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Vibration characteristics of the fruits in corrugated fiberboard box by
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2. Als 9 9y

B Ay AeE Fae wj(An)s AHER)E Agsigon, 2005d 108 duks 7t
M 38 3 Algd AHLE7] AAA o 2789 AE A-LA (01T, 85:5% rh) HUTH
ANEEY 7EAQ BASS ® 13 zov, AFd A&7 A Ag4de @2 FA05T,
75% th)ol A & 4N Bk HEe A7 F AP AlgaAct. =3 Aol AHgE HA9
Z0A] TAAARE E 204 BiEutg o] FudA fEHL e LS EFE 8A
o} o]z oW Z i x|(double wall corrugated fiberboard) BAZX, AAte] FAL 7I2 x A
2 x ¥Eo)7} 520 x 350 x 250mm¢<! 15 kge®l RSC (regular slotted container)®olth. =&
&7l @ AR ZEAIE WA Er] Yt Az ¥ MW IHFHIYLH, 71
T (ventilating hole) @ &%o] F%(hand hole)o] l& FAbelA .

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

Date of harvest Volume (10* m% Mass (kg) True density (kg/m®)
Pear (Niitaka) 2005. 10 6.722 0.66 978.26
Apple(Fuiji) 2005. 10 . 3.619 0.30 830.75

Table 2. Type and physical properties of the corrugated fiberboard box tested.

Flute . Dimension Weight| CBW

Type (inner/outer) Paper composition (LxwxD, mm) | (kg) | (a/m?)

Remark

RSC A/B KA210/S120/S120/S120/KA210 520x350%250 15 900 sl 5

* CBW denotes combined basic weight

THA EFFALe] FHaAo NFEAHS FAEY] AT AT A IFHE,
dHH 2Y&(sweep rate)Z YA W9 FHFE Astr] A DEEH, AUZE
FENATE ZTE7], 1F A3 E ASsr] 94T 7/HESE Axs 8:d A/DREZ WEd
AFHEZ FAHUQCH AP AHLd AFHEL JAFANIZTE FH=9 olg o834
948 71EEE dASA FA 3.

Fig. 1. General view of the accelerometer installation on the fruits in the corrugated fiberboard box.
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zggaete] BAs AFAPel ASHE ASE ANE ofF AFoln, FAT Aol
2 AT QE 159 FAY ASE AN1000 GF ASeATh 29 14t 2ol AF
Holgole 44 A4EE 4287 9% I Adg JHEE ANE Raagon, =
oE MEE ANE E3aA delde Hae AFEAE ASsr Astd ERIAN
a9 gdd] Rzl YE2AN B2 NHEEE ASHAT =Y FAYAE 1B 4
witx Azse Ha3dsciy 598 A9zAoE FAPA W A ABIREEE A
st H3HE 2 29 TAAAE 214 ASEAE PRAYen FA A=
29 29 23 AAl 4YFAE 29 39 2o

Accelerometerl

e A

[ ¥ ¥ )
[ X X )
QQ Polymeric
a \.,) foam

[ ¥ )
“ ‘ Corrugated
NS> W fiberboard
YyVYVYY vjbmt"me"ﬁ :
Amplifier S
& filter

Servo
converterl‘> Computer ]—>
Controller

Fig. 2. Schematic diagram of the vibration test for fruits in corrugated fiberboard box.

Fig. 3. Vibration test for fruits in corrugated fiberboard box.
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ASTM D999 “Standard Test Method for Vibration Testing of Shipping Containers”$}
ASTM D3580 “Standard Test Method for Vibration (vertical linear motion) Test of
Products”ol & % & 3}(sinusoidal) EAZ 9} #Y(random) MAFAETE o] &3 EZAZA
L AF g AFAFEY AU H 218 “3*1‘6}—7 Ao & dFAME AEF AF
AYS Fate R TZLA URE A AFE AF BHE7] A 48 Fasde
A el FXF 34 (Resonance frequency) % 73797}—’—’.‘—5(peak acceleration)& Al&3ly &3
2 g s IAAAA ) dis) 4z A 29 WFAY(swept sinusoidal vibration test)
< FYI}AT dF E ST FL4AY JAF LY Fde 4*"“2}7} A5 H ol E
A A FHAAY olgHE= AL WAEy] Y5t F£HolF WAIleEE ¥HMER @543}
o ALY £Hols HHE 10mmE A Ao ol &H= ’\13 183 AT
39 FIg HAE 3~100 HzZ AALAoY 24 EL #9 1 octaveR ALAPFIFH L
M50 7Ee &L EYR 2e EAFAA HAHE NEEFE] 025 ~ 10
HE&3A. JAFHoEL JFHEG 4% MEZAZYEH o8 ddads
o] AFHoOIESY ¥MAE Ao er dF & A FAZA UE FH9 IAF5S
545 ASs7] st 28R FHASA LH 5‘]"%} L A i S S R R e S R
HEEAE FASAT B 3L 2 AT AEE AFHolEY AYS vEATh

2

mQ

o
4z o r
2 L = otﬂr

°¢

Table 3. Specification of vibration test system.

Items Specification
Sine Force 40,000N
Frequency Range 5 ~2,500Hz
max. displacement 50.8mm
max. velocity 1.8m/s
max. acceleration 80g
Alternate Power 34}, 380V, 60Hz, 56KW
max. Rated Armature Current 4,000A
Shaker Dimension H1775 x W1300 x D1127(mm})
Shaker Weight 4,500kg(9,910Ib)
Amplifier Output 40KVA
Amplifier distortion From 5Hz to 3000Hz less than 1%
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3. 43 ¥ 31F

31 X334 A% 349 H49 FAF %S

E 49 19 4% 2o H3e A AR o wig Alste] RFRLE STER A
=% Azoln] ol VFH ol YYtEEE 026g, 05¢, 0.75g, 1.0ge] ¥l 7HA B5- o
3 AP FRAAT. 4802 AFE F 39 A AR YRE A FeH &34 2
goz 947 gon 19 404 Hevks 2ol JHNEEI FAMESE A AR Ul
e} Alzhe] FRAFAFE Fashe AP ol A AAd U ITLY AAAE F
AHakaL .

Table 4. Resonance frequency of the fruits in the vertically stacked corrugated fiberboard boxes.

1 stack tier 2 stack tier 3 stack tier 4 stack tier

Input Pear Apple Pear Apple Pear Apple Pear Apple
Acce. | RF(Hz) RF(Hz) RF(Hz) RF(Hz) RF(Hz) RF(Hz) RF(Hz) RF(Hz)
Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper [ Lower | Upper | Lower | Upper Lower | Upper |Lower | Upper

0.25¢ |18.87127.95 16.36 | 17.39| 15.86| 29.46 | 12.53 | 12.19| 13,50 | 12.86 | 12.88 ] 12.88 | 10.31 | 10.43 [ 10.37 | 10.37
05g [1762]25.35] 12.46 | 14.45]14.89]25.35(10.18 | 10.18 | 11.11 ] 12.34 [ 10.13 [ 10.13 | 8.71 | 874 | 8.50 | 9.54
0.75¢ 16.05|23.26| 1025 | 12.29]13.97|22.741 9.11 | 862 | 946 |1054| 8.46 | 8.46 | 7.90 | 848 | 862 | 890
1.0g [14.83[21.02] 9.74 | 9.02 {13.76]20.23| 7.82 | 7.82 | 10.00| 848 | 7.90 [ 7.90 | 805 | 817 | 804 | 804
Ave. 116.84]24.40| 1220 | 1328 1462 24.45] 991 § 9.70 [11.02{11.06]| 9.84 | 9.84 | 874 | 896 | 898 | 921

*Note : RF = Resonance frequency (Hz)
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Fig. 4. Resonance frequency of the fruits by the sinusoidal vibration signal excitation.

32 XAAA 4% 59 HA9 A AEE
£ 59 19 5t 4woz HF® 4 TRRA Ul W, A3 PUNEES 354
__C[J_

2 A%e Avoln AEH % AATEET} 025, 05g, 0.75g, L0gsl vl 7Hd B4l
Wal 4wz AZE 4 o B TAYR WP uw, AnAA AZE FEAEEE 9
AeEst 371855 Frhe FAgoIen o= A AAe BF FPAEEe WF
EHRE f4H8 AFoIth 4802 HBY HY TPYA W B &4 FuY + 9

AANEEE QUNSES} 025g ~ 10gd @ W) ERERY A 25 sl b

iy e 4

FRANSES AZIYLH ARe] B AP 43 HBAA AP 2 FRAEES
1293tk olel g WS TR U HAAA 2BFIT BABEY FFAE AE
$917] Mol A3usel ek AAAEE ASHoE vehdd g9t BHd 43 F
¥ HAHE FAEEE 259 492 Sod TANCR $NY Fast Yok

Table 5. Peak acceleration of the fruits in the vertically stacked corrugated fiberboard boxes.

X,

1 stack tier 2 stack tier 3 stack tier 4 stack tier

Acce. pear apple pear apple pear apple pear apple
Amp. | PA(g_rms) | PA(g_rms) | PA(g_rms) | PA(g_rms) | PA(g_rms) | PA(g_rms) | PA(g_rms) | PA(g_rms)
Lower | Upper |Lower | Upper | Lower | Upper | Lower } Upper | Lower | Upper |Lower | Upper | Lower | Upper | Lower | Upper

0.25g | 0.653 [ 0.8720.5141.056 [ 0.668 | 0.511 ] 0.705 | 0.640 | 0.633 | 0.550 { 0.898 [ 0.819 1 0.625 | 0.820 | 0.778 | 0.746
0.5g | 1.145 | 1.46111.174(1.8381.285]1.461 | 1.121 ] 1.081 | 1.048}1.072 | 1.276 | 1.197 [ 0.989 | 1.262 [ 1.249 | 1.281
0.75g | 1.561 [1.8961.887|2.695|2.046|1.542|1.519|1.469{1.622 | 1.518 [ 1.842] 1.762 1 1.407 | 1.793 ] 2.255{ 2.171
1.0g | 1.930 }2.1502.405|3.313]2.983 | 2.404 | 2.238 | 2.221 | 2.430 | 1.831 | 2.878 | 2.750 | 2.492  2.300 | 3.379 | 3.379
Ave. | 132 [ 159 | 1501223 175|148 140|135 (143|124 | 172|163 |138] 1541192 | 1.89

*Note : PA = Peak Acceleration (G-rms)

143



—&— 1 stack tier
—&— 2 stack tier

A 3stack tier
—&— 4 stack tier

4
—8— 1 stack ter
—&— 2 stack tier
& 3 stack tier
3} | —@— 4 stack tier . 3l
] C]
< (=
£ $
o o
o 2t o 2h
8 8
< <
s 5
[ [
a 1p a 1}
o L ' : : L L ' : 0
62 03 04 05 06 07 08 08 10 02
Input Acceleration Level(g)
(a) Peak acceleration of the pear on the (b)

lower part of box

05 06 07 08
Input Acceleration Level(g)

04

lower part of box

—&— 1 stack tier
—&— 2 stack tier

- - 3 stack tier
—&— 4 stack tier

Peak Acceleration(g)

w
T

Peak Acceleration(g)
~
T

T

-—=— 1 stack tier
~@- 2 stack tier
-4 3 stack tier
—44— 4 stack tier

s

-
. » ///
/ »
P
e
T
L : : ) L L L L
03 04 05 06 07 0.8 09 10

1
05 06 07

Input Acceleration Level(g)

0.4

(c) Peak acceleration of the pear on the (d) Peak acceleration of the apple on

L
08

upper part of box
Fig. 5. Peak acceleration of the apple by the sinusoidal vibration signal excitation.
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2. 4¢te 2 AAF TAZA e uloA AZH FAVEZ Hojgd 2983gE 29 S
AN AFHAow T3 T332 W AFeA ASE AAME R JYg 3.379gE 4
o g2 A Ueldou fEAe A3 wAFd 2 AFENET gid Aol Yo
Aoz AU
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