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1. Bucket 2.Linkage 3.Rocker 4.Rocker cylinder 5.Front frame 6. Cab
7.Engine 8.Tank 9.Boom cylinder 10.Frontaxle 11.Boom
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a. Three-dimensional geometric model
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1.Pump  2.Priority valve 3.Steering gear 4.Load compensation valve
5.Steering cylinder 6.Boom cylinder 7.Rocker cylinder 8.Multi-way valve
9.Tank
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b. Principle diagram of hydraulic system
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Fig.1 Geometric model and hydraulic system of wheel loader
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a. Geometry model
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b. Flow area of valve
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Note: In Fig.2, P,T represents inlet port and outlet port of valve. Al and Bl
represent actuator port. P-T,P-B1,P-Al respectively represent flow area when
flow of oil run from P to T, P to BI, P to Al. A1-T and BI1-T respectively
represent flow area when flow of oil run from Al to T, Bl to T.

B2 A e ] IR LT AR RO b 38 A d AR i 25,

Fig.2 Geometry model and flow area of rocker control valve
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a. Force analysis of working device
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b. Resistance of working device under positive load condition
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Note: In Fig.3a, 4, B, C, D, E, F, G, H, I represent hinge joints of working device;

Fe, Fi, Fy represents force in relevant hinge joints, N; L; and Ly represents arm
of force; F, represents insertion resistance, N; F. represents spading resitance,
N; G,, represents gravity of materials, N; x and y represents horizontal distance
and vertical distance between hinge joint / and the relieving, mm.
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Fig.3 Force analysis and resistance of wheel loader’s working
device
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1,15.Boom cylinder 2.Boom 3.Linkage 4.Bucket 5.Front frame 6.Cab
7.Rocker 8,9.Rocker cylinder 10.Rocker control valve 11.Constant displacement
pump 12. Priority valve 13.Tube 14.Boom control valve
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Fig4 Co-simulation model of wheel loader
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b. Data acquisition
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a. Testing process
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Fig.5 Test of wheel loader typical condition

IEBRM O e B L b B R ey 2 i T
B, 3K 2 PPTOL R WU RS A TR BERELL AN R
Jr CAZE 23 S0 1E 2 T A b 28 T dE AT 9T o X0 5 i
SEVREE TR, PR R A POR D A . IEEGAS: BT
PP A 1000 kg, B IYPRL O T2 E .
Al : I 600 kg VoA MERCE N 2547 2F h0 400 mm 5
DA
3 FESRELERILX
3.1 EHIR

Sk 53 AT B R R B P (T T AR I R R () 3 B
155 0 S e A5 BT L T IR v i 2k, A A AL B gs )
THEMBIATIE ., BT 2 AR sl R G R A



%16 3

FIHAAE: R T AR RN 07 3 s

105

W, Ry —. B 6 WHRE s E s
W AT IAE R R P A IR Ty, IR
B 2 WIRELIER TOUH AR 2. EPh 0 il g ]y
T 10 i 2 2 P k0 o P v S0 458 PR ) 428 o £ 6 N A i 2
SR PTG R o

1000

PR 2k
Test

=== - ik

300 | Simulation

600

400 F

{7 Displacement s/mm

200 F

0

5 10 15 20 25
I [ Time #/s

LA BIREAAS 2808 R
1.Displacement of rocker cylinder 2.Displacement of boom cylinder
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Fig.6 Simulation and test results of cylinder’s displacement
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Fig.7 Simulation and test results under positive loading condition
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Fig.8 Simulation and test results of cylinder’s displacement
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Co-simulation and experiment of wheel loader during operation process

Yan Xudong, Yang Jing, Quan Long™

(Key Lab of Advanced Transducers and Intelligent Control System, Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: As significant part of the loader, the power of hydraulic system accounts for about 70% of the rated power of the
engine. So it is important to improve the efficiency of hydraulic system. Currently, wheel loader’s hydraulic system generally
uses constant displacement pump, which is supposed to generate large energy consumption. Although some researches have
been done to study the energy consumption of loader’s hydraulic system, these studies are short of experimental results
quantified. In order to analyze the energy consumption of wheel loader during working process, a three-dimensional (3D)
model of wheel loader is built by Pro/E software, and then it is imported into the software SimulationX to build the kinetic
model of the whole wheel loader. Meanwhile the simulation model of hydraulic system is built by the same software. The
research based on hydraulic model is mainly on multi-way valve and priority valve. In multi-way valve case, a 3D model is
built firstly and its parameters about throttling grooves are measured by Three-coordinate measuring machine. At last, the flow
area of control valve can be obtained by combining corresponding calculation module. By integrating the simulation model of
hydraulic system with the kinetic model, the co-simulation model of wheel loader is thus achieved. The precision of
co-simulation model of the working device is verified through the comparison between simulation results and test results, and
the energy consumption of the hydraulic system driving the working device in the work cycle is analyzed under positive and
negative loading condition. The testing results show that, under positive loading condition, the power of working device
accounts for about 32% of the total output power of pump, the energy loss in priority valve accounts for about 15% and the
energy loss in multi-way valve’s export, import and its center position totally accounts for about 49%. Under negative loading
condition, the power of working device accounts for about 27% of the total output power of pump, the energy loss in priority
valve accounts for about 16% and that in multi-way valve’s export, import and its center position totally accounts for about
52%. For the efficiency under negative loading condition is lower than that under positive loading condition, it is better to
avoid the operations under unbalance loading condition as much as possible. The important energy loss in loader’s working
hydraulic system using constant displacement pump is the large throttling loss of multi-way valves when loader’s bucket is
inserted into materials. The differential pressure drop between the outlet of pump and the inlet of cylinder remains about 2
MPa during a working cycle without considering high pressure relief loss. Additionally, unloading losses can be eliminated if a
load-sensitive variable pump is used. The co-simulation model established in this paper can be used to predict and analyze the
distribution of energy consumption and the energy-saving potential of working devices. The research methods can be used for
further research and comparing the operating characteristics and energy consumption of different hydraulic circuits, and it also
can be used to guide the design of the hydraulic system and its practical operation. Moreover, it can provide the basis for
designing energy-efficient hydraulic control system of wheel loader.

Key words: loaders; hydraulics; models; consumption analysis; co-simulation; working device
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