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Abstract; Hilly mountainous areas of tea plantation soil crust, gravel is more, the use of traditional
rotary or mobile furrowing machine will appear to hit the stone jump knife, the knife can not enter the
soil, the furrow is not deep, the operation has the problem of high resistance. In view of the above
problems, according to the artificial shoveling has the spontaneity to complete the optimal operating path
with the lowest power consumption characteristics, the design of crank linkage mechanism device
imitating the action of artificial shoveling, and the development of small-scale tea plantation reciprocating
trenching and loosening machine were done. Through the analysis of artificial shovel shoveling action, the
establishment of the soil into the soil, cut the soil, throw the soil movement model was carried out, based
on Matlab software analysis to get the artificial shovel tip trajectory fitting equation, taking this equation
as a benchmark, the crank linkage mechanism of the objective function, combined with the constraints of

the crank rocker mechanism was established to solve the structural parameters, and at the same time on
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the trenching shovel for the analysis of the resistance to trenching, to determine the structural parameters

of the trenching shovel. Coupled Recurdyn and EDEM furrowing shovel-soil interaction simulation model

was established, and a three-factor, three-level orthogonal test was conducted to optimize the operational

and structural parameters, and the optimal parameter combinations were obtained as follows: the forward

speed v of the implement was 0.06 m/s, the rotational speed of the crank was 42 r/min, and the

inclination angle of the soil entry ¢ was 80°. The field test showed that the average furrowing depth of

reciprocating furrowing and loosening machine operation in tea plantation was 211.5 mm, the power

consumption of furrowing was 0. 119 kW, and the coefficient of stability of trench depth was 90.9% ,

which reduced the power consumption of furrowing by 6.3% and the coefficient of stability of furrow

depth was increased by 3. 1 percentage points and the quality of the whole machine operation satisfied the

agronomic requirements.

Key words: tea gardens; furrowing and loosening machines; bionic; crank linkage mechanism;
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Tab.1 Main technical parameters
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Tab.2 Parameters of crank linkage mechanism
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R BB/ Pa 8 x 10" || A 4k & Bh B 4 A %K 0. 04

4.3 HFERBAREER
7 58 R A5 RN S PR o
4.4 HERBERSH
{4 H Design-Expert # 44 X5 55 45 L vE 17 [0 15

x5 KEARSER
Tab.5 Test plan and results

K16 = — PiRCRIIE S /Awﬂ%%
e At fiif MRS n BT Y, /W TR

©/(°) /(romin~') v/(m-s™") Y,/ %
1 80.0 42 0.07 0. 100 681 88.2
2 85.0 42 0. 07 0.375864  94.2
3 80.0 66 0.07 0.250838  85.2
4 85.0 66 0.07 0.527277  90.1
5 80.0 54 0.06 0.177958  91.1
6 85.0 54 0. 06 0.375864  93.9
7 80.0 54 0.08 0.160995  85.2
8 85.0 54 0.08 0.370209  91.9
9 80.0 42 0. 06 0.157853  92.5
10 82.5 66 0.06 0.333770  88.1
11 82.5 42 0.08 0.140262  90.8
12 82.5 66 0.08 0.313037  85.1
13 82.5 54 0.07 0.240057  88.8
14 82.5 54 0.07 0.200257  89.5
15 82.5 54 0.07 0.240199  88.1
16 82.5 54 0.07 0.240157  89.6
17 82.5 54 0.07 0.220157  89.1

WA I AFEIFE IR Y, I IRRGENE R Y,
YR (] AR IR
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Y, =0.3782 +0.119 8X, +0. 081 3X, —0.007 6X, +
0.000 3X,X, +0. 002 8X, X, —0. 000 8X,X, +
0.060 3X; +0.0252X; -0.0172X;  (31)
Y, =89.02 +2.55X, -2. 15X, - 1. 57X, -0.275X,X, +
0.975X, X, —0.325X,X, +0.902 5X; —0.497 5X; +
0.602 5X; (32)
K XX, X,——HEHmHHE
X6 [ U A 7R e £ 3 [ )] 2R 55 DA R e K 0 4 A
Y 1 3 AR R ST 3 TR I RN 25 0 b, 25 R 0
%6 firm,

z6 FAMEY FEDH

Tab.6 Trenching power consumption Y, ANOVA
FERW KM AmE B F P
8 0.187 6 9 0.0208  34.81 <0.0001*
P 0.1149 1 0.1149  191.88 <0.0001*
n 0.0529 1 0.0529  88.27 <0.0001**
v 0. 000 4 1 0. 000 4 0.77 0.407 8
en 3.95x1077 1 3.95x10°7 0.0007  0.9802
ov 3.20x107° 1 3.20x10°° 0.05 0.8239
nw 2.47x107°% 1 2.47x107° 0.0041  0.9506
@ 0.0153 1 0.0153  25.54 0.001 5 *
n? 0. 0027 1 0. 0027 4.48 0.072 1
o 0.0012 1 0.0012 2.07 0.193 1
5k 2% 0.004 1 7 0.000 6
AL I 0.0029 3 0.001 0 3.06 0.1543
2 0.001 3 4 0.000 3
S 0.1918 16 0.0208

T e FOR ML (P <0.01) , N,

HH 2% 6 W1, B A5 pR BT 1 Dy A Y, [l 5 J7 B AR
W H I P Sl 0,154 3, K F 0.05, KO LA
FAFAE ;TP IR Y, 9 R 0.978 1, F B —yk [al )
J5 R T AE 5 S PR A = B UG RC, 80RT DLV TR
Y, 1 R mE T BT 53 AT o

P AR, A LU o A %38 n B A A i
T @ X R A AW B E R, b F g
AN, TRV TR Y ) 32 2 R E 5 R RN R A
T o AR B n BLES T HE I v,

Xof [T YA 5% 7 v 45 331 [ U 2R 8 A K% R ik 56 4 B
Y, B 3 AR 3R R AT MR IR R Oy 22 4 b, 45 SR
7 R

H 2 7 AL, H AR eR BOE TR A e T R AL Y, IRl
N R, BRI P {E R 0.207 7, K F 0.05,
TCIAUD FAFAE s W R E PE R B Y, 19 R4 0.966 6,
W] R [l H Iy R 000 A 5 S B (R v BE DR RE, AT
DL BRRSE ME RER Y, 1 R R 5 B 6 AT 4 BT o

P AEA R, A A o AW 5% 3 n B AR AT
B o XIS E M R A A B E R, A+

RT ARBEMRBVL,FTEST
Tab.7 Coefficient of stability of furrow depth ¥, ANOVA

FEKRWE CFHFM O AmE ¥y F P
Ay 119.31 9 13.26  22.53  0.0002**
P 52.02 1 52.02  88.43 <0.0001**
n 36.98 1 36.98  62.86 <0.0001*
v 19. 84 1 19.84  33.73  0.0007 **
on 0.3025 1 0.3025 0.5142 0.4965
v 3.80 1 3. 80 6.46  0.0385"
nw 0.4225 1 0.4225 0.7182 0.4248
@ 3.43 1 3.43 5.83  0.0465*%
n’ 1.04 1 1.04 1.77  0.2249
v 1.53 1 1.53 2.60  0.1510
i 4.12 7 0.5883

4 1) 5 2.65 3 0.8833 2.41  0.2077
PR 1.47 4 0.3670

S 123.43 16

T = RN M2 (0.01<P <0.05),

100 £ 5 ML A 17 32 8 58 EL I v A A 1S
O XMW EE R B AA RER W, F 0],
TR TS E M R E Y, 1Y 3 PR S /NI R A
B @ AR n B AR HT ST 0,
4.5 BRRASHAEGHE

i = R SR AR ) E 5w TV )
RHW R ENE RN RIS EAH G Rk 2
R, PRUE I TR AR E PE &R ETE 90% LA L, JF iR T A
BN B o I E B AR eR BRI 29 R A R R

minF(¢p,n,v) =Y,
G(p,n,v) =90 -Y,<0

80°<s¢p=<85°
42 r/min<n <66 r/min
0.06 m/s<v=<0.08 m/s
MR AR oR KO 29 S 25 15, 1 Design-Expert 24 7]
BRI B R - A LB @ H 80, 1° %S 3% n
42,6 r/min HLESTTHEHE E v S 0. 06 m/s, A B
BRI Y, 0. 102 kW I HE 14 VR e P 8 Y,
H9L.9% o LA EAF M2 8t (e i 34 B0l 1 i ok
S, B AR AR ML R B B0 /A
AT AF AV 2 S AL @ T T8 T AR RS il 1 M D
FEHG IV TR A E P R B, R I o T I A B LR A
SHHG: A LBMA e R 80° M ANFHE n
42 v/min LA AT HEEE B 0 K 0.06 m/s, Xt R A5 A
A7 # 4 (164. 6 mm,623. 1 mm) . PALAL )G S8t AT
Pr SIS, 15 TP T 0. 112 kW, ¥ IR 53 E
PERECN 92. 1% , SIALE RIFEA—2 .

5 HiER®E
Oy 86 UE 5 EC 6 A5 B 0 f A 2 KL T I A

(33)

s. t.
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b F R L R AT A AR 22 B R - LAY T
R
5.1 RIE&H

A A T 1 by £ ALY H E) 56 T 2023 4R
UDERVAREE S Rty NN TN P AT P S
Fel i 56 FH R AT o SR FH L A5 K 56 F A 48 10 ~
200 mm A IR SR S 180 N/m*,10 ~250 mm
TR LS 7K BN 35. 1% ,10 ~250 mm PR 1
RSN 1,12 g/em’ o Hivpr 4 215 52 E IR 2% H
TYD —2 #U4 i IEE BE ORS  =1% ), H3EE K
MR AS K GHHB — 009 — 485 — 1 #Y 4 18 1R Ji
AW EEAE B £0.3% ), LIRS R U ) #EAT
BRED . g AIL#S S 1 F A 0 1 2 22 T 5 i
W AL T T3 A O Y 2 B T I B A TR Y
FEVHEREE S 200 mm , Ff 38 3 15 0 A 4 256 o PR IE
A A A 80° B 2 AL A% AT i 3 B 0,06 m/s %
A 42 t/min,
5.2 KWmAE

A 42 0SB IF 98 b AL L& 5h F1 ok 170F i
FHEE AL, i % 3 R 3 600 r/min, HLERIEA 3 4
POOT  WrE R TAERY 25 P4, ML AT 3 256 S
PAOTHE R TAERS T 4G TAE . HLE BRI A7 [Vl R
B 50 m BEATHT G 4300 B 10 m Sl g2 X, B ]

30m RRE M X, wE 3 WAMENL, WP NY/T
740—2003 { [ [i) FF ¥ AL B AF ok BT &) i GB/T
5668—2008 ( JiEHF L) , I 45 G A ML FF 18 45 AL, 4
TE R BR O T3 IR T TR E M R AP
8 B B G RS o8 NG A ) e S S M R B T DA IR /N
JIE I URRR E T R AT 98 TE T X I I T B 4 TR
DL AR HESE AT 5 5 1 H 530, JF v T o e B LR O i
W 55108 RS I AR A2 XTI A - ALTT 78 T R
HiAR 2 KT 5% Bl = Az DRI o 9 o R s T s e i e
AW 55 3% FF 3% 2 40 9 00 R AT TR AT o D O ik
N BT SIS B (TMS — C40A ) BT Al 5 2% 41 3%
Beab, JOF [ B %R — MW, 2 ) m S %R OE AT
(FE 11a) i 44772 N AL 1952 7 (Pl g i 45 33
H) o IR

11 H el 56 PR 37 5 7 ol 3k

Field experiment site and operation effect diagrams

Fig. 11

53 KEHER
A A5 80° R HEH BE O 0. 06 m/s % 3
42 v/min W, 1 5 20 Bl O {8 0 1 HLAY ¥ TR S AR
SE kR B ITE T R AR TR AR IR 8 TR o
£8 HERBLER
Tab.8 Field test results

ZH HE ZH HE
T FF IR/ mm 211.5 || P35 JiK 56 )5 / mm 228. 1
WIRREE M BB % 90.9 || FFi T R/KW 0.119
-9 $i/ mm 300. 1

A e DA AR /N IR (R A SR
Bt e 5% 2CTF TR BIL G B b 5 i A7 6 EE X HE 2
Nz 9 iz,

ponls (34)
79550
Hr T, =mgl, (35)
K P—FFHINE KW
n, AT r/min
T —FAT 5 M E A A ,N-m
m—ﬁ% ) EE 1%@%%?&“% ’ kg
g—— PN B 9. 8 m/s’
H E) A I 5 VR R an ] 11 s .
(©) fEA R
R MXBER
Tab.9 Comparative test results
S8 fegifie % Il R TR L
W AR E T R % 87. 82 90.9
FF T2/ kW 0.127%! 0.119

WA R R 1E 2 A AT A L et
SEUAA TR I8 TR T R ALK 90. 9% , I A
DN 0.119 kWS- Ry T Ry 2115 mm, 33 B
A5 IR T Y A AL AT DA D T 38 R AN 11 ()
Wi, A FSFRAE T NY/T 740—2003( H ji) FF 15 AL AR
Al J5 ) A o R A A A A bR R, B =
A% FE VA LT e A% e R R 2R

XF L 25 R R W, 5% g i P HLAE 1L,
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R TP TRE T T8 PR FEAR 6. 3% , i I A2 5K
A Bt TF IS L WLAT Ll /N I 98 BH 3 5 8 R AR E TE &
bt 3.1 A1 o i, U AR &2 S O A 1 4L
A LA S AT A Bk T BRI T A TR LR E I IR P2

6 it

(1) Ay fife e A% 4 Jie e X0 2% 2 32K el O 1 BILARE
Ak BT A Bk T O] BT E A £ T AR AR
BHL 73 R TR) L, Bt 1/ B2 bl 1 52 XOF i AL L,
TF s 2 BN T BR BRI A £ D) 4 ALt
AR, SEBLK Bl v B T AL £

(2) 38 3 %) N AP 8 5 e ad A R AT 20 A
AL T N s MR AL AR AG A AR 18 3 Bk 1Y
P 7 e 5 DL 7 8 D BT AR A, i o i S F AR eR
B0 E R AT I AR AT LA S5 R 2 8 OF

ST TSI AT R EA L ) R R R B L 1R
ORI 5T 4 I 251 S 40

(3) MR FF IR A 2B SR X FE B s £ WL 28K
HEAT B A R AL 2R AT HE B EE v 2 0. 06 ~0. 08 m/s
%L n ol 42 ~ 66 r/min; Z 57 T 3£ T Recurdyn
Fl EDEM #8-& 09 5 18 57— 1 3 B AR SR, JF 3k 47 =
PRI =K PRS0, A5 H T V8 P = BIL S5 A 435 4 0
VEML 5040 & AL AR HTE B EE v 2 0. 06 m/s | AR 4%
M on Jhy 42 r/min A {5 oy 80°,

(4) MR 5 R W, 13 5 TP i A L LR
PIIF Y R B 9 2115 mm, W PR FA E M R BCR
90. 9% ; 51 4 Jié % =X TF W LA L, A 18] TV VR JiE
TLIFETPREEAR 6.3% (5 R e v R B 3.1
A g3, BAR i FE A ORAT A k0T, TR, T
BEL T3 /0 BEALAE Ml 5 il 2 BT 225K
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