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Design and Experiment on Multi-wheel Support Laser Land
Leveler Hanging on Tractor

HU Lian'® DU Pan'? LUO Xiwen'? ZHOU Hao'® TANG Lingmao'” SU Hongyi'*
(1. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education ,
South China Agricultural University, Guangzhou 510642, China
2. College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract; The laser land leveling of turning radius is large and the two-wheel support is easy to appear
rim, which is not suitable for the accurate flat land of the small field. A multi-wheel support laser land
leveling hanging on tractor was designed. By analyzing the floating function of the three-point suspension
mechanism of the tractor and the multi-wheel support, the working principle of the laser-controlled flat
shovel was realized. The mathematical model of the floating lifting shovel was established, and the
structural parameters and working parameters of the grader were determined. Based on compaction
analysis of the support wheel, the support wheel structure composing of two sets of rigid wheels was
designed, which reduced the compaction and rim of the soft surface of the two-wheel support. The field
test of the prototype showed that the operation performance of the machine was stable. The maximum
elevation difference and standard deviation of the field were reduced from 20. 8 cm and 4. 48 cm to 7. 3 em
and 1.72 c¢m, respectively. The cumulative percentage of the sampling points with the absolute difference
between the sampling point and the mean was less than 3 cm was 91.94% , which can significantly
improve the smoothing of the field and meet the requirements of accurate flat land in the small field. The
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soil compaction degree of the grid points before and after the flat ground was compared and analyzed,

which indicated that the compaction effect of the multi-wheel support on the test field appeared at 0 ~

17.5 ecm. However, when the depth was more than 17.5 c¢cm, the soil compaction was basically stable,

and the surface soil of the whole field was compacted evenly. Moreover, the soft soil was moderately

compacted after leveling, which reduced the sedimentation in the later stage of the soil and ensured the

smoothness of the field. The percentage of an area that can not be leveled in the field corners of the

traction leveler and hanging leveler was analyzed through the mapping method. The result showed that in
the 100 m x 100 m, 36.5 m x36.5 m and 25.8 m X 25. 8 m, the proportion of area that can not be
leveled with traction leveler was 0. 78% ,5. 8% and 19. 4% , respectively, while the hanging leveler was

only 0.09% , 0.68% and 2.25% , respectively, which showed that the hanging leveler was more

suitable for small field flats.

Key words: laser land leveling; hanging; support wheel; flatness; tightness
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Fig.2  Working principle diagram of laser land leveler

LAGRHL 2. 80BN 3. ZaE e 4. B2 R R0 L 5. B0ER S

A3
o o L)
YK XXX

1.3 XEHEILIT
1.3.1 V™ 57 shiE T ot

S ] BT R+ 370 A 370 B
+ 1 100G BE 242 0. 25 m, A 55152 B0 Hb 472 5
2 e o L < o2 e O E R AN N 1) S A RS L B
I ORI M A O 2 AE AR Y ) 4 £ A
B AR TAE, AR B R i R 4 ™ R 8,
PR, = RN SR = RN T
ALY = AR EE NI AR RAT 18] 0] i 455 5 5F
FFDUIIIE , TR /N R R A Ak T AS 1000 U 3 7
7 Bl T A e R O S R A 2 A5 AR Ak, B i
Hu BV OSBRSS RS B

Kl 3 R 25 S RO T LT 5
RIS SR RSN AT SR AK
SR A Wt SRR A LR b S
I, PRI = B b N A T IR H 2k
b H A, A SRR 505 E R S R T
B AE Ib TR L, B R AR T B
R C AR O A, AT SHRI L = R
FENU I S HE RSO0 T P SR 40 S s R T
BE V&R JE St (A 46 3K sl °F- b5 i T+

BT S 5V o il Wi [ AC SPAT T
HuIfTAE EFLT AC, S5 8h 4 BE i |5

a=180°—arccoslAhT (1)

2 2 2
Lyw =lip + L

=20l g cosa (2)

X
/?N
/ \‘ Y
—

K3 S T A
Fig.3 Lifting principle diagram of leveling shovel

IMEL RN
L=lpp =y (3)
I, 120 (1) ~ (3) 13- Py BT & EE S
TR L CRN
lA’C’ 2 2 2
h=2hwhw[<hﬁ+w =Ly +Lp) ] (4)
X o—ERAE S SR T RR A, (°)
h——F- 15" I T+ 5 B, mm
I—5 3 BE {5, mm
Lyo—A'C'HEKE , mm
lyp—B'E'B K mm
Lyy—A'E'HEE  mm
l,,—BE K JE  mm
1.3.2 ZHERS5EST
R 1 iR, SO ol SRR SRR 2 WP 4
R, T 2E M 1A 2 ok S A L e A R A | S A
AR B)  5F HUB m AR  ZE T i




18 PN A1 R S S ¢

20109 4F

AR T R S8 o L SR UBRE ) A REAE ™, 13
SRR 1A B T B RS M A i
P12 A ] A 48 R o e B D 5 T R 92 11
ARG SRS WIS 7 8 52 ) % i
FAAEZSE TR S8 200 F, S i AR S
FE, BRSO TR A 18 D0 T, SCHE iR B AE /)y
SCHERE T LI Y TR SE 52, AN 4 B 5 SC s
12 R4 6 DHIPERR LA, a3 —E it , 5 2 5
SCHEXT LG, BN fifs B U BT 3 ) e 552 T LR A2
AR TS WP AR T S UG WA A B R IR
(4176, R, R F 2256 34 A R0/ N SCRE 58 1 T

#lhx1 H 4 %6

B4 HsER Sxt R B E

Fig.4 Comparison diagram of compaction stress

2 HEEEERSH

2.1 REHE

5T 2018 4F 12 H 7EAE R ARV K~ HIF 5L b
W AT, I M E 5 iR, iREEEHLEK x
Fi X EM 2.25 m x2 m x3 m, i 335 kg, = A
HHUES R 0.5 m, K 1 m, 5705 0.5 m, SCHE A28
0.6 m, BRI AR ECHE AR HE 0. 6 m, SZHEFE AP
74 0.5 m, 58 ARH 704 BRI HL, F M 5"
R FFEER 0.3 m, PG DSz ALy
FEMELR = R T T A 2 A B, T T T R R AR
0.3 m; (= P2 IH T 40 22 45 J6 B, 7 Bl ™ IR 3 o £
0.18 m, HITEMARMELATEN 0.2 m BIEHL T, F
Hu B R R AT RR 0. 48 m % B ATIE | H ]Sk 5 H
B 5] A2 1), ph M AL ) — s B LA AR T %
() VRV, TR HE R AL = s ML il B (R B
FFRE RIT B,

mE 6 iR, T pLEO R R ™ o
RS OISR A T R A R WO A S 5
T e B VO R BT T, 22 % T e AT B ot
PR AHEBOHOGE 5, R AR IS O 885 5
VR R Gl AR B R 46 B sh R s e

(o) HAFE

(b) Mkl
IR

Fig.5 Pictures of field experiment

% . L L
Bl6  wehl Rosm
Fig.6  Control system

T IR LRFFTE RO 5 i B AL

I B x 588 50 m x 35 m, Hii#E 0 2K,
RIGHTERF— 8, KRN 15.93% . A TP AH
PRI 2% P TR e P2 D0 1) 52 ) RS mx 5 m A%
X153, 2 63 AR AL, T HUHT IS YR A A3, X
IR e 40 m x 25 m AT RIRE AL RARE (R {E CX -
102LN K5 . (2 +2 x107°°D) mm)"™®!, 7EH B |
TEAET R [ ) 42 1) A5, 78 v — Sty % rh i
e EES T — SUEE W, TR B (L. 21 m) 57
TS i T 38 2o 2l AR R AR G B A i, TR R
e I A A, R B S FEAY (SC900 #Y B 2.5 em
TREE B 3hid sk — RSl 5HE .0 ~ 7 000 kPa)
A8 AR JS AL O ~30 em BSERF | 805 7645 M
S (/N S em) A&
2.2 REWERS5HH
2.2.1 SFHAENL IR

K Matlab 82 Ab B8 42 0 A0 A5 A 50090 | 45 21
WE 7 frs, B s 38 T A, i AR
75 TR A . DAIE] 7a A AR HY P34 iy HH e v
TRAS TG & 7h B 7R B 6, 43 A1 5 38 2 L ) v
o, RIEFEA 250 3 B HHOE V- A LAE b 52 3
TR R bR ] v v e A X R T
b P A DT R A0 T i T B -

kA3 AT I E, R FH A FE P T A X o R
T2z S, PP - Hb PR B0 B Py i A SR B T
RS TR A R AR L X 25N T 3 em A
B o VRO S IR 22 2 0 Geitab
B 1 R,




%8

W A B R SR RO LB T 5 1% 19

PEJE/m

15+

)

m
60 1.20
55+
50+ 1.15
45+
40+ 1.10
351
301 1.05
25+
20¢ 1.00
4'5 0.9

10 15 20 25 30 35 40

KEF/m
(a) FHERT
m
60 120
551
50| 1.15
45f
40t 1.10
E
B 35f
30} 1.05
25t
20t 1.00
15+
s s s s - s , ®oos5
10 15 20 25 30 35 40 45
KJE/m
(b) FifE
B 7 Vb ET ST
Fig.7 Flatness before and after leveling
x1 TEREBFITER
Tab.1 Leveling quality statistics
TFHURE  RKEREZE/ em S,/ cm o/ %
-3} 20. 8 4.48 56.5
VA 7.3 1.72 91.94

FH (8] Al 2 B, B i 20 2 56 S0 7 R b 0k
SE-HUML AR 0% £ VB M, FE AT S5 R R R 25 P
20. 8 cm FEZE V35 7.3 cm , AHXT 5 BE (04T VE O 2%
MAPHETT 4. 48 em FRERTHESS 1.72 em, IS 48
XZAE/NT 3 em [ RFEN & S B E N
91. 94% , B FHE A Z 50 S F OG- M LAE /)N B B
YEMPRCR R, o 20 T AP O,

2.2.2 ZCEERRRSAED

oy M R 2 40 P R RO LR
FH B8 F S5 ) e D) o B 8 B 4 1 38 5 SR
b B AR A S5 A AT b T RS 3 4

FH TH 1l SRR ARCR A a5 A 40 A P34 b AR YT T
SEHLET R R T 4.4 em, A4 BT F MR [R]— IR
4 B SR AR AL, K S b S A A T R S
HEHT S em TRAL, ANE 8a 7, V3% 5 HH 1T 4 38 X 5K
J£ 4 344. 9 kPa, 53R 5 em AL S SLEE AT, &
SRE R TR B NG R, #) 17,5 em 1 ETRAL B SE
JEFEAAZ 5,

S-S TR M 5T e SR AR 3R 23 A S K i A
X FE2/ BT T 1.8 em. IAHTF Mo 555 5
— VR 3 B S A Ak ST AT R e X
PEELSE 2.5 em BRAL, ANE 8b TR, X O 24T
AT RS PR TRIE 2.5 ~ 17,5 em Y5
DAL, R R S T 39 A, R B S A X - A
0~17.5 cm ZbA W A9 SEAE T, JH S A R+ 18
2 18 PSS RS D T R IR TR T
S BT AR R

e M -2 5 T 3ECE ) R 2.3 em,
SR o3 VMRS R — R B A 1 B S B AR A S 3K i
Hb AT R R s BT P 2.5 em TRAL, W0
8c FT7R, FHGIRIE 2.5 ~17.5 cm JL I, %
S RE BE A B 1 I 3G O B Hl T v S R
FRE —3, RUBHZ R LHE BT
HIAL/EXFiZH 0 ~17. 5 em kb + 38 B 525 BAG —
TE B R SR TR IR 17,5 em J5 I8 B S0 LA

R 4B AT B X 2 4 S AT LR
KM RS R EEAE 0 ~17.5 em N, 383 F AL
LG NE R A R RIS RE T
R AR — 8, (AR 2 IR, S
SRR il i A R SOR R 6 5%, B T B
itk

2000 2000 o _ 2000 "
S TR 5 PS M N FEarHE B VFEE HEQ INRZc i =Ry =
1800 ~ 1800 - i 1800 F
1600 B RA 1600 i . 1600 §H R
1400+ <H NH 1400 - 1400
< H NH = 1 o
£ 12001 & 12001 i \i £ 12001
#1000 H NH 1000 FarjE H <1 M #1000}
X ool 1 N bxe | W i i X |
A% H NH 2 800 H { i g 8001 spag =
600F ik H NH 600 - H ¥ H 600F  HI
4001 % 1 N 400 F H i 400 E E
200 H NH 200 F H H H 200
old B B 0 E H N ! ol H E
0 0 25 50

2.5 50 7510012515.017.5 20.0‘
B lem
(a) HBFEATN

0 2.5 50 7.510.012.515.017.520.022.5

(b) HHTHR A

.0 7.510.012.515.017.5 20.0
R fem
(c) HEHRAE R

BREE fem

K8 MG -4 RS

Fig. 8

Average depth of soil compaction at different depths



20 P

1/ 1 R O S ¢

20109 4F

2.2.3 Ak

A2 5| B FOE T UL R K AH
JEBI AR, FH AR o DCSOfE DAAS 218 (HE
FOPHBALEE T 7 (58, BE 205 150 4 2 FH Sk Ak, &l 9
Fs o e AR [F] A O b AL AN 22 5 | P L
AL AR I 9 B, B AR B T m x 1 m,
L1 HT SR F R AR ML B, HEhr AL 4.5 m,
Z 5| XML T 55 K 5 m, BT LT -
SRR 1. S m, B 9a MR HLIETHEHEA P
HO ML 2 W A S AT HEVE Y, TP s e S R
1.5 m, fE PRI F 2 AN B0 (W T AN 4.5 m®,
] RN ) A P 3 R B A T AR 2,25 m? (B ar
RIS ) 5 B 9b RHEFIHLEE 5] 207 Hu bl H
AR I SR, S 2 12 K T SO
ANEATE R 19. 4 m® JEBHE P HIALAY 8. 6 %,

(a) Bk (b) 25158
B9 SEHLHLE AR YT L
Fig.9 Comparison of hanging and towing leveler

in field corner

1 HH et BRI 22 5] OF- HEALAS Be R 1Y
TR 7 FEROK, W 2 fif7R . 100 m x 100 m HH B2
1AL RE A S 1L 0. 78% , FHE 3 4 A
A PR AR &7 e 2 il a8 21 5. 8% il 19. 4% ; i 2+

FOF o HL A BEF 2 AL He /s, 43 i 2 0.09%
0.68% F112.25% . P, %t 71y H e i) SE 2 AR
BB HBOC AL 2

®2 FEEFEEBFAES

Tab.2 Percentage of area that can not be leveled

T B £ x 5/ ‘ﬁéy\tl:/% ‘
1 100 x 100 0. 09 0.78
2 57.7x57.7 0.27 2.3
3 36.5 x36.5 0. 68 5.8
4 25.8 x25.8 2.25 19.4
3 4ig

(1) it TR 250 31 5 1 O - Hi b,
SEP T O EE R O MRS M AR, ]
TG 25 FE R W] T SR K e AR 25 AT 20. 8 em
R Z 45 7.3 om, AT AR ARV D 22 DA SF- 24 i
4.48 cm FREFPEES 1. 72 em, 5 5 4857 208 /N
T3 em BRI 55 R E S 91.94% |, 1 ek
5T HIEFRER L,

(2) B 5 L RO LAY £ S 4
BRHRIG HHE 0 ~ 17.5 em 18 FE 70 B 1 4 498 B 50 i
BA—E B m RBE 17,5 em KU iy %
SCREFARTRE B R 2 R RS A Al A AR
DX 35 48 5 B A TR PRUE T PR

(3) BFEFE AL AT > A BE - m AL L,
K FAPEENE XS L A3 B T B O HbL 5 22 5| 07
BLLE N BB T ALY LU 3], 45 SRR I, 7 P35 |
Yea wh, 225 P AR RE A R A 19. 4%
T B R 2. 25%

2 % x #t

[1] JAT M L,CHANDNA P,GUPTA R, et al. Laser land leveling:a precursor technology for resource conservation| M ]. Rice-Wheat

Consortium Technical Bulletin Series,2006,7 ;1 —48.

[2] LARSON N,SEKHRI S, SIDHU R. Adoption of water-saving technology in agriculture: the case of laser levelers [ J]. Water

Resources & Economics,2016,14 .44 —64.

[3] RICKMAN J F. Manual for laser land leveling[ M ]. Rice-Wheat Consortium for the Indo-Gangetic Plains,2002.

[4] ASIF M,AHNMED M,GAFOOR A et al. Wheat productivity, land and water use efficiency by traditional and laser land-leveling
techniques[ J ]. Online Journal of Biological Sciences ( Pakistan) ,2003,3(2) ;141 —146.

[5] MAQSOOD L, KHALIL T M. A review of direct and indirect implications of laser land leveling as agriculture resource
conservation technology in Punjab province of Pakistan[ C] //Global Humanitarian Technology Conference. IEEE 2014349 —354.

[6] ABDULLAEV I,HASSAN M U, JUMABOEV K. Water saving and economic impacts of land leveling: the case study of cotton
production in Tajikistan[ J ]. Irrigation and Drainage Systems,2007 ,21(3 —4) :251 -263.

[7] TANG Lingmao,HU Lian,ZANG Ying, et al. Method and experiment for height measurement of scraper with water surface as
benchmark in paddy field[ J]. Computers and Electronics in Agriculture,2018,152:198 - 205.

(8] AFC¥, WA LD, 5 WOL T ML 2 BB T KRR BIFIR [ 1] Al AR 2242 ,2003,19(3) ;72 - 75.
REN Wentao, HU Zhongfei, CUI Hongguang, et al. Effect of laser-controlled land leveling and baby rice seedling direct planting
on saving water[ J |. Transactions of the CSAE,2003,19(3) ;72 —=75. (in Chinese)

[9] IRSEL G,ALTINBALIK M T. Adaptation of tilt adjustment and tracking force automation system on a laser-controlled land
leveling machine[ J . Computers and Electronics in Agriculture,2018,150:374 —386.



5 8 1 KR 45 B RSAE RO F LTS A5 21

[10] HUSEYIN Y,ISMET O. Prediction of the working time requirement and field capacity of laser controlled land leveling machines
[J]. Tarim Makinalarn Bilimi Dergisi,2010,6(1) ;19 —28.

[11] NEMENYI M. The role of GIS and GPS in precision farming[ J|. Computers and Electronics in Agriculture,2003,40(1 -3) .
45 -55.

(121 XK, FRER, FOACHE, 55 JE T GNSS R T4 R AR My i 5 1 [ /0L RL ALK~ 12,2018 ,49(5) :27 - 33.
LIU Gang,KANG Xi, XIA Youxiang, et al. Global path planning algorithm and experiment based on GNSS-controlled precise
land leveling system[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(5) ;27 —33. http: //
www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? file_no =20180503&flag = 1. DOI;10. 6041/j. issn. 1000-1298. 2018.
05.003. (in Chinese)

[13]  #hkae, WAt Yrde 2 45 R ATHOGF LB R BI0IR SR e 5t [ 0] AL A4 2001 ,32(5) 126 - 127.
KAN Za,TIAN Xueyan,JIANG Yinglan, et al. Agricultural application status and development prospect of laser grader[ ] ].
Transactions of the Chinese Society for Agricultural Machinery,2001,32(5) ;126 —127. (in Chinese)

(147 st . HEAHO R PR [ D], K. KHR:,2005.
GU Liya. The research of scraper by laser control[ D]. Tianjin; Tianjin University,2005. (in Chinese)

[15]  &hiEfaS, XIEr. 1JPD — 200 B R HBHOE-FHHLCHERR BT 5087 [T ] AL RHE 5% ,2015(6) 129 -31.

HAN Jingge, LIU Qi. Design and analysis on key components of type 1JPD — 200 dry land laser leveling machine [ J].
Agricultural Science & Technology & Equipment,2015(6) :29 —31. (in Chinese)

[16] WEAAR, XIAEHE. JPD —360 B R HBOC T LA Bt [ 1], RAULATSE,2017,39(6) :85 - 95.

YAO Dongwei, LIU Cunxiang. JPD — 360 type dry laser grader research design [ J]. Journal of Agricultural Mechanization
Research,2017,39(6) :85 —95. (in Chinese)

(171 Mcdsied XN EARRAR S5, TR0 FpLAGROEE R R G RBITE C / rh Al TR 2 ARAE 22 2005,

[18] #flifh. /K HEOE MG RGE LT[ D], N ABE Al K24 ,2016.

YANG Weiwei. Optimal design for the control system for paddy field laser leveler [ D]. Guangzhou: South China Agricultual
University ,2016. (in Chinese)

[19] HU Lian, YANG Weiwei, HE Jing, et al. Roll angle estimation using low cost MEMS sensors for paddy field machine[ J].
Computers and Electronics in Agriculture,2019,158.183 —188.

(207 XUMI, Mt , w45, BOGCHE P RGeS 7 [ ] A AR 41 ,2006,37 (1) 71 - 74.

LIU Gang,LIN Jianhan,SI Yongsheng,et al. Development and experiment on laser controlled leveling system[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2006,37(1) :71 —74. (in Chinese)

[21]  BESAR. AREA AU AL A EBLAR S AL T ). ACHLRHEEHE),2006(2) <13 - 16.

LU Weinong. Progress and development of mechanical rice production[ J]. Agriculture Machinery Technology Extension,2006
(2) :13 —16. (in Chinese)

[22] EER. RO RSP S 2G50 L HORDIZEL D], Jbat. s E AR L%, 2018.

WANG Xianliang. Study on the evaluation of soil compaction by agricultural tire and combination shovel loose soil technology
[ D]. Beijing: China Agricultural University,2018. (in Chinese)

(23]  wERHAEFADETE B R HUBEH TN M. b st b E RO R EHR H R, 2007.

[24] EFE BT EBOCNERN AL ] TAETERERT [ D], KA H O ,2015.

WANG Yao. Research on the working performance of grader blade based on the discrete element method[ D ]. Changchun; Jilin
University ,2015. (in Chinese)

[25] ZEJEHk. B BE T S BIMSE [ )] A HU-4] ,1979,10(4) 85 - 96.

LI Longcheng. A research of parameters of the design of blade walls of bulldozers [ J]. Transactions of the Chinese Society for
Agricultural Machinery,1979,10(4) :85 —96. (in Chinese)

[26] % G, SO0 T, 55, P AL IO AT SE[ T ] . S-S i TALE,2018,35(11) 194 -96.

CUI Buan,HOU Zhiqgiang, NI Xiangyu, et al. Research on arc structure of grade blade[ J]. Road Machinery & Construction
Mechanization 2018 ,35(11) : 94 —=96. (iin Chinese)

[27]  K43C, BEERT. AR H L SEAUDRIR S HERE ()] AR LR 41,2005 ,36 (6) :122 - 125.

ZHANG Xinyi,SUI Yueyu. International research trends of soil compaction induced by moving machine during field operations
[J]. Transactions of the Chinese Society for Agricultural Machinery,2005,36(6) ;122 —125. (in Chinese)

[28] HAMZA M A,ANDERSON W K. Soil compaction in cropping systems[ J]. Soil and Tillage Research, 2005,82(2) ;121 - 145.

[29] MU, BEIC,ZEIK, 4. Al A T M F-88 P BORE B G [ 1] ) A4 B2 ,2007 (4) 146 — 48.

LIN Guantu,LUO Xiwen, LI Qing, et al. Application of total station on the leveling of farmland and precision analysis[ ] ].
Guangdong Agricultural Sciences,2007 (4) :46 —48. (iin Chinese)

(30] WM, 2850, A%, 45, 1P — 4. 0 BUK FFOEF LT 58 [ J/OL] . ALK, 2014 ,45(4) ;146 - 151.

HU Lian, LUO Xiwen, LIN Chaoxin,et al. Development of 1P] —4.0 laser leveler installed on a wheeled tractor for paddy field
[J/0L]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(4) ;146 — 151. htip: // www. j-csam. org/
jesam/ch/reader/ view_abstract. aspx? flag = 1&file_no = 20140423 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2014.04.023. (in Chinese)



