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Characteristics of Wheel Loader Lifting Device Based on
Closed Pump-controlled Three-chamber Hydraulic Cylinder

ZHANG Xiaogang WANG Xiangyu ZHANG Hongjuan QUAN Long

(Key Laboratory of Advanced Transducers and Intelligent Conirol System, Minisiry of Education ,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; As an engineering machine which loads and unloads gravel frequently, wheel loaders own large
potential energy when the unloading process. In order to recover and utilize the potential energy, a closed
pump-controlled three-chamber hydraulic cylinder lifting device was proposed. The servo motor and
accumulator supplied power for the device. A potential energy recovery chamber was added to the original
boom hydraulic cylinder to form a three-chamber hydraulic cylinder. The potential energy was recovered
and utilized by an accumulator connected with the added chamber when the wheel loader dropped. The
closed hydraulic system composed of the fixed displacement pump and the three-chamber hydraulic
cylinder was used to drive the lifting device, and the servo motor was used to drive the pump. In order to
accurately control the extension and retraction of the hydraulic cylinder, the displacement feedback of the
hydraulic cylinder was adopted to closed-loop control of the motor speed. In the research, the
mathematical model and the transfer function of closed pump-controlled three-chamber hydraulic cylinder
lifting device were established. Firstly, the static characteristics of the device were analyzed, and the
corresponding control strategies were put forward. Then, according to the working principle and control
strategies of the proposed device, a multidisciplinary electromechanical-hydraulic simulation model was
constructed, and its feasibility, dynamic and energy consumption characteristics were analyzed. Finally,
a test system of the proposed device was constructed to verify its dynamic and energy consumption
characteristics. Based on the simulation and experimental results, the energy consumption of the proposed
device was reduced by 21.2% in one working cycle under half-load condition comparing with the closed
pump-controlled two-chamber hydraulic cylinder lifting device. Compared with the original valve-
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controlled hydraulic lifting device, the energy consumption of the proposed device under no-load, half-
load and full-load conditions were decreased by 22. 7% , 20. 9% and 21. 5% , respectively.
Key words: three-chamber hydraulic cylinder; closed pump-controlled; wheel loader boom; potential

energy recovery
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Fig.1 Principle diagram of closed pump-controlled
three-chamber hydraulic cylinder lifting device
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Fig.2 Force analysis of lifting device of wheel loader
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Fig.3 Transfer function block diagram of closed pump-controlled three-chamber hydraulic cylinder lifting device
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Fig.5 Multidisciplinary joint simulation model of closed pump-controlled three-chamber hydraulic cylinder lifting device
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Fig.6  Simulation results of closed pump-controlled three-chamber hydraulic cylinder lifting device
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Fig.8 Test results of closed pump-controlled three-chamber hydraulic cylinder lifting device



410 5

FRIERI 45 ;PR = OB BT K S A2 TR BT 417

Kl 9a ML THEE B AEE 8 rn T.00 T 1Y
fal i iR AILE R i e .l AT 8, 76 P 24 TE g o Tl
T B MLAE B 2 T B B i)l iz F AL ) o A
I E 3,96 kW, IE(E I R T ik4. 76 kW,
FE T B B BE2S T8 8 10 ) 34 40 R 2 R ] il
AL 40 oy L f] AR F ML & HL, L 30k R f,
FL BB 245 i 2y L BHL 27 46 ol R FE I IR B v | 1

6

..... PR+ TERE B
—— TR R R

L | | I P 1
0 2 4 6 8§ 10 12 14 16 18
iGN
(a) AR T

TRERIR B 5 75 A1 R A 8 M T, 26 T B B AR
JR L2 53 2. 42 kW, %580 R e [l 1900
1i% 38. 9% ,WE(H TR Ky 3. 31 kW, F&AK 30. 5% , 7E
TR B T A% 0 T B8 AN AR AR R AL 1Y FRL B
FEAERIE BERR P, O F — WS T 2 B 1 26 THR it
iBhsh gy, LT AT EE S BRI S
FIH .

THEPKW

202 4 6 8 10 12 14 16 18
f ] /s
(b) Ak

FLO PR A% = I i 2 T2 A I A AL At £

Fig. 9  Output power curves of servomotor in closed pump-controlled three-chamber hydraulic cylinder lifting device
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