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Design and experiment of grapevine cold-proof soil cleaner with
combined scraping and brushing

MA Shuai', XU Li-ming', XU Shu-cai*, NIU Cong', YAN Cheng-gong', TAN Hao-chao'
(1. College of Engineering, China Agricultural University, Beijing 100083, China;2. State Key Laboratory of Automotive
Safety and Energy, Tsinghua University, Beijing 100084, China)

Abstract: Aiming at the problems of incomplete soil cleaning, easy damage to the grapevine and poor
adaptation by mechanized soil cleaning in the open-field vineyards of northern China, a grapevine cold-
proof soil cleaner with combined scraping and brushing is designed. The double-winged scraper
components, rigid impeller components and flexible brush wire components are adopted, which can clean
the cold-proof soil above the grapevine, the cold-proof soil on the side periphery and the cold—proof soil
near the root of the grapevine at one time. The key components were design and a control system based on
STM32F103 was built to realize automatic obstacle avoidance of scraper components and automatic
leveling of the machine. Leveling performance tests showed that when the leveling frame was tilted to the

left to the maximum angle or tilted to the right to the maximum angle, the automatic leveling process can
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be completed within 1 s, and there is no obvious overshooting. When the tractor was driven on uneven

vineyards, the three soil cleaning components maintain the desired leveling angle at all times (withind=2°),

even if the tractor itself undergoes a large change in tilt. The field soil cleaning test showed that all the

working components operated stably and there was no interference. After the soil cleaning operation, the

soil cleaning rate was about 81.96% , and the grapevine damage rate was about 1.67% , which met the

requirements of open—field grapevine cold—proof soil cleaning in northern China.

Key words: agricultural mechanization; grapevine cold—proof soil; combined scraping and brushing; soil

cleaner
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Fig.1 Diagram of grapevine cold—proof soil ridge
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Fig.2 Structure diagram of the grapevine soil cleaner

with combined scraping and brushing
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Table1 Main technical parameters of grapevine cleaner
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Fig. 3 Overall structure diagram of soil scraper

components
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Fig.4 Structure diagram of double—winged scraper



- 298 - TR X FEF

H> 1, (2)

(7] i 225 i HC A e, DX 7 % el oA 8 4 e B 7€ 1+
ZE WA )38 B R E, B v U3 = = A ) B W
S5 600 mm, B H 200 mm, W 2 H) 4 b
T B AR 3o 1) A A o othy T ME LR B IR UI 4 S K
T Y & AR, B 32 2 52 ) A ) A ok B P+ A
5] - A T e 0 TV S ) O ARl D A R A
B S5 R BT B 60° . A A1 0 R I A AU i il
- il TR S AKOF T E] e AR SR e A Al B g
RN EERERZ — kM oy 2 R Z
(] 4 I 1, 2 52 0 6 Ml BEL T R /N R B 4 38
SR EEN R Z —, H oy B K/ 5 5 &
WK B R b R s ] A AR AL BE T
[Fi) B 398 K w0 B b 3 9 i sl P L 2w DO Ak i
TR R 2 - A A TS R o 2 e RO, 0
Fly 43 5511 R 60°F1 867
2.2 M#REBME

S WU e B e g L R —
Fofr 7 8 43 J22 5 Al SCIO8 i 58 3 0, 2 Ak
SR E AR 5 R AR SIOR i 5 R
SR, B 5 TR R 4y )2 A8 s A g b, B4y
h ETRWE, LA s OB S HE P2 IO i
i R T e AR IE @ E I

53 )22 A8l AR 5 350 42 FH 35 o ) 260 1k 1Y
343 A1 Bl B € 4, 4546 2 B0 38 B 1(b) 4 45
T 0 303 7 9E - £ 2B RSTH A o TR A R
WP A2 L 0 T B Lk i e 3 A A R Ml 5l 47
ApE, L ZEWM AT T ML BN
I, A IR o BSR4 R ER A R
H, V7 2

L,>b—c (3)

H >L—I (4)
P2 b A A 2 R ) 3 B BE A 2B I TR E, mm;
¢ R RS SRR Y 07 B S R AT )Y R
mm; L ok % R B 9 + E B R E B, mm; LN
2 T Y 1 B FE A g 0UERL SX )  A T R G R
BE,mm.

HH BT S 0 b B AR A B Ly
250 mm , M58 FAF B BE HL 2 300 mm, FLAS A
B R P ELZR BN R AN BE A AR, o BLAR B K B/,
WAtk 50 mm, A F 4Tl 5 58 R i 42 8 3%
o WHREROE TR A R0 B AR o 100 mm,
FH UG AT 5, B IR R 0 R BE RN A R A [m]

RO F m) % 54 &
v 1 3 4
-~
3)
()
d, -

(a)fhfu &

D,

(bR
I-TE TR 2- T 300 ; 3- 3 R AR 4N I e
Bs MRBUEHTEE

Fig.5 Structure diagram of impeller components
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Fig. 6 Structure diagram of flexible brush wire

components
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Fig.7 Motion diagram of automatic leveling mechanism
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Fig.8 Force diagram of automatic leveling mechanism
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Fig.9 Schematic diagram of automatic leveling control system
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4.1 BHEEEHEXR
4.1.1 SEBmHEM

XU 2 R A B8 IR 58 i A 2k
LI A R S A M RE R ik AT 5 Bl £
B (45 R A O, A BIE 5 A 24K 8l g o B
Recurdyn Xf B3 =0 & - 4 (19 [ 2h & B o B2 17
15 FLEZI, 43 A7 2% B 28 % 1 B abk B 80 R 7 52 ) 3
1Pk e AR B VR Mk Z 80 4 .
4.1.2 i AR 558

56, 7E Solid Works Hxf X3 = + 4 F 8h
PR HEAT AL AR E R R A L x ek A
S A RecurDyn H , M2 4J HLAY 1Y 52 Briz s 1% B0, K
A& ERAE ] IS0 1 s | % sl R L Sl R AR i S
YA d ST A 2 100 mm X 100 mm
ORISR RN 1Y o s R i % & s LT )
LA 3 me Nl ¥ 3 T K e Ak J5 B sh & 0, 76
fil A T8 2 O 67 Ak TR N S A7 B 5 A T HIL AR
5 1l T ) 9 % Bl R R IR By, DAL
K F RecurDyn " [ %7 A9 TF bR 80 E B 55 30 61 19
A5 M 3 J3E o, Il KT 5 3h A B B IR A ST
(47 ELAE M B G 5] 12(a) It

v, = IF (@ — ao: 02, 05y — v, ) + IF (L, — 940:
0,0, —v,) + IF(Ly — 590: v,,v,,0) (16)

3 2w, Ay ke BT T AR L R, mm /s a Sk f B
2 SR 1 SE B BRI, (7) 5 a0 o Ml AT 2 50 1 # 2
BB, (7)) 5 L Sy 3 8 001 T 17 /5 3% 422 50 A9 TE) R, mm

P B, R0 2] A A 3 5 3 K e A Y —
W, DA — 5 B T8 A7 0 B SE 5, B AE Re-
curDyn H 5 8 FiT#E 3 B4 0. 35 m/s , i 5 i &1 1F
b B2 S 180 mm /s, fil A % 2l A B B H O 7. 57,
XL 3] A E R e R OK R AT B AR
AW 12(b) i o
4.1.3 fiEIFMAEER

S PFAN E Bl AR RO AR B AR R Y
9 0 S 5 4% 48 7 — > Marker &, 38 i 0 25 4 il
Marker 55 132 sl #0358 0] DLW ) 4 A g 75 00R)
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7, Bk B 0 AR 25 RIS 1) A Y i 3
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Fig. 12 Automatic obstacle avoidance simulation opera-

tion of double—winged scraper components
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Fig. 13 Automatic obstacle avoidance motion

trajectory of scraper components
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VP L M B /N T 160 mm/s B, B3 X 4
B A i AR o A v 2 B 2 K e AT TR DR S8
B R, LA T DR BIE AT Ml 2803, 5 T a5 R IR
F0.3 m/so R T sk B LAY 1Rl R e
b PR, AN A R A R i A [ A g
DR TE ML A 004 4 P ol s il 46 1) 47 ol 3 B2
ANH T 200 mm/s. WA, BEE il AT 3 A
EAE R 5°~10", £ b, LLAT#EHE R o, Gl GLAE L
S v, Rk KT %% 2l £y 2 BAE @ 38 P 3, DL
3 A WA R E IR 8 bR 25 G 5 5
S 6 S ) 2% X 8 DY R S O LAY R Al R
FI 3 P ER R Il A T S e B s A A AL SR
MR A S g BT U B E G B AR Ky 1. 682, 52
KR a5 R SR 2 s o ILgEAT 20 4 504G,
TKFELBMERZ R, LRI REGERMES
I
x2 KBEEHD
Table 2 Test factor codes

. AR v,/ IMELVE R v,/ BRI o/
(mes™ ") (mm-s ") )
—1.682 0.30 160 5
—1 0.32 168 6
0 0.35 180 7.5
1 0.38 192 9
1.682 0.40 200 10

RIGEIRAERSER

Table 3 Simulation test scheme and results

BUMERRE S LA B AR

"
T WX, HmWEX,  WBEX, E/%
1 1 1 1 47.33
2 1 1 —1 46.67
3 1 —1 1 43.33
4 1 —1 —1 42.93
5 —1 1 1 51.07
6 —1 1 —1 50.67
7 —1 —1 1 48.50
g8 —1 1 1 47.73
9 1.682 0 0 44.00

10 —1.682 0 0 50.67

11 0 1.682 0 49.47

12 0 —1.682 0 4413

13 0 0 1.682 48.00

14 0 0 —1.682 46.80

15 0 0 0 46.67

16 0 0 0 46.83

17 0 0 0 47.17

18 0 0 0 47.07

19 0 0 0 46.93

20 0 0 0 48.00

XX, X9 R v o, Bl e 8 B A
F4 HERBEBREESH

Table 4 Regression model significance analysis

K H Design—expert 8. 0. 6 K 4 X 32t 56 $4 45 1k
353 A, 1ET U R Y ) I8 = P A B 45 SR AN 3R 4 Pl s
ML, 1A R ) P AE /N T 0. 001, 1 2 835
1) PAAE KT 0. 05, U BT[] 5 A5 AU A HC I8 35 H 2k 4
ARZFE,FHAR. 3N ERFRT, X, X, X,
T () 22 803 38 3 g 25 UK, X R X, TG S 5 4
R WA A S 3, X IOUS ) 0 3 5 58 LI IR A
RIS E SR TR iy A B RN L N2
T B3 I A 8 RO 2R 4 Al A R 2 E R TR
JrREUE

E=4594—70.61X,+ 0.14X, + 0.21X, (18)

A% 2 E] A i BARAE L S5A A
XF 52 5 AR 2R AT 0 Ak B i, ) Design-expert
8. 0. 6 # 4 Y) Optimization-Numerical 155 X [7]
VAR A AT A0, DA AR A R R B Kol
T H bR, 143 34250 R SR 25 R .
7,=0. 30 m/s.v,=—193 mm/s Fll a;2=10", X} I i%
FEA B R B H ol 52.95% o AR 4 T A4k 1%
YE M 280 A FRR AT 7 90 UE 52 5, HOoA R0

g3 -5 Al F F {8 Pfa
s 99.91 9 79.68 <20.0001%**
X, 61.27 1 439.81 <20.0001**
X, 36.19 1 259.75 <<0.0001**
X, 1.32 1 9.49 0.0116%
XX, 0.62 1 4.46 0.0608
XX, 1.513E-003 1 0.011 0.9191
X,X, 1.513E-003 1 0.011 0.9191
X7 0.14 1 1.02 0.3363
X, 0.12 1 0.84 0.3823
X! 0.22 1 1.55 0.2420
W% 1.39 10

KA 0.29 5 0.26 0.9146
afi iR 22 1.10 5

PSRN 101.30 19

K 52.53% , 5 HIS 45 A AR — 3.
4.2 Friprz=EAERHESH
4.2.1 IF A A Al A R it
K HH 7 4 T B FE o X BRI R R
%) A 2 2 38 4 OR35S
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RE A 2% FR 11 Z 1) HEA 553, L4 /N EE LS H R
7E SolidW orks v, B BCH A #8744 78 34>
B AR T AR S ) A R iR 14 8
A, WETEE O EEITE A B 28 AR OCHE A & 4
BB A I B A R0 2 P R 22 R ) AR R A
J& ¥ I B IR S 2 Y AT 35 50 mm JiR S5 I HE
PRR A TOH 8 S 60 mm. I3 4 A R S L B
il 22 358 A 1% T 0 90 mumy, A 0 4 % B B
il 22 45 0 301 2 120 mm , %8 340 5 2 Ve Rl 22 3 A
ENS) & s S C T R24 G R AR R R foa G R R S
A R 22 T 4 A5 00 300 5% B ) e ARCER A Y L
50 mm, H & 4 A 8 0 0 F 3% M 22 58 1F
A

120 mm 50 mm

(b) EFZEA 75 AR R AL E
I-MERE W 2-DEXHEXIMEH R 3-RERL-BKF
T EH
14 FRIAEXNFLHBENZTEHRE
Fig. 14 Spatial layout of combined scraping and

brushing soil cleaning components

4.2.2 I EHLE

T B Ot EDEM b # 57 3 4 Bk By %€ +
+ 2B ERL A AR S BOR g A A R S Sk
[30], Fe &, A i+ B AL BK 2928 2200 mm, +
2 8 TSI L T SRR B Y, RS 5 AR 5 b A S
I 85 465 e 5 98 £+ 28 RSF — 30, B 341
+ AR BRIE] 14 vy 25 W) A6 Ry, S A EDEM 3R
oo AR SE BRI R AR IR B, A S 1
28 22 [] 4 AFD6E O 8 O AR, A R0 21 A AR R AR 1Y
B o £ 2B 0 TP 2k B T AR R N
120 mm, 5 4 #8719 B BT O B 40 ] 15(a)
iR

™ N/fzz

(a)fhi ELARRY

(b)Y E AR 2
1-E:;2- 12 3-NEXE LR 4- P EXHEXMEHE5-F
TR -1 BEE L A
E15 FRAEXBFTLHMEESHTHETR
Fig. 15 Discrete element simulation test of combined

scraping and brushing soil cleaning components

U7 LI B I) , 7£ EDEM SR fiff 25 45 Je ) 7 EL i
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51,9210 ° s( B Rayleigh i [a] 2 K 19 30%) ,
07 BB R O 8 s, 20 Hls O/ A7 18] B i 3] 9 0. 05 s,
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RO A% /N S UREF 2 A2 1 448 o AR HE X3RS
M A Bl sk R AL 2 B A A R B W 2 A
A AR A AT O 1. 08 km/h, [R] I, 3 #
o3 J2 2 A SIOE 42 1 5 33 O 450 1/ min, 21 )
22 3% + F A 9 55 3 R 550 r/min. &I 41 A K
b FR A B 05 F Al AR W & 15(b) B s, A HR]
PAF B, B 15 PR 00 ik, 0O ) 1 Bk +
28 175 M NI B o0 T2 S A AU i 48 K
2 2B 320 A S 1) SO0 e A 3 B SR P R 22 3
R 5T - 28 bt Y S — 2 1) AN B 1
B, 34N b BB R A b AN AF AR A AR
WHIBL L HRRENE IR 3 4 £ 53635 BR 2 SN, fy kg
AL I g WUl e e VI R T i o S e LT R YA
B AR

5 HBhRPFHERELE

F 3l 8- 1 g 1 90 1 96 7 LU AR 4 v 4 T 4
BLA ) 32 A R 2w Bel X AT, i g 4 P AL AL S5 oy
SRR 904 I I, A A A A% IR 1 [ e
%e DR E AT S 7E FL AL 1) 20 A0 AR B i i ) B SR 1,
1] A A0k ) AR R SR AE o [RLB AR S R Al R 2
I, 55 ZE X AT B bR o 8 5 R P ML
ZeABURY, SR U AR A I 0 [T < 4907, 43 BF
#:0.05°, KB - £0.2°) F3h I & A [\ A & B
SEHLAL R B TR E S T AL AR 1S 5 d
N = R 1 R T a1 i B s R BB R |
LB AEAS [R5 B Ak B AR AR B 0 SR AT AR
S AL A R SR o e A T SR R OF
BLA M A 5 5 55 Z R OC R B ANR

0=150.17U — 83.80 (19)
s o N IEALZE AR, () s U by fhi £ £ &
ari i E S E L, Vo

R5 HAERERESR

Table 5 Inclination sensor calibration results

k24 Ak

R E S U/V 1.27 139 1.56 1.75 1.90 2.03
P EHLAAE 1 6/() —20.0 —14.2 —5.6 3.8 124 17.5

5.1 E@A5iE
5.1.1 R wit

T 56, K ik o 1 ) ) 2 A XA A R 107 9+
T E AR R LS I = SR L R
Ti] 5 % Sl il % 4 H b ML O PTO FTAILE 1) 28 3
o ISR, B, B U E i STM32F 103 B
BIL Ay b A48 1] B A — A T 5 LA (<<12 mA)

7 3 ST T 56 4 A T 3 R S LA 1) (R
e KRR T W B 16 (a) BT R 5 R 5 L 3T T A 3
PP R E AT S R, R USB B H 4k
W VRSP ML SR A0 1 S 110 5000 S I 4% T e i 5
TRAF, B3NS HLER AR A K SRS g5 3G 5, an
F16(b) BT o T 22 (i A4 81 o £ B8 19 1 3 0 °F
I 58 WG, KA B A8 48 ) I i A — 4
TAE (=12 mA) il 85 3 T 58 4 46 191, B % 8 7
BILZE 1) A7 0 A0} 1) e At A B, R, PR R AT B
B PP  , 10 SR PR A AR A% TR A 1 S B 5 | o8
BATIE A S PE RS . 2 3h R SR 56 A A
A sh TR 56 4 E A 3K

(b)AKPRAE
- FENE;2-B R ;3- 7 File4-FEHE;S- Mk,
6-¥= 18

El16 B3hiEFREHSKE

Fig. 16 Static tests of automatic leveling system
5.1.2 KB Z I

RSP B fm) e b AR 2 B K B EAT A B
S, Bl R P 28 G A L I R A P 17 Ca) iR
Ml PUE Y, R G0 0.6 s Bl AT 3k 21 45 2 R
&L BemE ML RS 29 0 0. 8°, 6 2 U BRI
P, Ham ORI 8 0. 7744 5 iU
li] A {850 A% 3 i R A B2 E AT A Sl P 5 2R G 0
s 6] 40 &1 17 (b) B s Fh T BILBRCZ 38 4 9 o T A
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Fig. 17

YETR 225, YIS LR 1) A AR 3] e KA BE B, R
Ik B HE e KAH 207, SEPRACH 1757, 8’ 17(b)
T A AR AR N 17,5 TR i A8 k. AR 17(b) h
ALIFE W, RS HE0.95 sk B 58 &R A, I,
PE LR 6 AR 24 0 1. 77, [) R T ) B 9 O
R, LT A R shah, LS 1) 22
AT A5k 0 4 RSP B[] /0N T i A O AR B Y
PE P R] 32202 A A S e 9 I
T BEAR T W I A R Y — st 2R AL A (S
PRI S, V8 ST T B VO T K TE AT ) —
v ik A T AF R AR R R T T s N T 2
o A AR AN [, AT i A 40 3 3 AR TR] 5
Bt oL — 3
5.2 HEIXE
5.2.1 KB

IR IR AT, xR 56 Hb P A R AT BE B O
JE 52 AE AL 3, A8 AR O 40 em 1 8K A AR K TR
B 4% H 5 ) BE 6 m 4 7E ML DR 01 4 1 Y Y
IKYEAEAT o B =X A 265 e 2 A AL 7 0 4 7 1]
WA, A8 A A AT 56 L TR R AR A AT N
E RPN TR 07 e il ws B S 2 N N S S ]

Results of static leveling tests

Hi T i s 18(a) s o g it B v, A A USB H:
2K 1 485 =0 B 5 3 i ML 3, TR B 4
PLALAE F A7 92 i v S HLAS 9 A} £ 3 . 7
i P ML EE A7 S5 M s 22 2R WIFT Rl f A% JER 2%
(#5 . WTOOIWIFI; ff J& 35 [l : X, Z: =180°,
Y907 K B # A 0.05°, 8148 0.1°), 5t ML
AT TCEGE AT T R HRLHL A B 9 R A R
WE18(b) iR . M TR AL T L 28|, i
BER FHE AR A B Sh ik D) R AR BT SO X
H A A F Bk LA VR 2 B AR A 25 2R i
SEHERLHL A FE LA 1. 08 km/h (1% B BE 4] 3 AT B8, 3K
B H A 3K, doe 2 AR BCHE P AL AE AT 3 A v A
S HILAR A AR R BE S AL 4 B R AR EE R
P AT X HL A3 AT o

Bt

(a)iRI IR
WIFIRR 151 F 15 k28

(b)yiRE %
E18 HB3ATRGEHENTXR

Fig. 18 Field dynamic tests of automatic leveling system
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S 114 3 TG IR 18] RS E AT B B L B 4
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JERY A AL, AP 19 B R, Il U Y, BRIV 46 437
BUABTRE 5 132 4 30k 3 96 B A2 A AR, BRIV 1 A (TR £
JEE 19 e R AE 9 8. 03°, 1) Ze (50U A JEE 119 d5c KB
4.68°, {HR - HIL AL (4 et 1 38 4y ¢ FR 45 72 2 2R 9
PR (L2 VEH . d R, 2T PID Bk Y
FI 3l 8 - 2 ] 2R G0 0] T 4 4 e Bl 9 1 3 R ALAE T
[Pl i, FL AT A e ) 98P R B D96 Al 5K
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Fig. 19 Results of field dynamic tests
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6.1 KWEHEESE

B T 2022 4F 3 H b A e AL 5t By il X
8 A 25 0 M AT B R R A T X AT % X
P g A i 2 TR B 9 R R BRAEME N 3 A A
Frin 23 ARE R, Bk P XN — K
200 m, & 150 m (14320 46 1o 7l , 3 56 Hh P+ 398 5
Hb 2R g Y A R A R AR AT BE R 3 m, B AT AH
PAAR 7 8 A 8] B Ry 6 o, A 26 AL o o Oy 56 O, A
RS Ry 2048 AT SR AT 29 150 bR 4 . #I 24
e 77 € - - 28 1 R AT B0 0L T A R O, T k7 2
e B € 1+ 2B -2 K SR K S EE (LI 20) , 43
B 9. 2% F 245 kPa,

AT, X HLE AT 5, anE 21(a)
B A0 PR AL 1 12 V25 e A Sy m R, AR IE
P R GE N IEF A, S R LR S AR
21 604,38 of = SRR E SR T HE R
] 5% ik 36 B LS O PTO 5HLE F 6 546
FHIZE o U0 1% 48 5 A0 A0 455 ) ) 28 5 =2 46 1 iy
FELTE ML R4 604 iR AL . TDR 150 + 45
AREEM E AL RS BE £3% , 4 HEF 0. 1%) .SC-900
4 B S B AN (D 4 g 5 L 0~7 000 kPa, P
IR R 0~450 mm) (LK B R (AT VT8 45 T 2

(ay Bk el ik (b) 55 B it
E20 #HERMELSKEMELENE

Fig. 20 Measurement of moisture content and compact-

ness of grapevine cold—proof soil

(byBREEREL
E21 A&

Fig.21 Test equipment
AMRAF,0~5m, HEHN1mm) R (R
50 em, K5 B2 1 mm) FHLOHAETT IR ) 45, 156
FEHLANIE 21(b) iR .

6.2 HEIEIREFIE

LRI, m T4 % 7 B 7€ LI BR AR v TE R K
P, R TEAT M bn o, AR BFE 2 BT A A 1
A 2 L) (T/CAMDA 10—2020) F {445 i
HEAT T A3 a6, 3056 8 JBOH 1 58 A 4 e 45
P 2AE LA 1 E B R R bR o AL AT K
I ) 4 R AT R R b 2B 5 4 BIL 2 ) YRR R 2
B U VE R YL , SR IE T L CGRAE rh O AL T
SO 210 LTINS~ o /A S 37 o T R S e o (N 4
JELRE 2928 120 mm, 256 0 320 25 S 18 A AT ()AL
AR @B By B $ahrALLh 1,08 km/h (3 i 2]
T E , — M0 - 2B BRI 5 B, 1 DL TR AR A 7
FAEAT 5 — M0 £ 2B W90 B, S 0E AT 247 7 49 1k B
FE LRI . BT, 90 S R AR Y 2
A R 1) ) A T S B T R TR AEAT O ) L T
FEAT v )4 S LRSS A B DI B AL 8 45 5
A A S I N R 3 SR R 2B A T A R
S IR AE BRI B SO B AR IS . AT

(QFLE L 5T
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VR 58 BUS B SE 45 7 0 sre A 405 1) R 4 T A i L 4
J&i  E 5 A B e 0 A A PRI R 2B
B RS a2 (20) N (21) 4 0 B AR R E
TR EHARERGED MELRC, K5,
T U 5 45 R 0 8 4 AR O R 20 )R 5
EE

D=""%100% (20)
n

A on Ry 28T A B B AR, A s AR
BB T s A A 1) A T R,

(a8 )xXn
~ (a+b)xh
A a I A b AT A 28 8 R TE A,
em; b R AL AT A 28 R R v (e,
cm; h N AR AT+ 2B R R, emsd N
WA £ 2R LR YA, em; 00 R
WA G+ 2R TR % E, cms R
ARG 428 5w B3 E , em.

6.3 KEERHM

il il 21 =X 2 T B 2E 0 LR H TE) Y 3
AR i 22(a) B, 3 1k S, nT A 5
L3 ] = A 5 E AR b 2 B BE RS IR Bh
i FF K YA, I 5Lt il S 2 A ARCRE A 2 R Y
5 By FE A 1) AN B F )2 A A AU
UG AR I E B s A T O 2 A1 B A B 9E
) A3 B, B S5 H 28 T R 22 3 SR TR L R
] 7 e AR S B ST 1% iy FE A e A B L 3T L
TR BR A LA E T WAL, 5H 44 X
T A B O B R — R, e 4Gl ad 3T
A B 2B A K R 2 e (97 S ) o A R AL A T
() 987 5% o 0 260 T o7 9 3 BR AR L 52 B, WT B
F B B FE A b R A A e L an Bl 22(b) BT .
VA0 N 1T VA1 I R 20 ] R o 2 L2187 i {0 |4 AT
DU A ISR 2] 2 6 h AL A AR T 0 R S
BLALAR SR TT LAGR 5 7K SRS, DTG DR AIE T 45 % +
A IE AT AR, i 22(c) T . &5 b
Jr ik i 9 3L B 3 JE S & g 0 i A1 A X
25 e 7 9E 10 T WLRE A% 3 - b 5 o8 4 7 e B 9E
B 38 AR .

RAYE 6.2 5 558 5 ik FFs br , I 0
A B R R B R, BRI R ik 6
IR 7 FT R |, B 2 A5 i 20 e B 403 SR 19 ¥ H 24
R 1.67% 0 LR E 2 81.96% . i at
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(c)HLE. H A ~F
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Fig. 22 Effect of field soil cleaning operation
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Table 6 Damage rate of grapevine

AT WA RREC BUGRARRRE BUER/ Y
1 150 2 1.33
2 150 3 2.00
- # {E 1.67%
®7 FLE
Table 7 Rate of soil cleaning
BT 1 =3 AN W e R RGE
ko] SEHIE/em FH{E /em W
1 kg TR e LR TIE e /%
B B B B
1 30 85 32 15 21 19 81.41
2 32 88 35 13 22 21 82.50

EfEN 31 86.5  33.5 14 21.5 20 81.96

(1) 725 35 7K S 3 = 28T T AN KA DU £ R 2 e A B
A, TR HAE B b AL F A e R
TE 4 %t (1) B R AT E , HL A 28 v R R0 i 2 % e v
B LB DR B B AT R Y
FME R 223 A AR SRR R 2B L e, T
T 1 o T E 5 VM, A B 2 AN R R 1 R A
i A5 AT T W 3 A A v, DT X A 8 T 1 AT
Wit 0 o A A L, 3R 06 4 SR A2 R A I =0 £
BFLY(T/CAMDA 10—2020) B AE b g 1 o x) 7
7 7 € 35 H AL E B RE AR AR B L2 o

7 45 i

(1) 3 7 45 e By 7€ + 3 Bk 20 280K It
T i 2L 2 2 e T P 8 A L i R
AR A | b A RN R R 22 3R, P — kM
4 T 1Y 1 5 B FE - 3 A L B FE A AR S R
AT B FE AR IR A3 500 3 R o B R 43 AT 6] ] AR
P R A S 22 AR A SR SR 4
KR AT BT, #5 /T STM32F 103 9 £
il R G0, ST E AR E Y [ Bk A LR Y
B sh R 4 T AL R R

(2) X ) bl 28 45 =X 4 e B 2€ -+ 3 B MLEAT
T A 3R g 6 A G, A 3h IR S g
TR0 25 SRR, Y R S BIL SR 1) 22 R B A K A
B[] A7 {4 ) i KA BE I L Y BETE 1 s INSERL A B
PP RL R, FLVEAA B R A i R AL EE AL
TE AN S35 (4 M e A7 3 B 9 S BL SR AR A R R
IR 2R R FEAE I B R A BB RN (£2°) . |
Vi) 328 6 &5 S FE B, ) = AR 1 8 8 I SBR[ B
R 3N 3 A T DA M e B R 2 R B

z

FE A 09 X BR AR, OF BPLE B A B /9 A 2
PR i AR 58 U, % 7k B 7 £ T
ALY 81960, H w HEMI I R LN 1. 6700, 2
T[] b T 5 b 71 20 7 17 9 5 BR AR ML 2K

SE WK
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