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Optimization on the obstacle crossing ability and position of a forestry chassis
with double-cylinder wheeled-legs
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Abstract: [ Objective | The obstacle crossing performance and adaptability to different terrain are most
important factors for the technical characteristics of the chassis that is the key part of forestry equipment,
also they are the key reasons to decide whether the forestry equipment could work in the forest. Since the
typical plantations in our country have many short obstacles and gullies, the obstacle crossing performance
and adaptability of traditional chassis are not good enough to work in the complex terrain. [ Method ]| For
improving the obstacle crossing performance, a method based on D-H theory was used to establish a

kinematics model for a new type of six-wheeled-leg forestry chassis with levelling initiative gait. By space
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geometry coordinates transformation method, single-cylinder wheeled-legs mechanism was compared with
double-cylinder wheeled-legs mechanism in obstacle crossing ability. [ Result] It was concluded that the
obstacle crossing ability of double-cylinder wheeled-legs mechanism was always greater than single-
cylinder wheeled-legs mechanism. The optimum arrangement of double-cylinder position was achieved
with the D-H kinematics solution method. In contrast to prototype test, the highest obstacle crossing
numerical similarities of theory analysis and simulation were 99.7% and 97.8% , respectively. The
obstacle crossing height of wheeled-legs of chassis was much better than before, and could reach 285.9
mm. So it is completely suitable for the application in the field of forestry and a typical unknown terrain.
The correctness of the theoretical research method was validated. [ Conclusion ] This paper provides
theory basis for the research on the double-cylinder wheeled-legs mechanism motion characteristics, the
obstacle crossing ability of chassis, and the large-scale development and application of intelligent forestry
mechanical chassis.

Key words: D-H kinematic model; double-cylinder wheeled-legs mechanism; simulation; prototype test
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back frame; 12, front frame; 13, left front “ \” shape wheeled-leg.
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Fig. 1 Schematic diagram of six-wheeled-leg chassis
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Fig.2  Structure state diagram of double-cylinder wheeled-legs
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the frame installation point of control cylinder 1,0 is the frame hinged

b XU Double cylinders

point of front wheeled-legs, C is the front wheeled-legs installation
point of control cylinder 1, D is the front wheeled-legs installation
point of control cylinder 2, F is the “ A" shape wheeled-legs
installation point of control cylinder 2, E is the hinged point of “ A"
shape wheeled-legs, G is the front wheel center point of “ A" shape
“ N7 shape
wheeled-legs, [ is the piont of front wheeled-legs extended line, O is

wheeled-legs, H is the back wheel center point of

the basic joint coordinate system, 1 is the joint coordinate system of
front wheeled-legs, 3 is the joint coordinate system of “ A" shape
wheeled-legs,5 is the front wheel center joint coordinate system of
“N” shape wheeled-legs.
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Fig.3 Structure diagram of the front wheeled-legs with

single cylinder and double cylinders
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Fig.4 Front wheeled-legs coordinate system based on D-H method
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Tab.1 D-H parameter list

FEAT Link 0/(°) d/mm a/mm a/(°)
1 0 0 0 0
3 0, 0 L, 0
5 0, 0 L 0
0 N IEFFIA , d HPEFFIE R, o NEFFKEE, o HIEFFHLA

Notes: 6 is the angle between two connecting rods, d is the distance
between two connecting rods,a is the length of connecting rod, and « is

the twist angle of connecting rod.
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Fig.5 Analysis schematic for obstacle crossing

process of double-cylinder wheeled-legs
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Fig.6  Analysis schematic for obstacle crossing

process of single-cylinder wheeled-legs
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Tab.2 Theoretical data mm
P}, X Xy X3 EN
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-285.9 570 390 406 190
-285.9 610 400 406 190
-285.9 650 410 406 190
-285.9 670 420 406 190
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cylinder 1 on the front wheeled-legs and hinged point O of front wheeled-
legs on the body, x5 is the distance between installation point D of control
cylinder 2 on the front wheeled-legs and hinged point E of control cylinder
2 on the “ A7

shaped wheeled-legs, x, is the distance between
installation point F on the “ A" shaped wheeled-legs of control cylinder 2

and hinged point E of “ A" shaped wheeled-legs.
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Fig. 8 Simulation scenarios of the mechanism achieving the

maximum obstacle crossing height with x, ,x, ,x; ,x, changing
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Tab.3  Simulation data mm
P, X Xy X3 EN
-782.1 350 190 480 270
-611.6 420 230 470 260
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—-288.3 560 370 409 190
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-285.7 650 410 405 190
-289.0 670 420 400 190
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-350.1 680 430 390 170
-562.3 690 440 350 150
-671.6 690 460 290 120

3.2 KMEWERSW IZFFERTE

K288 PID 25| FHETE codsys B IR EE
FSCBUXT ESPC Tk g2 il s 42 il Sr 1SS R
P RGE, AR BE LA AL I A S 1 AH I 4K 5
R RIET 1 S AL 2 Bl S T R
BORXATRERAE R

PG A5 LAY £R H AL EOS, BB Ry 10
mm/s, FEHI G 1 47 R 120 mm, ¥EHIEC 2 4788 50
mm,, OO 5 AR A BCE A
[l A o, oy xq o, , 15 3] 22 20 0 2 (. P,
A e Rz SRS a8 9 R, BURF A AR 15
HEEHATIE(F 4)



RARVESE . — Wbk T 2230 20 25018 S5 0T 50 Bt A i B 57 A AL BF 5T 123

o PEEAREGETS

jantier

ontrol eylinder

7§ Control cylinder

FR B 28 4

Control cylinder

1 extension

a TIEREATET RS

Variable wheeled-legs level walking state

1 contraction

SR R s ' o AT B AR

Variable wheeled-legs obstacle crossing state

L2

Control cylinder

2 extension

1:3
Maximum obstacle crossing height
of the front wheeled-legs

Ko Aimfehtiz sk

Fig.9 Motion states of variable wheeled-legs
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Tab.4  Actual measurement data mm
P, % % o v
-791.5 300 300 500 270
-772.9 350 400 490 260
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-369.5 500 431 410 203
-312.8 550 300 409 192
-285.3 560 370 409 185
-294.5 570 390 407 195
—286.2 610 400 409 193
-287.0 650 410 406 188
-283.9 670 420 405 190
-315.8 680 435 405 190
-566. 1 690 433 350 155
-701.9 700 435 290 126
-730.6 700 430 290 120
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Fig. 10 Comparison among theoretical calculations,

simulation experiment and test experiment
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