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Design and Experiment of Soil Cultivating Device of
Plowshare Potato Field Cultivator

LU Jinqing LIU Qihui LI Zihui LI Jicheng LIU Zhongyuan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to solve the problems of low operating efficiency and poor soil cultivation effect of
potato cultivators in sandy loam soil conditions, a type of plowshare potato cultivator was designed. The
overall structure and working principle of the machine were described. It clarified the main view of the
plow body’s contour, the establishment of the guide curve, and the change law of the angle between the
horizontal element straight line and the x-axis, and using the horizontal element line method, combined
with the requirements of potato field tillage operation and dynamic analysis, the plow body structure
parameters and their ranges that affected the effect of soil plow operation were determined. Based on the
EDEM discrete element simulation technology, a component-soil simulation model was established. The
soil height and soil fragmentation rate were used as test indicators. The tangent angle at the upper end of
the guide curve, the initial element line angle, and the element line angle difference were the test
factors, and the simulated quadratic orthogonal rotation regression test was carried out. Field experiments
were conducted on the basis of simulation. The test results showed that the plowshare potato field
cultivator developed had the soil crushing rate of 94. 7% , the soil height of 8. 4 ¢cm, the working depth
was 13.6 cm, the root depth stability coefficient was 92. 1% , and the fuel consumption was 14. 6 kg/hm”
which was significantly better than the shovel type potato field cultivator’s operating efficiency and results,
and satisfied the operating requirements of the potato field cultivator.

Key words: potato cultivator; plowshare type; plough surface; discrete element method
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Fig. 1 Overall structure diagram of plowshare

potato field cultivator
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Tab.1 Main technical parameters of plowshare type

potato cultivator

ZH HH
AMERSF (K x 96 x 7)) /(mm x mm x mm) 2380 x3270 x 1500
R R/ kW =50
LR kg 950
PR AT HL 4
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Fig.3 Sketch of surface of plough with horizontal
element method
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and soil ridge section

V, =2f kx® dx
0
(2)
@, L
sz (7 +7 —IL)HZ

LV B AR AT AR, mm?
V,—35 )5 BT HE AR A, mm’
L——2Z&F mm

a 172 8+ EEE K E , mm
a, ZE 0 P , mm

H,—— i 8 - 28 & B2, mm
Vi 5 Vo AH A 38 28 TR R AL, 4
JERBUE K, R R A N 127 R RS
H i A

V, =V, (3)
B (2) (3) Al 1%
ay, L _ ‘o
(?+?—G)H2—2AJ'O kx dx
ks _ (% L _
By ZA?a—(2+2 a)H2 (4)
A & AT L=a,+2a+2H, coty (5)

Xrp H—8H HHE, mm
y— LA RIRIEA, (°)
HEAJE I 4% B b Bk e 205Kk, B8 L Oy 700 ~
900 mm , 15 + B 2a fy 84 ~ 90 mm, BT 58 q,
310 ~ 400 mm, -3¢ [ SRR 1Ay Sy 33° ~ 377,
HE 48 S bR 2B AR SL i 5E L =800 mm,a =43 mm, q, =
345 mm,y =35°, # EARSEACA(4) 7K

k=0.83, R, T0 6 7 Jat i i) AL 44 ity 1o oF 40 48 B8 4%
CANEIR Y )
y =0. 83x° (6)

2.3 BEIIBESNRSHMBE
2.3.1 A2 T30 H Je S i 2w

TFIG TP BVl i B 0T - S HE AT U1 e e, 9
ANEEDR T 32 A S S 1A KV 18] 93 3 T AT KR i e



74 &l #Hl

3

s

i 2021 4

RN TNERE X HERPEAT 52 T3 00 Fr , LS s .

B

K5 #eR3 J o

Force analysis of share point

Fig. 5

AT E 51 WA B I, HER TR P IE TR ) N,
T I T 1) B 9 A1 F o — o, RN T —
SERBE T AR I B o o D8 IR AR,
— IR 25° ~ 35°1 A4 SE B A BLIR @ =30°,
W AE B TAER TR ) Ry AT LASE i A2 A R 1 IF R
J1 NS STy Ty iy & 77 (8] 42 i 15 1 BHL g ok %
e

LY - B T3 K7 [0 Y 23k Ry

R, = F sin’g, + F sing, tangcose, =

sin(2g,)

2

F, ( sin’g, +

tan(p) (7)

AP eo— WM, AL, ()
Xt () Ardm ok 04 HAE T, 74

sin(2g,) +ﬁ§cos(2€0) =0 (8)

1330 e TT Ry AR /M T X R 1Y) e, B A
AWM, R (8) T &, =60°,

FELRVARS i 2y €t i I U WG TN 3 W15
B2 BSR4 5 5 2 ER 40— BB ith
2, HRPRB A, RT3 7 v ] B Bl A2 AR it
I35 0T, KA AR v A fH

ZA ZA

o I

L

1

'
» X

0

1

Ko Silh&ERESHRER

Fig.6 Schematic of guide curve shape and parameters

B E R SRR N
a,x’ +b2 vexz+dx+ez=f (9)

a; by ep dy e, —— LT AT 47 78 R

Si—— AT 5 i LS RO R
Hi P 6 W, I i A5 (0,0)  [H i i 407
e £, =0, i A Z 805 B AR WA KX (9)
ZEAT PR IR B @ BAS " RAL R 1, A A 5
gy

Ao

X +AZ +Bxz + Cx + Dz =0
A AB.C.D—ALT G 277 i R 8K
& 6 JLff 3¢ R ] 15
I* + AR} +Bl,h, +Cl, + Dh, =0
C + Dtang, =0
21, +Ah, +Altan(90° + Ag) +2Btan(90° + Ag)h, +
C +Dtan(90° + Ag) =0
Ax, +2Bz, + D =0
h, -z
2
I} +Alz +Bz +Cl, +Dz =0

(10)

Z, =2z, +

(11)
X by ——F i A LR 3 =, mm
L —— M M Py £ 38 53 IF B, mm

Ae——FINZE o VIR SRR I, (°)

z Sl SR Y « WA AR T
Xof 1 4 XHE /N 2 {H, mm

z, S SHOT R Y « AR kR R 1 T

X I 28 XA AR 2 {5, mm
WAL ISR A 2 B R B, e g 1%

»  2(mtanAg +n) (mtanAg +n)° ,
x + 2 2 +
(m - ntang, ) (m - ntang,)
4mn’tang, 4mn’®
X = ZZ =0
(m - ntang, ) (m - ntang, )
m=h, -l tang,
n =h tanAg +1,
h, =h - Ssing,
I, =1 —Scosg,
(12)

A h—F ML L EE, mm
l—— i £ S HF B, mm
R R R T 5 S5k
S——FRHLH K, mm

A= (8) sk A L4 (R J1fA) e, 60°, R
P (A ALK B3+ F M) o S 4 1 BT, Ae — i
S 0° ~10°77 gl A rP R AR b 2B Y SR AL A R
J¥ h,, B 480 mm, ¥ L HL 303 mm, B4R T 4k 4

m.n



%73 Hak % &

KIE S =60mm fCAX(12) B[ 45 i 5 it &2 807
e o
2.3.2 BRURAL—miAZH1 00 B Koo 2 e i

AR = 1w 2 77 A S 3 A BARAT — % 0 i
DL, AN Ta o, i = AR o BhIETT ) 2] das 3,
Bei = AR 3 22 ) oy R A w R N, et A
SRR A S EE S T,RAN 5 THAETT, a8
RS o N 2 T Y B xoy VTN, I A IR B
ﬂﬁ?@:ﬁ&%jj,xﬁﬁﬂ‘ﬁﬁﬂl’é—l 7h IR, 4 I A
51 s Sy T T 32 0K - 07 1 1Y) b R 0 HUS IR
FEAT O RN IR Oy 1 4y J1 FL TR, T
JH e BH ) R e on iR T 52 01, i 57 122 05 7R
R, = Fsin’a + Fsinatangcosa =

sin(2a)

F(sinz(x ta nd))

R, = Fsinacosa — Fsinatangsina =

(13)

P ( sin (22a)

—sinzatand))
Krp F— 1%, N

xoz THIHEAA , (°)
d—EHEES, (°)

Ry—— IR IIHE « o3& N
R,—— TSR IITE z fhsr = N

[63

K7 BHZIRE
Fig.7 Schematics of wedge surface force
B 32 S8 B yoz S 1 I 73 A B X )i

JIEB, I Te Bios A
N, =R,cosB =

W2

F ( sin(Za) _ sin’ atand ) cosf3
2
(14)
T, =R ,cosBtand =

F ( sin (22a)

~ sin’ atangy ) cosBtang

HesC o Erh LS 26 B w5 e 75
K B——yoz HIHLA, (°)
N, yoz _THMEIE J1,N
T, yoz . THIMLEEIE 1, N

B R B R 2 el S BT — 8 T T e
J1R,H

R, =F( sin(2a)

) — sin’ atang )( cos’ B + sm(ZIB)

an )
(15)

[7i) B4 R T3 852 2 oy - i 43 Hr B Xt I i A5
303, s 7d s A9 8 R ek F i B R,
H

R —F(sin2 sm(Za)
= s

1n(27;)

)y T )

(16)

Krf oy WIS, (°)

MG (15) ((16) RIATSR AL A — ST 32 £
B TT Y RN 5 5 18] o

RRPERE ST 0 BRI B MM, it
RURA L PEREVI IR TT LR A1 0,3 40° ~45° 3 + AL

L AR R R R PR RE NI AL R R AR
BB BTy LA 0 AL LB BLIK b v 411 28 12 B

(510 VAl e <PAL] I 5 7  o  s  LE2
fi o ARkt ™ L e M AR AL ML I B 8 BT
0~Z WHLK,Z, ~Z,, WY 2, 28O0 B £
|

0, (0sZ<Z))
={ (17)

JIZ=Z7) +0,
A M
2, ——HER T E  mm
Z——E— il , mm
Z

(Z,<Z<2Z,,)

BLREE , mm

B8 Jnk Mt 4
Fig.8 Curve of angle change

HEOS B E 7| = Ssing,, B 52 mm, #% L L6 A A5 1L
RUHE ARG R S D B8 55 B R R A
12|:EH3E ck R I S NI % o - i 1 K VS i

0 ALIE R 1° ~7°,0,.,. =6, + A0, BLIK & E
h =7, =480 mm ¥ 0, 7, ACA(17) W]k A5
WM AR RS AL E LR R S RN T 4R e AR



76 P A1 R S S 4

2021 4

PEHLAE , 22 1l AL g T
3 FERRE

3.1 JLUERBEIRSEHILTE
3011 AU EA AR

o7 = 2 ) P8 kA SolidWorks X B 44 52 rf 11
B BRI T SR RL, L. step A% 20 A EDEM
Bk, BB LA R 65Mn B, IS L R
0.35, 85 P4y 7. 8 x 10" Pa, 253k 7 850 kg/m”
3.1.2 BRI AR A

B X7 b 48 A A5 0 e o500 i R AT T AR D
HEIURL S B 4R BROE JURL %R BURE Btk = A T
B AEAR PR, 7E EDEM rhXf i 4 50K 2 17 %
FE L JFBRCE BRI AR N 3 mm AT URL HE AL, 4
B9 rm . ForfoBRow UKL 2R BORE Btk = T
R R RIBORL7E S5 ST A 5 B BCH S 201101, 0
RN IE S

\——
\.l" | ——
(o) BB v () JR=fIE
K9 A AUk B ioT A 1
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Tab.2 Basic parameters of discrete element model
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Tab.3 Experimental factors and codes
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2 1t gk LamIgok o Motk A MEE
% /(%) %,/ (%) %3/ (%)
1. 682 10. 00 45.00 7.00
1 7.97 43.99 5.78
0 5.00 42.50 4.00
-1 2.03 41.01 2.22
-1.682 0 40. 00 1.00
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Tab.4 Test plan and data

. K% Wb L peR
5
x,/(°) %,/ (°) %3/ (°) h/cm d/%
1 2.03 41.01 2.22 5.25 59.73
2 7.97 41.01 2.22 7.94 62. 89
3 2.03 43.99 2.22 4.30 62.91
4 7.97 43.99 2.22 6.12 70. 99
5 2.03 41.01 5.78 6.11 59. 67
6 7.97 41.01 5.78 8.46 64. 07
7 2.03 43.99 5.78 5.77 64. 10
8 7.97 43.99 5.78 10. 10 72.70
9 0 42.50 4.00 4.56 59.30
10 10. 00 42.50 4.00 8.98 69. 87
11 5.00 40. 00 4.00 8.20 60. 11
12 5.00 45.00 4.00 6. 64 70. 23
13 5.00 42.50 1.00 5.43 63. 81
14 5.00 42.50 7.00 7.50 64.39
15 5.00 42.50 4.00 8.54 64. 00
16 5.00 42.50 4.00 8.72 64.33
17 5.00 42.50 4.00 9.24 64.79
18 5.00 42.50 4.00 7.76 64. 60
19 5.00 42.50 4.00 8.37 64. 43
20 5.00 42.50 4.00 7.94 64.70
21 5.00 42.50 4.00 8.54 63. 85
22 5.00 42.50 4.00 8.11 64. 54
23 5.00 42.50 4.00 8.89 64. 66
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Tab.5 Variance analysis for soil height i
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Tab.6 Variance analysis for soil fragmentation rate d
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Tab.7 Plowshare type potato cultivator test results

R, HtE el BFfaE WRE/

n

FHl .

% BE/cm W /em R/ % (kg-hm’z)
Rt 94.7 8. 4 13.6 92.1 14.6
WEe 91.6 6.8 12.5 83.3 18.8
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