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Fig. 1 The 3D finite element model of the CFRP rear longitudinal arm
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Table 1 Load information of each load point in the rear longitudinal arm

working condition position F./N F,/N F./N  T,/(N-.mm) T,/(N-mm) T,/(N-mm)
center point 2 001 157.6 03607  -262.5 -53.62 299.9 -4.888
GK1 center point 2 002 —-465.3 -10.94  -50.69 -21.11 8 191 -2.180
center point 2 003 307.7 10.58 313.2 -53.62 299.9 -4.888
center point 2001  -4254  -94.13 -6216 -66.96 7 475 -55.57
GK2 center point 2 002 4 644 100.2 -2021 -261.8 8 065 -377.1
center point 2003 -390.0  —6.109 8 237 -66.96 7 475 -55.57
center point 2001 —1632  —481.1 -6 172 -4082 7422 -441.0
GK3 center point 2002 -561.2  -1292  -1644 1.592F+4 2.273E+4 -3034
center point 2 003 2193 610.3 7816 -4082 7422 -441.0
center point 2 001 486.3 167.7 -707.6 -1 055 781.4 1 064
GK4 center point 2 002 -1 291 26.33 -133.6 -1079 2.308F+4 5810

center point 2 003 804.3 -194.0 841.2 -1 055 781.4 1 064
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gk
working condition position F /N F, /N F./N T,/(N-mm) T, /(N-mm) T, /(N-mm)
center point 2 001 -2 463 35.07 -5 456 -334.6 6 996 567.0
GKS center point 2 002 1633 68.29 -1 554 -793.3 -9 759 4210
center point 2 003 829.9 -103.4 7 010 -334.6 6 996 567.0
center point 2 001 1 341 156.2 4 629 5270 -6 163 441.7
GK10 center point 2 002 -1 065 11.22 1290 -1.264E+4 -4 475 812.5
center point 2 003 =275.1 -167.4 -5920 5270 -6 163 441.7
center point 2 001 1417 111.0 -375.9 -493.5 327.5 511.7
GK6-7 center point 2 002 -2 943 -41.39 110.0 -680.8 8278 600.7
center point 2 003 1526 -69.62 265.9 -493.5 327.5 511.7
center point 2001 -1054  -110.7  —142.5 394.0 264.6 -529.5
GK8-9 center point 2 002 2010 18.96 -207.1 647.4 8 128 -657.5
center point 2 003 -956.3 91.71 349.7 394.0 264.6 -529.5
center point 2 001 4322 -91.97  -9506 -5 057 8 815 2272
GK17 center point 2 002 -1.541E+4  -359.8 -1 420 1.354E+4 2.383E+4 6 500
center point 2 003 1.108E+4 451.8 1.093E+4 -5 057 8 815 2272
center point 2 001 -193.0 -349.5 2 620 7157 -3 557 -2 548
GK18 center point 2 002 1399 -85.74 579.6 -8 229 -1613 -1.060E+4
center point 2 003 -1 206 435.2 -3 200 7157 -3 557 -2 548
center point 2 001 -6 781 -491.4 -1 148 -3 084 1970 -875.1
GK19 center point 2 002 1.244E+4 192.1 -1312 1.234E+4 2.589E+4 4 003
center point 2 003 -5 655 299.3 2 461 -3 084 1970 -875.1
center point 2 001 2 083 444.3 6 634 2 152 =7 645 1995
GK20 center point 2 002 -2 058 63.22 1851 -1.175E+4 7 350 1215
center point 2 003 -24.74 -507.5 -8 485 2152 =7 645 1995
center point 2 001 -339.6 -1 265 4 781 1.196E+4 -6 117 -6 591
GK21 center point 2 002 2 539 -359.5 1 065 -1773 -6 421 -3.978E+4
center point 2 003 -2 199 1624 -5 846 1.196E+4 -6 117 -6 591
center point 2 001 82.30 341.6 -5 038 -8 100 6 251 5321
GK22 center point 2 002 -3 340 86.42 -1128 1.084E+4 1.981E+4 2.703E+4
center point 2 003 3257 -428.1 6 167 -8 100 6 251 5321

HHIZ M HBEH 0°,45°,-45°,90°3X 4 ME, FHZEESE 0.175 mm (B2 R EF2E 5 0] 47 7l
RN AU BUE , Y N B Hr AR B A2 M R A 2 .

v
Dy 90°
hy -45°
a=h;/h h R
hy 45
hi 0°

B2 SRS R ER

Fig. 2 Schematic diagram of the proportion of different ply angles



928 N | W o %M A

BRETAEE GRS NV CAE J3 M Y BR 2 7R84 10 JE TO0 T s B IR BRI HAZTE /)N
F 2 mm SRR Tsai-Wu JBAEN | 24 Tsai-Wu FF KT 1B BREFSER A 400 E A4

VI BOERZECH 21, XERFETOCT B 0 R EEE S 1 (o) | 45° SHZRE S (a,) |
- 45° FHZ R A (ay) L 90° HHJZIERE & b (o) HEAT30 DR A, EH Tsai-Wu RIF-FI R (E.

BRI .

1) i AR input SCHFX BN & IS 128 Se A i—1> input SCHSEAT, 5 H Python f
input AR B AT LA B A input B9 SO, 32220 TAR 2 AR SC 7 A ) S0 B S
AT ZE U S EUE, T Python RIIEFRTE A, PR A2 L input SCPEXF T 21 2802 T BT
A o, WAAMS 14 B TOLE A K 28 336(2 024x14) 4 input (.

2) MARARAE input SO HEAT L R Windows 140 B SCHF | 3546 DOS 77 442,
Windows b AN SCAA AN R RS, @ o] D258, SE8l 4 H A TAE, WA RHE ; @ MidaR
s 2 M A RSO, 2 A ODB SCIF 1 B B s 0] BT A0 (2 024 A4 job ) ~F- 2315 ]
N 12.34 h, AR 29.6 GB AT B A,

3) HtEiE ODB Ui ARSI, J5 AL H ODB SCH2r AW . 55 — 4 2 AR5 ODB STEFI)
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A A 52 4 AR TR] i AR 22 56 0 2 ) H PR ia . 58 — DI PR I Tsai-Wu R e KA
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Fig. 3 Decision tree
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Table 2 Load information of new working condition GKO

position F./N F,/N F./N T,/(N+mm)  7,/(N-mm)  T,/(N-mm)
center point 2 001 1260 139.3 4278 5036 -5 855 304
center point 2 002 -993.7 7.441 1195 -11 930 -4390 272.1
center point 2 003 -266.8 -146.8 -5474 5036 -5 855 304

R 3 OHLAIITH R SR & R R

Table 3 A relationship table for the ratio of the amount of calculation to the test set in the new working condition

number of cases under GKO 0 5 10 15 20 30 40
. R 2 024 2 019 2014 2 009 2 004 1 994 1 984
occupation ratio of test set &
30 360 30 360 30 360 30 360 30 360 30 360 30 360

Tsai-Wu K2 & 2E HEA — & UEEVE R B, 7ER0 i b 3l 2 57 [l U3 A3 A 0
FCAEATHO. W AR SCECHE B A 3 U7 A A, ST TR A AR R X R A AR R A K
HA B,

BTHZE M LOCEL, AR T & MEMZ N o (i=1,2,3,4) J1£,(G=1,2,35%]
XERIERE 2 001, 2002, 2 003; k= 1,2,3 435IXRE x,y, 2 =AAbRE 1) | 5 T, (S50
FENF f) SIINTE T ARIEE R T RIbR AR /(7 = 1,2,3 203X EE 2 001, 2 002, 2 003)
FIARRIES W FERIFRE T, (SEBCER] £) I Hr 8l vl LUA H, B 2 003 FHLEE T B
52001 #IF], FrLissE T ER 2 003 BFHLIEEAHCRAE, B T, A1 T (k =1,2,3) .

XGBoost feature importance
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4 XGBoost fii i1 (1 Tsai-Wu FFfE 2 ZHEHEF
Fig. 4 The sorting of characteristic importance of Tsai-Wu from the XGBoost output
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BHEIEAT 75— XGBoost T4, 7533 T HRAE S ZANEHET AT I 4 Fos AT LAE 1, o, 2 fE
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Fig. 5 The effective solution and optimal solution of the plys of each angle
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22 $HIFTROMEMRMLLER SIS

AR T, A% SCR PR J2 11 T RER L 55— 14 RMSE A ko 4500 0 B 400 96 4. 5%
S 35k = R — 36 I L T B 19 28 min-child-weight % T 815 i) SR U2, 34~ 28
o 57 05 1 - B A A K 1 B i B2 L 1
1 min-child-weight & 5, A LB E K 1, RMSE 247 A/ HR T3 F AR 37 1000 11

i, SMIUIZE T XGBoost DART HIBEHLAARAIR 15 HEHY Tsai-Wu K 5 1 T -5 00 ik
Tsai-Wu BB ELSE#E1T1H5845 2] RMSE {8, 3 4 HHi7 3 17K,

BUREL 7 T, XGBoost, DART, BEHL 2R Ak — F 451 46 2 T 44 8 B XGBoost il
DART /& boosting %1% , flll 8 F & AR A ) i 2. B AL AR PRI bagging 535, i 5 F R IRAR 0 Jy
2200 g3 SRR ALIEAT I 2 | T LA — 2 M 3 A0 1 R 0 P 010 LR L B O il
i stacking 3 blending , {H /& H T80 48 S AR 3L/)N, 22 2 (multi level ) (1 stacking/blending
learning 2% 5y it U4, B AR ORI T 18 B IS 28 3k I FE A SCAR AR oy 3 oo 5
BRI R IR BT LUIBRBELEAR IO B i TR [ GBI XGBoost I DART HoTilf , 10122
4 )5 7 TR R AR IR A7 A S5 AR LA AR SRR ) EL O A7 408 il 10 775
B it 1) B RS RY [] Ky 0.2XGBoost+0.8DART , RMSE 1 LA 51355 0.037 15 F10.017 18, # [L 5
B XGBoost il DART #LAAY RMSE {f/),

F4 AR RMSE 8 Tyyse
Table 4 Different models and RMSE value /g

number of cases under GKO 0 5 10 15 20 30 40 cases
XGBoost 0.03761 0.03173 0.01915 0.02129 0.02061  0.02270  0.017 90

DART 0.03720 0.03488 0.01730 0.01835 0.01841 0.01898  0.018 59

random forest 0.06208  0.07755 0.06264 0.05463 0.05671  0.06591  0.070 13
0.45XGBoost+0.45DART+0.1RF 0.037 81 0.03423 0.01924 0.02011  0.02057 0.02272  0.020 10
0.5XGBoost+0.5DART 0.03720 0.03303 0.01748 0.01832 0.01860 0.01982 0.017 54
0.6XGBoost+0.4DART 0.03725 0.03273 0.01770 0.018 70 0.018 87  0.02025  0.017 50
0.4XGBoost+0.6DART 0.037 17 0.03336 0.01732 0.01806 0.01841 0.01947 0.017 64
0.3XGBoost+0.7DART 0.03715 0.03371 0.01722 0.01794 0.01829 0.01921  0.017 80
0.2XGBoost+0.8DART 0.03715 0.03408 0.017 18 0.01794 0.01825 0.01904 0.018 01
0.1XGBoost+0.9DART 0.03717 0.03447 0.01721 0.01808 0.01829 0.01896  0.018 27

FVEH XGBoost \DART #5571 f) RMSE 5 %54 7 2 (0] (1 ¢ R B, WAl 6 iR, 3% 4 FillE 6
PRSI E58, 1) 4T BRI H TOORSEAT I, B3 A7 B 4R A5 A A 8
RMSE ATk %] 0.037 2247, X5 T Tsai-Wu HEIFWTIG FAE 1 R 00& AT DIAESZ 0, X5 TR B2
BRI S22 s 2) AT XGBoost Fll DART K% D) K il A 4550 5 T 314 10 475008 2
— IR RMSE Kl B2 A3 #2005 AT B 10 17808 & , XGBoost Al DART #:7!
() RMSE {E 3447 K B R F%.

U TR [FIRETTH A5 5] RMSE {5, W36 5 FrR. T UG 1 Wk T 005 I Ao A58 1)
RMSE J& iz = T AT A TR O, (E 2 R BR300 5 42 = 31 40 174 , RMSE
FATIAE] 0.050 41, 7ERS FEZRON S RS OL R AT AN R — R P 3500 7 vk
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0.025}F
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new working condition N

B 6 XGBoost DART (1) RMSE 58 e 22 1] 1) G 7
Fig. 6 The relationship between the RMSE of XGBoost and DART models and the amount of data
R5 WK OB S AT RMSE {6
Table 5 RMSE of different models with half of working conditions

number of cases under GKO 0 5 10 15 20 30 40
XGBoost 0.350 00  0.31066  0.073 04  0.067 97  0.13899  0.063 57  0.058 08
DART 0.264 45  0.18599  0.064 31  0.06234  0.12242  0.060 15  0.050 41
random forest 022798  0.42586 0.12115 0.15436 0.186 96  0.15721  0.148 12
0.1XGBoost+0.9DART 0.272 67  0.19778  0.064 18  0.062 64  0.12391  0.060 22  0.051 00
0.2XGBoost+0.8DART 0.28099  0.20979  0.06429  0.06300 0.12544  0.060 34 0.051 63
0.3XGBoost+0.7DART 0.28039  0.22199  0.064 63  0.06342  0.12701  0.060 53  0.052 31
0.5XGBoost+0.5DART 0.306 40  0.24682  0.066 00  0.064 44  0.13026  0.061 10  0.053 78
0.6DART+0.4+f 0.130 41 0.27495  0.08022  0.08995  0.138 81 0.085 55  0.072 59
0.5DART+0.5rf 0.11535 0.29923  0.086 08 0.099 64 0.14529  0.096 08  0.083 66
0.4DART+0.6:f 0.11582  0.32396 0.09243 0.10990 0.15251  0.107 42 0.095 65
0.1XGBoost+0.8DART+0. 1+f 0.23360  0.218 21  0.066 80  0.067 18  0.126 27  0.062 92  0.051 50

25—~ XGBoost BLAIET[HISF-H44 21 min, YIZk—1> DART AL BT RIF-4524 12 min, X

TR LTSRS R 5 min, BRAEIN_EYIZRE [RLE AW 38 min, 55 KA B AE A AL 25
B[] 5115 (8] 5 Tsai-Wu B FEAAE R, BE R SARBET A 76 min, T TR FH A%
input SCHF-H23E job-TEHUCERE I 23.70 h .

3.4 it

1) BIETRE LS A28 d, R T XGBoost , DART FIBEHL AR A L K Ho il 45 45
R A3 AR TOUH AR 0 47 H1 10 A7 AR AL, Tsai-Wu PRI B8 2% 7] DLk 2] 96.3% il
98.3% (5RAE 1 AHLL) JEH A THEHE /> — LT, i R48 S T8 & 3
40 17, HERG AT LA F 95.0% (5 R%UA 1 AHLL).

2) VER—FhiE FH R X T 2 2 A2 T, 68 A ABAQUS TH5/INES 73 4l
J SR FH R (8 S A R A T3, AT P A5 2 o i S s g 1) T 24 S 4
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An Optimization Algorithm for CAE Design of
Carbon Fiber Reinforced Composite
Chassis Longitudinal Arms

ZHU Di, YAO Yuan, PENG Xiongqi
(School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200030, P.R.China)
( Contributed by PENG Xiongqi, M. AMM Editorial Board)

Abstract: The rear longitudinal arm is one of the main structures of the automobile chassis.

Design of the rear longitudinal arm with carbon fiber reinforced polymer ( CFRP) can reduce its

weight effectively. However, the application of composite materials also brings great challenges

to the optimization design process, such as complex multiple conditions and a large number of

design variables. The secondary development of ABAQUS was conducted with Python to fulfill

the global ergodic search for thickness ratios of different ply angles to find the effective range

and the optimum solution. In order to reduce the long running time under multi working condi-

tions, the tree-based algorithms, such as XGBoost, DART and random forest, were introduced

into the thickness ratio calculation. In view of both the running time and the computation accu-

racy, for O or 10 cases of calculation under the new condition, the accuracy rate of the Tsai-Wu

factor can reach 96.3% and 98.3% ( compared with failure value 1). If the number of cases un-

der new working conditions increases to 40 while existing working conditions decreases by

half, the accuracy rate can reach 95.0%. The developed algorithm provides a useful reference

for reducing the running time of optimization design of composite parts under multi working

conditions.

Key words: automobile chassis longitudinal arm; carbon fiber reinforced composite ; seconda-

ry development of ABAQUS; tree based model; ply optimization
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