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Abstract : In this study, the specifications of the components of the vent vale were optimally determined in order to
enhance the performance of the vent valve. Design objective was to minimize fuel leakage while satisfying the design

constraints on the performance indices. To obtain the optimum solution based on real experiments, several design
techniques available in PIAnO, a commercial PIDO tool, were used. First, an orthogonal array was used to generate
training design points and then real experiments were performed to measure the experimental data at the training design
points. Next, Kriging metamodels for the objective function and design constraints were generated using the
experimental data. Finally, a genetic algorithm was employed to obtain the optimization results using the Kriging
models. Fuel leakage of the optimized vent valve was found to be reduced by 95.8% compared to that of the initial one

while satisfying all the design constraints.
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Nomenclature

: amount of oil leak, cc
: amount of air leak, cc

: pressure, kPa

<~ v oA >

: amount of fuel in the fuel tank, %
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Fig. 1 Vent valve in the fuel system
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Fig. 2 Assembly of a vent valve
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Fig. 8 Upper (left) and lower (right) spring

Table 1 Design variables of upper and lower springs

) ) Level
Design variables
1 2 3 4 5 6
Number of
active coils | 20 21 22 23 24 25
Upper Xy
spring -
Free height 603 | 67 | 737 i i i
X (mm)
Number of
active coils | 20 21 22 23 24 25
Lower X
spring -
Free height | g0 71 o5 5 1083 - | - | -
: X4 (mm)

Table 2 Seal rubbers

Design Level

variable 1 2 3 4
0000
type
PPvew

X5

.. <
‘. <

Table 3 Specification of seal rubbers

Seal Level
rubber 1 2 3 4 5 6
Type Wing | Flat | Wing | Wing | Flat | Wing
Material FSR | FSR | FSR | FSR | FSR | FKM
Orifice
size (mm)
Hardness 60 60 40 50 60 60

P25 | @40 | @25 | @25 | @25 | P25

Table 4 Flange orifices

Design Level
variable 1 2 3
@11 @13 D15
Flange
orifice size «
! X6 (mm)
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Table 5 Comparison of baseline and optimal design variables
Design variables Baseline Optimal
Number of
active coils 25 24
Upper .
. - X1
spring -
Free heigh
ree height 67.0 60.3
! X2 (mm)
Number of
active coils 25 23
Lower
. - X3
spring -
Free height
fee et 98.5 88.7
1 X4 (mm)
Type = Flat Type = Flat
Seal rubber fvbe Material = FSR | Material = FSR
) P Orifice size Orifice size
S = P25 = 940
Hardness = 60 Hardness = 60
Flange orifice size 213 15
: Xe (mm)
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[ Baseline

95+ [ Optimal

90 490
851 79.8 124
g 80+ 75.7 480 &
g 70 470 %
s °
2 T
5 3 3 3
w“ ped
6 -
- o
2 ] -
£ o
£
< 14 1 £

0
G1: Rollover leak test #1 Objective function
G2: Rollover leak test #2
Fig. 9 Comparisons of baseline and optimal results of the

rollover leak test
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S 6
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0.6 0.2

G3: Slosh test #1 G4: Slosh test #2

Fig. 10 Comparisons of baseline and optimal results of the
slosh test
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G5: Reopening test G6: Pressure drop test
Fig. 11 Comparisons of baseline and optimal results of the
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reopening test and pressure drop test
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refueling test #1 and #2
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g. 13 Comparisons of baseline and optimal results of the
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