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Analysis for Vibration Characteristics of the Watermelon for
Optimum Packaging Design in Domestic Distribution
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Abstract Shock and vibration inputs are transmitted from the transporting vehicle through the packaging to the fruit. The
vibration causes sustained bouncing of fruits against each other and the container wall. The steady state vibration input may
cause serous fruit injury, and the damage is particularly severe if the fruits are bounced at its resonance frequency. The
determination of the resonance frequencies of the fruits and vegetables may help the packaging designer to determine the
proper packaging system providing adequate protection for the fruits, and to understand the complex interaction between
the components of the fruits when they relate to expected transportation vibration inputs. To analyze the vibration properties
of the watermelon for optimum packaging design during transportation, sinusoidal sweep vibration tests were carried out.
The resonance frequency of the watermelon ranged from 19 to 32 Hz and the amplitude at resonance was between 1.6
and 2.9 G. The resonance frequency and amplitude at resonance frequency band of the watermelon decreased with the
increase of the sample mass. The multiple nonlinear regression equation for predicting the resonance frequency of the
watermelon were developed using the independent variables such as mass, input acceleration and sphericity.
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Fig. 1. Schematic diagram of the sweep vibration test apparatus
for the Watermelon.

Table 1. Harvesting date and physical characteristics of the watermelon used in vibration tests

Date of harvest Volume (cm?) Mass (g) True density (g/em®) Sphericity (%o)
7492.82 6913.75 0.9443 88.03
Watermelon (Kumchon) 2006. 8 (2106.24) (1807.03) (0.0692) (5.94)

*denotes standard deviation
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Fig. 2. General view of the sweep vibration test using the elec-
tro-magnetic vibration exciter.

[s}

FAT AolBE AL Y=
(KISTLER, 100 G)& AME5}S
o] el e AE A=
of RHaiA O, 73] A
gdoted 1% FUsh =9

g ASsan. B 5
A7) 98 e 2RE
4R Y@ A5/ 15ES

pantl
1=

i\l

Ho
T

Iy
& dlo
ol
:
o
)
I
ol
)

Tz
jg
=2

o -u
B
%
2

fit off
2
=
gl
g
N

o] AF

o £

q

u o
X,
4
Ol
i)
N,
2L
%
=
2
a2
X

3. 4898

B AToE §5 F ol e F e AE 34
He A2dle] fEARE 1% 7EE 2 S B
BA817] Qste] AR e54Te] Ef) riEk AlAE
oF, 7+ 2 ¥ R ¥AE8y FEAREIEY BB, X
2 w2yl e 320 A% FAES AS(500 Hzyskd +
wke] gy ao] gk 7M. W Fuke V)5S AL

Fadtol) tish AFARA] Fule W9E 10~200 Hz, 715
e 5o 55T B

(Peleg and Hinga, 1986; O'Brien et al, 19658 TF%

AZ $l5t BIEE B 99

HI

Aaslgon, 29S(sweep ratey | octave/minE. T3]
ol JhFEAFARE Y AFHES Fot] T FIATE
V25199 THASTM D3580). T3k S7akel] sl 71 Al
o] o] wE FZ Fueo] JFgE wAET] flste
Fig. 1 2 2014 Hi upe} o] 7k AlA HE A
o] 92 yhod 2 =W R Fasle) e i3

B

ha
W, 5o A1 A BAE S
E’_g]l

o 2
it o
4

2 o J
Q

3

ol
ol
%

1nd

o
R

=
—_

ofj

1ZaRd. o A, AA 9% 2
wo) Spaie] AEAEE AL A AZELH,

o §EARMIEY U TP B FUE
SAH(IE BY) 9% PR 57 ABUsO, RRE

®

Acceleration (G)

8
"16 T T T N T Y T v
0 5 50 I&) 100 15
Time(Seq)
(a) Non-paved road

16
@
<
2
B
[
®
S s
L4

-16

0 @ @ %D
Tirre (Seq)
(b) Paved road (national highway)

20 B0 180

Fig. 3. Vibration acceleration level be measured according to the
transportation road.



100

Fig. 4o LiERIsIc,. 1860
2¥+ 20~40Hz %
%4 2 S5k B 2aE ATIE e

seate] EHAAX) Halok B Fo Tl

25
3

=

BB - AU - 27 EEE - U g £ A5 51 Al
¢ 5 ol f#EAES 229 23PN 2 NFEY 2L

120~140 Hz tgeli}, &4t
o]_\:g

2 20~40Hz

O]‘:}. ok FARES] FAFNGTE RS -rfl}—’r: 23

el EAGTI FNEL
Wl 9%, ARHos AR FAASNE THA9

2R 98 FANEET
o e

2 AR gat g Ao] o|Fojxok ),

Acceleration (G)

Fig. 4. Octave

Acceleration (G)

Acceleration (G)

Fig. 5. Acceleration level of the watermelon by sweep vibration tests.

0.5

0

20 40 60 80 100 120

Frequency (Hz)
(a) Non-pavcd road

140 160

Acceleration (G)

Acceleration (G}

Acceleration (G)

Fig. 5% 025, 0.5, 075 ¥ 1.0 G4

7 48 s

%Zoﬂ Eq_E /\H],}\‘l ./] zo]. _?’]E 1_.(1) ___Eﬁ‘ﬂ‘ﬁ(z) m
7H7)(3)0] 7haFve Feu JEAE] o s 5

Azols, 7HA7e] Aol AEE 48 Fadels 7
e r EROE EREREERE L S
S 5 U] 3R FAGE o 19432 Hz 09 W)
o WASAT Fuke] AZ A F2 Fase Aol
= glol Fue) o FelME B FIRE ke A
0.5
0.4
0.3 4
0.2
0.1+
0.0 4
] 20 40 60 80 100 120 140 160 180

Frequency (Hz)

(b) Paved road (national highway)

3.0
1: Center
2: Side
2.5+ 3 : Control
1
2.04
2
1.5
1.0
05 ®\A 3
0’0 T T ¥ T T T T T I H
10 20 30 40 50 60 70 80 90 100 110 120
Frequency (Hz)
(b)0.5G
3.0
1 : Center
\ 2: Side
2.5+ 3 : Control
2
201
1.5+
1.0 444 3
W
0.5
0.0

. S ——
10 20 30 40 50 60 70 80 90 100 110 120

Frequency (Hz)

spectrum analysis of the transportation road using digital signal processing.
3.0
1: Center
2: Side
2.5+ 3 : Controf
2.0+
1.5+ 1
1.04
2
0.5+
(D 3
/A
OO T T T ¥ U T T T T T
10 20 30 40 50 60 70 80 90 100 110 120
Frequency (Hz)
(@)0.25G
3.0
1: Center
2 ; Side
2.54 1 3 : Control
2.0+
2
1.54
1.0+
(AN 3
05l LA
0‘0 T T T T v T T T T T
10 20 30 40 50 60 70 80 90 100 110 120
Frequency (Hz)
(8)0.75G

(0)1.0G



Vol. 12, No. 2 (2006)

75HAl Ho) Fig. 5] (A)sa} e %

o, 7FA7¢] 718 A 274 JMEEs

Fo) 845 FAYE

278t

ZﬁJriF o
i rI £
5] ASHA
=03 G& ekl &

o Atk oo £

Fol B2 F% diele) AFL W TR £ Ao

FAL 7Pl 93w} Bl ) gE 34¢ WA
dope 55 A ARE P Aok w1, el
A5 dejo] fEAR T Ul QX sER
S% T U] PARTE A A% B FAHL W
A B o,

sate] BRFTGE Table 29 o] = FHEES)

A7t 245 BoX 3

Al o5 A el A

(-0.7527y% wig- & AdETAZE

HE(0.2458)F ‘: /‘c}'ﬂ'—’_ﬁv
o] Wje] §2)

The B8t %xlﬂ%ﬂﬁ} are]
ZAeS wgom, 0. A

7iere] Wbyt il AsiAl Vet meEbA
A Table 3 9 49} 3bo] puke] AZFM)E ©l
E F 99 7EE@A) F2
(RF) 2 437}&;(?1\)« FHshE tEEAR
62 FRAFTG S} BAH7EES b&i“ﬂd

-

= z}o}.;q_‘

R eH, Fig. 62
YERAI.

2 292 F9 79

i =2=ua —

Az A% Tad

had

4

djo]Eo]u,
BRI AR e FATE 2HE o

101
USS L T I T
t}. o] A= A F(2000)
& Zo AgdAT AR
Ago] F4E FRFTF
G olslollA] Ete] ¥=

B AT

43t £

2 Fke) %ﬁ% T

ceare] B Folg el 4
4 7o) =23
U]

FaFs) o] Faprde] EAA B, 8 BYoR
ool T Q= AHAEe] AAE 450l ol FA 4

Table 2. Resonance frequency and peak acceleration of the watermelon by sweep vibration tests

Mass (g)

Sphericity (%)

Acceleration (G)

Resonance Frequency (Hz)

Peak Acceleration (G)

025 31.66 (3.19%) 1.62 (0.64%)
0.50 26.03 (3.33%) 243 (0.96%)

6913 (1807.03%) | 88.03 (5.94*
( ) (5.54%) 0.75 2242 (345%) 269 (0.82%)
1.00 19.85 (3.29%) 2.87 (0.83%)

*denote standard deviation

Table 3. Coefficients of multiple regression model for resonance frequency of the watermelon

Variabjes | RFAM =at bxId+cxIAf +dx I8 +exlogM +fx logMy +g % log(My® + h % log(M)? 2

Coefficients Standard error t-ratio Prob(t)

a —239292.39470 2344892.88600 —0.10204 0.91957

b ~-30.66583 18.08014 —1.69610 0.10280

c 45.82001 31.95069 1.43408 0.16445

d —28.86667 16.97261 —-1.70077 0.10191 0.9645

e 108644.95240 1058967.68100 0.10259 091914

f —18485.05743 179290.44460 —0.10310 091874

g 1397.25503 13487.53476 0.10359 0.91835

h —39.59531 380.38456 —0.10409 0.91796

Table 4. Coefficients of multiple regression model for peak acceleration of the watermelon
Variables | RE A M =a+ BIA + ¢ /A2 + dILAS —e * log(M) + £ % log(MY + g % log(M)’ + h * log(M)" + i X log(M)’ R2

Coefficients Standard error t-ratio Prob(t)

a 1255484.18900 8209.90525 152.92310 0.0

b —3.29273 0.54770 —6.01190 0.0

c 1.39531 0.27158 5.13772 0.00003

d -0.19512 0.03882 —5.02539 0.00004

€ —708372.42100 12597.92687 —56.22926 0.0 0.9911

f 159852.68300 341899218 46.75432 0.0

g —18034.10574 389.24650 —46.33080 0.0

h 1017.15254 18.79001 54.13263 0.0

i —22.94483 0.20981 —109.35615 0.0
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Fig. 6. Response surface for the non-linear modeling developed.
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