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Reliability Prediction of Prototype Model MDU
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Abstract

Prototype model of MDU(Master Data Unit), to be employed on KSLV-I, has been

developed and tested being interfaced with other units.

Before stepping into the

development of engineering and flight model phases, we have carried out reliability
prediction of prototype MDU in order to assure availability of the unit. This paper
describes the method of reliability prediction of prototype MDU and prediction results
based on MIL-HDBK-217F, “Electronic Reliability Design Handbook'.
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E 1. LA MEAIAR 2] Asf (1980-1999)

Launch Vehicle Subsystem Failures, 1980-1999
Countr |Propul| Avio | Separ [ Elect | Struc | Othe | Unkn | Tota
y sion | nics |ation |rical [tural | r |own | |
U.s. 15 4 8 1 1 1 30
CISTU 33 3 2 1 19 58

SSR

Europe 7 1 8
China 3 1 2 6
Japan 2 1 3
India 1 1 1 1 1 5
Israel 1 1
Brazil 2 2
N.

Korea ! !
Total 64| 11 11 2 3 3 20| 114

3. 8o0idze|

Ap T3] Aol & (failure rate)
Tr 2=l A} (temperature factor)
E, fra &5 oY A (effective activation
energy)
e} EJE A5 & (complexity failure rate)
G 9 7] 2] 4 9] & (package failure rate)
mp 27 AR (environment factor)
7, 8t A} (learning factor)
s

o (
T F AR (quality factor)
I )

M, o] 2> A5 & (base failure rate)

0,0 Aol Hd 2% A3 (junction-to-case
thermal resistance(C /watt))

To  Aolx &(7)

T =2 Aol HI2T(worse case
jn. temp.)

Tp 56 B A active pins factor)

Tx 25212 (mating/unmating factor)
N, Wave Soldered Functional PTH
(Printed Through Holes)

N, Hand Soldered PTH
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4. BN M ES MEE o F
a3 3}

MDU+ KSLV-12] Ad dZA=A golgE 4
At Aoz FAE IFE FHIh
MDUE mlE B EA 0] DSPE H| 23l HolEE
Agsl= CPURE, 9424 tolHE $4lste
PCM(Pulse Code Modulation)2.=, AS94
ole #H7 MIL-STD-1553BE ©] &3+ Ho|E &
TR BARE, ofd2a HolEHE I53E

DAQRE, I8y AYREFE FAFHUG. 4
o Zo AFE3E 4212 wE MIL-HDBK-217F
71Bog e, MDUS TA3E Fo5

£33 PCB 18]a AZF sl 2IA=E o

stAth 7 FEEFEY AT A AFRE o

sted HA MDUY AF =g o333t

oo I\ o M

4.1 128Kx32bits SRAM 2= = of &

MDUel  AH&¥ 5 WEIHZE  White
ElectronicsA}2] SRAM WS128K32G2/FP7} A&
HRon, o] &ztel tig AFHE 452 t5F
2ok MEE A5 4 (1) ol&sted &
A &S T A, ROMY F5 FF9
19} 227]d] wWE FF A &o]EZ RAM
Afde 48R Ee

lo %0 1o
N

A = (Cyrp+ Comp+ Ay, )momy, Failures/10° Hours (1)

Ci2 W= A7e}t TR wet A A
@t MIL-HDBK-217F¢] w2w, R&o] &
o] 48] 71 W wity €2 oF 2u7}EF FUhsh
t}. MDU9| AM¢¥ F w222 F 4Mbitse] =
719} MOS9] SRAMS AMgstdenz 2 oF
0.1247} #t}.

Tre 24 (29 21, vArYE TAA Y A9

1.9 Fhe 6002 A& 0,09 P> s

T
Prototype 2 & MDUS| MEIZ ol

7)) (flat package)! SRAM A} 7% 10&
&30 2% ARe FF HoIHAR yehd
0.2A5 A&t T/e 4 3)2=25H T3

o}

— Fa 1 1
8.617 x10°° (TJ+273 © 298 )J @

mp=0.1X% e.z'p[

T, = T.+0,:P=60+28x5x0.02= 64 (3)

AxtAz T,9 gho] 64013 MIL-HDBK-217F

e Y ES 0508 AA s Yt 1=
2 T oot Aok

mp=0.1 Xexp[ —05 1 L ]

8.617>107° (64+ 273 298 )
=0.94

#7124 AR E & O, e 74 @ FH
AE = AMS B ¢ H7]A Bl wet
gzt 9] SRAM<  SMT(Surface Mount
Tech), hermetici#te]™,  NP(number  of
function pins)7} 57¢]22 A4tsH = &
0.0257} ¥t}

Cy =2.8x107* (N, @

ot

4794, S, 193 FAAAE 5
Al A 83tk 2 (1)o] el SRAME A&
Axtetd o3 2.

A, = (0.124 X 0.94 +0.025x 12 ) X 1 2
= 0.83312 Failures/10° Hours

ageg SRAM®] AR
R(t) _ €7M — e (10 % 0.83312/10°) —0.9999916
ol tH3].

4.2 512Kx8bits Flash ROM A2 = o &

MDU¢| AF&®  ROM  £2AE  White
ElectronicsA}¢] WMF512K8-60DEM5 =2 4
ROM<E 183ttt Z24 ROM W= o djst
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AFE A93talE SRAMS] A% o 314

SYSA AME3ITE vlRE] =Y WS G
4 w2 =Z7)7} 256K<B<IMY W 3k
0.0068 Xt} oF 28] 2 g = <F 00136 =
o gttt A, #FE A G)ZHH T Zd
ROMS Az FH(type)7t HAFYE

koo e

FLOTOX(Floating Gate Tunnel Oxide)®] 3%
s AREETH2].
AyB,
Ly( [A Bl e jX U¥olele} (5)
Q
A, ROM-OJ FHEe TR S o

Z2aY 3F
o}‘ﬁ ool T o
oﬂH 0.0068% A A] 8} T}

B % B,& WRe A7} To o8 FsiA=
#om  tEe FHeR ?—ﬂ F A
MIL-HDBK-217F| A4 B,2] k& =
BE A% Y(zero)oE 7H3l= % LS 4=1

B‘:(lﬁg)o]nﬁx[e[&fﬁ?’xilof ( T 5 ]D

s (e < )

o] A0 R RE B & otz o] 17.830] Hrh

31:(4X105]“'5x[e( —0.15 ( 1 XLD]
16000 8.63x 10 ° 644273 ~ 333

=17.83

£ 500~1,0008 F=
Z MIL-HDBK-217F

sg

—0.15

&
Il
—

=2
=
S|
S
—
X

A4, 9= ROMY FHET e Fo Ty
2 857 979 0 H45E o2 MDU
MNe Z3slA gomz 09 ghg 74,

3 ROMUY ¢ ECC(Error
Correction Code)9] 5o mel ZAHEH= Ftol
, ECC 7I5°] fle &2 Afd= 1.00]th

a¥EE A, & e 2o

T poc=

A = (A B, + b ]XWEU(; = (0.0068 x 17.83)x 1.0

TQ
=0.123

aejng o] E#4] ROMY AH&7 AIx
= ol 2t off At AdpolA yrhd wl
9 o] ROM¥ RAMS| A=s A9 FAHE
Ao g YEET
A, = (0.0136 % 0.94 +0.025 % 12 +0.12) x 1 x 2

= 0.8655 Failures /10° Hours
R(t): e*)\t: 67(10X0.8655/10“)

=0.999991346

43 FPGA M E o £

MDU®| A}&-%® FPGA(Field Programmable
Gate Array)e XilinxAF¢] QPRO Alg]2 &% &
PGA(Pin Grid Array) 71XQ0  XQ4005%}
XQ4013E F 744 @Ejolth. FPGAS] A==
MIL-HDBK-217F9] Z1ed oumkek ol
‘Micro-circuits, Gate Arrays’®] HWF-Z EFEHW
A 725 H 78 F AUtk

A\, = (Cyrp+ Comg)mom, Failures/10° Hours (7)

E E=RAE XQ40055 7)Foz 2IE

o =3}tk XQ4005 FPGAS] ACE F+& 5,000
olal old| sjFete FF HEJE A& 9
o2 MIL-HDBK-217F A= 0.00342 A A] g
o L5902 TrE ROMIY Y3 0945 A
43tk FPGA & $7F 15601 A7+ AA| ALg-3h=
A FE 40~608 BAEJS st #H7]A 4

g ¢, A A7 0.0257F HAck
JYEE FPGA AAl9] HE A&

A, = (0.0034 % 0.94 + 0.025 % 12) % 1 x 2
= 0.60 Failures/10° Hours o] T},

TEH7 AsAE S (clock or
Besy o RFY AIwe

FPGAE
oscillator)©]
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FPGAS] A% AAte] Z3tEolof &t} MDU
dre 20MHz 28L& F2 Algsted ©
o] A& F48)ez Fi)

| FF

N\, = \ymorg Failures/10° Hours 8)

292> MIL-HDBK-217F¢| Quartz Crystals®|
F e weEnh a¥eE Welx Adg A,
A9 7w BAAA mpE o vmes
FPGAS #3t t=v. F89 ol Hif&2
Fupo] el gEd 20MHz 239 difE2
0.0260|t}. TAMTA H¥E 99 FAAdA= 10,
FAAMA= 3201tk 29 SAJAA Fhol w5
2 olfE BT BAAE S8oIA AL A
Aol o Fo4o] Whdrift)7} Y 7te
ol 871 e Ao Atgd
20MHz 2¥¢] dol&& v 2.

A, = NTomp =0.026 < 1.0 X 32

=0.832 Failures/10° Hours

E

o

X33 FPGAY
R(t) = e~ (10X 06 +0.832)/10°) _

AA APze
=0.99998586 0]
t}. 283 MDUYE FPGA7F 3/ AlgdHE=

WA AHNEE ohdgt 2o,
= exp[Z)\ t} (0.99998686 )

= 0.99995758

44 ZEZMM M2 o=

MDU¢°| AF&%¥ SMQ320C32 DSPe| ZZA|A
o] AF= A WHL 9] microcircuitst F
dattt. BF BEFE A& €& processor 4
E %ﬂr A4 el wet gEd MOse]
Ei AA Q1 7% MIL- HDBK 217F°ﬂ
Al B AT 1 9]

T
Prototype 2 & MDUS| MEIZ ol

= (C\mp+ Cymp) momy,
=(0.56 < 0.94 + 0.032 < 12)x 1.0 x 2.0
= 1.8028 Failures/10° Hours

3 ZAAME 50MHzE
50MHz 239 A¥=e v 2.
A\, =\ymomp = 0.032 % 1.0 x 32

=1.024 Failures/10° Hours

s =

Z2AAY A= FPGA 7499 w37HA
2 ZRAMe} ZE9 AT Foz ekl
F len b33t 2.
R(t) = e M=e"

= 0.99997155

(10 x (1.8208 41.024)/10°)

45 A
Al

MDUAE wlERE Ao Z} BHE7} %
ALoe R A5 A4
AYE ] A= GA] A

Z(Interconnect) & Z4EE MZE

s

o

A =
(interconnection) -}

g stojof gt

451 #dH &

2T o
MDU9 HE A HEs A s
3 1299k AR E T O E HE 2FL f8 H ¢
7} 467H O]Ui Alﬂ': =& A=
2 3

g5to A oE Ausa
A7 AME ) Asge 40)% 2ok
A\, = \yagmpmy Failures/10° Hours 9)
e Ase N AuEe A6l wel g
A =4, MDUd| AbE-5+= #AYEE AirbornAhe
AFOZ glassZ AZEH wj¢ =2 AI=E

A, A J)E Avee Ao A
ar Ane ged B
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5.36
A, = 002 exp[[—1592.0]+( To+273j ] (10)

T,+273 423
=0.000108
GRAAR} e BEE F49 4oy, A
A MDU A& 10007 7t3 &322 503 o|4
3= Aoz JMAEte Altetdnh ol
MIL-HDBK-217Fo| A ©] W4 k& 4.00]th
T AR Tpe £4 (1)E At
N 1\0->1064
Wp:exp{ 10 j (11)

27 M.

01888207Fazlm"es/10(’ Hours
R(t) = e 10000 — 5 999999811

MDUYl= F 67] Z9E7 AEEJEz A
e £ AIsE ey 2}

6
R(t) = eXp{ZA,t] = (0.999999811)°
i=1

=0.999998867

HO]E] A &L 4 (122 Aited
=\ (Mo + Ny (o + 13)))momp

(12)
Failures/10° Hours

dAFAM 7|2 A& PTH(Printed
Through Holes)9] PCBZ A|&E 7% 0.00041
ojtt. S8&AME N2 sTAol flew
T fESH, 2 AdEeith 358 oE A4Lst
#E90A ToE PCBE #olo] B4

S
e
J}rﬁ :lOr

w2 Zholth. MDUYIXE 8% 73S X834
om® golojs so]v, o]oﬂ 3HDL—3}L

[e)
xe =

EELE
A AU F

= oo 3
1. @ . 75

A 275 FAE&EAT AR Ayse o
z

»= N (Nimo+ Ny (1o + 13)))momp
= 0.170478 Failures/10° Hours

AYE 109 A= 0.999890] ™ A

e -1
6709 @AFANA e AH == ool At
6
R(t) =ex [Z)\t] (0.9999989 )6 = 0.99996 8566
i=1
AdE s AFARE ued WA AHEE

R (t ) = Rconnect X Rmte reonnect — 0.99996 8461 O] E]—

46 PCB EEQ| AMEE o=

CPU HE9] PCBY holes /&= 22077} &
€tk CPU B=9] PCB Ao &2 99| d259
FAspA Ana

S, = Ay (Nime+ Ny (me+13)))memg
—0.000041 % 220 (2.4 +13) x 1.0 27
= 3.75 Failures /10° Hours

CPU
R(t) =e
=3

CPU HE9] ALz
& REE9 AEE AL
o] HE9} 1553 2lE o]
Z} 0.99999752}F 0.99998890] T}, :Lawi
N B9 PCB A& A¥Es 74 3=
28 78 & don Ak A2} A
0.9999489 o]t}

Heel  PCB AR AFEE
—At — 67(10X3,75/1000,000) = 0.9999625 O]
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HAASA dolHE FA7|d st A
= AWz FE (pre-modulation fllter)Q} Az =
7] 24 FZ7]8 AA 2Vp-pE EE€T. H-d
Z "EE 63 Bessel REHZ o]FoH=dH, A4t
SZ7] 37 AHgEHAeH, s a7 2ES
A8l AAFE7] 2707F AFEEH AT o] A
2 Agsta ANFE7] SHE Fgst] A g
=5 dZ3it

ANFE7]9 Aif&d o5 4 13)7 2o

A, = Cimpmgm;, (13)

MDU <d45%7] Asfjs ALt 288 AR
7} B£3to] MIL-HDBK-217F9] LM741 <& 7
Zbo Zgslth LM741 9AEE7] A S 14,

Ay AR 035W, F WF 0.0065in2, 0,0 194
(C/W), T, 72Ceol A& 2IA=E o7
Eaeg

A, =0.01x3.1x1x1= 0.031 Failures/10° Hours
R(t)y=e" = 0.99999969

M _ (10 0.031/10°)

ASE7]

fr

570 <] A=
R(t) = exp[i]A,t] =0.999998450]t}.

48 HEgel NaE

Ao A E Ajbe] AHEH FFOE EMI
9 DC/DC7F mHEY. & =wolAe
Interpoint ~ 3|ARS]  HES AMESALH,
InterpointAtel Al A|AgF  MTBF(Mean Time
Between Failure)©= T T3 29} ZtTh

E 2. InterpointAl M AXIe| MTBF
Model# Grade 25C 30C
MTR28055 /883 1,359,407 1,222,675
MHF+2815D | /883 2,345,850 892,013
MTR28515T | /883 1,164,369 1,051,430
FMH-461 /883 2,692,150 2,443,960
FMC-461 /883 1,404,207| 1,292,611

T
Prototype 2 & MDUS| MEIZ o=

MTBES} A3l &9 @Al o 4 (14)9 2L
AE =] BAE A (159 2H3]

_ 1
~ MTBF

(14)

—(t/MTBF) (15)

olwf, T(t)= A FZ A7 (total operating
time), r< A3 34 (number of failures)©]t}.

MDU A Zel AMgE EFOZE #2004
MTR28515T<} FMC 461‘)]‘11, ZE2x7t 30Ty
o AR A =3 2o

(ot )
R(t) —e 1,222,675 1,292,611

= 0.999984

49 HAH MBI o

Ao AH=e

7}
T e, AA A

R(t) = R(RAM) x R(ROM) % R(FPGA)
R(CPU) X R (intrennctns) X R(PCB)

X R(Analog) X R(Pur)

=0.999991668 > 0.999991345 x 0.999958
% 0.99997155 % 0.999968461 < 0.9999489
%0.99999845 < 0.999984

= 0.999840184

7t &8 ZAsA oF 099982
.o 238 7& MDU T%% /ﬂﬂ
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Reliability of Each Component
1.000000
0.9990990
0.999980
£
% 0.999970
E
0.999960
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0.990940
M
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— —_
a3 1. MDU &xHE9| AMEExH
MDU Reliability vs Mission Time
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a7 2. MDU A2[zet AR AIZE 2A

MOU Reliability v& Mission Time
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0 B
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£ 08D
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a3 3. MDU A2l zet ZEAIZE #A

210 SRS BRE

548 £

MDU9| A= AlF A3} 10817k JF717E
ok oF 0999849 #E VA= AOE ZHSA
ol WA T8 AFFS ANIA=ZH A
RO 7 Atz ¥t MDUY A2 EZ %&1A]7)
Vg FE BEozE PCB BEY0] g9l
Jot. 2¥EE g5 MDU EM 2 FM
ZHA] PCB H®ls HAd}stal, Hsdz
238 i AFsE 4 2 5 IS 7
g9t 53 A& 34
ZFA AP FoAE J|Eoof 3
FA#Y7 a7t O g AIE gh 29l
Qe 2= DC/DC 37|, EMI ¥, 181 11
&og ZAF3E CPU 2AQ AoE =53
o AY 2AY AFREEZE Eo)7] YsiME L&A
o] w3Ee Zlo] frElst, CPUY 4l

T2 U =
Aol st
S o I=E Y & 3
Wl digk A57E a7 EH, AFE HH g A
77 279t 338 MIL-HDBK-217F¢] AAE
A2 Ak AF2-E+E BellCore, CNET, China
299B& BT A= <F ZAdet MIL-
HDBK-217F ZA#9} vug F3l 72 AL
Ao g v AT= 27
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