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Improvement of Starting Pressure Impact on Hydraulic Excavator Based on
Model Calibration and Dynamic Matching of Pump Valve
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Abstract: This paper addresses the problem of excessive pressure surge and speed oscillation during
the start-up phase of a hydraulic excavator, caused by lag in pump-valve matching. A hybrid speed regula-
tion method is proposed based on dynamic parameter calibration and pump-valve dynamic matching. A La-
grangian dynamic model with a continuously differentiable friction term is constructed. The inertia param-
eters and friction model coefficients are identified via excitation trajectory optimization and the leasts-quares
method. A neural-network-based pressure feedback controller is designed to achieve dynamic matching be-
tween the main pump displacement and the unloading valve opening. Experimental results show that the
proposed method reduces the start-up pressure surge by 19.12% to 35.43% without compromising speed
response, and significantly enhances start-up stability and maneuverability.
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Fig.1 Electro-hydraulic flow matching system with

bypass compensation valve
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Fig.2 Electro-hydraulic flow matching control

block diagram
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Fig.3 Kinematic model of hydraulic excavator
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Fig.6 Hydraulic excavator test platform based on load port independent hydraulic system
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Tab.1 Identification results of friction model

parameters for each joint
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Fig.7 Identification results of friction torque

models for each joint
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Tab.2 Identification results of rigid-body dynamic

parameters

HR/NBES B HrR g R
my L g, cos(By)+myL,+ myL,/(kgm) 329.1
myL g sin(B,)/(kgem) 31.03
I+ m L, + myLT+ myL7/(kgem®) 564.4
my Ly, cos(Bs)+ myL,/(kgem) 109.3
my Ly, sin(B5)/(kgem ) 2.965
I, +my L, + myLy/(kgem®) 111.5
myL g, sin(Bg)/(kgem) 12.07
myL g, cos(Bs)/(kgem) 19.32
I+ my L, /(kgem?®) 9.695
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Fig.8 Torque curves for joints of hydraulic excavator

HHE ¥ 46 6 132 22 (MAE) (377 it 1% 22 (RMSE) 1
TRE RBC(RY) PEH TOIAS B2 L e 3 o . M1 |
TOMORS A M2 T 3, A XML PR
IR T 93%, HA & M2 43 255 1 4.31% (3

). EA TR 40 3R A SO # 0 S s 4
il (CL) M 48 i g R i # il (C2) A7 156, SR 4R
VR HS AT T 0 T 32 Bl B R B A A
WE PR, MR UER LAY & & L, & LR T
= I/ N L

“?20r § 8r — CliEHI g —C2EH
E e

510- 3 4/ /%

= =]

i o

® 0 E o

% 5 R g 3 A 9
' B 1)/ (@) T3l 5 A /s

g s 1

; 0 S of —Clﬁﬂﬂ%% —Copla
Epl o ]

= —CifEmE E [

i —Cofimim M

| S WEwE &

_ Ll b TH2 slie

“u_n 2471 %‘34,5 —C & % — C2ixHl g%
g Z3.0

=12f — Clfzgs ﬁ

& —CofEglE LS

N N A 153

ﬁ 0 pst E oF

0 N 9

® 0 it [ #/s 9@3:%3 R

< 40 &5 — ClHIR — COREI
£ 2

£ 20f —cigpE R ﬁ%m
3 —CoppE

® | waEE

® 0 E ot .
% 0 i 5 0 ‘ )
1 Bt ¢/s (d)THt4 Ita)e/s

E9 E4WMIRTHRELSESZ

Fig.9 Characteristic curve of hydraulic cylinder under four working conditions of boom
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Tab.4 Start-up pressure oscillation values of the boom

w,=

(35)

under four working conditions

. WE S /MPa | TR S/ MPa
B8 w,/ %
C1l C2 C1 C2
T8 7.368 7.683 6.794 6.712 35.43
T2 8.344 8.903 7.143 7.012 31.76
T3 4.143 4.319 3.718 3.713 29.28
T84 4.526 4.631 4.082 4.108 19.12
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