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Abstract: Automotive fuel tank is generally divided into two parts: main frame and assembly parts. While the car is
running, valves are used to prevent liquid carry over and to discharge evaporated gas from the fuel tank. However,
current fuel tank designs focus on the gas ventilation or secured location. In this study, the location of the parts used to
prevent liquid carry over within the fuel tank is evaluated during an optimal design process. To develop this design
process, an approximate optimization is applied. Through the optimal design process, the optimal valve location in fuel
tank is determined and the approximate optimization is validated by the Taguchi method. Finally, the optimized valve
location is used to reduce the development cost and time and to contribute toward improved automobile quality owing
to enhanced reliability.
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Fig. 1 Automotive fuel tank

Fig. 2 Assembly component of automotive fuel tank
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Table 1 Design variable
Design Variable Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
X1 ROV Position Front Middle | Front Left | Front Right | Rear Middle | Rear Left |Rear Right
X, FLVV Position Front Middle | Front Left | Front Right | Rear Middle | Rear Left |Rear Right
X3 Fuel Tank Type Cigar Type | Saddle Type | Single Type - - -
X4 FLVYV Oirifice Size 11mm 13mm 15mm - - -
. Plastic
Xs ROV Seal Type Plastic + Rubber - - - -
X6 Fuel Level 80% 85% 90% 100% - -
A% 9AFS 24T + Ak 98 8% 2L
AAR 7t Adxde] stes A8 drdAas
AFstel AWMA A FPPF A5 ¥ X
A AR dAste] A s NN
3. =[H4A m a
3.0 A 2FAlg W MAMS ' .
A=z A5 IE B} A Hola oA EA Fig. 4 Saddle type fuel tank
AAsHE S fal AR AAH= 2
BHEo SU7tA WET S FAAZIEA AbsAt
T3 Al M= g5 o3 dn dFES F
23 doF ATk weby Furks WES 9d
B9 7]9-4Q1 AlHE ofe} Z]E Al Al
2 MEAVES BoSe AN hE Hn
¢} 71 vlo) A8 JdH-o JEFS njE Aoz JoAf
HE QAES AAMFE Ak
T AR d@Xe PE & dF%E A 2L Fig. 5 Cigar type fuel tank
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Table 2 Orthogonal array (OA, L3s2'3°4'6%)
Design Variable Objective Function
*P ROV FLVV | Fuel Tank | | =Y | ROV Fuel Liquid Carry Over (cc)
No. Positi Positi T Orifice Seal Level
osi1tion osition ype Size Type €ve Rep. 1 Rep. 2 Rep. 3
1 1 1 1 2 1 4 4.0 5.5 3.5
2 2 2 1 2 2 4 5.0 6.0 5.0
3 1 2 2 3 1 1 5.0 6.0 5.5
4 2 1 2 3 2 1 3.0 3.0 4.0
5 3 5 1 3 1 2 1.0 1.5 1.2
6 4 6 1 3 1 3 5.0 7.0 6.0
31 1 4 1 1 2 4 0.5 0.5 1.0
32 2 3 1 1 2 2 7.0 6.0 7.0
33 3 1 3 2 2 3 3.0 3.0 3.5
34 4 2 3 2 1 2 2.5 3.0 3.0
35 3 2 1 1 2 1 6.0 2.5 7.0
36 4 1 1 1 1 3 1.0 6.0 1.0
33000 = Evaluation Selection
-E ) .5 340 f ) Selected Population
g & e 208 76182 |
3 =5 Initial — — =
g o g o :
<> |
EEEEEE X]; D “ Xz "“ ) Hiiriest Computation Mutation Recombination
'E 36400 l“a 355400 - ,i
é . é - Fig. 10 Procedure of the evolutionary algorithm
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(Recombination), & ¥ o] (Mutation)& &3l = %3l
& mESHE Witk o WHel FYIYL Fig

i=]
103 a1, FH23E 5 7] gEddts

e 297 2ARds Agsa, st
% SEIEEE IS E I

vE i v 2, FEAE I} aT)
Fe Fele] Zow du A gsl, aa A8}
85% & Wl 7P Am o] e Ao e
ek,

34 CFPA welg o 2N AS
33 Aol AHHEAZ B drEel o
g AAwse) AAxEE RAAT o 2
&

ek F2 7 e EAAE 7 g A

o meskA RE Aolv, F WAL veEe
|

oY AAWFE B A2 FEFR A
sheto] ZARAS AAF ol
weba AA Ao A delel A HAEE

et =2,

A48/ Ang Any gow Wnst L g 48 w9 & 5 Qa, o
Fol o4 AAWSE FEHoR UE 5 Ut
Table 3 Optimum of approximate optimization O3 WS 23] 33 Ao A A" AA AnE
. . Optimum Optimum Asstal, RIS T8 thtA W 79 o]
Design Variable = == )R] 2 B0 ) ==L
Level Result sto] =&¥ HAXFS AU
X ROV Position 4 Rear Middle
X5 FLVYV Position 4 Rear Middle 34.1S/NH|Q} EAIEM T
x3 | Fuel Tank Type 2 Saddle Type B =RoxNEe BAILE HAsEE AAEA
X4 | FLVV Orifice Size 2 }3mm 2 g2 i EAE gAEHoz AAd)
Plastic +
x5 | ROV Seal Type 2 Rubber .
X6 Fuel Level 2 85% SN. =—10log {; y; } ®))
j=1
Table 4 Signal to noise ratio (S/N ratio)
Control Factor
FLVV ROV
Exp. ROV FL.V.V Fuel Tank Orifice Seal Fuel Level S/N Ratio
No. Position Position Type .
(A) (B) ©) Size Type F
(D) (E)
1 1 1 1 2 1 4 -4.5230
2 2 2 1 2 2 4 -16.1979
3 1 2 2 3 1 1 -14.8311
4 2 1 2 3 2 1 -16.9607
5 3 5 1 3 1 2 -7.5333
6 4 6 1 3 1 3 -13.6798
31 1 4 1 1 2 4 3.0103
32 2 3 1 1 2 2 -15.6427
33 3 1 3 2 2 3 -14.5738
34 4 2 3 2 1 2 -7.5333
35 3 2 1 1 2 1 1.7609
36 4 1 1 1 1 3 -13.3075
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Table 5 ANOVA table Table 6 ANOVA table after pooling
Control MS Control F
Factor 55 DF MS (%) Factor 55 DF MS Fo (0.95)
A ROV 218.73 5 4375 | 20.27 A ROV 21873 | 5 4375 [14.65 | 5.05
Position Position
B FL.V.V 398.44 5 79.69 | 36.92 B FL.V.V 39844 | 5 79.69 |26.28 | 5.05
Position Position
c | FuelTank Fgo 60 | 2 2530 | 1172 ¢ (FuelTank f oo 60 | 2 12530 1847 | 579
Type Type
FLVV ROV
D Orifice Size 2.25 2 1.13 0.52 E Seal Type 61.75 1 61.75 |20.67 | 6.61
ROV error 14.93 5 2.99
E Seal Type 61.75 ! 61.75 | 28.61 Total 744.44 | 18 |215.83
p| [Fue 1268 | 3 423 | 1.96
Level Table 7 Optimum of taguchi method
Total 744.44 18 215.83 | 100.0 oo oo
ptimum ptimum
Control Factor Level Result
A ROV Position 4 Rear Middle
e A B | FLVV Position 4 Rear Middle
-6 \/G\ -6 \/S\ C | Fuel Tank Type 2 Saddle Type
H A4 stt D |FLVV Orifice Size 2 13mm
-16 -16 Plastic +
21 -21 E | ROV Seal Type 2
Cc1 c2 c3 D1 D2 D3 Rubber
= 1 F Fuel Level 3 90%
-6 -6
11 €2 11 "Je\'
18 /@\ . D2 extgro 2 E¥(Pooling)dHH Table 6 2} 7t} A}
How Zow WMnel A% A gnE We
- El E2 4 F1 F2 F3 F4 _‘ifﬂ ‘?47‘(]( ) Eg _4 @]/\L(C) j-ﬂ Eom uuu/]
6 6 A 1:4_01(E)1ﬂ. Ag g g F= Aozt
/@ e\‘ = H gl T
1’6‘ E2 . F3 a3 Qlan, 1 Foll A Ha Al mS)el A
- o o A/ vEhd 2o MHe 9XA)9 2 2w
E dlE wWHo 9x 7} dg d 2 g
Fig. 12 Main effect of S/N ratio N dn.e] Z](B) f 2 4 Al 7k °
F& FE AR B 5 Ak
oy 57 A) = oﬁ. X]_IB ogxo 1\31.
AR Ao T 49 o SO L2 FENE L A
:};Eo; o p Oz R A 54/\: LE‘HJ A AANANN ) FEIAE(Main effect S e
LO}'ME]'~ 0:17] 1 n~< = 29T ]Eq’ y[jt [l lﬂnd Flg 12 9/]_ ZE]_‘E]’ %]__ Xé]_.O/] E_}\]_E_/E‘ji ]}\1 F
A AN jHA TR A o AP A dolth AR Al o] 595 95%0) A SN Hlo] &
olgA ALkE SN HE v o= /N Hlof o] }A] &2 AojAE L‘rE‘r‘/P 4 gHE ME
olgt A|oJQIAtE sl 7] 934 Table 5 & 2o Wuol oI A QD) ARHF)S TEAGE
AR 3 (Analysis of variance, ANOVA)E 2Hd 3} M= T E Alojlzte] H] 3] “‘W qow S
R, 1 A F YuE HE #BH| QI S/N Hlo| gt Fa7e] xfo]7} wu|gh Ao = 1}
AAD) ALBES BArAEe F A4 A% e F Aeast N el felan e A
FO5E 05wl A FFHA Wi AR e odAde ARAF = Yok FaREA 7
ootk Al ZEA, 2 EuE WE Bl o8y QR £FAA §N Hle] b RS GRS Hol
2 ARO) ARFES A7 GAPe dFS £ +ES AT w ulol g H4zol 5
WA g AlolAea B 5 gk webd B 3 o] 2FE Fig. 12 oA mi wpsh 2ol
ZuEME WBol oglux A (D) AEFH(F)S  A4B4C2D2E2F3 oW, ]#% d2] s Table 7 <}
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Table 8 Initial vs. optimum result
Initial Optimum
Control Factor Level Level
A ROV Position 5 4
B FLVV Position 4 4
C Fuel Tank Type 2 2
D | FLVV Orifice Size 2 2
E ROV Seal Type 2 2
F Fuel Level 1 3
S/N Ratio 1.2494 3.3724
o Rep. 1 0.5 0.5
LC‘:“‘d Rep. 2 1.0 0.8
ovrg Rep. 3 1.0 0.7
(co) Ave. 0.8333 0.6667
Std. 0.2887 0.1528
2t

b do] IAHAAEA S Ao &S A
sh7] $18) AR A Al A7 Table 3 2 th-
2 v o] Ayl Table 7 & HwshH, thE Ao
Ao M= FU3 FEoR UEAT dArg
(Xe, F)ANA T th2 297t et AS & &
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ol A SN Bl FJFF 95%°] A
2 AofjAAE W A 7] wie] E FrE WES
WE Q0PI A (x, D) AEH(xe, PO 23
= Fojulety, web T AATIHel A HHx
o] zlol= FAAH R FAE 5= Q)

AN o7 IAHAGA Y thA] BHE
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sk A7t UERst o, o AN AAA T W
M= AA APAAE ntgoe R b
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