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Condition Parameter-based On-line Performance Reliability

Yon Soo Kim' - Young Bae Chung

Department of Industrial & Management Engineering, University of Incheon

This paper presents the conceptual framework for estimating and predicting system’s susceptibility to failure as function

of condition parameter value which is representing the current status of performance measure using on-line performance
reliability. The performance of such system depends on one parameter with a probability distribution that degrades with
time gracefully. Performance reliability represents the probability that physical performance will remain satisfactory over a

finite period of time or usage cycles in the future. An empirical physical performance function is constructed to in-
corporate explanatory variables (operating and environmental conditions) over a time or usage dimension. This function en-
ables one to model device performance and the associated classical reliability measures simultaneously, in the performance

domain and time domain. The conditional performance reliability structure developed represents a tool to predict system
performance over time or usage for next usage period. By enabling such a framework, it can bring us more efficient
planning and execution in system’s operation control as well as maintenance to reduce costs and/or increase profits.

Keywords : Condition Parameter, Physical Performance, Performance Reliability, Performance Degradation, Empirical

Performance Function.
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A 28le) ofz} 74 22 B (Condition-based Information)
2 JehE ARE 1R g3 Atk o3 AA"
o] Axol Aak FolA Folxl A, 7‘“3] Al A
B Az" BE g $9E e dHE(Con-
dition-based Parameter)E& =4 4= 9Jow 1g s}
HEE o] &3 AFHAH HEE AZF F(Time Domain)¥
AA AF5AHE Z(Performance Domain)g FA|o] A3
A1 = (Performance Reliability) L3l &
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2.1 ds Mz de
71 A= AR A ZHHEI E(Usage or Cycle)oll mhat €
3H(Degradation) & = %7k Boh g A Aul A
HE Jelile 4% dedEe ”H]«] TEg R
FE AFF 99 o9 AFEE Yedls AFEE 0
oA 1Alole] FERZ HoHT om}zqgg RE %2
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o] Hgsm glon 54 4% #8(Performance Plane)
< AYyd g ol AxdoE T Bt 3 He=
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Censoring IHE HE&d F JEE T & Uk A%
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/ Individual Performance Curve
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<38 1> Performance Reliability Concept
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Physical
perfarmance

time or usage
a. Higher is betier performance response plot.

Relative
degradation
intensity

time or usage

b. Performance degradation intensity plot.

Probability
density

A

time or usage

<. Normalized probability density function plot.

<7el 3> MEjHEE 0[E8t Performance Reliability
Modeling 744

P{m(P,t)<mf} Z/_m:om(p,t)dp, m(t) > g (1)

P{m(p, t)>mf} =/wm(p,t)dp’ m(t) < e )

= N e 5 () e seereeesei s s 3
10 = e/ [ oo 120 6)
TR 4 f(0E AHRsE A BE 5 ROt
RoE A oM BAES dEE depln o
& Her 7% + AT
F = g '53 > 0 .................................................... (4
0= [ a0t = )
R(t) = I_F(t), t g O. ............................................................ (5)

a8la 248 3<e(instantaneous failure rate or hazard
rate)= h(t) = fit)/R(t) 2FEH 7T & Ak
2u)7h AR 7HA EJJ °1°1 FALNS W 27HA

24 glol & & JdE 2N AEE gEF 2ol 7

- B

& 4= s, 1.

R(12 | t1) = R(2)/R(t]), 2> 11> [ (6)

4. 22j2l ¥s s =Y

Weibull A9 A2E &4 R, FELE T
fit), 2AE & b 3 2o

R(t) = e[— @ [ m () o)
fit) = %(%)6—1 =) £ (s ®)
h(t) — %(%)5‘1 ................................................................... (9)

=
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O = scale parameter -2 characteristic life
§ = shape parameter (6=1% ZA$& ATED)
ZHokgke T(w)e
I(w) = / cvlelac 2 AN,
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R(UTHE Au7E T AES 2% o] 2F=EAES
ot AlelM e 2R Az
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P(t, > T0+t|t, > To) ............................... (11)
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t =t +7,E Ad 298 F9 AT

7} 431 G71M 1y AHle) #A AHEAIREE UEREH
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A8k 0999} 2o oA Critical level Reliability
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= = _ Rlte+tf)
Ag B/ Rlfle) = 0 4,
tc = 00]2HA R(te) = 1°9]B2
R(tf|tc) = R(tf)'_ .................................. (14)
Weibull £¥ & wESThH,
—(fet e iy
R(tf]tc) = ¢ (4 = ¢ B s (15)
Bertd dels A F3AE
1
tf ze[ln(l_a )]5 0]_'17__, .............................................. (16)
TAANDAR Y FAAE
tf = e[ln(l—a )]3 .......................................................... (17)

c

tf = future time
te

1—a, = warning level reliability

current time

1—a, = critical level reliability

On-line22 RUE H& Au]9| Performances F3
e ASFHBAL 4554 o oF HozRy 4
H] 9] performanceol 7}31A1E failure plane®] level(3L77]
Zo] H& performance?] kol webA waming R critical
level74A ] 28Azbo] AN 18 VIR, L=
Axste] o Z=slA Hel gubd o2 Warning LevelolA
BARAANE dGAY wdstA vt e FHF
A& Regression Typed T3 3H2 o]y} Polynomial 3
& Ao fitting AlA o TAL A% AT tlA <]
ZANAY NE GO AEIAY A FEEE A
43le 2 A AR wFE Fol AulY AHE
2737 93 AsFHTAY 5 Ag FAsA d

t}3, 6].

6. off A

Ad e 7128 gl 45 AHEE 88
d2 Holy] 989 7HRE 2D Alol2 &vEd AA
718 AbgsteE EA71719 HE 1.95Ve]dtE Voltage
Performance’} AtHE®E 2golgtn AYHth 4579
welge] A AD BEE E3td AFHAA As
o Age] ZAHHJIL o]F T3t HIEUX Fo
ol &= At

72 = 27174 - 0.2363 t + 0.0347 £ - 0.0020 ¢

t

;\ = 0.0339 VOLLS, -orerrerereeeessmssesiesssmssssmss s (18)
t=40)x e 4vlerel ey Ae AFEE A
o 2 73 zAdA B4 0.0339EE3 A AFEH
A 18y Wiy 8 A% AHEE 1T 210 F4

7 1952E. 228EY w @) = 0958333 if m, =
R f

195 volts 75 (4) = 0.616385 if m, = 2.2 volts
RANNE t=594 @A ¢4 2 87 234 2
[ (=8| t=5) = 0.494650 if m; = 195 volts

AN
R

ol thg A4t A= <E 1>o YEIT

(=8 | t;=5) = 0.148368 if m, = 2.20 volts

<E 1> D% 7|1F0| 1.958EY off Y72lel tHE{2(]
Atk g5 ME=

Time(Hr) |  Gmi1) f(t) F{t) R(t)

0.0 0 0 0 1

0.2 0 0 0 1

34 0 0 0 1

3.6 0.1389 0.012430 0.012430 0.987569
38 0.1556 0.013924 0.026354 0.973645
4.0 0.1711 0.015311 0.041666 0.958333
4.2 0.1855 0.016600 0.058266 0.941733
4.4 0.1989 0.017799 0.076066 0.923933
4.6 02115 0.018927 0.094993 0.905006
4.8 0.2233 0.019982 0.114976 0.885023
5.0 0.2346 0.020994 0.135970 0.864029
5.2 0.2455 0.021969 0.157939 0.842060
5.4 0.2560 0.022909 0.180849 0.819150
5.6 0.2664 0.023839 0.204689 0.795310
58 0.2766 0.024752 0.229442 0.770557
6.0 0.2870 0.025683 0.255125 0.744874
6.2 0.2976 0.026632 0.281757 0.718242
6.4 0.3084 0.027598 0.309356 0.690643
6.6 03198 0.028618 0.337974 0.662025
6.8 0.3317 0.029683 0.367658 0.632341
7.0 0.3444 0.030820 0.398478 0.601521
72 0.3579 0.032028 0.430506 0.569493
14 0.3723 0.033316 0.463823 0.536176
7.6 0.3879 0.034712 0.498536 0.501463
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7.8 0.4048 0.036225 0.534762 0.465237
8.0 04229 0.037845 0.572607 0427392
8.2 0.4426 0.039608 0.612215 0.387784
8.4 0.4639 0.041514 0.653729 0.346270
8.6 0.4870 0.043581 0.697310 0.302689
8.8 0.4880 0.043670 0.740981 0259018
9.0 04611 0.041263 0.782245 0.217754
9.2 04320 0.038659 0.820904 0.179095
94 0.4006 0.035849 0.856754 0.143245
9.6 0.3668 0.032824 0.889578 0.110421
9.8 0.3305 0.029576 0.919155 0.080844
10.0 02915 0.026086 0.945241 0.054758
10.2 0.2497 0.022345 0.967586 0.032413
104 0.2050 0.018345 0.985932 0.014067
10.6 0.1572 0.014067 1 0
10.8 0 [\} 1 0

5. 4E U 2%

Ad) sguee] 71FE 2l 47 ANIARE &8
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I Ay ARAN 2R QA AHESHH HAH &Y

232 7R ¥ olye A Aatdn]e] JHEE(Ava-
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