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KEYWORDS ABSTRACT

Brushless DC Motor, The purpose of this research is to design mechanical components for making a brushless
Design of mechanical direct current motor. One-piece rotor and shaft are used in the design of this engine, and the
Components, hollow rotor is intended to access the interior space and reduce weight. Considering the
Static analysis. magnetic flux density and taking into account the required strength of the rotor to withstand

loads, 52 St steel is used and high strength epoxy pipe glue is used to connect the magnet
and the rotor. In order to check the strength of the engine, engine components including
power transmission parts and engine installation components were analyzed. The effect of
centrifugal force on the normal stress created on the rotor, the effect of the transmission
torque from the rotor in creating torsional stress on the shaft, the amount of shear stress at
the connection between the magnet parts and the rotor and the amount of stress on the base
parts and the required screw force. were analyzed by Nastran software to restrain the force
due to the weight of the engine on the engine support bases. According to the stress analysis
of the rotor and shaft, by choosing St-52 steel for these parts, a reliability of 2.58 has been
obtained. The analysis of the shear stress of the connection between the magnets and the
rotor indicates the proper connection of these parts by the glue used in this research with
an acceptable reliability of 1.61.

Extended Abstract

1. Introduction

he use of permanent magnets to create a permanent flux in the air gap creates a harmonious structure along

with a robust design of an induction motor. Permanent magnet motors have features such as high-power

density, high efficiency and suitable thermal characteristics and are used in many industries [1]. Direct
current rotors have been used as servomotors for many years due to their high efficiency and suitable structure.
Brushless direct current motors have the same appearance characteristics as permanent magnet synchronous
motors, so they are called brushless DC motors. These engines also have high efficiency and power density and
are a suitable option for use in industries [2]. In the last years, the brushless direct current motor has received
attention and research has been carried out in the field of designing and manufacturing brushless direct current
motors. The purpose of this research is to design mechanical parts for the construction of a 9Kw brushless
permanent magnet motor. For the electric motor in this research, the power transmission parts include the rotor
and the shaft, are considered as a single piece. Also, in order to access the space inside the rotor and reduce the
weight, the rotor is considered hollow. The geometric dimensions of this part are designed based on the spatial
limitation of the geometry of the stator and magnet parts, as well as on the basis of creating sufficient strength to
transmit the required torque and power. Considering the amount of magnetic flux density and the required strength
in the rotor to bear the loads on it, St-52 steel has been chosen as the material used in the rotor. Also, to connect
magnets and rotor, 300 kg high-strength UHU PLS glue made of fully adhesive epoxy rototube suitable for heavy
work (above 23000 N/cm) has been used. This glue is resistant to impact and heat (from -20 to 100 degrees Celsius)
and is resistant to moisture, oil, dilute acids, organic substances and many solvents. In order to check the strength
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of the engine in this research, engine components including power transmission parts and engine installation
components have been analyzed. As a result of the effect of centrifugal force in the normal stress created on the
rotor, the effect of the transmission torque from the rotor in creating torsional stress on the shaft, the amount of
shear stress at the connection point of the magnet parts to the rotor and the amount of stress on the base parts, and
the required force of the screws to restrain the force due to the weight of the engine on the engine support stand
was analyzed by Nastran software.

2. The design of brushless permanent magnet motor components

Figure 1 shows the three-dimensional cut view of the engine to show the engine components and how they are
connected to each other.

1- Rotor

2- Stator

3- stator holding shell

4- Flange-shaped cover with two rows of screws
5- Flange-shaped cover with single-row screws
6- Doubler

7- stand

8- Connector

9-  Connector

10- Bearing

11- The place of screw connection between the stator
holding shell and the cover

Figure 1 3D cut of the engine with its components

3. Strength analysis of engine components

In this research, the strength of the power transmission parts and the strength of the engine installation
components were studied and investigated. For this purpose, stress analysis on the mentioned components has
been used. Figure 2-a shows the 3D model of the one-piece part of the rotor and shaft, and Figure 2-b shows the
model along with the magnet parts placed on the rotor.

(@) (b)
Figure 2 model a) shaft and rotor parts b) with magnet parts

Patran-nastran software is used for stress analysis and strength evaluation of engine parts. Figure 3 shows the
meshing model in the software. The type of mesh used in the model is tet4 type of tetrahedral element.

The forces causing tension on the power transmitting part are as follows:
1- Centrifugal force
2- Transmission torque from the engine
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Figure 3 The meshing model in the software

In figure 4, the stress analysis due to centrifugal force is shown. The engine speed considered for this analysis
is equal to 1400 rpm. The maximum stress occurs on the surface of the rotor, as can be seen, is less than 2 MPa
and occurs on the surface of the rotor.
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Figure 4 Stress analysis due to centrifugal force

Transmitted torque from the rotor leads to torsional stress on the shaft. Figure 5 shows the analysis of Van
Mises stress caused by the combined effect of engine transmission torque and centrifugal force. Due to the fact
that the amount of stress caused by the centrifugal force is insignificant compared to the stress caused by the
torsional torque of the shaft and rotor, the design and dimensional changes of the part should be done based on the
torsional torque. The maximum Van Mises stress occurs at the location of the bearing installation stage and is
equal to 116 MPa. Considering that the material considered for the rotor and shaft part is steel with the
characteristics of st-52, the safety factor considered for the strength of this part, according to equation 2, is equal
to 2.58.

ss (Pa)

Figure 5 Analysis of stress and strain caused by the combined effect of engine transfer torque and centrifugal force

300 (1)
Sy =300(MPa) »n= 16 2.58
In this research, the shear stresses created at the connection point of the magnet parts to the rotor have been
investigated and analyzed. Figure 6-a shows the Mises stress created on the entire rotor model. The maximum
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stress created in the stair of the smallest diameter of the shaft was equal to 119.3 Mpa. Figure 6-b shows the stress
graph of the cut model. The amount of stress at the connection point of the shaft to the rotor is equal to 400 Kpa.
By removing the shaft from the stress graph, the maximum stress occurs on the surface of the rotor due to the
center lateral force. Figure 6-c shows this issue. In this figure, it is clear that the tension created at the base of the
contact edge of the magnets has a smaller value. In Figure 6-d, the stress created at the base of the contact edge is
shown as a section of the model that shows the contact point of the magnet. The maximum Van Mises stress at the

base of the edge is reported to be less than 1.15 MPa.
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Figure 6 a) Mises stress graph created on the entire rotor model b) The stress graph of the cut model ¢c) Maximum stress on the

surface of the rotor by removing the shaft and due to the center lateral force d) The stress created at the base of the contact edge of

the magnet contact area

In Figure 7, the four mounting legs of the motor are shown in the case that the center of gravity of the motor
under the load of N1000 is in the Y direction of the coordinate system. The purpose of analyzing the strength of
engine mounting components is to check the stress on the base parts and calculate the required force of the screws
to restrain this external force. As seen in Figure 8, the maximum Van Mises stress created on the base parts is

calculated to be 18.5 MPa.

Figure 7 Engine mounting stand

4, Conclusion

The following results were obtained in this research:

« Design of components and arrangement of engine parts

« Selecting standard components and determining the material of the parts
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Figure 8 The maximum Van Mises stress created on the stand parts
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« Strength analysis of engine components including power transmission parts and engine support parts

+ Selection of steel material st-52 for the shaft and rotor and obtaining a reliability factor of 2.58 in the designs
according to the stress analysis of the loads on the shaft and rotor.

« Selection of 300 kg UHU PLS adhesive with high strength to connect the magnet to the rotor and obtain a
reliability factor of 1.61 in the designs according to the shear stress analysis created in the connection area of the
magnet and the rotor.

+ Selection of steel screws of type M8 and grade 8.4 with a safe load of 310 MPa for use in the engine support
stand, which provides a safety factor of more than 10.
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