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Design and Experiment of Pre-detection Active Leveling
Agricultural Chassis for Hilly Area

LIU Pingyi KE Chengpeng KE Ting LI Haitao WEI Wenjun ZHAO Chen
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Aiming at the problem of low precision and hysteresis for the agricultural chassis in the hilly
area, a pre-detection active leveling method was proposed to detect the ground situation ahead of the road
and determine how to implement the leveling action and actively adjust the body while tilting. It can
actively prevent, reduce or avoid the body tilt during driving on rough terrain. An agricultural vehicle
pre-detection active leveling chassis with Y-shaped adjustable suspension as the leveling mechanism was
designed. The chassis suspension adjustment and pre-detection leveling parameters, load capacity and
leveling speed and leveling execution strategy were analyzed and calculated. The analytical calculations
showed that the chassis can be leveled by the height adjustment of each Y-shaped adjustable suspension.
The prototype was developed and tested on the rugged ground in the outdoor test field. The test results
showed that the active pre-detection leveling chassis of the hilly mountain was controlled well that the
accuracy of both roll angle and pitch angle just was within 0.5°, verifying the pre-detection active
leveling method and the feasibility of the active leveling chassis for agricultural pre-detecting in hilly
mountains, and providing theoretical basis and experimental reference for the promotion and application of
agricultural chassis in hilly mountainous areas,which had high practical value in the future.

Key words: hilly area; pre-detection active leveling method; Y-shaped adjustable suspension; chassis
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Fig. 6 Adjustment relationship diagram

Lpe/Uye =le/ (Ley +1ep) (1)
Lyclen
l., = 2
“ lD(,'_lBC ( )
Ly Lo =1y,
sinf = —— = 2¢__B¢ (3)
c1 Lep
) Ly =l
15 AHjm =lysing =1,, +1,, Ml = (4)
cp
LA O R A5
AH 1, +1,,1
I = L) peBC (5)
e Lep +1pg
L = liu _lf)(; (6)
lRG = cn (lnc - RC)Z (7)
_ AH 1) + 10,0\
m s = [p _ i tep pElBc
W - (M)
AH 1, +1,,1 :
2o i e vele g
\/w ( Ly +1pe B‘) (8)
IR (8) AT LAMES: j + T I 20 Mg He vy 4k S
MR 5 R A L I RN

j+T T AD T ( l +1 )
cD DE

AH DL, + 1,1 :
\/li'n_ ( j+rten DE BC_ZBC) (9)

Loy + Lo

Lyy—HT AD Be K i

Lyy—HF DE B K i

Lye—FF BC BEK i

loy—FF CD Bt K FE

9—32%’“*1‘?5E?3%?f$ﬂ9€ﬁa
JITZVE L F,F, F, F, b i 5 1 ) B £ I
AR+ T 2 R R B, H D, =
AHD +r e IR . AR (9) 3H8 ) + T it
ZaJEG A3 KO- B, i e IO Ak ) (51 S, 7E 7 2 F G+
T} 220 B R R 0 T P, 4 o 22 KT LK B g e &
UL E SBT3
2.2 REAHBENRBAFEEESWN

TR 0 = B 8 P G 3 I 4% R A e R Y S B

G

K7 BRZIIHE
Fig.7 Suspension force analysis
BB AR B 5 BT 2 B L R w0,
X R SCRF SN No F F, 29— X R/NHAE 7
6 A B I AD B GrE T A D V-5 7,
cosa = hl,, /2
tanB =1,./S
R AD AE A D 54y 5 2 BRI AE R O
FyFy  R/NRE T AR R . IR CE fE D g ik
Z BN T F 5 Fy RS T AR B, B
F, =F,=F,
AT 52 ¥l i
FcosB = F,sina
FsinB + N = F,cosa

" F, = Swg
Sh B h’
2ZDE e 4125
2
Swg |1 ——;—arccos ( arctan —= )
F — DE S
Sh_ _
21015 o 41?)5

X S—FHAB KE
h——331 AB 5 5 E HiE
a——AD 553 57 [1] K £y
g—H I I
B—F 535 AB Z ] A
Xt AB I B BC Btk A 52 01 40 e, A
8 B/ o

F, o F
K8 kI
Fig.8 Slide force analysis
J1 FAERT C i W BC AE C miAbZ 3 2
eI Fo 2 1880 My, , Wi R RN
M, =F_.l,.cosB
P ZFK-HL T F .l



%3 1

XSS A B 1 DR R BRI = gl 3RS R A B 5 375

h* Le
Swg |1 ———arccos ( arctan —- )
P 4l S

" N )

2lDE 4lnF

S*wg /4L, — h’arccos ( arctan ?C)

(10)
Sh /S* + ls(, 2lnblsn «/4l§u; —h’ S+ li}(]
TRERZLFT W9 38 8l ) 22 3 22 X0
B 2T, 1
“dtan(@ +p) (1)

A T ——2FF AL AR

d—#FF H1E

e—— IR LT

p— Y B R A

A7 20 (10) L (11) , JR R 22 FF 5K 8l J) 55 T 1 Bk
7K, A5 S B AR 8 B DL R B AR T w
S AP MU T, 2Z KRN

27, (Sh \/S* + 1 =21yl /AL, — I
- Ly
dtan(@ +p)gS> /4L, —h*arccos ( arctan %C )

JREL TR WS 2P T, Z RN
W»=4w—m=

87, (Sh \/S* + 150 =2Uplye /ALy =1 /S + 150
Lpe
dtan( @ +p)gS> /4L, —h*arccos ( arctan ? )

(12)

SET)

AP m—— R
22T WAL A0 B RUBIL, SR H 9 R B KR Bl
JE v, 525 UK f Z (] 1) 56 &

_pn =Y
v, —Ln—zq_r

b L— Rk 2T 2R
N s iR V[N STIE TS

A R B A
B i E I B R S A RO IE T DT B
so, LU BE o, 21 38a gl nI AR IR A T

T=s./v,
BRI EE SR ) T T B AL ) R KBS«
x=v _ sl
P 2w,
K —— RS R R L E S LS,
2218

HRAEFC(8) L (9), 3Kt 4] & i A1 3 8 ) 1) 8o 2

E AR A AR (i=1,2,3,4) AH, (i=1,2,3,
4) M = FH Z m M 21E H N
H,=AH;!, - AH["
JIG 5 BEL A U8 5 TR N B SR B Ay

H,
yzarctan? (13)

2.3 FEEHITEBDH

S B T 2R B AR 2%, 3 Ao TS S 1A IR 2 A SR
86 3R ST 55 R A o T A T B A 9 e A
5 2% , b i 2% B

RPN B L TR B0 A 0 FY I S
FRIR 75 2 JE A8 S N W 9 453 U VR - 445 94U IS 8 P AR AT
5 M A, T R Ge a5 A A S5 A, JF AR 4
AA(=1,2,3,4) 55 0 AR AL bR, I E S B
B R A, R A T TR S R A AR 25 b
it

AR A S A T 5 T SRR SR R
AP RRE L, W 9 k. L&A 0 Rt
O EESLBIAR AR R OXYZ il iR A7 16 1% 22 15 19 i 4% °F
T A AAA, A ER 2R OX'Y' 7' $il 7R 2K S B 1) T 4%
VT AJAALAL . B+ T I 205 R B R S

R I A 2 S AR A o RIS B, o
7 AZ'
Y .Y 4
Al ,
B XAl
/7/<’ 7 X
AQAL/ A

B9 PSP 65 A R 3% 7 T A
Fig.9 Coordinate rotation diagram of platform

with four points support

B s AL b 2R eS8 X Bhiese B, , 58 Y Rlie s
o, AR AR

cosq, sinB,sin;  sina, cosf,
T, = 0 cosf, - sinf, (14)
—sina, sinB,cosa, cosfB, cosa,
AR R ELE Y eSS B TSR X e R ), 2R
b 2 5 B R
cosq, 0 sina,
T, =| sina,sing, cosB, —sinB,cosq, (15)

—sinq, cosfB;, sinf, cosa, cosf3,
TR 2E T B IR A Ay A0 5 AR AR N, B sine =
a,,sinB, =B, ,sina,sinB, =0, cosar;, = cosB, =1, 435

AT F0 T, 4%



376 P S| 1R = R4 2020 4
1 0 a, iz25_
& —— 2 km/h
T=T ~T,~| O 1 B, (16) mﬁ 200 === 5 kmvh
-, B 1 F‘Ei_ ko
— vy — E F N
HARFR RN AL(X], Y], Z) SEARFR RN A, (X, 0 T
Yi’Zi)%/Z%ﬂ‘j E ! \
X, X] é,; % a0 60 80 100 120 10
, AR kg
Yol =T Vi (17) VLR A G ST K 00 T B R 3 R
Z, Z! Fig. 11  Relationship between chassis load and reaction speed
RO Z A bR IR TR (R RARAE A 15° 1L 1 Bl 38 i P 2 0 A0 9 , R 9
AZ=Z-2" =~ Xi =BV (I8) el 15 0 39 2 BoR S0 0E T 9 -7 2k 1 IF 1

3 K

3.1 REHNSH
Tl TR T 3= Bl 3 IS S FE AR BIL, A fE] 10
PR o

10 RSP
Fig. 10 Prototype of chassis

FEPLR T H 1T mx0.5mx0.6m( K x5 x
FDLERER0.3 m, il 1.09 m, 48 # 0.58 m, i#
FFE0.483 m, CHEFFK 0.72 m, HLFHHIREK
YFFA S, A ATFE R 0.4 m, S F2 K 0. 005 m, HE 4L
FHf 7. 11°, 58 b 223 4 2 FLS40140005C7 #17f
FENLLATIY 5T A L, s FE W R AL e AR
BPLIERT T 0.3 m &b ,4 S AAH 4 4> 86]1880 —
842 Ryl H 4% 1) 86 AL F L AL IK Bl . IR AR
Jig ol 80 kg, ZEER AR M R D L & 5, IR
£ N 50 kg

TEE F B L X AT E B2 2.5 km/h 1%
25 b (V) B R VR 9] M e KB )R 2 ) s A T
FORAEZ(9) ((12) ((13) 15 38 £ 5 2 W, A0 B>
R JE A N R SRR R Ay B9 SC AR R 1L R .

S MR TR AT 57 25 AL O BN HE BITARE BIL IS
Frd R AEN 130. 41 kg (RALTTHAY 2.6 ) o
BI1T AT HT, 25 58 IS 347 8 3 BE B, 9 °F 3 5 Bk
B L s A7 38 HEE R 2 km/he B BRI R JE T P Y
I KRR R A Ry 24° 7247 AT E 3 BE R 5 km/h |1
BN T R A N I B R R AR 13° A . F
FE B E KSR AE 25° L0 b Bk T B R A A VR,

PES AT

o P T P A2 JE A R P TR DN B A R g 3 3B B 5 7
PEDER A (58 B 0 8 75 D R AR R . B IR R A
00 A AR S A SR A A Ry Bt T I SR R R
PERE SVT 626T Y XUl %5 - 74 A0 ) 4% Sk 2%, K B2
0.03° Jig AT R 75 A% B4 4% AT o USB i 44 =X
TR S, & A — A TR — > RS232 # [1
A S IR G ) 5 A 3 S T bR A AR £
Aot 71 15 S5 A% i 380 468 65 K AL AT IC 5%

3.2 RIQIIE

g 56 UE RS I = 2y 3 - D7 2 1) Al AT 1 S TR
F B IRPJE AE ES-PEBE 7R 2 AR FH AT AN [R]
T 24 T RS, IR 7 2019 4F 6 H 1T,

2 L& B IS S E 58 BLAR S 300 mm R RS £ 4R
WIS 22 2 FE FFS MR O R, N THEME 12
7R WEAE A 70 mm P K R 600 mm A9 3% TE 5 1 28 17
R

B 12 e
Fig. 12 Experimental terrain
5 v R P IR AT E T e 43l 5 b T P B
90° .60° i@ it , AEHLH N 5 km/h WE 13 fiom .,
SR LU 3RS G A AN 18 1 R SRS D 3= Bl - 2 Rl Ol
T AREATR f AT £ A Ak, DS B 3R P S5OR

(a) 90° (b) 60°
B13 0 i i o i e

Fig. 13 Leveling tests on ground

I rP ORFA A 5 A ) 22 fl i 2 P 14 B



XSS A B 1 DR R BRI = gl 3RS R A B 5 377

%3
;i — AT
3t R IR
| I
i -~ PP B
50
& -1t
ot
-3+
4 . . . , )
0 02 04 06 08 10 12
fit[a)/s
(a) 90°
— VA0 AA
Yo — R
= A'A’J'\!\ —ﬁ¥)§1ﬁm1@
13} YN
0.5 ]
=0
-0
& 1.0}
_IAS'
_2.0_
_245'
3002 04 06 08 10 12
s} 5] /s
(b) 60°
B 14 P8 T JE O e A5 R

Fig. 14  Roll angle and pitch angle during test of chassis

prototype

No I 14a ALHD, KB R HF B A A 58 4 B
Mo S Ak i S K, B R AR A A Dy 3. 510
UK I = By I - B DR AT £ AR O° B I I 3 HL7E 90 %
DL E B )y PR R AE = 0. 5° DL P, 6 # AN 32 3
ESm e O Bl N B 3. i &l 14b "I, IR 84
E P 5 FAREAM AR Sk 2. 51, S R A1 R 2. 82°5

ARG I = Bl 38 - iR A D0 46 A R L O B S I
g HAE 90% LA L (9 I a) A R 35 76 £0.5° LAY 3%
B, B B RS B, S0 Uk T WO I 3 gl RS O vk
9 T AT 1k A0 ERIE 0 A T F 5 IE B R BRI 9 7
T JOHE 9 0 3 3 2R VR TR A 3 R 22 AR K
o 0 R 25 o

4 it

(1) 32 7 BOAS I 3= 20 981 °F- 7 v, %007 Bk AT 4
I AR IDURE 4T 38 T 5 3 — e R B Ak 1) b T £ L
AR C A5 M 1 {5 5 RS 8 24 AT IR 2, 40 5t
TR AT 0 2 G ) Ak i PR AR KT e 2% B B
PHAT IR 98 3, 7 i SR A [ e 30 5 % 57 B AR
g JBE A1 S LTS £ 58 1 8l 2 SR F-

(2) BEit 7 —FlCoR Y B AT 38 AT O 9 F AL
Y BRY A 2 A TG D00 S 2l 3 S R, 0 AT TR B
R B 5 TGN R 7 2 8 R BRE 1 5 R K
PSP PRAT SR, 45 SR R T, A aE Y R AT A B 2R Y
ey JBE TR 1 S B AL

(3) URF UK AN - 3t TG 47 A U0 25 R R W, 7R Bk
I 2l A7 A 2 R A R AR RS 0. 5° Y Y
LB A PE S Bk T R I Bl P 5k L
B L 3t A P 00AG: I 3 Bl 9 O e B B O R AT
itk

Journal of

Denti¢do Permanente, 2004, 29(5) :713 -736.

2 £ X W

(U] SREER, XME R RS B 1 AR WA Y & RIS T ] o B HL4E, 2010,31(2) ;16 - 19.
SONG Jianwu, LIU Hengxin. Speed up breaking bottlenecks of the hilly agricultural mechanization development[ J]. Chinese
Agricultural Mechanization, 2010,31(2) : 16 —19. (in Chinese)

(2] FEFF, BKAH. B W KA & UK x5 [J]. ek TR, 2016, 6(5) :1 -4.
WANG Shengsheng, GENG Lingxin. Development situation and countermeasures of agricultural mechanization in hilly and
mountain areas| J|. Agricultural Engineering,2016, 6(5) :1 —4. (in Chinese)

[3] BOONE J C. Leveling system for hillside combines; US 3233909A[ P]. 1966 — 02 — 08.

[4] W0, 2R g, 2k & ER AL B 22 e R [T ] Rk TR 2441 ,2000,16(2) :9 - 12.
GAO Huanwen, LI Wenying, LI Hongwen. Prospects of China agricultural mechanization facing the 21st century [ J].
Transactions of the CSAE,2000, 16(2) :9 —12. (in Chinese)

(5] BkemfH,skgkrb, B0, 5% . 3R EARAUWOR BB ST [T]. £l ML 34,2004 ,35(4) ;208 -210.
GEN Duanyang, ZHANG Tiezhong, LUO Hui, et al. Analysis on the development trend of agricultural machinery in China[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2004 ,35(4) :208 —210. (in Chinese)

[6] LIZ, MITSUOKA M, INOUE E, et al. Parameter sensitivity for tractor lateral stability against phase I overturn on random road
surfaces[ J]. Biosystems Engineering, 2016, 150:10 - 23.

[7] MASHADI B, NASROLAHI H. Automatic control of a modified tractor to work on steep side slopes [ J].
Terramechanics, 2009, 46(6) :299 —311.

[8] LEESS, OH KS, HWANG H, et al. Automatic leveling control system for combine[ J]. IFAC Proceedings Volumes, 2000,
33(29) .255 -258.

[9] LEE S S, MUN J H, LEE K S. Hydraulic level control system of combine body[]J].

[10]  Ja¥E, 8%, 2 80, 5. edtHL A sh WP R it 55 [ 1701 ] Rl B ,2016,47 (15 T1)) : 117 - 123.

ZHOU Hao,HU Lian,LUO Xiwen,et al. Design and experiment on auto leveling system of rotary tiller[ J/OL]. Transactions of
the Chinese Society for Agricultural Machinery,2016,47 (Supp. ) :117 — 123. http://www. j-csam. org/jcsam/ch/reader/ view_
abstract. aspx? flag = 1&file _no = 2016s018&journal _id = jesam. DOI; 10. 6041/]. issn. 1000-1298. 2016. SO. 018. (in



378 o Bl cE 2020 4
Chinese)

(1] BRAE M, B, RaE 3, 4 K RO P s AR Ze K #E R R 58 [J/0L ] M HLB A 41,2014 ,45(7) =79 - 84.

CHEN Junmei,ZHAO Zuoxi, CHEN Jiaqi, et al. Design of nonlinear leveling control system for paddy land leveler[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2014,45(7) :79 - 84. http://www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file _no = 20140713 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2014. 07.
013. (in Chinese)

[12] W8, B8, AR, 45 8 75 I % I8 1T 52 7K 06 ALK 22 R G (U] RO HUAR 27 41 , 2009 ,40 (35 1)) -
73 -76.

HU Lian,LUO Xiwen,ZHAO Zuoxi,et al. Evaluation of leveling performance for laser-controlled leveling machine in paddy field
based on ultrasonic sensors[ J]. Transactions of the Chinese Society for Agricultural Machinery,2009 ,40 ( Supp. ) :73 = 76. (in
Chinese)

(13] w23, Boc B M, 5. i b R B0 R ot S EA RN [T]. R TR %4 ,2018,34(14) :
36 —44.

PENG He, MA Wenxing, ZHAO Enpeng, et al. Design and physical model experiment of body leveling system for roller
tractor in hilly and mountainous region[ J]. Transactions of the CSAE, 2018,34(14) :36 —44. (in Chinese)

[14]  5RZESF s X6, 55, (b Gt LBOE 2 A Bt [T ] Hh bl 5 R A1z fi 42,2011 (3) ;92 - 93.

ZHANG Jigin, YANG Fuzeng, LIU Meili, et al. Design of an hydraulic difference in elevation equipment used in mountainous
micro-tiller[ J]. Tractor & Farm Transporter, 2011(3) :92 —=93. (in Chinese)

[15] PIJUAN J, COMELLAS M, NOGUES M, et al. Active bogies and chassis levelling for a vehicle operating in rough terrain[ J].
Journal of Terramechanics, 2012, 49(3 -4) .161 - 171.

[16] POTAU X, COMELLAS M, NOGUES M, et al. Comparison of different bogie configurations for a vehicle operating in rough
terrain[ J]. Journal of Terramechanics, 2011, 48(1) .75 - 84.

[17] XUV SC, 2 RR , 2508 3%, 55 Bl 1 Xk B 8 B A i 8 3 5185 [J/70L ] A LB 2 4R ,2017 ,48 (12) 142 - 47.
LIU Pingyi, PENG Fengjuan, LI Haitao, et al. Design and experiment of adaptive leveling chassis for hilly area[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (12) :42 - 47. http://www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no = 20171205&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2017. 12.
005. (in Chinese)

(18] XUP 3, EFFME, A, 5. kB0 KR AGIEATE SIS HTPIR &R 5[ J/0L]. Rl P MR , 2018, 49(2) .

74 -81.
LIU Pingyi, WANG Chunyan, LI Haitao, et al. Terrain adaptive and dynamic leveling agricultural chassis for hilly area[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(2) .74 - 81. http://www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? flag = 1 &file_no =20180210&journal_id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2018. 02.
010. (in Chinese)

[19] WANG Z, YANG J, LIU P,et al. Development of an agricultural vehicle levelling system based on rapid active levelling[ J].
Biosystems Engineering,2019,186(1) :337 —348.

[20] EEEC, FRAE, B 2. ol las AN SC i @k B B AR B ER S5 B0 A [T ] P g R4 ( A A B2 i) ,2005,36 (1) -
102 - 107.

TAN Guanzheng, XU Xiong, XIAO Hongfeng. Real-time and accurate hand path tracking and joint trajectory planning for
industrial robots[ J]. Journal of South University( Science and Technology) , 2005, 36(1): 102 —=107. (in Chinese)

[21] BzF, 20 FRERVYRAH AN A S RET]. F ERYE R ,2014,35(3) :296 - 301.

LI Yunyu, LI Ming. Application of novel technologies in agricultural mechanization and its new directions[ J]. Journal of
Chinese Agricultural Mechanization, 2014, 35(3) : 296 —301. (in Chinese)

[22] £, EHE, LouA. (WG RHL 5 B SR RS m B [T]. RPLEITSE,2014,36(7) 232 - 235.

WANG Tao, YANG Fuzeng, WANG Yuanjie. Design of body automatic leveling control system of hillside tractor[ J]. Journal
of Agricultural Mechanization Research, 2014, 36(7) : 232 —-235. (in Chinese)

(23] ®—, B, A, 5. 847 20K A 4 DY s S8 T 08 2 207 RSP SR DR S M LI ] HUK 5 W, 2015,

43(15) :57 - 60.

ZHAO Jingyi, YANG Yujing, KANG Shaopeng, et al. Research and application of four-point support “flat chasing style”
leveling strategy on self-propelled hydraulic transporter [ J]. Machine Tool & Hydraulics, 2015, 43 (15): 57 - 60. (in
Chinese)



