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Design and test of vibratory harvesting actuator for Camellia oleifera fruits

FAN Zhiyuan, TANG Jingyu, KOU Xin, WANG Dong, QU Zhenxing
(Harbin Institute of Forestry Machinery/Key Laboratory of Forestry Mechanical Engineering,
National Forestry and Grassland Administration, Harbin 150086, China)

Abstract: [Objective] In order to improve the removal rate and harvesting efficiency of Camellia oleifera
fruits, a vibratory C. oleifera fruit harvesting actuator was designed for the C. oleifera forest in the hilly area of
southern China. [Method] The design of harvester head, harvester arm and hydraulic control system for the
harvesting actuator of CZC40RY C. oleifera fruit harvester was completed. The vibration system mechanical
model of vibration device-C. oleifera tree and the single pendulum dynamic model of C. oleifera fruit-C. oleifera
branch were established. COMSOL and ANSYS softwares were used to complete the free mode response and
harmonic response analysis of the 3D model of C. oleifera tree. The Box-Behnken test method was used to
determine the optimal operating parameters of the harvesting actuator with vibration frequency, amplitude and
vibration time as the test factors, and the removal rate and flower drop rate as the test indexes. [Result] The
vibration frequency and the main factors affecting the amplitude were determined when the tree was subjected to

the simple harmonic exciting force, and the shedding acceleration of C. oleifera fruits was 947.63 m/s’, and the
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frequency range of the vibration device was 15—25 Hz.The harvesting test of C. oleifera forest verified that when

the vibration frequency was 21 Hz, the amplitude was 10 mm and the vibration time was 10 s, the average

removal rate of the harvesting actuator was 95.5%, and the flower drop rate was 2.1%. Through comparative

analysis of the harvesting parameters with vibratory C. oleifera fruit harvesters, there were obvious differences

in the shedding frequency, size and maturity of C. oleifera fruits in different regions, different varieties and even

the same C. oleifera tree. The divide order vibration harvesting method was proposed, and the vibration

frequency-vibration time relationship diagram was given. [ Conclusion] The harvesting actuator can meet the

mechanical harvesting needs of C. oleifera fruits.
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Fig.1 CZC40RY Camellia oleifera fruit harvester
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I: Distance from the center of the eccentric block axis to the center of the
C. oleifera tree trunk; m: Mass of the eccentric block; M;: Mass of the
vibration device (excluding the mass of the eccentric block); M: Equivalent
mass at the holding point of C. oleifera tree; k: Equivalent elastic coefficient
of C. oleifera tree; c: Equivalent damping coefficient of C. oleifera tree;
r: Eccentric distance of the eccentric block; w: Angular velocity of the
eccentric block; #: Working time; x, y: Displacement of the trunk in the x
and y direction; F, F,: Inertial force of the eccentric block at x and y
directions.
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Fig.2 Vibration system mechanical model of vibration
device-Camellia oleifera tree
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Fy: Binding force of the fruit stalk; F,: Inertial force produced by the
forced vibration of C. oleifera fruit; F,: Normal component of the inertial
force; F: Tangential component of the inertial force; G: Gravity of C.
oleifera fruit; G,: Normal component of the gravity force; G,: Tangential
component of the gravity force; a: Acceleration of C. oleifera fruit; a,:
Normal component of the acceleration; a,: Tangential component of the
acceleration; 0: Angle between the fruit stalk and the vertical direction of the
C. oleifera fruit when it falls off.
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Fig.3 Single pendulum dynamic model of Camellia
oleifera fruit-C. oleifera branch
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61 : Angle between the inclined plane and the horizontal plane;
G: Gravity of the C. oleifera fruit; F &: Supporting force of C. oleifera fruit;
f’ : Frictional force experienced by C. oleifera fruit.
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In figure a, 1: Drivegear; 2: Support seat; 3: Rack; 4: Pushing arm;
5: Driving hydro-cylinder of the umbrella cloth; 6: Driving lever. In figure
b, Fg: Pull on the driving lever; Lz: Umbrella cloth and driving lever contact
length; £ : Pull of the hydro-cylinder; L,: Force arm of Fi; R;: Dividing
circle radius of the gear.
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Fig. 13 Driving mechanism of the umbrella cloth
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Ax: 0°~125°% Bg: 0°~60°; C,: 500 mm; Dg: 1 520 mm; E: 2 100 mm; Fy: 495 mm; G: 3 417 mm. 1: 508 A; 2: FuSkihifl; 3: 458 4. MgemEr; 5. &l

E ; 6: }AL ¥B 7: D'JleﬂﬂﬁI: 8:3‘:%: 93:“%‘(!43%1, 10: E*io

1: Pulling arm A; 2: Pulling head hydro-cylinder; 3: Telescopic arm; 4: Telescopic hydro-cylinder; 5: Jib; 6: Pulling arm B; 7: Jib hydro-cylinder; 8: Main

arm; 9: Main arm hydro-cylinder; 10: Upright column.

14 REBELHFMITIEZ(E

Fig. 14 Structure and workspace of the harvesting arm
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WO AT AL, TR BN 15 . RUCH
A AT Dh B, SRR SUBIRT R 4 52
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FEAERCAL L, HE AR @GR 0N 4, &
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At

Fo: ERHELIEST; Lo: BT Ly: Gy X Ay ITH s Ly: G, 3 Ay 1
j:’El%E: L3: G3 X‘JA A() E':]jjﬁ%éo

Fy: Thrust of the main arm hydro-cylinder; L,: Power arm; L,: Force arm
of G against Ay; L,: Force arm of G, against Ay; L;: Force arm of G5 against A4,
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Fig. 15 Force analysis of the harvesting arm
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A4 5% B B S AN BIR (47), T
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S KAE ST (Fumaxs> N) 4
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=54582. (48)

Fuax = 1.4F = 76 415,
FEMELRI N (Dy) N:
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DZ80-300 VT
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o A R G0 U IE L ok RS AR F R
ECAF) 1R 5 37 1R P fR s ) 2 Sk s R L VU
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1: Fuel tank; 2: Filter; 3: Double-pump; 4: Relief valve; 5: Control valve;
6: Vibration motor; 7: Two-bit four-way proportional valve; 8: Telescopic
hydro-cylinder; 9: Driving hydro-cylinder of the umbrella cloth;
10: Clamping hydro-cylinder; 11: Balance valve; 12: Main arm hydro-cylinder;
13: Secondary arm hydro-cylinder; 14: Pulling head hydro-cylinder.
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Fig. 16 Hydraulic principle diagram
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2800 mmx3 000 mm, B &%) 5 a, I8 A E T
EHIEAA N 115 mm, P T &N 420 mm, W
SFEIEAR N 2250 mm, 2 R IBGRIGER .
4.1 REIEMEER

PRt i S P IR (R AVEIIPS
BEFRPT o

K Z (Z) TR AN

— Nl
N1+ N,

A, N BRSO, N AR R R s =

HER (L) iHEARA:

ni

x 100%, (50)

L=

x 100%, (51
ny+np

A, n ATETERIECR, o AARBETEEE .
KA IRIE 35 s AR iR sh B (] I 5
FEE32 o S VR s K, BTS2 R R
SR Wi Sk vy B B ), SR 4R v BE Y B D, AR R
56 LLPRIE A(5 104 15 mm). FRENHFE B(15. 20.
25 mm). JERFII Al C(5. 10+ 15 s) AR K, DLRKEFR
Z, VAR L ORGSR br, Bt =R =K IERR
5, g R MR 1.
42 RWERSHH
4.2.1 FEHH NRPEIRIET =K Z I6EE
W&, [FERIFRNTTE AR, WK 2. {5

TURR 25, DRI 3 R0 DR 35 1R A2 LA K SR 44 6 5 T 1)
FRIFFHIN By C* A+ BA 4. C. AB. AC. BC,
Hr B, C°\ A, B’ A7 C 2R3 (P<0.01), H
fi R R M AN B2 o R P=0.245 1, AR, B
AR, BIH T RGBT HIBRA R ERHE,
1331 & R 0 R 2 1 3] 5 2 9

7 =96.00+1.63A +3.88B+1.50C —2.13A%—

2.13B*-2.87C%. (52)

H V& AE 28 5 22 oy BT 3R ] 1, R A AR A A B 5
IRl 22 R R 2% 149 28 AR FH % 9 46 28 52 ) (1) =8 IR I
WM By Av C A* B>, C*. BC\ AB. AC, .t B,
A C oMtk 3%, A B> C* 5o i 2%, HAhK &K
WA 2 . RPIR P=0.198 5, N B3, BRI R E,
A7 FE LGB . BIRARER R, BESH R
X TEARE I [ T R

L=2.00+1.50A+2.63B+ 1.38C + 1.50A+

1.25B% +1.25C2. (53)

422 mp@Ead  FH Design-Expert FA4 Xt
IS E0HR B AT AL B, 49 BIHRME . RSN RSN I [E]
Xof SR 4 28 F 6 A8 2 5 W) 14 o N2 TR, A0 1718
HrR.

L ARBN I [E]  HALIF, IRBN A S R AE BLAE
FHXT R AR 2R a0 1] 17a BTz, IRBIAIE XS I 2%
TR 2 5 ) LU PR 2 25, PR 2N A0 2 0] 3l 7% K

+F 1 HER I LS

Table 1 Forest test results

e [X| % Factor PN FE#R Evaluating indicator
o i, R Mz BTl R R
Amplitude (4)  Vibration frequency (B)  Vibration time (C) Removal rate (Z)  Flower drop rate (L)
1 10 20 10 96 1
2 10 15 15 90 3
3 10 25 15 96 9
4 10 20 10 97 2
5 15 20 5 92 5
6 10 20 10 95 2
7 5 20 5 88 2
8 10 20 10 97 3
9 10 25 5 93 4
10 10 20 10 95 2
11 5 20 15 92 4
12 5 25 10 95 6
13 10 15 5 85 2
14 15 15 10 91 2
15 15 20 15 92 8
16 5 15 10 84 1
17 15 25 10 97 10
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x2 HESHER

Table 2 Results of analysis of variance

K% % Removal rate TE4¢. % Flower drop rate
AR 5 AR SEOTRL EEBE BT SEOTRL HEE BT
Source Sum of Degree of Mean F P’ Sum of Degree of Mean F P’
Squares  freedom  Squares Squares  freedom  Squares
1% Model 251.63 9 2796  19.09 0.0004%** 120.01 9 13.33 16.23  0.0007**

A 21.13 1 21.13  14.43  0.0067** 18.00 1 18.00  21.91 0.0023%*
B 120.13 1 120.13  82.04 <0.0001** 55.13 1 5513 67.11 <0.0001%**
C 18.00 1 18.00  12.29  0.0099** 15.13 1 1513 1841 0.0036**
AB 6.25 1 625 427 0.0777 225 1 225 274 0.1419
AC 4.00 1 400 273 0.1424 0.25 1 0.25 030 0.5983
BC 1.00 1 100  0.68 04358 4.00 1 4.00 487 0.0631
A 19.01 1 19.01  12.98 0.0087** 9.47 1 9.47 1153 0.0115%
B 19.01 1 19.01  12.98 0.0087** 6.58 1 6.58 8.01 0.0254*
c 34.80 1 3480 23.77 0.0018** 6.58 1 6.58 8.01 0.0254*
%% Residual 10.25 7 1.46 5.75 7 0.82

P Lack of fit  6.25 3 208 208 02451 3.75 3 1.25 250 0.1985
%2 Error 4.00 4 1.00 2.00 4 0.50

D*k& 7R EH AP <0.05), *F THEZHAP<0.01),
1)* indicates significant effect (P < 0.05), ** indicates highly significant effect (P <0.01).
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Fig. 17 The response surface of amplitude, vibration frequency and vibration time on the removal rate
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Fig. 18 The response surface of amplitude, vibration frequency, and vibration time on the flower drop rate
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