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Design and Test of Key Components of Potato Soil-crushing
Site Preparation Machine

LU Jinging' LIU Jinni' ZHAO Zhiming' YANG Degiu® LI Jicheng' SUN Qi'
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China

2. Chinese Academy of Agricultural Mechanization Sciences Group Co. , Lid. , Beijing 100083, China)
Abstract; In view of the problems faced in the land preparation operation in northeast China, such as
more clods, serious soil stubble and thickened plow bottom layer, a driven soil crushing and preparation
combination machine mainly applicable to potato fields was designed according to the power conditions of
the existing Dongfanghong —75 and 802 tractors. This was a new type of machine designed according to
the advanced foreign soil conservation tillage method and developed by combining the soil conditions of
the northeast and the requirements of potato field preparation. The overall structure and working principle
of the machine were described. By designing the soil crushing roller, the author clarified and analyzed
the soil crushing roller motion process, the resistance of the wedge-shaped teeth during the working
process of the soil crushing roller and the power required during the operation of the soil crushing roller.
Based on EDEM discrete element simulation technology, a component-soil simulation model was
established with soil crushing rate as test index, and end deflection angle of crushing straight tooth,
length of crushing straight edge and unit speed as test influencing factors for simulation experiments. The
field tests were conducted on the basis of simulation. The test results showed that the designed soil
crusher had a soil crushing rate of 98.45% , an average tillage depth of 14.5 cm, a unit speed of 5.7 m/s and
a crushing roller power consumption of 19. 24 kW, which proved to have a good operation effect and met
the requirements of potato field preparation.
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Tab.1 Main technical parameters of soil

crushing and soil preparation machine
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Fig.2  Overall structure diagrams of wedge-shaped
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soil crushing roller
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Fig.3 Configuration diagram of wedge teeth of earth crusher roll
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2.5 HIRELHRAENER
e 4R DL — 2 B R A B A T AR
FURES R Ny 2
Ny =Np+Nyy +N,, +Np +N_ (19)
Kf N,—UIH R TR kW
N, —— T M B SRR O T 2 kW
N pp——HUBE AL B30 73 BT 45 FE 1 21 56 kW

NOTE—m*ﬂgiig{ﬁﬁng,kW



24 & oAk HLOB % 4R

2023 4

T 45 Pl B Sk 5 315 7 D 190 R 9% - B
FEMITNE, BIA LT A (OB | BB 5 —
JEL 94§ RE 2 W - 1 3, e L B B — TR A 1
)4 Yy

A:Z*rerp (20)
b M, —— B R E)

A5V W DT - % 3 — 740 -+ A0 AL

TN

A 2wM,

A== 21
YTy (21)

Hor A=A, +A, (22)
Ap o V— i AR, em®

SRR R B i, A, J& i T UIHI -3 1 BH )
MG, I SRR ETC G, s s sm A, =
L BE AL 25 TR T IHAE R ) o

SERF IR HE B K A U0 HI 2 Z R 7R DG &R

A =CK (23)
A K——# i B, kg N/m’
C—— I 280, B o 13 ~ 15 em B, C
B1.5~3.5

YEELBH K =2 000 kg N/m’, 0] € =3, 1445
A, =6000 kg-N/m’,

A, =a’,a, HHOIRBHE o N
10 ~ 15 cm, #5F2 S H 15 ~25 em B, W] o, K (100 ~
150) A*, A, = 100A°»" =5 929 kg - N/m’, A =
11929 kg*N/m* N, + N,y =A  =23.9 kW,

TEICTT 1] 5 A% B %2R 0. 98 5 HE U 48 4% B &k %
4 0. 96 ;i1 55 4% 3 3 F6 S 0. 96, HLA A% 21 &8 73 1H
FETHA NP =(1-m)(Npy+Nypy) =2.39 kW,

MR CRME BB B T T ) 38 3.2 - 1 43 4
FH J3 R 38.25 ~ 48.05 N, #2 ¢5 BH )1 i1 & 5 N
48.05 x35 =1 681.75 N, o2 IR B2 U5 B BH. J3 BF 4 #E 1Y
&R N =1681.75 x1.27/75 =28. 48 kW,

e R AL R Q, =500 ke, 1T 20 B 5 N 4L
f=0.4 IHEIERBE A TIEFEBIDEN N, =0,/
75 =0. 809 kW,

SRAFHE L ARAEMV R 2% N, =29. 24 kW,

JIF BT B I b BILAE 58 1932 Bl J2 h i hr AL
9K Zly, it 52 B 8K VR REAE TH AR . X 141
HEATIE B2 oy B A Sl 0 2 5 b, TH R TR AR T R, R
T 2+ H AL S E TR S8R A P K

S I TR S ) N 1| N E R 1 o E A RS R
WA SEA K VEL R v B g BN T 7 2 %
N DR A 8O B, R e R SRR
VIHIff g FEAVG I 58 0, i VIH] A g LG IESE b 5
B S HE 4 B R A 0 FE - BN L%

A . MRS E A T BE R B AR v A
B 27° ~37°  Wp AR AR TR RS R Z R R BN
Hew) 7 2, e+ A KR 20 ~30 mm ™Y

3 hERRE

3.1 LEREIRSEIZE
3011 B4 U B

N = 4] B B SolidWorks X B 5 % b HIL B
AR W B AR AT SR AL, DL igs A% 2
A EDEM # . &% 8 8 + H 15 Mk 65Mn
IR R 0.3, B UIBL R 7.9 x 10" Pa, % K
7 800 kg/m’
3.1.2 Rk

OB B AR AR K /N, WORL S /25 5 8 EDEM
U5 BB AT B 3 T 2812, B % 58 JURL I &2 2k K
- A7 A BRI WORE = BRI 00K L TE Uk AR T
WURL 4 B, 7E EDEM thxf 4 FpOs 47 30E , 5 —
ANERIE UKL B2 B0 3 mm, W] 9 7R o Hoh BRIE 45
K ERIIBURE R JURE FRE S 0K DA [ B ] A
D, A ORL R SR T A 20 A A . 2B B 900 000
AR

W W W W

! \

e ‘:;;;1;; / A, v W; 4
() HOERL (b)) ZBRBRL (o) B (d) HRIRISORL
9 IR B BT R R
Fig.9 Discrete element simulation models of soil particles
SRR A 35V TE AR B A S ASURE 1Y i
i, - H FURKE i At A% 21 >R ] Hertz — Mindlin, B fin 45
T EH] bonding, If X bonding #E4T B E. , I 4 i} 1]
Jp 0.1 s, Hofb B8k 2 s,
* 2 bonding ESHIEE
Tab.2 Bonding key parameters setting

o T B I/ (Nem ™) 4000
B T BT [ R/ (Nom ™) 5500
e K YI1A) N Sy / Pa 9000
e K10 N J3/Pa 4 000
i 45 JURE AL A%/ mm 14

3.1.3  HAbZ 0 E

B - R O R R S
Kelnze 3 froR .

WE T HE RS 1500 mm x 500 mm x 300 mm,
B GR T R R 1400 mm x 500 mm, D 3 B
1 x 10" 4>/s A i 4= 3 Wiokr , Bk 900 000 4>, 7E 0. 1 s



£ 8 1)

B &K A5 DR LRI S LAl T 5 il 25

R3 BRTHEAERSH

Tab.3 Basic parameters of discrete element model
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A AT R b R S R B R S B R b B
A ATk B 22 R G R 2 MG AR RN T 25 03 0T
fERVA e S AT E s P IR 0 e ST B DG BT W T ¢
PR BT LG B T 250 ik 6 iR, A
B.C i fH . AR k2w e
Y Sy

Y=97.39 +3.314 +2.64B - 0. 58C —
2.42AB +1.52AC - 0. 52BC -
7.774% = 1.54B* - 6. 16C? (25)

R 6 LA, [MIE AL AL P /T 0.000 1, 201
] A0 B 25 R LI P > 0. 05, 156 I 465 DL A &
ENGIVEL SIUED RSy = R W oS D a1 ]
A DN AN Q0 G R e = v N T AN e S E )
WA AT, A P i R A RS AL OE e
ZEA AR 0.996 5 F10.992 1, 4338 T 1,8 R &
BUORUAE BE 43501 4 0. 62% 1 44. 843 | 3 Wi Hl & A5 A1
CIE S =8
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Tab.5 Test plan and experimental results

B WA Wil TR ij‘/
i i/ (°) £ /mm (m-s™")
1 27 20 1. 60 80. 12
2 37 20 1. 60 90. 89
3 27 30 1. 60 90. 12
4 37 30 1. 60 91.20
5 27 25 1.10 81.95
6 37 25 1.10 86.23
7 27 25 2.10 77. 65
8 37 25 2. 10 88.02
9 32 20 1.10 87.02
10 32 30 1.10 93.45
11 32 20 2. 10 86. 98
12 32 30 2. 10 91.35
13 32 25 1. 60 96. 98
14 32 25 1. 60 97. 65
15 32 25 1. 60 97.62
16 32 25 1.60 98.03
17 32 25 1.60 96. 69

x6 BIERESH

Tab.6 Variance analysis of soil fragmentation rate

AREW R AmE By F P
LAY 639. 15 9 71.02  224.41 <0.0001**
A 87.78 1 87.78  277.38 <0.0001**
B 55.70 1 55.70  176.02 <0.000 1***
% 2.70 1 2.70 8.54 0.0223"
AB 23.47 1 23.47  74.18  <0.0001**
AC 9.27 1 9.27 29.30  0.001 0 ***
BC 1.06 1 1.06 3.35 0.109 8
A? 254. 50 1 254.50 804.19 <0.000 1 ***
B? 9.95 1 9.95 31.43  0.000 8"
c? 159. 62 1 159.62 504.37 <0.000 1 ***
5k 2% 2.22 7 0.32

04 2 1.03 3 0.34 1.15 0.4303
2% 1.19 4 0.30

S 641.37 16

T wwx RRMBE(P<0.01); +x FmEFH (0.0l <P<
0.05),

3.3.2 w3

i# i Design-Expert 8. 0. 6 % {4 Xt % #i5 ¥ 47 4b
B2 A R e S = W N 12 A e = 782 SN B T
JE Z 8] 1) i 3 A8 HL AR R A 232 52 i) e ity T
WK 12 fis o

W 12a firoR, i B W A s i A 5 0+ B
TR AR b 230 B o 17 i TG A PR R AR AE 95% ~
100 % 22 [ 5 T - L1 A S A0 Ff — s I, 8¢ - A Bl %
A AT 2K A 3 T 3 4 5 - K —

(b) B=0
B 12 5 PR 28 X B i i ) 7 i T

Fig. 12 Response surfaces of influence of test

factors on index

SE I, T - A R 3l AR AE 27° ~ 37° /Y 728 R Y
PSS N SR RN P Z £

N 12b Fir 7R, A a2 R 0 b A AR i i
108 T L 23R B ) 7 TR o AT S SR Y AR A e AR
P A E NSRRI E S A S S T U
FLA RSB — € N AT HEEUE S 1.0 ~2. 1 m/s I, i
ARSI S WU B, B SR BB, AT
PR AR 1.5 ~ 1.7 m/s,

i& [ Design-Expert 8. 0. 6 B4, DA% + R K
R A AT SRS 109 5 e e A 2 O W L B A O i £
1 33° B B 26 mm ATHEHEE 1.7 m/s 1E
— AL R P B e A AR S A R | R
S R b R R L RO B T 32 B
RS N

W 13a iR, WA L, A0 4 B3R R i 52
I, % Sl KA 134 N [ 13b S+ 6 4 A 123
s b 32 I O, 32 TR 677 N K32 )
AL Ry R P . 13 A, 2 R A
B, XF e BT Oy B A R AT Sk, IR R
98.54% W+ R AL G AL R BEA—EL .

4 HEKE

4.1 RBEGHES

TE IO B A B 200 m, FEJE S 100 m,, {50 Hh
eI, FIEAEY N K, R s T R R
+, B HES K E N 16% , b B 45 kb4 50 3L A M A .
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Fig. 13 Force diagrams of broken soil ruler
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4.2 RWHE

2022 4E 10 H 18 H7E AR bl K7 m fHA 37,
HEAT B I A AL HLAE AR BRI ES AR E RS
F AL LIAE L 5.7 km/h 72305 H B AT,
BoAE B )1 WA Iy 41— 75/802 B Ha R ML, 1 b B 3%
K14 T o AR S5 B 1 100 B 1 - Pk R B R Sk IR
FOE M RBCEAE I A8 AR o IR B ik T R
1A B s LA M 9 REFE , 15 00 I 2 1 AR - 5 ) 80

Feo W HARIRMEAEITTH N

M n,

~716.2
Lp N— R RE T E kW
M, ——Re { AL 3l ) g AT Y AR N-m

e 1 ML A AT 24 % 3, v/ min
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n,

K14 H SR
Fig. 14  Field validation test

4.2.1 A PERRI &

W PERE L& R R Y & S SRR A A R
o ME T, FEC A 1 33 em x33 ¢m x 10 ¢m
AR, ERERKRALSH/NT S eom KT
5em %, BEHETED X NEE S5 S, S E A
7 PRI RE 5 8, 3 ) B A% G g R T o R BT
/YA, IFLUNT S em By R E R BT R T
EONET AR e oY 8

MERT PR, 555 1 ~5 FEEMATEEE, 55 6 ~

10 Jy %t J5 5t o BEHL AT R T 5 om BB & 1
BT 63.15% ,/NT 5 em B R TR
(/) 36.85% . )5 KT 5 em + bk a5 4 3 R
B HAE1.55% ,/NF 5 em B b 4 80 TR Gk
98.45% . A5 7% WAL M MLAEE 1 M BB 4T

RT BIMBEKEER

Tab.7 Experimental results of broken soil properties

e S5em Pl b4 Sem IR RHERE/ B
it /kg  HTHEL kg kg B/ %
1 7.05 6. 00 13.05
2 6.75 5.80 12.55
3 9.50 4.80 14.30
R 4 8.55 5.80 14.35 40-4
5 11.50 5.06 13.73
S 8.67 5.49 13.59
6 0 12.50 12.50
7 0.3 9. 00 9.30
8 0.4 8. 40 8. 80
A 9 0 10. 40 10. 40 9845
10 0.1 10.35 10. 45
S 0.16 10.13 10.29

4.2.2  BER KRR E I e
WHLA AT oE 7 M B R 2 m 224 00— 5, FAT AR
BEBA/NT 15 5,45 50 3k 8 frR .

*8 HMRMWEBLER

Tab.8 Plough depth record cm
B8 TR UBRE TR BHE TR 3INE CFBERR
1 15.0 15.0 14.50
2 14.5 14.0 14.25
3 14.0 14.0 14.00
4 15.0 14.0 14.50
5 14.5 14.0 14. 25
6 14.5 14.0 14. 25
7 14.0 14.0 14. 00
8 15.0 13.5 14. 25 14. 40
9 14.5 15.0 14.75
10 14.5 15.0 14.75
11 14.0 14.0 14.00
12 15.0 13.5 14.25
13 14.5 14.0 14.75
14 14.0 14.0 14.50
15 15.0 15.0 15.00

TR AP R EZ N 0. 53 em, BRI AL 5 R %K
N 3.6%,
4.3 BLIWERNE

S WL A R Y- 3 B TR L A T B Bl
i B S, K T DN R B0 g A o L 45 ORI
%9,
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Tab.9 Power consumption of earth crusher roller EIK

T fﬁf A (2) 6 5 4 4 00 17 o 4L, 0 B - 480 B = 004
MR o S AT T 0 SURB AR ST R SR,
B 14 7 e w0 100 DATAE A A S 50 A 8 b A 0 A R BIL s 2 5
i 1sa 51 smas s oss E R DA, D O R B R T[T
TR s s e s o SO T T AL 2 B A e 8 o S
32° W EE A 25 mm HLEFTIEEEE 1.6 m/s,
5w et A4l R T 05 B3 AT, WL T AR I 7 b 32 01

O, B HERIE R 98% , S a R —2 .
(1) 2T 55 kW 893l Jy 26 R it 17— F B sk (3) FH ] 3 56 3 B - i b S I 5 VR L L T AR

AL, TR SRR AR A SR BBt AL FE RO 98.45% SFITHFR Dy 145 em JBE 4R
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