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Reliability Analysis of the Vacuum Assisted Resin

Infusion Process System for the Yacht Hull
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Abstract: In observation of improving the reliability of hull shape quality, the vacuum assisted resin in-
fusion process system was taken as a reference for empirical studies. A logic relationship between the process
and the system was firstly determined via the analysis of the system failure form. The reliability index of the
system and the reliability curve were then obtained by employing Monte Carlo method. It shows that the result
from the presented method can be used as a reference for the quality control of yacht production process.
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Preparation Foam core Diversion /stripping cloth . vacuum bag Deaeration Resin Hardener
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Cut GFC Resin . Exhaust pipe / port Hull shaping Refurbishment , paint
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Fig.1 The flow diagram of vacuum assisted resin infusion for the yacht hull
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Fig.2 The equipment chart of vacuum assisted resin infusion for the yacht hull
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Tab.1 The elementary event of fault tree

i~z FAF (eE] FF (%] HF
Code Accident Code Accident Code Accident
. SRR B o HRREAGE . BRREAA
The hull defect ! Don’t shine 2 Poor-quality
g EESERR g SESRAPRHERE R g PIERBRBELE A
? The mould-support failure ¢ Failure of performance 3 Resin non-impregnated FRP
o HRBEE o S RGE L MR
6 Fiber permeability decline 7 Vacuum-system fault 8 Vacuum pump doesn’t work
I o o USRI RS o R
? Exhaust pipe leakage % Perfusion system fault = Resin flow rate slows
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gx
NE FF NE FF NE FF
Code Accident Code Accident Code Accident
d d d d d d
g SNSRI Y x,  JEARELEE IR AR BRI x,  JEARELEE AR
12 Improper control ! Defective bottom of the mold 2 Defective bow of the mold
X, PEHSCHRRAR AT A B X, SRR X, SEPRELEAE AR L SRR
3 Layout is unreasonable 4 Stent welding unstable 3 Defective broadside of the mold
X, PR RN AR A [ X, BARKWERIE AL x. PRI AR
6 Steel welding unstable 7 Thickness unevenness 8 Presence of impurities
x.  DESERERIABIELR x. IR ShE R TR X YRR AN
o Waxing doesn’t requirements 10 Resin flow rate slows 1 Fiber ply angle irregularities
o AR A o AURRR R A o HAEATE
12° " Thickness unreasonable 13 Quality substandard 4 Vacuum pump oil isn’t clean
P ) v L v L
15 Exhaust valve wear 16 Motor doesn’t work 17 Seal worn
P T P S E T o Al
18 Vacuum bag rupture 19 Venting port isn’t seal 0 Human misoperation
v R AR v EEL v EITER
2 Not timely maintenance 2 Plpe crake z Valve wear
x.. WIRBGEA A X WIER R Y. EEEIAR
2 Resin air bladder B Higher resin viscosity % TInsufficient pressure
o ERRE I ES PR o
27 : : 28 e 29 e
Excess resin Injection gate damage Resin pipe block
v SRERERA S v SERRE TR v HEELBUR
3 Distribution media substandard 3 Hull local dry patches 32 Oven machine damage
v TBTOHEREANE | SRk
33 Temperature substandard 3 Strip mold operation errors
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The fault tree of vacuum assisted resin infusion for the yacht hull
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1) SRAFIAL, 7350 i Bl TR K T 258 i e A = e g o A i, IR e i A F Y &
FMERUE (0 ~ 1.0) , PEHIBIACEFEN S S, + S, +S,, +S,0 + S, =138, +S5+S,,+S,, =1;
Sps + S + S5 + S + Sy + S, =1, MERHITEAR, HBHFR2 MEOTER,

2) JEFIEFRESBIEMAUE, TS, SIS B EMAEXT I, RS2
AIEERERONARSE . AT X, A, SERIAUE S, = (0.4 +0.4 +0.2 +0.2 +0.35)/5 = 0.34 ; Ji§
Pl X BIEMBUE AR S, = S/(1 - X 5.5) WHAE, WS, = 5,/(1.0 = (S, - S5+
+ S, S5,)) =0.521,

i EIRAPER, SR AR F A AU, BASR2 T,

3) TFFRICE , R EIMAUE S AE A L 5 A BB 1 R A0, THEAS 3P X AL (.
F, = F/11S,, B F, 3R sk X, 88, RFELUR S0 X, 001, B BIHSCR ), n] LS5
Flk X, (BEEMEEAL) BRAEEN16.84 x 107 /h, W4 F, = F;;/ (S + S+ S;7) = 0.01862

RAMEEMABUEHS, W. F', = F,/ (S5, * S, * Si,) = 0.004311

F, FoRFRMBUE A TRBUR; F' Fon B IEMBUETRF T REBE,

S TCHCERFTE] £y M 2 Eypge = 1/F', = 1/0.004311 = 231.965 h

F2 EFBEBEIZRZSMERNTREME
Tab.2 The engineering weight table of the fault tree of vacuum assisted resin infusion for the yacht hull

T M5 1 M52 W73 W= 4 =5 SEEIIMAL( S, ) BIEMA( S, )
Tiem No. 1 No.2 No.3 No. 4 No.5 Mean weighted( 3; ) Revised weighted( 3, )
E, 0.20 0.20 0. 20 0. 30 0.35 0.24 0.398
E, 0. 01 0.10 0.10 0. 30 0.05 0.15 0.249
E, 0. 60 0. 20 0.15 0. 20 0.15 0.19 0.315
E, 0. 20 0.10 0.10 0. 20 0.10 0.14 0.238
E, 0.05 0. 20 0. 10 0. 10 0. 10 0.13 0.221
E, 0.10 0. 30 0.35 0.10 0.15 0.22 0.365
E, 0.09 0.20 0.20 0.10 0.30 0. 20 0.332
X, 0.10 0.10 0. 50 0.10 0.15 0.13 0. 199
X 0.40 0. 40 0. 20 0. 40 0. 40 0. 39 0.598
X6 0.10 0. 10 0. 10 0. 30 0. 10 0.14 0.215
X, 0. 40 0. 40 0.20 0.20 0.35 0.34 0.521
X 0.05 0. 20 0. 20 0. 30 0.10 0.21 0.358
X, 0. 50 0. 20 0. 20 0. 30 0.15 0.22 0.375
Xy 0.10 0. 20 0.25 0.05 0. 20 0.17 0.289
X,, 0.10 0.10 0.15 0.05 0.35 0.13 0.221
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[FIEEER, SR A3 213 3 RS R R A e B, Sl MATLAB V-5 #1705 5t
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ERFIR RGN FERE R(¢) ek, BAERFRRZEATRE F(r) ik,
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Tab.3 Failure probability and importance of elementary events

Fi NAJT ZLIE [0 Tmax . WA RIS, 4)7
. 75 i 322 . .. 75 i 322 . L5 e A1 I\ P /A,; STE
gedepr RBBE gy | ey REBR gacq SIS S OB
Failure Failure Enter 7T'max. M . Ns and Failure
Elementar probability Importance || Elementar probability Importance distribution function of basic event
\ -5l d S -5l d
events ( /10 h ) egree events ( /10 h ) egree ‘ T EW\ 2&5(
X, 16. 08 0. 036 Xig 20. 39 0.038 Slmula;:ln times
X, 21.34 0. 046 X, 5.68 0.015 S R :
SIS BN LA AR IS4 1A B AT L4 A
X, 15.52 0.032 X, 10. 52 0.023 Using Monte Carlo method for Random
sampling failure time of the event
X, 14. 83 0.035 X, 3.35 0. 006 *L
X, 18. 61 0. 041 X,, 3.29 0. 007 SRS ] N 2)s 5) ICHIE) 7
; Sort small to big
X 53.06 0. 136 Xy 4.95 0.015 tr<tp<tp--<tp
X. X
’ 38.92 0. 082 # 8.27 0.021 FA AL RO Tl e, <) BE 72
X 21.13 0. 040 X5 13.72 0.031 B SA e it
Record i and statistical distribution
X, 25.53 0. 048 Xy 2. 14 0. 002 e
Xy 18. 25 0. 038 Xy 19. 05 0. 045
N
X, 4.16 0. 008 X, 5.29 0.014 @
Xy, 16. 38 0. 039 Xy 1.75 0. 002 P o Y* ; - T
S A S = A T R N S N S T IE T2
X13 7.18 0.019 X3O 0.92 0. 006 Stal;lstlcs ﬁnd calculate ;hc rclia{)ll;t.y::?r:.dcx. depicting the curve
of system reliability
X, 8.34 0.023 X5 17.24 0.036
gl
Xis 3.26 0. 006 X, 8.92 0.013 EnH;
X, 1.86 0. 005 X, 1576 0.038 B4 BEREE
Xy 6.84 0. 037 Xy 11.05 0.017 Fig.4 The flow chart of simulation
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