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Evaluation of Vibration and Mechanical Characteristics
of Satsuma Mandarin during Bulk Container Transportation

KANETA Tomoko*!, NAKAMURA Nobutaka*?*, THAMMAWONG Manasikan*’,
SOGA Ayaka*, YOSHIDA Makoto**, NAKANO Kohei** and SHIINA Takeo™**

* 1 Tokushima Agriculture, Forestry and Fisheries Technology Support Center,
1660 Ishii, Ishii, Ishii, Myozai, Tokushima 779-3233
% 2 Food Research Institute, NARO, 2—1-12 Kannondai, Tsukuba, Ibaraki 305-8642
% 3 The United Graduate School of Agricultural Science, Gifu University, 1-1 Yanagido, Gifu, Gifu 501-1193
* 4 Kanagawa Agricultural Technology Center, 1617 Kamikisawa, Hiratsuka, Kanagawa 259-1204
% 5  Graduate School of Horticulture, Chiba University, 648 Matsudo, Matsudo, Chiba 271-8510

The vibration characteristics, contact load, and breaking strength of Satsuma mandarin stacked in a
triple-wall fiberboard box under a vibration treatment (2-30Hz, 0.6 G) were investigated for evaluating
the feasibility of using a bulk container (BC) for fresh produce transportation.

Acceleration transmissibility (AT), which is the value obtained by the acceleration of individual fruit
divided by that of the vibrating table, was used as the index for vibration characteristics of BC and
carton box. The maximum AT values for both BC and carton box were recorded for the top layer
mandarin. This maximum value of AT of the top layer fruit, at 1,000 mm from the bottom as the
maximum height for the practical use of BC, was 3.6 times of carton box.

As for vibration load, when the number of stacking increases, BC contact load would increase with
lower peak frequency.

Breaking strength values, obtained by the compression test for individual fruit, were dependent on
several factors such as compression direction, growth conditions, and storage period, and the addition
of artificial scratches. The value of compression for ‘top and bottom direction’ was higher than that
for ‘equatorial direction’. The breaking strength value of greenhouse-grown fruit with scratches was
half of that without scratch. Furthermore, stored fruits with and without scratches showed
significantly higher breaking strength value than that of greenhouse grown type.

Breaking strength is determined by the mechanical characteristics of fruits and compression speed.
Therefore, it is crucial to prevent the inclusion of damaged fruits in the BC and to set stacking
heights based on the mechanical characteristics and transport conditions to ensure safe transportation
of Satsuma mandarin using BC.
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Fig. 1
bulk container, B: Measurement method for the effects of vibration frequency

on acceleration transmissibility among the stacking

Bottom XX

PC

Carton Box

Bulk Container

A: A schematic of the vibration treatment for Satsuma mandarin in a

layers of Satsuma

mandarin in bulk container and carton boxes

a . Acceleration date logger
b ! Personal computer for data collection

Table 1 Stacking arrangement of Satsuma mandarin
and measurement positions
Number of Middle  Bottom
Top layer
total layers layer layer
20 20th* 10th 1st
Bulk 10 10th 5th st
container 5 5th 3rd 1st
3 3rd 2nd 1st
7 7th 4th 1st
Carton 5 5th 3rd 1st
box 3 3rd 2nd 1st
1 1st = ==

*The number of layer that started counting from the
bottom layer
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D
sl

Bottom 1200 J2

PC__|b

Fig. 2 Measurement of maximum stress in the contact points between
Satsuma mandarin fruit at the bottom and the floor. Arrows indicate the
position of pressure sensor

a . Pressure date logger
b ! Personal computer for data collection

(A) (B) ©
&
&2 :
Scratch

Fig. 4 Measurement method for the breaking strength
of Satsuma mandarin skin

A Top and bottom direction
B ! Equatorial direction
C : Top and bottom direction with scratch

Fig.3 An example of a measurement
reading for contact load on Satsuma
mandarin at the bottom EE R
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1D =T 72 [HR] 2ER L7, BErEEORE (1/208H) OMEEmERORKAMEIX, 4.60, 1.728
&, JEHERER (Instronthi, 5564) BXOEE 1lem, X U1.95TH o7 (Table 2)o HIHEEEER O R AE
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LEMA (DT, REHED) &L, BERICHEECL 1%, 208 TId7.5Hz, 10BRE# TI127.5Hz, 5 BFE#
BEHOBEZRAMEL L (Fig.4). REKIZ3~5 TI310Hz, 3 BREMTIZ15HzT, BHMBEBOKE VB
& L7 X0 ¥ —7 B ER DA SNz (Fig.5). 7z,

FEBLOTEOMEELREROY — 7 HEE D & LK

L FERROBE % R L 720

(2) BR—IFE SERBEINEER-VHENO I

h v (BHIAY) TS IEEEEROREELEZ
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Table 2 Maximum values of acceleration transmissibility for Satsuma mandarin among loading layers and boxes in a

bulk container and carton box

Top layer Middle layer Bottom layer
Accereration Accereration Accereration
Frequency A Frequency e Frequency o
transmissibility transmissibility transmissibility
20th/20-layer 7.5 4.60 10th/20-layer 7.5 1.72 1st/20-layer 2 1.95
Balk  10th/10-layer 7.5 6.26 5th/10-layer 7.5 1.74 1st/10-1ayer 7.5 2.83
container 5th/5-layer 10 5.91 3th/5-ayer 10 2.27 1st/5-layer 10 2.35
3th/3-layer 15 4.75 2nd/3-layer 15 2.88 1st/3-layer 15 2.19
Tth/7-boxes 20. 2 4th/7-boxes ' 4.37 1st/7-boxes 30 1.76
Carton  5th/5-boxes 16.4 3rd/5-boxes 7.44 1st/5-boxes 30 2.17
box 3rd/3~boxes 7.5 11.0 2nd/3-boxes 7.5 5.35 1st/3-boxes 5 3.08
1st/1-boxes 12.5 5.00 - - - - - -
~ 77 —»— 20th/20-laysers = 20
[ —~ -@-
~ 6t A —a— 10th/10-layers '*% . ¢- BC-Top
::_; s | —8— 5th/5-layers g .15 -©- BC-Middle
= o B
é P Y o . --#- 3rd/3layers § 2 o —— CB-Top
2, = é —— CB-Middle
= E2
'8 2 ®
] S B
£ =7 s o
< 0 0 5 10 15 20 25 30

Frequency (Hz)

Fig.5 Effect of number of stacking layers on acceleration
transmissibility of Satsuma mandarin in a bulk container

2571 -x— 7th/7-boxes
-4- 5th/5-boxes
-~ 3rd/3-boxes
-o- 1st/1-box

15¢

ot
(=]

93]

'l <
_—J
SRDUES 4 )

5 10 15 20 25 30
Frequency (Hz)

o

Acceleration transmissibility (—)

o

Fig.6 - Effects of number of stacking boxes on
acceleration transmissibility of Satsuma mandarin in
carton boxes

Table 2 3 & OFFig. 6 ISR L7z 7 fRERIC BT B h05%
BRERORKEE, LB (748/7HEH%, 2
T, #7/7BOLHIKE), HEM FH4/7E), T
BH GE1/7B) TERFN20.2, 4.37, BXULT6
Thh, LBETIVKREDPo/72, 5HB LU 3FHERERIC
BWTd, BR—VHETHEBRPBCE AL, wih
OREBEH T b & LBEMHOMBEFELEI R O HVEE
ALz REBMICBIT A — 7 FEEE, 7HERT

Frequency (Hz)
Fig. 7 Maximum acceleration transmissibility readings in

Satsuma mandarin among loading layers

BC-Top . 20th/20-layers
BC-Middle : 10th/10-layers
CB-Top : 5th/5-boxes
CB-Middle : 3rd/5-boxes

13 5Hz, SEEETIZS5Hz, 3FEMWIMTIL7. 50z, 148
R T12.50zTH D, ¥— 27 FHEEIEIBCL MARICHE
BHBOKE VRBRX TRV ET A S N7z (Fig.6).
¥, PEMIRLIBEAEEABOEN TR LS (Table
2)o —F, BTRETITEMN LB, hEMEEELR
D, 7HEWTII0Hz, 5FHEW T30z, 3FHEFEB|TS
Hz T Y, BBBEBEOLWRBRR O — 7 BB/
SWHMER L7,

(3) BCHLUVBR—-ILBOLE  MEEEERD
¥ — 27 B, BCTIX20/208% - 10/208% & % 127, 5Hz,
BAR- VBB CIEMEs /5B - H3/58BEbIC5HT,
BC, BBR—NVEEEL DTS5 ~T7. cHz ik fusiic ¥ — 7 &
BEAERD 57 (Fig. 78 & UFTable 3). BCOBZAM
HEDERE, BRI VLB L T/HEL, 20/208
TIXB AR — VH D0, 2815, 10/208% TI30. 235 TH 5 7=,
2. IHUHBEICESRIRFEDRE

(1) BRICNHZEEBSHE = SIREBFEH TR
MEE ATV, BCCEZBEBRBRShAI Ay EHI D
Y)Y 9B, BTEI I VIS 2EEEBTEICDOWT
Fig. 8IZ/R L 720 IRB)FFMTE OB AE & 2 DR OIREE
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Table 3 Maximum acceleration transmissibility for Satsuma mandarin among loading layers

Bulk container Carton box
Accereration Accereration
Frequency e Frequency % pe s
transmissibility transmissibility
Top layer 7.5 4.60 16.4
Middle layer 7.5 1.72 7.44
Bottom layer 2 1.95 30 2.17

Top layer: Bulk Container is 20th/20-layers, Carton box is 5th/5-boxes
Middle layer: Bulk container is 10th/20-layers, Carton box is 3th/5-boxes.
Bottom layer: Bulk container is 1st/20-layers, Carton box is 1st/5-boxes.

18
16
14

N

N N
N 7N

N N
N N

z
B2 | o-& "\‘
510 A-p - k---A--a
=
S 8
g 6
E 4 -
2 P kgt T
S| ¢ *--»
0
0 10 20 30
Frequency (Hz)
—¢ 20-layers  —B— 5-layers
-A-10layers -©-3layers
Fig.8 Effects of number of stacking layers on

maximum contact load of Satsuma mandarin in the
lowest layer

WL, 20BREKRTI1X16.8N + 2Hz, 10B:FE#KTi1312.8
N - 7.5Hz, 5 BEAHIRTi%6. 70N - 10Hz, 3 BEFEIR T3, 47
N - 15HzC, FEREEHS L VT ERAMEI KL, K
WEEEBSICY 7 b L

(2) REDOHHEE IAY N ZABLIOWIE I
B V) \IEMEM A, RESWETS HBEOME (I
Wrsk ) % Fig. 912/ L7z,

AR BT AR X, ET DS OEHT,
N AR A 49, 2N, B A 2 101. 6N, FRE DS
DIEMT, N7 AIH V314N, B3I 7 Y 77.6NT,
W X D LT HROBBIEREX, NTAIAVER
FICEM o772 (p<0.05) 72, NTAIA Y TRRE
THE O HRESRE R M EZFREICLE 72 (p<
0.05)c HriEk I & >~ Ti&, LTI & ARE 7 10 O RE T 5
FEWCIIHE B L EVRO LN o7,

—77, BRIIBT D LTRSS QMR T B WM
WREEIE, N AIH V251N, I 4 V123.0NTH D,
W X A VR OBWTREE I N A I h VR EARIC
o7 (p<0.05)0 F7z, N7 AI AT IGROBEWT
RN AI N VRERZARICTEY (p<0.05),
MW R ISR OR 5 ENKT Lz —F, B3I

200 -
Z 150 -
5
)
=
= 100
= i
o0
B
o
E N .
0 L - L - 1 1 J
Top and bottom  Equatorial  Top and bottom Top and bottom  Equatorial =~ Top and bottom
direction direction  direction+Scratch direction direction direction+Scratch

Fresh Satsuma mandarin cultivated in the green house I Stored Satsuma mandarin cultivated in the open field

Fig. 9 Breaking strength of Satsuma mandarin for two types of fruits, and the maximum load of
Satsuma mandarin stacked in twenty layers under sinusoidal vibration
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