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Simulation Optimization and Test of Single Eccentric Olive Vibrating Harvester

ZHANG Jun' ZHANG Xu' MU Haotian' XIN Di' NIU Zijie' CUI Yongjie'”
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract. Vibratory harvesting is widely used for olive harvesting. In vibratory harvesting, reasonable
vibration parameters will greatly improve the harvest rate of the fruit. To improve the vibration harvesting
efficiency of oil olive, the current situation of small operating space in oil olive orchards was addressed.
A single eccentric block suspension type olive harvester was designed, where the centrifugal force
generated by the rotation of the eccentric block caused the fruit tree to vibrate under pressure to achieve
harvesting. The fruit shedding acceleration can be reduced to the ratio of the fruit stalk binding force to
the fruit mass, and the 90% quantile of the shedding acceleration was measured to be 1 113.35 m/s’.
The relationship between the fruit tree shape parameters ( trunk diameter X,, trunk height X,, main
branch angles X, and X,) and the excitation parameters (excitation frequency f, excitation force F') was
investigated through response surface simulation, the vibration frequency range was obtained by modal
analysis, from which, the optimal vibration frequency was figured out by sweeping frequency analysis in
rigid-flexible coupling simulation, and analysis of simulation and experimental correlation. The analysis
showed that the average correlation coefficient between simulation and experiment was 0.73 and the
average relative error was 26. 5% , which showed that the simulation could better express the experimental
results, and the trunk diameter and trunk height had a significant effect on the excitation parameters.
Field experiments were carried out on olive ( Leccino) by using the harvesting prototype. The
measurements of amplitudes at the clamping point showed that amplitudes at the clamping point varied a
lot under different frequencies, namely, rising with the increase of frequency. According to the
measurements of accelerations at four monitoring points on the trunk and the lateral branches showed that,
the resonant frequencies of the three points located on the lateral branches were similar to the results of
the response surface. The optimal vibration parameters obtained by the response surface model were used

to carry out the harvest test, which showed that the average harvesting percentage reached about
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91.22% , and there was no fruit damage. The research result can provide a reference for the design of

vibration harvesting equipment.

Key words: olive vibrating harvester; three open-centre shape; modal analysis; rigid flexible coupling
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Tab.1 Test data of olive fruit
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simulation and experimental results
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Tab.3 Statistical results of average synthetic acceleration

of experiment and simulation at different frequencies

Wi R/ Pt/ (mes™?) bR/ (m-s~?) B
Hz i R i E R EY 14
10 0.511 0. 356 0. 035 0. 027 0. 81
15 0.155 0.112 0.092 0. 056 0.87
20 0. 166 0.131 0. 080 0.043 0.77
25 0.167 0. 166 0. 068 0.041 0.71
30 0. 281 0. 245 0.109 0. 046 0.50
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Tab.4 Design and results of simulation test scheme

e K% i) 7 46 A
T T w w w B/ wdN
1 0 0 0 0 17.43 13 558
2 1 0 -1 0 21.75 21965
3 0 1 1 0 18. 56 16 215
4 0 -1 0 1 20.75 13 390
5 1 0 1 0 21.56 21470
6 0 0 1 -1 17.32 14 643
7 -1 1 0 20.70 13 469
8 1 0 1 18. 41 15 862
9 1 -1 0 0 22.94 19 534
10 0 0 -1 1 17.58 14 650
11 -1 0 1 0 15.08 11 047
12 0 1 0 -1 18.58 16 393
13 0 -1 -1 0 20. 81 13 676
14 0 0 -1 -1 17.33 15031
15 -1 0 0 1 14.91 11587
16 0 0 1 1 17.25 14 827
17 -1 -1 0 0 17.07 9810
18 0 1 -1 0 18. 64 16 275
19 1 0 0 1 21.54 21629
20 -1 0 -1 0 15. 16 11509
21 1 1 22.57 24723
22 0 -1 0 -1 20.70 13 351
23 -1 1 0 0 17. 04 14 088
24 0 0 0 0 17.38 15268
25 1 0 0 -1 21. 46 21700
26 0 0 0 0 17. 14 15 708
27 -1 0 0 -1 15. 18 11498
x5 RBWERFENSN
Tab.5 Analysis of variance of test results
N AR A f WRT F
F P a P
T 33.82 <0.000 1 55.18 <0.000 1
X, 367.94 <0.000 1 650. 19 <0.000 1
X, 22. 14 0.000 5 71.06 <0.000 1
Xy 0.1685 0.688 7 0.3542 0.562 8
Xy 0.004 5 0.9479 0.077 4 0.7855
X)Xy 0.0913 0.7677 0.428 3 0.5252
X)Xy 0. 009 6 0.9237 0. 000 6 0.9815
X%y 0.096 8 0.7611 0.0132 0.910 4
Xy 05 0. 000 7 0.979 2 0.0112 0.9176
Xy, 0.038 2 0.8482 0.1677 0.689 4
X3Xy 0.0809 0.7809 0.164 7 0. 692
xf 9.57 0.009 3 39. 05 <0.000 1
x% 72.04 <0.000 1 0.2877 0.6015
x% 0. 600 4 0.4534 0.088 1 0.7717
x§ 0.160 2 0. 696 0.1493 0. 706

MR 7 28 73 W7 25 21, B R A 35 04 ST i e (i



120 &l #Hl

Moo= 20234

FR MR B 2805 BB 2800 ) £ 550 2 i 9] 9
H A
f=17.51 +3.12x, —0. 764x, +0. 682x; +2x,
{F =14 821.07 +5 123. 5x, +1693. 83x, +1 892. 27x.
(6)
b DR A3 232 AR Ay el 7 1R S ] AL P <
0.001, 24135 P =0.110 0 >0. 05 ; UL IR 71 7E A
I BRI [ AR P <0. 001, 2435 P =0.993 4 >
0. 05, & IR R ACAS 22 , 1A 7 229U 5 8 4F
3 XEIMEHIZIT
3.1 EiRERMEIE T
MG 2.5 543 8 IR T B R R BMIR 1R
23 530 N, i R 431 48 O 22. 55 Ha, #3 HR U e K
HEATIEER , TS 0T 55 i O BB B A me

F F,. :
. " 23 530 1.2 kgem?

T T nf)? (2xmx22.55)°
(7)
Xrh F o ——WKHIR N
L T RKEG /s
Sonas B R IRA A Ha

UL PR i oL R T BEA B B X T8 i XOR A 5K
5, Mo b B A o0 e O I Rl )™ L 3 g o, A1
[Fi) S A58 014 1 T o R r 2 (5T s R 014 R ) I
R PR AR SR B AR O B o R0 B 2 4y
2 A, 3 9 22 2 AR U AL ) 0 i, B 0 3% iy 2 A4 g
O HRA S, A 1L B 38 i A i o0 B 2 18] Y e
16 K BUE AR T, Rk

F:mengsini (8)

2
K e,——0 = 180°Ff I i LB, m
4 9 = 180° M ff o B R R A 208 1.2 kgom®,

B 11

AR AR AT 17 1

Schematic of excitation components

Fig. 11
LB AL 2. 03 3. BURIREE 4. g IRET
3.2 EHEHMMIEIT
e R AILAL S R WAL B G B AR A, e KR LG BT
A K BRI, AR IR
¥, )RR BOR AR BAR, SO0 BB 3 IR, AT
SECER AR A SO B S AL a0 8] 12 B

7N, B [ B e AR AU AR HR R DL [ e
M 20 B, J& M T 2% £ 1R AR e &, 52 B0 5 (R T 1Y
e 4, e HE i FL 80 ~240 mm, [R YK Je My |- K
JE AR LU 2 e REH flh e T, ik e o SR AR a5 L AR
JEEAR R Tk T i A8 e i ( XTB — 1847 A1) [ JEJE
15 mm , HL 758 B 15 MPa, B R i 34 70 HA

12 JeF L fif
Fig. 12 Diagram of clamping mechanism

LR I E . 2. ARG AR 3. R RED 4. BN AR

4 R R B0 R WK 58

IR T 2022 4F 12 A 27—30 AEHH A B s
T FH Bl i AORE AL & A R AN R B 3 v ARG
DA AT, S0 B R S AL
4.1 REHMBREFE
4. 1.1 HR0EN &

e F 5 40 R B B BL — 400NZ 7038 5% 1 5% 1% ik
A (YN AR BB A BR A /) D&, an &l 13
s il &S QY — 11000 A5 & s AL (H7 VL
SRAPLEA AR At

Bl 13 PRiED & R 5
Fig. 13 Amplitude measuring system

LG IREE 20 =48 3.3 E ML 4. lAOE R L

AT 4 A, B AR MR Oy 10,15,
20 .25 Hz, B AR MR N $ 4 3 K, f O B [a] e £
S 0°, Je e 5 B2l 800 mm,
4. 1.2 Jyrsek B e 1 0

Sy 1O LA S Y 25 SR R AT U6 UE 38 5 0 R
D5 28 0 X8 Sl RN ARS 1% 0 285 e g A 0 o ol
D4 2 48 H Il OB SRR HL 4 > WTOO0T A = fhy fin
JE AR IS IR I 4 e 2 Re BHE AT BR A |)) A0 fim 2k B2
O SR B K 38 e I RO SR W I S AT AN (R AR
PRz, 382k 4 A =l R A% JEE A XA [ A B A



11

TR A B L M IONE 3R 3l R oHL DT ELAE e S 121

B HEAT I R T R AR 3 A
(LT =GB, AT 14 Frzs o s B I i vl
MBI 9 = T H 42 X, =153 mm, 3 T & B
X, =118 mm P BOHE 4 2 2 O X (6) 7T 15 38
RMIR Ny 21.8 Hzo X560 BRI ARTEE O S ~
25 Hz, 3§ 574 2.5 Hz JLiEAT 9 A .

14 i3t 2 0 ok e 4 A W3 s

Fig. 14  Acceleration measurement and four

monitoring positions
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Tab.6 Amplitude test results at clamping position

mm
MR E/Hz X561 A2 K% 3 ¥ FrifE 22
10 5.0 5.4 6.3 5.571 0.67
15 8.3 9.1 8.6 8.67° 0.4
20 11.6 12.0 12.5 12. 03" 0.45
25 16.0 15.9 15.7 15. 87° 0.15
H AR FEERIRAE P=0.001 KFETF,ZH7MHRE.
7 HEGEEER
Tab.7 Results of curve estimation
SHAG AR
iy R? F P — I F IR
2 p
2k 0.988 842. 483 0. 001 -1.456 0.685

XL 0.967 59. 025 0.017 -20.359 11.009
—Ww 0.990 12153.777 0.006 0.579 0.426  0.007
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Fig. 15  Fitting results of vibration frequency and amplitude
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Fig. 16  Dynamic response of monitoring position of

olive tree under vibration excitation
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Tab.8 Statistics result of olive harvest net rate

5 BRI

T T 1
FTHA/mn 145 153 146
+ T B/ mm 302 118 152
P B4R/ He 19.3 22.7 21.2
ah S /N 17 609 18 308 16 823
S 24 9% i/ mm 8.9 9.7 9.2
IR I R M B/ kg 11. 54 11.31 10. 06
N TR/ kg 0. 64 1.21 1. 11
K W B ]/ min 7.75 4.36 5.35
F S % 90. 90 91.76 91.01

A A5 2 07 305 U S 2 A O R BN 0,73,
SR ARRT R 22 26. 5% , 41 BT LA A M 3R KR 5
4R
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