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Mechanical-hydraulic Coupling Model of Independent Metering
Control Excavator and Its Test Verification

Ding Ruqi' Xu Bing® Zhang Junhui’ Li Gang'
(1. School of Mechatronic Engineering, East China Jiaotong University, Nanchang 330013, China
2. The State Key Laboratory of Fluid Power and Mechatronic Systems, Zhejiang University, Hangzhou 310027, China)

Abstract; Low energy efficiency is a significant problem for the hydraulic excavator. To save energy, the
independent metering system is a promising alternative to the conventional valve control system by
decoupling the meter-in and meter-out orifices. An independent metering control excavator system is a
complex hydraulic-mechanical coupling system. In order to build precious simulation model, it is
required to identify each component parameter, including the coupling links between hydraulic and
mechanical systems. The nonlinear mathematical models of the system were firstly established. The
hydraulic model considered both laminar flow and turbulent flow was used to accurately capture the flow-
pressure characteristics. The model parameters were estimated according to measurements. The frictions
of actuators were also identified by kinetic equations combined with the least square method. In order to
increase the accuracy and speed of parameter identifications, the processes of identifications were
transformed to a nonlinear optimization subject and a NLPQL multi-objective optimization algorithm was
applied to seek the optimal values of property parameters. Based on the mathematical models, a lumped
parametric coupling model was presented. Compared with the co-simulation model in the state of the art,
the proposed model was implemented in a parametric platform, conducing to improve simulation efficiency
because it had the advantages of short computation time and easy to modify mechanical parameters in
terms of operating conditions. Finally, experiments were done to compare with the simulation model. The

deviation of static pressures in cylinders between simulated and experimental results was less than
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0.2 MPa, and that of dynamic velocities was about 4% ~ 6.5% . Besides, the results of independent

pressure and velocity close-loop control verified that the presented model had enough computation

accuracy to provide a reference for researching the control strategy.

Key words: excavator; hydraulic system; independent metering control; lumped parameter modeling;

parameter identification; multi-objective optimization
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Fig.1 Schematic diagram of independent metering

fluid power system for excavator
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and Reynolds number

12 BlsE RS

SR 118 3 G AR R AT R R — A I L R
Ge, PR R AR T L 2 1 3, i L4 1
I 2 R e — AR, T e 560 2 U
TS 8 1 A — 5 3 8, WA T 7 £ — 72 OB X
FERR P RE N FREICRT (x, <)) , i1 T IS 15 5
2 T 1E — 5 WO RE B, 7% 6% 7 T /N g 08 o
L 7 AR S B 2 2 Ry

3

d,\-
_“i(z)A 3
7 e, 7
X w IR B Pass
d—lﬂlL‘»E1I,

d'E 277 1) b I R Y (A B, m
WSS B BT I, m

£ ”_x >
/%mgms
&
R i
3 GV ST L v R4 R S A5 N R

Fig.3 Schematic diagram of independent metering

valve-controlled cylinder system
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Fig.5 Pipe model considering compressibility and

pressure loss along pipes
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Fig.6  Diagram of each rigid body in excavator manipulator
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Tab.1 Kinetics parameters of mechanical arm
24 Kl
WA 1 Bt m, kg 85.7
A 1 g J,/ (kg-m®) 23.2705
WA 2 BitE my/kg 27.83
Wil iA 2 % gh i J,/ (kg-m?) 3.9542
WA 3 BihE my/kg 6.2
WiliA 3 e sh i J,/ (kg-m®) 0. 023 896
WA 4 BTk my/ke 8.5
Rl A 4 568 J,/ (kg-m?) 0. 075 563
WA S Bt ms/ke 132.73
Rtk 5 % gt J;/ (kg-m?) 8.559 56
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Fig.9 Voltage reverse mapping of measured valve flow-pressure characteristics



314 & A Bl B ¥ i

2016 4

Né 14 — %13 L/min
£12 ===l
®10 —
kgs
—
ui
@2
0 2 4 6 8 10
JEZ/MPa
(b) FEFEE

(a) FROTH AR
& 10

Fig. 10  Comparison of measured and simulated valve
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Tab.2 Comparison of simulated and measured static

test results MPa
£ fij 5 Wk
Pa 5.9 6.1
P 0.1 0.1
Pa 0.9 1.1
P2 6.4 6.4
Pa3 1.0 0.8
Pu3 2.3 2.5
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