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1. Astudy has been conducted to estimate the life distfibution of mechanical seals
for pumps operated in highly corrosive and abrasive environment.  The
observation period of one year (8760 hours) for five new seals (for both at the
drive end (DE) and non-drive end (NDE)) were performed and the failures for the
sea!é were reCorded. All the seals failed at 628, 3444, 822, 846 and 236 hours
of operatio‘n. it is assumed that the failure data conforms weil to the Exponential

distribution, having the failure rate of 0.00065 failure/hour.

a. The é’hé!ysi_s mps’t be presented to the management in order to project the
" number of spares needed in the warehouse. How would you justify that the
selected Exponential distribution is the right distribution to represent the life

~of the seals at 90% confidence level? L ;

e R [8 marks]

b.  Estimate the upper and lower bounds for the mean time to failures (MTTF)
--of the seals at 90% confidence level. s g
- : r ' [8 marks] -

¢.  Evaluate the probability that the seal will fail within 1000 hours of operation
- [Bmarks]

d. | The reliabiiity Chéractéristics of:any item thrbughout its' ‘séNice life céh be
typically explained in 3 different stages. You are required to illustrate and
 discuss the 3 stages. e
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Chemind Sdn. Bhd. is a chemical manufacturing plant producing speciality
chemical used ‘as detergents for high performance fuel ‘or dispersants for
lubricant. Due to past year's high maintenance cost and high breakdown time,
the plant’s general manager instructed the asset and reliability team to review all
the equipment, as well as piping and instrumentation items in order to reduce the

maintenance cost and breakdown time.

From the data collected by the asset and reliability team, they noticed that the
mechanical seal equipped to five centrifugal pumps failed at 209, 163, 271, 196
and 188 days of operation. The failure data is assumed to fit well in the Weibull

distribution.

a W‘e_ibullgdistribﬁtion has two parameter-s..whiph are B, the:sﬁap’e paraméter
and 71, the scale parameter. Prove that m=g and ¢ =—8In(n) by
performing the linearization steps of the Weibull cumulative

= distribution functiqn,

N
F(t')"'zz'fl—é—(%) o

so that you will get in term of a linear equation, y = mx + c.

I8 ma(ks]

b.  Using the median ranking method and the rank regression method in part
(a), assess the parameters for Weibul! distribution. Comment the g value.

[ marks]

¢.  Determine the upper and lower 90% confidence limits on the true value of B

and n.

 [6marks]
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3. A fluid dispensing system consists of a main valve and two pumps arranged in.
parallel conﬁguration. The} main valve is used to-control the fluid flow from the
two pumps. Both pumps are driven by electric motors. Because of the recent
safety incident, you, as a reliability engineer are tasked to study and to predict
the reliability of the fluid dispensing system so that mitigation plans can be put in
place to prevent unscheduled breakdown.

The anaiysis of the system indicates that pump is one of the critical equipment.
TABLE Q3 shows the time between failures data and the end of observation time
is at 900 days. b S

, TABLEQ3
No | Tlme between fallures (days)
i 150
188
1 o B e
a1 BN
. .,199 b
110

a. v..Apply the Laplace trend testin. your analysrs and conclude your fi ndlng
[6 marks]

b. Assummg the pump went through mrnrmal repair, estrmate the expected;f"

35 number of fallures and relrablhty, three years aﬁer the observatron ended.
[14 marks]

[5 marks]
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There has been a continuing and increasing interest in methods for power system
reliability assessment and one of the methods used is fault tree analysis.
FIGURE Q4 shows one of the fault trees developed to estimate the risk for power

system configuration.

'

FIGURE Q4

a. By usmg bottom- up approach ONLY, propose the minimal cut set for the
fault tree and draw the simplified fault tree. ' '
[12 marks]

b. ;-*Then by usmg ONLY the S|mplif1ed fault tree determme the probab:hty of
' "E'the top event to occur by employing the probabilities of occurrence of basic
evenis as shown in TABLE Q4.
TABLE Q4 Probab|llt|es of occurrence of basic events :

- A [B|C [ DPDJIEJF|[G [H]|
Brobability | 015 | 015 | 0.04 | 0.03 | 0.05 [ 0.11 [ 006 | 0.0

" [8 marks]

C. vDis.cuss FIVE (5) key features 6f cut set and minimal cut set with regerds
to fault tree analysis.
" [5marks] -

- END OF PAPER -

i 5 i
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FORMULA SHEET

Normal distribution ;

Sample standard deviation

s ;Q{q’]usted Ran lc . Re verse Rank xPr evzqus ac_l]usted Rank +(N+1) -

Jj-03 03
N+0.4

j = Failure order number (rank number)

MedzanRankr‘ '

N =sample size ...
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Confidence bounds for Weibull Parameters:

A —0.7821_‘1/2) ~ (0.7821_“/2)
—_—l S S fexp|————
fowp (=) <p < few (—72
R ““1.0521_.(1/2) n (1'0521—0/2)
ex ——— | < .S N.eX T
e g )T TP TR
Exponential Distribution
f) == le% ~at —
m Fi)=1l-e" =1-e¢

Linearizing Exponential:
et = i
MITFED|T

R IR0
’y =Bx +C

x:t
B:Slope = 4

Confidence bounds for exponential
, . B , e
MTBF, = =5
1-Zk

H 2 n... P
Xo:/z,k
2(r+1) forTypeldata

: Where k = { 2r forTypell or con}ple‘:tedaxta

Lognormal Distribution

]le——,b! N — 1 —%(L;'E)Z
e Ry -

Flx)= CD(
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2 MTBMA
"~ MTBMA + MMT

A

v A+ fem

# = the failure rate (assuming all failures are repaired).
Jfea =the frequency of preventive maintenance, the reciprocal of PM Cydle.

AMTIR + fpasMPMT
A+ feu

MMT =

Where MTTR is the mean CM time and MPMT is the mean PM time.

L=

ne
j=1T;

A

% ~a— start of observation time
= % (b +a) b — end of observation time

T~ cumulative time between failure

“Note: If the last failure occurs at the
end of the observation period (i.e.,
t, =T), thenuse n - 1 instead of n in
the formula

1 - fi- _
\/12(ﬁ) }(b '}a) fi — number of failure

E Y

_—_Zle?l‘n(Ti)'ieb‘ S r-uUmlfiérvc)‘f failure
G e 0 w0 T- obsenrvation time -+
T
ﬁ‘

A=

BT =Ny =a(rf - 1) ;

R(T,,T,) = e~ A1)

R = e~ [AE+a)F —AtF ]
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Rank Regression, y=bx +a

> 3 > xays — S
Ys: Z; . Fm N
G.= zzz:l P é;:é] Z — g —_ 53—3 b= 1 . =
Ly v, (5
Correlation coefficient, r:
e : N ;Zigyi
- n(Fxy) - Ex)Zy) _ 2w =

r= “
[nXx? - ()2} [ nZy? - Cyr] f:zf N S
2 =
; 3 N

Coefficient of determination = r?

Boolean Alvgv ebra rules

Rules | Expressions
1. Associative Law (A+B)+C=A+(B+C}=A+B+C

(AB)C = A(BC) = ABC

2, Distribu}tziuve I_:aV\i"E ', o . X(Y +Z)= XY + XZ - . i .
X+YZ=(X+Y)}X+2)

3. Commutative Law AB =BA
A+B=B+A

4.AbsorptionLaw . . | X+XY=X.
X{X+Y)=X

5. Idempotent Law A*A=A
# EREHE i A ¥ A = A iy
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Standard Normal Table, Z
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Kolmogorov-Smirnov Table

1
2 0684 0726 0.776 0.842 093
3 0.565 0597 0642 0.708 0.83
3 0.294 0525 0564 0.624 073
5 0446 0474 0510 0.565 067
5 oat0 | 0,435—_j 0470 0521 062
7 0381 0.405 0,438 0.486 058
8 0358 0381 0.4711 0.457 054
9 0339 0.360 0388 0.432 051
0 0322 0343 0,368 0.410 049
11 0307 0.326 0352 0.391 0.47
12 0205 | 0313 | 038 T 0375 045
13 0.302 0.325 0.361 0.43
T4 0202 | 0314 T 0349 042
15 0283 ~ 0304 0338 0.40
16 G274 | 029 03% | 039
7 0266 | . 0286 0318 038
18 0259 | o028 0,300 037
19 ~0.252 0272 0.301 036
.20 chae L L
2 022 0270 032
lL 30 0200 | 0240 | 028
35 0190 0.210 0230 027

M
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~ Chi-Square Table

5w aq aju e wn =R

™




