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Cycloidal Gearbox Design, Cycloidal gearboxes are part of power transmission systems that use a cycloidal disk instead of an
Cycloid curve, involute gear to transmit power. The use of cycloidal gearboxes is limited due to complicated
Transient Analysis, profile shapes, difficulties in fabrication, and lack of data in the design process of industrial
Stress Analysis, gearboxes. The special mechanism of cycloidal disks provides a high conversion ratio in small
Transmission Ratio. dimensions in cycloidal gearboxes. In this research, the design of a cycloidal gearbox will be

discussed. Firstly, the mechanism of cycloidal gearboxes will be introduced and its advantages
will be described, the operation mechanism and main components will be explained and then a
cycloidal gearbox for conversion of 1500 rpm into 32 rpm (conversion ratio 47) will be designed
according to basic equations. The designed gearbox is modeled in SolidWorks software and
analyzed in finite element software (Ansys software). The finite element results show that the
principal stress and shear stress of the cycloidal disk and other parts of the gearbox were in the
safe region of the design criteria. In addition, the rotational speed of the gearbox is not constant
due to the eccentricity of the input shaft, and the average rotational speed is calculated based on
the finite element results and agrees with the design value.

Extended Abstract

1. Introduction

lower rotational speeds at output shafts. The ratio of reduction determines the size of the gearbox. The

cycloidal gearboxes are used for high conversion ratio in low size, the output shaft is concentric with the
input shaft. The profile of the gear teeth is manufactured according to the cycloid curve. Despite conventional
involute gears, the fabrication of cycloidal gears is a little complicated, and tight tolerances must be achieved
which leads to poor reception of manufacturers for this type of gearbox. The cycloid curve is generated by the
trace of a point on a circle which rolls along a straight line without slipping between the straight line and the rolling
circle.

T he gearboxes are used widely in different industries for converting the rotational speed of the motors to

The cycloidal gearboxes are first introduced in 1930 [1]. Blanche and Yang [2] investigated the effect of
manufacturing tolerances on the accuracy of the gearbox’s operation. The results show that the existence of
tolerance leads to little deviation in the conversion ratio. Gorla et al. [5] introduced a cycloidal gearbox in which
some rollers are installed on a rotating disk and transfer the power to an external ring. The results show that the
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efficiency increases by increasing the rotational speed. Also, the result of another research [8] shows that the total
efficiency of cycloidal gearboxes is higher than planetary gears and harmonic drives. Blagojevic et al. [10]
investigated the effect of friction between the cycloidal disk and housing rollers by developing two analytical
models for the calculation of the contact force and friction torque. The results show that the contact forces and
friction torque increase by increasing the friction force while the total efficiency decreases.

The use of cycloidal gears in different industries such as robotics, accurate machines, and 3D printing machines
is increasing. The main advantages of cycloidal gearboxes are high transmission power, high torque, and accurate
control of position and revolution. In this article, the parts of cycloidal gears and their operation will be introduced,
then the basic equation of cycloidal gears will be presented. At last, a finite element model in ANSYS software
developed and the stress and strain distribution while transferring the torque will be plotted.

2. Components of Cycloidal Reducers

The cycloidal gearboxes consist of five main parts:

1) Input shaft: the shaft is connected to the motor and rotates on an eccentric axis. The other side of the input
shaft is connected to the cycloidal disk.

2) Cycloidal disk: which is the main part of the gearbox. The geometry of the disk is designed and
manufactured according to the cycloidal curve. This type of gearbox always decreases the revolution speed
of the input shaft and in this way, the cycloidal gearboxes are called usually cycloidal reducers.

3) Fixed ring pins: the pins are located around the input shaft and connected to the cycloidal disk. The
cycloidal disk rotates around its symmetric axis (clockwise) and the pins rotate counter-clockwise about
its axis.

4) External shaft: it is consisting of a disk with connected rollers on the face of the disk. The roller pins
engage with the holes of the cycloidal disk. The external shaft is also called pin disk. So, by rotating the
cycloidal disk, the pin disk rotates counter-clockwise compared to the input shaft.

5) Bearing: the bearing connects the input shaft to the cycloidal shatft.

Figure 1 shows the main parts of the cycloidal gearboxes disassembled.
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Figure 1. Disassembled cycloidal gearbox [22]

The conversion ratio is defined as 7 4 \which Z, and Z, are the number of cycloid disk lobes and the number

2741
of fixed ring pins. So, a high conversion ratio is obtained by the cycloidal reducer due to the high number of lobes.
Difference between Z; and Z, are usually 1. Little backlash, lower wear, low noise operation, higher absorption
of the shock, higher strength of the gear teeth, higher conversion ratio in the limited size of the gearbox,
concentricity of the input shaft and output shaft, better repair and maintenance, and easier manufacturing process
are main advantages of cycloidal reducer compared to the involute gearboxes. Despite the involute gearboxes, the
pressure angle is variable in cycloidal reducers. The magnitude of the pressure angle depends on the height of
cycloidal disk teeth. By increasing the height of cycloidal disk teeth, the maximum value of the pressure angle will
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be decreased and the efficiency will be increased. In this way, the contact force will be decreased but the bending
force will be increased.

3. Designing of a Cycloidal Reducer

The design objective of this article is to convert the 1500 rpm revolution speed of an electrical motor into 32
rpm by the cycloidal reducer (conversion ratio ~47). So, the number of lobes will be 47 and the number of fixed
ring pins will be 48. It is assumed that the diameter of the base circle (Dg) is 200 mm. So, the module of gear will
be 4.256 mm. The cycloidal curve is defined as a parametric equation according to the Equation 1, 2.

D
X = R cos(2mu) + H cos (Znu 5) 1)
. . Dg
Y = Rgsin(2mu) + Hsin <2nu E) 2
X and Y are the coordinates of the cycloidal curve and u is a dimensionless parameter that varies in the range

of 0 and 1 to define the curve implicitly. The curve is modeled in SolidWorks software according to the Equation
1, 2 as shown in Figure 2. The height of each tooth (H) is 1.5 mm. Rg is the radius of the base circle (Dg/2).

Figure 2. Cycloidal disk with 47 teeth

4. Finite Element Modeling and Results

The designed gear and fixed ring pins are modeled in the ANSYS software [27]. The cycloidal disk and fixed
ring pins are made of ASTM CA-15 Stainless steel, tempered at 315°C. The mechanical properties of the material
are reported in Table 1. The model is analyzed as a transient structural model with a small-deflection, small-strain
assumption. The time of analysis is 0.1s and the friction coefficient is assumed as 0.08. The fixed ring pins are
constrained in X and Y direction (translation movement) at one of the end plates. They can rotate freely. The
translation degree of freedom of the cycloidal disk and fixed ring pins are constrained at Z direction to prevent
out-of-plane movement. The contact between the outer surface of fixed ring pins and the teeth of the cycloidal disk
was defined using CONTACT and TARGET element types.

Table 1. Mechanical Properties of ASTM CA-15 [28]

Mechanical Properties Value
Elastic Modulus (Young’s Modulus) 200GPa
Poisson’s ratio 0.28
Yield Strength (Tensile) 850 MPa
Density 7610 kg/m®
Shear Modulus 78.08 GPa

After solving the model in the finite element software, the results are obtained. Figure 3 shows the distribution
of maximum principal stress and maximum shear stress in the cycloidal disk. The average of principal stresses is
69 MPa happens at the contact point of the cycloidal disk and pin disk (output shaft) and compared to the yield
strength is on the safe side of the design. The average shear stress is 270 MPa and happens at the root of the
cycloidal disk teeth which is the deepest contact point of the cycloidal disk and fixed ring pins. Maximum strain
is 0.9 %.

The distribution of the equivalent stress and equivalent elastic strain is shown in Figure 4. The maximum
equivalent stress and maximum elastic strain are 180 MPa and 0.9 % respectively. The pins are constrained from
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one side and maximum deflection happens at the other end. But the value of strain and deflection and indeed the
stress magnitude are comparably low compared to the 850 MPa vyield strength. The average angular speed was
compared and was 32.08 rpm which is very close to the design magnitude (32 rpm).

@ (b)

Figure 3. Distribution of a) maximum principal stress, b) maximum shear stress on the cycloidal disk

(@ (b)
Figure 4. Distribution of a) equivalent stress, b) equivalent elastic strain on the fixed ring pins

5. Conclusion

Cycloidal gearboxes are types of reducing the revolution speed of the electrical motors that reduce the
rotational speed with a high conversion ratio in considerably low size. The cycloidal reducer has little backlash,
lower wear, and low noise operation benefits but the use of this type of gearbox was limited by the industry because
of its features and the complicated shape of the teeth profile. In this article, the components of a cycloidal gearbox
were introduced and the basic equation of the teeth profile was presented. A cycloidal gearbox with a conversion
ratio of 47 was designed. The cycloidal disk and fixed ring pins are modeled in ANSY'S finite element software
and the boundary condition is applied to the model. The stress and strain distribution were investigated and
compared to the properties of material used for fabrication, the designed gearbox was at the safe region of static
loading.
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