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Fig.2 Geometric model of suspended farm tool tractor
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Table 1 Parameters of the tires
ZH Gk Ja %
Parameter Front wheel Rear wheel
42 /mm Radius 550 700
ﬁ%@ﬁ%’ﬁ( .. 0.95 0.95
Static friction coefficient
djg%%ﬁ . .. 0.75 0.75
Coefficient of kinetic friction
{ |
@JWNJ'E/(N/rad) 60 000 120 000
Cornering stiffness
4 b I
AR AR/ (N/mm) 495.25 137.16
Longitudinal slip stiffness
i 4 N/rad

54‘“5”)3/(( /rad) 6 000 12 000
Camber stiffness
H #1242 /mm Free radius 553 705
{f%lj]ﬁﬂj],%ﬁl . . 0.15 0.15
Coefficient of rolling resistance
3
fEmEE . 0.04 0.04
Radial damping ratio
$A | & /(N
| BB/ (N/mem) 348.48 560.82

Radial stiffness
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Fig.3 H class random pavement
1.3 HEHH-RRV-BEREEUEVENHE
W 50 e BE ) B EE R AN ML P B = 4RI R T A

ADAMS B B R RHE 1 7 MATLAB 4 5 4%
T UF 5% 5 38 01 2 7 0 A ) 4 9 B AL B T o A
B txt SCERRE B MO rdf PR AR B H A
Pl & F 5 A Z B 138 3 6 R Kk ShHL . A 3
R AL BB 2 Bk 2 55 5 A AR O fa7 4k Ay Joit o e
AR L., LR = HEESHERILZ B &% &%
Sl a7 A Y 2 Bl 53 AR 5 e AR (] A [ E R L 56 AR
XF HE AU RE LB R 29 RAL B, R ADAMS
Special force #EH ) Create wheel and tire ¥ E
28905 4F A RS IG5 B T SCPE L SR S IR Sl B 2 1)
BRI ) AT L LB T AR G A R SR
Pl 4 Frw,

B 4 ERAAYL-HER YL -BE T R G0 E UL

Fig.4 Virtual prototype of ditch plough-tractor-road surface system
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Table 2 Comparison of simulation and test results of suspended agricultural tractor system

WIAH/C m/s®) i EAE/C m/s?) AR 2/ %
2R Parameter . X . X
Trial value Simulation values Relative error
R 288 DU o A S ] I 2 o 3 0 {1 -
. 38.35 35.08 8.52
Vertical vibration acceleration peak at the bottom center of the chassis
JAE R 2 2 b 3 [ I 2 3 e {1 -
o 4 4 , 37.32 33.75 9.56
Vertical vibration acceleration peak at the seat installation
i b5 B g
Bl 2 e 4R S0 f . . 62.10 57.73 7.04
Peak vertical vibration acceleration of the front axis
i Al 1) B 20 0 3 0
! SR . _ 49.71 44.32 10.83
Peak vertical vibration acceleration of the rear axis
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C.D-F Al G-1 43 5 R WHR THE 5K J5 18192 /3 9 20°.45°.70° A-C,D-F and G-1 respectively show that the angle between the inner lifting
arm and the horizontal direction is 20 °,45 ° and 70 °; A,D,G 25 30 5% JJi.0 3 (] JR 2 0 3 BE L B, E, H Ay e 1 22 26 AL ARFAM I 3l 7y I 2, CL FL 1o
PO TE M RSN, A,D,G are the vertical vibration acceleration of the drivers center of mass,B,E, H are the pitch vibration angular ac-

celeration of the seat installation,C,F,I are the vertical vibration acceleration of the tractors center of mass.
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Fig.6  Vibration acceleration of tractor with internal lifting arm at different angle from horizontal direction

PR T 5K S 7 16 h OIS il B ) A i A WL 0 T ) 45 30 A — S Y
RSN LU 17.61 m/ & L JERE BRI S W/)n
D BEVEA 7.56 rad/s” SERALT O RIS N E 23 MEEThEE
W 29.33 m/s" . BERE N EE T 5 K S 7 17 2 A i D7 BLAS B R 7 e B R A e B 4L 25 3
KT 5 ) S O S A R A e g RO ) B 8 e B A S A ADAMS J Ak



%5 4 )

Bifom 45 Bhe e 8 S RO HE R AL Bl RE PR 1 5 T

179

A e v i g A B A g SRS 32 T B B (]
DA AR 7 s . WA AR THEF 5 KF
7 1) F7 ARG R, 25 B 53 3 [ 4R B0 P e {0 8 A 1,36
HKF) 2.12 Hz,

<3

Power spectral density
= N w b

DR FEE/(m/s") /Hz)

24 BERE

FIHLLL 10 km/h 4730 25
MBS AT LU 2 gl By S ) 4 B0 R g

X HE R LB R A
8 S MR THE 5K 7 1) e £ R 70° 1 25 i d

5 DA AL PR 3h B

1

20
A
0! D NAM WA L L L
0 5 10 15 20 25
% /Hz Frequency
- r ~ 9.
N> N Z\
,E g 7t E Z gj
= sl 45° £ = of 70
B S35 4f c =37
iy bt . o 4t
K e o3r Ko gl
g1 o 2 H1 o
o giy
2 L
R T R R TR R - S RS CRN T
#/Hz Frequency #iZ/Hz Frequency
A-C 730 5 R 3 T 55 /K57 J7 1) I /1 R 20°,45°,70° ik 25 B 53 01 5 3 I K% 95 . A-C represent the driver acceleration power spectral
density with the angle between the lifting arm and the horizontal direction of 20 °.45 ° and 70 °.
B7 BRIAERRIIMEEDEEZTE

Fig.7 Driver vertical vibration acceleration power spectral density

6

30r
2 SRy PR Lk
Driver’s center of mass 33 b Seat installation
EF =5
< B o 0
ARy 5
= S -2l
B« =%
&2 )
B S S S S B S S S S
o1 2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10
IsHa)/s Time IHE)/s Time
50, N N -
HERLHLT L S 5 Y G
40} Tractor’s center of mass EE z S5t Driver’s center of mass
2 & 30 <3 4l
£% £E
> 5 20f = £ 3l
C l?i(% D & i
g o e ol
=8 #1 9
o} BE 1
R
-10 0

2 3 4 5 6 7 8 910

IHE)/s Time

0 1

B /Hz Frequency

A,B,C are the vertical vibra-
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tion acceleration of the driver’s center of mass,the pitch vibration angle acceleration of the seat installation,and the vertical vibration acceler-
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Fig.8 Vibration measurements of unloaded tractors and drivers
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Effects of suspension parameters on vibration characteristics of tractor

NI Weiqgiang' ,JJANG Qing"?,XU Liangyuan'?,ZHANG Xingju' ,JIANG Dongdong'

1.School of Engineering sAnhui Agricultural University ,Hefei 230036 ,China ;
2.Anhui Province Engineering Laboratory of Intelligent Agricultural
Machinery and Equipment s He fei 230036,China

Abstract Dongfanghong-1.X754 tractor and Huaifengl.S-740 subsoiler were used to study the
effects of different positions of farm tools on the vibration characteristics of tractor with suspended farm
tools. CATIA software was used to establish simplified geometric model of tractor and farm tools.
MATLAB was used to write random road surface file, which was imported into ADAMS to write tire
property file and establish the mechanical system model of farm tool, tractor and road surface. Effects of
the parameters of the suspension device on the vertical vibration acceleration of the driver, the pitch vi-
bration angular acceleration at the seat installation and the vertical vibration acceleration of the tractor
body were obtained by simulation. The results showed that when the angle between the inner lifting arm
and the horizontal direction increased from 20° to 70°,the driver acceleration peak value reduced to 17.61
from 30.09 m/s”. The peak frequency of vertical vibration increased from 1.36 to 2.12 Hz. Seat installed
in longitudinal vibration angular acceleration peak value reduced to 7.56 from 11.12 rad/s*. Tractor bary-
center vertical vibration acceleration peak value reduced to 29.33 from 42.42 m/s*. It will provide an im-
portant reference for designing vibration damping system of tractor.

Keywords agricultural tractor; vibration characteristics; ADAMS; suspension device; farm tool

position
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