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Design and Testing of Cutting and Squeezing Combination
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Abstract; Aiming at the saline peanut harvesting process in the traditional shovel pole type excavation
and harvesting device exists in the soil crushing effect is poor, the root and pod part of the soil content
rate is high, the excavation operation resistance is large and has other problems. Combining saline soil
characteristics and peanut planting agronomic requirements, a cutting and squeezing combined excavation
device was designed. A mechanical model for the cutting and squeezing forces of the digging device and a
mechanical model for the fragmentation and separation of the peanut root-pod-soil aggregates were
established. The main factors affecting the operational performance of the digging device were identified
as the blade surface inclination angle of the digging shovel, the blade edge angle of the digging shovel,
and the radius of the squeezing roller. The value ranges for these parameters were analyzed and
determined. Simulation experiments were conducted by using EDEM software to investigate the dynamic
changes in peanut root-pod-soil aggregates during the operation of the digging device. Single-factor
experiments were used to determine the influence level of each factor on operational resistance and the soil
adhesion rate on the root-pod system. Using operational resistance and soil adhesion rate as evaluation
indicators, a quadratic regression orthogonal rotational composite experiment was carried out by employing
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the central composite design ( CCD ) method. The optimal operational parameter combination was

determined as digging shovel blade surface inclination angle of 22°, digging shovel blade edge angle of

50°, and squeezing roller radius of 110 mm. Under these parameters, the soil adhesion rate on the root-

pod system was 48. 86% , and the machine operational resistance was 15 696.3 N. Field trial results

demonstrated that the cutting-squeezing combined peanut digging device achieved a post-operation soil

adhesion rate on the root-pod system of 53. 61% and an operational resistance of 15965. 57 N. Compared

with the original digging device, this represented a reduction of 21. 58 percentage points in the soil

adhesion rate on the harvested root-pod system and a reduction of 5.57% in operational resistance,

indicating superior performance.

Key words: peanut harvester; combination cutting and extrusion; digging and harvesting device; saline

soil; EDEM; field trial
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Tab.1 Main technical parameters of combined harvester
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Fig.4 Schematic structure of cutting and extruding

combined excavation device

1 HURBRAOFE 2. B3 3. SIS H AR 4. U
BT 5. SRPTELEEE 6 SRR A 7.
WA 8RRV ER 0. A IR
B 2 5 ) A7 280 1) °F- B 5 R AR 92 9 57 A A B R
I, BERERSUE B AR 2, A b Mk -9 | 4 e xt
B TET 04 R, RO B/ N TAERH T, i G ™ A k™ s
IEYSC I, Ak, T R e AR IR R R R
Z SRS, SR PP H ™ T BRI AR AR €A 1 D) 1
SRR G, S 8 R B R VR S A A R Ak
AUZhRE ™ hvdisIN i i i a% Ji e R - P SR A
SEBS 43 A B B2 B, AR U T e e o A A
AL RST, B - AT SR FH A28 10 mm () 45Mn
B R, U M AT 4 BE S 100 mm | FF 1 58 BE
85 mm, ¥ U B[R] [ Bk 84. 5 mm,
3.2 ERFZHASH

AELEE IR WOR A R b 42 88 7 22 HLR R
EEAE G| ) I R D) | MR )
J7 X R A 0 U1 1 - 55 BE 3 A 3[R
YEH . 2885732 150 Fran &l 5 Jies

K5 24852 i A
Fig.5 Force analysis of digging shovel
PR R R WAL AT, 2 RS2 10y
A B T RIMLEL AT 7 18] 1) 32 T V- 85 A N
F,=F, +F, cosa+Fcosa + Fsina (1)
Rift P RSN
F—5"J10) 8| L850 /7 N
F,—5" M52 - 58750 1 N
F—4 w2 L)) N
F\——5 1 {52 0 R 1, N
PR A , (°)

o

MRPGEESE ST - HERE M 7 OTE S T A
Al Al

F,=ukFy
F,=kb )
F, =CA,
F,=PA,
Hrp A, =bl (3)

Krf p—— ISR ] ) R4 DR 2
k—— BV 8 N - e 2 T HI B ), N/m
b——Z PR A R TAE TSR, m
C,—— T 3EZHI 1
A,—— 1255 A TAE A, m?
P ——35 84747 1w 7 1 AR BT A2 ) N
I—— PR K, m
43 Fy=b(k+C,lcosa) + Pbl(ucosa +sina)  (4)
HZ(4) WA SEMZ R TR AR 5 | ) KN 2
PR A R TS i 7 i o ARy
RIEN TR A UTHIRE 7, — g ST, VIHIFH 7 H
FAHLEIEH TARRAS F RN, e nl Zm A=
BEAN, TE R B AL AL bR S PR A p e A AR 2
KM ZE2 47, —FHAZIBIAL N 2 22 4 TRk, Bt
PR A R TAE R B 2 £0(E 1 600 mm, Af2
FHZEIR I TARRCR B RAZH0RE T, Al B
BT A TR B AR T A A SRR iR g 24
FRAE R SCAE A A K PR 25 SR T 0, 42 3R 742 4
TREZ VA 100 ~ 150 mm, PG 5 FPA2 05712 8
JE b BUETEE N M 100 ~ 150 mm, A4 AT 06 45
WLEE ST 2P 12 P8 R B 120 mm B 354 4™
TAERCR S TAEM B, NI IZ I R A L
120 mm, & 5 32 343 B ol 0 A2 98 R B 57 1 4
S S = A RO R RIS 5 A o« 9
JINESF TR BEAH A0 5 A TR o 8 ORI, 42
PBH 7 X 2B K, % RV T T
WY rR R MU 8 57 i BT TR 255 i A
R E VIS A 1A U R
17° ~25°, AU K 5 57 10 A, 5 SORF i it
P B 55 [A) B0 S 06 fe 240 0
T I AT AR, 47 1A AR A5 R B
17°.19° 21° 23°F125°, FIFS1H < B -5 47 Hi i
() = PR A OC 2R, 15 3 6 R 4 T B 43 A 410
369 335307 284 mm,
3.3 ERFTIORSHR
Sk 7 0 3 R N R S A T
YESERR A I UTEIRE T, BE M2 IR BORBCR , 75 X 42 18
ERTSRUEAT R JT AR B FR ST 70 1 e R i




F12H

WA A $husith H DB A A AR S IO s S AR 335

TARPEREME 2N R, 24 71 Ll R, 424 B
SRS | ST REAR DA 5 25 70 E A ad /)
IS F2 40 575 91 56 38 AR, 7 210 S 40 A A i 2
I, HE HBUE TG S TARTERE

AR AZ IR T 10 A R RS R, R RS T
VR R i 8T d) 32 s L T 0, ik 6 i

6 JZHH I YIZ 15 B
Fig.6  Shear force analysis of excavating shovels
11l 6 AT, #2400 5 (9 35 U0 AE 32 252 et
TR R RS ) RS IR RO R T | SR
PG 5T T SR R R, kg el
PSUNE ok RV ases LN 1B (BN AI D ok LR I LR ZI DA
F,=F, +2F,cos % +2F, +2F, cos % +

1

2F 5 +2Fy —— (5)
sin;
Hrp Fop=pFy  F,=pFy,
Fy =pA, Fy, =pA,

L F——Z884 551 91 N
Fo JF,— 320057 0732 LSRR N
F, F,—— 12857 05z R 7 N
Fy F— 15057 i 52 238 m R 7 N
y— W10, (°)
A, A,— 285 5 A A, m?
p— AR A R AZ R, N/m?

W F = Fk2e0s 3 (uph, +Fy) +

PA,

2(pupA, +F ) +2 (6)

sin

2

BBy e /NS0 1Ay A, X
2 (6) AT YOk T, T

2pA,
S, + ) 7)

F A AT BA T 09 Xm0 vy Eh A b 1 1 5 4%
A=A T ShEESE R E N 0. 01 ~ 0. 25 T3 FG 10
2.6 ~3.838 N AR AEHE 48 nl A2 0 57 1 1 1
FAIBUE T BBl 42.6° ~ 62. 1°, 454 A 12 0 57 45

7y = arcsin

PSRRI, L R M 1 1 I 1 A B DI MRS
N 45° ~61°, NI e SCRE i i 7 26 5 H 8] 5k
I B 2 S AE R I 1 A R U
3.4 ERRTIBARGZ AL
NARTHZ YR TAESCR TR ol A8 A AR
{3 LSRR, DL A2 4020 B A a5 5 2808 0
FZEG™ 4 A P8 AR e PSR 7 L #) 2 1R L
AT A 7 R

P72 AR A TR AR T 43 BT 1
Fig.7 Analysis of force of excavation device on
root-pod-soil aggregate
B Eo% 1 W/ S ok 12 I 7y A R DA B A B/
VERIT e 42 4 A7 PR UEAE — 8 A 1 TR ke
MR PR A BRI 2852 B B 8 ) FF IR
fETEE IR ) G2 57 1 A BE 45 ) T ) SCRE T
W AR T LT, T Al Y B RIR
fa] A28 5 U0 RV I 7R LA — 2 A BEAR T 4
B AR - AT R K L B B,
U A AT AR i 7 TR
T + Pcosp = Fjcosa + F\sina
Flcosa =G + Fsina + PsinB
Hrp Fi=F, F,=F, F=uF}
Lf —WS BRI, N
G— MR L HIRIRE )N
P—FFIRIRE BT, N
Fl—— L2 5 )1 N
Fy—— B 2 SRR N
A
_ (G +PsinB) (ucosa +sina) — PeosB(cosa —pusinar)

cosQ —Usino

(8)

T

(9)

FT A1 B E T W TR 1 1Y) Terzaghi Hh
HIRB I~ 3, B3R 23 ] A U B Fe 1
WS, TR R P RO 5
P = sW8 R (10)

A W—FRIREEE N

S—HIRERL, — B IEIEHC0. 12,

T IERIEE 0. 18
PRUEARSR L A SRR RE RS 7E B TR 5 S 12 9 5™
A SE [RVE T R 16 ) S i , R 2 K SF- 07 1) &



336 P A1 R = 4

2025 4

KT 0,0 7>0, #:K(10)RAK(9) , 153
SWPERY2 >
_ G(ucosa + sina)
u(cosasinB + sinacosB) + sinasinB — cosacosB

(11)
FEHIR A R v g B S K, R
KRR S5 98 5747 1 22 18] 4 15 B0 /0N, BF e 7 184
K PRI R S 12 85757 1 =2 1] 1) B 1
BTN, AR E S B R A ) A ORISR 443
BIRCR N U AR TR A 242, 456 i g6 2
T ARA B T 50T S B R VR 5 2 A% B Y R
89.7 ~126. 6 mm, Ji5 3K 4 {5 B K 5 H [H] 56 4iF
TR B R IR A AR I U

4 BHITHESH

28 AR AR ZE A E SO A8 A% 0
TE, 5 5 TAES B AR i 2o 2
S 202 o T R A M B E U B 4 S 232 I
R BLESECG VR PERE A AT AT, A ke 8] 56
W Z e R 2 BB R AR SR, R
FHl EDEM #4705 B 5:

4.1 SHIEE

SRR D AR Bl bt - 3R FE AR | 7F Hertz —
Mindlin 4% fil# B9 ZLml 5] A Bonding V2 #EHIAE K
B AR 7 20 5@ S Bond % 452 4 HE W URL, S
FAIE A S8 SWUR [R] 9 R 245 5k 3 | W7 24 B 45 0 S
B AT RUE O B B AR T, %
SCHR[25 ] © A BT AT I 0 | B0 25 Tl
HBH, 52 iR,

TSR A A AR 2B — 8 R 750 mm, ZE 5
4100 mm , 47K 250 mm , 2834 % 4 250 mm , 28 TH
FEH 400 mm, SR FHERER PRI 78 IR | H ST
&4 2 000 mm &y 1 800 mm . 55 F A 200 mm
PN A DAASEAEL 42 41 2B 8 A S B SOIR ARl )
BLSCERE . FIFH Solidworks B4 HT EDEM 4544
290 2 A 5 BT A T 4 ) L R] XS
e AN 5 L2 R R 25 K R AT BT Ak, R A ST
D5 BT MAE AR AR AR AL I 8 frw, e MR
BN 4 km/h 2885 EAZIRURE R 120 mm, B [H]
RN 1.5 s, 02T 7 HBIE 50 BT 1 2 52 M 2 3
Fr i EER R B RT mA hy 17° ~25°,
FEARG™ 1 1R Ok 450 ~ 57° B RIR AR 90 ~
126 mm,

DR 6 A 2 0 92 o AR /0N | TR A ELRE R
N R 5 TR F i AR e LR e AR
W5 SERE o A2 8 WO O FL R A 1A 9 B (Ut

K2 BHTHESH

Tab.2 Discrete element simulation parameters

S8 Bl
BRI L 0.32
3 R B 242/ mm 5
IR Al A%/mm 6
- R B/ (kgem ) 2.270 x 103
+ Bk 55 YU / Pa 1.20 x 10°
F AR E R 0.358
- HERTUR, 1) e B 42 R 4 0. 546
- ERTURL ] Bl B 45 R L 0.15
65Mn HARS L 0.3
65Mn N SE/ (kgom ~3) 7. 865 x 103
65Mn N85 VI / Pa 7.90 x10'°
TeA SRR L 0. 386
AR EE/ (kgom ™) 582.36
TeA SR B YA/ Pa 3.04 x 10°
+ 35 65Mn MAIPKE 5L 0.3
+ 365 65 Mn 49 7] #7528 5 R 4K 0.5
+- 4255 65 Mn 4 Ii1] 21 = 4 R 4L 0.1
ST FER I R AL 0.11
4 AR S ) F B 5 PR AR 0.5
+ 5 510 E IE SR W) 2l B PR 4L 0.05
R ) 5 i 2 kM B/ (Nom 1) 3.32 %107
SR (1] 1) 1 2 K B/ (Nem 1) 2. 89 x 107
O [ 115 43 ) 17 3/ kPa 192. 46
O 11 S0 ) 17 3/ kPa 97.07

I8 - A i A

Fig.8 Soil and peanut simulation model
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Fig.9 Excavation harvest simulation process
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shovel surface inclination angle
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Fig. 11 Results of one-factor simulation test on edge angle
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extrusion roller radius
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Fig. 13 Field experiment
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Tab.3 Coding of test factors
Sy i o
FEEBAA () JIASf/(°)  FrHRRE 2/ mm
—-1.682 17 45 90
-1 19 48 99
0 21 51 108
1 23 54 117
1.682 25 57 126
x4 RBWARSER
Tab.4 Experimental design and results
e FIES Ft% TAEMS
2 X, X, X, Y,/% Y,/N
1 -1 -1 -1 58.46 14 215. 94
2 1 -1 -1 46. 49 15 433.08
3 -1 1 -1 51.78 14 660. 39
4 1 1 -1 47.02 15 230. 38
5 -1 -1 1 65.59 15218. 14
6 1 -1 1 58.75 16 248. 45
7 -1 1 1 48.31 15 724. 87
8 1 1 1 50.01 16 012. 71
9 -1.682 0 0 58. 04 14 264. 62
10 1. 682 0 0 50. 36 15 553. 09
11 0 -1.682 0 58.96 15 565. 25
12 0 1. 682 0 47. 94 15 655.02
13 0 0 -1.682 43.48 15719.39
14 0 0 1. 682 55.55 16 205. 83
15 0 0 0 49.77 16 047. 14
16 0 0 0 46. 95 16 139. 45
17 0 0 0 47. 46 15 875. 87
18 0 0 0 47.14 16 291. 01
19 0 0 0 44.23 16 382. 08
20 0 0 0 45.61 16 229. 87

H %5 AL & R EEEAE P <0. 01, IEZ
BEAUY 2 A RT 5 FE 5 5 SR AU P {E R 0. 764 9,
PR S e S A TS S N Y RS s ey
R A K E/N A IO B ER R AR
i

H % 6 AL, & R EERE P <0. 01, IEBZ
BB 3 AR A5 B vy 5 2R AU P (R 0. 198 3,
Ut B AR A A 338 U S S ) PR 7 AN 405 45 PR 3k
F ARG Hy R BN R A B R R A )
A

FIFH Design-Expert 10. 0 4%} & 4R 1 22 H.
PR 2 R4 I 17 T 4 BT, X, X, WX X R X X 2 IRNAE T
BEZHAEN, R HAE DS 50 ma i il
AN 14 Fis

HH & 14a AT, S42 0857 70 O — il 4248 )5
TEAE AR IR - SR T2 1 5 5 1 A0 ) 15K = ke
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Tab.5 Variance analysis of soil content

P A AmE B F P
HEETRY 667. 43 9 74.16  28.35 <0.0001*
X, 88. 61 1 88.61  33.87  0.0002*
X, 188.24 1 188.24  71.95  <0.0001 ™
X, 112.57 1 112.57  43.03  <0.0001*
XX, 31.01 1 31.01  11.85  0.0063*
X, X, 16.79 1 16.79  6.42  0.0297*
X, X, 49.35 1 49.35  18.86  0.0015*
X2 106. 38 1 106.38  40.66  <0.0001**
X3 86. 63 1 86.63  33.11  0.0002*
X3 16.21 1 16.21  6.20  0.0320*
¥ 2% 26.16 10 2.62

AT 8.77 5 1.75 0.50 0.7649
4R 2% 17.39 5 3.48

A 693. 59 19

T ek ORI B (P <0.01), * F/R 052 (0.01 <
P<0.05) . Fl,

&6 TIEMRNAELN

Tab.6 Variance analysis of working resistance

FeW EA AWM ¥y F P
LAY 7.38 x10° 9 8.20 x10° 15.31 <0.0001 *
X 2.04 x10° 1 2.04x10% 38.00 0.0001*
X, 3.23 x10* 1 3.23x10*  0.60  0.4557
X3 1.47 x10° 1 1.47 x 105 27.47 0.000 4 **
XX, 2.41 x10° 1 2.41x10° 4.51  0.0597
X, Xy 2.75 x 10* 1 2.75 x10*  0.51 0.490 1
XX, 1.07 x 102 1 1.07 x10> 0.002  0.9652
X; 3.13 x10° 1 3.13x10° 58.42 <0.0001*
X3 6. 85 x 10° 1 6.85x105 12.79  0.0050
X3 1.26 x 10° 1 1.26x10° 2.35  0.1565
52 5.36x10° 10 5.36 x10*

AT 3.70 x10° 5 7.41 x10*  2.24  0.1983
4fiiR% 1.65x10° 5 3.30 x 10*

J=¥iil 7.92 x 10° 19
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Fig. 14 Response surfaces for interaction of factors on soil content ratio
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Fig. 15 Field comparison trial
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Tab.7 Comparative test results

e IR iR Ny IR B
TrR/%  TAEHII/N &+%/%  TAEHII/N
1 49. 81 16 147. 68 75. 67 16 524. 37
2 53.44 16219. 84 71.24 16 998. 24
3 57.07 15 775. 08 77.85 17 323. 88
4 52.98 16 047.72 72.94 16 678. 96
5 54.75 15 637.51 78.26 17 007. 62
T 53,61 15 965. 57 75.19 16 906. 61
{5 B A8 51.10 15 633. 63 72.03 16 427. 21
R 5.06 331.94 4.20 479. 40
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