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Design and Experiment of High-acid Apple Vibrating Picker

SHANG Shuqi LI Chengpeng HE Xiaoning WANG Dongwei WANG Haiqing YANG Shuai
(College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract; In order to solve the problems of low efficiency, low fruit picking rate and large damage rate in
the harvesting process of high-acid apples, a hydraulically controlled high-acid apple vibration picking
machine was developed according to the actual harvesting needs of high-acid apples in Qingdao, China.
Based on the working principle of vibrating picker, the structural design of vibrating picking device,
excitation device and hydraulic control system was completed, and the clamping force of the clamping
pliers on the trunk was calculated and analyzed to be 7 254 N, and the clamping height range of the
clamping pliers was 12 ~103 ecm. The dynamic model of fruit — branch pendulum of high-acid apple was
established, the fruit shedding conditions were analyzed, the differential equation of fruit vibration was
obtained, and the vibration frequency, amplitude and clamping height were determined as the main
influencing factors of picking effect. ANSYS software was used to simulate the free modal response and
harmonic response of the fruit tree model, and the results showed that when the vibration frequency was
9 ~12 Hz, the amplitude was 1 ~2 ¢m, and the clamping height was 40 ~70 cm, the displacement of the
third-order and second-level branches was the most obvious. In order to determine the optimal working
parameters of the picker, a three-factor three-level combination field experiment was carried out to obtain
a regression model of fruit picking net rate and fruit damage rate, and the test data and regression model
response surface were analyzed and optimized by Design-Expert software, when the vibration frequency
was 10. 0 Hz, the amplitude was 1. 6 cm and the clamping height was 58. 7 ¢m, the fruit picking net rate
was 95. 9% and the fruit damage rate was 1. 3% , which met the quality requirements of high-acid apple
harvesting.
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Fig. 1  Structure diagram of high-acid apple vibrating picker
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Fig.6 Robot arm motion model
J G C YA R 32 7 ST 155 B 1) AR G i 2, 0 C
N
Y, =l sina —l,cosB + I;siny (3)
HRAE 5 AU 17 2 22 A0 9 [ L e S B T 22
Koo By MEBUETE Y
25°=<a<70°
15°<B<35° (4)
45°<y=<55°
Iy B o i I TEAE AR B C G RR
49 em, A BE R AR, A C AR - 38 em,
R H O 84 em, xi C 5 FFH IR H, 0
30 em, SRAGHLAERE LB S IE ZLE AR T,
Y 2l SR A7 258 B IR T BESE L (M, ~ H,) 12 ~



118 & BB
103 em, W& 7 Fiv7s , MUBRCE 8231 15 90 1R & 3% 2 5
Bl R RA K
9 e R
Fig.9 Dimensional drawing of clamping force
BT e 2mn
w="" (8)

Fig.7 Schematic of clamping height 60

1.3 SIREEZ K O T AR, r/min

JE AR RO S 7 A IR T B ORI
I 772 DA 1l 5 AN A5 o 2 Qi O BRAE W R 3 R G210 3
PETT 7™ A 1 R P I IR Bl o AR HLR FH 2 1R AT
T A (U B T 5 7 A2 BOHR I, e o0 B R B2 42 R, R
140 mm, /)N B 2 42 R, Bt 30 mm, N L 2} & R, B
15 mm , JE R b B 60 mm, 1A 8 FF7R o

D

h

B8 LB s i R R

Fig.8 Schematic of size of eccentric block structure

AR A 25 25 X LA P O O e i 0 B
G Y B A D= DY £ = R/N= W
4(R -R})
"T3n(R 4R 2R
Ko PO B O B, mm
TRDHEE T 45 S50, 355 p 4 7.85 x 10" ke/m’,
it o B S5 £y

m, =2-(R} +R; ~2R}) hp (6)

(5)

A m,,—fﬁlﬁ\ﬁiﬁﬁi,kg

H = (5) AT 45 f O B J 0 B R 57.96 mm, i
A (6) 15 H O B FE IS i & 14. 83 kg AR R O
P by RSP AR I AR L RSP 18 9 fos, b 72
e HrEE R ST R 850 mm x 100 mm, £ J& Hr 4 R~y
850 mm x 90 mm, J& Ff Hf fix K I F5 242 K 220 mm,
— M TARARS I 52420 130 mm PR3 Je F5 4 8 5
JiT 5 240 140 kg,

i O B IR T3 1A R
F:mpwzr (7)
X o—— O I ML  rad/s

e SRR A

i L B 3 g 2 500 v/ min, RS2 5K (7) L (8) ,3F
SR B iy O B BIR 10 2 749. 15 N
1.4 &EEH&ET

BETRAFHUALBE A 5] T00 5 W 2R Ge 2 il It
B T ARSIl + RS + 1 BBUE Bk +4 R
Fe i ft 42 o 77 3, 30 G 9 1 A s B S8k B R
AR W SR AR MU S B iz SR S HEAT 3h 2
P PR ARG RE R AR W R AR e R B
K10 vz, IR 28 98 22l R A8 (G DB A L B 1)
(NG S R B NN AR I e A S Nl =R
TR T e B G A T A A

jls

14 S i
15 ‘L@ 11
32 - ﬁ%
B =5
| T =
| |
¥z Wi IV B
9
i
| —
| N IR
7 BN
1 L ______ _] 6
£
?QA‘ __ 5
L 2 1
10 WHEEH RS RERE

Fig. 10 Schematic diagram of the hydraulically controlled system
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i B A5 R A 5, B8 MR R I RAE N 15 Hz, R
SE VR HEAT SR A, SR A J7 A B Sl 15 A 15 Bk )
R R A3 o 0 A8 X 1 s AL, ] 18 .19
Bl o

ME 18 Al LLA 78 1 ~7 Hz 4ig 845 5 X [A]
PR T B A, 2 iR B R Gk B 8.5 Hz I
13 Hz I} H AT SR T B8 06 {1, ab I 438 2R S8R B £
2 JEIN S Ao O R S 3 AR s, A A e R R R
S VA SN TR B Ry 851. 44 m/sT ARG b R B 5 A AR
FHE R 9 ~ 12 Hz, HRENMRK K KFH 9.0,
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Fig. 18 Acceleration simulation curve
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Fig. 19  Amplitude simulation curve
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Fig. 20 Field test site
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N, — v R S8,
N,— R ERS R, A
(2) Rt R
KAWL FE o RS R R B 5 W, LA 2R
o5 RS ARG AL R S5 SR AR AL T8] 4 i Rl 45
3, AT 5 Wi i TR 9 SR 22 B M R S 5 R 3
RN

M]
Y, = x100% (31)

2

X V,—RERGE, %
M —— WSO S A R, A
M, —— WS AR 5 S A
4.2 ABmEMEHREE
DIPRBNAT R A JRIE B JeFrm i C HHHR, R
ARG Y, RS A Y, S e (R R R R
b an R 2 R .

x2 KEEIRRD

Tab.2 Experiment factors coding

Wz

e PRSI A/ Ha IRl B/ cm JeFFE B C/em
-1 9.0 1.0 40

0 10.5 1.5 55

1 12.0 2.0 70

KM =R =K 4 A J5 ik A7 A S i
a5 Rk 3 Fin .

£3 AEER
Tab.3 Test results

EN A Ry R
. Wi/ R, RKiEE
P % %
Hz cm BE/cm
1 9.0 1.0 55 81.2 0.7
2 12.0 1.0 55 93.2 2.5
3 9.0 2.0 55 91.2 1.4
4 12.0 2.0 55 96. 6 2.9
5 9.0 1.5 40 77. 1 0.8
6 12.0 1.5 40 92.5 2.3
7 9.0 1.5 70 87.6 1.3
8 12.0 1.5 70 96. 6 2.7
9 10.5 1.0 40 79.3 1.2
10 10.5 2.0 40 85.3 1.5
11 10.5 1.0 70 83.1 1.2
12 10.5 2.0 70 97. 1 1.7
13 10.5 1.5 55 97.1 1.6
14 10.5 1.5 55 95.4 1.4
15 10.5 1.5 55 95.7 1.4
16 10.5 1.5 55 96.9 1.5
17 10.5 1.5 55 95.5 1.4

XF 23 I EE AT R Z T AL it
Design-Expert 13. 0 £ 4k B J5 15 51 5¢ T 2R 52 4 it

R ORI R T ZZ 0 M 2R, ik 4.5 s, 1ol
IH AR KR F T AR 6 FR o

x4 RELHEEEFESNW

Tab.4 Analysis of variance of fruit picking net rate

K FHEM ABE B F P
LAY 756.78 9 84.09 41.21 <0.0001**
A 217.99 1 217.99  106.83  <0.0001**
B 139. 45 1 139.45  68.34  <0.0001**
C 113.70 1 113.70  55.72  0.0001**
AB 10. 89 1 10. 89 5.34 0.0542
AC 10. 37 1 10. 37 5.08 0.058 8
BC 16. 00 1 16. 00 7.84 0.0265*
A? 11.67 1 11.67 5.72 0.0480 "
B? 64.21 1 64. 21 31.47  0.0008 "
c? 152. 34 1 152.34  76.66  <0.0001*"
B2 14.28 7 2.04

ST 11,64 3 3.88 5.86 0. 060 3
R 22 2.65 4 0. 662

T e FOREIRME 3 (P <0.01) 5 « FIRFM 3 (0.01 <
P <0.05), F I,

RS RIBGEAESW

Tab.5 Analysis of variance of fruit damage rate

o U oA AmE BT F P
BEAY 6.1300 9 0.6814 41. 63 <0.000 1"
A 4.8000 1 4.8000 293.55 <0.0001"
B 0.4512 1 0.4512 27.57 0.0012 "
C 0.1513 1 0.1513 9.24 0.0189"
AB 0.0225 1 0.0225 1.37 0.279 4
AC 0.002 5 1 0.002 5 0.15 0.707 6
BC 0.0100 1 0.0100 0.61 0. 460 1
A? 0.6703 1 0.6703 40.95 0.0004 ™
B’ 0.002 4 1 0.002 4 0.15 0.7117
c? 0.024 3 1 0.0243 1. 49 0.262 4
52z 0.1146 7 0.016 4

KW 0.0925 3 0.0308 5.59 0.0650
=% 0.022 1 4 0.0055

F6 MDHRMEZFMSH

Tab. 6 Significance analysis of regression coefficient

S8 R ERY, R Y,

o5 B R? 0.9815 0.9817

K IE P s BB R, 0.9577 0.958 1

F 41.21 41. 63

P <0.0001* <0.0001*
T AAR 2 S 0.060 3 0.065 0
A5 B P 1.58 7.92
% 18. 670 6 20. 636 9

R4 m s iR A RiE B ks E C
DL B® b B S v SR Wi i 35 BC A X SR 52
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2023 4

RS B 2% . AR P {E/N T 0.000 1, KA [a]
VAR g B W 3 AR AR UL PR T 0,05, 1
A TR G SRR 18 38 AR R B S R, Il DA TR 4L 65
FRRE W o AT Design-Expert 13. 0 3 {4, 15 21| 4 i+ %
Y, R Z 35 ] A AR A
Y, = —218.34 +26.26A +63. 64B +3.54C -
2.20AB -0.07AC +0.27BC - 0. 744" -
15.62B -0.03C” (32)
MR 6 n L, SRS R Y [l R Y AL T R
Hh 0.957 7, 156 BH % A5 8 AT DL BE 95. 77 % 1) AH N
Al ALE 4. 23% W IE B Tk AT A Al R AU Y
PE RBR =0.981 5, 30 T 1, B 5 ZM S KH
JE3 520 1. 58 % (18. 670 6, 15 W 1% R 5 41l ¥ R 40 &
] 0T LA s v Y T S0
H1 S AT JRShA5 % A JRIE B LA K A” X SR 52
PO R A 2 BN P {E/NT 0,000 1,3
BT[] 0 B A v B BB R LI P OH K T
0. 05, it AR Y S JU1 P AN I8 3, A5 700 4 SRy e, [mT 5
BERLILA AR B i, A9 BRI A R Y, — iRk 2 3 [ul
LR
Y, =11.89 -2.994 +0. 87B +0.05C - 0. 104B -
0.01AC +0.014B +0. 184% +0. 10B* -0.01C”
(33)
HH 3% 6 W1, SRS A 32 Y, A TA] A R AL A TF P
FEZECH0.958 1, Ut B AT DL AR B 95. 81 % (1) AH 1 1
P, BRI YL E RECR =0.981 7,435 F 1,45
RECGHRE 5308 7. 92% (20. 636 9, Ui W] 322 R 5
U0 B [ U AR Y LA A AT R
4.3 WEkZE
Tk AT LA e LA PR 28R AR ) 52 ) AR
DR R A, 3R I A R e R R R, AR
F 45 FESWEF AL, T8 4 52 0 R 2 R 5%
RAGPR B DTER R AR T iR

*x7 SEEMNTEABIRRRKE
Tab.7 Contribution rate of each factor to

different indicators

B GER Y, REHIR Y,
PRI % A 2.21 1.62
PR IE B 2.31 1.10
JeFFEE C 2.31 1.06

HI3R 7 o0, 45 PR R0 2R S v R 1 355
M 5 2% DR 2R %8 2R S 400 495 3% 19 BT R 38 I DR 3 /0N g I
N ARSI YRR A
4.4 BERIESHWE
Oy iR — 2 B R R TR S R R S v R R IROR 5
Wi R, ELE AR LM T, M H Design-Expert 13.0
A Optimization T RE , X0 g R 397 R4 1 5 1R 52
0 A W (a] I R R R AT O AR SR i . AR 4 S
BRLS JOFSE , BER S 1 R AL O 0. 64, SR 5245 4 %
FUEE Sy 0. 36, K¢ 2R 5247 ¥ 38 a5 KA L 3R S 4 A i
AMECA LA A B, 1 S R BB 48 AR B bR oK O R A
PERESE b H A5 s BN
o (x) =Y, (A,B,C)
Juin(2) =Y, (A,B,C)
9 Hz<A<12 Hz (34)
lemsB<2cm

40 ecm<C<70 cm

PR RS A IR 3R 10.0 Hz IR §7
1.6 em, J& 5 & 58.7 em, I AF 5 52 4 i R O
95.9% REHIFRN 1. 3% , RAFBCR bt

5 #ig

(1) 38 3 A 7 i TR 39 SR SR S — A S B 43 )y ) o
BT SR A, o0 R SE v A5 1, 459 2 RS2 4R 3 oo
TR IR SR A R B R R Gt R A
e e 55 B XA T 10 Je 45 g, S ST LB o S A i
TR Bl SR M BB — b T K Bl 4 o 1 s TR
RIS AR, IF 00 € IR SR PR T fR
JEAE Ry 52 i R R RHOR 1 EEH R

(2) 3 5 ANSYS B X iy R 3 5 W) 4 A5 Y i
A7 A 8] e 455 v B2 i o 15 38 3 04 23 B L B e AR A o
SR BT IR LS4 A IR SRR IR e v
BEIEE 58 9 ~12 Hz 1 ~2 em 40 ~70 c¢m,

(3) LAFRh A3 e i A0 Je K g B2 o R BLR
TR R RN S R IR B R R R =
KV Jr i AT ) 36 0T 0 8 et T AR S 4L
SER R W MRS A Y 10. 0 Hz HR1FH 1.6 em
R B2 58. 7 em I, MG IR SR SEA# ¥ 380 95. 9% R
SRR 1. 3% | RAM SR B b, W6 R R R R R
WK,

2 £ x #
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