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Construction of cyclic operating conditions for high-power tracked off-road
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YAN Qingdong'?, DU Yizhou', LIU Cheng'”, WEI Wei'*

(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Advanced Technology Research Institute, Beijing Institute of Technology, Jinan 250300, China;
3. Key Laboratory of Vehicle Transmission, Beijing Institute of Technology, Beijing 100081, China;

4. Chongqing Innovation Center, Beijing Institute of Technology, Chongqging 401135, China)

Abstract; To address the issue of low comformity between traditional steady-state test conditions of hydraulic torque
converters and real vehicle operating conditions, which fail to reflect the actual state of the vehicle, a cyclic
operating condition for high-power tracked off-road vehicles with hydraulic torque converters is proposed. Based on
real vehicle operating data from a certain type of tracked vehicle, the characteristics of torque converter in real
vehicle operation are statistically analyzed. Twelve statistical feature parameters and ten ratio feature parameters are
selected. The dimensionality reduction of the operating data is carried out by using principal component analysis.
Clustering analysis on data segments is completed by the K-means clustering algorithm and unsupervised learning.
The dynamic programming methods are used to integrate blocking conditions and typical operating condition
fragments are obtained for cyclic operating condition reconstruction. The segments are smoothed by using Hanning
windows. The cyclic operating conditions based on real vehicle data that align with the operational characteristics of
the hydraulic torque converters during vehicle operation are constructed. The opimization is performed by simulated
annealing and multi-objective particle swarm algorithm to build a cyclic condition based on the real vehicle data to
fit the real vehicle operation characteristics of the torque converter, taking the average error of the main eigenvalues
of the cyclic condition and the overall data, the sum of the speed difference and the slope difference at the
connection as the targets. The research shows that the final condition consists of impeller speed-time and blocking
signal-time. The average relative error of the main feature parameters is 2.92%, which is consistent with the
performance of the real vehicle data. This research provides a new approach to design reliabile test conditions for
hydraulic torque converters.
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Fig. 1 Working condition distribution
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Fig.2 Data overview
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Tab.1 Statistical characteristic parameters of hydraulic torque

converter with real vehicle data

. Lt o " LUNET
e GEITHERIE S5 i P
1 R L fean 0.893 2
2 AR 2 sd; 0.230 7
3 B ALY (v - min 1) M 3899
4 SRR H/ (v - min ') Mhmean 2785
5 A HARHEE/ (r - min ") sd,, 532.0
6 BrR e/ (r - min ") M ax 4999
7 SRR E/ (v - min ') Mimean 2612
8 WL AR EZ/ (v - min ") sd,, 677.50

9 R AIMEEERE (rad + s77)  Cipean + 22.08
10 ZEERMMEEFRBME/ (rad - s72)  Uyean -
1 REAMEE ESE (rad - s72)  Clean+ 28.38
12 RRAIMEEAIIE (rad - s77)  Qpen- —28.31

-22.73
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Tab. 2 Proportional characteristic parameters of hydraulic
torque converter with real vehicle data
. e EUS Ve
ha=) HBIRFAE S5 55 e
1 I 0~0.30 Py 0.3 3.57
2 . 0.30 ~0.60 Pio.30-0.60 2.75
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4 B 1.00 + Pyos 22.63
5 ZEEHEHE 1000 ~1500/(r-min~')  Pu o 8.78
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7 FEEEEEE 2 000 ~2 500/ (r - minT')  Pu o0 13016
8 FEELHEHE2 500 ~3 000/ (r-min~')  Pu, o 28,16
9 REHEH 3 000 ~3 500/ (r - min~') P 32,20
10 FE4HEHEH 3 500 ~4 000/ (r - min~')  Pu oo 12,34
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Tab.3 Cumulative contribution of each eigenvalue

W IR TR/ % Fit sk %
1 6.501 24.079 24.079
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3 3.962 14. 674 55.512

4 1.817 6.732 62.243

5 1.572 5.205 68.064

6 1.302 4.823 72.887

7 1.142 4.231 77.118

8 0.901 3.335 80. 453
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Fig.8 Analysis of optimization results
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