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A Study on the Construction of Function Tree using Function Deployment
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ABSTRACT

Fault tree analysis (FTA) is a widely used methodology for reliability analysis. The method is useful in that it suggests a
very comprehensive way of describing the hierarchical relations of causes of faults and the corresponding results. However it
is difficuit to get appropriate fault trees for given products or systems without very profound knowledge and experience. This

work aims to develop a methodology of fault tree construction using the results of function deployment for machine parts,

which provides an objective way of preparing fault trees. The failure modes are defined to each function network generated
by the function deployment method and the fault tree with respect to each viewpoint is constructed by arranging the failure
modes. The fault tree is finally obtained by synthesizing the fault trees with respect to each viewpoint. The example of fault

tree construction is also shown
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Fig. 1

Framework of Fault Tree deployment
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Table 1 Example of function and interaction definitions

Fixed Scrol) and Discharge Valve(R)

Function of | Compression of the refrigerant using mechanical energy
fixed scrolt derived from orbiting scrofl

Function of
discharge valve

Discharge of the high pressure refrigerant to the
discharge cover

Fixed scroll compress low pressure refrigergnt and

Interaction delivers high pressure refrigerent to the discharge valve
Force  [Material Flow|Energy Flow]
Score J*R 0 1 0
R-J 0 0 0

3.4 &Y From-To Relation Matrix =t

o SANA Hogd Z #H U ¥ JF
L AZTRARAY FFE AYsid Adstn olg &
23l9 From-To Relation Matrix& 2HA4] gt

3.5 1&3

S Aol A ZAAE From-To Relation Matrix:
Fig4ol 83 ¢x=lE5g B39 7159 4add
4o wel Matrixe] 8E FAE w3 AujAg
o &, AwAE Matrixe 253 ©@ Hejo] ueg
AR, Y, ¥y o2 EHEY. Matrixd
9 Zt a§E st AEE FEIE Aoz
Aojgrl,

Celumn
Search(m,b)
i=0 to n,)=0 I=m+iton

i

v

g=\| Update Matrix
~ =
N

Groupingi( 1, b}

Neoxt i Next /
+
End i=m+1ton

@—V— Update Matrix
Al

Column Selsct
Sk N —i Grouping(?, b) ]
Coilumn
| Searchik,a) Next 2

Fig.4 Grouping algorithm



36 7l HAXT =Y

s BAZE ZF #PEE 153 dudEe
o] 83t WY MatrixE #-§3td FA3 A} Scroll
4F710) W3t FAE &4 #dE 7l A= 2
= Fig5~73 2l

Electic part

I Stator Ass'¥(B)

*  Rotord() Crank Shaft(E)

]

Slide Bush(F)

l

Orbiting
Seral(G)

| 0il Propelier(H )

Fig.5 Function network for energy flow

Orbiting
Seroll(G)

Fisad
Scrol(J)

Discharge
vawe{R)

Discharge

Suction
Cover(S)

Tube(Q)

% L

Discharge
Tute(U)

Fig.6 Function network for material flow

{Static Force>

Case(N) i’—‘{

{Dynamiz Force>
[omunaww:o)H SIIGeBu!‘(F)J'—’{Cra*SmME)H Rotor(C} H

Fig.7 Function network for force flow

Discharge
Coveri3)

H Fixed ScrolllJ] HMain Fvame;!

Balance
weight(D)

4. Function Tree X771 &y

Scroll ¢4&71& W AFoz st & dF9
M ES A{AA 2E odgd g 4 ¢4E7)
9 71%E€ =HYsr] 93 #HFL AHdew,
‘Energy Flow’, ‘Material Flow’, ‘Force Flow’2] A &3
oA £A%ch ¥ HoA & ‘Material Flow’$) vl
BE 2HE 2o AYsriz ok

-404-

4.1 dHol e 7|s HH

71% #AAY 2nE 2 FAHA PP 33
oA A uie Zor Y] 35 FHo e
71 AN A= Fig6t Btk Fig6d 7| 5HNE
oA Ztzte] B2 RFo 99 5L vy,
BEE2 44 AL g9 7 Atole] A5 @A
A& JERdh

A

=3

4.2 Function Tree X7l 9

Function Tree AMolA 7% AMEEs 1%
Aot 1 g B wASs AAHdez HYy
AA Bt Fx Aotk VoA 7T AMEe Zt
B9 Mo g8 Z7) Jlsd ZE 23 WAE
K3t Z}zbe] dA A ofuFd 1Fo] dold
F JeAE€ EF HAWT Fig82 Function
Networkol 11789) e} (Failure Mode)E EA| G o

ot}

Blocked of
leaking tube

Suction
Tube

Leakage
Blade fallure

9
A
T

Malfunction
Valve blockage
Discharge
Valve

Leakage
Caused by
Pressure

Discharge
Cover

o —

Fixed
Scroll

Tube
Fig.8 Fault modes expressed in function network

Fig8% 2ol 715 AHEel 758 BE 23
Fae BRSH 2] dold 4 Ax RE B
& WEE 44 28 3 5 Aok A9 2YelA
£ 49e st Bl EASANY, AAz
£ RE BE3 Ho) W] 2% PAL 5

Z1gstA |t

43 &0 mE 5 & Function Tree & 74

Function Network 744 %39 7% ANEE
R, AR 7% MAEe G WAE Fos)
o dojx 1A W48 t}A] Function Network?]
& T2 uet JEsE gty nggAdol st
o] Ef] Fx& olFA 9tk Fig1® Zo] Fault
Tree®] ZF @A Function Network?] Z+ &3} o
SHA Hed, old wioz Eg FXE #3335



o o] old AANE F ¢ WA Ef F2E §
Zsbd Ao & Fault TreeE €8 4 ot

71&9] "W ol M= Fault Treet Top-downd 4]0
2 HAH %oz RE £AaHor 3y dAE
28 e Wyt g2y, E d79 $dAe
Z}2}o] Fault Tree A7) @AE 71&9 Fault Treed
A e g2 dEdes dAHTE B3
At old WP AME B H4A 2l
ALY & Ade FHo] dow, =3 Function
Network®l] 4] Fault Tree® o] 5 & o] A@AHQ
AHEL A FYPPHB 7|Z9 W nigte A
Brte] AEE Ao i E=rt Hold = gl
T Aol At

Fault Tree® TA3t7] 918 oAl 715 HAApxel
Uadd 14 92412 Function Network 2] Ag 7
Zo 22 A A7t} Function Networkoll e
Z}7] B89 97l%50] Fault Treedl Ao shte] %
@97t "ok ol WS olfdty & #FH
WA AME Fault TreeE TS BE o & goh
Fig9t ‘vzl 358 @HNA9 5 Fault Treed
T4 Zol|v, Fig.102 ‘Force Flow &Aool 7]
% AN 2 sFEE Fault Tree2] ZA3}ojct

o 2a-
Propeber
ana || tatedy

Crank ol
Shat Propelier
uy 28
Bush
Scroll
Biade
2
Orbiting.
Strod

Fig.9 Link between fault modes and fault tree
with respect to energy flow

Fig.10 Link between fault modes and fault tree
with respect to force flow

-405-

2} Zol AZIA] #FHol WE Fault TreeE
Function Network® 7]%2 % 7|% AHHE28E

28ttt

4.4 M Fault Tree & +4

vl gt GAlE oA 4 FH'H Fault TreeS
€ SR BEste Aot JHAEE FoA A
7R} Fault TreeE AT|HE Algt7igl dAg) of
o 3o Jjgo] g st F&EHE HeoL @
A 7= gy dE o] HA Fault TreeE BT
‘Energy Flow’ 7} 3v} 3.8°9] &9 QAR FoiA
Atk Fig.11& A A Fault Tree®] ZAolr},

Fig.11 Complete fault tree of a scroll compressor

o] AAL XF7A BN BE Fault TreeE &
1%o] dojyg F¥o AFTRo ue Jydste=
Holmy AA} Function Networkol]l thal A& e 7
e AAEA @ g 22 A 2 e A
& zol7k gA "l

5 d8 A g% 7wy

£ =EAAE FTAolA ALSEE Fault TreeE
ANE7) A4 AARY TyHe ALt o
1 AFEY 7iF A4 Az 7AY 4 3dd
58 Function Network® 839 z}2}9] Function
Networkell @] e @Y 3F9 753 »F
E Atolo] B35 @AM #YFE F gl RE 1
Z HHE Ao o8 EUE 7 #WE Fault
TreeE T8 oA FAHAE Z #HEE Fault
TreeE9 4% FUAHLE EHsld 3hio %€
Fault TreeE FATC2ZH FTAE Y3515 gt}



ole]g WHE ML-g E38lo Fault TreeE T4 3}
7] 93 AFY 7% A A2 oA
Function TreeS #-8-3t= AMAZQ ¥y & Adgo
28 71A% AE 2ol 1 7159 o) Extsl
I 32 Q13 Fault Tree 7A o] BAF ALolx &
ol3tAl FTAE 78 + UEF o)

EFgA AANE WP osle FALHE
Fault Treeq] 42, ¥4 Function Networkol 4] 2]
@9l BE9 7l 45 @AV A" rEEA
23le LAE= 4L Fault2 A olstn 843ty
Fault Tree& TAFOZH AAHA FA W& F
8to] Fault TreeZ #|4zte] Aoy} FY nrote
AF/AHA AL B 4L F JddE Holy,
EAZE Function Network™ Fault TreeAlololl <7
AE 7K1 Qo2 g Fault7l @AeE o] T4
<l e} HE REEEL Function Network oAl
folatA Hotd 4 e 39 Faulty) o ¥
9 715 e 9 =3 LoldA g 5
Aok Holr},

¥ AF HEoz2E di AFY 7% AA
E AEY &9 89 A seugay o 7]
% 2 e Heivig e 43 dANRE 188
ol AZ2<Q Function Network® FA3l1 ol& &
431 Fault TreeS A & UEE F7 {0} o]
g AFAQA Fault TreeE Fd B}l Adsn
AAAJA FTaZl 75l R g4d A4
49 ZAg g £ Qg E=F AZH
Function Network®} 7153 Fault TreeE 83t A
Az AF A5 AAEE FHAA7 A8y
Zag 44 848 Hobsin, ERJF A .48
HASE A9 LA 75 Faults vlg Hotgd
Qovpg ot A8 A7 Hed A Aotk

i}

e

1. Geymayr, I, Ebecken, N., "Fault Tree Analysis: A
Knowiledge-Engineering Approach," [EEE Trans.
On Reliability, Vol. 44, No. 1, pp.37-45, 1995,

2. oldA, o1F Y, "FT o WME A= AL 9
g |," Journal of KIIS, Vol. 12, No. 3, pp. 180-
190, 1997.

3. Vemuri, K., Dugan, J., and Sullivan, K., "A Design
Language for Automatic Synthesis of Fault Trees,"
1999 Proceedings of Annual Reliability and
Maintainability Symposium, pp. 91 - 96, 1999,

-406-

AZE, 2%, HAAFel o7 FTEA 2
B B shEAkgerAst s A), A 12 F,
3 %, pp. 155-160, 1997.

ST, o], BAF, WA, "dA Y
28 Mgg A% AF sl AA gl
g AT 99 dx FA stEdd =83,
= AFdF53], pp. 471-475, 1999.

Al
#
Ll



