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KEYWORDS ABSTRACT

Finite Element Simulation, In recent years, ring rolling process is used to produce seamless rims in many industries, including
Ring Rolling Process, the aviation and railway industries. The reason for this is the advantages of this process, such as
front and back spools. saving money and materials, high quality and high efficiency. In this research, the shaping of the

front and rear spools of an airplane engine compressor has been investigated using the ring rolling
process. Due to the complexity of the internal and external surface shapes of these spools, it is
difficult to simulate the ring rolling process for them. For the simulation, the stress applied to the
main roller has been checked with the assumption of the shape of the rollers. Also, the forces
acting on the main roller in the case where the rollers are assumed to be malleable have been
extracted and compared with the previous results where all the rollers are rigid. In both spools,
there are complex forms designed on the surface of the roller. If the concentration of stress created
at the sharp points during meshing is ignored, the stresses created on other parts of the mold are
around 400 MPa. Therefore, H13 steel can be used for the front and back spools to make all molds.
However, it is suggested that the surface of the shell is as hard as possible and after making molds
and using them for the mass production of shells, these surfaces should be constantly reviewed.

Extended Abstract
1. Introduction

ne of the processes that is used today in many industries, especially the railway, military and aerospace

industries, is the ring rolling process. This process has been used to produce seamless welding rings, and

because of this feature, it has attracted the attention of various industries. Figure 1 schematically shows
the ring rolling process and the mold components of the process.

Considering the importance and application of the ring rolling process method as mentioned above, many
studies have been done on this process by researchers.

The front and rear spool of the airplane engine compressor is one of the parts of the aerospace industry with
high manufacturing technology due to its shape and material, which is made by the ring rolling process in recent
years. In most of the researches done on ring rolling, the parts are not very complicated. In this research, the ring
rolling process for spools that have a complex shape and are made of titanium alloy is done and forming is done
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at high temperature. Also, the stress analysis on the main roller during the process has been done by ABAQUS
software, which is used to design the roller. Also, the forces acting on the main roller have been calculated and
checked. It should be noted that in this study, the main roller is considered to be malleable and hence the simulation
and analysis were closer to reality.

Figure 1. Schematic of ring rolling process

2. Simulating the ring rolling process of shaped parts

To implement the simulation of the circular rolling process of shaped parts in this research, first the parts are
modeled in the software. The mold of the main roller and the workpiece are modeled in the software in a formable
way, and then the analysis is done based on this. Due to the fact that the most forces are applied to the main roller,
this malleable roller is chosen, and due to the long time it takes to solve the problem, there is no need for the other
rollers to be malleable. In fact, the most critical state is related to the main roller, and by analyzing it, the obtained
results can be used for other rollers as well.

The material of the back and front spool is Ti-6Al-4V titanium alloy. Also, considering the ability of H13 steel
to withstand high stresses at high temperatures, the initial guess is that this steel has the ability to withstand the
stresses imposed on the rollers of the ring rolling process. According to the condition of the roller due to the
application of load at the end of the process, the suitability or lack of suitability of H13 steel for use in the ring
rolling process roller will be checked. Therefore, the mechanical and thermal properties of Ti-6Al-4V and H13
materials are considered in the simulation for workpieces and rollers, respectively. Also, the stress-strain diagrams
of these alloys at different temperatures and with different strain rates were entered in the material properties
section of the ABAQUS software. The final assembled model for two spools is shown in Figure 2.
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Figure 2. Assembled parts of aircraft engine spools (a) Front spool (b) Rear spool

3. Simulation results and discussion

As stated, the purpose of this research is to investigate the amount of stress applied to the roller in order to
choose the right material for it. In the following, the results of the simulation about the stress of the main roller as
well as the forces applied to the main roller and it is compared with previous simulations in which the main roller
was considered rigid.

3.1 Design and analysis of power transmission parts
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Figure 3 shows the von Mises stress distribution on the front spool (3-a) and the main roller (3-b). According
to Figure (3-a), it can be seen that the whole shell has entered the yielding region and this is consistent with the
prediction.

Figure 4 shows the von Mises stress distribution on the main roller by removing the sharp points (4-a) and the
stress distribution in the main roller body (4-b). As it can be seen, the stress in the shaped parts is about 1300
megapascals by removing the sharp points, which of course, this amount of stress exists only in the shaped parts.
According to the yield stress of heat-treated H13 steel, which is about 1900 megapascals, this amount of stress can
be tolerated by the mold. Also, according to Figure (4-b), the von Mises stress distribution in the main roller body
is in the range of 100 to 200 MPa, which is insignificant compared to the yield stress of H13 steel.

(Avg: 75%)
*2 14%04+09
l +1.96
1. 788e+ 0%
+ 3 60 + 03
0[?'0”
': ;..I
+
B i3
-7 Je o O
+3.378e 08
l +3.3920+08
b4
i ¥ 22oat s

)
~)

Figure 3. Von Mises stress distribution on (a) front spool (b) main roller
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Figure 4. Von Mises stress distribution (a) on the main roller by removing the stress at the sharp points (b) on the body of the
main roller

3.2 Design and analysis of power transmission parts
Figure 5 shows the von Mises stress distribution on the rear spool (5-a) and on the main roller of the rear spool

(5-b). According to figure (5-a), it can be seen that the entire shell has entered the yielding region and this is
consistent with the prediction.
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Figure 5. Von Mises stress distribution (a) on the rear spool (b) on the main roller

3.3 The forces on the front and back spool main roller

In order to obtain the forces on the main roller, the force-time diagrams obtained from the simulation of the
ring rolling process have been drawn for the main roller of the front spool and the main roller of the rear spool in
three directions X, Y and Z.

After extracting the forces acting on the main roller of the front and rear spool in different directions assuming
that the roller is malleable in this research, the results were compared with the forces acting on the main roller
assuming the rigidity of the main roller of the front and rear spool in the ring rolling process.

In the case of the front spool, the forces obtained in the case where the main roller is malleable is more than
the case of the rigid roller, so that in the case of the rigid roller, the force applied to the main roller is 15, 13, and
56 tons were obtained in X, Y, and Z directions, respectively. While in the case of the main malleable roller, the
amount of these forces was 40, 28 and 75 tons, respectively.

In the case of the rear spool, the forces obtained in the case where the main roller is considered malleable are
more than the case of the rigid roller, so that in the case of the rigid roller, the forces entering the roller in the X
direction, Y, Z were 68, 35, and 70 tons, respectively, and in the formable roller state, these values were 130, 40,
and 100 tons, respectively. The obtained forces are used to design the necessary supports for the rollers on the
machine.

4. Conclusion

In this research, one of the main and fundamental goals was to investigate the stresses applied to the main
rollers of the front and rear spools of the aircraft engine, assuming that the main roller is malleable and performing
modeling and simulation of the ring rolling process, the stress Applied to the shells were obtained based on the
selection of H13 steel. Regarding these stresses, it is necessary to mention that in both spools, due to the presence
of complex forms on the surface of the roller, and that with the meshing of the surface of the main rollers, the
uniform surfaces with (r) are turned into surfaces with edges. becomes sharp and this causes concentration of stress
in these points and makes the stress obtained from the software unreliable. The stresses created on other parts of
the mold are insignificant and are around 400 MPa. Therefore, H13 steel can be used for the front and rear spool
to make all molds, but it is suggested that the surface of the shell is hardened as much as possible and after making
the molds and using them for production A lot of shells, these levels should be reviewed regularly.

Another issue that was examined in this research was the amount of forces applied to the main roller, so that
the amount of these forces could be compared with the results obtained from the case where all the rollers were
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considered rigid. In the case of the front spool, the forces obtained in the case where the main roller is considered
malleable are more than the case of the rigid roller, so that in the case of the rigid roller, the force applied to the
main roller is in the direction X, Y, Z were 15, 13, and 56 tons, respectively, while in the form of the main roller,
these forces were 40, 28, and 75 tons, respectively. In the case of the rear spool, the forces obtained in the case
where the main roller is considered malleable are more than the case of the rigid roller, so that in the case of the
rigid roller, the forces entering the main roller in the X direction, Y, Z were 68, 35, and 70 tons, respectively, and
in the formable roller state, these values were 130, 40, and 100 tons, respectively.

According to these results, the obtained forces should be taken into consideration in designing the hydraulic
system as well as choosing the engine. Of course, due to the fact that there is always some error in the simulations
and it is also possible to change the amount of forces by reducing the mesh and also by meshing other rollers.
Therefore, it is suggested to design the system based on a reliable safety factor.
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