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In the present research, the possibility of designing and
manufacturing a gear mechanism including a unilobe elliptical gear
and a spur gear was investigated. The innovation of this mechanism is
the engagement of a circular gear with a non-circular gear and the
creation of a continuous movement in one of the two shafts on which
the gears are placed. First, the geometry of both gears was assessed
and the two-dimensional cross-sectional model of the gears was
drawn by Gearotic motion software. Then, 3D models of the gears
were produced and assembled, followed by a scrutinization of the
engagement of the gears, the proper design of teeth shapes, and the
driven shaft movement. The wire electrical discharge machining was
employed to manufacture the gears from the Al 7075. Next, the
surface roughness of the gear teeth was measured and their
engagement checked. The results revealed that the designed
mechanism provides cyclic movement in the driven shaft of the spur
gear during engagement with the elliptical gear. Moreover, the smooth
and proper movement of the gears shows that the use of the software
and the correct selection of the input parameters did not cause any
errors in the manufacturing process.
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EXTENDED ABSTRACT

Introduction

Gear mechanisms are widely used in power transmission systems such as gearboxes to
transmit power, torque, and rotational speed or change the direction of rotation between
two or more shafts. One of the outstanding features of the combination of circular and non-
circular gears for power transmission is the possibility of continuous change in the distance
between the shafts of the two gears. The main innovation of this article can be considered
as providing a structural and accurate method for designing and manufacturing a
mechanism consisting of two spur and unilobe elliptical gears, which has not been
previously addressed in any independent article.

Methodology

In this research, the main parameters for the design of both gears, including the module,
the number of teeth, and the dimensions of each gear were calculated using the governing
equations for spur and elliptical gears. Then, the computer models of the cross-section of
the gears were generated in two-dimensional form by applying the design parameters in the
Gearotics motion software. The 3D models of the gears were then created and assembled in
Catia software to examine the movement performance and to investigate the two gears'
engagement. According to the change in the distance between the moving shaft and the fixed
shaft, a cylindrical spring was utilized to control the distance between the moving shaft of
the spur gear compared to the fixed shaft of the elliptical gear. With the confirmation of the
obtained results, both gears were made of Al 7075 using the wire electrical discharge
machining (WEDM) process.

Results and discussion

The parameters extracted to start the process of drawing the two-dimensional cross-
section of the elliptical and spur gears are presented in Table 1. Figure 1 shows the cross-
section and the final 3D models of the designed gears based on Table 1 parameters.

Table 1. Design parameters of the elliptical and spur gears.

Parameters Spur gear Elliptical gear
Gear thickness (mm) 10 10
Pressure angle (deg) 20 20
Number of teeth 20 30
module 2.5 2.5
Modification factor - e
Central hole diameter (mm) 22 12
Teeth height (mm) 541 e
The initial distance of the shafts (mm) 45
Outside diameter (mm) 55 large: 104.3
small: 49.1
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Figure 1. Dimension of the a) spur, and b) elliptical gears.

Using the parameters of Table 1, the two-dimensional cross-section of each gear was
drawn in Gearotics software with appropriate accuracy. Since the Gearotics software does
not have a 3D design capability, the 2D sections, after being transferred to the Catia software,
were extended to a thickness of 10 mm using the Extrude command to obtain the 3D models
of the gears. For the construction of this mechanism, other equipment is needed to assemble
two spur and elliptical gears. This equipment was designed in the Catia software according
to the dimensions of the two gears, and then in the assembly environment of this software,
all the parts are assembled. Figure 2 shows the assembly schematic to engage the spur and
elliptical gears.

Figure 2. Assembled elliptical and spur gears in Catia software.

In Figure 3, the spur gear is shown when it is at its greatest distance from the elliptical
gear shaft. In this state, the spring is stretched by 20.90 mm, and the angle of displacement
of the arm is equal to 35 degrees compared to the initial vertical state. With the continued
rotation of the elliptical gear, the spring causes the arm and the spur gear to gradually return
to the initial position, while maintaining effective and continuous engagement with the
elliptical gear. This cycle is continuously repeated with the rotation of spur and elliptical
gears. Motion simulation in the Catia software environment indicates that the idea of
creating a moving shaft in gear mechanisms is possible. In addition, the values of the
maximum displacement of the movable shaft along the horizontal and vertical axis relative
to the rotational axis of the elliptical gear are presented in Figure 3.
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Figure 3. Spur and elliptical gears engagement in the maximum possible distance between the shafts (in mm).

After the manufacturing process, the average roughness value in elliptical and spur gears
was measured. The results proved that the average roughness values in elliptical and spur
gears were 0.661 and 0.691 micrometres, respectively, which is a suitable roughness for
general-purpose gears. Furthermore, the ten-point roughness values in elliptical and spur
gears were determined to be 4.49 and 5.58 micrometres, respectively. Figure 4 displays the
assembled spur and elliptical gears.

Figure 4. Manufactured spur and elliptical gears.

Conclusion
Based on the current research, the following conclusions were drawn:

1-
2-

Itis possible to design an efficient mechanism between the elliptical and spur gears.
The above mechanism provides the possibility of continuous movement in the
moving shaft connected to the spur gear, which has not been investigated in similar
mechanisms.

The use of special design software in drawing elliptical gear, while guaranteeing the
accuracy of the teeth form, greatly reduces the production time of the gears.

By placing the driver shaft on the elliptical gear, the mechanism investigated in this
research is a speed increaser.

The results show that at the maximum distance between the shafts of the two gears,
the spring is stretched by 20.90 mm and the angle of the arm is 35 degrees
compared to the vertical state, which according to the modules of the gears are
variable.

In this mechanism, the gear ratio is obtained by dividing the number of teeth of the
spur gear by the elliptical gear, which is equal to two-thirds.

After the WEDM process, the average roughness in the elliptical and spur gears was
equal to 0.661 and 0.691 L respectively, and the ten-point roughness values in

the elliptical and spur gears were respectively equal to 4.49 and 5.58 pm
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2 Arithmetic average of roughness (Ra)
3 Ten point average roughness (Rz)
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