] M F(category)
inductor (inductive device)o]® E} (type)<
power filteroltt, HFeol J|EIRFES
SR-332¢] Table 7-1 Device Failure Rate
(Sheet 15 of 16)4]=HE Ap=190]3 &%
24 YyeEEs 302 ol 4 (2)dA Ea=0.15
o]e omgth TRLE 40CTE 7MHT E¢
TRRRE H,=12¢9S & F drh o] ¥
o glojAel ArF 2EH2E FdHA
o walM [I,=18 HEorh FFHAO
2, 3y nFEL A (3 oA

[e]

] EMI filter2
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Ags., =2X19%6x1.0X1.2=273.60
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5 40T AS Ir=129S ¢ 5 dd. 1
g 2EHA JFA Jo A m=0.0590]H
2EH2E Aol ok 60%9 FH3 2Ed
=8 4 W ZERRE
Ak, Fag 2EH2 F4

053 2ol Atdd
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t
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HS__ 0.059 (60 — 50)_1.8

wEbA, AAAECDE AP dHLFES O
&3} Zo] T
Ags,, =1%X6x1.8X1.2=13.0

EMI filter 3lZ29] A& F BE zd#
A AGRG O ol FolAm e, o 1
X}E_J tﬂ-o}

)\EMI Filter — =273.60+ 13.0= 286.60 (6)
2 Fojxt,

4.2 A5 (rectifying) 3 2

ARV BH PELE AFIEZE o=
7t Ao AFE AFE A HEolnh
o] REL FUF 49 ol 2 =(diode:
DI-D4H= FAHEd. toleze EYS
voltage regulatore]™ 1.5W ©]74¢l hermetic
7] Aol & Fect. SR-332 EF 71Fd 97
VREIAGEE Ag=90l2 £EFH 3 A7~
Edx F4 B #3ddt F2EE 40T,
7] A LEHAE 60% 2 7+A 8

Mg=127, Mp=120]ch #3912 7}
Aot WA,
O ‘:}_034 71_]:}_-

ARdee AR nFE

4X9X6X1.27%x1.2 7N

)‘Rectify:
= 329.18
43 g5 B 3=
E"*(PFC) 3 2x 2709 dele:=

(D,D)se} 270l As AAAE(C2CHE TA
HAh o]F fole=e AL ¢ AHF3I

Hex Fdaict. AAAEHC2,C3) &3
10uFo 2 fixed, Aluminum(Chassis
Mounted) <400pF9} hermetic 71 Aol &3
soh, wea], Ap=400ln 2xFA 7, A7)
2Ed 2 4 B dFst F sHL2E 5
ocC, AVNA  2EHE  TO%E  HAA
Hg=1.62 II;=2580th S#ABEE A |
7EA %t AERAZIZE Y AANH nFEL
2 (8)7 ol Fajzch

Appe=164.59+ (240 X 6 1.617 X 2.58) (8)
= 2167.08

44 Inverter 3=

Inverter 3|2+ ZAFHAVE tiA] 159
o AFRA7Z BsE Rolt o B
v B3eby ASAEH 57, teolex= 37
7 2| 2 ¥ (resistor) 67}, EMRA2EH 270, 17
3 transformer 17] 502 FAFEY. EEF
AAAE 2 teleEs 27k TE FHER
THEY. REES A7) OF AR 12 9
gE A AR Agste FEAJ ER
D A ARE <F 1> Pl mA g
Inverter 329 StAAY TZEL oj59 T

o= thgt ol Foltt

=ro &

=8,612.64 9)

)‘Inverter

<3 1> Inverter 3|2 Y EYH 31F5
ca Capacitor Fixed, ol 1] 11 60 |180] 40 [120]| 259
Tantalum(Solid Hermetic) ’ ) i
. Fixed,

C5, C6 | Capacitor | 0o ermetic) | © | 2 | 1 70 |325] 70 | 1.95| 456.30
D Diode Voltage Regulator, >1.5W 2 1 9 70 162 ]| 50 | 143 | 250.19
D5, D6 Diode General Purpose, >20A 2 2 9 60 106 | 50 | 1.68 | 384.65
C7, C8 | Capacitor | AAluminum(Chassis Mounted) | o | o | 45 | 50 | 100 | 50 | 258 | 247680

<400uf

B . Composition,
R1-R6 | Resistor < 1 Mega Ohm 6 | 1 60 | 121 | 50 | 229 | 19950
Q1, Q2 | MOSFET Silicon, Switch a4l 2 1ol 70 {162 70 | 267} 415238
L1-13 Tlnducmr Pulse High Level 311 {19f - l1oo} 70 {195 66690

ransformer
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45 71g 3l =

ool 3F 9o FE(fuse)®} H3
(ignition) 3]& REo] Qth. F2E dy B
oy HMislze zdn 7HJH/\]E1§_ o] 20
2 Qb FZo] ¥WFE= miscellaneous©] 1 A)
7 fuseelth. o9 EFY2 30A o]3te]
o Ezo AEL %o AL ¥z =

q—L}@q 2ot o

Az yre Yze WEOE AB

AEFE 1A "ol vt walA AE =
AEo] go] FRHE 68 74t Y
(L4)< inductive device (coﬂ)v load coil®. &
Erdr oy 7EBEaAER 7ol 2=FA
& 308 AT NEE JMAA xdEHE
1.95¢ A7) ~EdAs HAHA gon ]

=
.,

ku
ol
22
™
Lo

Agg =O6XTX6x1.0x1.95=491.40
GQoil

opxjuto 2 AFHAIEH(CYHS] A kel EMI
filter E_E]i —,—Toﬂ/ﬂ "34?7} 7/\”} Y3,
gyl BT 60T HAV)2EIHA T0%S
7tA s olmels WH gEe zZHzh 1687
32652 FoAY, & nAEFL vy g

Agg. = 6X 76X 3.25x1.68=1375.92
@

9 %e Foko JeHz Fiel 1

=3.0+491.4+1375.92 = 1,870.32
(10)
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A2HQ AN AAe) U R
DFEE AE-109 Fox 4 (D#
A},

U

o] d

e

ABatast = 13,265.82  (FIT/10°hrs)  (11)

[o]
FHUE, O97] Yo AFLES HETh:
Ao HEGEE

13265.82
Fe) = 13265.82 ™ To00000000 1 =0
1000000000 ’ B
2 239 #39 A= x‘ﬂui

474 -

1000000000

MTTE= 13565 8258760

= 8.61 (years)

o2 &g 3 A wWE AT
R(), & th&7 2o

13265.82
R(t)=¢ 1000000000 >0

(C2,C3), inverter 3= 2] AHAAE(CTCS), &
332 BE AIPAE(CY), 2L KA &
EdxAH (QLQ2) 5ol & FFFol vlst
of Erh dukx o= Iz ¢f¥ FiEHT
S o = 74?4”? o] = 213
|2de] FHo] Wy BFS et ¢
HEY Az R A4 Fo %Eﬂ 9
e AA wom ozl AAAEHY E

XiFﬂ Solol Bt FrEAY 13

wEl oglh Wk AR HEES IA4E
o §- drol ot rie] AFHA oS HEH 1y
kA folx Hude ZEZolt F&, EMI
filter 22 KFFEQA ZY 2 AHAEHECD,
PFCE &AM 9] tho]le = inverter 3|29 7=
AE (C4,C5,C6), resistor(R1-R6) To] tli4
1tk o) & AMAAIE C5 C69 Hat= vl$-
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o] eoll= Alzke] W& <AV AFHE
Wz, 54 AEE {FAGIAAY AR T
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5. 28
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