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Lightweight design of hydro-mechanical continuously variable
transmission box based on weight optimization

SUN Xiaoxu, LU Zhixiong”, CHEN Yuan

(College of Engineering, Nanjing Agricultural University, Nanjing, Jiangsu 210031, China)

Abstract: In order to optimize the structural performance of the independently developed six-axis three-planetary row
hydraulic mechanical continuously variable transmission(HMCVT) box, the topology optimization was carried out to
improve the utilization rate of materials and reduce the weight of the HMCVT box. Considering the complexity of the
load on the HMCVT box, the transmission virtual prototype model was established based on the virtual prototype
technology. Combined with the tractor ground vibration test, the dynamic load of transmission bearing hole is obtained
under three different load transfer conditions of single planetary row, double planetary row and three planetary row,
respectively. Secondly, with stress and volume ratio as constraints, a comprehensive objective function containing the
stiffness and the first third order natural frequency of the box under three working conditions was established based on
the compromise programming method. Then, considering the influence of sub-objective weight, the optimal weight was
obtained based on proxy model and genetic algorithm and compared with traditional empirical method and analytic
hierarchy process. Finally, the topology optimization of the HMCVT box was carried out by using Hypermesh. The
optimization results show that the maximum stress of the optimized box is reduced by 13.6%, and the maximum
deformation is reduced by 0.5%. The stiffness and strength of the box are basically unchanged or slightly improved, and
the mass is reduced by 10.9%. It achieve the target of lightweight gearbox box.
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Fig. 2 Actual ground vibration excitation of tractor
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Table 1 The first six order natural frequencies of HMCVT box
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Table 2 Latin hypercube sample points and corresponding objective function values

e ‘ AR ‘ BRI e
Tt 1 T2 TH3 —Rr B =R
1 0.13 0.12 0.11 0.42 0.11 0.11 11.479 4
2 0.14 0.12 0.10 0.34 0.17 0.13 9.0237
3 0.15 0.12 0.10 0.41 0.12 0.10 9.963 6
4 0.15 0.14 0.11 0.24 0.18 0.18 9.128 7
5 0.13 0.12 0.11 0.24 0.21 0.19 95755
6 0.16 0.14 0.10 0.21 0.20 0.19 9.118 6
7 0.16 0.14 0.13 0.23 0.21 0.13 8.769 9
8 0.16 0.11 0.12 0.31 0.20 0.10 8.786 1
9 0.17 0.14 0.11 0.26 0.22 0.10 7.3805
10 0.17 0.16 0.10 0.34 0.13 0.10 11.111 3
11 0.18 0.12 0.11 0.23 0.22 0.14 8.828 6
12 0.18 0.14 0.1 0.3 0.15 0.13 8.189 3
13 0.18 0.15 0.13 0.24 0.17 0.13 8.422 6
14 0.18 0.17 0.15 0.25 0.15 0.10 8.106 9
15 0.19 0.11 0.10 0.27 0.18 0.15 71431
16 0.19 0.15 0.13 0.27 0.14 0.12 7.276 6
17 0.19 0.17 0.12 0.28 0.14 0.10 8.952 4
18 0.19 0.17 0.14 0.29 0.11 0.10 7.441 3
19 0.20 0.13 0.10 0.31 0.14 0.12 8.051 8
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T T2 T4 3 —Br 13 =B
20 0.20 0.14 013 0.29 0.12 0.12 75326
21 0.2 0.18 0.10 0.22 0.16 0.14 85139
22 0.21 0.11 0.10 0.31 0.16 0.11 8.553 3
23 0.21 0.13 0.10 0.28 0.15 0.13 9.126 4
24 0.21 0.17 011 0.29 011 0.11 7.585 4
25 0.22 011 0.10 0.24 0.17 0.16 9.2914
26 0.22 0.15 0.10 0.25 0.14 0.14 7.550 4
27 0.22 0.18 0.10 0.28 0.12 0.10 7.865 1
28 0.23 0.17 0.10 0.24 0.15 0.11 71267
29 0.16 0.14 0.10 0.32 0.15 0.13 9.742 6
30 0.25 0.15 0.12 0.28 0.10 0.10 7.6415
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Fig.5 Density distribution contours of HMCVT box
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Fig.6 Structure modification of HMCVT box



55 48 &5 3 4]

NGBS e TACE LA BRI UOIC A 3 AR R i s A it 369

B, HRRLAAAE— 28, IR LAR m
Iy hnagf, DR ; @O IR E
HeAb, ZHETING, WEESITA, TRIRR
HBEREH 18 mm B E 15 mm,

RHEHIE HMCVT FaREFMIEAL IS I Z5F 1 RE
TE 3 Fh 00 F XA T 122 e BT AR S AT
PEREXT FL g SR8 T2 3.

#*3 HMCVT FEiiEeamifF R e

Table 3 Comparison of structural performance before and after modification of HMCVT box

. KM F1/MPa KA /mm —WEAE ZHhES =BEE -
A o o o Jitit/kg
THR1  TH2  TH3  THR1 T2 T3 FPRMz BPRMHz BiR/Hz
SRR 106.1 75.7 75.5 0.177 0.109 307.7 447.1 468.5 502.6
fefbjEasl - 91,5 76.4 72.7 0.178 0.080 333.3 484.9 515.4 447.8
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