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Design and Test of Twisting and Swinging Attitude Adjustment Device of
Wheel Hilly Tractor
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Abstract: Aiming at the current attitude-adjustable hilly tractors can only achieve static leveling, height
difference leveling, and low leveling accuracy, an attitude adjustment device of the twisting and swinging
wheel hilly tractor was designed. This device realized the tractor’s adaptation to complex roads by
adjusting the relative rotation of the front and rear vehicle bodies. Firstly, according to the requirements
of the special pavement in hilly areas, the stability of tractors on slopes was studied, and a twisting and
swinging attitude adjustment device was designed. Then, dynamic simulation of twisting and swinging
attitude adjustment device was carried out, model of the tractor was established, and dynamic simulation
analysis of multiple working conditions was performed. The dynamic simulation showed that the device
maximum rotation angle was 15.2°, the maximum inclination angle for the tractor to maintain stability on
longitudinal slopes was 23.2°, and the maximum inclination angle for stable driving on transverse slopes
was 16. 8°. Finally, field trials of prototypes were conducted. The test results showed that the average
angle of rotation of the twisting and swinging attitude adjustment device was 15.03°, the maximum
longitudinal climbing angle of the tractor was 25.6°, and the maximum transverse climbing angle was
16.2°. The average productivity of rotary farming was 0. 65 hm®>/h, and the average productivity of plow
farming was 0. 36 hm’/h on the ground with a slope of 15°. The tractor met the design and technical
requirements, and can better adapt to the hilly and mountainous environment, and it can meet the normal
operation requirements of the hilly and mountainous areas.

Key words: hilly; wheeled tractor; twisting and swinging attitude adjustment device; multi-conditions

dynamics simulation; test
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Tab.1 Main technical parameters

S8 KoMl
i/ mm 1370
P /mm 1300
/NS L8] B/ mm 205
Bl 3 4 A 3 kW =25.9
R #EH J1/kN =10.5
Pm e s/ () =20
GARNEE G =15
55 4% /mm 3600 ~4 000
Hi P ML B/ kg 1650

RAF(K x5 x5 )/(mm x mm x mm) 3245 %1570 x2 130
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Fig.2 Longitudinal slope force diagrams of tractor
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Fig.6  Swinging of rear drive device
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Fig. 8 Simulation of twisting and swinging attitude

adjustment device
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Fig. 9  Simulation results of twisting device

B, HH B e ) ff AR B K, Bl R TR ) A2 B
By, FH M 2 3 ) ) ) o
3.2 WEREMME
3.2.1 B bRy

Fe B L b 22 Ry 33 b, 6 B ATL AE B b A b AT B
5 b A A T L2 e g — A R
AT — N T AR R Y P 6 R A 40033 b, 75 1 T A AN
[Fi] 57 E5 AN O @ 2 K 5l A A55 400 b i A 32 T A8 Ak, FE 45
FL TR R AN [R] A1 B2 () 9 1] Bl 5 R 1) B i T, R
REEALGNE 10 iR .

(a) G

(b) B

10 3 itk i 7
Fig. 10 Simulation of slope road

3.2.2 Yhpa bR SR 1A 35 R A E M

T8 JEAT Y5 B2 RS M 07 LI, 46 B BRI IT 46 Hh 3
T o 00 360 P9 B 1] DAy 48 37 AL 5 A 1) s SRS e it
B Ho A B 24 AL B M e K R R O B
R 11 R

FIET T1a T, Bt 25 0 160 350 52 9 388 K, Y b 1)
O 0 8% 5 2 1 9 4 T 38 g 23. 2° ), 6 F
IR RN AN TR ORI R R e Lk (T 0k
TE G\ 1) 3¢ M PR 5 A RE Y e KBRE A 23. 29

H I T AT i 3 A 16 352 52 A9 58 I, 4t B AL AE
X B 75 1) B9 62 8% JCAE AL HERLHLIE W FLZAT B, 20

300 1000
100 500}
g g
£ -100 £ O
i%i 300 % -500
500 ~1000L
— L L i -1500 I I I I )
7000 10 20 30 0 5 10 15 20 25
Hipe(®) (%)
(a) B (b) B
BT Yl SRR 0 i O AR i 2k
Fig. 11  Relationship lines between slope and model

center of gravity

JER I 16. 8 W, Hi P HLAERE ) L= A 0 FS B
RIS, 3 32 W4 1 L 76 B 1) 33 b R 457 A3 2 199 e K
FasE MR 16.8°,

05 B s L b P LTE S [R5 BT i 2
BT AL, H R LN 1) 3 A7 Bk PR 5 A ) A KA AR R
23.2° R 1) B AT 3 PR FE AR T Y SR KA R 16. 8¢,
T 2 A 20K
3.3 FEWITRIAFMHE
3.3.1 KPR {5 B

IK PR 7 L 2 i AR U046 L LA A T ek 3 A
[Fi) e i 1o 14328 Iy 1 0, T 12 A 7K P B i 3% T o

L

Bl 12 K P i 1T
Fig. 12 Road of horizontal obstacle

(1) AE LR 25

B HE T AL ) HH I OGP, 4 B A O W i 4
HijJ TGk & A AR e 2y, 1 13 S f HL AT B 7 o
4 DRI GO, BT IR R AR e g A AT
B b 2 1 AR iR A AR R 55 40 3 AR iR
SIAFAE B LRG0, 58 iR A 32 1 B AL M
AR ATRAE A AT E , AT RE 5 1R 46 AL B, A7 7R

Tkl
(2) HBEARZS

Y 4 R B T 5 T T, H b ML A B AR O R
PR B2, 5 4 B n] DUM G55 Bl LIS 5 B A )
D5 BEE SN E 14 fiw . IESRETEEJy m & , 4
L e o f T A M, 2 0 AN ) ) o A A e
23Ut By N [v) Ff B Ok I B T ) R AR AR A dn 2 AR R
T 5 4 T 4 il B G PR R B A A L IRE T
i R HLAE Al 1 B T
3.3.2 YAt e v 1

HENT — AN 20° (1 G\ 0] B B K 1, 46 A5 8% TS 4
Pr AL R Lb F A3 f 7 B K 15 B .

Xof 4 BB b AT SRR MR AT O LA AT, T
R 16 s,



430 & Bl B ¥ i

80000
60000
E 40000
20000

5 10 15 2

2022 4
80000
60000
Z 40000
R
20000
0 10
Fisf i) /s
(b) frwiHe
80000
60000
£ 40000
R
20000
0 5 10
i [ /s
(d) Hla%

KRENE Rk i

0 0
Hif7)/s
(a) ZERTHE
5 10 15 20
B} /s
(c) )5t
Fig. 13
15¢
100
&
5
sl
~10 I I . )
0 5 10 15 20

i a)/s
PRl 14 N 8 2 R 2 I gl AR A il 2
Fig. 14  Rotation angle change curves of twisting

and swinging attitude adjustment device

F15 ) b3k
Fig. 15  Longitudinal uphill road

TE 20° (9 9 1] R4 A7 30 4L HL 4 A5 iR 52 B
FY R 8 0 O 50 RAIE T AL RE B8 B E L AT
RN i B € 1 O A1 G R s R 4
AR, e 1) AN fi) L A A O B B I 1) A2 Ak
FLE B TT HAR 5 B 3O AR SR T3 HLAE 20° 0
lia 31 A H BN B el A, RE A AR IE WAL .

X BB T S AT B AT 05 BT, T S B A
RN 17 Fros o

D5 EAERANPE 18 o, 4t f HLLE 20° 59 9N i &
BN B AR T E BRI S L 1
AL A B $ T (B SR e — S Rl 2 9, A T
O B 7 3 1] AN 1] L Bl (] B 28T W ELAR 45
A N E TR RN 4 A S S

Curves of tire force

15000

10000

z
Z 5000
R
0
=000 425 8.50 1275 17.00
Hif 1) /s
10000 e
-
..... Y1 T
1250 b e
e
£
£
R -7500¢
E
~16250 -
~250005 425 8.50 12.75 17.00
Fisf5)/5

B 16 hr bR RE M FLA R

Fig. 16 ~ Simulation results of longitudinal uphill stability
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Fig. 18  Simulation results of longitudinal downhill stability

P19 A e 3 % T
Fig. 19 Transverse slope road
15000
-—- Ak
wo00ff . LS

—-- R

0 1 2 3 4 5 6 7 & 9 10
it [A]/s
P20 6 ] B Fe e VT B4R

Fig.20  Simulation results of lateral slope stability

R ALAE 15° (B 1a] 3 A7 B i e v 32 3 01
BB s WAL 7 10 A AR 1A 5 2 A E

i IRV N: QT WV & 2630 AP € N L1 B T R VR e
R ) 22 1 B2 R O O 5 I 3 AR 3 W 46 1 BL
RAE 1SR 1] i H B0 30 o T AR, RE A8 AR E LA
FEAlk o
3.3.4 Rty Az E vy B B

P21 St L7 A7 B ad 7 rp e 1) T 0L T 1932
IR RIS

P21 47 LA 1) A7 Bk i 2%

Fig.21 Steering route of tractor

AR Y AT ECHE AT AL P R S 22 [ A7 7 e i 22, S8
LRI . D7 LA AN 22 BR B LA 22 B ik
T rf, AR S B0 e ) 0 i T A AT R, 32 3 A AR ) L
B, oAl 3 SRR I 32 B Ao R HL )
JE R B 1) 75 g B, RSP AR, 1X 3R W14 £ HLRE B
T E AT 54 10]

HiF[A] /s
5000
— fi
— f[n]
e Wi
0
g
£
[
4\:_]
~5000-
~10000 i
15
EE

P22 B R P EL A AR

Fig.22  Simulation results of steering stability

4 HIERLE

2020 4F 6 H 5 12 H 43 HIHE 1L AR FOAE 4 A A7 BR
Z8 ) AT VR I AT T, AL
I M 4 IR Q/1121LWZ056—2020 ¢ B B 111 Hb 41
WA M hr AL 8 AR S 44 ) .GB/T 3871. 1—2006
(A HE P LRI R 55 1 340 8 2K 47 .
4.1 HEREZEIFHNE

Ry e B HH I 2% 25 ] R 2 ) S bR B B A iR AT
T A R R A ) A A, W R 23 .



432 & Bl B ¥ i

P23 M A R R e 4 B

Fig. 23  Swing test of twisting and swinging attitude

adjustment device
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Tab.3 Rotation angle of twisting and twisting attitude

adjustment device (°)

KT 5 A Yty A Y Ml
1 14.9 15.0 14.95

2 15.2 15.0 15.10

3 15.0 14. 8 14.90

4 15.3 15.0 15. 15

5 14.8 15.0 14.90

6 15.2 15.4 15.30

7 15.1 14.7 14.90

8 14.9 15.2 15. 05

9 15.4 15.0 15.20
10 14.7 14.9 14. 80
S (Y 15. 05 15.0 15. 03
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Fig. 24 Index measurement test
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Tab.4 Results of field experiment
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Tab.5 Results of farming operations
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