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Transient Dynamic Analysis of Tracked Vehicle Transmission
during Gear Shift Process

Xiang Changle’ He Wei'? Liu Hui' Ma Yue'
(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China
2. Center for Automotive Research, Ohio State University, Columbus 43212, USA)

Abstract: The research objective was to propose an analytic model to investigate the transient dynamic
behavior of a tracked vehicle powertrain. Firstly, by considering the engine torque harmonics, gear
backlash, friction coefficient and other nonlinear factors, lumped-mass component models as diesel
engine, torque converter with lockup clutch, wet clutch, spur gear pair and vehicle were developed and
then incorporated to an integral model. Then, a gear shift process that induces nonlinear dynamic
behaviors, including clonk, gear contact loss and clutch stick-slip judder was simulated with the initial
and boundary conditions for the shift process carefully set. Transient dynamic behaviors and the
mechanism of dynamic behaviors occurred during the gear shift process were discussed. Finally, time-
frequency analysis of output torque was conducted by wavelet transform. The instants of the occurrences
of transient dynamic behavior were identified by time-frequency analysis and the corresponding frequency
components were examined. The clutch torque pulse with a steep gradient due to the transition between
slip and stick was an impact source in the system, and the results also indicated that the gear contact and
reverse impact (114 Hz) significantly impacted the output torque, the clutch stick-slip judder (1500 ~5
000 Hz) also affected the output torque but the high-frequency vibrations (higher than 5 kHz) had little
influence on it. The wavelet transform based time-frequency frequency analysis can be used to diagnose
NVH issues of vehicle powertrain. Also, the system parameters of the powertrain can be optimized to
obtain good NVH characteristics by using the simulation method proposed in the article.
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Fig. 1 Layout of powertrain structure
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Tab.1 Clutch operation
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Fig.2 Powertrain lumped mass model
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Tab.2 System parameters

154/ NI B/
24 HB A 2
(kg-mz) (N-m-rad ")
J1 KL 2.5000 Kl 158 200
2 A CB 3 3 0.3609 K2 104910
13 NR 0.2657 K3 446 030
J4 Hevie 4 0.0262  Kd4 346 030
J5 e 5 0.0262 K5 288 580
J6 5% 6 il CH gizhuh  0.0424 K6 100 710
77 CH F 33 0.0974 K7 112 800
J8  Ui%t 8 K1 CL #kshuy  0.0201 K8 385 420
J9 Uik 9 I CR Beshu 0.0168 K9 803 790
J10 CL il CR 3% 0.1722  KI0 767 230
J1 #Ee 11 0.0364  KIl 385 420
J12 C3 F 3l 0.0422 S HFHCLEA/mm
JI3 V% 13 + C3 geahws  0.0926 R4 50
J14 Hi%e 14 0.0587 RS 50
J15 Hihg 15 0.0285  R6 52.5
J16 %t 16 0.0047 RS 67.5
J17 172 %% 36.1335  R9 50
JI8 ¥R 18 +C2 FFuE  0.0363 Rl 70
J19 C2 % 2y i 0.1027 RI13 65
120 %% 20 0.0164  Rl14 92.5
121 C1 %k i 0.1153  RI5 77.5
122 5% 22 F0Cl1 =& 0.1114  RI16 42.5
123 172 ¥ % 36.1335 RIS 71.5
R20 52.5
R22 102.5
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Tab.3 Parameters of gear pair
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Fig.5 Simulation results
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