$39% Ho M 1
2020 4 11 A

L S PN

Journal of Huazhong Agricultural University

Vol.39 No.6
Nov. 2020,128~135

SR R BRI, A5 L MO S BE R 3 A U LB SR [ ] A Al K 2 2R 4. 2020,39(6) 1 128-135.

DOI:10.13300/j.cnki.hnlkxb.2020.06.018

st Ak R B B 3 B ENIZERALAIRIT 55
BB A B BT R R R

LAmRERFIRFR, M 510642; 2. @ RLRFHFT REIME L&A BBAKFTHRELEZLE/
B ZMAG = LB AR ZAMACH T E /) & B D R B3 TRB AR P, M 510642

S
L A SR bl B gl OB A L. IZAZ UL RE

Bk AT AR A [ 42 7R Ml N T 95 Bl BE ORI Ml 2803 AR B o) 80, B T — b B AT 47 30 3l 1 Y
AR AT RS E AT, WA A R R %2

ML R AL 2342 T )y 50.7 s, R A BUZ AR ML REAE R 6.38 W« h Jili i 7By 392.5 mm it HE /¢
T EARR 303 mm, AT AE M E N 1.237 m/s, RRIZIEA @ 1 15° R . 32 7CHE Mk b B v gl 3k 9 45 5 0 #2523l 3
To i N A AR P4 i CARRCR B AIR57 2h 3R B2, I BRIE IS FO AR h iy e &k,

KR WMARRES R L sl BOER BT RRREIAE; 2L

mESEES S224.2 X ERARIRE A
2 7S SR BRI 25 A b A S BTk 2D B B SR
o A2 L1 Ml MRS i el b B A0 B A L % g B =
25| AZ AV AR BB K, 3 BOT0 T 38 N7 L Ak
AT B 78 Mg L H A ke R T 2R X
BUHEATHZ 7R A T 428 A2 LG 28 N 158 iUAG
Sk T BRI NIz | A7 7E 55 35 R TAERCRARAY
) L 32 LA i B R 20 A, Al Sk 4B 1)
TN TR, SECL TN 22 A2 X TR %R
VRSB GRIIE

Sy fiff e 3R ) S TR BT T — A OB A A
P22 7L AR AZ XML R T T 58 5 RS A 45 1 4 =k
FERE AR HURE A D2 LR 21 9 [R] R AT5 75 N T 58 B
Hisk it peiz s, T RER T A IR EEPL, 68
i S 0 T4 AZ XML Sk 19 B 3l &) sk 45 ARk, (B
AN G . TN T8 A Sk B AR AR, B
I A 4500 B T = R A At ) SR B R T T — 1 e 4
[ ALAL BV L — 3 ) J7 m e o TR 2 AT
], 524 Sk 3 B HE AT 42 AR Ml L 7R 42 7P Ak 58 1
J& B H Bl AR AL . RS SHL R ) B A
THAE DR S 75 2 T HESh .

ARt —f B G173 30 ) B A 3h 58 el
kg 5 M R 1E 3 1 /N B HL S A2 L, B TR i e 3

—%‘Tl"\

Wi B . 2019-03-28

NERS

1000-2421(2020)06-0128-08

el Lt bR 255 Bl 42 XA M 57 Bl i B R AR BRI
U AR 22 DA R AR e LT 12 3 IO 1 3t b SR 2 e T
VR 0 X, e 1 o B 1 DX KR 77l R R B e 2R AR
WA

1 #MRlEFZE

1.1 RiItEREEERARSH

XTS5 el B 5 5 R AR 2 R4 it A AR
SER AW T — RN R Bl [ S L.
LR AT ) B Sk B B e iU A AT R 5 E AL
ATHE DL KB R 445 g 17 PR 5058 A R 0N, OF L& 157
AR RS EAT 42 VR L A BB T . I AZ LY &
BHAZH K. 5. &35k 950,550, 1 520
mm, % AL BT 5 143 kg, fig 5% B UL A% O 48 V/
1200 W, FHFE LML ALAS o 24 V/15 W, 47 5E L L
Hig 24 V/500 W, 3h ok H 12 V-20 A 4%
1% L, ELA5 45 0 A% 300 mm 32 X 400 mm
1 AE Y fiE
12 BEEHRIIERE

Ly b A R 2% B v 3l A A 342 7L B A2 AL
H BT BEDLR AT HLA L SCEE LR 45 16 3R 48 L
RO, MRS IR 1 B s, Hod, 328 XKL

BEWH. J7 &R AR E S & B H (2019B0202230015 2019B020214001) 5 2% i 7 i A 7 W BA ¥ i 5 AL B AL 5 1L % 5K

(2019LM1119) 5 J©ARAFHE I3 H (2017A090905020)

SRR A . WEsE Oy A0l TR WL — R fE AN {E B R . E-mail: wuweibin@scau.edu.cn
WAEMEA . BB T . TRaE . Rl TR WL — R b G BB AR B . E-mail: tshong@scau.edu.cn



% 6 3]

S A MR 2% Bl e 2 OB 2L B S

129

A8 V H LML B 4 Sk R Sk A s A Bl TR LY
w1 8l ) A% 18 2R 48 L 1 DLA AT e BR E 2 B 4 A 47
ENUG 24 V SEBR BRI 1] 58 41805 SCHELAL

5 Bl SO L HERT L Y  E A  ILAR SR 30
mm X 30 mm J5 AR . BEHLALA B R
VAR TT 8

1

>

v T

k| SRRl

P =
g ﬁ

> o
I\J\
S

N

7

\

A AZHLIE M Front view of three-dimensional structure of electric self-propelled digging machine; B:$% 7XHL =457 R 4549 8] Three-

dimensional structure diagram of electric self-propelled digging machine; 1. F{7F2FF & Down stroke switch; 2.3% %4 Connecting rod; 3. I
FTREIF K Up stroke switch; 4,985 %% % Adjuster; 5.8 4230 F Brake handle; 6,143 %% & Speed-regulating device; 7. HL#L Lifting mo-
tor; 8.JiE% LML Rotating motor; 9. % )8 Support seat; 10.%43% Drill; 11. E#F3 Upper slider; 12. F i3 Lower slider; 13.224T Screw;
14585 Axis; 15. 8 4414 Brake components; 16.45/ % i Lead-acid battery; 17.7% 3l 352 #2428 Active support frame; 18.HL#% 4 Electric
control box; 19.Z T2+ Screw nut; 20.#HL42 Rack; 21.J7 [ %8 Universal wheel; 22. % # i Hl Hub motor.
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Overall structure diagram of electric self-propelled digger in mountain tea orchard

N\

VAR

1453k Drill; 2,894 41 Pin components; 3.5 4tk Converter;

4.48 VH I HHL DC motor of 48 V.
B2 ZRiMrEE
Fig.2 Burrowing mechanism diagram
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Fig.3 Structure diagram of automatic lifting mechanism
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Fig.5 Prototype(A) of mountain tea orchard electric self-propelled digger and effect of digging digarm(B)
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Table 2 Test results of hole burrow performance
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Abstract Aiming at the problems of high labor intensity and low work efficiency in digging holes in
mountain forests and fruit tea gardens,this research designed an electric self-propelled hole digging ma-
chine with driving power in mountain forests and fruit tea gardens. The machine has the characteristics
of driving power, automatic completion of the feed stroke and reset stroke of the drill bit, simple and
compact overall structure,and the ability to stably carry out digging operations on a 15° slope. In terms
of overall structure, the digging machine is composed of a digging mechanism,an automatic lifting mech-
anism,a walking mechanism,a supporting mechanism,a control system and a frame. Among them, the
digging mechanism is composed of a 48 V DC motor,a conversion head and a drill bit; the automatic lift-
ing mechanism is composed of a power transmission system,a guide mechanism and a stroke limiting de-
vice; the walking mechanism is composed of a 24 V hub motor and a universal wheel; the supporting
mechanism is composed of movable The supporting frame, connecting rod and adjusting device are com-
posed; the frame is formed by welding 30 mm X 30 mm square steel. In terms of digging performance
test,the 5-point sampling method was used to select 5 test points in 2 citrus orchard test sites and 1 tea
plantation test site for testing. Among them,the depth of the citrus test ground was 20 cm,and the aver-
age soil moisture content was measured. They are 24.30% and 18.49%. The average soil compactness is
437 and 837 kPa,respectively; the soil depth of the tea garden test site is 20 cm,the average soil mois-
ture content is 22.01% ,and the average soil compaction is 372 kPa. In terms of climbing performance
test,the slopes with gradients of 5.4°,8.4° and 15.2° were selected for the climbing test,starting from the
junction of the straight road and the slope,measuring the slope of 9 m with a tape measure,and selecting
the next 5 m as the test road section. Stop the digging machine on a straight road close to the ramp. Af-
ter the walking motor starts to rotate,open the switch to climb the slope. Use a stopwatch to measure
the time the digging machine passes the test section. In terms of the maximum walking speed test, the
wheels reached a stable maximum speed when walking about 6 m on the orchard road through the pre-
liminary test. In order to reduce the road slope error,the test is carried out by taking the average value of
the round-trip measurement. The first 10 m and the last 10 m are the acceleration section or the deceler-
ation section,and the 10-30 m is the test section. Taking into account the effect of accidental errors,6 re-
peated tests were performed,and the time to pass the test section was measured with a stopwatch. The
test results show that the average digging time for a single operation of the digging machine is 50.7 s,
which is 1.77 times faster than the manual hoe digging; the energy consumption of a single effective dig-
ging operation is 6.38 W ¢ h,the average fertilization depth is 392.5 mm,and the average fertilization is
The hole diameter is 303 mm, which meets the agronomic requirements for fertilization; the walking
speed is 1.237 m/s,and it can smoothly pass a 15° slope,which meets the actual operation requirements
of hole digging in mountain fruit tea gardens. The innovation of this research lies in that the feed and re-
turn movement of the drill bit during the digging operation does not require manual operation, which can
improve work efficiency,reduce labor intensity,and ensure the safety of the digging operation.

Keywords mountain tea orchard; electric digger; electric self-propelled; automatic lifting; energy

consumption test; digging mechanism design
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