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Abstract

Aiming at the problem that the secondary impact caused by shifting of a domestic vehicle manual
transmission affects the quality of shifting operation of users, the performance of the external con-
trol mechanism of gearbox was studied and its structural dynamic response performance was opti-
mized to reduce the secondary impact of shifting. By creating the finite element model of the exter-
nal control mechanism of the manual transmission and using NASTRAN analysis tool, the frequency
response analysis and demonstration are carried out based on the calculation with theoretical deri-
vation of mode and frequency response. The experimental results show that the simulation results
are accurate and reliable. Finally, the factors that affected the secondary impact were discussed from
the system damping coefficient and the stiffness of the cable bracket. The results show that increas-
ing the damping of the shift system, increasing the stiffness of the shift cable bracket and reducing
the stiffness of the shift cable joint were beneficial to reducing the secondary impact of the shift.
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Figure 1. Shift out operating mechanism
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Figure 2. Amplitude frequency diagram
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Figure 3. Fem model of external control system
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Table 1. Material name and parameter list
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L 1 A i (MPa) HER/N = 2% EI(t/mm?®)
#20 1N 206,000 0.3 7.9e-009
MLOSAL 211,000 0.279 7.8e-009
PA66-GF30 8400 0.35 1.38e-009
PAG6-GF30 7400 0.35 1.35e-009
POM 2600 0.386 1.41e-009
EPDM1 7.8 0.49 1e-009
Q235A 210,000 0.3 7.85e-009
Alloy 206,000 0.3 7.9e-009
PTFE 2800 0.4 2.32e-009
Cable 180,000 0.3 7.85e-009
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Figure 4. Select the location of the test points
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Table 2. Comparative analysis of free modal simulation and experimental results

* 2. BRRSMESRESER Lo

4 Ui B4 I (Hz) RIR 45 R (Hz) Y xR 21 (Hz) AR ZE1(%)
BT H 1436 135.56 8.04 5.93
% 8 [ 308.1 302.49 5.61 1.85
% 9B 331.8 345.23 13.43 3.89
10 463.4 451.69 11.70 2.59
511 B 559.2 543.18 15.40 2.84
120 7415 754.19 12.69 1.68
13 819.3 817.46 1.84 0.23
14 B 854.0 849.45 4,55 0.54
5 15 Fr 953.1 910.05 43.05 4.73
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Figure 5. The position where dynamic loads are applied
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Figure 6. Response of corresponding position under different damping coefficients. (a) End of the rod; (b) Balancing weight;
(c) Shift stay
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Figure 7. Response of the corresponding position under different stiffness of the cable supports. (a) End of the rod; (b) Balancing
weight; (c) Shift stay
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