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Abstract: The 42CrMo bar has been widely used for its outstanding mechanical performance. 
Before bar leaves rolling factory, the straightening process should be used to keep bar’s straightness. 
However, the residual stress is also generated simultaneously, which largely affects the bar in using. 
In this article, the residual stress of 42CrMo bar with two roll straightening process was studied by 
finite element method. The results show that, after the straightening process, the compressive stress 
and tensile stress were generated on bar’s surface and center, respectively. Meanwhile, the bar’s 
neutral layer was migrated. The bar’s residual stress was tested with hole-drilling technology. The 
comparison between the simulation and test results has been proved the validity of the finite 
element analysis. The results and methods proposed here is the basis of optimizing straightening 
process. 

Introduction 

The medium carbon alloy steel 42CrMo has many good performances, such as high strength 
and toughness, no obvious temp brittleness. After quenching and tempering treatment, this steel is 
of high fatigue limit, anti-shock ability, and good impact toughness at the low temperature. For 
these good performances, this kind of steel has been obtained wide applications in many key 
components, such as engine cylinder and crankshaft[1]. 

In the production of 42CrMo bar, due to the high collecting temperature, the bar is easy to 
cause bending. Therefore, after rolling, the 42CrMo bar must be straightened before out of factory. 
In all kinds of straightening equipment of bar, the two roller straightening machine has the 
advantages of simple structure and high production efficiency, which has become the mainstream of 
bar straightening. The 3D model of a two roll straightening machine is shown in Figure 1.  

 
Figure 1. 3D Model of two-roll straightening mechine 
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Two roller straightening machine is achieved the straightening ability by its curve gap between 
the concave and convex curve rollers. When bar is in straightening process, the homogeneous 
elastic-plastic deformation has been generated with the principle of rotation[2]. The two roll 
straightening process and the straightening principle is very different from the more inclined roll 
straightening. Its straightening quality does not depend on the straightening roll number and 
configuration, but largely depends on the shape of roll. Roll shape must ensure a reverse curvature 
is produced between the two rolls. The variation of reverse curvature can be divided into three part 
along the roll direction. Around the bar inlet, the curvature is varying from small to large, then keep 
a constant value, and gradually decreasing into a small value. The straightening effect of this kind 
of straightening machine is continuous, and its straightening effect is better than other methods. 

The straight degree of the bar is directly related to its residual stress after straightening process. 
In addition, the material utilization ratio of the 42CrMo steel bar is largely depends on bar’s straight 
degree. The two roll straightening is a complicated elastic and plastic problem. So far, there is no 
good way to solve the stress and strain of the bar in analytical solution. In this article, the residual 
stress of bar after two roll straightening process was studied with finite element method. In addition, 
the bar’s residual stress was tested with the hole-drilling technology. The comparison between the 
simulation results and test results proves the validity of the finite element model. The research 
results and methods have important significance for optimizing the straightening process. 

FEA model 

The bar two roll straightening equipment can be divided into six parts, which are convex roller, 
concave roller, front guide sleeve, front guide plate, back guide sleeve and back guide plate. The 
combining form of these parts is shown in Figure 2.  

 
Figure 2. Assembly of two-roll straightening model 

In the analysis model, bar’s length is 1000mm, diameter is 120mm. In addition, the origin 
deflection of this bar was set as 10mm/m. The finite element commercial software Abaqus was used 
in the simulation. Because of bar’s stiffness is very small compared with the six parts in the two roll 
straightening equipment (as shown in figure 1), in the analysis model, the bar is set as an 
elastic-plastic body, and the six parts are all set as discrete rigid body. This not only reduces the 
complexity of the calculation, but also in line with the actual situation. Meanwhile, it is conducive 
to the convergence of the simulation. The bar is meshed with 30735 C3D8R elements, and the 
others are meshed with 15420 R3D4 elements. The friction behavior between roll and bar is taken 
into account in the analysis, and the friction coefficient is set as 0.2. The finite element model after 
meshing is shown in Figure 3.  
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Figure 3. Finite element model 

The mechanical property of 42CrMo bar was tested by tensile testing machine. Deduced from 
the test results, the bar’s Elastic modulus is 210GPa, Poisson ratio is 0.3 and Yield stress is 930MPa. 
The Von Mises yield criterion was used in the analysis, and the test results of plastic strain versus 
yield stress were listed in Table.1. 

Table 1. Material data of testing 

Plalastic strain 0 0.005 0.01 0.02 0.03 0.05 0.07 

Yield stress (MPa) 930 990 1020 1060 1075 1100 1120 
The bar’s initial entry velocity should be matched with the line velocity of rolls. In order to 

prevent the bar’s velocity too fast, its speed is set slightly smaller than the speed of the straightening 
speed. The relationship between bar’s inlet velocity and roll’s surface linear velocity can be 
expressed as: 
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                                                      (1) 
where v is bar’s inlet velocity (m/s), vg is roll’s surface linear velocity (m/s), Dg is roll’s diameter 
(m), ng is roll’s rotational velocity (r/min) and α is angle of inclination for straightening roller (°). 
The straightening speed was set as 10m/min. 

Results and discussion 

 

Fig.4 Mises stress contour at stale area of bar after straightening 
Around bar’s two ends, the stress is largely fluctuated because of the impact phenomenon 

when bar’s inlet and outlet of rollers. For easy to discuss, the results were only extracted from bar’s 
stability straightening part. The distribution of Von Mises stress on bar’s surface after straightening 
process is shown in Figure 4. It can be seen that the bar’s surface stress is of the spiral distribution, 
which is consist with the two rollers straightening process.  

Advances in Intelligent Systems Research, volume 136

219



 

 

 
Fig. 5 Paths for radial stress extraction 

Based on the character of stress spiral distribution, the results of residual stress can be 
extracted on bar’s center symmetric cross section. The results extraction paths are shown in Figure 
5. Form bar’s surface to its center, there are seven results extraction paths were allocated.  
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Fig. 6 Axial residual stress distribution along different paths 

The axial residual stress along the seven paths are shown in Figure 6. It can be seen that the 
residual stress is varying from bar’s surface to center. On bar’s surface, the residual stress in 
compressive stress, however, the tensile stress is generated around bar’s center. In addition, the 
absolute value of the surface compressive stress is larger than the tensile stress at bar’s center. It can 
be deduced that the bar’s geometric middle layer is not the middle layer of the stress. The bar’s 
middle layer has been deviated. This is not taken into account in many analytical analysis models. 

0 20 40 60 80 100

200

300

400

500

M
is

es
应
力

/M
pa

距离/mm

 数值结果
 实验结果

 
Fig.7 Diagram of residual stress measure using blind-hole method 

The bar’s residual was tested with hole-drilling technique. The hole-drilling technique can test 
the residual stress (
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) on a two dimensional plane. In the center of the plane, a hole should be 

Advances in Intelligent Systems Research, volume 136

220



 

 

drilled, and make sure that the depth of the hole is 1.2 times its diameter. After hole has been 
generated, the residual stress would be released, and an additional strain is emerged which can be 
tested by strain gauge around the hole. The arrangement of the strain gauges around the hole is 
shown in Figure 7. The relationship between the gotten strain and residual stress can be expressed 
as[3-5]:  
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 are principal stress of the residual stress around this hole, 
0 20 40 60 80 100

200

300

400

500

M
is

e
s应
力

/M
p

a

距离/mm

 数值结果
 实验结果

, 
0 20 40 60 80 100

200

300

400

500

M
is

e
s应
力

/M
p

a

距离/mm

 数值结果
 实验结果

 and 
0 20 40 60 80 100

200

300

400

500

M
is

e
s应
力

/M
p

a

距离/mm

 数值结果
 实验结果

 are 
released strains, A and B are the stress release coefficient, 

0 20 40 60 80 100

200

300

400

500

M
ise

s应
力

/M
pa

距离/mm

 数值结果
 实验结果

 is the angle between principal stress 
and strain gauge. 

Based on the principal stress calculated in equation (2), the equivalent stress of residual stress 
can be deduced as: 
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Fig. 8 Comparison of residual stress between test and FEM 
The distribution of the test residual stress along bar’s length is shown in Figure 8, and these 

results are compared with the residual stress derived from simulation. It can be seen that the test 
results are all smaller that the simulation results. However, they have the same varying form. The 
reason for this can be presumably connected with the fact that the test results are gotten on two 
dimensional plane, and the simulation results are derived from three dimensional stress field.  

Conclusions 

In this article, the finite element model of bar’s two roll straightening process has been 
established. In addition, bar’s residual stress is derived from the simulation results and compared 
with the test results. The results show that the residual stress is varying from bar’s surface to center. 
On bar’s surface, the residual stress in compressive stress, however, the tensile stress is generated 
around bar’s center. The bar’s geometric middle layer is not the middle layer of the stress, which is 
not taken into account in many analytical analysis models. The proposed finite element model and 
simulation results provides the basis for the optimization of straightening process in the future. 
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