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The purpose of this paper is to examine the effects on reliability of equipment or product which spends a great deal of its

time in the dormant condition. Many systems experienced periods of dormancy throughout their life cycle, such as periods of

operational storage where the system waits, ready for use. The design of such systems must account for how these period of

dormant effects system performance.

The methodology for predict and analysis was developed to support the evaluation of dormant modes of operation of systems

and subsystems. For proper handling of the dormant environment, issues relating to dormant failures need to be taken into consid-

eration from design stage of the lifecycle. Furthermore, the relevant environmental concerns that need to be taken into consideration

depend on the environmental factors associated with each different target environment.

This paper will look at dormant reliability, the possible dormant reliability models and the methodology on life cycle reliability

which has different dormant phase.
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<Table 1> Typical Value for Percentage of Calendar Time
For Equipment in the Dormant Condition[3]

DOMESTIC APPLIANCES
- Television Sets 5%
- Kitchen Electrical Appliances 97%
CARS
- Personal Use 93%
- Taxis 38%
PROFESSIONAL EQUIPMENT
- Personal Calculators 98%
- Small Copying Machine > 75%
- Electronic Test Equipment > 90%
INDUSTRIAL EQUIPMENT
- Safety Equipment 98%
- Standby Power > 90%
- Valves (most) > 75%
- Air Conditioning 50~80%
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<Table 2> Dormancy Related Term and Its Definition[5, 12]

Term Definition
The state of a subsystem, assembly, or component
Operating when it is activated (as designed) by electrical or

mechanical means at any level of stress

A subsystem, assembly, or component is considered
to be non-operating when it is experiencing none
of the electrical or mechanical stresses inherent in
the designed activation of the subsystem, assembly,
or component.

Non-operating state

The period of time from conceptual design

Life Cycle through disposal of the system.

A diagram or other representation of the states or
status of a product during its life cycle or any major
segment of its life cycle

Life Cycle Profile

The state of a subsystem, assembly, or component

Storage is zero percent activated and is in its normal configu-
ration in a storage area.

The state wherein an all up round is not operating

or is maintenance in operationally ready storage

Dormancy including all on-equipment maintenance and func-

tional checks/BIT necessary to maintain the desired

status
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<Figure 1> Dormancy : Subsystem Level, Based on Sub-
system Installed in AUR, Non-Operating Time,
on-Equipment Maintenance, and Functional
Checks/Bit in Storage(Includes Operationally
Ready Storage as a Subset)[12]
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<Table 3> Reliability Prediction Method during Operating

Environment[1]
Method Description
217PC MIL-HDBK-217(E-N1, F, F-N1, F-N2) Parts Count
217PS MIL-HDBK-217(E-N1, F, F-N1, F-N2) Parts Stress
217PLUS 217PLUS Reliability Prediction Method

Reliability Prediction Procedure for Electronic

Teloordia Issue 2 Equipment, SR-332, Issue 2, September 2006

CNET CNET RDF 93 Rev 2/95-French Telecom
One of UTE C 80810-RDF 2000 or IEC 62380,
UTEC RDF 2003
BRT HRD 4 & 5-British Telecom
ALCT Alcatel Based on 217F Notice 1
Siemens Norm SN29500-1, HINWEIS 1 Edition
SN29500-1 1997-07
FIDES European Reliability Standard for Electronic
Components 2004, 2009
Chinese Reliability prediction Method-GJB299
GIB 299C1'ps, G1B299 PC
RADC-85-91 Non-operating Reliability Prediction(RADC-85-91)

Draft 217E, N1 | Non-operating Reliability Prediction

Non-operating Reliability Prediction by RAC

RTLKIT-95 | p eliability Toolkit-95
NPRD-95 Non-electronic parts Reliability Data
NSWC 98 Handbook of Reliability Prediction Procedures

NSWC 06/LEI1
SS Analysis

for Mechanical Equipment

Stress-Strength Analysis Method
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<Table 4> Operating and Dormant Reliability Models[3, 5]

Failure Operating Reliability Dormant Reliability
Rate Model Model
Relay Ap= M (TpXm X e Xmp) | Ay = NpalmpX e X )
Egrl?nector A= Xy (7 X 7 p) + Nm,,. Api = N (T X 7 p)
A,, = operating failure rate
Mg = dormant failure rate
A, = base failure rate depending on temp, load type,
stress ratio, ambient temp. and insert material
7 = environmental stress factor
m, = contact factor
where : T = cycling(operations) factor or frequency of
connect/disconnect
n, = design factor
X\,s = base dormant failure rate
np = factor depending on number of pins and MIL
spec quality
N = number of pins

3. FHI| MBI ofl

31 FHI| MR ofF =23
7] AFZ(Dormant Reliability)e= FH 719 A&
Al AMH A2 oS Ee BES X3 AlE
ol HAT AT A vb) 2F A 22 daE
Aogct Fa7] AdEe AFelv g AF e 7H
=

o] = g

it



FHEIIE

FA7] A# %= 28 (Dormant Reliability Modeling)<
gk Ze Q)¢ (Framework)S 9%k 742 b3 2t

1. Aoy A= A gro]Zate] 2S5 A N9 247]
M= b2 &-87](Operating Periopd), ¥ 7](Dormant

Period) & W3kl 27 53 A el Apo] 2
AIZEE
tlp = 'i]ilti ti = ta or td (2)

= A oA ] ARE7|RE
t, = Al2=gle] ARE7)7E
ta = A28 FH7IE
ZF A oA o] AE % R(t) = Ra(t) or Ra(t)
Ry(t) = TA idlA19] FH7] AlF %=
Ry(t) = A iolA9] & AF=

E FRI

2. 7 dAOl A O] ARSI S FTIe A d A

s z
At M2 SHHoR A

7)
%
3. ZF @Al A 9] aGAITE X 591 A B (location
parameter) 7} 0°] 3 2| %= R4(scale parameter) o<}
&4t E(shape parameter)Q! T 719 FHHEE
M= e ofolE L AIRF X A (3)E W
o

Ot Ty
f(t)fa(a) e 3)

4. N7t olQfol] thE Avg Wl WS E 18T
olo] & Hlg ¢3! (Weibull Proportional Hazards
Model) & Ap&-3h},

5. 2] &7} A]2~¥(Non-repairable System)% 7448t
A g G A" e REOR QR glo]
mA A}

FH7] AFE Ryt FH7] 2FE h(t)= 2 (4),

A (O3 A (5), A (D& olgste] Artdnt
Rq¢(t) = P{T>t|t is in dormant}, t>0 4)
ha(t) = P{t<T<t+A|T>t, t is in dormant}
= fa(t)/(1-Fq(1))
= fa(t)/Ra(t) )
—(Ly
Ryt) =e ° (6)
_ (O tyea
hqe(t) = (a)(a) (M

HX= MZ2 AT of=0 2ot A7

177

AFoLL A9 2ol zajolZo] NAJe] A7+ Foll Al
A7) o] 9A iEE FAE dvkal st ol& AT
o] gow go|mate]F xgutdo] AAHTH, 7, 8].

glo] Zato]Z L&l g0l A e Al

R,= My, R,(t) where Ri(t) = 8)
td)ps,,
Ry(t) =e ™ )
or .
(e
R,(t)=e ™ (10)

WA A o
S e B AAF

(11)

X = (X], X2, X3, **°
B = (bla b2a b35 o (12)

ht, X) = ho(t) g(X, B) (13)

g(X, B) =" (14)

h(t, X) = ho(t) 1" (15)

o) = (L)

(17)

i =094 A" WEE FrbeAL x = 1ok 3

0— lez ob;

hit, X) = 0+ ¢ (18)

P i
" biai

R(t, X) = e ¢ (19)

Fo/l AHEE A% sl AHE AR 2
& A (19)% Agstol Arshen] Aguse 34U
AP ) e AL AFE (5, a, by B B

Bs, o, Bolth o] Pr27ie] A Al = T
(Maximum Likelihood Estimation)®} Newton-Rapson H <

AHgSte] A% o]E AlFES MATLABO|Y 7
#7)2] SAS IMP, SPSS 5 53t &4 +& F 9
th 7 @A d2 9 AFEe FuY] AR Rds

Agste] HFHoZ 2 (8)ol AA go] Aol F

o] =
A



178 HAT -
AEEE Fote] o]F /M ER AREsHAl €k

Fa7) e AFold A Algte] Aol uhEt
agEo] Walsty 1 W3l FAL SUkehs 54& 2a
Atk FH7] AFE o5 Zdyo) glojA Fur] 4l
% 2ol Qo] FAE FHs] AeelAe] adEe ¥
8 20|71 A7be] wel Y% s AaHrtE dol),
oleldt mAES Fute Fuvl ol ¥ wsle) 37
Hl& & s il 22 gk geoly e E4ke] F17] AlE %
& 547 Uh Aavs 4] AdvH1o0, 11]

5)
I (parameter) S 459

Al TAl(Advanced Planning)
EA ¥ ©7|(Detailed Test Planning)

2) Hx & "H2E 2 H7} @A(Initial Operational

Test and Evaluation)

3) $& &8 H2E % H7FEA(Follow-on Operational
Test and Evaluation)S AX|™ 7z} dAE 2 HAES}
J7F FA0] o] FojA = HHE Mgt ok

AR @ADL 2% AT FHol A= A
A aeEd @ ARSI A9est HaHn 248
e ghol Aol Zatel BUES A Bk of
g Ef2 RE dulAe FH7] AR dFo] o]F
AAA ek BFEA FHY) AR dFoz Ax
9 U4 g 23k ol FolAA Ak gA HzE
A% @A BA DA B £9 2 2 g
Agel e A= o FoAAT o] & AEAG Tt
W7ol ol FolAW A% dZe] wejstn Az £
I~

E 9 H7}E 9|3t FMECA(Failure Modes, Effects,
Criticality Analysis)E 2l ok A|B Al 2~glo|yp A

s ega,
Az $§ H2E 2 FARAA 1 AR )
&5 BT vrgstal AE HAEES AAste] HolHE
T8t 7k B A A AEE 2e AT adES
Artetar AEe 35S AAstel 24 HE AR
AYely Ak Atol7h v BiEs AR
F4 £8 HAE U W7k wAelN Bad HE g
oz Afol2 me sl AAAYY Lasitha Az
Bt AEE A4S AWAES Sk Z4Y 84
o] 1FEI} AFd LFES vl FAENS ot
o I A& HEST
DEVELOP
AGREEMENTS
—| SURVEILLANCE TESTING, |+
TesT ARt 1c-
P e ovanenne [ NETHb0LociEs
PLAN AND “FIXES”, ETC.
COORDINATE
TEST ACTIVITIES || L
REVIEW SYSTEM FORMULATE
DOCUMENTATION SYSTEM DEVELOP/REFINE UPDATE TEST
ANEVE?EI::OP Be DEF;N':EON Pr;s'z I REQUIRED B E\.‘ALUATION—
FAMILIRIZATION LIFE CYQLE
PROFILE y
t TEST SENSITIVE |—
ELEMENTS
MONITOR
| DEVELOPER/CONTRACTOR |-

esTvATING ||
IMETHODOLOGIES

PROJECT
> Rﬁ%‘fﬁw MATURE MILESTONE

ESTIMATES

SYSTEM REVIEW
RELIABILITY

I f

<Figure 2> Dormant Reliability Assessment Approach[12]
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