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Introduction

Transportation of fresh fruit and vegetables is complicated because it can be affected by various factors.
Truck vibration is one of the most prevalent causes of mechanical damage to fresh fruit during transportation.
Poor driving performance, road features, package features, truck features, package location, and fruit features are
the main factors that affect truck vibration. After the harvest, the crop's quality can be maintained and cannot be
improved. Thus, the globalization of fresh produce trade needs better long-distance transportation systems to
deliver high-quality products to the consumer. Fruit packaging is an essential factor in reducing the mechanical
damages caused by transportation. A wide-ranging of distribution environments could affect designing packages.
Accurate information about the traffic and transportation status of any region helps packaging designers to
produce a more precise simulation of the existing conditions. Thus, this research was conducted to analyze the
vibration levels for truck transport on highway roads using multi-sensor-based computing on packaged fruit in
Iran.

Materials and Methods

Towards this goal, a wireless sensor network (WSN) made of three sensor nodes with tri-axial accelerometers
was designed to measure the vibration levels of a truck equipped with leaf-spring suspension on highway roads.
This WSN solution enabled the sensors to be easily mounted at different locations and provided real-time data
monitoring. A GPS receiver and a laptop were used to determine the location of the truck, and data analysis,
receptively. To analyze the vibration data a, power spectral density function (PSD) levels were applied. A PSD
function shows the strength of the variations (energy) as a function of frequency. Broadly, it shows at which
frequencies variations are strong and weak. The vibration levels measurement was carried out on three trucks
with leaf-spring suspension. The three selected routes represent different roads type in Iran. The reason for
sampling the data acquired in the long route was to obtain information from different geographical locations on
the country's roads.

Results and Discussion

The acquired data can be used in laboratory vibration tests if it is independent of the fruit type. Because the
acceleration of the truck bed, unlike the one in top rows, does not depend on the fruit type and the acceleration at
the end of the truck is higher than at the front, the current study focused on the vibration at the end of the truck
bed. Compared to the ASTM 4728 standard, the PSD levels of the truck on highway roads were higher from 1 to
35 Hz and lower from 35 to 200 Hz. The average RMSG values calculated for lateral, longitudinal and vertical
directions of heavy trucks were 0.406, 0.236, and 0.654 G, respectively. For trucks with spring suspension, the
highest PSD values occurred at frequencies below 6 Hz, and the frequency range of 3-4 Hz was determined as
the dominant frequency. Comparing the average RMSG (0.654 G) found with the ones mentioned in previous
studies showed that the vertical vibration levels of the truck in Iran are higher than in most countries. Apart from
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driving quality, these results can be explained by the type of suspension system, amount of load, and road
quality.

Conclusion

In sum, the results can be used to simulate the truck transport conditions by programmable vibration
simulators to reproduce the vibration conditions for package testing on Iran roads. The findings are highly
interested in improving packaging design, reducing fruit damage, maintaining shelf life, smart transportation,
and related industries. Thus, potential future works are lab simulations, optimizations of packages, and the
development of a real-time vibration monitoring system.
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Table 1- Truck features and details of the packaging, and routes for vibration levels measurement

098 05loud 1 2 3
Truck ID
Sy 291 54 0P 2981 35
Brand Benz Axor Foton Benz Axor
eobe Juo 2009 2014 2007
Year of built
Bl oo S S8 s
Suspension type Leaf-spring Leaf-spring Leaf-spring
'Ifue 315/80 R22.5 235/7.5 R17.5 315/80 R22.5
ir
kb 10000 4000 10000
Load capacity (kg)
ok ol 9500 4000 8300
Load weight (kg)
090 oW oW VRt
Fruit Apple Apple Toamto
e &y RPC* RPC RPC
Package type
s &S R Ol el L
Route Tabriz-Karaj Maragheh-Tehran  Shiraz-Birjand
Aots 550 600 1000

Distance (km)

(490*300*190 MM?) sa5ce s3] colils b Suzwdly aves #
*Reusable Plastic Crates (490*300*190 mm?)
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a5 gilwosls e jala 5 5l eslizul L PSD Jlages ],
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Lol gl a3kl 1 208 5,0 ¥O gVl (eloLuils )b
A5 sien 5 (Slonks 35 ol L 50 1T0 (sl il 3
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Fig.3. The PSD spectrums for the vibration level of truck in a vertical direction on the highway road at 90 km h™ speed
on the rear-down location of truck 2
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Table 2- Three peak values of PSD (G2 Hz) spectrums on highways in three different routes

g0 (Syla 000>

Freq; PSDy~  Fr €q, PSDy. F reqs PSDMax3*
Route  Sampling
1 3.906 0.423 9.766 0.078 8.594 0.066
1 2 3.846 0.214 16.026 0.101 18.590 0.086
3 3.516 0.237 1.953 0.139 2.734 0.116
4 3.516 0.335 0.391 0.289 5.469 0.233
1 3.774 0.142 1.887 0.136 6.604 0.081
2 2 3.906 0.231 2.734 0.15 5.859 0.087
3 3.906 0.152 5.859 0.148 3.125 0.135
4 5.469 0.179 3.906 0.159 6.25 0.036
1 2.732 0.119 5.463 0.042 3.902 0.041
3 2 4.688 0.239 3.125 0.203 3.906 0.124
3 4.683 0.093 3.122 0.075 5.463 0.053
4 3.512 0.151 4.683 0.091 2.341 0.039

PSD 13905 posuSle poldo s
* Peak values of PSD spectrum
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