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Abstract. To investigate the failure process of the strip during the shearing process of the disc shear, the forces
acting on the upper shear blade of the disc shear, and the influence of various factors on the stress of the upper
shear blade and the quality of shear section, a three-dimensional model of the disc shear was established based on
the finite element method, and the Gissmo material failure criterion was introduced to analyse the stress of the
upper shear blade and the quality of shear section under different lateral clearances, overlaps, and upper shear
blade angles. The results demonstrate that the upper shear blade angle has the most significant impact on the
stress of the upper shear blade, but has a marginal effect on shear section quality. Both the stress of the upper
shear blade and the quality of shear section decrease with an increase in the upper shear blade angle. The lateral
clearance has a certain impact on the stress of the upper shear blade, but its effect on quality of shear section is
most significant. When the lateral clearance is 0.5 mm, the stress on the upper shear blade is minimized, but the
quality of shear section is the poorest. The overlap has a negligible effect on both the stress of the upper shear
blade and the quality of shear section in circular disc shearing. Finally, the simulation results are compared with
actual production data, and it is found that the simulation results are basically consistent with the overall trend
of actual results. In addition, the results of the model using the Gissmo failure criterion for the stresses on the
shear blade are closer to the actual results than the results of the model using the constant strain failure criterion.
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1 Introduction

The disc shear is a crucial piece of equipment in the metal
strip production line. Its operating parameters directly
affect both the edge quality of the steel strip and the service
life of the disc shear [1]. The machine works in a continuous
shearing mode. In this mode, tension is applied to the steel
strip before it is sheared by the disc. After shearing, a
tension roller ensures a clean cut. Disc shears are widely
used in steel mills. However, when cutting high-strength
steel, the upper blade often wears out quickly and the
quality of the shear section deteriorates. This problem
reduces production efficiency. Several factors influence the
shear force and the quality of the cut. These include the
lateral clearance, the overlap, the strip’s speed and
thickness, and the strip’s material properties [2–10].

Researchers have studied these factors using simu-
lations [3–8], experiments [5,9], and mathematical models
[10–13]. Early simulation studies relied on the equivalent
strain and maximum principal strain failure criteria.
However, these criteria are not ideal for plate shear
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processes. Plate shear involves a tensile-shear composite
failure process. The traditional criteria do not fully account
for load paths or the cumulative effects of damage.

The study of failure theory and models has led to the
development of several failure criteria that can characterise
complex failure situations. One such model is the Gissmo
fracture criterion. Based on the Johnson-Cook fracture
model, it is well suited for analyzing failures in high-
strength steel [14–17]. The Gissmo model considers plastic
deformation, stress concentration, and variable failure
strains under different stress triaxialities. It also accounts
for the cumulative damage during loading [18]. Compared
with conventional cutting theories or simpler failure
models—such as the Mohr–Coulomb criterion or critical
equivalent plastic strain models—GISSMO is capable of
describing multiple failure mechanisms (e.g., shear,
tension, or combined modes) within a single unified
framework. This makes it particularly suitable for high-
precision manufacturing applications, where materials are
subjected to complex stress paths and strain localizations,
as often seen in blanking, trimming, or disc shearing
operations [19–23]. In recent years, GISSMO has seen
growing adoption in mechanical manufacturing beyond its
traditional use in vehicle crash simulations. For example,
Lee et al. [24] applied GISSMO to predict crack initiation
monsAttribution License (https://creativecommons.org/licenses/by/4.0),
in any medium, provided the original work is properly cited.

mailto:xukuan@hbisco.com
https://www.edpsciences.org
https://doi.org/10.1051/meca/2025015
https://www.mechanics-industry.org
https://creativecommons.org/licenses/by/4.0


Fig. 1. Model of disc trimming shear.
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and propagation during the cold roll forming of aluminum
alloy. Venturato et al. [25] used the model to optimize the
formability of the high-strength steel in the precision
stamping processes. Moreover, GISSMO has been success-
fully implemented to simulate fracture behavior in
advanced high-strength steel components used in automo-
tive structures, and even in self-piercing riveting [26,27].

In this work, a three-dimensional model of the disc
shear is established based on the finite element method
(FEM) and the Gissmo material failure criterion is
introduced. The model is used to analyse and study the
effects of lateral clearance, overlap, and upper shear blade
angle on the stress of the upper shear blade and quality of
shear section. The results provide a reference for optimizing
the operation of the disc shear.
2 Gissmo material failure criterion

The Gissmo material failure criterion considers the
accumulation of damage and the acceleration of damage
in materials during loading.

DD ¼ n

ef hð ÞD
1�1

nð ÞDep ð1Þ

where DD is the damage accumulation, D is the damage
value (the element is deleted when D=1), n is the damage
exponent, h is the stress triaxiality, and ef (h) is the
equivalent plastic strains for material failure at different
stress triaxialities. The stress triaxiality can be expressed
as follows:

h ¼ sm

seq
¼

1
3 s1 þ s2 þ s3ð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

s1�s2ð Þ2þ s1�s3ð Þ2þ s2�s3ð Þ2
2

q ð2Þ

where sm is the hydrostatic stress, seq is von mises stress,
s1, s2 and s3 denote principal values of Cauchy stress.

In addition, the Gissmo material failure criterion
considers the impact of damage accumulation on a
material’s ontological relationships. It modifies the materi-
al’s ontological curve by characterising the phenomenon of
stress reduction with damage accumulation. Specifically,
after the plastic strain of the material reaches the critical
plastic strain, the flow stress decreases due to damage
accumulation. The instability measure determines whether
stress reduction occurs in a material. It is can be expressed
as follows:

DF ¼ n

ecrit hð ÞF
1�1

nð ÞDep ð3Þ

where ecrit (h) is the fracture plastic strain associated with
stress triaxiality. The instability factor, F, accumulates in
each element during deformation and when F =1 the
current value of D is stored as the critical damage value
Dcrit. Material softening due to void nucleation and growth
is approximated by reducing the element stress:

s� ¼ s 1� D�Dcrit

1�Dcrit

� �m� �
ð4Þ

where s* is the reduced stress, s is the current stress, andm
is a fading exponent that is adjusted to control the rate of
material softening.

3 Model simulation

Since our aim here is to establish a general understanding of
the influence of lateral clearance, overlap, and upper shear
blade angle on the stress of the upper shear blade and the
quality of shear section, a simplified disc shear model is
used to reduce the computational requirement while
reasonable and general results can be acquired. The 3-D
model of disc trimming shear is shown in Figure 1, the
model was simplified and modeled based on the actual size
of the disc shear. During the shearing process, the lower
surface of the steel strip is made tangent to the lower disc
shear to ensure surface quality near the shearing position.
This position is set in the model. In this model, the disc
shears is driven by the steel strip. The steel strip speed is
constant. The disc shear is divided into two parts: the blade
part and the disc part. The blade part is rigidly constrained
to the disc part without any relative motion. The main



Fig. 2. Stress�strain curves of DP800 at different strain rates.
Fig. 3. Relationship between fracture plastic strain, critical
plastic strain and stress triaxiality.

Table 1. Table of model parameters.

Young’s
modulus

Poisson’s
ratio

Fading
exponent
(m)

Damage
exponent
(n)

Steel strip
thickness

Steel
strip
speed

Lateral
clearance

Overlap Static
coefficient
of friction

Dynamic
coefficient
of friction

210GPa 0.3 2.5 2 3 mm 1.8m/s 0.4 mm 1 mm 0.15 0.1
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object of study is the disc shear blade part. To ensure
accurate calculations and minimize the amount of calcula-
tion required, refine the mesh of the disc shear blade (mesh
size is 0.3mm) and the mesh of the steel strip to be sheared
and its surrounding area (mesh size is 0.02mm). The finite
element model exclusively consists of solid (3D) elements.
The total model contains approximately 920,000 solid
elements. The numerical simulation is performed using
LS-DYNA,which is based on an explicit dynamic algorithm.
The shear blade part of thematerial can only undergo elastic
deformation during production, as plastic deformation is not
possible. Tominimize calculations, the disc part is set as the
rigid material. DP800 exhibits a strain rate enhancement
effect, making it sensitive to changes in strain rate. The
stress�strain curves of DP800 at different strain rates are
shown in Figure 2. The relationship between fracture plastic
strain (ecrit), critical plastic strain (Dcrit) and stress
triaxiality are shown in Figure 3 [20]. The simulation
parameters are collected in Table 1.

During the shearing process, the strip is pulled through
the disc shears at a constant speed. The upper and lower
disc shears perform shearing operations on the strip. The
strain distribution of the steel strip cross-section during the
shearing process, the shape of the strip cross-section after
shearing and the strain distribution of the shear section are
shown in Figure 4.

When the shearing process begins, the steel strip
undergoes elastic deformation as it is squeezed by the upper
and lower shear blades of the disc shear. The lower surface
of the steel strip is tangent to the lower shear disc of the disc
shear, resulting in the upper shear blade squeezing a larger
amount of the upper surface of the steel strip. The lower
surface of the steel strip undergoes squeezing deformation
due to the upper surface of the steel strip being squeezed by
theuppershearblade.Astheshearproceeds, someof thesteel
strip material reach its yield limit and undergo plastic
deformation, particularly near the shear blade where
bending and tensile deformation are the main types of
deformation. As the strip is fed, the failure fractures appear
on the upper and lower surfaces of the steel strip, which then
continue to expand towards the interior of the steel strip. At
this point, the primary deformation in the steel strip is shear
deformation. When the cracks in both the upper and lower
parts of the steel strip overlap, the shearing is complete.

Figure 5 shows the stress distribution on the disc shear
blade for studying the stress during the shearing process.

It can be seen that, the stress concentration area on the
upper shear blade is more outward than that on the lower
shear blade. This is because that the upper shear blade first
extrudes the steel strip, then the steel strip is deformed and
comes into contact with the lower shear blade, which also
extrudes it.

To investigate the stresses on the upper and lower shear
blades during the shearing process and to verify mesh
convergence, the mesh was refined by 50% and the
maximum stresses on the upper and lower shear blades
with time are extracted, as shown in Figure 6.

It can be observed that the maximum stress experi-
enced by the upper shear blade during the shearing process
is significantly higher than that on the lower shear blade.



Fig. 4. Shearing process of steel strip.

Fig. 5. Stress distribution on shear blade.

Fig. 6. Maximum stresses on the upper and lower shear blades
with time.
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This finding aligns with the production observations, where
the upper shear blade of disc shears tends to have a
comparatively shorter lifespan. The reason for this is that,
during the shearing process, the lower surface of the steel
strip is tangent to the lower shear blade, while the upper
shear blade exerts a larger amount of force on the strip.
Extracting the stress triaxiality of the steel strip near the
upper shear blade, it is close to 0, indicating that the shear



Fig. 7. Stress on the cutting edge of disc shears with different
lateral clearances.
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stress is the primary force in it. Therefore, it can be
assumed that the primary mode of failure for the steel
strip section near the upper shear blade is shear failure.
Extracting and analyzing the stress triaxiality of the steel
strip near the lower shear blade, the primary mode of
failure for the steel strip section near the lower shear
blade is tensile-shear composite failure. According to the
failure plastic strain-stress triaxiality curve, the largest
failure plastic strain occurs when the stress triaxiality is 0.
The main form of failure for the shear failure is near the
upper shear blade of the strip, resulting in the maximum
stress being higher on the upper blade of the shear process
than on the lower shear blade. Therefore, the maximum
stress on the upper shear blade during shearing is higher
than the maximum stress on the lower shear blade, and
the upper shear blade of the disc shear has a relatively
short lifespan. Thus, in order to solve the issue of the
upper shear blade’s short lifespan and ensure the quality
of the shear section meets the required standards. It is
necessary to investigate the the maximum stresses on the
upper shear blade and the quality of the shear section at
different conditions.

In additional, it can be found that the maximum stress
remains essentially unchanged after mesh refinement,
demonstrating that further mesh refinement has a
negligible effect on the stresses.
4 Results and discussion

The influences of some factors are investigated in this work,
like lateral clearance, overlap, and upper shear blade angle.

4.1 Lateral clearance

The maximum stresses on the upper shear blade with time
at different lateral clearances are measured and analyze.
The results are shown in Figure 7.

It can be found that reducing the lateral clearance of the
disc shear from 0.4mm to 0.3mm does not significantly
affect the maximum stress on the upper shear blade. The
reason is that when the disc shear lateral clearance is
0.4mm, the main failure mode of strip is shear failure, and
with the disc shear lateral clearance decreases, the f main
failure mode does not change significantly.

In addition, it can be found that increasing the lateral
clearance of the disc shear from 0.4mm to 0.5mm reduces
stress on the upper shear blade. This is because that as the
disc shear lateral clearance increases, the main failure mode
of strip undergoes a transition from pure shear failure to
tensile-shear composite failure, which means the plastic
strain required for material failure is reduced (it can be seen
from Fig. 3).

In order to observe the qualities of shear section at
different lateral clearances, the shear sections are shown in
Figure 8.

It can be seen that when the lateral clearance of the disc
shear increases from 0.4mm to 0.5mm, the burrs are
produced in the shear section and the quality of the edges
decreases significantly. This finding aligns with production
observations. The reason for this is that, with the disc shear
lateral clearance increases, the strip part of the region of the
force form of pure shear gradually transitions to tensile
shear, resulting in the fracture deformation form of the
consequent change.

4.2 Overlap

The maximum stresses on the upper shear blade with time
at different overlaps are measured and analyze. The results
are shown in Figure 9.

It can be observed that as the disc shear overlap
decreases, the disc shear upper shear blade stress is slightly
reduced. This is due to the fact that as the disc shear
overlap decreases, the bite angle also decreases, while the
component of force perpendicular to the direction of the
strip increases. However, the reduction of the disc shear
overlap does not significantly change the form of force and
the failure plastic strain on the strip.

In order to observe the qualities of shear section at
different overlaps, the shear sections are shown in Figure 10.

It can be observed that as the disc shear overlap
decreases, the edge quality remains unchanged.

4.3 Upper shear blade angle

The upper shear disc only contacts the surface of the steel
strip scrap during the shearing process, not the finished
product. Therefore, the increase in the upper shear blade
angle will not affect the finished product’s surface quality.
To study the effect of increasing the upper shear edge angle
on the stress on the upper shear blade, the maximum
stresses on the upper shear blade with time at different
upper shear blade angles are measured. The results are
shown in Figure 11.

It can be seen that with the disc shear upper shear edge
angle increases, the disc shear upper shear edge stress
significantly reduced. When the upper shear edge angle
increases from 90° to 95°, the maximum stress on the upper
shear edge is reduced by about 20%. The reason is that as



Fig. 8. The shear sections at different lateral clearances.

Fig. 9. Stress on the upper cutting edge of disc shear with
different overlaps.
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the upper shear edge angle increases, the contact area
between the upper shear edge and the strip steel increases,
resulting in a reduction of the stress on the upper shear
edge.

In order to observe the qualities of shear section at
different upper shear blade angles, the shear sections are
shown in Figure 12.
It can be observed that with the disc shear on the shear
blade angle increases, the shear section quality slightly
decreased. The reason is that with the shear blade angle
increases, only a small amount of the original pure shear
fracture deformation region converted to tensile shear
fracture deformation region in the strip fracture process.

4.4 Verification of simulation results

Due to the limited conditions of the existing equipment, it
is not possible to make direct measurements of the stresses
on the shear blade during the shearing process of disc
shears. In order to verify the simulation results, the
simulation results are compared with the actual production
data.

In actual production practice, disc shear blades are
regularly inspected and maintained once surface cracks or
even severe edge breakage (“blade chipping”) is observed. It
has been noted that when cutting ultra-high-strength steel
under identical processing parameters, the service life of
the blades tends to be significantly shorter and blade
chipping becomes more frequent. The angular velocity of
the disc shear is approximately 100 cycles/min. Moreover,
according to the findings in the research [28–30], based on
macroscopic and microscopic examinations of failed shear
blades, the primary cause of surface cracks and chipping
was identified as fatigue-related damage. These support
the assumption that an increase in blade stress would
correspond to a decrease in fatigue life.



Fig. 10. The shear sections at different overlaps.

Fig. 11. Stress on the cutting edge of disc shears with different
upper shear blade angles.
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Therefore, by comparing the effects of different factors
on the lifespan of the disc shear blade in actual use, the
influence of different factors on the stress on the shear blade
can be obtained.

The stresses on the shear edge under different lateral
clearances in the simulation results were extracted. In the
simulation results, increasing the lateral shear clearance
from 0.3mm to 0.4mm decreases the stress by 3%,
increasing the lateral shear clearance from 0.3mm to
0.5mm decreases the stress by 10%. Collect and collate
actual production data from production lines, the results
shows that increasing the lateral shear clearance from
0.3mm to 0.4mm increases the lifespan by 10%, increasing
the lateral shear clearance from 0.3mm to 0.5mm increases
the lifespan by 21.4%. The overall trend of simulation
results is consistent with the actual production results.

To compare the difference between the constant strain
failure criterion and theGissmo failure criterion in the stress
calculation results of the disc shear blade, a disc shear
constant strain failure criterion model was established, with
the failure strain set to1.Themaximumstressesontheupper
shear blade with time was measured as shown in Figure 13.

It can be seen that the lateral clearance has a negligible
effect on the stress on the shear blade, which means that
changing the lateral clearance has a negligible effect on the
actual lifespan of the shear blade, which is contrary to the
actual production data. Therefore, it can be considered
that the results of the model using the Gissmo failure
criterion for the stresses on the shear blade are closer to
the actual results than the results of the model using the
constant strain failure criterion.

The stresses on the shear edge under different overlaps
in the simulation results were extracted. The result shows
that as the overlap is reduced from 1mm to 0.6mm, there is
no significant change in the stress, which is basically
consistent with the actual production data.



Fig. 12. The shear sections at different upper shear blade angles.

Fig. 13. stress on the cutting edge of disc shears with different
lateral clearances.
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The stresses on the shear edge under different blade
angles in the simulation results were extracted. The result
shows that as the blade angle is increased from 90° to 92°,
and the stress is decreased by 13.8%. In order to verify the
effect of the blade angle on the stresses on the shear blade,
and taking into account the production stability and the
edge quality, a disc shear with 92° blade angle was designed
and manufactured as shown in Figure 14.

The disc shear with 92°blade angle was applied to actual
production line for trial. Compared with the original disc
shear, the disc shear with 92°blade angle two production
results of lifespan increased by 21.8% and 27.1%, and in the
trial process did not occur “chipping” phenomenon. In
addition, there is a slight decrease in the edge quality of the
product after shearing. The simulation results are basically
consistent with the actual production verification results.
5 Conclusions

In order to study the stress of the upper shear blade and
quality of shear section, a three-dimensional model of the
disc shear have been established based on the FEM and the
Gissmo material failure criterion have been introduced to
analyze the effect of the factors on the stress of the upper
shear blade and quality of shear section in the present
study. The factors simulated in the paper include the
lateral clearance, the overlap, and the upper shear blade
angle.

In terms of the ranges of factors investigated in the
paper, the upper shear blade angle has the most significant
impact on the stress of the upper shear blade, but has a
relatively small influence on the quality of shear section.
The stress on the upper shear blade decreases with the
increase of the upper shear blade angle, and the quality of
shear section decreases slightly with the increase of the
upper shear blade angle. The lateral clearance has a certain
impact on the stress of the upper shear blade, but its effect
on quality of shear section is most significant. When the
lateral clearance is 0.5mm, the stress on the upper shear
blade is minimized, but the quality of shear section is the
poorest. Under the present conditions, the overlap has a
negligible effect on both the stress of the upper shear blade
and the quality of shear section, and the stress on the upper



Fig. 14. Disc shear with 92° blade angle.
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shear blade decreases slightly as the overlap decreases.
Finally, to validate the simulation results, the trends of
simulated stress variation on the disc shear blade under
different influencing factors were compared with the
corresponding trends in blade service life from actual
production under the same operating conditions. The
results show that the simulation results based on the
Gissmo failure criterion are in general agreement with
the overall trend of the actual production results, which are
closer to the actual results than the simulation results
based on the constant strain failure criterion. This expands
the applicability of GISSMO into an underexplored yet
industrially significant domain.
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