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Fig.11 The validation test

332 HBRLXR

F e £ AR BT AR AR A R SIZ P ek A5 B A
fE— e HAaRZEMECLEAL, RIS R 25 20 0 05 A
AR IR GG AT A R RS IR L HEAT HEA. 2 12
PR, T EOR U B B a6 45 R A~ S
Hair BB

[ X% Experiment

60 -

40t

o3
f=}

HRBNIEE Vibration amplitude/mm

f=}

JEHL s Selected point
c. BFRAR

c. Reverse vibration

A 12 AEREREE
Fig.12 The vibration amplitude of selected point



38 flk TR (http:/www.tcsae.org)

2025 4F

RIGLE BRI, 15 5550 UE I AR 22 5 3 A :
AR 30.52%, i RIR 21.70%, E R RIR 19.12%,
SEIIRIRZE A 23.78% I SR ERAZ AT B (1) LY R
SLiEsh s R 9 Fron, AT BLUR BB AR - 05 E b R
LIS HN 5 K AE IR 45 AR L. IRE IR 5 ST A B K
JER 2.07 m/s, )i B R SE R B O E N 2.36 m/s,  AHXT
RZEN14.01%. X TAHARME, FERAHNRELT
GHEE A, 0BT BB AC A - - R B R B
i ]9 A& AT AT 1T o

4 SEMULRE

4.1 RAIEIEFR

PRI 5 S SR A W HT SR . MR SR ALY 32
BRI EOR AT AR FI R, KRR ERAR
AT RG4S TCORAE T ok, RN R AT B G R R R, B
B JE S i . ARUCR AL A 50 LS 2T 25 6
KRN EEH K, WA >, B
P L RAFRRE Ly BRI R LAENARUCK A
LRI 3 MEbR, HatHE AN

L= %100% 7
n +n,
ns

L= % 100% (8)
n3+ny

L= % 100% (9
n

X ny NERMACEIRECE, A5 ny NAR KD IR AL
&, Mo NORMRERAEEE, 4 n, NAKMIE
RAREE, 1 ns NERMBRBHEE, 1.
4.2 Box-Behnken i%itiK 16

HTMACTCIRAE T, LA RAr s, I R o
&2 FRMAC R BRI TE, SomjE 2k . R T4
RERMAC, AR 5 A 2 R v A e, DA St A S Sz 1)
WK, SEMNSEU ST LS B F S ik H
TSI 1 ) SR 28R AT PR K, IR R A
5~15 Hz HIRSHIEE A 20~40 mm I, REREH ZCR
O BRI, ] I 7 4k SR WA P AN ) 1 iR 7 X B
SOMA RSO R . Rk, SEHCEATIE ARG P ZE 34T Box-
Behnken ¥R . K RWIGUIE 2 s,

=2 EHREB
Table 2 Codes of factors

x3 REARRE
Table 3 Experiment schemes and results

PO RBR B

IR R o R L Ko e

o L R
75 Vlbrgtlon Excitation Vibration Picking ratePicking rate Damage
No. amplitude frequency . . . .
" mode x, o of ripe fruit 0fgnr1pe rate'ofrlpe
! 3 L% fruit /%  fruit 1,/%
1 -1 -1 0 79.07 3.38 11.76
2 1 ! 0 83.52 6.50 6.58
3 -1 1 0 88.35 5.41 3.30
4 1 1 0 97.41 21.33 3.54
5 -1 0 -1 82.35 2.42 8.16
6 1 0 -1 87.10 6.72 4.63
7 -1 0 1 87.25 3.25 4.49
8 1 0 1 96.69 13.40 1.71
9 0 -1 -1 80.41 4.03 11.54
10 0 1 -1 86.27 5.04 3.41
11 0 -1 1 83.47 5.35 3.96
12 0 1 1 98.40 17.46 4.07
13 0 0 0 92.62 438 2.65
14 0 0 0 89.91 3.79 2.04
15 0 0 0 88.39 1.65 3.03
16 0 0 0 91.23 2.59 6.73
17 0 0 0 95.04 0.81 2.99

431 RILERE JA5HT

TTESMEERINE 435 6 s, o Bl d R
Design-Expert 12 #fFiE47T R BHMLG 72, 93L&
RIS R AR e LR, DA 52 0 DR 3% 4 0 E v B AR & 1)
E2U BNy YR

1, =90.06 +3.46x, +5.5x, +3.71x3 —2.95x; (100

R4 BAREWMEREDN
Table 4 Variance analysis of the picking rate of ripe fruit

Sl Vibra;ct}i&orflJ i?;flitude 7T IR R
Codes Excitation modes X, Vibration frequency X; /Hz
X, /mm
-1 20 ETFAR A 5
0 30 E#TRB 10
1 40 LEFRIRC 15

43 SEMHAEER

RG-SR =R Z/KF IR IEAS el 41 4R B4,
KR miLank 2 i, R TR EEERWNE 3 Frox,
AT 17 25, AT 5k, BRIRBIRE 8]
5, HUS UARES PP IMEE RIS 4 . W3
FABE S 45 R B Design-Expert 12 #0E 58 .

T3 ZAHR Rl T B %
Sources of Sum of  Freedom of Mean square F P
variance (SV) squares (SS) degree (FD) MS)
17 Model 537.10 9 59.68 1555 0.0008
Xi 95.91 1 95.91 24.99 0.001 6
X, 241.56 1 241.56 62.94 <0.0001
X; 110.11 1 110.11 28.69 0.0011
XX, 5.31 1 5.31 1.38 02778
XX 5.50 1 5.50 1.43 0.2703
XX 20.57 1 20.57 5.36 0.053 8
X7 10.38 1 10.38 2.70 0.1440
X7 32.55 1 32.55 8.48 0.022 6
X 9.73 1 9.73 254 01553
Lacli?}ilty‘l(LF) 0.827 1 3 0.28 0.0424 0.9867
e
Pure error (PE) 26.04 4 6.51
SA Sum 563.97 16

RS RBRRREFENH

Table 5 Variance analysis of the picking rate of unripe fruit

SV SS FD MS F P
7 Model 499.98 9 55.55 21.71 0.0003
X, 140.20 1 140.2 54.78 0.000 1
X, 112.35 1 112.35 439 0.0003
X, 56.45 1 56.45 22.05 0.0022
XX, 40.96 1 40.96 16 0.0052
XX, 8.56 1 8.56 3.34 0.1102
XX, 30.80 1 30.8 12.04 0.0104
X7 26.19 1 26.19 10.24 0.0151
X’ 67.93 1 67.93 26.54 0.0013
X7 7.22 1 722 2.82 0.137
LF 923 3 3.08 1.42 0361
PE 8.68 4 2.17
ST Sum 517.89 16
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Table 6 Variance analysis of the damage rate of ripe fruit

SV SS FD MS F P
A 131.33 9 14.59 6.58 0.0106
X, 15.82 1 15.82 7.13 0.032
X, 47.63 1 47.63 21.47 0.002 4
X, 22.82 1 22.82 10.28 0.0149
XX, 7.34 1 7.34 3.31 0.1117
XX, 0.1406 1 0.140 6 0.0634  0.8085
XX, 16.97 1 16.97 7.65 0.0278
x? 3.45 1 3.45 1.55 02527
X’ 15.24 1 15.24 6.87 0.034 4
X! 05299 1 0.5299 02389  0.64
LF 1.76 3 0.5873 0.1706 0911
PE 13.77 4 3.44
JEUFT Sum 146.86 16

I, =32+4.19x, +3.75x, + 2.66x;+
3.2x 2, + 2,772, %3 + 2.56x] +4.09x] (1

L=405-141x, —2.44x, — 1.69x;+
2.06x,x5 + 1.97x§

R 4~ 6 A B RH R EAEA PN T
0.05, BEMEFZITEE L WT X Xy Xy X7 03
R EHII R 2 (P<0.05); A BRI IR S ZK 0] ) 5
B PAEH/NF 005, BREAEFSGIFEE L BT X, X,
Xov XiXov XoXo X770 X075 R BACRAR SR SR () B ) . 2
(P<<0.05); FARHZREHEA P E/NT 0.05, H4Y
ARG HE L W X XN Xy XXy X0 0GR
iR R 2 (P<0.05); FTE 0 M5l P E K
T 0.05, K EET TR RAELE .

4.3.2 RI 4 R L wh & AT

AT SRS PR O R R R . st (10D
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R SRR e m, AR R, X2 R
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.5 E
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a. Effects of amplitude and frequency on /,

.5 .
-1.0 -1.0

b. M5 JEE 5 AR 1, PR S
b. Effects of amplitude and frequency on /,
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L WBHR, B FEORPRIRREK.
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Fig.13 Response surface
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bt 5 T SRR SEAR YRR SER B, FR AR AT 410
LGRS R SR T2 A 05, T A5 2 R R S
Mt . R R 14 Prn. mtSHolin s
R RFRPRE 235 D, REGARI 134> KRR
ARSI 124>, AREARSE 269 A BRI 9 1.
I A RRW], AR RN 95.14 %, RIREKH
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RN IR AR S X sk By, e ELR A E
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b. KA
b. After picking
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a. Before picking
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Fig.14 Field test for vibration picking
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Optimizing the parameters for the vibration harvesting of Lycium
barbarum L. under various excitation modes

CHEN Qingyu , ZHANG Shixia , WEI Naishuo , FAN Yunlei , ZHANG Wei , WANG Zeyu , CHEN Jun™ , CHEN Yu

(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: Lycium barbarum L.(L. barbarum) has been one of the most favorite fruits in recent years. However, manual
harvesting cannot fully meet large-scale production, as the labor force decreases. It is urgent to realize efficient harvesting by
picking ripe fruits rather than unripe ones. This study aims to optimize the parameters during vibration harvesting of L.
barbarum under various excitation modes. The L. barbarum fruits were also selected and measured in Ningxia in western
China. The normal distribution of the detachment force and detachment acceleration were plotted after measurement. It was
found that the detachment force of ripe fruits was similar to that of flowers. There were overlapping areas among the unripe
fruits and leaves. By contrast, the detachment acceleration was ranked in the ascending order of the ripe fruits, unripe fruits,
leaves, and flowers. Ripe fruits also presented the lowest detachment acceleration without overlapping with the rest, suitable for
the vibration to harvest L. barbarum. As such, the vibration-picking was employed without touching the fruits. Only the
excitation area above the ripe fruit area of the branch was excited by vibration equipment, according to the characteristic of
infinite inflorescence. Furthermore, the vibration head was closer to the ripe fruit area during harvesting, particularly without
colliding with the ripe fruits for less damage. Three excitation modes were proposed for the branch in the corresponding
vibration equipment. The upper and lower points vibrated in the same direction (simultaneous vibration); the upper point was
fixed, and the lower point made a reciprocating vibration (pendulum vibration); the upper and lower points vibrated in the
opposite direction (reverse vibration). The kinematics model of the clamping head was established to simulate the branch and
branch-stalk fruit. The transient analysis was implemented to obtain the vibration responses of the branch under different
excitation modes. The results show that the excitation modes dominated the vibration response of the branch. Moreover, the
vibration response of the fruit under excitation was acquired via kinematics simulation of ADAMS. The mechanism of fruit
shedding was analyzed after simulation. The results indicate that the vibration response gradually increased from the vibration
head to the selection point of the branch, and then to the fruit. The verification test showed that the average relative error of
branch amplitude and fruit velocity were 23.78% and 14.01%, respectively. The vibration response of L. barbarum branch,
stalk, and fruit was verified after the test. The parameter experiment was taken by the Box-Behnken test. The mathematical
models were then established for the picking rate of ripe fruit, picking rate of unripe fruit, damage rate of ripe fruit and
vibration amplitude, excitation mode, and vibration frequency. The influences of various factors were analyzed to determine the
optimal combination of parameters: the vibration amplitude was 31.13 mm; the excitation mode was pendulum vibration, and
the vibration frequency was 12.59 Hz. The experiments with the optimal parameters show that the picking rates of ripe and
unripe fruit were 95.14% and 4.61%, respectively, and the damage rate of ripe fruit was 2.98%. A better performance was
achieved in the pendulum vibration as the optimal excitation mode. Fruit damage was minimized due to the high picking
efficiency, particularly for ripe fruits. The findings can also provide valuable insights into the mechanized harvesting equipment
for L. barbarum fruits.

Keywords: L. barbarum; vibration harvesting; excitation mode; shedding mechanism; simulation; response surface method
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