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Reliability Prediction of Hybrid DC-DC Converter for Spacecrafts

Kitae Kim*-Dalsuk Kim" Boohee Park”:

Jungjin Ahn#**- Jongman Kim™ Joongsoon Jang

Dept. of Industrial Engineering, Ajou Univ."
Dept. of Industrial Engineering, Myongji Univ."™

Abstract

The reliability prediction analysis is a feedback tool that designer uses to provide
insight into the component designs. This insight may indicate sensitive components
within the design. This paper examines predicted failure rates for hybrid dc-dc
converter for spacecraft using MIL-HDBK-217F prediction methodology. The results
from part count/stress analysis represent priority components that affect the converter
failures. The high priority components are analyzed to find out stress factor based on
MIL-HDBK-217F. This information provides an opportunity for designer to improve the

reliability of the product in development process.

Keywords : reliability prediction(2134 =), MIL-HDBK-217F, Electronic components

for spacecraft($-5-8 #7]1dA F3F)
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1. A&
FFE Alzde 8E= A7)/ FEFY] AS FEe Ao A% A Adfdd &
A wlgo] A7) wiiol &8 F-Fol ws L Aol aTtEH o] $F& H7/HAA
FEe AS g AA dACAFH Asd #=7 Zast f59 €(2006). DC/DC
Converter Reliability(2008)ol = 58 H71/AAF FFo 7/d Al 295 A=A &4
7IHel FRHe Tox £9Z otde <E 1> o] At

<E 1> $5 ¢ slojBg = DC-DC B g 2184 314 7|
A4 A=A Y 71 H

Part Stress Analysis

1

2 Worst Case Analysis
3 Single Event Effect(SEE)
4 FMECA
5

6

7

MTBF on based MIL-HDBK-217F
Thermal Analysis

Mechanical Stress

<¥ 1>9 AFA {4 7IHE F, MIL-HDBK-217FE &3 A o= 7|He A7
dAN A FEe] 1FEMMTBE : Mean Time Between Failure)S ol 53te] A=A 2 FAF}
(&75)S wFahe=A AF5s7] 918 AFA 7]Heltd Foucher et al(2002). HE3F A% A
of| 5 7| & ofoldlo] HAAZL 87 FHS WMESIEAE AT WHOoRE ANE d By
ofyel AA el Al F-7 AAl e A ARE ATt e =42 AMSHY. S
A S FAES TElA ofolRe] iAo JEFE WA= FES Fotstn FEF R
TH TEE F7F @ AJA AWA FES wA & AJMAE dd T F A dr =%
T AR e A Aol aqEE A, v ATES Eol7] HEiA i BE FE
AAete WHoRE &89

ATl E 2 J

2. MIL-HDBK-217F 7]4t2] AZA o= s A}

2ANM = 8 AV/AAA Fanel AEA A diA Akl dis) AdrRteh ofje] <ad 1>
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<¥ 2> Aok® ofol®] BAF (Ald : oldE)

ofo #of X EF \ 2za4 HOH 8 ¥ 2|
Part Information Temperature Factor | Environment Factor | Quality Factor Temperature Factor Type

RefDes | Description |  Part Number Manufacturer | Capacitor Style | Ambient Temp Environment Qaulity Level | Temp Rise to Hot Spot | Hot Spat Te Type
L1 Inductor A0001 Ci Coil 30 SF SC-Space Flight WMIL-Spec 3 165 RF, Fixad or Molded
L2 Inductor A00002 Pap Cail a0 SF.SC-Space Flight MIL-Spec 1
L3 Inductor AQ0003 Cht Coil 30 SF.SC-Space Flight MIL-Spec 165 RF, Fixed or Molded
4 Inductor AdDO04 CAt Cail K| SF.SC-Space Flight MIL-Spec - 165 RF. Fixed or Molded
L5 Inductor AQ0005 CAl Coil 30 SF 5C-Space Flight WMIL-Spec - 165 RF, Fixed or Molded
1
1

65 RF, Fixed or Molded

il Inductor AD0006 PAL Transformer 30 SF SC-Space Flight MIL-Spec 64 Flyback
T2 Inductor AN0007 PAt Transformer 30 SF.5C-Space Flight MIL-Spec 65 RF. High Voltage

el <F 2>% A9y ofojdl E2A Alglo|t}l, MIL-HDBK-217F| A= 9 E 9 14E
=& 93t 98 942E A E Astt MIL-HDBK-217F(1991). = <ldE o] A=A
3 = JYH FF7, AMERE, BE 2 FF AR 34, AR HE F

A B L% T 4 Fust aTFHch

2.2 TPart Count ¥4}, &4

Part Count w412 oleldls& FAste 3% AR F53 7] AA dAdA AH&ste
MEFAQ ARieolt) o] W2 Al2"S FAsE FF T/ ot = 24 FE,

ZE]al ofol gl e] AR 27 ol

Aot = ZNM\ZG [G’ (1)
i=1
NNGIT
ﬂ%}@%%(%):if € %100 2)
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ofolgle TS W RES NFES] GOz o] Foix|7] uRo
= A

Z 2l 2% A A=g motstr] 9%
A #7F A

2.3 TPart Stress 241 ; &4

Fofole] A 9 do]e] 3, TAdA ofo]glo] AEHE BE FF9 8 HARES
FH3ste] AshA Part Stress #410] 7}53dlt) Part Stress 412 ZF 7 B3 A2 7o
FFS AT LA2EUIN(2%E), (&%), T,(A%), Hua(AE2AF &), 1I,(EF2),

]
II,(37)E ofele (2 3)7 #o] RYPssle] nZES A5l (4 3)2 AHAIEH
Part Stress X & o]t}.
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<E 3> o8l R
B 3T = B B X = 2=
g otel €l E TR AR FE FTF T F
gk A AAE 9
713 A1 E Ful i s A A H 2
MLCC 19
Fast Rectifier t}o] o= 3
tlolo = Shottky te]= 2
Zener t}o] Q= 1
FET - 2
. BB 5
- oldE
oo _]:_]_ = B | _
Fol =zl EdAEH 2
DC-DC AHH 3
PWM
O~ .
(8771 109)
IC+ Driver 1
Op—-Amp 1
Thick Film A&7 34
A7) : .
Metal Strip A& 7] 4
Thermistor # & 7] 1
<3 4> AHAE "oy #3 A
X Temperat . . A
Part Information Environment Quality Voltage Capacitance
ure
ID | Descri Capacitor Styl Ambient | Envi ¢ | Qe be A€ | Rated | Ratio| Capacitance
O
eSCrip apacitor vie mpient nvironmendt el Voltage
~ - NP, o~ “ SF,SC-Space . N
Cl CAPACITOR Solid, Elec, Tant (CSR) 30 Flight MIL-Spec 21 0 35 0.60 23000000
. SF,SC-Space .
(©2) CAPACITOR Solid, Elec, Tant (CSR) 30 Flight MIL-Spec 21 0 35 0.60 23000000
. SF,SC-Space
C3 CAPACITOR General Ceramic (CK, CKR) 30 Flight MIL-Spec 150 0 250 0.60 4700
L SF,SC-Space .
Cc4 CAPACITOR Solid, Elec, Tant (CSR) 30 Flight MIL-Spec 6 0 10 0.60 470000000
~ . . N « ., SF,SC-Space . N 3
c5 CAPACITOR Solid, Elec, Tant (CSR) 30 Flight MIL-Spec 6 0 10 060 | 470000000
€6 | CAPACITOR Super Metallized Plastic 30 SF.SC-Space MIL-Spec 6 0 10 060 | 470000000
(CRH) Flight
c7 | capAcrTOR Solid, Flec, Tant (CSR) 30 Sp‘ii;face MIL-Spec 10 0 16 | 063 ] 47000000
- - 3 . SF,SC-Space . N
C8 CAPACITOR General Ceramic (CK, CKR) 30 Flight MIL-Spec 150 0 250 0.60 1000
. . SF,SC-Space ) »
C9 CAPACITOR Chip, Ceramic (CDR) 30 Flight MIL-Spec 30 0 50 0.60 1000000
. X SF,SC-Space « . -
C10 CAPACITOR Chip, Ceramic (CDR) 30 Flight MIL-Spec 30 0 50 0.60 470000
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32 3¢ stolra = DC-DC ABHY Part Count A

olele] < 5>& Part Count ¥4 23} Holth $3& sto|mel= DC-DC AME 14§
3.2409/106(A1 7H). MTBF+= 308,555(A1%1), S&7-+H 10l A9 A %=+ 75%= LRt
ol 7 4 1068760041708 °F 3u] o),

<3 5> Part Count 41 ZA 3}
T8 15 MTBF A= (8759 109)
A3} gk 3.240907/106 A 7+ 308,555 7F 75%

Part Count &4 A¥ 7} H&F
DC-DC ZHele] A7%, 7+ %
=4 A3 obge <& 6>, <&

<# 6> Part Stress ¥4 A%

A F3 A7 Ao mE A= A3 A9 109 2 ZE FF g2E
0149297 12H108)0] 112 98 DC-0C 21UE| M2l £ Relabily) 0] 1Y e E 49 BB
T — 30.00%¢
= N Sm——— 25.00%
o o 20.00%
07 15.00%
oF 10.00%
LL 5.00%
04 0.002%
0 &U.\ & Q@ <§<f' &-\ ,,_}0“ ,_\c" ‘}O« ‘-}C( &Q\_. ‘ (53} 65;\_‘
2 {}d < i‘@& LT N N R
o1 a _QC <& Q.\\\-b <'(~\@ ‘(\5 Q\\@ z‘-’h@ . 2 Q,\”@
(e EiEiEiiiEiiiiEiiiiiEcErEE s o -G‘,b&zq‘b
<ET>AY 1 Afe FE g2E - Part Count
T A FF & T | 1F AFE(%) | 2FE(/106A13F)
Inductor Transformer 1 24.86 0.1396
Semiconductor Diode 4 12.54 0.0704
Resistor Film, Power(RD) 4 7.30 0.0410
Semiconductor Si FET 2 7.50 0.0396
Inductor Transformer 1 2.68 0.0150
Resistor Film Resistor 3 1.96 0.0150




B A3
ax

& 2l= DC-DC AW H Y Part Stress &

3.3 +F8& 3slo|B
- BCSS-Q-ST-ST-30-11C(2008)
A% stel2g = DC-DC
o 10d oA e AMF ==

Part Stress &4oll4&=
oA A A PE
A E e 11

72% = EFSET

|=]
Z;L*r
P

-

= 4
3.72 7&

37/ 106(A]

UR=3Ke)
ET:

E3F Part Count wAolA 1 HAf&ol 7P =4 U= Edlrxwe g B 2L
7 RE o9 Agh A9 ge deleld fEe oel Az wAdee BAe ANaad
<3 8>.
<% 8> Part Stress ¥4 A3}
1 2 3 4 5 6 7 8 9 10
MTBF (A 7}) 268553 | 327923 | 189842 | 56073 24981 | 269604 | 270807 | 264939 | 255170 | 88257
o o= 30T 0C 50T 100C 125C 30T 30C 30T 30T 30T
= QA H
130C 120°C 140C 150C 165C 130C 130C 130C 130C 130C
HotSpot
7i:\_jH}\]E1 0, 0, 0, 0, 0O, 0, 0, 0, 0, 0,
(49 60% 60% 60% 60% 60% 40% 60% 60% 60% 80%
RNARE
Y | golo=
75% 75% 75% 5% 75% 75% 50% 75% 75% 90%
g (A9h)
o] A &7]
o (42) 50% 50% 50% 50% 50% 50% 50% 30% 50% 70%
° T
FET
(4e) 80% 80% 80% 80% 80% 80% 80% 80% 60% 90%
<% 8>9 19 Ag =9 74 ZAE wygoe=w 7 2 ¥ 3% &9 1% HAHES
AbEElH ofgle]l <FE 9>9f 7”3} Part CountZ4] Ao} mz7x 2 EdAEH 7 AV E 9
a2 9FS vAE Qo deuth £ 19 gfol oF 5% A 1%
g ko] ks Ao} E%iﬁijﬂ% 8 DC-DC ZHHol 7bg A2l 94 FFo=
Fe WY HAAEe U B0l Bas
<E > AN 2 AFE BE g 2E - Part Stress
T AN FTFE T | 1F A4E&(%) | 1 E(/106A13)
Inductor Transformer 1 56.79 0.1396
Semiconductor Diode 4 6.86 0.0704
Inductor Transformer 1 6.12 0.0410
Semiconductor Si FET 2 414 0.0396
Resistor Film, Power(RD) 4 2.16 0.0150
Capacitor Chip, Ceramic 3 1.89 0.0150
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34 $%4 stolng= DC-DC AWE e A4 84

Part Count/Stress®4] 23 EWNAX7} 58 stol2g|= DC-DC TAHE L X4 o]
FEoR Ueytg B doires ERAETH 1 HAF& dFS v A= g8 24
sto] 7AW E A=A FAAS Y3 AAFRE =&

e
Edsxve) ngE ol 9 WAL ant e 2

1) -=/F2 84
2) ERANT FH W V2 1FE
3) HE F9 2%

LR/EA fak OB PEN Q@ 2007 W we nFE A0dn 1w
o, wekH AR Fa A9e EAAEN ] TRl WE RLGEN BIR
2%

<E 10> Edaxme] TR 7|E s
EWA2Xv] FF 718 AZE
Flyback (<20 Volts) 0.0054
Audio (15~20Hz) 0.0140
Low Power Pulse (<5W) 0.0220
High Power Pulse (>5W) 0.0490
RF High Power (10K~20MHz) 0.1300

<3 10> Edazre FRE 7l uFES UEhd Folvh $58 stol2e = DC-DC
AW e A8¥ EdWAFHE 50kHz9 ‘RF High Power B} 9] HEo g t}E HI Lo
s mAEo] w$ AT<E 11>, Wb RF High Power EF$olA
Audio, Low/High Power)¢] EdlA¥w g FEEZ S WHAINCHA A

T At

<3 11> RF High Power E:AE W9} 94 HEE 119 7] 14E vl

T A AIH A 7] tholo = IC EdxTH
7y Bl 7R ugE 0.0044 0.0015 0.0031 0.0158 0.1300
7|8 uE Ha 3040 S74H 424} Sl -
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