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Multi-objective Optimization of a Double-seal Spigot Joint Based on Kriging Model

WANG Yan, WANG Jinkai
(College of Intelligent Manufacturing, Shanghai Technical and Innovation Vocational College, Shanghai 201620, China)

Abstract: To study the multi-objective optimization of the double-seal spigot joint, a 2D finite element model was
established. The bilinear plastic constitutive model for materials and the Mooney-Rivlin 5-parameter rubber constitutive
model were employed to generate L,s orthogonal experimental simulation data, based on which the Kriging Gaussian
regression model was fitted. The relationships between five parameters—the end face outer diameter of the joint (x,), the
outer diameter of the seal groove (x,), the outer diameter of the bamboo joint (x,), the width of the seal groove (x,), and the
straight segment at the end of the bamboo joint (x;)—and four responses—the insertion force (y,), the maximum contact
stress (y,), the maximum equivalent stress of the joint (y;), and the effective contact width of the bamboo joint seal (y,)—
were investigated. The results showed that x,, x;, and x5 were the most sensitive to y,. Interaction analysis revealed that
when x; was at its median value, y, increased significantly and monotonically with increasing x, and x;. When x, was at its
median value, y, increased with increasing x, and decreasing xs. When x, was at its median value, y, increased with
increasing x; and decreasing x;. Multi-objective optimization was performed using the weighted sum genetic algorithm.
The optimized results were as follows: y,=902.72 N, y,=54.18 MPa, y,=16.69 MPa, and y,=2.30 mm. The optimal solution
was x,;=19.00 mm, x,=22.20 mm, x,=25.20 mm, x,=2.10 mm, and x;=0.84 mm. Compared with the original data, the multi-
objective optimization achieved a 5.86% increase in y,, a 13.66% increase in y,, a 24.24% decrease in y,, and a 12.75%
increase in y,.
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Tab.1 Mechanical properties of pipeline joint materials
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Tab.2 Finite element analysis results

x,/ X,/ X5/ x,/ X5/ w/ v/ Vy/ 2%

mm mm mm mm mm N MPa MPa mm

183 218 246 20 05 7919 433 222 139
183 219 248 21 0.7 8392 621 201 139
183 220 250 22 09 8882 612 182 1.52
183 221 252 23 1.1 875.1 449 169 1.65
183 222 254 24 1.3 9221 410 162 1.65
185 218 248 22 1.1 8279 459 167 1.30
185 219 250 23 1.3 8625 445 156 139
185 220 252 24 05 9095 393 216 228
185 221 254 20 0.7 9231 403 201 232
185 222 246 21 09 8268 653 160 1.26
18.7 218 250 24 0.7 8388 456 199 215
187 219 252 2.0 09 8768 419 185 215
18.7 220 254 2.1 1.1 911.5 408 164 2.15
187 221 246 22 1.3 8256 513 131  1.07
18.7 222 248 23 0.5 8099 447 191 202
189 218 252 21 1.3 8751 442 157 2.06
189 219 254 22 05 9224 463 216 214
189 220 246 23 07 8013 558 17.7 193
189 221 248 2.4 09 8555 533 160 2.02
189 222 250 20 1.1 878.5 622 147 2.04
19.1 218 254 23 09 9403 581 174 205
19.1 219 246 24 1.1~ 8157 515 148 1.80
19.1 220 248 20 1.3 8082 413 135 1.84
19.1 221 250 2.1 05 8849 574 193 2.1
19.1 222 252 22 0.7 9086 529 17.6 225
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Tab.3 Comparison of analytical and simulation results

s sethfi Tl
SRARZTY
Xx,/mm X,/mm Xy/mm Xx,/mm Xs/mm /N y,/MPa y,/MPa y,/mm
P JRaRKdE 18.70 21.80 25.00 2.00 0.50 852.74 47.67 22.03 2.04
DTV .
Z HbrtiAb e 19.00 22.20 25.20 2.10 0.84 902.73 54.18 16.69 2.30
. IR 18.70 21.80 25.00 2.00 0.50 856.90 49.80 22.40 2.01
HIRICHH: o
L B Eds - 19.00 22.20 25.20 2.10 0.84 886.00 56.15 18.05 2.43
JRUAEARAH W 22/ % 0 0 0 0 0 0.48 4.27 1.65 1.49
Z BRI 25 /% 0 0 0 0 0 1.88 3.51 7.53 5.35
AT I RAS IR /% 1.60 1.83 0.80 5.00 68 5.86 13.65 2424 12.74
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