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Design and Experiment of Single-sided Embankment Construction Machine
for Paddy Fields with Rotating Mechanism

WANG Jinfeng' SONG Yuling' WENG Wuxiong” XU Zhaoyang' ZHU Pengyun'
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract; Aiming to enhance the efficiency of mechanical dike construction in paddy fields and reduce
labor intensity during operations, a suspended single-side dike construction machine was designed for
paddy fields based on a multi-link rotary adjustment mechanism. This machine addressed the inability of
traditional single-side dike construction machines to achieve continuous mechanical dike construction at
paddy field corners. The study elaborated on the structural design and working principles of key
components: the lateral offset mechanism and rotary adjustment mechanism. A kinematic model of the
lateral offset mechanism and rotary adjustment mechanism was constructed. Through kinematic analysis,
lengths of lateral swing arm [ , lateral swing arm Il , and rotary swing arm were determined as
1260 mm, 672 mm, and 284 mm, respectively, and installation positions of each stepper electric
cylinder were identified. Based on kinematic analysis, a multi-link rotary adjustment control system was
designed. Performance tests were conducted on the rotary adjustment and field performance of the
suspended single-side dike construction machine. Results of the rotary adjustment performance test
showed mean square errors between rotational angles of lateral swing arm [ , lateral swing arm I , and
rotary swing arm over time and their corresponding theoretical values as 0. 45(°)*, 0.49(°)*, and 0. 86
(°)?, respectively. The mean square error value between rotational angles of all swing arms over time
and their corresponding theoretical values throughout entire rotary cycle was 0. 64 (°)?, indicating high
stability during overall rotary operation of the machine. The field performance test results showed that the

average soil compaction at each measurement point of the embankments constructed along the straight
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sections was no less than 1 085 kPa, and the average straightness was no more than 10.4 mm. At the

corner sections, the average soil compaction at each measurement point of the embankments was no less

than 1 027 kPa, and the average straightness was no more than 9. 39 mm. All results met the agronomic

requirements for embankment construction in paddy fields.
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Fig. 1  Schematic of a suspended single-side ridge
building machine
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Fig.3 Schematic of rotary tillage device
LCE2T] 200804 3. t4T] 4. 1R )
e VP, ELTE ve 3 A o R A B IR 2 4T o R S
AP o e B, R PR B R AT 3 [
PEFT % T Bk e e 91 4R 300 4 - B 5 oA A i 4
%5 52, DT 0 00 52 3200 4 Bk 2Bk iR
THER B A A R AR A5 S 8N ER 1 PR .

K4 HiERE
Fig.4 Schematic of suppression device

Lotk R 2. B U R R
1 BUEPREMBREERRERITSH

Tab.1 Design parameters of elastic blades and

stepped compression rollers

2 Bl
HRR S 2/ mm 180
B AR A K /mm 400
L 4R T B B2/ mm 4
AR SR B B A v B/ mm 5
B R 15 B At 8
5 51 I 7/ mm 200
HUE P R R EE/mm 4
3 A 4 10
A R ST/ (°) 150

2.3 ZEHEFEBATHHGE

22 3% KT 101 5 98 75 AILAE) pl A 1) s % AL ) R [l 7 31
T AILRE 2R, 38 3 PR ML B O TC G A DK 3 A Ak
FE 35 3 22 B SR () 8, AR SS M an &l 5 o, %
P R HE S SO e IR AT S AT B R T EEAT
At AT I PR ST I N EAT A5 T TR EFT
A E L B ET T R 43RS RN K A1 54 3% T 45 41 1 o

Vb i 3 3k 98 7 20 e BT T AD kA S 1
i i A g 2 o LR 1 O A%, 8 O 580 B AL L AT 3
AN TR A F AR D B0 35, 5 v AL L3 P P o 8 1 i B8 AL



26 Y S ]}

=
RS

i 2026 4

5 Z R WEEE B R 2R
Fig.5 Schematic of multi link rotary adjustment mechanism
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corner of paddy field
LR HLA RS M Bl 2. HERIAL)G B 0 iz sl

L ——HE BB e il 2 A SR B 0 O B

%,mm

a, PR S 21 , mm
a i 11 WL RG 56 %% 3h v o0 S RS A

%,mm
L—HiFr WL, mm
D——Ha FrALATAE ELAR , mm
r Ja B HE O S A AR, mm
R, /NS AR mm
T 4 FLAE K 85 AR A AR AE S B IS, W
X BEARAE Y 2% B AT I8 SR o0 . IR KRR AE
P A S A, I E SRR E SR, &
iz sk @ R 7 fis . B g R LR
LRG0 B, AR R R 8 I AR A T B A AR S T
BURBTEE LA & o &7 AT, 78 i P AL o8 A% 245
Je  HERALE =S B BRE L T G BB
R L B O EAE, T A
LyysinG, +Lysing, = /i =1} +1-1, -1, (4)
Krp L,— B8 1 KE, mm
Lye— R #8811 K, mm
0, MR 1 5B BRI, (°)
O,—HE M 11 5 EEFF I M, ()
L——8E 0 G 2 H B, mm
TESE I P A b SUBE I $5 0 T a8 I A6 & 4
K7 i B2 s . i & AT R RE 46 e e 1A
MUEL R e P, 4 1 AR I 76 tmf JL 2k . 7F =
¥ AGH ] 1
(Lyp +Lyg)® =Ly + L3y (5)




% 8 1

Fpig 25 K o 2 UL BT 55 27

A=

-

|
=
=
|
\

S

A
L,,/J

Yy
BT 7K H 45 £ A o 4R A 5 A5 £y R

Fig.7 Diagram of overall turning trajectory at

corner of paddy field
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Fig. 12 Hardware composition of control system
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Tab.2 Test results of straightness in conventional

straight ridge construction mode mm

T 3k I3 {E -

- T
(km+h™') 1 2 3 4 5 6 7 8 9 10

1.2 38 25 23 35 41 26 15 10 20 32 26.5 10. 04
1.0 25 14 37 26 18 10 16 22 32 30 23.0 8.59

0.8 23 16 32 18 26 14 22 16 20 30 21.7 6.11

x3 LRALHEEZEMNLER

Tab.3 Test results for straightness of field ridges
at corners mm
1 W T
1 2 3 4 5 6 7 8 910
1 10 15 18 20 22 24 33 35 36 35 25.7 9.93
2 12 13 17 18 21 22 29 35 33 35 23.5 8. 87
3 15 11 19 22 27 28 29 33 33 34 21.7 8.02

2.3 0], Yaidk s~ 1.2.1.0.0. 8 km/h
I i SR EE 4 B4R B R 10,04 .8.59 6. 11 mm, 4544
Ab BT SR P BE B 2R R 9. 93 .8..87 8. 02 mm, 3 &
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Tab.4 Test results of embankment firmness for

conventional straight-line embankment construction mode

T EOC| 3 A
BUERIE/ WeSCEE  WRSTHE RCSCEE WRSUE WSIEE RSUE
(km-h™") FIyME/ AERF FHME/ BRR CFHE BRR
kPa  $/%  kPa /%  kPa  HU/%
0.8 1127 559 1922 5.14 2154  4.95
1.0 1101 5.66 1915 521 2134 518
1.2 1085 5.8 1901 5.43 2108  5.32

x5 DRALCHERIEMNLER
Tab.5 Test results of embankment firmness at corners
T3 BE | A
MEE RS RSE RSTE RSUE RSUE RSE
e PEEs BERF CTFHME BRFE OCFHME ERA
kPa 3/ % kPa 8/ % kPa 8/ %

1 1027 6.71 1926 5.90 2028 5.57
2 1134 7.18 1830 6.71 2008 6.29
3 1140 6.02 1919 5.88 2105 5.42
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