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Research on the wheel-axle cooperation hybrid system and control strategy of

heavy mining truck

LU Yao', BAO Jiusheng', HU Gege', ZHANG Huagqing'*, HU Deping’, ZHANG Lei', YIN Yan'
(1.School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China; 2. Science and Technology Quality Information
Department , Xuzhou Construction Machinery Group Co., Ltd., Xuzhou 221004, China; 3. Xuzhou XCMG Heavy Vehicle Co., Ltd., Xuzhou 221112, China)

Abstract: Mining dump trucks are widely used in open-pit mines for the transportation of coal, ore and other materials due to their “Super
heavy load transportation task and high driving speed” characteristics. In view of the practical problems such as limited power perform-
ance, poor fuel economy and serious exhaust emission existing in the traditional drive systems of classic two axle mine trucks and wide
body mine dump trucks, a new type of wheel-axle cooperation hybrid system is proposed and its control strategy is studied in view of the
super power demand and high power economy requirements of the power system of the open-pit dump truck due to the heavy-duty devel-
opment. First of all, a new type of wheel-axle hybrid drive system with “the center axle is driven by a diesel engine and the front and rear

axles are driven by motors” is designed, and eight working modes are studied and formulated; Secondly, the typical driving conditions of
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mining dump truck are analyzed, the road spectrum data collection experiment of cycle is carried out, and the special cycle curve of open-

pit mine is established; Thirdly, the mode switching and torque distribution schemes of the wheel-axle cooperative hybrid power system

under different hybrid modes are analyzed and determined, and the vehicle control strategy model based on the logical threshold of torque

is built using Matlab / Simulink; Finally, the wheel-axle cooperative hybrid electric mine car model is built in CRUISE software, and after

the control strategy is imported, the joint simulation test is carried out to compare and analyze the dynamic economic performance of the

vehicle and the lifting effect of the traction weight. The results show that with the performance improvement scheme, the maximum speed

and maximum climbing gradient at full load are increased by 29.51% and 54.36% respectively, the acceleration time of 0-30km/h and the

comprehensive fuel consumption of 100 km are reduced by 82.30% and 56.29% respectively, the working characteristics of the engine,

motor and capacitor are better, and the dynamic performance and economic performance of the whole vehicle are greatly improved; If the

load increase scheme is adopted, the load of the whole vehicle can be increased by 21.54% after the hybrid transformation. The maximum

speed and maximum climbing gradient at full load are increased by 28.60% and 52.31% respectively, while the acceleration time of 0-

30km/h and the comprehensive fuel consumption of 100 km are reduced by 77.09% and 42.15% respectively.

Key words: mining dump trucks; open-pit mine transportation; hybrid; control strategy; torque control
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super capacitor
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capacitor corresponding to SOC value
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Table 2 Distribution of target torque value under different modes
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Table 3 Simulation test results of original vehicle
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Fig.16 Simulation test results of full load climbing gradient
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Fig.17 Simulation test results of maximum velocity and accel-

eration time under full load
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Fig.19 Economic simulation test results

ﬂ\j %ﬁg/é§i EE*%, chpty-fucl j‘? §§ ﬁ(ﬂﬂﬁ, chpty.clccmc j‘7
DX HAE; Sonpy WA BT OUIEES

Zi bl 15 554 R 3h 4 RN 4k A A BUIMAE R
1966.998 2 L, {ifi 2 A 2~ L FE N1 638.370 3 kW-h;
ZEHEANTIWFEN 0L, FHAARHEFEN 1 664.365
6 kW-h,
422 XEEIAE TR AT AR HHT

D REHLTAERE. & 20 F1E 21 B ESIHLT
VERRPE O FLOR IR A5 R, AT LA, o 5 R shbley T
A A58 A 7 B R v ) v DX D A D 4 A
SRR

2) M TAER . B 22 AP A TAE
R BRI 25 R, MR TR R, s J5 1R 5 8h )
R F IR G 3 1 IS RGP LA
SOC {EZ2Z A X [A] 51 /)N, i BYR 5 20 ) 4= BN (S 12

414

IR h AT K, i A Mk R T A

3) IR HL TAERRME . 1 23 IR sh ML T4
FRPE O BRI 25 5, 1 23 WA, 3K S F LR dE—
HAT TARIRE, =i TEoE A RS R R B
2Pl T AR T P 15 B AL AR 5 R 5 e AR T
LRI AL, B R AR R TAEE AR . MR
(18 s [ BE /0 AR X i) 90 Bl B /0N e BEE L 2o
HAE OCT, AL A Dy 2 R . s 23b
iR, ZERTHF, UL — 4T REIRE,
7S BT B BE— LA T R A i s, Bl B
ARBE, FERSCR AR R, (H7E 328, 595, 620 s [ &
I, AEE A B N3N T I R IR s TR R, 7 B
HHLIK B, 3 ECHFERE .
43 HNRESERHEHENTEERSW

A TR TR BRI 1 MK DD e 45 8 R AT



S i eith i S o B B W B WA i L3 2023 425 S1 4]

17 780 17 990
15240 15 420
12 700 12850 |
E E
z 10160 Z 10280
% 7620 % 7710
= =
® 5080 ® 5140
& S
2540 f 2570 F
0 0
~2 540 : : : : : : : -2570 - . ' - . : :
786 1048 1310 1572 1834 2096 2358 2620 2 882 836 1045 1254 1463 1672 1881 2090 2299 2 508
JEE/(1-min™") JESE/(1-min™")
(a) TAFIS R A (b) LAEEFE X
20 HRINRAPTEREGERRER
Fig.20 Simulation test results of engine operating characteristics under full load condition
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Fig.21 Simulation test results of engine operating characteristics under no-load condition
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Fig.22 Simulation test results of super capacitor working characteristics
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Fig.23 Simulation test results of drive motor working characteristics
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Fig.24 Simulation test results of full load climbing gradient
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Fig.25 Simulation test results of maximum speed and accelera-

tion time under full load
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Fig.26 Simulation test results of vehicle speed following state
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Fig.27 Economic simulation test results
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Fig.28 Simulation test results of engine operating characteristics under full load condition
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Fig.29 Simulation test results of engine operating characteristics under no-load condition
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Fig.30 Simulation test results of working characteristics of super capacitor
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Table 4 Summary of joint simulation test results of super heavy dump truck in open pit mine
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254 2 BLHLFE/ (KW -h-100 km ™) 2.0 134 —1 664.3 656 —1644.3 656
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