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A Study on the Application Direction of Finite Element Analysis in
the Field of Packaging through Research Trend Analysis in Korea

Hakrae Lee, Kyubae Jeon, Euisuk Ko, Woncheol Shim, Wookgun Kang, and Jaineung Kim*

Department of Packaging, Yonsei University, Wonju 220-710, Korea

Abstract Proper packaging design can meet both the environmental and economic aspects of packaging materials by
reducing the use of packaging materials, waste generation, material costs, and logistics costs. Finite element anal-
ysis(FEM) is used as a useful tool in various fields such as structural analysis, heat transfer, fluid motion, and elec-
tromagnetic field, but its application in the field of packaging is still insufficient. Therefore, the application of FEM to
the field of packaging can save the cost and time in the future research because it is possible to design the package by
computer simulation, and it is possible to reduce the packaging waste and logistics cost through proper packaging design.
Therefore, this study investigated the FEM papers published in Korea for the purpose of helping research design using
FEM program in the field of packaging in the future. In this paper, we analyzed the 29 papers that were directly related
to the analysis of FEM papers published in domestic journals from 1991 to 2017. As a result, we analyzed the research
topic, FEM program, and analysis method using each paper, and presented the direction that can be applied in future pack-
aging field. When the FEM is applied to the packaging field, it is possible to change the structure and reduce the thickness
through the stress and vibration analysis applied to the packaging material, thereby reducing the cost by improving the
mechanical strength and reducing the amount of the packaging material. Therefore, in the field of packaging research in
the future, if the FEM is performed together, economical and reasonable packaging design will be possible.

Keywords Finite element method, Container production, Pressure vessel, Material characterization, Drop impact and
vibration analysis
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Identification Scholar Dkyobobook — Donestic Journal (n=117),
(n=228) National Dissertation (n=111)
|
Records screened by abstract
(n=228)
Sereening Records excluded becaluse that unrelated to Packaging, Container Production,
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I (n=98)
Full-text articles assessed Articles with research
Eligibility for eligibility by one investigators J==] topics and content that
(n=32) are not directly related
I to packaging were
Lo luded Articles included for analysis excluded.
(n=32) (n=66)
Fig. 1. Flow Chart of Study Selection Process.
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Table 1. Analysis Method

OF FEM A & distol #hoh 3t 193

Area Analysis
Year 1991-2000, 2001-2010, 2011-2017(-6.31)
Type Domestic Journal, National Dissertation
Korean Society for Precision Engineering, Korean Institute of Gas, Composites Research, Korean Society of
Mechanical Technology, Transactions of the Korean Society of Mechanical Engineers, Korean Society of
Journal Machine Tool Engineers, Korean Society of Manufacturing Technology Engineers, Transactions of Materials

Processing, Korean Society for Noise and Vibration Engineering, Korean Society for Aeronautical and Space
Sciences et al.

FEM Program

ANSYS, ABAQUS, MSC/MARC, LS-DYNA, SHARP-RE, NASTRAN et al.

Subject

Container production process, Pressure vessel, Material characterization

Number of Research Paper by Year

14
12
12
8
6
| .
0

1991-2000 2001-2010 2011-2017(-06.31)
Year

Quant ity

Fig. 2. Number of Research Paper by Year.
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Table 2. Summary of Studies about Container Production Process
Subject FEM Program Analys.ls Analysis Tool | Material
Dimension
A Study on the Strains in the Flange in a Square Cup Drawing'?) PAM-STAMP 3D Static Structural | Metal
Stress Analysis of the Prestressed Dies by Using FEM® ANSYS 2D Static Structural | Metal
Steady-Static
Thermal Analysis of Continuous Casting Mold'® ANSYS 2D Yyl Metal
Thermal
. . . 1 Steady-Static
Structural Analysis of Continuous Casting Mold ANSYS 2D Metal
Thermal
Analysis of Forming P f PET Bottl i
Halysis o Orr,m,n g Trocesses o 14) ot using ABAQUS 3D Static Structural | Plastic
a Finite Element Method
A Study on Analysis of Polymer Extruder Process using . .
.. 6) SHAPE-RF 3D Static Structural | Plastic
Finite Element Method
Development of the In-Mold Coating Process for . .
. . . 16) MOLDFLOW 3D Static Structural | Plastic
Injection Molding Parts of Thermoplastics
A Study on the Optimized Blister Method using LS-DYNA'® LS-DYNA 3D Static Structural | Plastic
Predicti f the Film Thickn d Pattern Variati -Stati
rediction of the .1 m Thickness an a.err;) ariation PAM-FORM 1D Steady-Static Plastic
through Film Insert Thermoforming Thermal
Finite El t Analysi the St d
e 'emen r'1a YSIS Off The SHess anm MARC 3D Static Structural | Plastic
Deformation Behaviors of a Safety Helmet'”
Steady-Static .
Optimal Design of Mold using DRI Injection Technology” MOLDFLOW 3D The}:rmall Plastic
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Table 3. Summary of Studies about Pressure Vessel

Subject FEM Program A.malys.ls Analysis Tool | Material
Dimension
A Stud: the Design Optimizati fC Protecti i
udy on the Design Optimization 022) orner Protection ANSYS 2D Static Structural Compo'sne
for LNG Storage Tank Material
FEM Analysis on the Strength Safety of a LPG Cylinder!” MARC 2D Static Structural | Metal
Strc?ngth Safety Stl}dy on the Stress Characteristics of a? N MARC D Static Structural Compo.sne
Composite Pressure Cylinder for 35 MPa Hydrogen Gas Vehicle Material
Stability Analysis of Hazmat Tank Foundation to .
. 19) Pentagon 3D 3D Static Structural | Concrete
Prevent Leakage Accident
Finite Element Stress Analysis of Large Sized Rectangular Water .
. 3 ANSYS 3D Static Structural | Metal
Tank Structures Made of Stainless Steel Materials
Effects of Corner Radius on the Stress Strength Safety .
. 21 MARC 3D Static Structural | Metal
of LPG Steel Cylinder
A Study on the Structural Integrity of the Transport Cask i
e . Tu N . griy . P 20) LS-DYNA 3D Static Structural Compo.s ite
for the Radioactive Material under Oblique Impact Material
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Table 4. Summary of Studies about Material Characterization
Subject FEM Program Analys.ls Analysis Tool | Material
Dimension
Design Sensitivity Analysis for the Vibration Characteristi
esign Sensitivity Ana ySl'S or the 122';1 ion Characteristics NASTRAN 3D Static Structural | Metal
of Vehicle Structure
The Vibration and Stress Analysis of Stiffened Box Structures®® ANSYS 3D Static Structural | Metal
Analysis for Bending Strength of Corrugated Web Girder®” ABAQUS 3D Static Structural | Metal
Finite El t Simulati f Interface Bonding i -Stati
inite emen' Tmu ation of In <'3r ac363) onding 1n ABAQUS D Steady-Static Metal
Kinetic Sprayed Coatings Thermal
Evaluation of Material Mechanics of Corrugated Board Structure .
. - 28) ANSYS 3D Static Structural | Paper
by Finite Element Analysis
Prediction to Shock Absorption E f
reciction fo _OC sorprion 2;1)ergy ° LS-DYNA 3D Static Structural | Metal
an Aluminum Honeycomb
Effects of Varied Skins on Low Velocity Impact Behaviors of .
. .. . 32) ANSYS 3D Static Structural | Metal
Sandwich Panels Containing Aluminum Honeycomb Core
Seismic C ity I t of Building Struct ith
eismic Capacity Improvement of Bui 1.ng ruc u}ris wi ABAQUS 3D Static Structural | Metal
Honeycomb Shaped Steel Hysteretic Damper
Vibration Analysis of Trapezoidally Corrugated Plates® ANSYS 3D Static Structural | Metal
A Finite Element Analysis on Compression of .
. . .3y ANSYS 2D Static Structural | Metal
Aluminum Foam Bonded with Adhesive
Corrugated Packaging Simulation by Finite Element .
. . . 30 ANSYS 3D Static Structural | Paper
Structural Analysis — Bending and Flat Crush Behavior
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Table 5. Summary of Studies about Drop Impact and Vibration

. Analysi . .
Subject FEM Program ANaTysis Analysis Tool | Material
Dimension
A Study on the Cushion Package Design of . .
. . .. 36) PAM-CRASH 3D Static Structural | Plastic
a Monitor using Finite Element Method
Optimal Design for Cushioning Package of a
P . & . & . & . 37) PAM-CRASH 3D Static Structural | Plastic
Heavy Electronic Product Using Mechanical Drop Analysis
Vibration Analysis of Pear in . .
. . .. 38) IntuitiveFEM 3D Modal Analysis | Paper
Packaged Freight Using Finite Element Method
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