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Abstract; Aiming to address the deficiency in mechanized harvesting equipment for cultivated bottle
planting Lyophyllum decastes, an automated harvesting device was designed to achieve the transportation
and positioning of the cultivation basket for bottle planting Lyophyllum decastes, the fixation of the
cultivation bottle, low-loss and high-quality root cutting of Lyophyllum decastes, and flexible clamping and
transportation. The overall structure and working principle of the device were explained. Through
mechanical and kinematic analysis of the cultivation basket conveying process, the installation angle of
the guide bar was determined to be 71°. Based on ANSYS LS — DYNA, a simulation analysis was
conducted on the root cutting process. Considering cutting speed, feeding speed, saw blade rake angle,
and tooth pitch as influencing factors, and the cutting force was used as the response index. The response
surface method was used to analyze the significant impact of each factor on the index. The regression
model was optimized and validated through bench tests. When the cutting speed was 6.49 m/min, the
feeding speed was 0. 12 m/min, the front angle was 25°, and the tooth pitch was 7 mm, the cutting force
was the smallest. A flexible finger for harvesting Lyophyllum decastes was designed. Based on the Yeoh
model theory, the rubber material parameters were fitted by using uniaxial tensile testing. Single factor
experiments were conducted by using ABAQUS software, and combined with actual experiments, the

optimal bending performance was obtained. The structural parameters of the flexible finger were air cavity
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thickness of 2 mm, 7 air cavities, air pressure at 25 kPa, and a restricting layer thickness of 3 mm. The

overall machine trials demonstrated that the device operates smoothly, exhibiting excellent harvesting

performance. The average net harvest rate, average loss rate, and average damage rate were recorded as

98.18% , 3.66% , and 2.75% ,

respectively. These results met the actual harvesting requirements for

bottle planting Lyophyllum decastes, ensuring efficient and effective harvesting.

Key words: bottle planting of Lyophyllum decastes; automatic harvesting device; rotary cutting; flexible

clamping
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Tab.1 Measurement results of relevant parameters
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Tab.2 Parameters of harvesting device
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Tab.4 Test plan and results

[ SES by s AR
A B C D 71 Y/N

1 -1 -1 0 0 6.8037

2 1 -1 0 0 6.874 5

3 -1 1 0 0 6.8222

4 1 1 0 0 7.900 1

5 0 0 -1 -1 6.000 3

6 0 1 -1 6.4352

7 0 -1 1 6.2349

8 0 1 1 6.7632

9 -1 0 0 -1 6.123 4

10 1 0 0 -1 7.5543

11 -1 0 0 1 6.3245

12 1 0 0 1 7.4453

13 0 -1 -1 0 6. 006 5

14 0 1 -1 0 7.0145

15 0 -1 1 0 6.0899

16 0 1 1 0 6.956 7

17 -1 0 -1 0 6.2322

18 1 0 -1 0 7.3332

19 -1 0 1 0 6.884 3

20 1 0 1 0 7.4423
21 0 -1 0 -1 5.900 6
22 0 1 0 -1 6.886 4
23 0 -1 0 1 5.8423
24 0 1 0 1 7.002 3
25 0 0 0 0 6.624 3
26 0 0 0 0 6.663 2
27 0 0 0 0 6.3023
28 0 0 0 0 6.756 4
29 0 0 0 0 6.620 1

Y =6.59 +0.454 +0.42B +0.15C +0. 059D +
0.25AB - 0. 14AC - 0. 078AD -
0.035BC +0.044BD +0. 023CD +
0.47A% +0.013B> —0.076C> - 0. 185 6D (21)
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b B AR, WA HE AT SR i, 15 B R R S8 G U1
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5.66139 N,
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Tab.5 Regression model equation analysis

K TR AEE ¥ 5 F p

fe 7.220 14 0.520 10.250 <0.000 1**
A 2.390 1 2.390 47.560 <0.0001**
B 2. 140 1 2. 140 42.470 <0.0001*
c 0. 260 1 0. 260 5.070  0.0409*
D 0. 042 1 0. 042 0.840  0.3749
AB 0.250 1 0.250 5.040 0.0415"
AC 0.074 1 0.074 1.460  0.2462
AD 0.024 1 0. 024 0.480  0.5008
BC 4.984x107° 1 4.984x107° 0.099  0.7576
BD 7.586x107% 1 7.586x10°* 0.150  0.7037
cD 2.181x107° 1 2.181x107% 0.043  0.8381
A? 1. 420 1 1. 420 28.21  0.0001 "
B? 1.063 x10 7 1 1. 063 0.021 0.8865
c? 0.037 1 0.037 0.730  0.4057
D? 0.220 1 0.220 4.440  0.0537
B2 0. 700 14 0. 050

2 4L 35 0.590 10 0. 059 1.990  0.2647
R 0.120 4 0.029

SN 7.930 28

o RARH(0.01<P<0.05), == RRW W FH(P<0.01),

3.2.2 UIEHAK S

i — P TR R LA FE 12 R
MUTENSE & o R ER R R L R R TI E
2SI E o I Bl RO SR SR BB T Ty AR R 1 RS
JE0.01% 1y S BUPL kA% j& 4% DLFS, — ¥ 5 4G4
AHAE Ak, 55 — Sl o 1 R T HESR AL . TARRT,
A PR 4 FBIL K B B 25 A58 4 7 Bl i B sl 1, AT
S FE AL Bl , T g 1 IR 1 >R 4R JEE T 2k D) 1 i
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Fig. 11

Response surface of interaction effect

between cutting speed and feed speed

KU B 18 i g 22 o SR A1 R 5 20 4 1k 32 31 1 1) 381 Je
YER 7, HFFE P FE S R - A i i 3. AR 4 A
KB AR M B R W E R RN
200 mm i EFEHOEE A 1022 mm,

K12 ks s
Fig. 12 Cutting test bench
LR B 2.5 3. 404 4. HERH S HMERES
RBL 6.1 7. RE R 8. EA IR 9. AR

I IS BB L AR AR R AR MR A IR A
AIEEMEIL SR RE SRR 25 d, 4%
EEHARL1.6~3.0 cm ZERK B 10 ~ 12 em, I 7F
T AN AT, I A B SR B 2 2 mm,
N e A NE= N T S N o il 151
2023 49 A 20—21 H, ¥ £ 55 R R — 20
B e s AT, A 3 Kk, INAR I E R AR
43 5145.958 6 .6.0139 5. 808 8 N, B EH¥{H. KT
B UEBUE {5 BAR AL 45 R i aT SE v W R E S A S
PEAT 5 B8 . & 4 56 A5 U0 B R AE T oA
5.927 1 N fjELZ5 5 % 5.878 3 N, ik I 45 5 505 &£
S5 2% 5 RN AL S EOT
3.3 FEMEENMY

FMEI AL W B 13 froR, Hop, 2 F 4R R
FHRE SR Ak, L5 48] £l 17 A% J2% R RR i )2 20 i 0T SR F
AR TE RS Sh ) A [R) W EE B R 2% ] I A 22 7 AE

A R R A 7 S BT B A o AR 2 R R i )2
43 531 P e b AR R0 T A, 38 e A RS 5 5 R A R
AU LT PR BREZE =R 0, B J= N AR
A2 R, G TR N R
I, AR SR AR R BRG] JZ AR TR B/, R Bl 22 1k T
5100 P92 AT S B RE FE A AU, 452 1k SE RO
FTNE TR IR o AR TR TUBUS B9 B 25 A
T4 TP AU . TR S a1 L Al L T A
e i HE AR L IR B

B13 S e BOpL A 4 4 &
Fig. 13 Structural diagram of flexible clamping device
LSCPE 2 RSB 3 R 4 PR SL 5. RHETIR
6. HfEdR

3.3.1 FMFIRamiit

AR SCV T Y 22 M T8 SR S TORU S 25 48 X6 1) 31
Tk B B AR AT I e KRR AE . H A S0 R 5 R
HEH BB — AR T35 , DA b 78 O 0E R R R B9 iy 42
T AHAR IR F AR R L N AR AR A . AR R AR
R R SRR T R R s 0 5 1y R0
Z (B S B s a) 4% 0, 90 25 1 2 22 v AR A e S 40
HANE S 8ok K 110 ~ 120 mm | 55 & 14 ~
18 mm | JEJF 20 ~28 mm, H o JE 2 J5 ] oy 1 H T3k
Fr TAEREA 710 s NERSECH UK 5 ~9 > VAE
JERE 1.6 ~2.2 mm FREIZERE 1 ~5 mm, [F] B AR
P TAE B TF-48 5 2 1 12 fnk 1) 007 ¥ 8 2 L AL 1) 25 iy
B 30° ~40°, HAEHNE 14 FiR

(a) HIIEE
R

(b) IEHLE
K14 TR K
Fig. 14  Structure diagrams of flexible fingers

LR 2. BRRE 3K



R

REW G WAL A RYCE B BT 58 113

3.3.2 ZHETFIREIE

FePETF48 (1 R AR 2 0 BR i 2 25 3% H Smooth —
ON /A E] Y Dragon Skin 20 fif i, B 56K FH 3D #TEl
F AR B R AR 2 A0 B ] 2 AL B 5K RS A B Yy
IR A A GE 5 0F O BE R B, R B0 28 5 P 145
Je AR EL v, Ol B B 25 S R AT 6 Ak B R
24 h 5 HEAT A, B N AR 2 R0 B a2 RERORS A
FUKG 2 5K Pede 422 3k 4 A S J5 R SRS 45 50 25
BRGG A B M T
3.3.3 LT RITHNI RTS8

R T TR A R R R )2
JE B A e A S50, R FH ABAQUS X #4745 B o
PiE . VTR AR R A AL R
AR KR B SR AR BB % B Yeoh LAY, 3% AR
TR 2T B, ) g B A e 08 A e B, T R
EIVRAY Y 1y NG LSp A 3 137 R

5 I GB/T 528—2009/1S0 37 :2005{ ik
ARE A AR v A 1 T I AR M R I ) G i
L R E IR R RE R PRI 1A T A5 o 1R
FI 5 BZ — SX AU Ji A4 40 X5 J 2 47 B %y v A 3
By A BR R R 7 1 AR K B 5 A Origin #%
HEAT Yeoh £ BUECHE 0L 45, 15 B4 & M e dn &1 15
JIE 7, B A G B RS 4

0.5 1.0 1.5

15 JoOAR A8 b B dh-far A o 36 4005 T 2

Fig. 15 Texture analyzer and uniaxial tensile test and

fitting curve

U7 BT 8 R LA 15 20 80 K00 A B TR
WAL B U R 1,20 g/em’ . SR FH U R 1 A 760 R S
PRFE AL, 4 0 S s R AT A A B FT IR LA A2
PETF 5 o R FH 10 T A X A 1 A7 05 B, JLART B K 3k
2. FARS GO anE 16 PR .

(1) R

A R T R S i R M R e 1Y O B4 R
BT AEMR AR R, A 5 B Bk, 2 il £ /N, B
Bt 25 SRR 3 K, JRE B 5 K A 98 25 i A 4 K s
POl T et b R B, Y E B ad 40 kPa
B % F R E /N T4 F 1.8 mm (4 F45 & 78 ik A 5|
Jit i 25 i A N R A A I B 3% 2 Ak BT RS Y R
W EARERAL T 30 ~40 kPa B, JEEE A 2.2 mm 1) F
i 6 A AR T R B 25, T T AR Ak 1y AR Al

Kl 16 T-457E 40 kPa I 25 il () 15 50
Fig. 16  Finger bending at 40 kPa

88 L PR P M IO X LAt 3l T 4 8 ) HAEL A A
DG, 7E 8 DR B 22 2l RO RT3 T, [R] I T+ 45 2
i 2= H bs AT R BN, B E R
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2.2 mm
2.0 mm
1.8 mm
——1.6 mm

15 20
S JE/kPa

LT g TS i
Fig. 17  Curves of bending angle change with different

thicknesses

(2) A IEHL

SR ERT T g Al R R S e 0y 45 R DL
P18, AT U A 0kt 3K 2 T 45 4 il 4 R S K
T4 2 B ol FH B T AR s g IO H B 19 R/ ik B S
X AR, B TR A L 38 B B AR R E BN
Y, 5 % S PR T AT R AR, A ORI 2
TG 4 fol A7 B S IR LR BN T A, F
FERE AR 110 mm,

PEL8 AN [ A i 2 ot 78 b th 28
Fig. 18 Curves of bending angle changed with

different numbers of gas chambers
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(3) TAERE
AR A X T 45 25 A 5 o ) 7 4R
K6, T AR UE 45 5 A L T 30° ~ 4002
], i & U R 25 kPa,
R6 FARSETHREEFHENSHA
Tab.6 Bending angle of selected finger at different

air pressures

K JE/kPa 5 10 15 20 25 30 35 40
i/ (°) 6.2 13.3 21.6 31.0 38.5 53.2 66.2 80.1

(4) BRI JZ 8
TR E BRI Z R WIARR O 1~ 5 mm (1Y
TR . R R R 1 mm 15

FARME A 7= L2 T T, T 5y 3 A RE 4
v AR (B 19a) 5 JEBES 5 mm I 45 25 i £
JEB/IN R TR R H il JOVE A AL 3 e R
(L 19b) o P I f 2 58 BR A JZ V5 50 3 mm, e
FEROCRANTEL 19¢ . 19d FroR, g 1 T 0%, L T4 5
JRE DR AL P T A R A R A ) P 2R 0 1 R
X Bl B Y b M — A AR bR R NIRRT DL
FRANZIEEE S 3 mm W, fQ3R T 45 25 i A A0 s i 2
D 5 Y Jh ) R JEE K, A5 A 25 SBOR B
i Ly BAR i E TR ES R TR

F22 mm ?‘*EIJL;

J& 24 mm,

(a) PRAZERE2 mm (b) PR 2R 4 mm

Y

(¢) PRA&IZEEE3 mm U #LE
1O I 2 R T e FE R

Fig. 19  Influence of different limiting layer

(d) BRAIZIELES mmdfi L&

thicknesses on finger clamping effect

4 EHiXE

o 3t — 2 6 UE A B S R AR b ROR , 5 A R A
Hl R |, JF T 2023 45 10 A 17—21 H, £ 1l
RAO R AA G SR M X AT BE AL AL, IR HE AR
AR AR K A R R AT BR A m R i & 1

15 Rl , U B 7 i 20 fros .

K120 EHLilE
Fig.20 Device testing
DIRE B R Y, PR R Y, 523 Y, R iF
Wb, e PRl 09 400 0 G0 455 2 A 1 % s 5 s (AL
A0 D VR 445 5 A5, 400 0 0 H Ll AR AR R
YRl 4R A BR 2\ ) R 4 o o A TN B i AT R
o MRFEIRIT A A

YI:(I—m)XIOO% (22)
M, +M,
Vo= e X 100% (23)
M4
Y=ot x100% (24)

1

X M ——C R 25 i kg
M,— U R e B4l i, kg
M ——45i 3% JEE B4l T i, kg
M, — & R WSO i v 400 0 T A T A kg
B E BRI AR, M
HAT R A5k By i e AR 1 R R 4 R AR R
VR S50, 17 B0 TC 1R 5 T R AL i 5
FE S K BCEME IR L g 7 s, ALK
0 2 B R R B Bl RO BB AT AR AR
PRFIEH o 3 R e e OF B4 2% S FOF 45 4 %
A3k 98.18% 3.66% Fl1 2.75% . ik 46+ K& P W
SR R 1 0 JEL DR S T T Al 0 R B s A S b K i R
Bk A P A T 7, ok Ul E i i R  RE A
PV AR IR A B T T Ak R R R A A AR
ST, 1 AR A L BCAA L, A U F R e A o A i B
TRV R s B R B TR S O I R
i R 28 X T R TR AR T .

F7 EHRBER

Tab.7 Testing results %
R WRT Pt ES EPNES EiLVES
1 97.5 3.87 2.91
2 98.2 4.32 3.03
3 99.7 3.07 1.41
4 97.1 4.51 3.62
5 98. 4 2.53 2.79
S B i 98. 18 3.66 2.75
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(2) % 5GBTS 10 45 40 F 0B 47 S Bk AT Ak
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VARERIIF HEAT 1 B 2R TR0, 45 2R 2R B 2 ) )
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