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This article presents a simulation-based analysis of the dynamic phenomena that occur during the
transportation of sensitive cargo in containers. A key element of the studied structures is an internal
vibration�isolation system consisting of wire-rope isolators. Each isolator is constructed from two bars
connected by a stainless steel wire rope, forming a horizontal spring with nonlinear elastic-damping
properties. The dynamic problem with impulsive excitation focuses on kinetic energy transfer and
vibration-damping characteristics as critical factors. Multi-body simulation in SolidWorks Motion is
compared with �nite element analysis using LS-Dyna software, which enables the description of high-
energy transient phenomena such as collisions and explosions. The adopted numerical models reveal
key di�erences and inform the appropriate method selection. The paper examines how overloads are
transferred to the cargo when a container model is dropped from a speci�ed height. The resultant
displacement of the inner frame for both analyzed models is nearly identical, reaching a maximum
spring de�ection of 0.03 m. Static equilibrium occurs at 0.04 m and 0.05 m for SolidWorks Motion and
LS-Dyna, respectively. The results enable the formulation of design guidelines for transport containers
aimed at minimizing the risk of cargo damage by optimizing dynamic characteristics and ensuring
proper cargo distribution within the structures.
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1. Introduction

The drop test of shipping containers is a critical
evaluation method used to ensure the structural in-
tegrity and durability of containers under real-world
handling conditions. During transportation and lo-
gistics operations, containers are often subjected
to accidental drops, impacts, and rough handling,
which can compromise their ability to protect the
goods inside [1, 2]. By performing drop tests, en-
gineers and researchers can assess the container's
ability to withstand such forces, identify potential
failure points, and validate design improvements.
These tests are crucial to ensuring safety, minimiz-
ing cargo damage, and maintaining compliance with
industry standards and regulations [3�8]. Physical
drop test, although essential for assessing durability
and performance, has several drawbacks, including
high cost, the requirement for a properly equipped
test stand, the risk of damage to both the testing
equipment and the tested structure, limited insight
into internal mechanics, safety concerns, and the
di�culty of testing extreme conditions.
A study of the current knowledge on shipping

container drop tests revealed a gap in the analysis
of structures, including the internal isolation sys-
tem that protects the transported cargo. The vast

majority of scienti�c publications related to drop
test terminology focus on studying the resistance
of household appliances to shock waves induced by
impact loads [9]. Some publications address drop
tests of steel sheet containers for the �nal disposal
of nuclear waste [10] or other goods [11, 12]; how-
ever, these structures do not contain internal shock
isolation systems. The outcomes of the review of
publications reveal a gap in research dedicated to
specially designed shipping containers with internal
shock isolation systems for transporting sensitive
objects such as aircraft engine modules, advanced
laboratory equipment, or medical devices. The re-
sults presented in this article provide insight into
the modeling approach for shipping containers sub-
jected to impact loads induced by gravity. This �lls
the gap in current knowledge regarding modeling
methods, comparison of results, and recommenda-
tions for eliminating physical drop tests.

This paper provides a basic understanding of the
mechanical principles of drop test and a model-
ing approach for simulating impact phenomena us-
ing the commercial codes SolidWorks Motion and
Ansys LS-Dyna. Of the many possible drop test
con�gurations described in international standards
related to the transportation domain, two speci�c
cases have been selected for detailed computational
modeling, namely face drop and corner drop.
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Fig. 1. Geometry of shipping container subjected
to drop test simulation.

Fig. 2. Mass point location on the inner frame:
(a) Ansys LS-Dyna, (b) SolidWorks Motion.

The primary objective of this work is to evaluate
the approach and feasibility of modeling a drop test
in a virtual environment, rather than performing
a laboratory test [13]. The detailed analysis of the
results, including a comparative study of simulation
software and the methodological approach, provides
a solid foundation for developing design guidelines
applicable to private-sector companies.
The conclusions presented in this paper de-

termine whether virtual drop testing of ship-
ping containers (designed for transporting sensitive
cargo) has the potential to replace physical testing
campaigns [14] and reduce the overall cost of com-
mercializing this type of object.

2. Methods and materials

The computational modeling of the drop test
study for specially designed shipping containers has
been carried out using two commercial codes, i.e.,
SolidWorks Motion and Ansys LS-Dyna. LS-Dyna
is well known among the simulation engineering
community for analyzing rapid change phenomena,

such as drop tests. The author's intent was also
to evaluate SolidWorks Motion's ability to simulate
the container drop test.

2.1. Model description

The simpli�ed shipping container (Fig. 1) consists
of an outer and inner frame connected by wire rope
isolators (LS-Dyna) [15] or linear spring-damper
systems (SolidWorks Motion). Overall dimensions
are a = b = c = 0.7 m. The adjustable structure is
located at mid-height of the internal frame (d = e).
The assumed weights of the outer frame and in-

ner frame are 60 kg and 25 kg, respectively. Addi-
tionally, a mass point (LS-Dyna) or a solid element
(SolidWorks Motion) of a mass of 55 kg is attached
to the inner frame at the central point, as shown
in Fig. 2.
The external and internal frames were mod-

eled as S235JR structural steel (EN 10025-2:2004),
with the following properties: E = 207 GPa,
ν = 0.3, yield strength = 235 MPa, density for
the inner frame = 1761 kg/m3, and for the outer
frame = 2210 kg/m3. The densities were adjusted
to achieve the target frame masses.
A linear elastic model was used because the ex-

pected stresses remained below the yield point and
to reduce computation time.

2.2. Load cases

Designing and certifying transport containers for
delicate cargo should adhere to international indus-
try standards to ensure quality, regulatory compli-
ance, and compatibility across global transporta-
tion systems. Mentioned standards specify drop
test con�gurations to be considered for container
certi�cation.
The performed simulations focus on two con�g-

urations, i.e., face drop (Fig. 3a) and corner drop
(Fig. 3b).
In the face-drop scenario, the container is released

from a height drop (hdrop) of 0.2 m onto its bot-
tom face, reaching a velocity of 1.98 m/s at impact.
With the impact force distributed over a large area,
the risk of localized plastic deformation is minimal.
Assuming ideal conditions (parallel orientation), no
rotation is expected at the point of contact. Atten-
tion should be given to the closure of the shock isola-
tors, which could induce additional shockwaves and
rebound. Due to its simplicity, a face drop was simu-
lated using SolidWorks Motion and Ansys LS-Dyna.
In the corner-drop case, the container is re-

leased from hdrop = 0.150 m, impacting a corner
at 1.72 m/s. The impact on a rigid surface cre-
ates a real risk of localized plastic deformation and
structural damage if the energy is not e�ectively ab-
sorbed or dissipated. The location of the center of
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Fig. 3. Analyzed drop test schemes: (a) face drop,
(b) corner drop.

gravity signi�cantly in�uences the behavior of the
entire structure by generating additional moment of
inertia, causing the structure to rotate. The impact
force components compress the springs along all
three axes of the adopted coordinate system. This is
related to di�erent spring sti�ness depending on the
load direction. Due to the modeling complexity and
SolidWorks Motion's limitations to single/torsional
springs, this scenario was simulated only in Ansys
LS-Dyna using its explicit solver.

3. Results and discussion

This chapter presents the results obtained using
two commercial programs, i.e., Ansys LS-Dyna and
SolidWorks Motion.

3.1. SolidWorks Motion

In SolidWorks Motion, all elements are treated as
rigid bodies; therefore, velocities, accelerations, and
reaction forces can be determined, but the material
elasticity and deformation are not analyzed.

Fig. 4. Displacement in the Y -axis.

Fig. 5. Acceleration in the Y -axis.

The wire rope shock isolator (Enidine WR5-800)
cannot be modeled as a geometric element, so its de-
�ection cannot be veri�ed classically. In this study,
the isolator was represented by four linear spring
dampers (Fig. 1). The combined spring sti�ness
equals the isolator's compression sti�ness. It was
assumed that for each individual spring, one has a
spring constant of 9200 N/m and a damping con-
stant of 276 N s/m.
Because linear springs cannot represent trans-

verse sti�ness (shear/roll), only the face-drop case
was analyzed in SolidWorks Motion. The model as-
sumes a steel structure impacting a steel ground.
SolidWorks Motion de�nes sti�ness and damping
values for the force contact. In addition, it sets the
penetration value to 0.0001 m, at which maximum
damping is applied.
Figures 4 and 5 illustrate, respectively, the dis-

placements and accelerations of the outer frame rel-
ative to the ground and of the inner frame relative
to the outer frame, and speci�cally the changes in
spring length.
With the assumed inputs, ground contact occurs

at 2 s, generating very high accelerations in both
frames. The linear springs do not close (the length
remains greater than 0), and their motion is rapidly
damped. The maximum spring de�ection is about
0.03 m, while static equilibrium of the cargo occurs
at a spring height of about 0.04 m (the initial length
is 0.046 m).

3.2. Ansys LS-Dyna

In Ansys LS-Dyna, the model is already in con-
tact with the ground, with the initial conditions set
to represent a face- or corner-drop scenario. The
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Fig. 6. Inner frame displacement under face-drop
conditions.

maximum time step used in the simulation is based
on the mesh size and equals 9.41×10−7 s. The model
is meshed using the SOLID185 linear element type,
which has a hexahedral shape with eight nodes at
the corners and 3 degrees of freedom � translations
in the X, Y , and Z directions.
The model utilizes mesh elements with sizes rang-

ing from 10 to 20 mm; in total, 9095 elements
de�ned by 15876 nodes were generated. Element
quality check indicates:

� average aspect ratio of 1.4,

� average Jacobian (based on MAPDL method)
of 1.009,

� average skewness of 0.0153.

Since the outer and inner frames are composed of
multiple bodies, they must be linked together using
contact de�nitions. A bonded contact, formulated
using the augmented Lagrange algorithm, is used to
de�ne the body connection between the inner and
outer frames. In addition, the frames interact with
each other and with the ground using frictionless
contact, meaning that no penetration is allowed and
no friction forces are calculated.

3.2.1. Face-drop scenario

Figure 6 illustrates the displacement of the inner
frame along the Y -axis as a function of time. No
rotation is observed; both frames translate purely
along the vertical Y -axis. Amplitude decreases over
time due to energy dissipation. After the drop,
the inner frame stabilizes at a spring de�ection
of 0.005 m, indicating that it has reached a state
of static equilibrium.
Accelerations were plotted for four characteristic

nodes near the cargo mass point (see Fig. 7), as the
accelerations in this area indicate whether the cargo
is overloaded due to impact loads.
The acceleration graph (Fig. 8) depicts the im-

pact at times from 0.03 to 0.05 s and shows the
dynamic response where oscillatory motion is at-
tenuated due to energy dissipation. The decreas-
ing amplitude across all nodes indicates that the
shock isolation is modeled correctly, dissipating ki-
netic energy toward equilibrium. Displacement and

Fig. 7. The identi�cation of nodes for plotted ac-
celeration results.

Fig. 8. Dynamic acceleration pro�les of character-
istic nodes for face drop.

acceleration plots indicate that isolators maintain
the interface gap and do not generate additional
shock waves in the inner frame during the analysis
period.

3.2.2. Corner-drop scenario

During the corner drop, the container's outer
and inner frames experience di�erent displacements
than for the face drop.
Figure 9 expresses inner frame displacement. As

the rotation is noticeable, the plot reports max-
imum total displacement rather than the Y -axis
displacement used in the face-drop scenario. The
displacement exhibits dynamic behavior, which is
typical of transient loading. To capture rotational
e�ects, 5 points of interest were analyzed. The
trajectories provided in the chart show the in-
ner frame displacement at these points. Initially,
the upper vertex of the bottom surface is at a
height of 0.15 m. The plotted displacement indi-
cates that the container is lying horizontally at
the end of the simulation time, which was in-
creased from 0.3 to 0.35 s to capture additional
data.
The modeled shock isolation system is capable of

stabilizing the inner frame even in an under-corner-
drop scenario. A close examination of the system
con�rms that the shock isolation mounting bars
maintain a gap at impact, preventing engagement
with the outer frame; hence, no additional shock is
transmitted to the cargo.
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Fig. 9. Inner frame displacement under the
corner-drop conditions.

Fig. 10. Dynamic acceleration pro�les of charac-
teristic nodes for corner drop.

The acceleration plotted in Fig. 10 represents the
four characteristic nodes of the system, which are
the same as those for face drop (Fig. 7).
The acceleration pro�les highlight that nodes 4

and 2 experience the highest peak accelerations.
Two characteristic peaks indicate two impacts �
�rst, when the container hits the ground at ∼ 0.06 s,
and the second when the diagonal corner contacts
at 0.09 s. The second impact implies a rotational
e�ect, which can be destructive for structural in-
tegrity. Despite damping, peak accelerations indi-
cate a signi�cant load is being transmitted to the
cargo.
Additionally, the stress distribution for the in-

ner frame at the point of ground contact is shown
in Fig. 11. The maximum stress value is 102 MPa,
and the inner frame can withstand the applied
corner-drop impact loads, as the critical stress limit
(235 MPa) is not exceeded. The peak stress value
of the inner frame is near the mass point repre-
senting the transported cargo. This indicates that
areas near the cargo �xing point can be susceptible
to strength failure; therefore, for the real container
design, special care should be taken to ensure su�-
cient endurance in this location.

Fig. 11. Maximum equivalent von Mises stress dis-
tribution on the inner frame at the moment of cor-
ner impact.

Fig. 12. Maximum equivalent von Mises stress dis-
tribution on the outer frame at the moment of cor-
ner impact.

Regarding the outer frame, the maximum von
Mises stress value of 126 MPa (Fig. 12) is reached
in 0.09 s, indicating a second impact after frame ro-
tation around the collision point. The peak stress
plotted for the outer frame is only 24 MPa higher
than that for the inner frame. Considering the high-
est von Mises stress registered, there is no risk
of structural plastic deformation, as the material's
yield strength is ≈ 100 MPa higher than the peak
stress.

4. Conclusions

The article presents a simulation of dynamic
phenomena in containers for transporting sensitive
cargo, which were dropped from a speci�ed height
in accordance with the data presented in the stan-
dards. The most essential element of the objects
was the vibration isolation system of the inter-
nal frame, which carried the cargo. The research

S13



D. Cekus et al.

Fig. 13. Inner frame displacement under face-drop
conditions.

was conducted using SolidWorks Motion and Ansys
LS-Dyna programs. Based on the researcher's work,
the following conclusions can be drawn:

(i) The SolidWorks Motion program is not suit-
able for advanced dynamic analyses as it
treats structural elements as rigid elements
during motion analysis, preventing accurate
modeling of deformable behavior within the
vibration isolation system. This approach
forced the use of an equivalent system of linear
springs and dampers, which were only respon-
sible for the de�ection of the spring and did
not account for the transverse elasticity of the
isolator. In the analyzed face-drop case, the
resultant displacements of the internal frame
are very similar to those determined in the
LS-Dyna program (Fig. 13).

(ii) In case stresses during the drop test need to be
determined, the SolidWorks Motion program
performs this task by generating boundary
conditions in subsequent steps and perform-
ing a classical static analysis. The user only
controls what material the element is made of
and the mesh density. Therefore, the results
obtained during such an analysis are not en-
tirely reliable.

(iii) Developing a model and conducting tests in
LS-Dyna is much more time-consuming than
in the case of SolidWorks Motion, but the
scope and quality of the obtained results are
much greater. In particular, during the anal-
ysis, it is possible to speci�cally de�ne which
elements the solver should treat as deformable
and which as rigid.

(iv) The structure of the results obtained from
the LS-Dyna program, as presented in the
paper, provides a comprehensive understand-
ing of the system in the two considered
load cases, i.e., surface collapse and corner
collapse. Key �ndings include detailed infor-
mation on displacement patterns, their cor-
responding motion trajectories, and accelera-
tion pro�les. These are the primary indicators
for evaluating the performance of the struc-
ture under impact conditions, which can also
facilitate the optimization of the proposed
solution.

In summary, it can be stated that SolidWorks
Motion can be responsibly used only for kinematic
analyses, while Ansys LS-Dyna can be used for dy-
namic analyses. Based on the obtained results, it
can be tentatively assumed that the numerical sim-
ulation results can serve as a reliable source of data,
potentially eliminating the need for time-consuming
and expensive physical tests of such structures.
However, for this purpose, experimental veri�cation
must be carried out, which will be the next stage of
the authors' work.

References

[1] Safe Load Testing Technologies, �The im-
portance of impact testing in packaging
validation� (accessed Jun 2026).

[2] Safe Load Testing Technologies, �Compre-
hensive guide to international standards
in inclined impact testing� (accessed Jun
2026).

[3] ASTM D4169-22, �Standard Practice for
Performance Testing of Shipping Contain-
ers and Systems�, American Society for
Testing and Materials West Conshohocken
(PA) 2024.

[4] ASTM D5276-19, �Standard Test Method
for Drop Test of Loaded Containers by
Free Fall�, American Society for Testing
and Materials West Conshohocken (PA)
2023.

[5] ASTM D880-92, �Standard Test Method
for Impact Testing for Shipping Contain-
ers and Systems�, American Society for
Testing and Materials West Conshohocken
(PA) 2021.

[6] SAE ARP 1967B:2014, �Containers, Ship-
ping and Storage, Reusable�, SAE Interna-
tional, Warrendale (PA) 2014.

[7] MIL-STD-2073-1E, �Standard Practice for
Military Packaging�, Department of De-
fense Standard Practice for Military Pack-
aging, U.S. Department of Defense, 2019.

[8] ATA 300:2020.1, �Speci�cation for Pack-
aging of Airline Supplies�, Air Transport
Association of America, Washington D.C.
2020.

[9] O. Mulkoglu, M.A. Guler, H. Demirbag, in:
10th European LS-DYNA Conf., 2015, p. 1.

[10] Predictive Engineering, �Drop Test Anal-
ysis of Large Nuclear Waste Storage Con-
tainers� (accessed Jun 2026).

[11] N. Lengas, K. Müller, E. Schlick-Hasper,
M. Neitsch, S. Johann, M.W. Zehn,
Packag. Technol. Sci. 38, 65 (2025).

[12] SimBased, �Drop test of intermodal con-
tainer� (accessed Jun 2026).

S14

http://www.safeloadtesting.com/en/the-importance-of-impact-testing-in-packaging-validation/
http://www.safeloadtesting.com/en/the-importance-of-impact-testing-in-packaging-validation/
http://www.safeloadtesting.com/en/the-importance-of-impact-testing-in-packaging-validation/
http://www.safeloadtesting.com/en/comprehensive-guide-to-international-standards-in-inclined-impact-testing/
http://www.safeloadtesting.com/en/comprehensive-guide-to-international-standards-in-inclined-impact-testing/
http://www.safeloadtesting.com/en/comprehensive-guide-to-international-standards-in-inclined-impact-testing/
http://s3vi.ndc.nasa.gov/ssri-kb/static/resources/MIL-STD-2073_1E_CHG-4.pdf
http://s3vi.ndc.nasa.gov/ssri-kb/static/resources/MIL-STD-2073_1E_CHG-4.pdf
http://www.dynalook.com/conferences/10th-european-ls-dyna-conference/7%20Simulation%20VII%20-%20Drop%20Test-Bio/01-Mulkoglu-TOBB-P.pdf
http://www.predictiveengineering.com/consulting/ls-dyna/drop-test-analysis-large-nuclear-waste-storage-containers
http://www.predictiveengineering.com/consulting/ls-dyna/drop-test-analysis-large-nuclear-waste-storage-containers
http://www.predictiveengineering.com/consulting/ls-dyna/drop-test-analysis-large-nuclear-waste-storage-containers
http://dx.doi.org/10.1002/pts.2858
http://www.simbased.com/case-studies/drop-test-of-intermodal-container/
http://www.simbased.com/case-studies/drop-test-of-intermodal-container/


Physics-Based Approaches to Simulating Dynamic. . .

[13] Xceed Engineering & Consulting, �Ship-
ping Container Impact Analysis� (accessed
Jun 2026).

[14] P. Jain, R. Oswal, A. Khisty, in: 15th Int.
LS-DYNA Users Conf., 2018, p. 1.

[15] Enidine, �Wire Rope Isolators for Shock
and Vibration Isolation� (accessed Jun
2026).

S15

http://www.xceed-eng.com/shipping-container-impact-analysis
http://www.xceed-eng.com/shipping-container-impact-analysis
http://api.semanticscholar.org/CorpusID:168166625
http://api.semanticscholar.org/CorpusID:168166625
http://www.enidine.com/en-us/products/wire-rope-isolators
http://www.enidine.com/en-us/products/wire-rope-isolators

