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Abstract: To address the issues of immature picking technology, high labor intensity, low efficiency, and
poor adaptability in green Sichuan pepper pile picking, a layered-shear picking device was developed. Based
on the geometric and mechanical characteristics of green Sichuan pepper branches and fruits, technical
solutions such as layered-shearing fruit detachment, combined belt-teeth conveying, and double gears
mesh pulling were adopted. The parametric design of the core components such as layered-shearing fruit
detachment device and combined belt-teeth conveying device were carried out to determine the average
cutting speed of reciprocating cutter, the feeding speed of green Sichuan pepper branches, and the descent
speed of toggle teeth. Single factor experiment defined the operable ranges for these parameters as 600 —
1 000 mm/s, 10—50 mm/s, and 20—100 mm/s, respectively. According to the Box-Behnken method, a
three-factor, three-level orthogonal test was conducted. Design-Expert 13 was used to conduct optimiza-
tion and solution on the test results, and the optimal working parameters were obtained as follows: the
average cutting speed of 700 mm/s, the branch feeding speed of 28. 19 mm/s, and the toggle teeth descent
speed of 48.62 mm/s. According to the working conditions of one channel picking, the picking test on
green Sichuan pepper branches was carried out under the optimal working parameters. The test results
showed the picking efficiency of 16. 28 kg/h, the net collection rate of 90. 69% , and the fruit injury rate of
7.37% . meeting the requirements for green Sichuan pepper pile picking.
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60 mm/s W, Pk T [ 18 T B IS BOR B 25, AE AR SR I E] A 45 B A AR A AU AR b SR R
M4k V5 T REEEAE 80~100 mm/s B, ﬁiw‘ﬁ%LTV%f’fﬂ%m@, R, BRI R
B 9 AE BB iz ROR - IF PRIEB/N B 05 R SRR O T B O 40~80 mm/s,
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3 3t A6 AR A 2 I 3R B0 0 8 TAE S 80U BUE TG . JFAR4% Box-Behnken i 80 3% 3+, 159 31356 4
R CGR 2 DR a5 R (R 3) . MR TAESE S WM br i BAE X &R, IF iz ] Design-Expert 13 {4
3 I g R AT I 20T, R A—FK 6 PR, WHETFENIEIR S TAES B M BRI,
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ia=; z, z, z v, /(kg+h™) vo/ % vy /%
1 —1 —1 0 10. 81 93.03 7.51
2 1 —1 0 10. 91 97. 74 13. 63
3 —1 1 0 18. 45 85. 91 8. 82
4 1 1 0 19.12 91.13 14. 23
5 —1 0 —1 16. 44 88. 92 4.91
6 1 0 —1 16. 18 94.53 12. 35
7 —1 0 1 16.73 87.05 10. 71
8 1 0 1 15. 34 91. 47 15.13
9 0 —1 —1 9. 34 92. 08 6.75
10 0 1 —1 18. 67 86. 47 10. 06
11 0 —1 1 11.77 89. 02 14. 53
12 0 1 1 18. 26 84. 43 12. 85
13 0 0 0 17.16 91.57 13.12
14 0 0 0 16. 28 90. 69 13.23
15 0 0 0 15. 69 90. 84 12. 67
16 0 0 0 16. 37 91.03 12.75
17 0 0 0 16. 31 90. 58 11. 57
e oxrs 2o 0000 X0 X, X, B9KFE(H,
T4 REHEFEHSW
RS 3 - J7 Al H ¥ F {8 pE
i 228.03 9 25. 34 35. 40 <<0. 000 1
X, 0.001 8 1 0.001 8 0.002 5 0.961 4
X, 206. 76 1 206. 76 288. 87 <<0. 000 1
X, 0.270 1 1 0.270 1 0.377 4 0.558 4
X, X, 0.081 2 1 0.081 2 0.113 5 0.746 1
X, X, 0.004 2 1 0.004 2 0.005 9 0.940 9
X, X, 8.53 1 8.53 11. 91 0.010 7
X: 1.57 1 1.57 2. 20 0.181 6
X: 10. 13 1 10.13 14. 15 0.007 1
X: 0. 856 4 1 0. 856 4 1. 20 0.310 2
B 2% 5.01 7 0.715 7
I L 2.98 3 0.993 4 1. 96 0.262 4
gl 2% 2.03 4 0.507 5
A 233. 04 16
e p<<0.05 RREmnE, TR,
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% 48 A

RS5 REXEHENW

J7 25 K 7 A M ¥505 F {8 i
HEE Y 208. 92 9 23.21 55. 04 <20. 000 1
X, 65. 90 1 65. 90 156. 25 <<0. 000 1
X, 97.51 1 97.51 231. 22 <<0. 000 1
X, 6.18 1 6.18 14. 65 0.006 5

X, X, 3.08 1 3.08 7.30 0.030 5
X, X, 0.354 0 1 0.354 0 0.839 5 0.390 0
X, X, 0.000 1 1 0.000 1 0. 000 2 0.988 1
X? 4.22 1 4. 22 10.01 0.015 8
X; 6. 48 1 6. 48 15. 38 0.005 7
X: 25. 29 1 25. 29 59. 98 0. 000 1
Bk 2= 2. 95 7 0.4217
2% 400331 2. 34 3 0.7817 5.15 0.073 6
ali iR % 0.607 1 4 0.151 8
syl 211. 87 16
x6 GREFESW

RS 3 F-J7 #il H ¥ F1{a pH
LAY 110. 37 9 12. 26 31. 96 <0. 000 1
X, 68. 39 1 68. 39 178. 21 <<0. 000 1
X, 2.25 1 2.25 5. 86 0.046 1
X, 26. 10 1 26. 10 68.02 <20. 000 1

X, X, 0.126 1 0.126 0.328 4 0.584 5
X, X, 2.28 1 2.28 5. 94 0.044 9
X, X, 0.021 1 0.021 0.054 8 0.821 6
X 3.11 1 3.11 8.10 0.024 9
X3 2. 44 1 2. 44 6. 36 0.039 7
X: 4. 50 1 4.50 11.73 0.011 1
B 2% 2. 69 7 0.3837
2% 400331 0.953 7 3 0.317 9 0.734 0.583 8
afi i 2 1.73 4 0.433 1
S 113.05 16

Hi 4— 3 6 AT, BRI 5 RS p<<0. 000 1, fE&FFARZELE )T, RMYUCK ., RiFRMOREY

B PR 1 [l 5 2 5 50 h
y, =16.7624+5.083 752, — 1. 46x,2, — 1. 5513
v, =91.942 + 2. 87x, — 3. 491 25z, — 0. 878 75x, +

0.877 52,2, +1.001 527 — 1. 2412 — 2. 45123
vy =12.668 4+ 2. 923 752, + 0. 53x, + 1. 806 25x, —

0.775x, 25 — 0. 85927 — 0. 761 5x% — 1. 034z
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FRAE AEABURAR Y 2K, 7E0 R BBAR MRS DL T » SRR FR G 3B, B 29 AR
max y, =, (x1, Ty x3)
max y, = f,(x1s Ty x3)
min y; = fs(x,, x5, x3)
—1<<r <1
s. t. J 1<x, <1

(22)

—1<<ax, <1

i i) Design-Expert 13 #/4%F 1F 38 12046 45 5L 17 7!3176*%@ 13BN TAES O . 1 U # 8511
PIFIH B 700 mm/s. ERUBMAHFE 28. 19 mm/s, k14 T BB 48. 62 mm/s; TFMMHEFR A RFTHOE
15. 995 kg/h, Rt 90. 361, %%%&9&/ ﬁ%ﬁm%FTW%ﬁ%@%ﬁ R Wb R
VI B 5 A 700 mm/s, EHUBIR AGE BB E R 28 mm/s, &G T REE R E R 49 mm/s, 7L IL
ﬁ%?ﬁ&SMﬁ%QWﬁ%m%%$ﬂﬁﬁﬁ%ﬁo

T SR AT R, AR BRI T AL, SRAACE N 16. 28 kg/h, REFRN 90,690, MR EN
7.37%0, ZIEAERBRBENLYE SN R 2%, R AT R SIS R AR R G,

6 Zig

D )R PR F A g R UIEI 454, JR4 G T R AR, S5 X 8 ML E 47 88 1 D) 0 A0 )
DI SR A 752X 2R A Oy 2 AT S92 I AE ABURE 42 O 6 ISR . L7 SR A0 Ao R o Rk G U DR B S A O T S
KA

2) LIRS DRI &1 X U0 08B L AR U MR R4k 1 B R R R R R SRR SRR
Vi B NN FE bR TT 8 T B £ iR 50 A Box-Behnken 55, I 45 R R W] . 155 U0 &) 85 7 24 1) %) 5 37 5
SR SR SR R ) 5 B0 2 T A OG5 AR AURE TR S B X SR A A0 B W IR A DG, X R R R S A OG 4K
VT AR S X SR A A5 R N A7 SR R SE IR A G
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