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A B S T R A C T

In this paper, we present a comprehensive study of mechanical characteristics of a reconfigurable origami-
inspired structure using Finite Element and Artificial Neural Network (ANN) approaches. We introduce a
design of crease section in the proposed reconfigurable structure, which undergoes enormous and complicated
deformation in the folding and unfolding process. Although this crease design can make the deploying process
more straightforward, it can jeopardize the stability and life cycle of the structure. We explore how the
geometric parameters of the design affect the stability and fatigue failure, including length ratio, total height,
story’s height, thickness, crease indexes, and circumscribed circle’s radius. In order to reduce the computational
time, we develop an ANN employing the obtained Finite Element method (FEM) results. The ANN results
demonstrate that decreasing the circumscribed circle’s radius, the length ratio, and the total height enhance
the stability of the origami-inspired structure. It is found that crease indexes affect stability based on the radius
of the circumscribed circle. In addition, we investigate how these parameters simultaneously contribute to this
design’s buckling load and life cycle. The results provide a detailed design parameter characteristic map that
can be used to optimize origami structure performance.

1. Introduction

Origami techniques can be used to fabricate a three-dimensional
model from a plane design by employing certain folding lines (creases).
Minimum assembling procedure, predictable motion, and simple fabri-
cation process are some of the advantages of origami patterns. The kine-
matics of origami patterns influences the origami-inspired mechanisms.
The configuration of creases defines the origami-inspired structure
patterns, which serve as hinges to accomplish motion from a flat sheet.

In recent decades, the origami-inspired structures have been em-
ployed in design of various engineering systems including aerospace
mechanism [1], robotic [2], biomedical [3], material [4], antenna [5],
architecture [6], etc. [7,8]. Bobbert et al. [3] proposed a new de-
sign of foldable orthopedic implants using origami techniques. Pesenti
et al. [9] used origami shapes to design adaptive shadings in terms of
the thermal and visual comfort of a building. Lee et al. [10] designed a
soft robot with transformable origami wheels that can adapt to various
difficult circumstances and environments as well as provide enough
stiffness to keep performance at a high level. Zirbel et al. [11] studied a
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new approach for deploying a large solar array from a compact folded
form in space application inspired by an origami pattern. By using
the Kresling origami pattern, Zekios et al. [5] developed a deployable
helical antenna that meets the requirements of both mechanical and
electromagnetic performance. Recent years have seen an increase in
origami applications, which suggests that this field requires special
attention.

Cylindrical structures (thin-walled) are often employed in engi-
neering designs which have a significant role in the design’s per-
formance [12,13]. Some cylindrical origami patterns can be able to
support uniaxial expansion or compression loads along with providing
tunable mechanical behavior [14]. It is shown that origami structures
can be more stable in comparison with regular tubes [15]. The arrange-
ment of faces and creases describes the cylindrical origami pattern. The
Yoshimura pattern is an example of a cylindrical origami structure that
can be folded axially [16,17]. Although it can be folded by twisting
the structure, it is not practical for foldable designs due to the large
in-plane deformations [18,19].
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Nomenclature
H Total height of structure
n Polygon sides
R Circumscribed circle’s radius
b_a Length ratio
h Story’s height
a, b, c Triangle’s sides
t Thickness
� Angle by the horizontal surface and b
✓ Rotational angle between the bottom and

topplanes
�
a

Alternating stress
�
m

Mean stress
↵ Crease index (aspect ratio)
� Crease index (thickness ratio)
N Safety factor
S
e

Endurance limit
S
u

Ultimate tensile strength
E Young’s modulus
⇢ Density
✏ Poisson’s ratio
�1 1st order Ogden model-material constant
↵1 1st order Ogden model-material constant
K Stiffness matrix
§ Stress stiffness matrix
�
i

ith eigenvalue of displacement
 
i

ith eigenvector of displacement
y
j

Produced output in jth layer
x
i

Input from previous layer in ith layer
� Activation function
w
ij

Interconnected weight in j and i layers
b
j

Bias
n Quantity of samples
e
k

Output error

The Kresling is another type of cylindrical origami pattern, which
includes a thin tube configuration. Due to its unique twisted con-
figuration, this pattern is capable of folding under axial loads [20,
21]. Jianguo et al. [19,22] studied a cylindrical structure inspired by
the Kresling origami pattern. They discovered that changing geomet-
ric parameters influences the stability of a Kresling origami-inspired
structure. Li et al. [23] utilized the Kresling origami pattern to sig-
nificantly reduce the critical force of a thin-walled structure. Masana
and Daqaq [24] found that geometric parameters affect the mechanical
characteristics of foldable Kresling origami springs.

It is required to examine the mechanical characteristics of a recon-
figurable origami-inspired structure to assess the design’s performance.
In addition, several important aspects should be considered in the
design stage. The origami-inspired structure should be adjustable, re-
configurable, foldable, self-actuation, and easy to manufacture. The
analysis of origami structure can be challenging due to the significant
strain changes that occur along folding lines. Consequently, mathemat-
ics has been extensively used to design and optimize reconfigurable
structures [8,25–27].

Prior studies provided several approaches, such as integrated
geometric-graph-theoretic, hing and bar, and rigid folding [28–31]. It is
shown that a combination of hing and bar in crease sections and springs
in the panels can determine the bending deformation [32]. Chen and
Feng [33] developed a nonlinear iterative strategy to predict the rigid

folding characteristics of deployable origami structures based on a pin-
jointed model. Hernandez et al. [34] used the smooth fold methodology
to study the structure’s folding behavior. A geometric-graph-theoric
approach and a graph-theoretic cycle detection algorithm are employed
to automatically find the crease sections in an origami structure [35].

External loads are usually applied to reconfigurable cylindrical
origami structures in order to change their state, which can jeopardize
the stability and endurance of the structure. The origami structures
have mostly been studied from a kinematic and quasi-static perspective,
and no consideration has been given to the full range of degrees of
freedom. As a result, a comprehensive study should provide a de-
scription of the mechanical properties of origami-inspired structures.
Qui et al. [36] presented a technique to capture a deformed origami
structure’s reaction force, which was considered a redundantly actuated
parallel model.

Moshtaghzadeh et al. [37] developed a numerical platform us-
ing the geometrically exact, fully intrinsic nonlinear composite beam
theory of Hodges [38] to investigate the stability of a Kresling origami-
inspired antenna. Compared to commercial Finite Element Analysis
(FEA) software, this numerical platform is proven to be much more
computationally efficient for simulating complicated geometries. They
showed that the structure’s stability is enhanced with the increase of
polygon sides. Although it is demonstrated that the obtained results are
in agreement with ANSYS software results, the results are valid when
the structure is beam-like. Therefore, a suitable and computationally
efficient approach should be considered to present a thorough stability
analysis of origami structures for a broader range of independent
parameters.

There has been an enhancement in the productivity of origami
designs in recent years resulting from innovations in crease designs [4].
Moshtaghzadeh et al. [39–41] presented a comprehensive fatigue study
of a Kresling origami-inspired structure. They showed that utilizing
flexible materials in creases can substantially postpone fatigue failure.
In addition, they discussed the influence of different design parameters
of a Kresling origami structure on fatigue life. The results indicate that
the length ratio affects the number of stories’ influence on the proposed
design’s fatigue life. The design’s life cycles can be extended by increas-
ing the circumscribed circle’s radius. In addition, it is explored that the
crease thickness considerably impacts the fatigue failure of the origami
structure [40].

Although FEA and experimental studies can conduct a compre-
hensive mechanical analysis of a system, it can be computationally
expensive due to the model’s degrees of freedom. The computational
time can be reduced substantially using machine learning and opti-
mization approaches [26,42]. Upon proper training, a machine learning
model is capable of predicting the output of the problem. The use
of this approach has numerous applications across a wide spectrum
of engineering fields, including construction [42], health care [43],
energy [44], etc. [45–47]. Fan et al. [42] provided a comprehen-
sive study of used machine learning techniques in reinforced concrete
bridges. Zhang et al. [48] employed two Convolutional Neural Net-
works (deep learning approach) to determine the plane engineering
structure’s symmetry group and order.

Only a few research used the Artificial Intelligence (AI) approaches
to investigate the mechanical behavior of origami structures. By com-
paring the input and output data, Liu et al. [49] developed an efficient
strategy based on a neural-fuzzy network to identify the dynamic be-
havior of a multi-cell self-locking origami structure. Yasuda et al. [50]
demonstrated a data-driven approach to predicting the behavior of
origami unit cells using quasi-recurrent neural networks. To present
an origami physical reservoir’s computing capabilities, Bhovad and
Li [51] used comprehensive benchmark simulations and parametric
studies. They utilized artificial recurrent neural networks to investigate
nonlinear origami kinematics and reservoir design.
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Fig. 1. (a) A five-story origami-inspired structure using Kresling pattern, (b) Kresling origami pattern geometry, (c) Crease design [40].

This paper focuses on the mechanical characteristics of an origami-
inspired structure by considering the effects of various geometric pa-
rameters. Important geometric parameters which are taken into ac-
count in this study are the circumscribed circle’s radius, total height,
thickness, crease parameters (aspect and thickness ratios), length ratio,
and story’s height. We conduct this research by coupling the FEM
and ANN using MATLAB and ANSYS. We develop an ANN algorithm
and train it using the obtained FEM results from ANSYS software.
First, the stability analysis of the structure is presented based on the
predicted ANN results. Then, we find out the optimized structures by
simultaneously considering the stability and fatigue failure criteria.

2. Methodology

This section provides an overview of the methods employed in this
investigation. The details of the origami-inspired structure and the FEM
and ANN approaches are presented.

2.1. Origami-inspired structure

This study employs the Kresling pattern to design a reconfigurable
cylindrical structure. Fig. 1a presents a five-story Kresling origami-
inspired structure. The geometry of the Kresling origami pattern in
this research is depicted in Fig. 1b. The geometric parameters are
determined as total height (H), polygon sides (n), circumscribed circle
’ radius (R), thickness (t), and story’s height (h). Each story includes
similar triangles (valley and mountain), and their sides are defined as
a, b, and c. In Fig. 1b, the valley and mountain lines are shown with
dashed and solid lines, respectively. ✓ is the rotation of each story about
the axial axis. The angle between the triangle’s side (b) and the base
plane is denoted by �. Eqs. (1)–(6) represent how these parameters form
the Kresling origami pattern [19,40].

R =
a

2
sin ( ⇡

n
)

(1)

h = b sin � (2)

b =

v

4

2R sin

0

2⇡_n * ✓
2

152
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n
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(4)

b

a
f 1
cos � sin ( ⇡

n
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u

⌧

2R sin

⇠

⇡

n
+ arcsin b cos �2R

⇡�2
+ (b sin �)2 (6)

2.2. Finite element modeling

We simulate the quasi-static folding of the origami structure using
the FEA available in ANSYS software. There are two stiff planes on
either side of the structure. All DOFs of the bottom plate are fixed, and
the upper plate has a bonded contact with the structure. The top plate
has a uniform downward linear displacement along the axial direction
to predict the structure’s failure under cyclic load. In order to perform
stability analysis, an external axial force is applied to the upper plate
of the structure.

The TARGE170 and CONTA174 elements are employed to consider
the contact between the triangles’ faces when the structure folds. The
upper and lower triangle surfaces are considered contact (CONTA174)
and target (TARFE170). The Gauss integration points method is utilized
to determine the surface-to-surface contact (CONTA174) [40,52].

When the ratio of thickness to length (t_L) of a structure is much
smaller than 1, the shell option is a feasible element selection in FEA.
Moreover, negative Jacobian errors are less probable with this element
type [53]. We discretize the model using SHELL181 available in ANSYS
(four nodes structural shell element). It consists of six DOFs; transna-
tional in x, y, and z axes and rotational about x, y, and z axes. This
type of element is suitable for applications involving linear, layered,
significant strain nonlinear and/or large rotation, and moderately-
thick shell structures [52]. The Newton–Raphson method is used to
perform this simulation, using a force convergence of 0.5% [40,52].
Ref. [40] explains in detail how this simulation does not depend on
the discretization method that has been used.

The tension and compression stresses change sinusoidally through
the components of the structure as it folds and unfolds. Fatigue loading
is determined by the ratio between compressive and tensile stresses.
A fully reserved loading condition is commonly used to assess fatigue
properties, in which the ratio is *1. It means that these maximum
stresses are equal, and the mean stress is zero. Afterward, a cycle of
stress versus time is repeated periodically. There are two steps in a
cycle, which correspond to two reversals when the loading is constant
amplitude.

For fully reversed loading, determining S–N curves (alternating
stress versus cycle number) requires considerable testing, and plotting
curves for each combination of mean and alternating stress should be
impossible. However, the Goodman diagram is an effective tool for fine-
tuning this problem and predicting the fatigue failure of a structure.
This study applies a fully reversed load to the origami-inspired structure
to evaluate fatigue failure. When any combination of �

a
and �

m
are

below or on the Goodman curve, the structure is in the safe zone (see
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Eq. (9)) [52]. The details of the fatigue simulation are discussed in
Refs. [39,40].

�
a
=

(�
max

* �
min

)
2

(7)

�
m
=

(�
max

+ �
min

)
2

(8)

�
a

S
e

+
�
m

S
u

= 1
N

(9)

The instabilities of a structure can be predicted using the nonlinear-
based eigenvalue buckling analysis. This approach uses the Linear
Perturbation Analysis technique to predict the buckling load (bifurca-
tion). It necessitates a pre-loaded environment that can extract solution
data for the eigenvalue buckling analysis. Therefore, considering non-
linearities in the pre-loaded section can provide more accurate results
than a standard linear analysis. This bifurcation buckling analysis is
formulated as an eigenvalue problem using a linearized model [52].
�

[K] + �
i
[S]

� �

 
i

�

= {0} (10)

K, S, �
i
and  

i
represent stiffness matrix, stress stiffness matrix, ith

eigenvalue, and ith eigenvector of displacements, respectively. The
Block Lanczos and subspace iteration approaches determine the buck-
ling modes in the range of negative infinity to positive infinity [52].

2.3. Crease sections

Active origami structures consist of crease and panel sections. Se-
lecting a flexible material for crease sections can increase the DOFs,
acting as an actuator in deploying or undeploying process of an origami
structure. Although this process can be performed smoothly by using
flexible creases, the structure encounters more complicated deforma-
tions [32]. Refs. [40,41] illustrated how the life cycle could be in-
creased when the structure is composed of stiff panels and flexible
creases.

Fig. 1a presents crease sections in blue color, and the detail of
this design are shown in Fig. 1c. We define these sections with two
parameters: Thickness Ratio (� = t

panel
_t
crease

) and Crease Aspect Ratio
(↵ = W _L); see Fig. 1c. The panels’ material is an isotropic elastic
material with the following properties: E = 1.1 ù 103 MPa, and ✏ =
0.42, ⇢ = 950 kg/m3. The 1st order Ogden model with �1 = 2.62
MPa and ↵1 = 2.7 is used for the crease sections [54]. S–N curves
of these hyperelastic and isotropic elastic materials are found using
Refs. [54,55]. The detail of this design is illustrated in Refs. [39,40].

2.4. The developed artificial neural network

Data-driven methods such as ANNs can model complicated non-
linear problems with accelerated data processing. These approaches
can be performed by utilizing parallel programming due to their flex-
ible architecture (hidden layers and neurons). The ANN is extensively
used as a powerful tool for system modeling in various applications
such as regression, classification, time series, and anomaly detection
problems [56].

The ANN’s central concept is inspired by the human brain, in which
the training dataset (input) is analyzed by a network of connected
layers of neurons. This network is trained to perform a given assigned
purpose. The trained network could then be used to perform the
acquired task on any new data with adequate precision [57].

Conducting parametric studies via FEA to examine the effects of
various parameters on the origami structure’s stability and life cycle
are not computationally efficient. Instead, the ANN approach can be
a powerful predictive tool for conducting such studies. In this study,
we develop an ANN to predict the origami-inspired structure’s stability
and life cycle based on the obtained FEM results. Arbitrarily, 70% of the
dataset is considered as a training dataset, and the other 30% is used
as a testing dataset. As indicated in Table 1, the network is trained

Table 1
Independent parameters of the trained ANN.
Item Feature

Feature 1 Number of stories
Feature 2 Circumscribed circle’s radius
Feature 3 Total height
Feature 4 Thickness of panel
Feature 5 Thickness of crease
Feature 6 Crease aspect ratio (↵)
Feature 7 Length ratio

Fig. 2. The structure of the developed ANN.

by taking into account seven different parameters, including number
of stories, circumscribed circle’s radius, total height, panel thickness,
crease thickness, crease aspect ratio, and length ratio. The life cycle
and buckling load are considered to be the outputs.

Two different ANNs are trained to evaluate the stability and fatigue
of this design separately. The details of the developed ANN for fatigue
prediction are explained in detail in Ref. [39]. In this section, we focus
on presenting the developed ANN for predicting the stability behavior
of the structure. The input dataset includes 154 samples of the obtained
FEM results. These geometric parameters are normalized to improve the
computational efficiency and robustness of the network [39].

The developed network is shown in Fig. 2, which is comprised of
three layers. Input and output layers consist of 154 ù 7 and 154 ù 1 ma-
trices. In order to assess the level of accuracy of the hidden layers, we
assess two to five of them. As a result, the architecture with two hidden
layers delivers the lowest Root Mean Squared (RMS) errors compared
with the other architectures. These hidden layers can effectively take
account of the problem’s nonlinearity without any potential overfitting
issues [56].

The hidden layers are comprised of 20 neurons each. This number
of neurons for each hidden layer is obtained by training the network
500 times. In each iteration, we find the RMS error for both datasets.
The optimum case ensures a well-fitted result on the training dataset
and provides generalization for the trained network. In order to achieve
the target level of accuracy, hyper-parameters, including learning rate,
activation function, and training algorithm are tuned through trial and
error. In this way, the training ANN is guaranteed to achieve maximum
accuracy while avoiding overfitting, which is crucial for proving the
generalization of the ANN. Fig. 3 represents the procedure of the
developed ANN and how it is trained in this study.

The training algorithm used is Levenberg–Marquardt (LM), which is
an interpolation of the gradient descent and Gauss–Newton algorithms.
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Fig. 3. The research procedure flowchart.

The learning rate applied is 0.001. In addition, 30% of the dataset is
used for testing to evaluate the trained network’s generalization.

According to Fig. 2, the first layer transfers the input values to
the first hidden layer with corresponding weights. Neuron in each
hidden layer creates and transfers an output to the next layer as the
weighted sum of their inputs using Eq. (11) (hyperbolic tangent sigmoid
function). This process is called feedforward. The output is computed
with Eq. (11) [39,56,57].

�tansig (u) = 2
1 + e*2u

* 1 (11)

y
j
= �

�

u
j

�

= �

H

…

i

w
ij
x
i
+ b

j

I

(12)

The backpropagation algorithm is utilized to calculate the optimum
values of w

ij
and b

j
within the network. We calculate each iteration’s

RMS error with the following equation [39,56]. The gradient descent
method is employed to find the minimum output error in the backprop-
agation algorithm. The detail of this procedure is explained in Ref. [39].

RMS error =

y

x

x

w

1
n

n
…

k=1

�

e
k

�2 (13)

e
k
=› Estimated Life Cycle

k
* Actual Life Cycle

k
› (14)

The developed ANN is computationally intensive, as it can be
learned in less than 10 s for a trial employing 10 Intel Xeon W-2155
CPU cores @ 3.30 GHz. The predicted buckling loads and life cycles
compared to their actual values are shown in Figs. 4–5 for training
and testing datasets. It is indicated that the predicted values are in
agreement with the actual values. The predicted stability results show
an average accuracy of 97.18% for the trained network. In addition, the
test assessment indicates an average accuracy of 96.80%. According to
Ref. [39], the trained fatigue network has accuracy with less than 1%
and 2% errors for training and test sets [39]. Based on the training and
testing results assessments, the developed ANNs can be utilized as an
evaluation tool to conduct mechanical analysis of an origami-inspired
structure.

Fig. 4. Train vs. actual buckling loads and life cycle.

Fig. 5. Test vs. actual buckling loads and life cycle.

3. Results and discussions

This section comprises two sections. First, we discuss how the geo-
metric parameters can improve or impair the stability of the inspired-
origami structure. Next, we discuss the effect of these parameters on
the fatigue and stability behavior of the structure simultaneously. We
study the independent geometric parameters, including circumscribed
circle’s radius, total height, thickness, crease parameters (aspect and
thickness ratios), length ratio, and story’s height.

3.1. Stability analysis

This section outlines the effect of different geometric parameters
on the buckling load of the inspired-origami structure using ANN
results. Depending on how these geometric parameters are chosen, the
stability of the structure may increase or be compromised, as shown in
Figs. 6–16.

Figs. 6–7 depict the effect of b_a and R for different number of
stories. In Fig. 6, the height of stories equals 50 mm for all cases. Other
geometric parameters are considered as � = 1, ↵ = 0.1, t = 2, and R =
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Fig. 6. Influence of b_a and number of stories on the stability.

Fig. 7. Influence of R and number of stories on the stability.

60 mm. The results illustrate that the structural stability is improved
by decreasing the value of b_a. The stability changes slightly when b_a
is greater than 1.9. It is observed that the stability is decreased with
the increase of stories. However, the difference between the buckling
loads is slight when the structure consists of three and four stories.

Fig. 7 present origami structures with the geometric parameters of
� = 1, ↵ = 0.1, thk. = 2 mm, and b/a = 1.7 . It is demonstrated that the
structure is more stable when R is in the range of 60–120 mm. In this
range, the buckling load is decreased by increasing R. When R is larger
than 120 mm, the stability is improved slightly for the structure with
two, three, and four stories. The stability improvement is significant for
the one-story structure when R=120 or more.

Figs. 8–9 present the stability of the three-stories structure with
different b_a and R, respectively. The structure is designed with con-
sidering h = 50 mm, � = 1, ↵ = 0.1, and thk. = 1, 2, and 3 mm. It can be
found from these figures that the stability of the structure is enhanced
with the increase of t. However, when b_a is changed in the range of
1.3 and 1.9 and thickness is 3 mm, the stability decreases significantly.
The stability of the structure is somewhat constant for the b/a greater

Fig. 8. Influence of b_a and thk. on the stability of the structure.

Fig. 9. Influence of R and thk. on the stability of the structure.

than 1.9 and thickness of 1 mm or 2 mm. It is shown in Fig. 9 that
increasing the radius decreases the buckling load. The changes in the
stability are slight for the structure with R of 125 mm or greater. As can
be seen from both figures, with an increase in thickness, the difference
between the buckling load increases substantially.

Fig. 10 displays the effect of b_a and R on the stability of the
three-story structure designs. These designs include ↵ = 0.1, � = 1,
h = 50 mm, and t = 2 mm. The stability is ameliorated with the
decrease of b_a and R. The results show that this increase in stability
is approximately uniform by varying these parameters. The stability is
slightly improved around b/a of 1.9, but it decreases after this point.
A similar pattern happens for the radius of 100 mm. The buckling load
is increased significantly when b_a is changed from 1.7 to 1.3.

Figs. 11–12 present the influence of crease indexes and b_a on the
buckling load of the proposed design. The structure comprises three
stories with a radius of 60 mm and a story height of 50 mm. In Fig. 11
the thickness and � are 2 mm and 1, respectively. It is discovered
that the stability of the structure is improved when ↵ increases. This
improvement is significant when b_a is 1.9 or more. It can be concluded
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Fig. 10. Influence of R and b_a on the stability of the structure.

Fig. 11. Influence of ↵ and b_a on the stability of the structure.

that increasing the width of flexible creases can increase the buckling
load.

The ↵ and thickness of creases are assumed to be 0.1 and 2 mm in
Fig. 12. Increasing the thickness of the panel improves the stability for
all length ratios (b/a). It means that the panels carry the majority of the
stresses and the creases act like actuators. It proves that choosing a stiff
material for panels and a flexible material for creases should be the best
material selection in designing a Kresling origami-inspired structure.

Figs. 13–14 show the effect of creases indexes and the circumscribed
circle’s radius on the buckling load. This design includes three stories,
and h and b_a are assumed to be 50 mm and 1.7. Based on these figures,
_alpha and _beta affect the stability of the structure in accordance with
R. When R is less than 90 mm, the stability of the structure is increased
by increasing �. The buckling load is decreased with the increase of �
for R greater than 90 mm. Fig. 13 indicates that first, the stability of the
structure is lessened with the increase of ↵, then it is heightened when
R is greater than 90 mm. When ↵ is around 1.5, the buckling happens at
the lowest applied force value for all cases. It is evident from the results

Fig. 12. Influence of � and b_a on the stability of the structure.

Fig. 13. Influence of ↵ and R on the stability of the structure.

that _alpha and R should be considered simultaneously in determining
the stability of the structure.

According to Figs. 15–16, the effect of H on the origami structure’s
stability is conditional on two other geometric parameters; b_a and R.
This design has three stories with different heights, in which h varies
from 17 mm to 70 mm. In this structure, t, ↵, and � are 2 mm, 0.1, and
1, respectively. It is demonstrated that the stability is improved with
the decrease of b_a while H is 90 mm or more. When H is between
50 mm and 90 mm, the stability drops with the decrease of b_a from
1.9 to 1.7, then it is increased substantially. A similar trend happens
when the total height is between 150 and 210 mm, and the length ratio
is decreased from 1.7 to 1.5. The stability of the structure is enhanced
extensively by decreasing R when H is greater than 150 mm. When the
total height is between 50 mm and 90 mm, the increase of R enhances
the stability of the structure.
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Fig. 14. Influence of � and R on the stability of the structure.

Fig. 15. Influence of H and b_a on the stability of the structure.

3.2. Stability and fatigue prediction

This section explores how the designed structures’ geometric param-
eters involve stability and fatigue failure. Therefore, providing the right
range of these parameters is essential for improving the stability and
fatigue life of the origami-inspired structure. Fatigue life and stability
contours are plotted for b/a, R, H , ↵, and � in Figs. 17–19.

Fig. 17 presents how b_a and R change the stability and fatigue
failure of the proposed design. It is illustrated that the life cycle and
stability of the three-story structure are improved when b_a decreases
and R increases simultaneously. It can be found that the structure
has the optimum performance when b_a has a small value and R is
large. The upper left of this figure is the optimum range of these two
parameters. The stability of the structure is in jeopardy outside of this
region. It is discovered that the influence of b_a on stability is more
significant than the fatigue life. Although the fatigue life varies slightly
with the change of b_a, its changes are significant with the variation of
R.

Fig. 16. Influence of H and R on the stability of the structure.

Fig. 17. Influence of R and b_a on the stability and fatigue failure of the structure.

Fig. 18 illustrates that when b_a and H are decreased, the stability
and fatigue life of the structure are improved. In this figure, the
structure contains three stories, and the total height varies from 50 mm
to 210 mm. It is shown that when the length ratio is around 1.9, the
changes in buckling load are slight. After this point, the stability of the
structure is changed slightly with the increase of H , but the fatigue
life is improved significantly. Although the stability is enhanced by
decreasing the length ratio from 1.7 and increasing the total height,
the fatigue failure happens at a lower cycle. The optimum values of
these two parameters are determined in the figure’s center region and
right side.

It is explored from Fig. 19 that the optimum range of ↵ and � is
located in the upper right region of this figure. The structure’s ↵ and
� vary between 0.01–0.2 and 0.5–2, respectively. The structure’s life
cycle is enhanced with the increase of ↵, and it reaches the maximum
value when � is around 1 and 1.25. When ↵ is greater than 0.15, the
buckling load is increased significantly by increasing �. The difference
between the buckling load is considerable with the increase of �, and
↵ is less than 0.1. This figure shows two optimum stability regions, but
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Fig. 18. Influence of H and b_a on the stability and fatigue failure of the structure.

Fig. 19. Influence of � and ↵ on the stability and fatigue failure of the structure.

the fatigue life is increased from the left to the right of the figure. It
can be concluded that the ratio of width-to-length of creases plays a
crucial influence on the mechanical behavior of the structure.

4. Conclusion

The fatigue failure and stability of a reconfigurable Kresling
origami-inspired structure are investigated in this research. We utilize
the mean stress with fully reversed loading to assess the structure’s
fatigue failure. The nonlinear-based eigenvalue approach is used to
evaluate the stability of the structure. Our study explores the mechan-
ical properties of an origami-inspired structure using flexible crease
sections and stiff panels.

In terms of computational efficiency, using FEA to investigate
how geometric parameters influence the mechanical properties of an
origami structure is expensive. This led us to develop an ANN model
that could estimate a broader range of parameters for the stability and
life cycle of the structure. The ANN was trained using a set of seven
parameters: circumscribed circle’s ratio of polygonal, total height,
thickness, crease parameters (aspect and thickness ratios), length ratio,

and story’s height. Using random sampling, we divided the FEM dataset
into training (70% of the data) and test sets (30% of the data).

It is indicated that these parameters have a significant impact on
the mechanical properties of origami designs. We can conclude that
the structure is more stable when b_a and R are reduced. Whenever
the number of stories increases, there is a corresponding decrease in
the stability. Despite the fact that buckling load increases as the height
is decreased, its effect is dependent on the circumscribed circle’s radius
and the length ratio.

Panels constructed of stiff materials and creases constructed of flexi-
ble materials can enhance the folding performance of the structure. This
study demonstrates that the effect of crease indexes on the mechanical
properties of a structure depends on the value of R, while an increase in
the value of alpha results in a delay in buckling. In addition, it is found
that panels bear the greatest load on the origami-inspired structure,
resulting in a considerable effect on its stability.

Furthermore, we observe the effects of these parameters on the
structure’s stability and life cycle at the same time. It is found that
structures with a large b_a and a small R have the best performance
among different cases. The life cycle and stability can be enhanced by
reducing the length ratio as well as the height. It is discovered that the
structure’s performance is improved by increasing the aspect ratio and
keeping the thickness ratio between 1 and 1.25. In addition, to improve
the structure’s stability and life cycle, the creases can be made wider
so that they can change their state with less effort.
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