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Abstract. Lithium-ion batteries have been widely used in energy storage for a range of
applications from portable electronics, electric vehicles to power grids due to their high energy
density, high power density and long cycle life. Calendering is a critical process in the
manufacturing of lithium-ion batteries electrodes, which has a significant influence on volumetric
energy density, long-term cycle stability, and electrochemical performance of lithium-ion
batteries, etc. Wrinkles in the uncoated area and corrugations in the coated area of the electrode
during the calendering process are serious problems in the industrial production of lithium-ion
batteries, as shown in Fig. 1. Adjusting the web tensions has been a critical solution to mitigate
these defects. However, large web tensions often lead to foil tearing, severe wrinkles, and high
scrap rates, due to a lack of understanding of the wrinkling and corrugating behavior under
different tension conditions. To cope with that, this stuedy aims to investigate the mechanism of
wrinkling and the effect of web tension on the wrinkling of electrodes during calendering.
Calendering experiments are carried out for lithium battery cathodes under different front and back
tensions and the three-dimensional topographies of calendered electrodes are measured by a laser
profiler. The corrugations of electrodes can be improved by the difference between the front and
back tension, instead of the magnitude of the tension, and the tortuosity is reduced by 34.2% at a
tension difference of 20 N, compared to that of 5 N. An increase of the tension difference leads to
a linear increase of shear displacement 6, causing severe wrinkles in the uncoated area of
electrodes. An analytical prediction model for the wrinkles during calendering is established based
on shearing of the rectangular membrane and an electrode quality evaluation method for balancing
wrinkles and corrugations is proposed. The determination of optimal web tension settings, with a
tension difference of 17 N, is achieved to obtain the best quality calendered electrodes, which is
in agreement with the experimental results. The method presented in this paper is helpful for the
improvement of the production quality and efficiency of lithium battery electrodes.

Introduction

Lithium-ion batteries have been widely used in energy storage for a range of applications from
portable electronics, electric vehicles to power grids due to their high energy density, high power
density and long cycle life. The growing demand for high-performance and low-cost lithium-ion
batteries results in challenges regarding refined understanding of engineering fundamentals and
ingenuity in the electrode manufacturing process [1, 2]. The manufacturing process of lithium-ion
batteries consists of slurry mixing, coating, drying, calendering, slitting, vacuum drying, and
subsequent cell assembly and battery electrochemistry activation processes [3-5]. Calendering is
a critical step in the fabrication of electrodes, which employs a high rolling load to compress the
electrodes to a specified thickness. Calendering not only increases the volumetric energy density,
but also enhances the electrical and thermal conductivity, long-term cycle stability, and
electrochemical performance of the lithium-ion batteries [6-8].
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Fig. 1. Schematic of the calendering process including the appearance of electrode wrinkles.

The electrode is composed of a metal foil (aluminum for cathodes and copper for anodes)
double-sided coated with a particulate composite (active ceramic powders for cathodes and
graphite powders for anodes). Taking the cathode as an example, the thicknesses of the aluminum
foil and single-side active coating are respectively 10-20 um and 65-75 um for commercial
lithium-ion batteries, according to Zhu [9]. In the calendering process shown in Fig. 1, the
electrodes are compacted to a required porosity by applying a line loads of more than 1000 N/mm
between two rolls with a diameter of up to 1000 mm [10]. A high compaction pressure and
thickness reduction rate are required to achieve a high volumetric energy density [11], which
results in significant elongations of the electrodes. The elongation of the composite coating leads
to evident corrugations in the coated area of the electrodes after calendaring. To eliminate those
corrugations and maintain the flatness, web tension is applied to the front and back ends of the
electrodes during the calendering process. In the existing processes, high web tension is used to
reduce corrugations in the coated area, which at the same time leads to severe wrinkles in the
uncoated area of the electrodes, as depicted in Figure 1. Those corrugations and wrinkles adversely
affect the subsequent slitting, stacking, welding, electrolyte filling processes and cell performance
[12, 13]. Besides, the increase of tension leads to tearing of ultra-thin foils more easily. Frequent
failures thus occur on the production lines with the rolling speed up to 100 m/min, which
significantly reduces productivity and increases costs.

A few studies have examined the wrinkles and corrugations of electrodes during calendering
process. Guenther et al. divided calendering induced defects into three categories: geometrical,
structural and mechanical ones, and evaluated the impact of them on the subsequent cell
manufacturing processes. They found that corrugations in the coated area affect electrolyte filling,
gripping and handling processes, while wrinkles in the uncoated area impair contacting and
welding[12]. Mayer et al. investigated the corrugations and mechanical behavior of electrodes after
calendering. The compaction rate, types of coating materials, and uncoated current collector foil
were revealed to affect corrugations, while the web tension is identified to have little effect[13,
14]. This is attributed to the fact that, only cases with the same front and back tensions were
involved in their study. Mayr et al. developed an in-line sensor-based process control method of
the calendering process by applying in-line data acquisition for electrode thickness and surface
topography, leading to a promising reduction of scrap and manufacturing costs [15]. Heating the
rolls during calendering process has been investigated, the reduced line load and thus mechanical
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stresses applied throughout the process are thought to be able to reduce the wrinkles of electrodes,
especially at high line loads and high compaction rates [16-19].

Analytical and numerical simulation models of the calendering process of the calendering
process are used as additions to experimental analysis and provide insights into the actual
deformation of electrodes between two rolls [20]. Zhang et al. conducted tensile and compression
experiments to obtain the constitutive properties of porous electrodes and identified the mechanism
of failure behavior of electrodes by implementing the proposed constitutive models into finite
element analysis.[21, 22]. Gupta et al. characterized the stress-strain relationship for a dry cathode
active layer in lithium-ion batteries by means of U-shaped bending of single-side coated aluminum
foils. A finite element model, with an elastic-ideally plastic material for the aluminum and an
elastic material for the cathode active layer, was established to validate the evaluation of properties
of cathode active layer [23]. Meyer et al. developed an exponential model between the applied line
load and the achieved coating density by introducing compaction resistance. The relationship
between mass loading, active materials and compaction resistance was established [24, 25]. Zhu
et al. obtained the mechanical properties of anode and cathode coatings by compression tests in a
specially designed aluminum mold. The sequence of deformation and failure of various
components of lithium-ion batteries under mechanical loadings were simulated by employing the
Drucker-Prager/Cap plasticity model in finite element model [9, 26]. Sahraei et al. obtained the
stress-volumetric strain curve from the uniaxial compression experiment of the cell and modeled
the cell by finite element method using a crushable foam material and predicted the load-
displacement response[27, 28]. Besides analytical and finite element modeling, the numerical
simulation of the calendering process by means of the discrete element method (DEM) has given
deeper insight into the compaction of electrodes[29-33]. However, the scale of simulation models
for DEM is usually only a few hundred micrometers, whereas the battery modeling involves six
orders of magnitude levels in length[27], which limits its applicability in the study of electrode
manufacturing processes.

According to the above reviews, wrinkles and corrugations of the electrodes during calendering
process are critical problems during the manufacturing of lithium-ion batteries, which attract both
industrial and academic attentions. However, a detailed understanding of those defects and process
design methods are still lacking. In practical production, the mitigation of wrinkles and
corrugations relies on experiences, resulting in high labor intensity, long commissioning time,
waste of electrode materials and high scrap rates. In this paper, Calendering experiments of
electrodes for lithium-ion batteries under different tension settings are first carried out. Then, a
laser sensor-based measurement and evaluation method of electrode wrinkles and corrugations is
developed. The mechanism of electrode wrinkles and corrugations during calendering process and
the effect of tension on them are explained. Finally, an analytical prediction model for the wrinkles
and an evaluation method for the quality of the calendered electrodes is established. The selection
of tension settings is accomplished using this model and an agreement with the experimental
results is achieved. The method presented in this paper is helpful for the improvement of the
production quality and efficiency of the calendering process for lithium-ion batteries.

Experiments
Materials. The uncalendered LiNiop.5C00.2Mno302 (NCM523) cathode is manufactured by MTI KJ
GROUP, containing 95.5% active material, 2.5% carbon black and 2% binder, with a total
thickness of about 160 um. The active material is coated on both sides of a 16 pm thick aluminum
foil at a surface mass loading of 29.3 mg/cm?. The width of the coated active material is 200 mm
and the width of the uncoated current collector foil is 40 mm.

Experimental setup. In the calendering process, the electrodes are continuously compacted with
a two-roller calender MSK-2300A-E as shown in Fig. 2(a). The diameter and the width of calender
rolls are 200 mm and 300 mm respectively. The electrodes after coating and drying are calendered
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at ambient temperature and a rolling speed of 2 m/min. The applied line load of the calender is

1250 N/mm and the electrodes are compacted from an initial density of 2.03 g/cm? to a compaction
one of 2.87 g/cm’.
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Fig. 2. Experimental procedures: (a) electrodes calendering systems, (b) images of electrodes
after calendering.

As mentioned above, this study focuses on the effect of the front and back tensions on the
electrode wrinkles and corrugations. An experiment with no tension applied is employed for
comparison. After that, the complete experiments are designed to investigate the effect of front
and back tensions. The front tension is designed from 5 to 20 N with an interval of 5 N, and the
difference between the front and back tensions is designed from 0 to 20 N with an interval of 5 N.
In addition, the uncoated current collector is thought to hinder electrode deformation according to
Mayer [13], two different collector width, i.e. 0 and 40 mm, are discussed to investigate its effect
on wrinkles and corrugations. The values of front and back tensions could be adjusted by the
unwinder and rewinder presented in Fig. 2(a). Three electrodes are calendered for each
experimental condition. As depicted in Fig. 2(b), all electrodes are cut into sheets with a length of
100 mm after calendering to enable the measurement of electrode wrinkles and corrugations.

Three-dimensional scanning of the calendered electrodes is performed using a Keyence LJ-
X8020 laser profiler mounted on a three-axis motion stage. The laser sensor has a measuring range
of 8 mm along the width and 4 mm along the height, and the accuracy of the sensor is 0.3 um. The
laser sensor acquired the height profiles of the electrodes along the x-direction (which is
perpendicular to the running direction) at a frequency of 1000 Hz and the speed of the motion stage
along the y-direction (which is in the running direction) is 10 mm/s. The three-dimensional
topographies of the electrodes after calendering are obtained by stacking the acquired height
profiles with the interval to 0.01 mm.

Results and discussion

Measurement of wrinkles and corrugations. Wrinkles in the uncoated area and corrugations in the
coated area are geometric defects that coexist on calendered electrodes. The quantification of
wrinkles and corrugations need to be conducted for the sake of evaluating the degree of
geometrical defects of the calendered electrodes. As shown in Fig. 3, based on the three-
dimensional scanning results of the calendered electrodes, two height profiles at a distance of
+1mm from the junction of the coated and uncoated areas are extracted along the rolling direction,
as illustrated by the dash lines /; for the coated area and /> for the uncoated area, respectively.
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The wavelength of corrugations in the coated areas is found in the centimeter range. The
following data processing procedure is conducted to capture the major corrugation features after
calendering: (1) smoothing: Savitzky-Golay filtering with a smoothing window of 300 data points
is carried out to remove the minor fluctuations; (2) elimination of the overall electrode inclination
after cutting: a straight line connecting the start and end points, which represents the overall
inclination of the electrodes, is subtracted from the smoothed data. After those, the cross-section
curve of corrugations in the coated area can be obtained as shown in Fig. 3(a). In order to avoid
excessive random errors caused by the direct use of the maximum value of the height of
corrugations, the degree of tortuosity 4C, is proposed as an evaluation index of the corrugations
in the coated area. AC is the difference between the total length C of the coated area in the
calendered electrodes and the length Cy scanned by the laser sensor along the rolling direction, and
the value of Cp is 100mm.
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Fig. 3. Evaluation of calendered electrodes: (a) corrugations in the coated area; (b) wrinkles in
the uncoated area of electrodes.

In the uncoated area, short and dense wrinkles in the collector foil are the main geometrical defects.
As illustrated in Fig. 3(b), the wavelength and amplitude of wrinkles in this region are in the
millimeter range. Both the overall inclination of the electrode and the corrugations in the coated
area affect the measurement results. To capture the wrinkles data, the overall inclination of the
electrode and the centimeter-range corrugations of the coated area need to be eliminated from the
raw data. Therefore, the following processing procedure is conducted for the uncoated area: (1)
smoothing: Savitzky-Golay filtering with a smoothing window of 100 data points is performed to
smooth the data; (2) elimination of the overall inclination of the electrode and corrugations: a
spline curve fitted by the valley points of each wrinkle, instead of a straight line, is subtracted from
the smoothed data. After that, the cross-section curve of wrinkles can be obtained and the ratio R
of amplitude A4 to half wavelength 4 of the wrinkles is employed as an evaluation index aimed at
evaluating the severity of wrinkles in the uncoated area.

Mechanisms of wrinkles and corrugations. To investigate the cause of wrinkles and
corrugations in the calendering process of the electrodes, the results of experiments #1, #2, #8, and
#11 are compared. The height profiles of the coated area and uncoated areas of the electrodes along
the rolling direction under four different conditions, i.e. without uncoated current collector, no
front and back tensions, equal front and back tensions, and greater back tension, are obtained.

As illustrated in Fig. 4(a), in the absence of the uncoated collector, the coated area of electrodes
elongated after calendering and the coated area is not corrugated. In comparision with the case #2,
where the uncoated collector is present, significant corrugations is observed in the coated area of
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electrodes. That is because the foil in the uncoated area is not in contact with the rolls and thus not
elongated after calendering process. As a result, the foil hindered the elongation of the coated area,
which results in out-of-plane bending and deformation of the coated area. Due to the elongation
mismatch between the coated and uncoated areas, corrugations in the coated area occurred.
However, if the uncoated area is removed, the elongation of the coated area is not restricted,
leading to the elimination of the corrugations, as shown in Fig. 4(c).
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Fig. 4. Height profiles of electrodes under different conditions: (a) corrugations in coated area;
(b) wrinkles in uncoated area; (c) the photographs of wrinkles and corugations after

calendering.
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In the presence of an uncoated collector, the front and back tensions have significant effect on
the wrinkles and corrugaitons of the electrodes. As shown in Fig. 4(a), when no front and back
tensions applied, evident out-of-plane corrugations can be observed in the coated area. Meanwhile,
the millimeter-range wrinkles is not significant. By increasing both the front and the back tensions
to 10 N, similar corrugations and little wrinkles is observed in the coated and uncoated areas,
respectively. Those observations are consistent with the results reported in the literature[34].

On the other hand, when keeping the front tension at 10 N while increasing the back tension to
25 N, the geometrical defect patterns of the electrodes changed significantly. The tortuosity of the
corrugations in the coated area, which can be evaluated by the value of AC as described above, is
reduced from 0.36 to 0.27 mm, compared to the case that the front and back tensions are equal.
Meanwhile, as shown in Fig. 4(b) and (c), evident wrinkles in the uncoated area also appeared.
Short and dense wrinkles appeared in the junction area near the uncoated side at an inclination
angle of approximately 30 degrees to the direction of rolling.

In summary, increasing the front and back tensions simultaneously has little improvement effect
and only the difference between the front and back tensions is the main parameter affecting the
corrugations in the coated area and the wrinkles in the uncoated area. That is because the coated
area of the electrode is elongated in the rolling direction after passing through the roll gap, and the
back tension acts on the uncoated area that is not elongated, resulting in the collector foil being
stretched backward. Thus, the difference in displacement between the two areas decreased and the
hindering effect of the uncoated area on the elongation of the coated area is alleviated, thereby the
flatness of the coated area is improved. At the same time, the uncoated area is stretched backwards
to form evident wrinkles at the coating edge. In the cases where no tension is applied, the front
and back tensions are increased simultaneously or the front tension is greater than the back tension,
there is no backward stretching effect on the uncoated collector, therefore there is almost no effect
on the improvement of the geometric defects of the electrodes.

Effect of web tension. To elaborate the effect of tension on the wrinkles and corrugations of the
electrodes, the evaluation index AC for the coated area and the ratio of amplitude to half
wavelength R, are obtained for all experiments. The experimental results showed that the tension
difference between the front and back tensions affected the geometrical defects, instead of the
magnitude of them. As shown in Fig. 5(a), when the tension difference remained 0 N and the front
tensionis SN, 10 N, 15 N, and 20 N, respectively, the increase of the front tension had little effect
on AC. On the other hand, by controling the front tension a constant of 5 N, the tortuosity of
corrugations decreased with the increase of the tension difference. As depicted in Fig. 5(b), with
the tension difference increased from 5 to 20 N, the value of AC decreased from 0.38 to 0.25 mm,
for a reduction of 34.2%.
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Fig. 5. Effect of the web tension, on corrugations: (a) front tension equals back tension, (b) front
tension is 10 N, and the tension difference increased; on the half wavelength and amplitude (c),
and the ratio of amplitude to half wavelength (d) of wrinkles at a front tension of 10 N.

As illustrated in Fig. 5(c), the height profiles of wrinkles in the uncoated area of the electrodes
are obtained with different tension differences while making the front tension constant at 10 N. As
the tension difference increased, the half wavelength of the wrinkles decreased while the amplitude
increased. That leads to the difficulty of elastic recovery of the wrinkles and permanent
deformation of the collector foil after the cutting process of the electrodes, which in turn affects
subsequent processes of stacking, packaging and electrolyte filling in the production of lithium-
ion batteries. As shown in Fig. 5(d), the effect of the tension difference on the amplitude-half
wavelength ratio R of wrinkles is obtained. The increase in the difference between the front and
back tensions led to a significant increase in the ratio R and more severe the wrinkles in the
uncoated collector. That is due to an increased displacement difference between the coated and
uncoated areas along the rolling direction induced by a larger tension difference.

As mentioned above, the corrugations and wrinkles of the electrodes after calendering are due
to the mismatch of displacement between the coated and uncoated areas. To measure the difference
in shear displacement, several grid lines are scribed on the surface of the uncalendered electrodes
using a scribing needle and the 3D topographies of the electrodes are recorded before and after
calenderging using a laser sensor described in Experimental setup. As shown in Fig. 6, the
difference in shear displacement 6 between the coated and uncoated areas is obtained by comparing
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the deformation of the grid lines along the rolling direction before and after calendering. The shear
displacement difference o increased with the increasing tension difference 74, which can be
described by a linear relationship:

§=0.01+0.005087, (1)
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Fig. 6. Relationship between shear displacement and tension difference.

Modeling and optimization

Based on the results obtained above, the difference between the front and back tensions is the key
parameter affecting the corrugations and wrinkles of the electrodes. The preferred tension settings
need to be selected to balance the corrugations in the coated area and wrinkles in the uncoated
area, to obtain a better quality of calendered electrodes. Thus, an analytical model for predicting
wrinkles is developed to determine the optimal web tension parameters.
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Fig. 7. Analytical model of shear wrinkling in the uncoated area of electrodes.

The following assumptions are made for the developed model: Firstly, linear elasticity, small
deformations and homogeneity of the material are assumed. Secondly, the collector foil is assumed
to be subjected to a uniform transverse in-plane displacement along the coating edge. Finally, the
wrinkles are assumed to be parallel, evenly spaced, of uniform length, and inclined at 35° to the
rolling direction, on the basis of experimental observations of wrinkles after calendering. The
description of analytical model based on the bifurcation theory of thin-plate is shown in Fig. 7, the
uncoated area of the electrode can be treated as a rectangular membrane with a width of H, the
difference in displacement of coated and uncoated areas along the rolling direction is described by
0, and the shear angle y, which can be calculated by y = 7/180-arctan(6/H).

Referring to the analytical model for predicting wrinkles in rectangular membrane proposed by
Wang [35], the initially flat collector foil deformed into a doubly curved shape, a model describing
the wrinkled surface can be established using the coordinate systems & and 7. £ is parallel to the
wrinkle direction and # is perpendicular to it.

The length of the model is kH, k = 1/sin(357/180) and the width is 4, the out-of-plane
displacement function is configured as:

w= Asinﬂsinﬂi 2)
A kH

The uniaxial stress in the wrinkled region can be expressed as:

2 ER?
1222 (1)

o.=Ey+ 3)
where E is the Young's modulus with a value of 70 GPa, v is the Poisson's ratio with a value of
0.33 [28] and 4 refers to the thickness of the collector foil.
The critical wrinkling stress o, acting perpendicular to the wrinkles is assumed to equal the
stress required to buckle a simply-supported, infinitely wide plate of length A:
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The force equilibrium relationship along the out-of-plane direction of the membrane can be
expressed as:

ok, +o,k, =0 (5)
where k; and k¢ are two curvatures of the surface and they are determined by Eq. (2). According

to Eq. (2)-Eq. (5), the half wavelength 4 of wrinkles of a rectangular collector foil subject to
transverse in-plane shear displacement J, as shown in Fig. 7, can be predicted by:

e (kH;rh)z [\/ 1 4+487/(1—v2)_ 1 2] ©)
2451\ kH)  (kHzh)Y  (kH)

The total strain in the # direction is -y, while the material strain in this direction is -vy. The
difference between the two is the “geometric strain”:

A

PYE

=—y(1-v) (7)

&g =

Thus, the amplitude of wrinkles can be solved from Eq. (6) and Eq. (7):

4o 2Ay(1—v) ®)

T

It should be noted that the accuracy of the amplitude prediction is not enough due to several
simplified assumptions are used in the process of deriving the analytical model, such as linear
elasticity, small deformations, etc. Based on the results of experiments, a modified value 4y is
subtracted, which has a value of 0.03, from the predicted value of amplitude to eliminate deviations
resulting from simplified assumptions.
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Fig. 8. Prediction of wrinkles. experimental and predicted results under different tension
differences.

According to the analytical model for the prediction of wrinkles in the uncoated area of the
electrodes, the half wavelength and amplitude of wrinkles are calculated using Eq. (6) and (8) at a
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front tension of 10 N and a tension difference of 5 N, 10 N, 15 N, and 20 N, as shown in Fig. 8. It
should be noted that, the predicted results are in agreement with the experimental results, except
at the point where 7, is 20 N. The uncoated area is no longer in the elastic range as assumed and
thus the wavelength of wrinkles is overestimated when the great tension difference is too large.
However, large tension differences should be avoided in production, which may lead to tearing of
the electrodes.

As for corrugations in the coated area, as depicted in Fig. 5(b), the improvement effect of the
tortuosity 4C in the coated area gradually tended to be constant when the tension difference
continued to increase, which can be described by an exponential curve:

T
AC = 0.23+0.304 exp(——2 9
xp(——>) )

where 7y is the difference between front and back tensions.

Both the corrugations in coated area and wrinkles in uncoated area have a detrimental effect on
the quality of electrodes[12]. In order to find optimal settings of the web tension, an evaluation
index [ for the overall quality of calendered electrodes is established:

I=aAC+(1-a)R (10)

the relationship between AC and 7y can be obtained by Eq. (9). R is the ratio of amplitude to half
wavelength, the relationship between R and 7, can be obtained by Eq. (1), Eq. (6) and Eq. (8). «
is the weight, and its value is set to 0.2, based on expert consultations. The value of / is calculated
for a range of tension differences 7, using Eq. (10). As illustrated in Fig. 10(a), the predicted
minimum value of 7 is 0.0735, achieved at a 7y value of 17 N, at which point the best electrode
quality is theoretically available.
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Fig. 9. Validation of the selected tension settings: (a) AC and amplitude to half wavelength ratio
R of calendered electrodes; (b) photographs recording the appearance of calendered electrodes,
under different tension differences.

To validate the previously chosen tension settings, experiments on electrode calendering at a
tension difference 7, of 17 N are carried out additionally. As shown in Fig. 9(a), a comparison
with the other four groups showed that, the corrugations in the coated area (described by the value
of AC) are improved to a large extent and continued increase in the value of 7y did not improve it
further, while the wrinkles in the uncoated area (described by the value of R) are limited to a
relatively low level. From the appearance of the electrode after calendering, shown in Fig. 9(b),
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the flatness of the electrodes is optimized at 7, value of 17 N as compared to the other four groups,
with both wrinkles in the uncoated area and corrugations in the coated area considered, which is
consistent with previous predictions.

Conclusion

The effect of web tension is clarified via both experiments and analytical modeling to explore the
wrinkles and corrugations of electrodes during calendering process. Calendering experiments of
cathode electrodes of lithium-ion batteries under different tension settings are carried out. The
measurement and data processing methods of corrugations in the coated area and wrinkles in the
uncoated area are also developed. The optimal tension difference 7y is determined by employing
the proposed evaluation index of geometrical defects of calendered electrodes. The following
conclusive remarks can be drawn:

(1) The tension difference between the front and back tensions is the key parameter to determine
the wrinkles and corrugations of calendered electrodes. Corrugations in the coated area can be
mitigated while wrinkles in the uncoated area become more evident by increasing the tension
difference.

(2) An analytical prediction model for the wrinkles after calendering is established based on
shearing of the rectangular membrane and an evaluation method for the quality of the calendered
electrode is developed to balancing the effects of wrinkles and corrugations.

(3) The determination of the web tension parameters to improve the quality of calendered
electrodes is achived at 7, of 17 N and the predicted results are consistent with the experimental
results.
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