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Simulation load spectrum acquisition method of multi-gear gearbox
considering gear combination strategy
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Abstract: The current gearbox simulation load spectrum is difficult to fully reflect the load state of the gearbox
gear, because driver’s intention is not fully considered. In order to improve the accuracy of gearbox reliability

analysis, a mining vehicle equipped with a 12 speed gearbox was taken as the research object. Based on the
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shifting rules of power and economy, a multi-gear gearbox simulation load spectrum acquisition method
considering gear combination strategy was proposed by fully considering the allowable gears of different vehicle
speeds. Based on the driver conditions of mining vehicle, the proposed method was used to obtain multi-gear
gearbox simulation load spectrum, and compared with the simulation load spectrum obtained based on power and
economic shifting schedule. The result show that compared with the traditional method of obtaining load spectrum
based on shifting schedule, the proposed method obtains different critical gears. The critical gear obtained by
traditional method is 6th gear, with a working time accounting for 53.25%, and the proportion (53.14%) is the
highest in the load range of 2 000 N-m~2 400 N-m. The proposed method obtains the critical gear is 7th gear, with
a working time accounting for 54.49%, and the proportion is the highest (52.78%) in the load range of 2 400 N-m~
2 800 N-+m. From the perspective of load accumulation, it can be observed that the obtained 7th gear load
accumulation of the proposed method increases 2.33% compared with the obtained 6th gear load accumulation of
the traditional method. The research result prove the effectiveness of the proposed method and lay the foundation
for the reliability design of multi-gear gearbox.

Keywords: load spectrum; rain flow counting method; power shift; economic shift; multi-gear gearbox
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Table 1 Basic parameters of the vehicle
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Fig.1 Three dimensional model of transmission and gear system structure
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Fig. 2 Full load shift schedule curve
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Table 2 Allowable gear in different speed range

A X[ /(km-h ™) VIS0 o X ) /(km-h ™) VIS o3 X ) /(km-h ™) VI

1.4~2.5 1,2,3 5.4~7.0 5,6,7 14.5~18.9 9,10,11
2.5~3.2 2,3,4 7.0~9.0 6,7,8 18.9~24.5 10,11,12
3.2~4.1 3,4,5 9.0~11.2 7,8,9 24.5~31.9 11,12

4.1~5.4 4,5,6 11.2~14.5 8,9,10 31.9~41.1 12
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Fig.3 Schematic diagram of gear combination strategy
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Table 3 Gear combination results
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Table 4 Use probability of full-load target gear

=L
Bif 181 /s

1 2 3 4 5 6 7 8 9 10 11 12
1 1.000 0 0 0 0 0 0 0 0 0 0 0
2 1.000 0 0 0 0 0 0 0 0 0 0 0
3 0 1.000 0 0 0 0 0 0 0 0 0 0
4 0 0 1.000 0 0 0 0 0 0 0 0 0
5 0 0 0.500 0.500 0 0 0 0 0 0 0 0
6 0 0 0 0.750  0.250 0 0 0 0 0 0 0
7 0 0 0 0 0.875 0.125 0 0 0 0 0 0
8 0 0 0 0 0.479  0.479 0.042 0 0 0 0 0
9 0 0 0 0 0 0.740  0.260 0 0 0 0 0

10 0 0 0 0 0 0.457 0.457 0.086 0 0 0 0
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Table 5 Use probability of no-load target gear

=102
B i /s

1 2 3 4 5 6 7 8 9 10 11 12

1 1.000 0 0 0 0 0 0 0 0 0 0 0
2 0 1.000 0 0 0 0 0 0 0 0 0 0
3 0 0 1.000 0 0 0 0 0 0 0 0 0
4 0 0 0 1.000 0 0 0 0 0 0 0 0
5 0 0 0 0 1.000 0 0 0 0 0 0 0
6 0 0 0 0 0 1.000 0 0 0 0 0 0
7 0 0 0 0 0 0.500 0.500 0 0 0 0 0
8 0 0 0 0 0 0 0.750  0.250 0 0 0 0
9 0 0 0 0 0 0 0.458 0.458 0.084 0 0 0
10 0 0 0 0 0 0 0 0.729  0.271 0 0 0
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Fig.4 Driving cycle diagram
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Fig. 5 Simulation results of power and economy shift schedule
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Table 6 Proportion of working time of each gear under full-load power shift schedule

Hifi i /% =l i /% Hifi i L /%
1 0.24 5 0.12 9 0.65
2 0.06 6 53.25 10 0.81
3 0.07 7 0.33 11 1.24
4 0.10 8 0.49 12 42.64

RT BHEFEBREABRTIEMTENE S

Table 7 Proportion of working time of each gear under full load economic shift schedule

Hifi i /% el i /% Hifi i /%
1 0.17 5 0.08 9 0.52
2 0.05 6 53.14 10 0.75
3 0.06 7 0.22 11 1.34
4 0.07 8 0.49 12 43.11

Table 8 Proportion of working time of each gear under no-load power shift schedule

RS EHIHNMBEMNETSEMTERE L

iz i /% Pifr i /% iz i /%
1 0.16 5 0.05 9 0.55
2 0.02 6 0.06 10 29.65
3 0.03 7 16.37 11 2.49
4 0.03 8 0.38 12 50.21

R THEFERENARTSHEMIERE L
Table 9 Proportion of working time of each gear under no-load economic shift schedule

EETA i /% i i /% EETA a7 /%
1 0.13 5 0.05 9 0.44
2 0.02 6 0.05 10 0.62
3 0.02 7 16.39 11 30.85
4 0.02 8 0.37 12 51.04
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B 6 £4 %5 A 55 FEAE 2 000~2 400 N-m 7 H 53 1 4 99.81% .99.80% , i A %% 1 £ 1 200~1 500 r/min 5 4351 4
99.91%.99.87%; 12 $ifi AFEHIAE 1 200~1 600 N -m (7 [b 5351l 4 98.18% .97.20% , iy AF% 47 1 500~1 800 r/min
i1 FEI3 90 98.59% .97.84% . 23 28l I 15 G G PR RS ML 1 da A7 IR 1A] i 4 A9 12 240 A% HEAE 400~800 N *m
b HE 23 51 99.48% . 98.97% , iy A B AE 1 500~1 800 r/min (5 F 4351 4 99.07% . 98.67% ; 25 % 5l 1 Pk e 4 KL
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Fig. 6 Statistical histogram of 2-gear load and speed under full-load power shift schedule
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Fig.7 Transmission load spectrum under full load power shift schedule
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Fig. 8 Transmission load spectrum under full-load economic shift schedule
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Fig.9 Transmission load spectrum under no-load power shift schedule
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Fig. 10 Transmission load spectrum under no-load economic shift schedule
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Table 10 Proportion of working time of each gear under the full load gear combination strategy
EEq i L /% EEf i L /% EEf o /%
1 0.12 5 0.11 9 0.57
2 0.03 6 0.18 10 0.94
3 0.09 7 54.49 11 1.26
4 0.09 8 0.39 12 41.73
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Table 11 Proportion of working time of each gear under the no-load gear combination strategy

EET 5 E /% Pir i /% EET i /%
1 0.13 5 0.14 9 0.33
2 0.13 6 0.17 10 14.49
3 0.13 7 0.20 11 14.92
4 0.14 8 0.26 12 68.96
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Fig. 11 Statistical histogram of 2-gear load and speed under full-load gear combination strategy
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Fig. 12 Transmission load spectrum under full load based on gear combination strategy
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Fig. 13 Transmission load spectrum under no-load based on gear combination strategy
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Fig. 14 Comparison of dangerous gear simulation results
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Fig. 15 Comparison of average load of each gear under full load condition
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Fig. 16 Comparison of average load of each gear under no-load conditions
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