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Abstract: A computer simulation of the broaching of the workpiece in step-wedge-shaped strikers of the first and second configurations was 

carried out by the finite element method. The comparison was made according to the following parameters of the stress-strain state: 
equivalent strain, average hydrostatic pressure, damage criterion, as well as the deformation force. A comparative analysis of the stress-

strain state showed that the second configuration of step-wedge-shaped strikers is the most optimal option for implementing the process of 
broaching rectangular or square blanks. When using them, a more uniform distribution of the stress state is realized, the deformation 

processing is sufficiently realized in comparison with the broaching in step-wedge-shaped strikers of the first configuration.  
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1. Introduction 

 
Achieving real, sustainable and increasing rates of economic 

growth is one of the long-term priorities of the development 
strategy of both Russia and Kazakhstan. A significant contribution 

to the implementation of this priority is made by the metallurgical, 

mechanical engineering and other metalworking branches of the 
national economy, which should produce competitive metal 

products for the markets of the CIS countries and non-CIS countries 
in the current conditions of a market economy. Obtaining 

competitive products is conditioned by improving the quality and 
reducing the cost of its production.  

One of the progressive types of metalworking, which allows 

to significantly reduce the consumption of metal in the production 
of machine parts, devices, as well as to improve their quality, is 

metal forming, including forging. However, until recently, the 
forging processes of ingots and blanks were based on the use of 

traditional forging tools and inefficient deformation modes. These 
processes are characterized by low yield coefficients of suitable 

forgings, their low quality and large forging coefficients, and as a 
result require significant energy and labor costs. 

In this regard, the production of blanks and forgings by new 

forging methods with a significant reduction in energy and labor 
costs, improving the quality of forgings is economically profitable. 

One of the ways to achieve this goal is to use deformation methods 
and tools that implement shear and alternating deformations in the 

entire volume of the metal. At the moment, there are many tools for 
forging that allow both shear and alternating deformations to be 

realized during the deformation process [1-5]. They have both their 
advantages and disadvantages. But at the moment there is still no 

perfect or at least universal tool for forging that implements shear 

and/or alternating deformations during the deformation process. 
For example, the tools that allow metal to be deformed by 

shear include step strikers [6] and strikers having a wedge-shaped 
profile in the cross section [7]. These designs of strikers allow to 

realize intensive shear deformations over the entire volume of the 
deformed metal in the process of broaching blanks to obtain 

forgings such as plates and plates made of ferrous metals and alloys. 

At the same time, the intensification of shear deformations during 
forging in step strikers occurs to a greater extent in the longitudinal 

direction, and when using wedge strikers, on the contrary, in the 
transverse direction. 

It was proposed to combine two designs of strikers: stepped 
and wedge (Fig. 1a) [8]. And on the basis of the already combined 

design of the strikers, another design of strikers for forging was 
proposed, characterized in that the lower striker is not a wedge, but 

a wedge-shaped depression (Fig. 1b) [9]. 

 

а)  

b)  
1 – upper striker; 2 - lower striker; 3 – smaller stage with a wedge 

of the upper striker, 4 - inclined section with a wedge of the upper 
striker; 5 – large flat stage of the upper striker; 6 – smaller stage 

with a wedge (a) and a wedge-shaped depression (b) of the lower 
striker; 7 – inclined section with a wedge (a) and a wedge-shaped 

depression (b) of the lower striker; 8 - large flat stage of the lower 
striker 

Figure 1 - Step-wedge strikers 

 

2. Simulation methodology 

 
In order to determine the most optimal configuration of step-

wedge-shaped strikers, a computer simulation of the broaching 
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process of blanks in these forging tools was carried out in the 
Deform-3D software package.  

For these studies, two solid-state models of step-wedge-
shaped strikers of the first and second configurations with a wedge 

angle of 160° were constructed. AISI-1035 steel was chosen as the 
model material for the workpiece. The cross-section of the 

workpiece was 30x30 mm. The deformation was carried out at a 

temperature of 1050° with a degree of deformation equal to 10%. 
After modeling the broaching process, a comparative analysis was 

carried out on the following parameters: equivalent strain, average 
hydrostatic pressure, damage criterion, as well as the deformation 

force. The compared stress-strain state parameters were considered 
in the longitudinal section of the workpiece, since the broaching 

operation implies a sequence of compressions when the workpiece 
moves along its axis. 

 

 

3. Results and discussion 

 
Fig. 2 shows the results of the distribution of equivalent strain 

over the entire length of the workpiece. The equivalent strain shows 

the intensity of the metal processing. Fig. 2 shows that the strikers 

of both types provide intensive metal processing in the contact 
layers of the workpiece, where the strain level reaches a value of 

1.3-1.5. The central part of the workpiece receives a slightly smaller 
increase in strain to the level of 1.0-1.1. At the same time, it was 

revealed that the strikers with a double convexity (Fig. 2a) due to 
the construction design, they provide greater penetration of strain 

deep into the workpiece due to a greater degree of compression by 
inclined sections. However, this effect cannot be called positive. 

Due to the bi-directional flow of metal in the center of the width of 

the workpiece (in the area of the junction of the inclined faces), 
metal clamps will occur, which will negatively affect the condition 

of the surface, as well as at the level of the damage criterion, which 
is an indicator of the plasticity resource. Its distribution is shown in 

Figure 3.     
 

a)   
 

b)  

a – strikers with double convexity, b - convex-concave strikers 
Figure 2 - Equivalent strain 

a)   
 

b)  
a – strikers with double convexity, b - convex-concave strikers 

Figure 3 – Damage criterion 

 
This indicator is calculated by default as the Cockcroft-

Latham criterion, and depends on the intensity of the main tensile 
stresses. Figure 3 shows that in convex-concave strikers, due to the 

direction of the metal flow along the height in one direction, the 
level of damage penetrates almost the entire depth of the workpiece, 

while its level does not exceed 0.5. In strikers with a double 
convexity, the distribution pattern is diametrically opposite. The 

depth of penetration of damage is much less here, the main increase 

in this indicator is in the contact layers of the workpiece. However, 
due to the occurrence of clamps, the damage level reaches 0.85. 

This indicates that the option of convex-concave strikers is more 
preferable from the point of view of the occurrence of surface 

defects. 
To study the average hydrostatic pressure, an intermediate 

step of deformation was considered, when the workpiece is 
compressed by all three sections of the strikers at once. This choice 

is due to the fact that the stress state indicators, in contrast to the 

equivalent strain, are not cumulative indicators, i.e. they do not 
accumulate during the deformation process and they are reset when 

the load is removed. Also, for a correct comparative analysis, it is 
necessary to set identical dimensional scales regardless of the 

stresses that occur, which will help to assess the level of stress 
distribution over the cross-section. The distribution of the average 

hydrostatic pressure is shown in Figure 4. 

 

a)    
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b)  
a – strikers with double convexity, b - convex-concave strikers 

Figure 4 – Average hydrostatic pressure 
 

Comparing the data in Figure 4, it can be noted that 

differences in the values of the average hydrostatic pressure and its 
distribution over the cross-section are observed only in the first two 

zones of the strikers, where, in fact, there are structural differences. 
When metal gets into the last zone, which is identical in both 

structures, there is no special difference in the values of this 
parameter. Analyzing the obtained values, it can be concluded that 

the use of strikers with a double convexity due to additional 

compression by the angle of the joint of the faces on both sides 

leads to an intensification of compressive stresses. The maximum 
values are created in the contact layers, reaching -350 MPa, while 

almost the entire section of the workpiece is also covered by 
compressive stresses at the level of -180÷-150 MPa. In the strikers 

of a convex-concave structure, the development of compressive 
stresses is less intense. Here, the maximum values in the contact 

layers reach -210 MPa, and in the section of the workpiece they are 

at the level of -50÷-30 MPa. 
After analyzing the obtained distribution pattern of the main 

parameters of the stress-strain state, it can be concluded the 
following: the two-way influence of the protruding wedge on the 

first and second sections in the strikers of the first configuration 
leads to an intensification of the development of equivalent strain 

along the entire section of the workpiece, as well as to a higher level 
of compressive stresses. However, such a scheme of metal flow also 

leads to an increase in the damage criterion, which, when using 

strikers with a double convexity, approaches its critical value equal 
to 1. Convex-concave strikers realize a slightly lower level of metal 

processing, but in this case the level of damage is much lower. 
There are also significant differences in the condition of the 

workpiece surface after broaching. The presence of clamps after the 
strikers of the first configuration is a negative effect.  

Earlier in the work [10] it was shown that the use of step-

wedge-shaped strikers is more energy efficient, since the values of 
the pulling forces in these strikers in comparison with conventional 

step strikers were on average 30-35% less. Figure 5 shows the 
graphs of the force during broaching in the strikers of the first and 

second configurations, built according to the values of the 
maximum forces in each pass. 

 

 
Figure 5 – The values of the forces during broaching in step-wedge-shaped strikers 

 

It can be seen from the graphs that when broaching the 
workpiece in the strikers of the first configuration due to the 

intensification of compression, the deformation force has more 
higher value than when broaching in the strikers of the second 

configuration, this is especially noticeable when comparing the 

central areas of the graphs that correspond to the presence of metal 
in all three zones of the strikers. In the last passes, when the 

workpiece is no longer located on the first two sections, the force 
values become comparable.  
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4. Выводы 

 
A computer simulation of the drawing of the workpiece in 

step-wedge-shaped strikers of the first and second configurations 
was carried out by the finite element method. The comparison was 

made according to the following parameters of the stress-strain 

state: equivalent strain, average hydrostatic pressure, damage 
criterion, as well as the deformation force. A comparative analysis 

of the stress-strain state showed that the second configuration of 
step-wedge-shaped strikers is the most optimal option for 

implementing the process of broaching rectangular or square 
blanks. When using them, a more uniform picture of the distribution 

of the stress state is realized, the deformation processing is 

sufficiently realized in comparison with the broaching in step-
wedge-shaped strikers of the first configuration. The two-way 

influence of the protruding wedge on the first and second sections 
in the strikers of the first configuration leads to an intensification of 

the development of equivalent strain along the entire section of the 
workpiece, as well as to a higher level of compressive stresses. 

However, such a scheme of metal flow also leads to an increase in 
the damage criterion, which, when using strikers with a double 

convexity, approaches its critical value. When using convex-

concave strikers, the level of damage is significantly lower. There 
are also significant differences in the condition of the workpiece 

surface after broaching. The presence of clamps after the strikers of 
the first configuration is a negative effect. Thus, the expediency of 

using step-wedge strikers of the second configuration is proved.   
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