2004

Approximate Optimization of High-speed Train Shape and Tunnel
Condition to Reduce the Micro-pressure Wave
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Abstract

A micro-pressure wave is generated by the high-speed train which enters a tunnel, and it causes
explosive noise and vibration at the exit. It is known that train speed, train-tunnel area ratio, nose
slenderness and nose shape mainly influence on generating micro-pressure wave. So it is required to
minimize it by searching optimal values of such train shape factors and tunnel condition. In this study,
response surface model, one of approximation models, is used to perform optimization effectively and
analyze sensitivity of design variables. Owen's randomized orthogonal array and D-optimal Design are
used to construct response surface model. In order to increase accuracy of model, stepwise regression
is selected. Finally SQP(Sequential Quadratic Programming) optimization algorithm is used to minimize
the maximum micro-pressure wave by using built approximation model.
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(Micro-pressure wave)
Pa 20m
Table 1 Design variables and range
Design Initial
. . Range
variable(unit) Value
Vi (km/h) 250<V<350 350
Rin (m) 5.046<Rn<5.836 5.836
S 2<S<5 3.82
W1 ~ W6 -1<W1~W6<1 0
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Fig. 2 D-optimal simulation in ModelCenter
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Parameter Estimates LI

Term Estimate
Irtercept -254 5229 speedt3 0.02E259
sheed 01536273 spead®s -0.011921
tunnel_radius 105 65245 tunnel_r*zlendern 3.5597465
zlenderness -24.92509 tunnel_r*n2 1.3166452
Wi -0.027172 tunnel _r=is 1.7376964
W2 -12.38809 tunnel_r*W\E -1.7336M
W3 -4 49758 slendern®h -0.553895
(L) -1 877418 slendern®ia 0.3601912
WS -11 88637 slendern®s 1.3149171
WG Q428817 WWIHA2 -1.185549
speadtzpead 0.001 2164 WiIHAG 06299235
tunnel_r*tunnel_r -0.4346 WTRYS 0.7536769
zlendern®slendern 1.3397573 WIAAE -0.5877195
YT # -0.7ITERS V2R 0.6453406
speeditunnel_r -0.030932 WWanhg 09922175
spead*zlendearn -0.023081 WWonE 02586237
speed®y2 00162373

Fig.3 Response Surface Model
Term Orthiog Estimate: 8
speed 12790256
slenderness -3.211953
tunnel_radius -2.643331
slendern*slendern 1256677
speedtzpead 1.030736
tunnel_r*slendern 0.903259
slendern®S 0785351
speed*zlendern -0.726577

tunnel_r*tunnel_r -0.693661
speed*unnel_r -0 681265
W4 -0.669939
Wy -0.619507
tunnel_r*ve -0.520215
W3 0.511856
WA -0.418679
tunnel_r*ys 0. 406663
W BN -0.400677
slendern®/vd 0.354508
speed®iy2 0.377475
WA 0.364207
Wy B2 -0.349539
Fig. 4 Pareto Chart
'I- 'I- -"- c-_'l -;'l. é;' j-l : - AG'I-[H K-l _0_ _'-l!_ '_rl g-l .'::. y'l. ._4!- _:'-‘lr.
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(5.046 <Ain< 5.836) v e , DL
o Fig.5h Result of optimization

P T Minimize f (Vi,RinS,W1~W6) (6)

250km= V; =350km, 5.046m= R;, =5.836
2= S 5, -1= W1-W6 =1

.-(—1<w2<1) C1<ws<1)

f
ModelCenter
_ Fig.6
T 1<we<y T (-1<we<1Y) 10
. 16.13Pa
Fig. 5 Parametric studies of design variables = 250km/h, - 5.836m,
=4.136, W1=-1, W2=-1, W3=-1
, W4=1, W5=-1, W6=1
6
Table 2 Comparison of Results
3.2 Estimated Exact
Error(%)
Value(Pa) | Value(Pa)
2 Initial .
(SQP, Sequential Micro-pressure 49.13 47.55 33 %
Quadratic  Programming) Minimum
. 16.13 17.2 6.2 %
Micro-pressure
Table 3 Comparison of Results at fixed velocity
Estimated Exact
47.55Pa . Error(%)
Value(Pa) | Value(Pa)
Initial
350km, 5.836m, 3.82, . 49.13 47.55 3.3 %
Micro-pressure
W1-We 0 : Minimum
(6) ) . 42.2 43.7 2.0 %
Micro-pressure
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17.2Pa 6%

63.8%

350km/h
43.07Pa 9.5%

Table.2
. 350km/h
Table.3 2~6%
4,
. Owen D-optimal
(SQP)
47.55Pa 63.7%
17.2Pa
350km
9.5% 43.07Pa
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