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Damage at the Peach Due to Vibrational Stress During Transportation Simulation Test

S. R. Choi

Y. H. Lee

D. S. Choi M. S. Kim

Post-Harvest processing engineering is a field that studies prevention of the quality change of agricultural products during

sorting, packaging, storage, and distribution after harvested. In distribution steps, agricultural products could be damaged
by physical force, it is the main reason of low quality and they lost value of commodities. This study was performed to

find the vibration characteristics of the peach, and to find the extent of the damage on the peach by fatigue stress. The vibration

data was obtained on expressway and the vibration characteristics of peach was used to find the damage on the peach.

To analyze the vibration characteristics of peach, the resonance frequency and vibration transmissibility were measured.

The resonance frequency of the peach was 167.98 Hz and the transmissibility was 4.06 at resonance point. It was 150 ~

250 Hz that the transmissibility was more than 1. And the transmissibility in simulated test was measured. When the
trasmissibility was more than 1, the range was 15 ~ 65 Hz, and when it was less than 1, the range was 65 ~ 175 Hz.

When the transmissibility was about 1, the range was 5 ~ 15 Hz. The damage and the vibration cycle numbers of peaches

were compared with input frequency and acceleration. More damage and less cycle number happened in 30 Hz than in
62.5 Hz. The reason was that the transmissibility of 30 Hz was higher and the vibration displacement in lower frequency

was more. The more acceleration and cycle number increased, the more the bruising volume of peaches increased. The

bruising volume ratio for vibration fatigue was measured according to input acceleration and cycle number. Using measured
data, regression models for bruising volume ratio(BVR) was developed as a function of the acceleration(A) and cycle

number(CN) as follows.

BVR = a * A’ (CN)

Keywords : Peach, Fatigue damage, Vibration
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Table 1 Harvesting date and physical characteristics of the peach

Cultivar Date of Mass Density Firmness
WIVAL ) parvest (kg) 10° kgm®) | (N)
Hwangdo | 2008. 10. | 0.351 (0.020)|0.978 (0.011) | 23.4 (5.8)

* () : standard deviation
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Fig. 1 The main window for the program to measure the resonance
frequency.

Fig. 2 The jig used for measuring the resonance frequency.
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Fig. 4 The attaching method of the peach to the vibration exciter.
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where, BV : Bruising Volume (mm’)
r : radius of curvature (mm)

w : width of Bruising Volume (mm)

U

: depth of Bruising Volume (mm)
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Table 2 Resonance property of peach

Item Freq. (Hz)

Trans. Phase Q

average

i) | 16798 (056

4.06 (0.92) |65.53

(5.64)| 18.62 (2.40)
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Fig. 6 The transmissibility of the simulation test for transport.

Table 3 Bruising Volume Ratio in fatigue fracture test at 167.98 Hz
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Freq. Acc. No. of BVR (%)
(Hz) (©) cycles avg. max min
0.5 0.0839 0.2009 0
167,98 1 1of 0.0594 0.2286 0
1.5 0.053 0.2066 0
2 0.2768 1.7719 0
* BVR = Bruising volume / total volume Acc. : Acceleration
Table 4 Vibration transmissibility in simulation test according to frequency
30 Hz 62.5 Hz 167.98 Hz
Transmissibility 1.692 (0.192) 1.045 (0.241) 0.610 (0.137)

* () : standard deviation
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Table 5 Bruising Volume Ratio in fatigue fracture test at 30 Hz

0] 62.5 Hzol| 42| AFALE(1.045) 8} I3, A5 of
Aof|A o] XFHLA7F 7] Wil F o FAE Ik
=84 S Bste] Epoll] AdEA ol tish 7A1%Q1
712 AAEe] Q1A 7] wlell, & AFellM= Heol
9] AAS Hpole] AA AFox Y EAANY
1H(0.25, 0.5, 1%)%2 Heote] AZ23yE AAskelth
ol A AF 2 0.25%F 40w 7HYsisle o &
5041 30 HzE A HE 0.5 GO 7oA = &4Fo] Lhe)
U] kkal 1 GolldE 10°3], 1.5 GolME 10°8] 7101S 3
Fe W 0.25%0]432] &gl e 1 GO 7oA EHs

Freq. Acc. No. of BVR (%)
(Hz) ©) cycles avg. max min
05 10° 0.0053 0.051 0
' 10° 0.052 0.147 0
10° 0.042 0.221 0
| 10* 0318 0.775 0
5%10* 0.476 1.073 0.141
10° 0.537 1.245 0.086
30 10° 0.252 0.843 0
s 10 0.424 1.134 0
' 5%10* 1.036 2619 0.127
10° 1.95 3.974 0.2
10° 0.737 1.418 0.15
2 10* 1.632 3.063 0.107
10° 5.647 11.605 1.135
Table 6 Bruising Volume Ratio in fatigue fracture test at 62.5 Hz
Freq. Acc. No. of BVR (%)
(Hz) ©) cycles avg. max min
10° 0.041 0.109 0
0.5 3x10° 0.079 0.232 0
6x10° 0.112 0318 0
10* 0.025 0.096 0
1 10° 0.044 0.101 0
3x10° 0.036 0.189 0
6x10° 0.127 0.476 0
62.5 10* 0.059 0.166 0
s 10° 0.175 1.08 0
' 3x10° 0.287 0.537 0.145
6x10° 0.322 0.876 0.034
10° 0.035 0.107 0
5 10* 0.099 0.381 0
10° 0.427 0.741 0
3x10° 1.02 3.356 0
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Fig. 7 Response surface of bruising volume ratio of the peach as
a function of the vibration acceleration and cycle number in
vibration fatigue test at 30 Hz.
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Fig. 8 Response surface of bruising volume ratio of the peach as
a function of the vibration acceleration and cycle number in
vibration fatigue test at 62.5 Hz.

Table 7 Coefficients of multiple regression model for bruising volume ratio

Freq. . BVR = ?1*Ab"‘(CT\I)c Coefficient of multiple
(Hz) Variables Coefficients Standard error t-ratio Prob. (t) determination (Rz)
5.857012 5.313606 1.102267 0.29617
30 b 2.408304 0.330629 7.284007 0.00003 0.9280
c 0.456587 7.770971 5.875552 0.00016
9.111036 1.145327 0.795496 0.44178
62.5 b 4.760941 0.463795 10.264978 0.0 0.9570
c 0.657527 8.900144 7.387822 0.00001

* Note : BVR = Bruising Volume Ratio, A = Acceleration(G), CN = Cycles Number, a, b, ¢ : variables
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