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Design and Experiment of Conical Rotary Throwing Device for
Grapevine Bilateral Burying Machine
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Abstract; Aiming at the problems of low working efficiency and insufficient depth of buried soil in the
existing vine burying machine with one-side round-trip operation, a composite technology of bilateral
synchronous operation and conical rotary throwing buried soil was proposed, and accordingly a conical
rotary throwing device was designed to realize single-pass completion of buried soil on both sides of vines.
The core components of the device included a spiral cutterhead, a retaining cover, and a throwing soil
rotary knife. By establishing a mathematical model of the spiral curve, the key parameters of the spiral
cutterhead and the retaining cover were optimized to determine the reasonable value range of main
parameters affecting the buried soil effect. Based on EDEM discrete element platform and Design-Expert
software, three-factor three-level orthogonal simulation test was carried out, and Box — Behnken response
surface analysis method was used to verify the rationality of parameter combination. The optimal
parameter combination was obtained by numerical optimization module analysis. When the cutter pitch
was 23 cm, the opening angle of the retaining cover was 100°, and the spiral length was 125 cm, the
corresponding buried depth was 36.39 c¢m, and the horizontal forward resistance was 1 059.99 N. The
field test showed that the measured average buried depth and horizontal forward resistance were 39 ¢m and
1 149 N, respectively, and the relative errors with the simulation results were 6.7% and 7.7% ,

respectively. The coefficient of variation of buried depth stability was 1. 86% . The research result can
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provide a theoretical basis and design reference for the in-depth research and development of wine grape

bilateral buried equipment.

Key words: grapevine burying machine; bilateral buried soil; rotary throwing; conical; discrete element

simulation

0 5

il

P by 6 0 SR, TR PG A A A< 2T UE AT B FEAE
W FEREI T, A FERRFEMRT -15C, ik
PR BAR R A A AR W IE B R 5 AR K, Al T 4
B €, M+ IR K F) 30 ~ 40 em' Y RT 4 4
B A B FE ML AR = 2 OR P LR AR, W
IR 1R A g 58 BRI 4 A b 280 561K 5 i B
e 5 5 & 3 R 2 B A
ST, DRI, HIF S L 3 A0 Ui R I
B 0 TR THE L B R 5 R H A B
(=

E AMER A A XA FER LA 0C L L,
255 T 27 R RV AR, TG T M Bl FEAE L, A G
Fi AR 4 WF 9 M SCHR IR gL ARk, N
o FAE R LT R D S T —E R
Zs 3R 4 TR A g TMP — 100 2+ 5 5 4 40
B, fi KM 4 B T 3k 40 em, FIFH 2 4H BERE I+
5 45k S BB - 15 3 A Hb A O T NE 0
HIECE B, PR A 2 B 1 MT200 — 2 %9 35 {]
i A 78 % 35 B ML, B A = BR AT 3K 30 em, SR
SUTKE B 235 4, PR T ity ] BeE g 6L A0 ) 25 e 0 A7 3
FAE ., XS i 3MT — 5 R HE g AL R
AR NS5 4, e KHE IR 25 em, HGhER LAY
e V) J1 R 3 e B U0 I O e 1 S K SR IR D
W 4 OB B M, F AR B U B i o i (R A
AL, fie KM A 35 em, R BESLSE £, {H G
P R 5 i 2% R S A L
A BN R, ZRA T, Y A A AL
F L ERAT B AR AR S 38 i A LE A ML SR AR
A BN AR R R R e AN A A ) A T X X
LS TR i 0 0 A e A B HL A 0 I R S 5T
R

EARR IR INOR TR D) AN E: Ve 727 e =L () A 2 = R
B AT B B AL L BRGSO R TR
B, R SO — o R A 20 0 i A TR T A 3 R
AT e M A AT 5 e A BRE T S B
F R 5 b, i OGB4 4 S 800G SR IBUE S 1] 5
255 B HOT 05 B (EDEM) 3K 56 736 1 1k 5 2 ke
20 B B U 25 40 2 B 5 I 38 2ok F ] 4k 3 X6
45 Rk AT Ik

1 Wihre=CBEISEHE TIERE

1.1 B REZES

I A R B X A R 7 T A A e = AT AR,
R S A R AR R R ST R
MR R R 2 5, LT R ], B b
FHELERE R RKTFETF0.3m, MG 2N
FIWBEIE , BT % a 7 0.4 ~0.5m, ZZJKFE b H 0.9 ~
1.0 m, & F4F & i e 118 4 [ 8 X 8 A 1R L oF
G PR R e AR ] 1 TR, Pk
5 T BT W, 308 3= R 1) ok AR i i 4 49 5 B X e =
A, X A BRSO I % R B A7 i A ) i R
Fe oY+ B 2SR S R T AEAE B

() 8-t #ﬁ% B
BL Al 5 R 3 T s 2 PR
Fig.1 Operation mode and buried soil cross section diagrams

1.2 ENEHSIEERRE

Vi TP ) 26 A0 TE 4 X MR e L 2 2 B A
BLAE BRI AR & sh L B AR 6 B8 T 45 ) W T
JE AR AT B S AR L, R 2 s, BEALR
e T, N R 2.1 m i 98 2 m, >R A E R
ek o MLEEAF R 1E T Q235 254 489, H + %5 F il 2
ANHEIE T M AILAG 2H B, 2 1 G 45 BE il T P4 - B e
T3 1%l R R A A B LA B A A AT AR
T3, R PR w2l - 56 1l e 2 1 4 Al P T4
il VAP AT K KR A 2 T AR 2 A A ) 2 R AT e
I A, F A R o R A A A R T A A
JE, 53 500 5 BN 38 - Ry R AR A 5 R A5 A
1.3 #ERHEEEMTITEITERE

HETE T il 2 2 S - R E V) 5 1) i ) A
DI AW 3 iR, R RE



% 8 1

ZEF A TR A A DU SR L A e v SR 81

P2 TG ) e L0 T 4 =X 2 ok L 45 g T
Fig.2 Structure diagram of wine grape bilateral rotary
throwing vine burying machine
LRAER 2,048 3. WURmmAE 4. k3Pl S RER 6. 42
FHEEWOES 7 /E R 8. B 9 fEL T 10. HET] U1
LW RSk 12, R mwOEsT 13 B rEs s

CrEE
B_\ ¥ o
»}%&
Mng
b

(a) D

(b) RpE
B3 HEIE e R AL

Fig.3 Conical rotary polishing device structure diagrams
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Fig.9 Response surfaces of interaction of test factors on buried depth and horizontal forward resistance
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Tab.5 Analysis of variance of horizontal forward

resistance regression model

E 3 FHA BHBE B F P
HLAY 2.584x10° 9 28713.92 12.26 0.0016**
A 8 415.59 1 8415.59  3.59 0.099 8
B 1.955x10° 1 1.955x10° 83.50 <0.0001**
C 12 274.09 1 12274.09 5.24 0.0559
AB 51.25 1 51.25  0.0219 0.8866
AC 20277.38 1 20277.38 8.66 0.0216"
BC 467.21 1 467.21  0.1995  0.6686
A2 5418. 68 1 5418.68 2.31 0.1720
B? 2578. 38 1 2578.38  1.10 0.3289
c? 15014.99 1 15014.99 6.41  0.0391*
k2% 16 393.51 7 2341.93

ST 13 065. 01 3 4355.00 5.23 0.0718
PR 3328.50 4 832.12

Bt 2.748 x10° 16
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K P  BEL 7 5% i DA R BN R Ry £ B E A
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Fig. 10 Test measurement and statistics
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Tab.6 Buried soil operation test results

S8 Kg 1 2 3 B4 K5 TFHE
e/ (L-h™") 17.2 17.4 18.1 16.8 16.5 17.2
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Fig. 11  Field effect of buried soil operation
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