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Abstract. This work is devoted to the study of the internal defect closure during metal broaching in step-wedge strikers with wedge and 

depression by FEM in Deform program. A through cylindrical hole with a diameter of 3 mm was considered as an internal defect.  At the 

same time, three variants of the defect vertical location were modeled – in the workpiece center, near the upper face of the wedge and near 
the lower face of the depression. In all three cases, the internal defect closure is uneven. The most intense defect closure is observed when it 

is located in the workpiece axial zone. Defects located near the strikers surface zones are not closed well enough. The stress-strain state 

analysis showed that the defect location affects the distribution nature of stresses and strains along the workpiece section. 
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1. Introduction 
When obtaining blanks for forging and stamping production, 

one of the main tasks is to eliminate various defects formed at the 
casting stage. The most typical defects of this class are discontinuity 

defects – cracks, gas bubbles, non-metallic inclusions, etc. Their 
presence in the finished forging leads to a significant anisotropy of 

mechanical properties along the section of the workpiece, which can 
lead to breakage of the part made of this forging. Therefore, the 

research of traditional and the development of fundamentally new 

methods and devices that allow to increase the level of internal 
processing of metal during forging operations remain relevant.  

In the course of previous studies, new designs of forging 
strikers were proposed, the configuration of which allows to 

develop both shear and alternating deformations in the metal [1]. A 
comparative analysis of the strikers of two configurations revealed 

that the use of a wedge on one striker and a depression on the other 
is the most optimal solution from the point of view of surface 

shaping of the metal [2]. This work is devoted to the study of the 

closure of internal defects during metal broaching in step-wedge 
strikers of optimal configuration with finite element modeling in the 

Deform program. 
 

2. FEM-simulation 
A square section blank with a side of 30 mm and a length of 15 

mm was created as the initial part. The choice of a small length was 
due to the fact that on each of the three strikers sections, the surface 

configuration (the nature of the faces inclination) remains 
unchanged, i.e. the use of a workpiece whose length is obviously 

less than the length of the smallest section, equal to 20 mm, makes 

it possible to simultaneously assess the shape of the metal at the 
front and rear ends, as well as in the central workpiece zone. When 

using a billet of a longer length, similar results would be obtained 
during different broaching stages.  

As an internal defect, a through cylindrical joint with a diameter 
of 3 mm was created. At the same time, three variants of the vertical 

location of the defect were considered – in the center of the 
workpiece, near the upper face of the wedge and near the lower face 

of the depression. To optimize the calculation on the workpiece, 

vertical symmetry was used (Fig. 1). AISI1035 steel heated to 
1100°C was chosen as the workpiece material. The compression of 

the workpiece in each section was regulated by the size of the gap 
change of 10% during deformation in the first section. The friction 

coefficient at the contact of workpiece and strikers was assumed to 
be 0.3. 

During the analysis of the models, the shape of the workpiece 

(the closure degree of the through defect), as well as the main 
parameters of the stress-strain state – equivalent strain and average 

hydrostatic pressure were studied. 
 

 

 

 
Fig. 1. Initial models 
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3. Results and discussion 
As a result of the calculation of the models, the following 

results were obtained (Fig. 2).  
 

 

 

 
Fig. 2. Defects closing  

 

In all three cases, the closure of the internal defect is uneven. At 
the same time, the most intense closure of the defect is observed 

when it is located in the axial zone of the workpiece. Defects 

located in the surface areas are not closed well enough. This is a 
consequence of the fact that in the axial zone the workpiece 

receives deformation from the simultaneous action of the wedge 
and the depression of both strikers, which is characterized by the 

slope of the defect generator. In surface defects, the slope is 
observed only from the side of the nearest configuration element 

(wedge or depression), in the same zone, the maximum closure of 
the defect occurs, which is still insufficient due to almost a single 

impact. 

Analyzing the parameters of the stress-strain state, it was found 
that their distribution over the section of the workpiece also depends 

on the location of the defect. When analyzing the equivalent strain 
(Fig. 3), it was revealed that the numerical value of the level of the 

developed strain in one pass in all three models is approximately the 
same and ranges from 0.3 in the least processed zones to 0.9 in the 

most processed zones. At the same time, the nature of the strain 

distribution in models with an upper and lower location of the 
defect has a "mirror" character, i.e. the patterns of the distribution of 

the strain fields are opposite in the horizontal direction. In the case 
of the central location of the defect, the distribution of strain fields 

has a relatively symmetrical appearance.    
When analyzing the average hydrostatic pressure in models 

with the upper and lower location of the defect, the "mirror" nature 

of the distribution of stress fields was also revealed (Fig. 4). At the 
same time, the zone of maximum compressive stresses (-138 MPa ÷ 

-250 MPa) covers almost the entire workpiece in height, but does 
not affect the defect area. In a model with a central location of the 

defect, the specified zone of maximum compressive stresses passes 
through the defect area, which contributes to its more intensive 

closure. 
 

 

 

 
Fig. 3. Equivalent strain 
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Fig. 4. Average hydrostatic pressure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 
The study of the internal defect closure during metal broaching 

in step-wedge strikers with wedge and depression by FEM in 
Deform program showed that the most intense defect closure is 

observed when it is located in the workpiece axial zone. Defects 
located near the strikers surface zones are not closed well enough. 

The stress-strain state analysis showed that the defect location 
affects the distribution nature of stresses and strains along the 

workpiece section. Taking into account the fact that the main share 
of defects in cast blanks (in particular, forging ingots) is located 

precisely in the axial zone, this configuration of strikers is quite a 

preferable choice for the effective study of the inner layers of metal 
in order to close possible defects. 
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