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Vibration Measurement and Analysis During Fruits Distribution for Optimum
Packaging Design

G. S, Kim H. M Jung K B, Kim M, S Kim

The freight vehicle is mostly used to transport the fruit. Shock and impact generated by the freight vehicle may give
serious damage to fruits hence to reduce the fruits damage, the optimum packaging design during transportation by vehicle
is required. In order to design the packaging system for fruit transportation optimally, the comprehension of characteristic
for vibration and shock acting on vehicles under various road conditions and loading methods is required. This research
was performed to analyze the shock characteristics, acceleration level and power spectral density (PSD) of the fruit
transportation vehicles under several travel roads and positions. The vibration signal was measured and analyzed at the
transportation vehicle operating on the road of three different surface conditions. The maximum acceleration was measured
at the rear-end of the vehicle, and the acceleration in the direction of up-and-down (z-axis) was much greater than those
in the directions of back-and-forth (x-axis) or right-and-left (y-axis). The peak acceleration in the direction of up-and-down
(z-axis) at the vehicle driving on the expressway, the local road paved with concrete, and unpaved local road were 5.3621
G, 8232 G, and 14.162 G respectively. PSD at 2.44 Hz showed maximum value at all road conditions. The maximum
values of PSD on the expressway, a local road paved with concrete, and unpaved local road were 0.0075222 G’/Hz,
0.058655 G?‘/Hz, and 0.24598 G*/Hz respectively. The value of PSD decreased with an increase of the vibration frequency
of the transportation vehicle. In most cases, the vibration frequency was below 20 Hz during transportation.

Keywords : Acceleration, Power spectral density (PSD), Random vibration, Shock, Transportation

1. NE NN AFL] £FE A2 A7) ete] Zrsolo} Bk
uHH O 2 53 AR HERY Fol W= 7))
5T Bl 753 < 75 T 2uellA HEEy] A7k ARl EA0E I SAELS oF 30-40% ] olEt Aoz

A%, 8w 550 B Fol HEBR WS wet £ deiA glod o
Aol Mg 2 gltk 53] £pay B E ¢ Qs o 9H o) ws)
& AF D FABS B L FEGEHE] 2k A9

710,
AL
AFIAE TN 71 2 e4e FIEtEE S 9y oRb BRI olgaht Jlo] 7hY QiAo

oH

This study was conducted by the research fund supported by Ministry of Agriculture and Forest. The article was submitted for publication in
September 2007, reviewed and approved for publication by the editorial board of KSAM in October 2007. The authors are Ghi Seok Kim,
Researcher, KSAM member, Man Soo Kim, Professor, KSAM member, Division of Bioresources Engineering, Chungnam National University,
Daejeon, Korea, Hyun Mo Jung, Professor, KSAM member, Dept. of Packaging Management, Kyongbuk College of Science, Waeguan, Korea,
Ki Bok Kim, Senior Researcher, KSAM member, Division of Metrology for Quality Life, Korea Research Institute of Standards and Science,
Daejeon, Korea. Corresponding author: M. S. Kim, Professor, Division of Bioresources Engineering, Chungnam National University, Da¢jeon
305-764, Korea; Fax: +82-42-823-6246; E-mail: <mskim(@cnu.ac.kr>,

38



GEo 2e B w 2ol s
DT, 347 22 2249 A8 5 5 Qo) o] 09
FoA 558 FBAFANN AZHE A% 9 FAGES
she] St ARA O Aol glov] B4 TAUAS
B AF) £42 Fo] A FEAE, B2 gl
AApgelel e el 2gshs A% U FA% W 1 54

£ geteles Ao i Fasirh
Hinsch 5(1993)& A28 H7PAA R Holgl= thd3lE
ZE olgsto] A2, Heol wiE Tk Iy Foll 2
= AEATE AEslo] pSDE EA1E1ITE PSDE 3.5 He T
A 74 AA YERE O™ 9 Hz, 18 Hz, 25 Hz1-7FlA]
=A YERThL S pSDy iE&StEA} viee] S5
NN 7V A et eAEke] 7o nlE) 3
o) kR = A YeRdthyr Hskith Vursavus 2F
ozgiiven(2004)= W FALRAM EES Al 50 km=
FANTIHA M-S AST An Egupexe] Fake &
ZE 5~10 Hzpgho] A9 35%, 10~15 Hz ko] oF 29%
E A EFF oy FAVIEEEYE 025~0.50 GO o]
A2 oF 41%, 0.5~0.75 G T0] °F 26% % WEREITHL
3F3Ath Singh 6(2006)> T2 H7PA]of whE PSD
= 579 A¥ A8 FEigid B8 AR P AnE |
7}%}%} N 0.89 Grms, 5712 WW‘M}H 0.5 Gs = LFEF
$om olE ZAR st WY FAFIYHES AAISIH.
OVU Aollx] EA3E vhel 2ol 75 F T2 ks I
0o et 45 B = 1?46* A& 542 A
7171 Y= AAgt A oaFHdaL S
A 2 Aol Al A% A A

o M m r\* r

lN

= Q3F z}

Il

WSS Sl AERE ad 49 2AUA

1A 339

93 Y AzE T $150) A A

Accelerometer

- J fi(t)

C

Road and vehicle

J. of Biosystems Eng. Vol. 33, No. 1.

ool = eeh =2 o) BEAARsle] e AFNEE
ASale] FA0) 75 Z 4D & Qe ABY §9% 1
2712 289

ap, A%z S A
) &= 2] AEATE ASsl| $st Adaz|e] sk
= g8 13 2 AR A" ARE AXE 13 20 UE)
— _— _‘{ A

usaye] ALE ehigih
Aol ALgE B FEATS T 3ol mzke) o)
o) AAgo] 159 B0 3 AAF %, 32 1
R 3%0) AASEAS Ao} 9 F B
F9 AZetdon, Nde] AHEE AL BT (Leal:
spring)H419] FF AANE BHAAL Eee] AR

3ol A2}

Fig. 2 Vibration measurement and recording apparatus.
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Fig. 1 Schematic diagram of the vibration measurement and analysis.
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Table 1 Specifications of the accelerometer
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Table 2 Specifications of the e-DAQ apparatus

Item Specifications Item Specifications
Range ~1,000 G Analog input 16 ch
Frequency range 5~4,000 Hz Input operating 10~60 volt
Sensitivity -50.0 pClg Operating temp. 20~65C
Non-linearity +1% FSO Digital /O 10 ch
Shock 5,000 G Sampling rate ~1,000 ch
Mass 44.5 gf Frequency measurement ~50 kHz
Mounting stud/wax Resolution 20 ns
Z(up-down direction)

A

P Y(left-right direction)

X(back-forth direction, travel direction)

Fig. 3 Position of accelerometers on the truck bed and their measuring directions.

Table 3 Specifications of the truck used in vibration measurement

Truck dimension (mm) Truck bed (mm) Engine Max. capacity (kge)
Length | Width | Height | Length | Width | Height | Displacement (CC) | Max. power (ps) | Max. torque (kgrm) 1 000

4,795 | 1,740 | 1,965 | 2,785 | 1,630 355 2,497 123 25 ’
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Table 4 Travel distance, speed, and time on the tested roads, and its conditions

Type Condition Route Distance (km) | Speed (km/hr) |Travel time (s)
: Kyungbu expressway
Expressway | Paved with asphalt . 130 90 6000
xpressway avee with aspha (Kyungbuk Waeguan~Daejeon)
Expressway 11 Paved with asphalt Ky ut-lgbu cRpresSway 155 90 8400
(Dagjeon~Seoul)
Expressway 111 Paved with asphalt Jungbu expressway(Daejeon~Seoul) 160 90 7800
. Honam Expressway
E | \Y Paved with asphalt , : : 4 80 1800
APIESSWAY aved with aspia (Daejeon Yusung IC~Daejeon Biryong IC) 0
Local Road 1 Paved with concrete Nonsan local road 10 40 900
Local Road II Unpaved Kangkyung local road 5 20 900

40



HEEANA ASE 7B YA R w2 kS UEk
Uglom, o] Hinsch 5(1993)9] ArAstels GAfst A
o]t

= Tk 2 IR B 5E
£5&= PSD Taatde X 278k
TEEEATE 71FOR S Zlo] BYE Ao w wawgicy

o,
Y,
offl
1itad
e
2
S

L., FRE2Y HAE 41 PSD
22ke] 9% G tha) 42 QAT AR A&

J. of Biosystems Eng. Vol. 33, No. 1.

35 W] ZisEdl gk Holgk HAE B Gtk E 6
o HFERASITE. 3% 6014 B= ups} o) el ASH 3
5 g wet & 2folg B3t ko] ey
= A H:) I FA-EHyH)Me TSRS MZ AL

Sl a2 Hola §lou ASPRHzE)A ASE 7EEE
PEEZO AL FHU) 53621 G, AHE £29] ¢ FHu

O

A 2710 A9 141621 GEA AZ 399

TEEERTE 24 48804 A 8.5112] AolE vERITH
T3 = A2y AFAFE BA5] Y 7go) A

A ¥ PSD(Power Spectral Density)7} @2] o]-g¥tt A3t

T A PSDE U A (1) 2] FojEH:

PSD = (1/BW)X(RMSgi’)/N (1)
o374, PSD: Power Spectral Density(G*/Hz)
BW: 215.2] t%¥(Hz)
RMSgi*: Aje] £7ke] 7H5e] AEIHG)
N: AlEE Holg ] &
1,

Aol FUS FYPT L) FPLTEA 39
5 tisl 4 ()2 PSDE AXbste] so =
gl tigt Al =2¥ pSD ZzalS Ao

Table 5 The maximum, minimum, and Gms at various road types and measuring positions

E
Acceleration xpressway | Expressway 11 Expressway IlI
Front Middle Rear Front Middle Rear Front Middle Rear
Max. (G) 3.8061 4.0766 4.6219 2.6935 4.8008 3.3605 3.0134 49685 4.7589
Min. (G) -3.7186 -5.7892 -4.2165 -2.9547 -4.6717 -3.5596 -2.8635 -4.4529 -3.8747
ms (G) 0.2956 0.3208 0.2871 0.2610 0.2731 0.2293 0.2597 0.2947 0.2738
: Expressway IV Local road I (concrete) Local road II (unpaved)
Acceleration :
Front Middle Rear Front Middle Rear Front Middle Rear
Max. (G) 42286 5.5632 5.3621 3.5963 5.4451 8.2321 6.0786 8.3731 14.1621
Min. (G) -5.0371 -4.9987 -3.9923 -3.2462 -4.9925 -66098 -8.7122 -6.2576 -ﬁ-¢7.'9435.
rms (G) 0.3596 0.3810 0.3346 0.3356 0.4427 {);4666 0.7148 0.9922 -'.1.0568, )
Table 6 The maximum, minimum, and Ggs according to the vibration directions
E |
Acceleration . xpressway Expressway 11 Expressway III
X-axis Y-axis Z-axis X-axis Y-axis Z-axis X-axi1s Y-axis Z-axis
Max. (G) 0.8847 24277 .. 46219 0.6901 2.3560 3.3;605 1.2299 2.3548 47589 ..
Min. (G) -2.5951 -3.7394 -4.2165 -1.0038 -1.9940 -35596 -2.5995 -3.8042 |- ';7-3,_8?47' |
rms (G) 0.0932 0.1660 0.2871 0.0673 0.1045 0.2293 0.0794 0.1301 | - 0.2738 .
, Expressway IV Local road 1 Local road II
Acceleration :
X-axi1s Y -axis Z-axis X-axis Y-axis Z-axis X-axi1s Y-axis Z-axis
Max. (G) 1.1099 0.7299 - 5.3621 0.8046 0.7455 . 8.2321— 1.6708 2.9911 14,:1621-
Min. (G) -2.9467 -2.6496 -3.9923 -3.0558 -2.7214 —6.5098 ' -2.9281 -3.7927 |.. -=71.9435
rms (G) (0.1001 0.0967 0.3346 0.3893 0.3493 0.5614 0.3993 0.3681 | - 1.0537
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Fig. 4 PSD profiles of the different expressways. Fig. 5 PSD profiles of the different roads.

Table 7 PSD values at different measuring positions on the truck

Acceleration Expressway | Expressway II Expressway 111
Back-forth | Left-right | Up-down | Back-forth | Left-right | Up-down | Back-forth Left-right Up-down
PSD(G*/Hz) | 0.0002393 | 0.003266 | 0.006077 | 0.00009689 | 0.001254 | 0.004347 | 0.0001545 0.002004  |.--0.006496
Freq.(Hz) 13.670 17.578 2930 | 13.670 16602 |- 2930 | 13.670 17.578 2930

_ Expressway [V Local road I Local road II

Acceleration : :

Back-forth | Left-right | Up-down | Back-forth | Left-right | Up-down | Back-forth Left-right Up-down
PSD(G*/Hz) | 0.00008814 | 0.0003429 | 0.007522 | 0.0004196 | 0.001487 | 0:05866 0.001392 0.002489 9.2459
Freq.(Hz) 20.996 16.113 | 2441 | 13.184 16.113 | . 2441 |  19.043 14.16 2441
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Table 8 Range of vibrational frequency and PSD on the various testing roads

Expressway 1|

Expressway 11

Expressway 11

Frequency (Hz) PSD (G2/HZ) Frequency (Hz) PSD (Gz/Hz) Frequency (Hz) PSD (G/Hz)
1~22 0.0065 1~22 0.0045 1-22 0.00065
41~56 0.000903 41~56 0.000903 41~56 0.000903
73~110 0.000323 73~110 0.000588 73~110 0.000352
153~237 0.000239 153~237 0.00024 153~237 0.000357

Expressway IV

Local road I (Concrete)

Local road II (Unpaved)

Frequency (Hz) PSD (G2/Hz) Frequency (Hz) PSD (G*/Hz) Frequency (Hz) PSD (GQ/HZ)
1~13 0.00752 1~13 0.0587 1~13 0.246
39~86 0.00166 39-86 (0.0063 39~86 0.0232
110~198 0.00132 110~198 0.000837 110~198 0.00442
TS AST A, AP OL NS Bl 4, B B
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