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Table 1 Basic parameters of waste fungus sticks and agronomic

requirements for recycling
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Figure 1 Overall structure of the recycling machine for waste

black fungus sticks
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Figure 2 Schematic diagram of the picking principle
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Figure 3 Schematic diagram of the picking mechanism
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Figure 4 Schematic diagram of the contact between the tip of

the needle and the waste black fungus sticks
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Figure 5 Schematic diagram of the needle
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Figure 6 Schematic diagram of needle distribution
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Figure 7 Schematic diagram of needle installation
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Figure 8 Schematic diagram of the position of the needle roller

and the guide plate
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Figure 19 Simplified diagram of the movement of waste fungus
sticks on the guide plate
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Figurel0 Schematic diagram of the conveying device
1% 20 8B4 3 KMl 4. MBS sREREE

6. BHLS WYL 7. Fohl 8. ML 9. BHAERES 10, BERIR

11 SZ#07 %8 120 shim
i % 2 K P BEE O 5 51 S AT R AL B AN A 11

e # 51 S AR b7 B2 A S Rk LA A

DAL B H G, IR K B b7 85 4 2 BT K -F

I e 2 5 A2 5 T B P MR T 2 0 B A

BALEN A S5 SRR E T

11 WEREKFRS5SEAETER

Figure 11 Schematic diagram of the connection between the

horizontal section of the conveying device and the guide plate
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Figure 12 Schematic diagram of the falling process of waste

black fungus sticks
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Figure 13 Schematic diagram of field experiment
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Figure 14 Motion trajectory of the picking mechanism when the

speed ratio is greater than 1
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Table 4 ANOVA of the quadratic polynomial model for collection rate and damage rate
ek % 1SS
7 2R 05 A i or P{g -5 FI Y5 P1H
A 677.17 9 72.24 <20.000 1#* 100.51 9 11.07 <20.000 1#*
156.65 1 156.65 <20.000 1#** 19.85 1 19.85 <20.000 1#*
84.50 1 84.50 0.000 2%* 1.36 1 1.36 0.053%*
11.04 1 11.04 0.040 6% 32.40 1 32.40 <20.000 1#*
AB 28.62 1 28.62 0.005 0%** 11.22 1 11.22 0.000 3#**
AC 9.30 1 9.30 0.055 0% 5.52 1 5.52 0.002 2%*
BC 18.92 1 18.92 0.013 5% 5.29 1 5.29 0.002 5%*
A? 167.78 1 167.78 <20.000 1 1.05 1 1.05 0.079 5
B 132.63 1 132.63 <20.000 1#* 0.13 1 0.13 0.496 2
c 33.31 1 33.31 0.003 3%** 22.76 1 22.76 <20.000 1%
Bk 2% 12.31 7 1.76 1.75 7 0.25
S 9.95 3 3.32 0.064 0.773 0.258 0.295
w2 2.36 4 0.59 0.988 0.245
pEgl 689.48 16 102.26

T ROR I B35 (P<<0. 01) 5+ " 3RIR % % (P<<0. 05) .

P I 15 a0, 76 TR 1 %% 3 M 30 r/min #| 60 r/min
B AR Ak 3 A R R B R AR RS R AR B R )
bl NIy N (N S O 5 1 S 2B D (A A

E 15

Figure 15 Response surface diagram of the interaction of various factors on collection rate and damage rate
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" Table 5 Optimal parameter combinations
AL 52N Wk 2/ % 42/ %
TR T i il 46.16 r/min
T 3 0.28 m/s 96.2 3.69
e 41.27 cm
F6 WWWIEHER
Table 6 Test verification results
: IS4 USATRACLEN W3/ % W/ Y
i "‘d o ‘ . TR TS TR 46 r/min
El16 BEREREBEEHRRGHEE i e 0.28 m/s 96.4 377
Figure 16 The fungal material is shaken off after the waste
4 41.3 cm

black fungus stick is broken
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Development and experiment of a recycling machine
for waste black fungus sticks

ZHAO Wei', YANG Zhenhua?®, LIN Jiging®, JIANG Chengjie’,
ZHU Xianfa', DU Xiaogiang' *

(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China; 2. Longquan
Guyuan Automation Equipment Co. , Ltd. , Longquan 323700, China; 3. Zhejiang Provincial Key Laboratory of
Agricultural Intelligent Sensing and Robotics , Hangzhou 310018, China)

Abstract: To address the issues of high labor dependence, low operational efficiency, and high labor intensity in the collection
and recycling of waste black fungus sticks, a self-propelled recycling machine was designed based on the characteristics of
waste black fungus sticks remaining in the field and the agronomic requirements for recycling. Through the design and analysis
of key components such as the needle roller, guide plate, and conveying device, the automation of the collection and recycling
process of waste black fungus sticks was realized. In order to optimize the operational performance of the recycling machine,
an orthogonal experiment with three factors and three levels was designed and conducted, taking the roller speed, machine
forward speed, and roller installation height as the test factors, and the collection rate and breakage rate of waste black fungus
sticks as the test indicators. The influence of each interaction factor on the picking performance indicators was analyzed. The
results showed that when the forward speed was 0.28 m/s, the roller speed was 46 r/min, and the installation height was
41.3 cm, the collection rate of the recycling machine reached 96.4% and the breakage rate was 3.77% , which met the
requirements of field collection operations for waste black fungus sticks. The developed self-propelled waste black fungus
stick recycling machine realizes the automation and mechanization of the picking and transfer links in the recycling process of
waste black fungus sticks, reduces labor demand and processing costs, and improves the efficiency of recycling and utilization
of waste black fungus sticks. Moreover, the designed needle-roller mechanism can realize two different picking actions-
piercing and pulling back-during the collection process. While ensuring the success rate of waste black fungus sticks
collection, it also reduces the damage rate of waste black fungus sticks to a certain extent, and provides a reference for the
research on realizing the automation of low-damage collection of field waste black fungus sticks.
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