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Abstract

Duty cycle is determined as the ratio of operating time to total time. Duty cycle in
reliability prediction is one of the significant factors to be considered. In duty cycle
application, non-operating time failure rate has been easily ignored even though the
failure rate in non-operating period has not been proved to be small enough. Ignorance
of non-operating time failure rate can result in over—estimated system reliability
calculation. Furthermore, utilization of duty cycle in reliability prediction has not been
evaluated in its effectiveness. In order to address these problems, two reliability models,
such as MIL-HDBK-217F and RIAC-HDBK-217Plus, were wused to analyze
non-operating time failure rate. This research has proved that applying duty cycle in

217F model is not reasonable by the quantitative comparison and analysis.

Keywords : Reliability Prediction, Duty Cycle, Operating / Non-operating Time Failure Rate

=EAEY 20119 089 119 =#FAY 20119 11¥ 30¢ AAEAY 20119 12€ 02d



434 / FAAA A= AFA dFF7] A8 g i A

20051 ®] =5k
Aste BAH A

SE A= G R

10w =
e NFE Hrhol AEEE BAEY F Fa@ akel shbi 9TF7)(Duty Cycle)
oW ARFIE AAY LEAANN ANE HFSIL ML A wgEo] FgHTH:
S Holg Jge mA + At

AN AL Hde] we}l oS At
F71E EAT Y S8ATY HEE A Department of Defense(1981) A 7+-&
A7 A AN O] &8 AIZE HEE AIZE RFE et dRbA o s AbgE = 7]
P59 AlFEE oF EEQl MIL-HDBK-217F(0] 3} 217F)< 7|24 o2 H| & At
ot uFE A& S ¥38% =t Reliability Information Analysis Center(2005),
Parametric Technology Corporation(2010).

217F= & Alztel digk 235 AEnts 5408 pEEA7] witel H8& AxF 1GE9]

A Wb o] B3k} Department of Defense(1991). ©]2 B9kelr] 913 =vho 2 RADC-TR-85-91

M go J
= Hd

.

o

Nen A7l wiEgon o] ®MiAE MIL-HDBK-217 Zd< 7juto @ neg A7
IFES AEFE F71Ed 2dS A3 3t Rome Air Development Center(1985).

g, v AFAd A AHE 2U7FE B AEE 45 S Jfdske] 1998d PRISM
RS W7keth o] Rdld 837 H|E§ Ao 1AHAE HOHE ~AHE SRS
Aol 217Fek= 2] AU AH A 8] 7hesith System Reliability Center(1998).

PRISM 222 A& HA3 Qo 200660 PRISM 2 2-& 23 RIAC-HDBK-217Plus
(o] 3} 217Plus)7} E7+E At} Reliability Information Analysis Center(2006).
RADC-TR-85-91 #& 7]&9 & Al 134&E 2tE 2d2 H8 A 1388 8
AlZb g HlE) 22 groew ddstd ov PRISM# 217Pluse 1 A &S
AP A= S0 AMAHS A$ 217PlusE =& AI7He 7B nZES H 0.001702,
H &8 AIZF 14ES 0.002868% Gofste] vl8Al9] 1gEo] -84 Hls] 1.68
217Plus+= &3 H&& AIZF GE o]9lo] ofe] WETt BE wAEe JFS vAERE
T 71 s v vlae] FEvh vk 2Ey o] AR T]E 2

s 3} tpolrt 217F¢

= 1o
e
r%%
>N
=3
1o

E
= A7

e
=] s 3FA] o] th3k 9
2 AT 217F Edd 217Plus BES #8ete] 217F R4 dFF7] A& BHuAS
B o5 98 WA, mdd JFEFyd o uFE WI FAE Adst, 83
H 8 AlZre] ngES AARE 2ESIAT Aold mdzte] vuE 9 AEd 1FE
dolel & &3k v v&ate ¥R FAsAT AEE ve§ A 1gE &S
A g vaste] 217F¢F 217Pluse] AFF7] A4 AE BT



344 - Aok - o] 28 - g - o)l - SRk /435

QEFI)e] 7| RAe NS BYHeh ol F 98 L4 WG BB Al PTFE]Y
st A gues ANBT £, vE FTHLBAN ALY )G AL QA 0%
A ARFT] 4ED AdE L)@

& (Operating) o] & F-A A, 294, F4%F 5ol @AstE o A714 F2 7|42 2EH 29
=EHol & AEelth v 8] 8 (Non-operating)2 o]#]st ~EH 22 HE 2A{H 23
FEE onjgitt, & ¥ & AHE 34, %, A i fFiE 2EH e =Ey o
Atk H&E&2 FHDormancy) @ A7F(Storage) &2 ™ ZH7F & Ths A AGE
93t o] =EHtkE= Ho] Aoldtt Rome Air Development Center(1985). & A4+ &8
e AHE TR BASRE 08 dEH T AZAEHE HAFeA e

ko

AFF71= FAIZE ] E&AI7HY] &2 AoHn AFEE o FoA dFF7]7
Fre AAS dFFrlel wel AE R ALY dd 9 e w7 depA] 7]
Department of Defense(2005), Department of Defense(1991). ¥ FF7]2
AA 52 1 sk oA Zhsstth @9, FUIAAY AlF R dSelA FAAE T
AR FAE] 8o BAA AA 802 7HFHEYE dS 1133 Rome Air Development

Qo
g0
Center(1985) ¥5=7] 489 4 & FAA=Z 4o4 5 Ut

é—!—’
Ho
o

lo
1
op
=
o
rlo
2
e = & o

ox
ol
-

2.3. dF AU E &3 AFF7] AdE

OMS / MP(Operational Mode Summary / Mission Profile)= F7]AA1e] /Wi Alo A Q35 +=
=80 EAES AAE] f8l AT, AR, AEARE 3 55 R 0 ® A&%ttt Department
of Defense(2009). OMS /MP2] Ayl e s &&3td ¢
<9 1> FEstESAA g 643 2dS BARE ¥ AuE] 2 olth Department of
Defense(1998). & 6413 & &%= Al 1A 10201 LFF7]&= ofgleh 2ol ALt
ot 9714 DOv 4FF71(Duty Cycle)E v gk},

70

DC= 360 0.1944



436 / FNAA A= QFA dFF7] 48 W

PREFLIGHT CHECK
ALX. POWER STANDBY
STANDBY TIME

(WITH 2 MINUTE

READINESS CHECKS
EVERY 30 MINUTES)

ENGAGEMENT PERIOD

% STANDBY TIME

POST-FLIGHT CHECK

2
TOTAL TIME IN HOURS

T N |

<a¥ 1>

<# 1>

gt EA A 2de] Q7 AvhE] 2 (o)

ANAAEAT AFA QEAL L

Marine Corps and Army Joint Major Combat Operation (MCO) Scenario with Mission Tasks *

’ Mission Profiles (MP)
O t | Mode S OMS
perational Mode Summacy: (OMS) Offense Defense Stability
Full Spectrum Element Littoral/Air | Movement | .. [ 5 Area Mobile Civil Total
MCO War Game Phases Assault | to contact Defense | Defense | Security
Duration (hours) 57 114 18.1 57 109 9.1 1.1 2.0
Distance (miles) 46 128.9 185 325 192 175 147 236
Dynamic Operation or Movement Time 09 6.4 432 14 1.8 20 25 19.1
Static Opertion or Idle Time a7 4.8 135 40 8.7 6.7 8.2 50.6
Total Operating Time (Dynamic + Static) 55 11.1 177 54 105 8.7 10.7 69.8
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Silent Watch Operating Time 28 39 8.8 27 56 4.3 53 335
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Ground Airborne | Airborne Naval Naval Space Space
Active Active Active Active Active Active Active
Part Types To To To To To To To
Ground Airborne Ground Naval Ground Space Ground
Passive Passive Passive Passive Passive Passive Passive
1C 0.08 0.06 0.04 0.06 0.05 0.10 0.30
Diodes 0.04 0.05 0.01 0.04 0.03 0.20 0.80
Trans1§tors 0.05 0.06 0.02 0.05 0.03 0.20 1.00
Capacitors 0.10 0.10 0.03 0.10 0.04 0.20 0.40
Resistors
C 0.20 0.06 0.03 0.10 0.06 0.50 1.00
onnectors
Circuit 0.005 0.005 0.003 0.008 0.003 0.02 0.03
Boards 0.04 0.02 0.01 0.03 0.01 0.08 0.20
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<3 2>9 2T Zol A BFHS AHEste] & uiv] HE&§ At 1FES I E
g3std <18 4>9F 2t}
1.00
1
0.9 -
o
I 08 -
i
%0 0.7 -
r
E 0.6 -
wn 00
K0 04 -
=
= 03 -
= 0.20 0.20
mn 0.2 - 0.10 0.08
Capacitor Diode IC Transformer Connector Resistor Transistor Operating

<Y 4> HEE A

2] (System Reliability Toolkit)




Ho
ok,
ox,
o
i)
Ho
o,
rlo

10(_,
o
=
e

o
F

col

- kS /441

217Plus 222 AxdE AFE oS Zdo 83 HE A7t 1AES 7|8 1FER
xgsta Qo] AFF7lel gk Aol shEsith AFFrlel g nFE WI FAE
A A 83 &8 A7te] 1ES vlast

200611 71= PRISME @S 714387 918 RIACS 217PlusE &3ttt 71E9] 217FN A
+& Alte] nFERRe] A G HAE ZAvle] Edo| widy A= 2, 217Pluse
ofd & dolE o AlE dHeolHrt &85 s AGAAS FEAZT 21TFF FF

2 13 A= D 217PlusE HE 9o AJH <
Vsl sksith w3k ] Al7HCalendar Time)S 7502 3 AFE A4S 98] &
H Atk 217Pluse] ol E =<l PRISMel Hl&l dole 7} #4138}
o] 4= JjAHEo] PRISMel nls] Fulz Z71=%lth Reliability
Information Analysis Center(2006).

S|

42. JFF71 oJgt nZFE FAH 4

M

A Q2= AT agE Bdolth o] oM Appot Mgy A
Alzbell o7k FECIY. 1peot Tpens AFFTIISH BAE AAelH I BA= A ()

AAX o] 2t} Reliability Information Analysis Center(2006).

X
Mo
ofo
>,
S
B=)
o,
=
Mo
ofo

Ap=T¢ ()‘OB Tpco Tro Tp+ Aep Tpen Tre+ Arep Ter 7rDT> +Xsys Tspr T Anvp  (2)

A@eIA DCe= A5F7), DO, ppt= &87 715 Q75
2 27(1=DC, g2 DC, pp% DOy yonopt F17 A5gkelth. 4 s (3)2
ko] RFslel ol nAE WS <27 29 Po] wASW 1 AnE <19 559
.%ol EAE A, B, CE #2402 RaAsd 4 el (6)3 o] Aelwch

morE wo
O

v}



442 / F71A A

: s 5 @ § R o :
— iR e 52 Z
s T R PO S
B
B ur oo
B B
o] X° N_ﬂ_ﬂr
X o B
oo g oo P WD o
o0 X = on o Pox]_umo
= » T N ek
= 2 IR -
[am S N :
SHE- T T
o~ ~ eE]le MIHX
_" + ﬂAro_rEI OA‘.ﬁ
;oo g _LWHNIVU Q#OUEH,I
) ﬂ_A(M w Ho,mﬂ otogelj__/llﬂl
o T S F o Eop
o _ 3 T i :
_ | 3 gls o8 NG o HEeR
~ i < &S &z ZWH]W 5 " -
P B S [ o fris
T gRR <R sz " X
o | ® 85 Sl ok P % mZo
I N S [ mMmﬂxo o N L
o = S S ﬂmﬂ i _o_nz.%ﬂ.
~ ~< ﬂoﬂ21mrﬂ X0 ,meﬂﬁa
L E RooZCET
o G P N
oF I L N i% 9
< oy % = ez
Lo |6 O
o m g BT oo coTE
< £ 1 & TIED
v S T oo ”
= o oﬁaﬂ]i
T oo oop B, B N 5 =
= O o N
i O FEOH OT_w;O
) S ® TEN L
I NEE s o} A &
WoE W ol o MME_&W
il ) B i
= Nr o e < Vv R m om




- SRks /443

kil

o

1.00

Il

1.00

0.99

14E 4 (217Plus)

1.00

0.96

0.96
0.60
0.60 0.53

<18 6> HEE A

0.62

0.44

&
&Q
2
Q'

1 -
09 -

T T T T T
W o~ N
(=] (=] = (=] o
ERERT AL ERT Zly 82

0.6 -
0.5 -
0.4 -
0_

[

s

o

L
R

Fol A A

217Plus 7|

12+ 5) 7t th =,

=] =
st % A

Al €]

=
=

F71el os A HEH A

o

WO
o J|J
op e

5. 217F ¢ ¢

2 g A7k

Atk 5o ® 217F9F 217Plustt 44

3|

—_
o

T
)

2AE BA
48

S

gt 217F<] H|

= 4

o] E}dEhA]

S
7FA] W = System Reliability Toolkite] HEAG+2 285}

O] FL =
=)

g 7

kol ANA

i|N

el

o

o)

i3

F ek 217Plusol A 1ol 3

7}

=
€]

)

Hl&2 Hat 8124

v A3t

Fel, 217F] 1|8

S

Ak o
217Plus R dlo] A 1

g

ol =

m



1.00

0.99

1.00

g TLAE

£ o N = o do

: SEuE FELma AL

- Wic._w duomaﬂoﬂ = W °

W Wodo e MR N ook
LRt < o G | %o o

5 E! ol o S =

3 = eEo® L =

& ~ XA K mm,._ z_l = oLo :.L ‘i oﬁe 5

x ! A —~ Ik o| o T
e gl i = N oo ooR iR
X T T <! S o = - &
™~ 2 X =, i P

: SR S ) R

m =~ ol Ot —_— Er.c nﬂ OS ﬂ«l = N_.o OL

: ¥ 5@ B 2w W o

= X N g o H M & w5 i <)

8 oo B — 3 = w et 1y < =g

oF o w M_Al ® o - O ~ X0 % ,._.e

& i o N W o S m aﬁ%_/_.z T 70

e 2|z G C I I B

c B SLa S W OE

&£ U ‘WE 0 == -~ AT O_E — \.AI ,ﬂuL \au.l NL _Ao

R e~ o = o ula IR &

E g R 3T ) NI e
~ &~ N oo = gy oo 7 W~ wx
T2 %zuf_]wr@ [ i %W%%EZTH_
S S E R ® o AF

o = B A e} = o o a

— ﬁ7%£ﬂ ﬂ.imgmﬂﬂ%o%
N O RT oWl SawmBETTEE
) %I meW%zm%u.ﬁ&

g = sEYR 7 O%HTL%% W

g S it %%%Mﬂ.ﬂm_ﬂﬁﬂ%

° A\ VIO W o T & W < W Vo o

& Eag® o N
N 1u N Z_l o Lol X ﬁo | = ﬂ_v i
™ Ao B _E7iotﬂﬁo%ﬂo}

5 n I nAd i o= o N

.m V go N i 7 o m T = - = =

M W iy T M IH M T ﬂ| i ,MM Bo oo

} SR - o oo = W o= o

N o BT woo ﬁﬂﬁoa]
~— o} 2 odo BT T X — o T
y_/.iﬂ_% mﬁmegj.xufﬂ},
= '~ ) i X " -
mwr%ﬂ ?ﬂix% b o ©
17ﬂﬂﬁ ﬂzrkﬂ of = P X
N OB W o) = o % - ﬁe \T.m_: N ok lo
) BR g N nrome ® :

oF W < T o oR <V W




9 1Y AHE 5 TAAAL A $§A AHE ZWe] HAREE GHE F
QonE AbgAe BHM £ERAN F4E 2U 5 Ak W, A A=E A
Ashrh dE ARE FHSHA RASvhs AFHL e nPtE AHE S Ao
T AFL NEFT 5 Ytk TR YRF/E 8¢ AFF A% dFo] Ba
stoiw QFF71e) Aide] R o vl 217Plus RUE AHg ke Weke] Bl A4 E

[1] Department of Defense (2005), DoD Guide For Achieving Reliability, Availability,
And Maintainability ”"System Engineering for Mission Success”

[2] Department of Defense (1981), MIL-STD-756B, Reliability Modeling and Prediction

[3] Reliability Information Analysis Center (2005), System Reliability Toolkit

[4] Parametric Technology Corporation (2010), Relex 2011 Enterprise Edition

[5] Department of Defense (1991), MIL-HDBK-217F, Prediction of Electronic Equipment

[6] Rome Air Development Center (1985), Impact of Nonoperating Periods on Equipment
Reliability

[7] System Reliability Center (1998), PRISM System Reliability Assessment Software Tool

[8] Reliability Information Analysis Center (2006), RIAC-HDBK-217Plus, Reliability Prediction
Models

[9] Department of Defense (2009), Reliability, Availability, Maintainability, and Cost Rationale
Report Manual

[10] Department of Defense (1998), Electronic Reliability Design Handbook

[11] TACOM Life Cycle Management Command (2011), Operational Mode Summary,/Mission
Profile(OMS/MP) Annex to Purchase Description for Joint Light Tactical Vehicle
Family of Vehicles Version 2.7





