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Abstract. The coiling process, crucial for winding long sheets of consistent thickness, often encounters
challenges due to deformation induced by pressure and frictional forces on the inner mandrel and sleeve. This
necessitates precise stress calculations to ensure operational safety within elastic deformation limits. This study
proposes a novel mathematical model to accurately predict stress distribution in the sleeve’s hoop direction. The
mathematical model is modified by applying a correction factor, derived from an enhanced analytical solution
based on the Lame equation, specifically tailored to address coiling stress during prior elastic deformation.
Validation of the proposed analytical solution was carried out using finite element analysis through the
ABAQUS model. This validation process revealed variations in stress within the sleeve’s hoop direction
corresponding to different coiling tensions. Furthermore, parametric analysis highlighted a correlation between
increased coiling tension and higher frictional forces exerted by the first layer of the steel coil on the sleeve,
resulting in discernible variations in hoop stress based on sleeve radius and coiling tension. The key innovation
lies in the application of the correction factor to the Lame equation, enabling the derivation of stress results
consistent with finite element analysis, even under arbitrary coiling tension and sleeve radius inputs. This
analytical solution not only holds promise for predicting the behavior of various thick-walled cylinders produced
through different manufacturing processes involving coiling but also facilitates integration with monitoring
systems to mitigate slumping during steel rolling operations, all while minimizing computational burden.

Keywords: Coiling / stress analysis / lame equation / analytical solution / finite element analysis /
least-squares method
Glossary

i (=1 to N) The current coiling layer
r The radial position from the sleeve to the coil
sT Coiling tension
t Strip’s thickness
m Frictional coefficient
Ri,man The inner radius of the mandrel
Ro,man The outer radius of the mandrel
Ri,sleeve The inner radius of the sleeve
Ro,sleeve The outer radius of the sleeve
Ri,coil The inner radius of the coil including 1st to i-

1th coiling layer
Ro,coil The outer radius of the coil including 1st to i-

1th coiling layer
pi,man The pressure on the inner radius of the

mandrel
onghuipark@sunmoon.ac.kr

penAccess article distributed under the terms of the CreativeCom
which permits unrestricted use, distribution, and reproduction
po,man (=pi,sleeve) The pressure on the outer radius of
the mandrel(=the inner radius of
the sleeve)

po,sleeve (=pi,coil) The pressure on the outer radius of
the sleeve(=the inner radius of the
coil including 1st to i-1th coiling
layer)

po,coil The pressure caused by the i th
coiling, on the outer radius of the
coil including 1st to

i-1th coiling layer
sr,sleeve The radial stress of the sleeve
su,sleeve The hoop stress of the sleeve
sr,coil The radial stress of the coil
su,coil The hoop stress of the coil
A, C The unknown factors in the Lame

equation calculated by the outer and
inner pressure

a The correction factor in themodified
Lame equation
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pii The coefficients in the surface function of
the correction factor a

g(uT,i, aj) The stress result of the analytical solution
gi The stress result of the finite element

analysis model

1 Introduction

Coiling process is wound in a state where coiling tension is
forced on the steel sheet to make a uniform spiral coil.
Coiling tension is a primary factor determining the shape
and deformation of the coil. When the coiling tension is
excessive, excessive radial stress is generated inside the
sleeve and strip coil, resulting in the slumping of the
material’s coil and severe deformations [1]. Conversely,
insufficient coiling tension can lead to failure in coil
formation due to the uncoiling phenomenon of the strip coil
and slippage between the strip layers. In the case of thin
steel sheets, coiling conditions significantly affect the coil’s
status, necessitating additional measures to prevent
excessive deformations. For instance, in thin steel sheets,
the steel sheet is wound while the sleeve is inserted on the
mandrel. This is because as the thickness of the steel sheet
decreases, the reaction force of the radial direction of the
coil to maintain the shape against the external pressure
caused by coiling decreases. Severe deformation occurs in
the steel sheet where themandrel and the steel sheet are not
in direct contact locally. Accurate prediction of the stress
distribution occurring in the sleeve and coil according to
the coiling process conditions is directly related tomore coil
stacking and equipment lifespan, and various predictive
studies have been conducted. To predict these deforma-
tions, previous studies have suggested analytical solutions
based on cylinder theory, solving equations with boundary
conditions under certain assumptions, without the need for
numerical iteration to verify the stress distribution. With
the development of computational technology, finite
element analysis has started to replace analytical solutions
due to its higher accuracy. However, solving numerical
iterations in non-linear contact problems using implicit
methods takes longer compared to analytical solutions.
This is the reason why I aimed to develop the analytical
solution.

Firstly, a coiling process, where a steel sheet is wound
directly onto a mandrel, was studied assuming a two-
dimensional plane stress problem [2]. The study suggested
the formula for radial and hoop stress calculations using the
pressure values applied to the inside and outside of the
hollow cylinder, and the formula was verified by estimating
the strain of the coil with a strain gauge. The stress
calculation analytical solution was developed by previous
work [3,4]. The N-1th steel sheet is laminated on the
mandrel, the pressure value from the coiling tension is
applied to the Nth steel sheet when the Nth steel sheet is
wound, and the hollow structure formed by the mandrel
and the N-1th steel sheet is wound accordingly. This
lamination calculates and accumulates pressure between
cylinders through force fitting. This basic model is
developed by analysing the coil’s internal stress distribu-
tion through the coupling between thick and thin cylinders
[5]. The elastic stress model is expanded to three
dimensions to calculate the stress distribution according
to the flatness [6]. Applied studies such as model
improvement for stress calculation have been carried out
[7]. A stress analysis in conjunction with multicylinder
interference fitting [8–10] was also conducted to calculate
the stress for mandrel-sleeve-coil coiling introduced for
coiling thin steel sheets, and a finite element analysis model
for the structure was developed [11]. Especially considering
that experimental approaches are impractical for acquiring
stress distributions among inter-layers of coils due to high
pressure accumulation during coiling, the finite element
analysis model, verified by comparing theoretical analysis
results from the Lame equation [12], can be applied to
various engineering problems. In the previous work, a
parametric study, such as the stress-concentrated area
change by changing the coiling conditions was performed
[13]. By improving the assumptions of the bending and
coiling pressure of the steel sheet applied to the developed
analytical solution, it was enhanced to an analytical
solution that can accurately express the stress within the
range of elastic deformation [14]. It was confirmed that the
hoop stress applied to the sleeve is a friction force caused by
the coiling tension, and there is a limitation in calculating it
with the existing Lame equation. It was confirmed that the
correction factor that can compensate for this should be
reflected in the stress calculation equation. This calculation
is important to specify coiling conditions, such as the
number of coiling layers and coiling tension, to ensure that
the sleeve remains within elastic deformation.

In this study, a correction factor function for coiling
tension was derived to enhance the accuracy of calculating
hoop stress in the sleeve. Using the previous finite element
analysis model, a parametric study was conducted by
changing coiling conditions and arranging stress distribu-
tions of the sleeve and the coil. Especially when various
coiling tensions were applied, the same analysis as that
used in the finite element analysis model was employed to
derive the correction factor in the Lame equation for each
coiling tension and stress result. Finally, the correction
factor was improved to enhance the accuracy of the
analytical solution, thereby increasing its calculation
accuracy through functionalization.
2 Computational modeling

2.1 Analytical solution of the coiling stress
distributions with a mandrel and sleeve

Figure 1 is a flow chart for calculating the analytical stress
solution’s coiling stress based on elastic deformation
proposed in the previous study. By using the pressure by
the coiling tension applied to the stacked Nth coil, the
problem of the simultaneous equations of the interlayer
pressure based on the theory of force fit between the
cylindrical mandrel, the sleeve, and the 1st to N-1th coils is
solved as well as the problem between each cylindrical part
(Fig. 2). After calculating the applied pressure, it is added to
the existing accumulated pressure and applied to the Lame’s
equation tocalculate the internalpart’s stress.TheNthcoil is



Fig. 1. Flow chart of calculating coiling stress.
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used to calculate the coiling tension and bending stress to
calculate the radial and hoop stresses. When the
N+1th coil is stacked, it is reflected in the 1st to Nth coil
cylinders, the same as the previous step. The interlayer
pressure and stress is then iteratively calculated. This rule
repeats until the coiling finishes.

To derive the calculation formula in the third step of
Figure 1, “Calculate coiling pressures among the boundary
layers”, based on the current i-th coil being stacked,
pressure is applied to the boundaries between three
different material layers: the mandrel, the sleeve, and
the accumulated 1st to (i � 1)th coils. Organizing the
boundary pressures from the innermost to the outermost,
they can be listed as pi,man, po,man, pi,sleeve, po,sleeve, pi,coil,
po,coil. Here, the subscript i denotes the inner side, o denotes
the outer side, and “man,” “sleeve,” and “coil” represent the
mandrel, sleeve, and coil, respectively. Given that po,man
and pi,sleeve, as well as po,sleeve and pi,coil, are on the same
boundary surface and therefore have the same values, the
boundary pressures can ultimately be simplified to four:
pi,man, po,man(=pi,sleeve), p1(=po,sleeve=pi,coil), p2(=po,coil).
These four unknown pressures can be calculated through
the force fit described by equations (1) and (2). Although
only two equations are presented, examining the
mechanical structure reveals that pi,man has a pressure
value of 0, and p2 can be defined through the pressure
formula
(Eq. (3)) applied by the i-th stacked coil, allowing for the
calculation of the remaining two unknown pressures.

See equation (1), (2) next page.

p2 ¼ �T
h

R2
; ð3Þ

wherepo,man,pi,man,nman,Eman,Ro,manandRi,manaretheouter
pressure, the inner pressure, Poisson’ ratio, modulus of
elasticity, theouter radiusandthe inner radiusof themandrel,
p1, nsleeve,Esleeve andR1 are the outer pressure, Poisson’ ratio,
modulusof elasticity and the outer radius of the sleeve, andp2,
ncoil,Ecoil,R2 are theouterpressure,Poisson’ ratio,modulusof
elasticity, the outer radius of the coil.

By accumulating the boundary pressure values calcu-
lated from the tension of the newly stacked coil and
applying them to equations (4) and (5), the radial and hoop
stresses of the sleeve mentioned in the fourth step can be
derived. These equations can be formulated into a system
of simultaneous equations by equating the pressures acting



Fig. 2. Schematic diagram of coiling.
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on the inner and outer boundaries of the sleeve to the radial
stress, allowing for the calculation of the unknowns A and
C. However, as mentioned in previous research, the hoop
stress of the sleeve is not accurately predicted by this
equation due to effects such as friction, necessitating an
improved formula [14]. Based on this analysis model, the
correction factor for accurate hoop stress calculation of the
sleeve proposed in the introduction is applied to the
constant term of the Lame’s equation (Eq. (6)). Supposing
the coiling condition and the arbitrary correction factor are
given, the radius and hoop stress generated in the sleeve
and coil can be calculated. Nevertheless, the stress in
the sleeve hoop direction is intensively calculated, and the
stress is corrected for the change in the coiling tension by
po;man

1þ �man

Eman

1−2�manð Þ Ro;man

Ri;man

� �2

þ 1

" #

Ro;man

Ri;man

� �2

−1

8>>>><
>>>>:

¼ 2pi;man

1−�man2

Eman
�

p1
1þ nsleeve

Esleeve

1−2nsleeveð Þ R1

Ro;man

� �2

þ
"

R1

Ro;man

� �2

−1

8>>>><
>>>>:

¼ 2po;man
1−nsleeve2

Esleeve

1

R1

Ro;man

� �2

−1

þ 2p2
comparing it with the results of the finite element analysis.
Therefore, the correction factor should be identified to
improve the accuracy of the analytical solution.
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Fig. 3. Finite element analysis model [14].
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2.2 Finite element analysis model of the coiling stress
distributions with a mandrel and sleeve

The ABAQUS finite element analysis model for mandrel-
sleeve-coil stress calculation that was established in the
previous study was used [14] (Fig. 3). The finite element
analysis model has two parts; the sleeve and the strip that
are deformable. Two parts have linear elastic material
property with density, modulus of elasticity and Poisson’s
ratio. The mandrel was regarded as a rigid body by giving
kinematic coupling the rotational center and the inner
radius of sleeve. In other words, the inner radius of the
sleeve and the centre of rotation were defined as rigid
bodies in the coupling module. According to the centre of
rotation, a constant rotational motion of 4p rad/sec was
applied in the counter-clockwise direction without defor-
mation. The sleeve has an equally spaced element in both
the hoop and radial directions. On average, the aspect ratio
of the sleeve’s mesh is about 1.34. Since the strip has five
elements in the thickness direction, the stress distribution
for bending can be checked, and in the longitudinal
direction, the bias function is used so that the nodes
between the coiling layers having the same angular phase
can contact each other in the process of stacking the strip
into a coil. As a result, the size of elements increases as
the element is placed on the right side of the strip. In the
meshing of the strip, selecting an ideal aspect ratio for the
strip’s mesh is challenging. In the actual winding process,
assuming the thin stainless steel strip with a length of
1,486 meters is wound around the sleeve used in this
analysis, it must be wound approximately 384 times. The
issue arises because, compared to the strip’s length, the
thickness is extremely small, at just 0.001 meters. When
dividing the mesh, if user sets square mesh elements with
an aspect ratio of 1:1 between the thickness direction and
the strip’s length direction, and place 5 elements in the
thickness direction, about 7,430,000 elements will be
generated along the length of the strip. This dramatically
increases the degrees of freedom, requiring significant
computational resources. Additionally, due to the contin-
uous contact between the sleeve and the coil, as well as self-
contact between the coil layers, and the accumulation of
large displacements, the nonlinear analysis becomes highly
complex, making it difficult to predict results in a short
time. Fortunately, a previous study [11] utilized high-
performance computational resources to apply these
conditions to an actual finite element analysis model. By
comparing it to the analytical model developed for
calculating stress in the sleeve and strip using interference
fitting and the Lame’s equation, the study derived an
appropriate analysis model from the perspective of mesh
quality, including aspects such as aspect ratio, Jacobian,
warpage, and skewness. The results showed that the stress
distribution in both models was consistent, and even after
numerous layers were stacked, the stress distribution
remained within the expected range. Based on this, the
mesh used in the previous study was applied in the current
analysis. The goal of this research is to modify the previous
analytical model to more accurately predict the stress
acting on the sleeve. Rather than using the original strip
length of 1486 meters, as in the previous study, this model
reflects a length of 54.538 meters, assuming the strip is
wound into 20 layers. The samemeshing criteria mentioned
earlier, with respect to the thickness and length directions,
were applied. The mesh type of the sleeve and the strip is 4-
node bilinear, reduced integration with hourglass control
(CPS4R) [15].

About the constraint, interaction, and boundary condi-
tion, the left edge of the strip is constrainedon theuppermost
node of the outer sleeve. Regarding contacts among the
sleeve and the strip, the hard contact condition was applied
to the vertical direction. The penalty method with a friction



Table 1. Coiling conditions.

Item Value

Inner radius of sleeve 0.304 [m]
Outer radius of sleeve 0.424 [m]
Thickness of strip 1 [mm]
Length of strip 54.538 [m]
Coiling tension Variable [MPa]
Density 7,850 [kg/m3]
Elastic modulus 214 [GPa]
Poisson’s ratio 0.28 [–]
Angular velocity of sleeve 4p [rad/s]
Frictional coefficient between
sleeve and strip

Variable [–]

Self-frictional coefficient of strip Variable [–]
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coefficient of 0.05 was applied to the tangential direction.
About external forces, coiling tension is applied to the right
edge of the strip with the opposite direction of the sleeve’s
rotation to wind the coil tightly. Table 1 presents the coiling
conditions that are used in the finite element analysis.

About the finite element solver, dynamic implicit
method was chosen. The solver has initial increment size
1� 10�5 and minimum increment size 1�10�15, and non-
linear effect of large deformation was applied.

3 Parametric study of the computational
model according coiling conditions

3.1 The internal stress of the sleeve according
to coiling tension

The stress calculation results of the analytical solution and
the finite element analysis model were compared to verify
the validity of the analytical solution. Regarding the
analytical solution, the coil is expressed as a hollow
cylinder. The radial and hoop stresses of a constant
magnitude are calculated regardless of the sleeve’s hoop
position. However, different results can be obtained
depending on the hoop position, as both the sleeve and
coil internal stress distributions caused by coiling the spiral
coil with the discontinuous connection where the sleeve and
the strip contacts start in the finite element analysis model
(Fig. 4). For example, the internal stress of the sleeve is
small and hard to figure out the difference along the
circumferential position in the upward side of Figure 4
compared to themagnitude of the internal stress of the coil.
However, upon temporarily removing the coil from the
stress plot of the assembly, a noticeable variation in stress
can be observed from red to blue along the circumferential
position. This variation is attributed to stress concentra-
tion at the contact point between the sleeve and the coil.
Accordingly, the stress at the location where the stress
concentration area’s influence was insignificant, including
the opposite side of the contact starting point where the
stress concentration occurred, was analysed by comparing
the result to the analytical solution. The results of radial
and hoop stresses of the sleeve were compared according to
the radial position from the inner radius to the outer radius
of the sleeve in the further parametric studies regarding the
coiling conditions.

3.2 Sleeve’s hoop stress calculation correction factor
according to coiling tension

In this section, a case analysis was conducted to derive the
proposed stress correction factor (Eq. (6)) to increase the
accuracy of calculating the hoop stress compared the model
without the correction factor. The unknowns A and C in
su,sleeve can be determined by using the boundary
conditions the outer and inner pressure by using the Lame
equation regarding sr,sleeve [16]. When the coils are stacked
on the sleeve, an interlayer frictional force is applied together
with pressures from the coiling tension. Therefore, compres-
sion and torsion coexist in the sleeve. In the case of radial
stress due to pressure, the Lame equation can be sufficiently
expressed. However, there is a limitation in expressing the
hoop stress due to torsion. Therefore, a correction factor was
introduced tocalculate thehoop stress.Thecorrection factor
greatly influenced by torsion includes the interlayer friction
coefficient and the coiling tension. First, as a result of
checking how the change in the friction coefficient affects the
hoop stress and the correction factor, the blue-dotted
distribution, the red-dotted distribution and the black-
dotted distribution have no difference in the hoop stress of
the inner radius and the outer radius of the sleeve (Fig. 5). In
other words, It was confirmed that there was no significant
effect on the variations in the hoop stress distribution, and
was removed from the design variable in the parametric
study. Therefore, the values of the frictional coefficient
between sleeve and strip, and self-frictional coefficient of
strip were applied as 0.05 referring to the previous work [14].

Additionally,whenexamining the factors thatmayaffect
the hoop stress of the sleeve, changes in the sleeve’s material
and shape can naturally result in differences in the stress
distribution.However, sleeves are typicallymanufactured in
a hollow form and made from alloy steel that is reinforced
against fatigue, with mechanical properties similar to those
ofcarbonsteel,makingthe influenceofthese factorsminimal.
Moreover, changes inthematerialandshapeof thesteel sheet
layered onto the sleeve could affect the calculation of hoop
stress. However, this issue can be easily resolved by
understanding the reason for using the sleeve. In the case
of thick steel strip obtained through hot rolling processes in
steel mills, the strip is typically layered directly onto the
mandrelwithout the need for a sleeve, similar tohowa core is
used in a roll of tissue. On the other hand, for the thin steel
strip produced through cold rolling, as dealt with in this
study, the steel cannot withstand the pressure from
continuous layering if it is layered directly onto themandrel.
Thus, a sleeve is placed in the center before winding.When a
certain amount of layering is achieved on the sleeve, the
sleeve can become deformed, which can affect the quality of
the coil. Therefore, it is necessary to predict the internal
deformation state to ensure layering is done only to the point
where the sleeve does not deform. For the steel sheet



Fig. 4. Radial stress of the sleeve during coiling: (a) radial stress distribution including the sleeve and the strip; (b) radial stress
distribution of the sleeve without the strip.

Fig. 5. Sleeve’s stress distributions according to a frictional coefficient.
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addressed in this study, with a thickness of 3mm or less, the
second moment of area is small, meaning that bending
deformation occurs very easily without significant material
strength effects. When winding tension is applied, the
bending and tension occur directly under the applied force,
making the influence of other factors extremely rare.

Accordingly, a finite element analysis applying various
coiling tensions was performed, and the Lame equation
correction factor of the analytical solution that can provide
the same distribution as the sleeve hoop stress in the finite
element analysis was derived and functionalized (Tab. 2).
At this time, the least-squares method was applied
between the stress result g(sT,j,ak) of the analytical
solution according to the arbitrary correction factor ak
and the stress result sj of the finite element analysis to
derive the correct result value of the correction factor for
each coiling tension sT,j. Thus, the most likely value ai was
derived (Eq. (7)) [17,18].

min
XN
k

sj�gðsT ;j;akÞ
� �2

: ð7Þ



Table 2. The overview of case studies.

Number, j Coiling tension, sT,j [MPa] Correction factor, aj Functionalization

1 30 a1

aj = f(sT,j)

2 40 a2
3 50 a3
4 60 a4
5 70 a5
6 80 a6
7 90 a7
8 100 a8
9 110 a9
10 120 a10
11 130 a11
12 140 a12
13 150 a13

Fig. 6. Stress distributions of the sleeve.

8 Y. Park: Mechanics & Industry 25, 33 (2024)
4 Results and discussion

4.1 The internal stress of the sleeve according to
coiling tension

Figure 6 shows the hoop stress s&z.Theta; according to the
radial position between the sleeve’s inner diameter and
outer diameter, depending on the coiling tension in the
finite element analysis result. As the coiling tension
increases, the hoop stresses have high absolute values in
the both sub-figures in Figure 6. In the case of the outer
diameter of the sleeve, it has a higher hoop stress than the
inner diameter due to torsion caused by coiling the steel
sheet. Additionally, compression in the hoop direction due
to torsion increases as the magnitude of the coiling tension
increases. It was also confirmed that the correction factor a



Fig. 7. Correction factor, a according to coiling tension, sT, and the radial position of the sleeve, r.

Table 3. The optimum value of correction factor a(sT, r).

Number, j Coiling tension, sT,j [MPa] aj(Ri,sleeve) aj(Ro,sleeve)

1 30 1.1950 1.1675
2 40 1.1897 1.1674
3 50 1.1804 1.1481
4 60 1.1823 1.1418
5 70 1.1757 1.1450
6 80 1.1828 1.1327
7 90 1.1808 1.1252
8 100 1.1709 1.1415
9 110 1.1646 1.1358
10 120 1.1675 1.1344
11 130 1.1718 1.1319
12 140 1.1709 1.1325
13 150 1.1697 1.1340

Y. Park: Mechanics & Industry 25, 33 (2024) 9
is a dependent variable for the radial position r, as the hoop
stress change rate differs according to the sleeve radial
position whenever the coiling tension changes.

4.2 Sleeve’s hoop stress calculation correction factor
according to coiling tension

In this section, based on the sleeve’s hoop stress results for
each coiling tension, the functionalization of the correction
factor a was performed. Unlike the original plan, in the
previous section, as the hoop stress results changed
according to the radial position of the sleeve, the coiling
tension sT and the radial position r were treated as
independent variables. Through GNU Octave’s code using
the least-squares method, the surface function of equation
(8) was obtained, and the result of visualizing it is shown in
Figure 7. By synthesizing results from previous studies [14]
and actual parameter analyses, it has been established that
the hoop stress generated internally lies between the inner
and outer stress values of the sleeve. According to the Lame
equations, this stress distribution is inversely proportional
to the square of the radial position. Based on the stress
values at the sleeve boundaries, a method was applied to
estimate the internal state. Specifically, by creating a
function that provides appropriate coefficients for each
radial position based on the applied tension values when
various tensions are applied, it becomes possible to
determine the trends of these values, which are bounded
by the maximum circumferential stress at the outer sleeve
and the minimum circumferential stress at the inner sleeve,
across a range of 30MPa to 150MPa (Tab. 3). If the trends
of these values can be identified, it becomes feasible to



Fig. 8. Flow chart of calculating the coiling stress with the correction factor, a.
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characterize the internal behavior and function. Figure 7
illustrates the correction factor data obtained through the
least-squares method for the sleeve boundaries, which
represents a function that continuously expresses the
correction coefficients for the Lame equations based on
different coiling tensions. Regarding the distribution trend
of the correction coefficient, it canbe seen that the higher the
coiling tension, the closer thevalues are to the outerdiameter
of the sleeve, resulting in a lower correction coefficient. The
developed stress correction factor function was able to
replicate the same stress result as the hoop stress of each
sleeve radial position obtained in the finite element analysis
when an arbitrary coiling tension was applied within the
existing stress calculation model (Fig. 8).

a ¼ p00 þ p10sT þ p01rþ p20s
2
T þ p11sT rþ p30s

3
T

þ p21s
2
T r ð8Þ

where a is the correction factor, r is the radial position of
the sleeve, and the coefficient p00, p10, p01, p20, p11, p30
and p21 are 1.157, �8.573� 10�3, �2.061� 10�2,
3.745� 10�3, �1.227� 10�3, �1.521� 10�4, and
2.189� 10�3 respectively.
5 Conclusions

In this study, a correction factor was derived to enhance
the accuracy of calculating hoop stress in the sleeve
during mandrel-sleeve-coil coiling, focusing on elastic
deformation. By applying the Lame correction equation
with a correction factor, tailored to different coiling
tensions, the model’s usability was improved through
functionalization. Utilizing finite element analysis stress
results under various coiling tensions, the maximum
correction factor using the least-squares method was
derived. The resulting analytical model, incorporating
the correction factor, offers a more precise calculation of
internal deformation in the sleeve and strip, accounting
for traction induced by coiling tension and torsional
effects. This model holds promise for applications such as
optimizing coiling processes and developing real-time
coiling simulators. Future work will involve creating a
simulator that predicts real-time coiling states by
integrating a dynamics analysis model of the entire
coiling process with the stress calculation model devel-
oped in this study.
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