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Abstract It is very important to consider the operating environment when predicting the reliability of
a missile. In general, conversion factors are used to analyze the reliability of similar systems with
different operating environments, but there has been only a little research on them. In addition, a
comparison between the predicted reliability during development and the MTBF using failure history
during operation and maintenance is a matter of continuous interest in terms of the reliability of a
missile.

Hence, in this research, for a guided missile component under missile operation, a change analysis of
reliability prediction result according to the operational environment and temperature(Case 1), and a
comparative analysis of the predicted reliability and the calculated MTBF using field data(Case 2) were
performed. So, for these analyses, the predicted reliability, operating environment and temperature, and
in-field failure history data of the component were collected. Consequently, Case 1 showed that the
operating environment and temperature had a very large effect on the predicted reliability of the
component. In addition, the error was small for the conversion factors when conversions were made in
a relatively similar environment and the operating temperature converted in the same environment. On
the other hand, Case 2 showed that the calculated MTBF from the field data was much larger than the
predicted MTBF. In essence, this study will be helpful for achieving high accuracy of the reliability
prediction and exporting missiles.
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Table 1. Environmental Symbol and Description

Environment | Symbol Description

Nonmobile, temperature and humidity
controlled environments readily
accessible to maintenance; includes
laboratory instruments and test
equipment, medical electronic
equipment, business and scientific
computer complexes, and missiles and
support equipment in ground silos.

Ground,

Benign Ge

Equipment installed on wheeled or
tracked vehicles and equipment
manually transported; includes tactical
missile ground support equipment,
mobile communication equipment,
tactical fire direction systems, handheld
cammunications equipment, laser
designations and range finders.

Ground,
Mobile

Includes sheltered or below deck
conditions on surface ships and
equipment installed in submarines.

Naval,

Sheltered Ns
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Table 2. Operational Environment/Temperature, MTBF

Category A missile B missile

Operating
Environment/ | Ns/20CT Gg/24T Gu/43T Gs/43TC
Temperature

MTBF (hours)

a component | 377,358 970,874 254,453 833,333
b component | 401,606 1,204,819 | 257,732 | 1,000,000
¢ component | 138,122 578,035 91,996 515,464

2.1.3 Step 3: MTBF Conversion

System Reliability Toolkit-V[8]ol+= Fig. 33} Fig.
49} Zo]l 8 &4 9 2k W] wE MTBF
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4 HE B 8 0] tE AHIA AEE 3 2
4 A g,
To Environment
Env. Gg Ge G Ne Ny Ac A
Gg 0.5 0.2 03 0.1 0.3 02
- Ge 19 0.4 0.6 0.3 0.6 0.4
S G 4.6 2.5 1.4 0.7 1.4 0.9
E Ny 3.3 1.8 0.7 0.5 1.0 0.7
g Ny 7.2 3.9 1.6 22 2.2 1.4
2 A 33 138 0.7 1.0 0.5 0.7
HEJ A 5.0 2.7 1.1 15 0.7 L5
S Ayc 8.2 a4 18 25 12 25 1.6
= Aur 14.1 7.6 31 a4 20 a2 2.8
e 10.2 5.5 22 3.2 14 3.1 2.1
Sp 0.9 0.5 0.2 03 0.1 0.3 0.2

Environmental Factors as Defined in MIL-HDBK-217

Fig. 3. Environmental Conversion Factors
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2.1.3.1 Ns, 20C 7|&2=2 Hat
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Table 3. Ns, 20C based MTBF Conversion
Category A missile B missile
Operating

Environment/ | Ns/20C Gg/24T Gu/43T Gg/43T

Temperature
Conversion |4 g, 3.30 0.63 2.97
Factor

Converted MTBF (hours)

a component | 377,358 | 1,245,283 | 237,736 | 1,120,755
b component | 401,606 | 1,325,301 | 253,012 | 1,192,771
c component | 138,122 | 455801 | 87,017 | 410,221
2.1.3.2 Gg, 24T 7|22 Het
Gp. 24T MTBFE 7|%20& 37k 374 E 259 of
3t MTBF ¥& Conversion Factor ¥ ®H% ZAil=

Table 49} Zt}.

Table 4. Gp, 24C based MTBF Conversion

Category A missile B missile
. Operating
To Temperature ( C) Environment/ | Ns/20C Gg/24T Gu/43T Ge/43T
Temp. 10 20 25 30 40 50
Temperature
10 0.9 0.9 0.8 0.8 0.7
20 11 10 09 029 07 Conversi
5 25 11 1.0 0.0 0.9 0.7 onversion 0.30 1.00 0.18 0.90
Luf 30 1.2 1.1 1.0 1.0 0.8 Factor
5 40 13 1.2 11 1.0 0.8
B 50 15 12 13 12 12 Converted MTBF (hours)
2 60 1.9 1.7 1.7 16 1.5 1.2
E 70 24 22 21 19 18 15 a component | 291,262 970,874 174,757 873,786
E 80 3.3 3.0 2.8 2.7 2.6 2.1
s 20 20 a5 22 20 38 32 b component | 361,446 1,204,819 | 216,867 1,084,337
= 100 7.7 7.0 6.7 6.3 6.0 5.0
¢ component | 173,410 578,035 104,046 520,231

Fig. 4. Temperature Conversion Factors
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2.1.3.3 GM, 43 C 7|Z'SO§ H=|3|- MTBF by Reliability Prediction in Different Operating
NI’ 43C MTBF% 7]_{& 37]_Z] ?‘]__—76] ];[_i %on" Environment/Temperature
i3t MTBF ¥3} Conversion Factor ¥ ¥H3 Ail= R oo
Table 52} 2t} / 97’0‘m 7 s
Table 5. Gm, 43T based MTBF Conversion st
Category A missile B missile Ns, 20°C 68, 24°C GM, 43°C a8, 43°C
Operating T ’
Environment/ | Ns/20C Gp/24T | Gw/43T | Gp/43T Fig. 5. MTBF by Reliability Prediction in Different
Temperature . .
Operating Environment/Temperature
Conversion 1.68 5.06 1.00 4.60
Factor -0 ]_ -
X >0 E.
Converted MTBF (hours) ]ﬂE Oﬂ_‘ = H MTBF %): EH ] Conversion
a component | 427,481 | 1,287,532 | 254,453 | 1,170,483 Factorg 283t MTBF g9 exk&2 Eq. (1)} o]
b component | 432,990 | 1,304,124 | 257,732 | 1,185,567 2Astglon, B4 Ans ZA3etH 24 Fig.
c component | 154,554 465,501 91,996 423,183 6~Fig. 99} 7t}
2.1.3.4 Gg, 43T 7|02 Het MTBFe — MTBFp
i ConFrror = )
Gs, 43C MTBFE 7|20% 3714 37 2 20 o MTBFp
3t MTBF 2} Conversion Factor @ W3 A= where,
Table 63} Zt}. ConError = Conversion Error
MTBFc = Conversion MTBF
Table 6. Gg, 43C based MTBF Conversion MTBFp = 95 MTBF
Category A missile B missile Fig S E . Ns, 20C c,ﬂz 7% 7]_r_o 2 Conversion
Operating = 2873 H3l WS |=2k-13
Environment/ | Ny/20T | Go/24C | Gu/43T | Gu/43T Factors& #-8:tl W& AT, G, 43T2
Temperature O]' 71—0] 9—2}7]' 7]’ ¥ X—]}ﬂ ‘/}%”5’—, Gs, 24C9—1' Gs, 43C
conversion | 0,36 1.10 0.20 1.00 2 gt g2 oAt 34 v
Converted MTBF (hours)
a component | 300,000 916,667 166,667 833,333 N, 20°C based MTBF Conversion Error(%)
b component | 360,000 | 1,100,000 | 200,000 | 1,000,000 e 34%
28%
¢ component | 185,567 | 567,010 | 103,093 | 515464 o S e
>
2.1.4 Step 4: 41t 24 o
€8 37 Wzl M2 AFE % g Wske Fig. 5
Q- EH:]— O]J‘_:_ 8 e ’:‘_7& \;l_l _‘Q:E ]— /\k_i]E 01]7- 7:]_1,]—0]] NS, 20°C GB, 24°C GM, 43°C GB, 43°C
e & FFS A= AL & 5 Uk 28 E2 Gu et ‘
o] Ald gofst eAHAS & 4 o, 28 o] ¢ Fig. 6. Ns, 20C based MTBF Conversion Error(%)
2 739 28 20 et MTBF 9& o] o)zt Qi
S o 29Itk & a b, ¢ FAE MTBE(Gs, 24T)7F Fig. 72 ®H, Gg, 24T 9= g+ 7122 Conversion

MTBF(Gg, 43C)Ec} F 1.18[0)|A4 1.2H19] gtz d
St
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o] =Lo] & AHojt}. 1) 3 (operating time)
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H A

22 Case 2 T 2) Total time - ¥ (maintenance time)
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2.2.2 Step 2: MTBF A=
2221 MRE 0=

A o F5 d, e, foll Higt AFE oS H2 C
g AT Al SRR AFE AS e gEste] &

%—0]‘ ME]‘-

2222 TE HO|H 2#E MTBF M=

C =gl diste] 1049 F<t #7184 S35t 4
HH 2 ol HloHE A5k, HlolH F V1S4 2
7 5= AQlstn.

FEE ARbA o fiRE2 v dHolEE 1
o) wIvisHA dAsHA| k=t A 0121 7|’t MTBF
AHE Al A 2471Me A5 SE% HlolE,

AN

17 olgo] dasitt. wEbA Fg 117 o] fo]
E|7} FEoHA] gotA BAE E471HE H8s5H] ofF
t}, olo], B =Roj|A= MIL-HDBK-338B[9]olA AA]
3= Eq. ()2 #83lo] MTBFE AR=E319 Y, 24 9
A& Fig. 103} Zth

T(t)

MTBF:T )]

where,
T(t) = total operating time

r = number of failures
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Fig. 10. Example of MTBF Calculation using Field
data

2223 AT oE I MTBF A& 2
C 9&et THE d, e, fo] Tt AEE & 9
MTBF A& Z3}= Table 73 Ztt.

Table 7. MTBF by prediction and Calculation

MTBF (hours)
ratio
Category Prediction Field Data a / o
) oy

d component 448,778 632,297 141%
e component 246,541 896,054 363%
f component 238,594 1,194,979 501%

2.2.3 Step 3 : A1t £M

Table 72 H4, dl& gEot HE Hlo|gE &85}

of 4k’ MTBF7} W% At A2 € 4 ok 771
AAE FE W AFET A= =7} vl Fofof st

£, oI W5t F7IAA AFE o5 Al #8354l
I qtAo] Wil o Asfof Jlnal & & 9l
o B3, FIAA AR R G5 Aol wie- 2 Ao
AeQleng, BE Ve e WK X o=
A% SJuetth. F7IAAE *8sks SHolA EH, A
g5 o= AR "N 053t AFAHLS AT
B2 Al 8] 7hsdlithes Aol e X
= A& 2HE 7Htes Au]/Eg 7ol 4
o A4 28 A 1Fes 295 FHAFEY
I 7Htoz ARt #AE A87F wone AKX
oA o] el & & Qi

wHehA Z&2Q1 e goly 3 /E4
AFE oS 2o} vlu/EAge RN, A=
Je/de AlaLstoior & Aot

A

JIN' e > o

o
=
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3. 88

FEER HEZQ U314 (one-Shot) F7IAAZ A
2 2F REE AFE d&S sto] g ARERith A
FE A& P2 A 7MeES 2H0ke 84 F ok
ojm, E3t o] & 7|EoR fEH Y |FAE AT
/ASS EET1L o|F AYS} A WGt fEE 2
& MdE B4, olF B9 AFkE dF A e
& ¥ 4 2= H8ske A2 wif Fasith
MTBF Conversion Factors:= i 7 5323 24 7}

4 AR Ee 28 &0 HE AHRA AEE & &2
A Al 28T = g, S MY feEE o=

= 8 S 2% tigk A+t &, Conversion
Factors& #-&slo] AHESH MTBFS AF® &2 &5
Al AF&et MTBF #take] @4fof tiste] E4% A+
w7 ot} T3 AT e ARE &2 Bl AE
g Y oM 29 WXV]' 1% o]ggE o83t

P

MTBFeF] Hlwl AFE 904 A&Hoz AL
A Agolet. S| g fedto] S71ekw, 29 #
A| 71Zke] S7tete] wht olo] tigt AT A|&Ho=

S8 =|ofof Tt

£ =2olAe /8 $9 g 85l tst
o &-& BT ko OE AFk d& ] Hils
EA5I3IE ol & ol AAl Tl 28 5 e
AT S A 9 A& A] F83 28 T 2=
gt Hlol8E =35k o] HlolHE 24 23 &
A3t F5o| tisto] 28 5 9 eV AFE o Z
ol wje & FFE PAE AL gl sileH, EE
+8& o] TYotviete 28 %7 thE 3% MIBF
OF 1.1H[olA 1.2819] gro 2 oSHS elsiGith &
St System Reliability Toolkit-VolA AAlsl=
MTBF Conversion Factorsg 7]£0.2 22 373 9
250 w2t MTBFE WSS 3t A=E &S B3t
AFE? MTBFE H|X BA5H3tE A o082 {AlH &
Z4ollA WHEs MTBF 3tz

3 9% BHIN 2§ L=
Fsk MTBF glol 247

Sl
A5 sk
Loj= Conversion Factors &-&0] 7Fs3ltial
At
A 28 2 W 20
&0 g $3/BA35la] Conversion Factorss A H3}
o A dashy, ol o]&ste] A i fEg
ojuf /dFol ek Hagt A4 2 oot £4 Al /-85t
A &&d & 311, olF &8sto] Tt $ol| tiste]

mk O, ffo
4 4 o &

Of

£ AF®= HlolEE A

=
=

422

AZEE AAT 5= ohd F7AA & Z7 =
o] & ZloJt}.

A 2F A= E &S Boto] 4=t MTBF 3t 2
T 3% o] HolHE 0] 83t MTBF A& g2 Hlw &

At AFE o5 E3te] ”’EO]' MTBF #t&ct
e 7% o] Hlo|elS o|g3to] A& MTBE/} Hf$-
Oe A& & < 9tk ols, 77 Vﬂﬁ] 84 SH
A Hed A 2F et AFAEE A7 2 BT
S & R SI AR 1 4 e MIBES Fieo
2 A Au)/RE 222 %—gé

rv'otT

sl Aol 2 el

H

o
+9
o

o BE 1% ol dolHe T8

of, A 7+ A& AE Al HF‘“‘Q = UEE %}QE’H
AFEe] oS Alatstolop & Zlojot.

FFolle =4 28 AN 9 FU =2l
gt A= o5 ghat BE HloleE 287t MTBF 4
E WS ASHoR £YSHL HolEHo|Assle AT

7t %130}‘3}. I3 o] gloJHE &8olo] Al ¢TSS
oZH F=d 28 o] wWE Conversion
Hole d77t olojd 4= & Aotk

=

S=
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