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LSS 2028 3L 40EFF SNl 6 RTR THEFT 8ORHE
9.JEWIEeAR  10.HE A
1. Frequency converter 2. Frame 3. Eccentric disc 4. Connecting rod
5. Motor 6. Adjustment sheet 7. Rocker 8. Fixture 9. Transparent board
10. Vent
B BEHHEDSBFMNEKE
Fig.1 Separation test device of wine grape
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Note: Ly, Ly, L3, La, in turn, are the length of driving link, connecting rod, rocker
and rack, m; 6y, 6, 65, in turn, are the azimuth angle of L, L,, Ls, rad; w1, w2, w3, in
turn, are the angular velocity of driving link, connecting rod and rocker, rad-s™.
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Fig.2 Plane crank-rocker mechanism kinematic diagram
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Note: myis mass of wine grape, kg; F'is inertial force of grape , N; F, is normal
inertia force of grape, N; Ft is tangential inertia force of grape, N; G is gravity of
grape, N; / is the length of the stem, m; ¢ is rotational displacement of grape, rad;
a is the acceleration of grape, mm's'zg a, 1s normal acceleration of grape, mm~s’2;
a,is tangential acceleration of grape, mm-s™.
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Tablel Physical characteristics of wine grape
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Chardonnay 87.36 9.43 96 0.9
Cabernet 104.15 13.22 116 0.90
sauvignon
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Table 2 Factors and levels
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Levels Motor speed Eccentric distance Rocker length
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3 245 75 200
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Table 3 Test record and analysis

S2MK 2 Factors

Sy % Separation rate y/%

pas
Exp?r&ignferjlt no. x| X X3 £ UL )
Chardonnay Cabernet sauvignon
1 1 1 1 72.25 81.25
2 2 2 2 88.75 91.89
3 3 3 3 96.70 90.77
4 1 2 3 89.53 59.54
5 2 3 1 68.63 89.25
6 3 1 2 68.52 73.91
7 1 3 2 93.02 94.74
8 2 1 3 74.80 67.74
9 3 2 1 90.43 96.27
K 254.8 215.57 23131 K 235.53 222.90 266.77
K, 232.18 268.71 250.29 K, 2438.88 247.70 260.54
. K 255.65 258.35 261.03 FRE K; 260.95 274.76 21791
Chardonnay k 84.93 71.87 77.10 Cab.ernet k 78.51 74.30 88.92
ke 77.39 89.57 83.43 sauvignon ke 82.96 82.57 86.85
ks 85.22 86.12 87.01 ks 86.98 91.59 72.64
R 7.83 17.7 9.91 R 8.47 17.29 16.28
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Table 4 Variance analysis of separation rate
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Source of Degree of freedom Average sum of . L
. Sum of squares F value Critical value Significance
variation f squares s
X 116.7 2 58.3 5.3 F0.05(2,20)=3.49 *
R X2 534.8 2 267.4 24.1 F0.01(2,20)=5.85 **
2 X 150.5 2 75.3 6.8 F0.01(2,20)=5.85 =
Chardonnay
7 Error 221.5 20 11.1
S Sum 1808.4 26
X 107.8 2 53.9 3.2 F0.05(2,20)=3.49
T X2 448.5 2 224.3 13.3 F0.01(2,20)=5.85 ok
Cabernet X3 468.7 2 2343 13.9 Hx
Sauvignon 1% % Error 336.1 20 16.8
S Sum 1361.0 26
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Note: * expresses significant effect, ** expresses extremely significant effect.
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Experiment of fruit-pedicle vibration separation of wine grape

Li Chengsong™?, Gao Zhenjiang™*, Kan Za?, Wang Lihong?, Yuan Panpan?, Wang Zhe?
(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832000, China)

Abstract: Grape variety is plentiful, and can be divided into wine grape and table grapes in general. Xinjiang, Bordeaux
and California are called the "grape plant heaven". However, the wine grape is still hand-harvested, moreover labor cost
for harvesting is more than 50% of the total cost during production period. Fruit-pedicle separation is a key link in the
mechanized harvesting. Grape reciprocate swinging according to a certain frequency and amplitude is inspired by
oscillating mechanism, then the resulted inertia force can eliminate the fruit-pedicle connection force to realize
fruit-pedicle separation. Normal inertial force plays the major role in grape and pedicle separation. For this experiment,
vibration separating test device base on crank and rocker mechanism was designed and built. Eccentric disc was driven
by motor, making grapes clamping on the rocker swing. The fruit- pedicel vibration separation model was built.
Movement path and velocity were obtained by analyzing the movement of the crank rocker mechanism. Fruit-pedicle
separation amplitude equation was gained by analyzing the fruit-pedicle separation conditions. At the same time, the
main influence factors of separation, motor speed, eccentric distance and vibration rocker length were determined
through the analysis of the models. The experimental study on grape was carried out. Using Chardonnay and Cabernet
Sauvignon planted in Xinjiang Shihezi city, 152 groups of grapes were selected as samples. The sampling dates were
respectively on September 9 and 14, 2014. The sample selection was based on grape average value of mass and length.
The wine grape samples after taken were refrigerated rapidly to retain freshness. Notation was used to calculate the rate
of grape separation with the formula. Experiment factors levels was achieved on the basis of preliminary experiment, and
L9 (3%) orthogonal test plan was designed. Each test group was replicated three times, and the average value of three
replicates was used as the test group result. Grape peduncle was fixed on the dynamic and settled fixture of the vibration
separate test device. And vibration time was 10 s. Visual and variance analysis methods were used to analyze the data.
Observation from the experiment indicated that eccentric distance, rocker length and motor speed affected the separating
effect of Chardonnay and Cabernet Sauvignon in primary and secondary. Analysis of variance showed that eccentric
distance and rocker arm length influenced separation rate was significant, and motor speed affected significantly for
Chardonnay, but not for Cabernet Sauvignon. The observation from the experiment and variance analysis of data were
consistent. Cabernet sauvignon exceeding Chardonnay in mechanical separation rate was achieved by analyzing the
influencing factors that controlled the separation rate. Therefore, Cabernet sauvignon was more suitable for mechanical
harvest. The separation rate of optimal parameters that the motor speed was 245 r/min, eccentric distance was 75 mm,
and vibration rocker length was 200 mm. These parameters were verified. The result showed the separation rate of wine
grape was 95.2%. The range of grape vibration frequency was 2.11 to 3.69 Hz and grape peduncle amplitude was
169.8 mm. All of those were achieved by putting the optimal parameters in motion analysis and fruit-pedicle separation
condition. The study could provide a reference to the design and optimization of wine grape harvester.

Key words: fruits; vibrations; separation; wine grape; fruit-pedicle



