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Diagnosis of Compressor Failure by Fault Tree Analysis
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Abstract

The application of fault tree technique to the analysis of compressor failure is considered. The
techniques involve the decomposition of the system into a form of fault tree where certain basic
events lead to a specified top event which signifies the total failure of the system. In this paper,
fault trees are made by using fault train of screw type air compressor failure. The fault trees are
used to obtain minimal cut sets from the modes of system failure and, hence the system failure
rate for the top event can be calculated. The method of constructing fault trees and the subsequent
estimation of reliability of the system is illustrated through compressor failure. It is proved that
FTA is efficient to investigate the compressor failure modes and diagnose system.

LM B

e
3
i)

a2 o

w2
=
).
>
g
b

7V A=
253}
=] a3}

19703 ojF o} AA-Fde) whE
dol Be s spAger 59, @
AR A8 8] F2A Q) ]

p o ‘g'
w}aw U 34l
%-3« A9

|=H
il
«\n
B

2
0
d
>
>
0
o
S
L
t
i
k
) -4
e
_yL
e X
r;‘i fr
e oy
taopn b

o 32

RAJ:S
a o?: rﬁ

plaA

ok oo fr N o o 0

[

a
"
|o
u
LM
>
o
rr
ok

g3 4, vadetm A4 g e et
454, $AET A4 A2 et
e el S TA AT

<+ A&tz ek PP ol W AlXelA
AAY AEE 2] LAY 9L olgaol Wl
Lol o0 nfYEAd s s, 2o

£ Awjalele) BEiA gl A
e »mﬂsxgon e 7 A A

"

k3 Az JARE
AAsle] 2 el TS AZgozH 7AY
AL S oldbshe kel AvbA gga, Aldel

g ZIA S A2 Aekslr] $s] s)A e
olAlgE Astel] A Fr1HA FFBA FEH A

YA Ao] Wase© dpdoz dvinge Aa

Je FAste o 7]7413- FTolA & Sae od

Ao A ol A" v SAl el o
&g vlAH daHel ATE A=A PG
ot wets Ala" AAFE A" 2 oo
{element)ol] i H&GF A4} o]z UAF A=
B 238 «dFdtm, of AT F Y=E A=
B sk, AdAE &b ofF it A4



128 o] g3} .

B AejAls #a ohz, #AAQ 84, A
5, A o AsiaAel] gt AAH|L F
Al FHold AES Hadeh, HAE Al2d
oA AT EAo] o AgtrlEutez 2 ZAY
ey Aes sl =P oz, VA 4 2
A5F o9 AZE MHde Aol /¢ £E
HAAE & F71 gleh. 7148 4be (health condi-
tion) & &3 s1Eds] HAdMAe JFE e
£ A3E d4der AAde AE FLA
AANE EeHq] A4S AF TR wet EE
Aoz BAFozx nAYAE A3z =haA
2% + 3ot Nakamura §7¢ z3Azied
(FDM : fault diagnostic model) & ©¢|&3ld =%
Aty Assided, oA e dojute d
AE 29 9#8 AF(symptom)o] Hdd FE
2% Hol ek zelu oram e 2z A
Fol g nPYAL AMte Ao A=y A
Aol Al 249 Aol AHA ]!:E\‘J 2Ao) ol A
o 9gg rlaeAt A & ¢ gk Al
Bl AAHd nAE471d Fo st FTA
(fault tree analysis)7|¥ o8 B33l A|xde] A
AN A2 nAEAE g 3] 3o F
WA AFEHz Yoy &0 o) g2 &3 oW 9
A Lo ol odle] DS E ARE u|Hel
w5171 $)sled =2 AHEsn glev, 53 Ad
S B4g Aage) AN HAEE 243
8t gy AEEHAdT, Ag@EEolls de
o) g5 et FulelAE A4 AFEel
g Azrt g2 FdEn g AR ofy F
Wol 4 FTAS) % & $432 ek FTA
o] A" Fo shix dubdelx, whuAql AgA
HE FT (fault tree) 5 o] &3l AT AR A
AReg 5 “Lrti'"’%*% g 4 Uk £ dTdAe
F E}9] oo} F = &) 4 (air compressor)
o] 2 AARRAE 9sled St & £4F
% 7

Ho4oa, 2AelAE o Goted &R wlof o)
Z2AALE Foel Wold Axel AAe FHEH
2, AAGAE o Fed 29 AYBHL 5
o Folse o o Woigeol s FxalA
9 wAAd nREdde TR FTE 443
23, A4Y FTE o143l FEAbabe] Uolrps]

A3 "He A43e) ZjE2ALAEY A¥Y v
A A (minimal cut sets) & T3}, AEH7} o

AfdAgE P

SEEREEE

2. 0|8H uig

2.1 FT P&y

289 n3ARE 2 A2y AAANAF 2}
EAHE 7@ ADALE o] &3l FE 4 gl
Aak, dulx o Malaskyst #etd Fig 19
FTAo| 9@ 23wy 44| 92 o g5k
mz sAsee Aade] FAFelslEg siotd
F o4sle AAE AA AdA A AAEAE
Nzz A BWA 2AYY 2 o9g AR
H?{ii* A3 A AHE A3} L83}
o AMuAzgie] dPes =24 H A8t
AEAelR 57193 ol (trigger) 2 B 2 $
ZA37) 938 olw) A s A (PHA : preliminary
hazard analysis) & A4t} dujAlasidal E
AE F3o xaAEE Aastn, AswAgE
Zgze Add deoz FTE A4gdtn A%
FTE 4438 Y24 (boolean algebra) & A}-&-
A 745 g 7 Asbe] ot wAlsES
FTol ZAlgch mlx|utez FTE o] &3l &4
b Ajale] BAHES A4bslx, S ¢l=
stod xo)7t Qlewd FTE ARES S #4870
Al 2dg deigey, FTaAA] A28 n7el 47
g FAtold, shEAla, FAAAE A"l HA
23S el e Z3 A e AR FT: &
Aol AAHE A4EY AR A4 e
2ol oste] FHUL, 49 FFAAA e

Data

Preliminary Hazards Failure Rate Occurence | Time
Analysis Rate

¥y

FT Preparati:_]n—
r—— ] Failure Occurence Probability

E" i Algebra Indi }

&

Hazards Origination
» Main Cause Elucidation

Fig. 1 The procedure of FTA



FTAZIW £ o8¢ ¥

o 7h53 712Hq YAsol £ AolE2 Az
o] 332 AR Tree: 2T 7|2 A Aol
7)1 2Ylell =etE artzx] AAE, 24 1A
dEol ANE Tl FAR A2d P A
Y F A"z HoE § gk ol EFe] v

Wl A 5l o}, OIEN} HAol A HH ] 4
A% 4 goh. FTE S35 A4

Pnd rh‘.]

22 1FE 9ut

R (A" 84)E F
bR, ZALARAZE
FT 8o glo 71& AU (84
FAAez o
Fdwliomyww A4 R(D)
b tell @ Alzmlel 43
Ao, A7 elA AW Y wREL
Az oz FA=C

R e
J}nr]o.“p‘im

2§ ol

20
L
o

>

PG aule] =3 OR AolEg dAx Az
£ &3 o] AAE 4 Yok @

Rs= ﬁ Ait:__e—;lst (2)

'I-Ivux

A (3

M

As=

i=1

Aol e AND Aol=d] g Afs
£ ohest 2

=1-[TA-e™) ()

i=

(1 R =

i ,,':1:

Rp=1

-l

45 (Dol A

2>

_ 1 dR (t) __JE:/L'(ZF'D
Ao(t) =~ A Bz (5)

A7 A, te 4Pl
1

Z;= ),; 1,2,3,,m (6)

(1—e™

23 DNFANUERE
Alxd 71EE 2L A7kel il dAG ¥ =

Za) Al 129
o £2& JehdEd o nAAEE ¥
Al Lo A 27t 8 4ol ‘WM*H‘%Eﬂ o
AARE 4 glch, whe] UHo Big OR A oj
A 9 (0)9 2AANEZE hEa 2o},

o

Fo(t)= [ (1-Fi(1)) (7

||z:

fo (t)—dF" é t)n{1 Fi(£) )
3714, fi(t) 1 84 2 u]yLLal 3
F.(t) 124 3

Zk7tel BRE8 4w olF AEZL F
vl X2 ke EYoLe spYstn, A2 74,
AAAEFL FUT AFFAFANA 2AEL AR
of whet A3 Aoz AL A4S LAAE
X (corresponding failure time distribution) = =]

32} 5o} o] A%

Ri(¢) =e®M0 9

Ro(8) =1=F, (1) = ¥4t (10)
o] 714,

As(8) Zl/h(t) v

ﬁ(t)—‘/‘_z:}t—a EXD{-%(L_—
A @ Fo()st fo(t)e 24 FAHE

of g3l A" 4 Uch w24 YA
AND o] el tste]
Fo(t)=T1F:(1) (13)
293,
fo(t)—Z{f.(t F(} (14)

j=1
B33

x.s.

ek AR 24 33FE L), RO AsE
Zebd

n

Fo(t) = [T Fi(8) = [1{1— e"81%) (15)

i=1 i=1

folt) = é [A,-(t) e""““”d”}-{:l{l - e(-};umar)}] (16)

i=1
NEES



B

vl 8- 3

130

et f(H)7F AtEzed F() L= +
A A gl oste] A4E + ek

3. 4

i

U

2 QFolAe FTA H&A|2A olojgxa4
Wbl HgsmAdet Fig 28
gxade WETE 2 A50AUFE dehd 2
olct, FEFEEAM AL Fsled FAlHAa
gzeld Mrotors F5A72, % Told M-
timing 7)o} & %-dle F-timing 7|o]2 F3Ho] A
Zs5o] 44 Frotord TEA71224 3974 A
o Z18 k&7 74 2 (rotor) & 2.3
(o-ring) 3} 7}£-8) (carbon-ring) ol &3] =] =
o, 7lolet =& EzAE #|o)8 (trust bearing)
3 gelg 22 AL Flolel ste] A
sk Table 1o ofojZ = alAe} Alekg vhelu]dl
o}, wA] stEd o]z AME At Ao

O
ik
> op
2
(d
2

¢ v MOUHRNL F-timming gear
[ R — J
. Ferotor 1
Pindon =
_B6 2 02
— M-rotor
L [~] ol B4
Bal & rofler bearing *
M-timing gear

Fig. 2 The mechanical structure of air compressor

Table 1 The specification of air compressor

Classification Specification
Compressor type Screw type
Capacity 100 (m3/min)
Pressure 7.0 (kg;/cm?)
Motor power 900 (KW)
M-timing gear Rev. 10202 (rpm)
F-timing gear Rev. 6734 (rpm)
Casing gap:

Rotor and casing 0.065~0.085 (mm)

Rotor and rotor 0.1~0.4 (mm)
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Fig. 3 The pictures of air compressor failure
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(b) The hardness of bearing roller

Fig. 6 The hardness measuring point and hardness of
bearing roller cross section
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Fig. 9 The fault train of air compressor
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Bear Group 11
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Fig. 10 The fault tree of air compressor
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Table 2 The failure rate and reliability of air compressor components

Component{event) Failure rate in hr-1(4) Reliability(R)
PE1 102 0.9992
PE 2 2%x10~* 0.9999
PE 3 2x10-¢ 0.99995
PE 4 2x10-¢ 0.99995
PE5 2%1078 0.99995
PE Bt(B1 and B2) 2x1077 0.999997
PE 0i(O1 and 02) 0.5%x10°¢ 0.999993
PE Ci(C1 and C2) 1x10°¢ 0.99997
PE Bm(B3,B4,B5,B6) 7x107° 0.99995
PEY 2% 107 0.99995
PE 10 0.876x10°° 0.999995
PE 11 1x107¢ 0.999999
PE 12 1x10-° 0.99997
PE 13 4x10-¢ 0.99993
PE 14 1x10-¢ 0.99997
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