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Table 4 - Comparison of modal frequencies (based on ANSYS software) and frequency function response in terms of
acceleration in harmonic response analysis (based on ANSYS software) for large group orange
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Table 5 - Comparison of modal frequencies (based on ANSYS software) and frequency function response in terms of
acceleration in harmonic response analysis (based on ANSYS software) for small group oranges
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oranges

Agricultural Mechanization & Systems Research
25(89), 2024

Ao



Olsed 9 (55205

e ygbite 4 JUS 3 Bogre Sige,d ey (5515810 5 oo

Amplitude (m/s?)

Frequency (Hz)

S5 09,5 gameli JUS 3 (6132 (w88 ey 5T 31 a3liknl b oo (il )3 s 3 LS yl3905 A JSS
Fig. 8- Acceleration graph in terms of natural frequency using frequency response analysis for small group Thomson
oranges

S yle 4 o] G 4 a0 Vo dga [0 gl
5 Josa Lol 5,5 OV 51 (s a S
09 sladliin sl Jsl s 4w ;5 Sigo o
Leorlnbn cnlao)a Vol 1 5eS S 9 555
Sgaze sl Jome e S8 B WS 4 4z
Sl oo aalllae (l 53 osliiwl )9 (0 y25 Ay
s obozel JB g 48,0 4y 9o () Oy
5 JLi 5 bge il glaeile (o >l)b 5 Laie
5 Jo> 5 oty 5l ey sloapiilSe (3lwante
g, ) a4 &
b Joo Glee a0l sloul sgae sl Jow -
JL8 5 890 (Senl v sl Sy ()2 sl
9, )5 @ Wlgior (2285 Slats 4 5ls g
Olsis by (Senlnd pims yiion glo Somzm -
o lw I gloo i3 e b ay il (ol
3o Oldes j0 0llgl oo aS 0, 5 sl glay 5

S5 A
Lol S 8 e OB pgoie 5 oy SLs -
SzsS 55, 05,5 sl liin o Il b
5 o3 L el 55,0 YVIBHzZ 3 OV/F i 4y
7 Sl S 8 ey B S ey ot
slaJlis o (g 3JUT) (gooe ¢ (2B isle;])
gm0, /0 g o, ) A S5 09,3
s s S sl U sl S
TR RN B INWESRY | NSRS RV A §
SUNPUN NN Ry BN
3l oslawl Ly wgasme gl Jlog—o 35T 5 ool
L gl slsosls 5 (Sigaylm gl SIS
OO 3lg g LS B 8090 e (3 S i
el Hl3Ble 5o i woli il glsosls ol as
) i i o (ol LS oo
Esly 5 Jlog—s 5T lm il s 8 B 0o S
o) slaJliin slog, 5 g0 o gl Sige)lo

Bl oy

).»..Q)).: sdjlfsé )LAW‘BJL.:)‘L:BLS;Q‘ Q_A.SJA&J 6J.A.~J d)l?‘ ;9.“:)‘ J.ALT)}.‘ac\JoM c\j‘)‘ s uayaD)é u@wy

S50 092 g Liwly (pl yo (g low mdlio 5 wilosges

Fo by

Ahmadi, E., & Barikloo, H. (2016a). Viscoelastic finite element analysis of the dynamic behavior of apple
under impact loading with regard to its different layers. Computers & Electronics in Agriculture, 121,

1-11. https://doi.org/10.1016/j.compag.2015.11.017.
Agricultural Mechanization & Systems Research
25(89), 2024



NA-AL Lol V£ ¥ alAR 8o /Y0 s/ (55)9liS oyl juilSlo g aailobe ol

Ahmadi, E., & Barikloo, H. (2016b). Mechanical property evaluation of apricot fruits under quasi-static &
dynamic loading. Journal of Agricultural Machinery, 6(1), 139-152.
https://doi.org/10.22067/jam.v6i1.29489.

Albaar, N., Budiastra, I. W., & Hariyadi, Y. (2016). Influence of secondary packaging on quality of carrots
during transportation. Agriculture and Agricultural Science Procedia, 9, 348-352.

Aliasgarian, S., Ghassemzadeh, H. R., Moghaddam, M., & Ghaffari, H. (2015). Mechanical damage of
strawberry during harvest & postharvest operations. Acta Technologica Agriculturae, 18, 1-5.
https://doi.org/10.1515/ata-2015-0001.

Anon. (2015). Agriculture database of FAO-STAT. Available at http://FAOSTAT.FAO.ORG.

Baharin, N. H., & Rahman, R. A. (2009). Effect of accelerometer mass on thin plate vibration. Jurnal
Mekanikal. 29, 100-111. https://www.researchgate.net/publication/44707632.

Celik, H. K., Rennie, A. E. W., & Akinci, I. (2011). Deformation behaviour simulation of an apple under
drop case by finite element method. Journal of Food Engineering, 104, 293-298.
https://doi.org/10.1016/j.jfoodeng.2010.12.020.

Chiputula, J. (2009). Evaluating mechanical damage of fresh potato during harvesting & postharvest
handling. (M. Sc. Thesis), University of Florida.

Gao, Y., Song, C., & Rao, X. (2018). Image processing-aided fea for monitoring dynamic response of potato
tubers to impact loading. Computers & Electronics in  Agriculture, 151, 21-30.
https://doi.org/10.1016/j.compag.2018.05.027.

Gyasi, S, Fridley, R. B., & Chen, P. (1981). Elastic & viscoelastic Poisson's ratio determination for selected
citrus fruits. Transactions of the ASAE, 24(3), 747-0750. https://doi.org/10.13031/2013.34332.

Jung, H. M., & Park, J. G. (2012). Effects of Vibration stress on the quality of packaged apples during
simulated transport. Journal of  Biosystems  Engineering, 37, 44-50.
https://doi.org/10.1016/j.postharvbio.2022.111918.

Malalasekera, W., & Versteeg, H. K. (2007). An introduction to computational fluid dynamics. 2" Ed. The
finite volume method, Harlow: Prentice Hall.

Mohsenin, N. N. (1978). Physical properties of food and agricultural materials. 2" Revised and Update
Edition. Gordon and Breach Science Pub. New York.

Namdari Gharaghani, B., Maghsoudi, H., & Mohammadi, M. (2020). Ripeness detection of orange fruit using
experimental & finite element modal analysis. Scientia  Horticulturae, 261, 1-8.
https://doi.org/10.1016/j.scienta.2019.108958.

Santos, F. L., Scinocca, F., & Marques, D. S. (2021). Modal properties of macaw palm fruit-rachilla system:
An approach by the stochastic finite element method (SFEM). Computers & Electronics in Agriculture.
184, 1-9. https://doi.org/10.1016/j.compag.2021.106099.

Soleimani, B., & Ahmadi, E. (2014). Measurement & analysis of truck vibration levels as a function of
packages locations in truck bed & suspension. Computers & Electronics in Agriculture, 109, 141-147.
https://doi.org/10.1016/j.compag.2014.09.009.

Song, H. Z., Wang, J., & Li, Y. H. (2006). Studies on vibration characteristics of a pear using finite element
method. Journal of Zhejiang University Science, 7, 491-496. https://doi.org/10.1631/jzus.2006.b0491.

Velloso, N. S., Magalhées, R. R., Santos, F. L., & Santos, A. A. R. (2020). Modal properties of coffee plants
via numerical simulation. Computers & Electronics in  Agriculture, 175, 1-13.
https://doi.org/10.1016/j.compag.2020.105552.

Agricultural Mechanization & Systems Research
25(89), 2024

AY


https://dx.doi.org/10.22067/jam.v6i1.29489
http://dx.doi.org/10.1515/ata-2015-0001
https://doi.org/10.1016/j.jfoodeng.2010.12.020
https://doi.org/10.1016/j.compag.2018.05.027
https://doi.org/10.1016/j.postharvbio.2022.111918
https://doi.org/10.1016/j.scienta.2019.108958
https://doi.org/10.1016/j.compag.2021.106099
https://doi.org/10.1016/j.compag.2014.09.009
https://doi.org/10.1631/jzus.2006.b0491
https://doi.org/10.1016/j.compag.2020.105552

RULS PR e gglake 1 JU p Bose Sige )l Gy (515810 55 Jlodi

Wang, F., Ma, S., Wei, W., Zhang, Y., & Zhang. Z. (2017). Frequency sweep test & modal analysis of

watermelon during transportation. International Journal of Food Engineering, 13(5).

https://doi.org/10.1515/ijfe-2016-0362.
Yousefi, S., Farsi, H., & Kheiralipour, K. (2016). Drop test of pear fruit: Experimental measurement & finite

element modelling. Biosystems Engineering, 147, 17-25.

https://doi.org/10.1016/j.biosystemseng.2016.03.004.
Zhang, H., Wu, J., Zhao, Z., & Wang, Z. (2018). Nondestructive firmness measurement of differently shaped

pears with a dual-frequency index based on acoustic vibration. Postharvest Biology & Technology, 138,
11-18. https://doi.org/10.1016/j.postharvbio.2017.12.002.

Agricultural Mechanization & Systems Research
25(89), 2024

AY


https://doi.org/10.1016/j.biosystemseng.2016.03.004

Agricultural Mechanization and Systems Research/Vol.25/No.89/Spring 2024/P:69-84 { L E

Journal Home Page: https://amsr.areeo.ac.ir ey
AERI ERAMDY

Research Paper

Software Analysis of the Harmonic Response of Orange Fruit to Determine

Natural Frequencies to Prevent Damage During Transportation

V. Kahrizi*, E. Ahmadi and A. R. Shooshtari

*Corresponding Author: Ph. D. of Mechanic Biosystems Engineering, Faculty of Agriculture, Bu-Ali Sina,
Hamadan, Iran. Email: vahidkahrizi2012@gmail.com

Received: 8 December 2024, Accepted: 15 March 2025

https://doi.org/10.22092/amsr.2025.367934.1508

Abstract

The design and development of agricultural machinery is directly related to the biological properties of
agricultural products. Without knowledge of the dynamic properties, engineers and designers must use
experimental methods to design agricultural machinery and equipment, which is inefficient in terms of time
and cost. The aim of this study is to identify the natural frequencies in two small and large groups of Thomson
oranges using finite element modal analysis and harmonic response function using ANSYS software. To
obtain the data required for simulation, an impact test was performed with a pendulum device. A three-
dimensional geometric model of the orange was drawn in ANSY'S software, and the physical and mechanical
properties of the peel and flesh of the orange were determined separately. In order to validate the natural
frequencies obtained from the modal analysis using harmonic response analysis and triaxial accelerometer
data by determining the frequency range and also entering the accelerometer data values into ANSYS
software, a natural frequency versus acceleration diagram was drawn. The difference between experimental
frequencies and modal analysis for both groups is highly reliable, so that the coefficient of determination
(R2) resulting from the comparison of experimental frequencies and modal analysis for large and small group
oranges is 0.9559 and 0.9682, respectively. Therefore, the finite element model and experimental method
used in this study can be used as a cost-effective and reliable method for designing orange fruit harvesting
machines and optimizing post-harvest and transportation mechanisms.
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