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Dynamic Modeling and Optimization Design of the Boom
of Intelligent Work Vehicles in Forest Areas

WENG Tianhao, DENG Minya” , LI Kejun
(College of Materials Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: To address the complex working environment in forest areas, a forest intelligent work vehicle was designed for forest op-
erations. The kinematic and dynamic models of the boom system of the work vehicle was established and the 3D software simulation and
optimization design were carried out. Firstly, a dynamic model of the boom system was established by combining analytical geometry
with Lagrangian dynamic equations. Secondly, the mechanism dynamics simulation tool Simcenter 3D Motion of software NX1899 was
used to analyze the boom system, and the time—dependent curves of the driving force and stroke of each cylinder in the boom system
was obtained. Finally, response surface experiments were designed based on Box Behnken design (BBD) to optimize the positions of
the front and rear hinge points of the variable amplitude oil cylinder. The results showed that when the cylinder stroke only increased by
0. 000 04%, the driving force of the cylinder decreased by 2. 33%, and the experimental design provided by BBD was reliable. There-
fore, this dynamic model can provide a theoretical basis for cylinder selection and force optimization of the cylinder.
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Fig. 1 An intelligent work vehicle in forest areas
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Fig. 2 Structural diagram of boom system
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Tab. 1 Boom system parameters
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Fig. 4 Schematicdiagram of simulation steps
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Fig. 5 Curve offorce of each oil cylinder over time
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Fig. 6 Curve of travel of each oil cylinder over time
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Tab. 4 Response surface experimental data
¥ v Y v Wzl W, /N 172 W,/mm EEAZR Y
! ! 2 2 Force W, Travel W, Comprehensive coefficient Y
570 2 666 25 2 741 10 269. 92 236. 67 98. 049
575 2 666 25 2 736 10 342. 86 236. 67 98. 462
575 2 666 30 2 731 10 384. 36 236. 67 98. 696
570 2 666 30 2 736 10 311. 44 236. 67 98.284
570 2 666 30 2 736 10 311. 44 236. 67 98.284
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Tab. 5 Response surface regression equation analysis of variance

PSS FIrm AME A P
Source Sum of squares ~ DF  Mean square

B 26.2100 14 1.8700  6788.72  <0.000 1
Model

A-X, 0.480 0 1 0.4800  1740.50  <0.000 1
B-Y, 24.790 0 1 24.7900 89 890.23  <0.000 1
Cc-X, 0.013 8 1 0.013 8 49.87 <0.000 1
D-Y, 0.9156 1 0.9156  3320.16  <0.000 1
AB 0.000 1 1 0.000 1 0.245 1 0.628 2
AC 0 1 0 0.043 1 0.838 4
AD 0.000 5 1 0.000 5 1.820 0 0.198 6
BC 1.41x10° 1 1.41x10°  0.005 1 0.944 1
BD 0.001 0 1 0.001 0 3.550 0 0.080 3
CD 0 1 0 0.066 8 0.799 8
A? 0.009 4 1 0.0094  34.1400  <0.000 1
B? 3.55x107 1 3.55x10"  0.0013 0.9719
c? 0.000 4 1 0.000 4 1.290 0 0.2759
D? 0.000 2 1 0.000 2 0.702 9 0.4159
5%

Residual 0.003 9 14 0.000 3

KA

Lack offit 0.003 9 10 0.000 4

By

]jlif error 0 4 0

BES

Cor total 26.210 0 28

TE:P>0.05 FREFAEE ;0. 01<P<0. 05 FR 2 FM 0 E,; P<0. 01 %

IREFRIBE

Note : P>0. 05 means no significant difference; 0. 01<P<0. 05 means signifi-

cant difference; P<0.01 means extremely significant difference.
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Fig. 9 Hinge point position before and after optimization
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Tab. 6 Comparison of various parameters before and after optimization

28 PEALHT efess (%)
Parameter Before optimization After optimization Rate of change
X, 570 566. 45 0.62
X 30 26.58 11.4
Y, 2 666 2 661.38 0.17
Y, 2 736 2 740.77 0.17
4Kz 7 W, /N
F W 10 311. 441 35 10 070. 610 51 2.33
orce W,
TR W,/mm
Travel W 236. 665 863 236. 665 973 0. 000 04
av )
i
TJ‘(.}‘”E \ 96. 553
AT Y Predictive value
Comprehensive coefficient ¥ JRo—
ol 98.284 96. 923 1.38

Actual value

AR R A 2O (e 5 - DL R ) /L fLRT

Note; The formula for calculating the rate of change is ( After optimization—Before optimization) / After optimization.
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