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Resonance Characteristics of Fruits in Packaging System
for Parcel Delivery Service
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Abstract Fruit and vegetables are subjected to complex dynamic stresses in the transportation environment. During a
long journey from the production area to customers using parcel delivery service, there is always some degree of vibration
present. Vibration inputs are transmitted from the vehicle through the packaging to the fruit. Inside, these cause sustained
bouncing of fruits against each other and container wall. These steady state vibration input may cause serous fruit injury,
and this damage is particularly severe whenever the fruit inside the package is free to bounce, and is vibrated at its res-
onance frequency. The determination of the resonance frequencies of the fruit and vegetables may help the packaging
designer to determine the proper packaging system providing adequate protection for the fruit, and to understand the com-
plex interaction between the components of fruit when they relate to expected transportation vibration inputs. Instru-
mentation and technologies are described for determining the vibration response characteristics of the fruits with
frequency range 3 to 150 Hz. The resonance frequency of the pear ranged from 53 to 102 Hz and the amplitude at res-
onance was between 1.08 and 2.48 G. The resonance frequency and amplitude at resonance decreased with the increase
of the sample mass, and they were slightly affected by mechanical properties such as bioyield deformation and rupture
deformation. Regression analysis was performed among the relatively high correlated parameters from the results of cor-
relation coefficient analysis.
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Table 1. Harvesting date and physical characteristics of the pear used in sweep vibration tests

Storage period Volume Mass True density
Date of h; t
ate of harves (Mon.) (10 m?) (ke) (ke/m?)
. 2 5.1371 (1.0148) 0.5124 (0.0918) 989.15 (64.07)
Pear (Niitaka) 2013. 10
3 5.0791 (0.9851) 0.4917 (0.0854) 981.31 (61.24)

*( ) standard deviation.
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Fig. 2. Sweep vibration test apparatus for the pear.
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Fig. 3. Universal compression tester for fruits.
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Fig. 4. Acceleration gains for vibration exciter and the pear.

GeIth AfH oz (13} AlZo| 23} AEHTE F3IFar
o} AR SN HFH O oF 2 He, 0.03 G IA A
HRou SAAHA F24 (p>0.05) AATE =3, =9
s TErdeM s FI gdF ] &
&t o] 3 Fuk thY- 40 Hz ©lsk(Jung, 2003)
ojlpg, 1 AFM ASE Gulg SFZAIE W uje
RIS EEils W, & *‘6‘401]*1 ARE-E el

HH Q}Tizl—/\]/\EﬂO EHHH_Q_ oz = 3} 7]»-/\40] 9)\7‘:‘

719& k] ).

Hle) Q% 8 FAel o) Beld yu sl 4%
A guAe 2@ U zhed Wle) A, Fig 59 7
o] §-M3% =X (Force-Deformation curveydollA vje] A&
AFRAS =23 0n), 13 Aol vle) JEAPRA
2 4721~68.38 N (57.16+8.52 N)°| oL}, 23} AHo|M =

120
100 - Rupture point
80 |

z

3 eo0f

H

40 | Bioyield point
20
0 1 1 1 1 1
0 1 2 3 4 5 6

Deformation (mm)

Fig. 5. Force - deformation curve of an apple by compression
test.

FIESY| st 2 kst s K|
L @
(1)
o)
T 01t
L
=
o
o
@
Q
2 0.01 | (1) Control signal
(2) Response signal
1E-3

L1
10 100

Frequency(Hz)

43 72~64.70N (49.84+7.46 N)2A, 12} el 285 vl A
Zo] AESHAAM HgkS 8IS o oF 8NOJ Ajo]
£ H3om, FAACE {oH (p<0.05)°] AT}, B, ul
o] BAAIFE 13} AolM 1138.63~1342.75 kPao]loH,
22} AFoME 109259~ 1281.32 kPaZ AIZE AT £4
B AER) EwEe 9 2 Wy (2} Ao 7}
7} 1.92~5.54 mm, 2.68~ 7.45 mmo| oL}, 23} Ag oA
= 44 135~2.28 mm, 1.87~429 mm&H, 13} A3jA]
o] FEe] vk A VERkoH, 7 AEZE el tigk &
A %Aﬂ(p<o 05)°] AT}, olelg A= AEA A
o] zpoloflA] 7|91t Aoz A 0™, Finney(1970)2}
Abbott(1994) 5 o13] ATFAEC] BuEHd ule} 7o), A
g 245 7R 4 A9 31 XEge Tk BHofA
Ho}p 9 lErdiols Wit Bagk e & o
Aok ZAEFoIAL, g Atz o] Aol = AEA] 7
4, 4, AEA FEHPEF 2 S8 o] w2
T AR & IR)=

\‘

2.4 =2y, YN 54 ¢ NSSYENS 2
ok A EAPAR ) S

A 471 s BAE B sk 13k ¢ 23F B

AZ-o] AFXZ Datafit (Version 9.1, OAKDALE Engl-
neering, Oakdale, USA)S ©]&3t A #AE alod
Table 2oﬂ YeRRATE ol B i} o), ARy vje]

= B3
E"‘/}:}

T2 Age "ARXZ(DAR g =2 A4 (-0.8398)
7t 9183 & JSlon, S EE HwA =2 A
A7 (0.6349y5 YERNIT. 3t XTI = vl A,
AA, AEA R 2 S A vy =2
AABAE VeERNSUTE

W AR AAE oz nje] Feka) HZH o) ulE =)

=
& SR ) W] B2 Q50 WElE ey



Vol. 21, No. 3 (2015) Bl E ETAIANEI0| AEE oo SEISd 95
Table 2. Correlation coefficients of selected parameters for vibration test of the pear
MA VO DE SC G-rms RF BP BD RP RD E DA

MA 1.0000

VO 0.9662 | 1.0000

DE 0.9584 | 0.9978 | 1.0000

SC 0.0035 | -0.0050 | 0.0085 | 1.0000

G-rms | -0.9442 | -0.9238 | -0.9158 | 0.0131 | 1.0000

RF -0.6245 | -0.6021 | -0.5722 | 0.0656 | 0.6394 | 1.0000

BP -0.2514 | -0.3096 | -0.3039 | -0.3047 | 0.2480 | 0.1766 | 1.0000

BD -0.6667 | -0.6676 | -0.6598 | -0.1401 | 0.6025 | 0.4585 | 0.6187 | 1.0000

RP -0.1791 | -0.2535 | -0.2485 | 0.0652 | 0.1520 | 0.1035 | 0.7283 | 0.4084 | 1.0000

RD -0.6748 | -0.7021 | -0.6934 | 0.0217 | 0.6927 | 0.5228 | 0.3243 | 0.7597 | 0.1789 | 1.0000

E 0.1561 | 0.1256 | 0.1397 | 0.0427 | 0.0903 | 0.0674 | 0.1620 | -0.3386 | 0.0784 | -0.2620 | 1.0000

DA 0.1534 | 0.1440 | 0.1107 | -0.0449 | -0.1360 | -0.8398 | -0.0568 | -0.1711 | -0.0275 | -0.2055 | 0.0506 | 1.0000

*Note: MA = Mass of the pear, VO = Volume of the pear, DE = Equilibrium diameter, SC = Sugar content, RF = Resonance fre-
quency, BP = Bioyield point, BD = Bioyield deformation, RP = Rupture point, RD = Rupture deformation, E = Apparent elastic

modulus, DA = Displacement amplitude.
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