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ABSTRACT 

Due to its important role in mechanical applications, gears become the core of continuous engineering 

efforts regarding the enhancement of their performance. the aim of this work is to model the cycloid spur 

gear teeth geometry and evaluate its their thickness. Starting from the simulation of the generation process, 

the Cartesian representation of the epicycloidal face and hypocycloidal flank is achieved as a set of profile 

points each has its position relative to the gear center. Depending on these equations tooth base thickness 

has been formulated in terms of the rolling angle, module, and teeth number. Another form has been derived 

based on the gear geometry that evaluates tooth profiles in terms of its radius, module, and teeth number 

dispensing the rolling angle which is the main drawback of the common models. The proposed model 

validity has been checked and compared with the common model and available works and showed a great 

conformity.  
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INTRODUCTION 

Since there appearance, mechanical power transmission elements have been strongly introduced to the 

engineering design aspects and paid a lot of attention regarding the safe operation and smooth performance 

with minimizing the loss of energy [1]. These elements such (shafts, cams, gears, belts, and chains) have 

been assigned to do different duties depending on their characteristics followed by intense mathematical 

researchs to formulate the induced working stresses, vibration as well as efficiency and continuously 

upgrade their performance till the nowadays feature [2]. Cycloid gears are different from their opponent 

involute gears where cycloidal gears have variable pressure angle which varies from zero to at the pitch 

point to the max. value at the tooth tip point and that the cause behind its noisy operation [3], they consist 

of two arcs that are the epicycloid face and the hypocycloid flank where the two arcs are continuous at their 

common pitch point so that their geometry is more complex than the involute profile [4], and in cycloidal 

gear drive the center distance must be accurate or else it will be broken down [5]. The strength point of 

using cycloidal gears are that the cycloid gears could be manufactured with any teeth number with no 

undercut i.e. there is no minimum teeth number having high load carrying capacity because of its wide root 

thickness and its conforming contact behavior [6]. This work tries to generate the cycloid teeth spur gear 

using alternative polar form and embodiment of the 3-D model, evaluates the tooth thickness. 
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GENERATION OF CYCLOID PROFILE 

Cycloid teeth profile are generated by the trace of a point fixed on the circumference of a small circle called 

the generating circle rolls on or inside the pitch circle without slip [7]. The resulting curve is called 

epicycloid if the generating circle rolls on the pitch circle and called hypocycloid if it rolls inside the pitch 

circle [8]. The key gradient of the mathematical modeling for the gear geometry is the concept of coordinate 

transformation and shifting [9]. which will be performed here using the Cartesian coordinate system in two 

dimensional description. The loaded and unloaded tooth profile for the epicycloidal face and the 

hypocycloidal flank are fitted as points expressed in terms of (x, y) measured from the gear center. The 

resulted equations for (x, y) are parametric which depend on the most common gear geometrical design 

parameters that are module, teeth number and the generating circle radius as follows, see (Figure 1.a);  

 

Figure 1. Generation of epicycloid and hypocycloid profiles, Coordinate’s locations and geometrical 

parameters. 

Loaded Side Epicycloidal Profile 

𝑥 = 𝑅𝑟 sin(∅ + 𝜃)      (1) 

𝑦 = −𝑅𝑟 cos (∅ + 𝜃)   (2) 

Equations (1), (2) represent the epicycloid profile regarding the local coordinate system [10]. The relation 

between the rolling angle  and the roller center position  is: 
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∅ = (
𝑅𝑟

𝑅𝑝
𝜃)  (3) 

The local description of cycloid profile is to be transformed to the global coordinate system which is 

originated in gear center as follows [11]: 

𝑥𝑒𝐿𝑔 = 𝑅𝑟  𝑠𝑖𝑛 [𝜃 (
𝑅𝑟

𝑅𝑝
+ 1)] − (𝑅𝑟 + 𝑅𝑝)𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃)                                      (4) 

𝑦𝑒𝐿𝑔 = −𝑅𝑟  𝑐𝑜𝑠 [𝜃 (
𝑅𝑟

𝑅𝑝
+ 1)] + (𝑅𝑝 + 𝑅𝑟)𝑐𝑜𝑠 (

𝑅𝑟

𝑅𝑝
𝜃)   (5) 

Unloaded Side Epicycloidal Profile 

𝑥 = −𝑅𝑟 sin(∅ + 𝜃)   (6) 

𝑦 = −𝑅𝑟 cos (∅ + 𝜃) (7) 

𝑥𝑒𝑢𝑔 = −𝑅𝑟  𝑠𝑖𝑛 [𝜃 (
𝑅𝑟

𝑅𝑝
+ 1)] + (𝑅𝑟 + 𝑅𝑝)𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃)    (8) 

𝑦𝑒𝑢𝑔 = −𝑅𝑟  𝑐𝑜𝑠 [𝜃 (
𝑅𝑟

𝑅𝑝
+ 1)] + (𝑅𝑝 + 𝑅𝑟)𝑐𝑜𝑠 (

𝑅𝑟

𝑅𝑝
𝜃)            (9) 

Loaded side hypocycloidal profile 

𝑥 = 𝑅𝑟 sin(∅ − 𝜃)             (10) 

𝑦 = 𝑅𝑟 cos(∅ − 𝜃) (11) 

𝑥ℎ𝐿𝑔 = 𝑅𝑟  𝑠𝑖𝑛 [𝜃 (
𝑅𝑟

𝑅𝑝
− 1)] + (𝑅𝑝 − 𝑅𝑟)𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃)                     (12) 

𝑦ℎ𝐿𝑔 = 𝑅𝑟  𝑐𝑜𝑠 [𝜃 (
𝑅𝑟

𝑅𝑝
− 1)] + (𝑅𝑝 − 𝑅𝑟)𝑐𝑜𝑠 (

𝑅𝑟

𝑅𝑝
𝜃)               (13) 

Unloaded Side Hypocycloidal Profile 

𝑥 = 𝑅𝑟  𝑠𝑖𝑛(𝜃 − ∅)      (14) 

𝑦 = 𝑅𝑟  𝑐𝑜𝑠(𝜃 − ∅)                    (15) 

Where ∅ = (
𝑅𝑟

𝑅𝑝
𝜃)  

𝑥ℎ𝑢𝑔 = 𝑅𝑟  𝑠𝑖𝑛 [𝜃 (1 −
𝑅𝑟

𝑅𝑝
)] − (𝑅𝑝 + 𝑅𝑟)𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃)                                                                               (16) 

𝑦ℎ𝑢𝑔 = 𝑅𝑟  𝑐𝑜𝑠 [𝜃 (1 −
𝑅𝑟

𝑅𝑝
)] + (𝑅𝑝 − 𝑅𝑟)𝑐𝑜𝑠 (

𝑅𝑟

𝑅𝑝
𝜃)                     (17) 

The resulted shape for the different tooth profiles have no limits and it could take any value depending on 

the value of the rolling angle () or (∅). The proposed teeth models are assumed to be full depth which 

means that they have the following characteristics [12]: 

ℎ𝑎 = 𝑚            (18) 

ℎ𝑑 = 1.25 𝑚 (19) 

𝑅𝑝 = 0.5𝑚𝑧        (20) 

𝑅𝑎 = 𝑅𝑝 + ℎ𝑑           (21) 
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𝑅𝑑 = 𝑅𝑝 − ℎ𝑑  (22) 

𝑅𝑏 = 𝑅𝑝 − 𝑚         (23) 

LIMIT OF ROLLING ANGLE 

To achieve the addressed values of ha and hd then rolling angle () or the roller circle position (∅) must be 

calculated in the light of the following conditions [13]: 

Epicycloidal Profile Angle 

𝑥𝑒𝐿𝑔
2 + 𝑦𝑒𝐿𝑔

2 = (𝑅𝑝 + 𝑚)
2
         (24) 

𝑥𝑒𝐿𝑔
2 = (𝑅𝑝 + 𝑅𝑟)

2
(𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃))

2

+ 𝑅𝑟
2 (𝑠𝑖𝑛 [𝜃 (

𝑅𝑟

𝑅𝑝
+ 1)])

2

− 2𝑅𝑟(𝑅𝑝 +

𝑅𝑟)𝑠𝑖𝑛 (
𝑅𝑟

𝑅𝑝
𝜃) 𝑠𝑖𝑛 [𝜃 (

𝑅𝑟

𝑅𝑝
+ 1)]  

(25) 

𝑦𝑒𝐿𝑔
2 = (𝑅𝑝 + 𝑅𝑟)

2
(𝑐𝑜𝑠 (

𝑅𝑟

𝑅𝑝
𝜃))

2

+ 𝑅𝑟
2 (𝑐𝑜𝑠 [𝜃 (

𝑅𝑟

𝑅𝑝
+ 1)])

2

− 2𝑅𝑟(𝑅𝑝 +

𝑅𝑟) 𝑐𝑜𝑠 (
𝑅𝑟

𝑅𝑝
𝜃) 𝑐𝑜𝑠 [𝜃 (

𝑅𝑟

𝑅𝑝
+ 1)]  

(26) 

(𝑅𝑝 + 𝑚)
2

= (𝑅𝑝 + 𝑅𝑟)
2

+ 𝑅𝑟
2 − 2𝑅𝑟(𝑅𝑝 + 𝑅𝑟) [𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃)  𝑠𝑖𝑛 [𝜃 (

𝑅𝑟

𝑅𝑝
+ 1)] +

𝑐𝑜𝑠 (
𝑅𝑟

𝑅𝑝
𝜃)  𝑐𝑜𝑠 [𝜃 (

𝑅𝑟

𝑅𝑝
+ 1)]]  

(27) 

𝑅𝑝
2 + 2𝑅𝑝 ∗ 𝑚 + 𝑚2 = 2𝑅𝑟

2 + 2𝑅𝑟𝑅𝑝 + 𝑅𝑝
2 − 2𝑅𝑟(𝑅𝑝 + 𝑅𝑟) cos

𝑅𝑝

𝑅𝑟
 ∅   (28) 

Rearrange and dividing by m2  

(0.5𝑧)2 + 1 + 𝑧 = 2(0.5𝑧)2𝑅𝑓 + 2(𝑅𝑓)
2

(0.5𝑧)2 + (0.5𝑧)2 − 2𝑅𝑓(0.5𝑧)2(1 + 𝑅𝑓) cos (
∅

𝑅𝑓
)   (29) 

Where 𝑅𝑓 =
𝑅𝑟

𝑅𝑝
 

The solution for ∅ leads to 
 

∅𝑒 = 𝑅𝑓 cos−1
−2

𝑧
−

2

𝑧2+𝑅𝑓+(𝑅𝑓)
2

𝑅𝑓(1+𝑅𝑓)
 

Or                                                                                                                                                               

                                     𝑒 = cos−1

−2
𝑧

−
2
𝑧2 + 𝑅𝑓 + (𝑅𝑓)

2

𝑅𝑓(1 + 𝑅𝑓)
 

(30) 

Equation (30) evaluates the suitable amount of rolling to draw the epicycloidal profile with a height equal 

to the module value while the rolling angle for the hypocycloidal profile will be calculated according to the 

following condition: 

Hypocycloidal Profile Angle 

𝑥ℎ𝐿𝑔
2 + 𝑦ℎ𝐿𝑔

2 = (𝑅𝑝 − 1.25𝑚)
2
 (31) 
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𝑥ℎ𝐿𝑔
2 = (𝑅𝑝 − 𝑅𝑟)

2
(𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃))

2

+ 𝑅𝑟
2 (𝑠𝑖𝑛 [𝜃 (

𝑅𝑟

𝑅𝑝
− 1)])

2

+ 2𝑅𝑟(𝑅𝑝 −

 𝑅𝑟)𝑠𝑖𝑛 (
𝑅𝑟

𝑅𝑝
𝜃) 𝑠𝑖𝑛 [𝜃 (

𝑅𝑟

𝑅𝑝
− 1)]    

(32) 

𝑦ℎ𝐿𝑔
2 = (𝑅𝑝 − 𝑅𝑟)

2
(𝑐𝑜𝑠 (

𝑅𝑟

𝑅𝑝
𝜃))

2

+ 𝑅𝑟
2 (𝑐𝑜𝑠 [𝜃 (

𝑅𝑟

𝑅𝑝
− 1)])

2

+ 2𝑅𝑟(𝑅𝑝 −

𝑅𝑟) 𝑐𝑜𝑠 (
𝑅𝑟

𝑅𝑝
𝜃) 𝑐𝑜𝑠 [𝜃 (

𝑅𝑟

𝑅𝑝
− 1)]     

(33) 

(𝑅𝑝 − 1.25𝑚)
2

= (𝑅𝑝 − 𝑅𝑟)
2

+ 𝑅𝑟
2 + 2𝑅𝑟(𝑅𝑝 − 𝑅𝑟) [𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃) 𝑠𝑖𝑛 [𝜃 (

𝑅𝑟

𝑅𝑝
−  1)] +

𝑐𝑜𝑠 (
𝑅𝑟

𝑅𝑝
𝜃) 𝑐𝑜𝑠 [𝜃 (

𝑅𝑟

𝑅𝑝
− 1)]]  

(34) 

Rearrange equation (34) and divide by module leads to  

(0.5𝑧)2 − 1.25 ∗ 𝑧 + 1.5625 = (0.5𝑧)2 − 2(0.5𝑧)2𝑅𝑓 + 2(𝑅𝑓)
2

(0.5𝑧)2 +

2𝑅𝑓(0.5𝑧)2(1 − 𝑅𝑓) cos (
∅

𝑅𝑓
)      

(35) 

−5

𝑧
+

6.2504

𝑧2 = −2𝑅𝑓 + 2(𝑅𝑓)
2

+ 2𝑅𝑓(1 − 𝑅𝑓) cos
∅

𝑅𝑓
     (36) 

∅ℎ = 𝑅𝑓 cos−1
−5

𝑧
+

6.2504

𝑧2 +2𝑅𝑓−2(𝑅𝑓)
2

2𝑅𝑓(1−𝑅𝑓)
              (37) 

 

Equation (37) evaluates the equivalent roll to fit the dedendum height to be 1.25 of the module value. As 

have been mentioned before equations (30) and (37) are the loaded side epicycloidal and hypocycloidal roll 

angle and they have been found that the unloaded side has the same values of angles if the tooth is 

symmetric. In case of asymmetric teeth the rolling angle of epicycloid or hypocycloid could be calculated 

twice according to the dimensions of rolling circle for each profile in the loaded and unloaded side.  

VALIDITY AND VERIFICATION 

The proposed model of the cycloidal tooth profile will be the base of further calculations so that it must be 

reliable to ensure the truth of the consequence analyses process and to produce a trustworthy designed 

element. The validity of this work will be checked according to [14] which fit the tooth thickness at the 

base circle for different design parameters. The procedure to do so is to evaluate the rolling angle from the 

hypocycloidal tooth part equation either for the loaded or unloaded side equation because of the teeth 

symmetry as follows: 

 

𝑥ℎ𝐿𝑔
2 + 𝑦ℎ𝐿𝑔

2 = (𝑅𝑝 − 𝑚)
2
                  (38) 

(0.5𝑚𝑧 − 𝑚)2 = (𝑅𝑝 − 𝑅𝑟)
2

+ 𝑅𝑟
2 +     2𝑅𝑟(𝑅𝑝 − 𝑅𝑟) [𝑠𝑖𝑛 (

𝑅𝑟

𝑅𝑝
𝜃) 𝑠𝑖𝑛 [𝜃 (

𝑅𝑟

𝑅𝑝
− 1)] +

𝑐𝑜𝑠 (
𝑅𝑟

𝑅𝑝
𝜃) 𝑐𝑜𝑠 [𝜃 (

𝑅𝑟

𝑅𝑝
− 1)]]  

(39) 

(0.5𝑧)2 − 𝑧 + 1 = (0.5𝑧)2 −  2(0.5𝑧)2𝑅𝑓 + 2(𝑅𝑓)
2

(0.5𝑧)2 + 2𝑅𝑓(0.5𝑧)2(1 −

𝑅𝑓) cos (
𝑅𝑝

𝑅𝑟
∅)     

(40) 
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Figure (2), Cycloid spur gear geometry and 

geometrical specifications. 

multiply eq. (40) by ∗
4

𝑧2 yields 

−4

𝑧
+

4

𝑧2 = −2𝑅𝑓 + 2(𝑅𝑓)
2

+ 2𝑅𝑓(1 − 𝑅𝑓) cos
∅

𝑅𝑓
               (41) 

At the base circle 

                                   ∅ℎ = 𝑅𝑓 cos−1
−2

𝑧
+

2

𝑧2+𝑅𝑓−(𝑅𝑓)
2

𝑅𝑓(1−𝑅𝑓)
 

Or                                                                                                                           

                                             𝜃ℎ = cos−1

−2
𝑧

+
2
𝑧2 + 𝑅𝑓 − (𝑅𝑓)

2

𝑅𝑓(1 − 𝑅𝑓)
 

(42) 

Equation  (42)  represent the rolling angle  for the tooth profile at the base circle so that the tooth thickness 

at the base is: 

𝑡 = 2 [𝑥(𝜃ℎ) + 𝑅𝑏 sin (
360

4𝑧
)]                                                                                                                    (43) 

The same procedure could be adopted to calculate the tooth thickness at the epicycloid section and leads to 

𝑡 = 2 [𝑥(𝜃𝑒) + 𝑅𝑎 sin (
360

4𝑧
)]                                                                                                                    (44) 

The second part of Equations (43) and (44) represent the thickness at pitch section [15].  

Results of equation (43) are listed in Tables (1) and (2) while the results of Equation ( 44) are listed in Table 

(3) and (4) and compared with that in [6].  

 

Figure 3. Generated cycloid teeth base thicknesses for different arrangements 
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POLAR FORM REPRESENTATION OF CYCLOID PROFILE 

In general it is more convenient for gears to be represented in terms of polar coordinate systems instead of 

Cartesian one [16]. The present mathematical model is common and suitable to draw the cycloidal profile 

but it has disadvantage that is the analysis process may address the problem of evaluating and assessing the 

mechanical behavior such as vibration, contact and bending stresses, wear rate and heat loss as well as gear 

transmission efficiency which need a whole knowledge about the location of the contacting point during 

the course of action [17]. so that an alternative polar form for the epicycloidal and hypocycloidal profiles 

as follows: 

Epicycloidal 

From (Figure 1.b) the relation between any point location (radius R) and the rolling angle is 

𝑅2 = [𝑅𝑝 + 𝑅𝑟(1 − cos 𝜃)]
2

+ [𝑅𝑟 sin 𝜃]2                                                                                             (45) 

𝑅2 = 𝑅𝑝
2 + 2𝑅𝑟

2 + 2𝑅𝑝𝑅𝑟 −  2𝑅𝑝𝑅𝑟𝑐𝑜𝑠𝜃 − 2𝑅𝑟
2𝑐𝑜𝑠                                                                           (46) 

𝑅2 = 𝑅𝑝
2 + 2𝑅𝑟

2 + 2𝑅𝑝𝑅𝑟 − cos 𝜃[2𝑅𝑝𝑅𝑟 + 2𝑅𝑟
2]                                                                              (47) 

cos 𝜃 =
𝑅𝑝

2+2𝑅𝑟
2+2𝑅𝑝𝑅𝑟−𝑅2

2𝑅𝑟(𝑅𝑝+𝑅𝑟)
                                                                                                                        (48) 

∴  𝜃 = cos−1 (𝑅𝑝+𝑅𝑟)
2

+𝑅𝑟
2−𝑅2

2𝑅𝑟(𝑅𝑝+𝑅𝑟)
                                                                                                                    (49) 

It is clear that  

𝜑 = ∅ − 𝛽                                                                                                                                                 (50) 

𝛽 = tan−1 𝑅𝑟 sin 𝜃

𝑅𝑝+𝑅𝑟(1−cos 𝜃)
                                                                                                                            (51) 

∵ ∅ =
𝑅𝑟

𝑅𝑝
𝜃 

∴ 𝜑 =
𝑅𝑟

𝑅𝑝
𝜃 − tan−1 𝑅𝑟 sin 𝜃

𝑅𝑝+𝑅𝑟(1−cos 𝜃)
                                                                                                           (52) 

The relation between description angle (𝜑 ) and any radius (R) is 

𝜑 =
𝑅𝑟

𝑅𝑝
cos−1 (𝑅𝑝+𝑅𝑟)

2
+𝑅𝑟

2−𝑅2

2𝑅𝑟(𝑅𝑝+𝑅𝑟)
− tan−1

𝑅𝑟 sin[cos−1(𝑅𝑝+𝑅𝑟)
2

+𝑅𝑟
2−𝑅2

2𝑅𝑟(𝑅𝑝+𝑅𝑟)
]

𝑅𝑝+𝑅𝑟[1−
(𝑅𝑝+𝑅𝑟)

2
+𝑅𝑟

2−𝑅2

2𝑅𝑟(𝑅𝑝+𝑅𝑟)
]

                                                    (53) 

And tooth tip width is: 

𝑡𝑡 = 2𝑅𝑎 sin (
360

4∗𝑧
− 𝜑)                                                                                                                             (54) 

Hypocycloid 

𝑅2 = [𝑅𝑝 − 𝑅𝑟 − 𝑅𝑟 cos(180 − 𝜃)]
2

+    [𝑅𝑟 sin(180 − 𝜃)]2                                                                (55) 

𝑅2 = [𝑅𝑝 − 𝑅𝑟 + 𝑅𝑟 cos 𝜃]
2

+ [𝑅𝑟 sin 𝜃]2                                                                                         (56) 

 𝑅2 =   (𝑅𝑝 − 𝑅𝑟)
2

+ 2(𝑅𝑝 −  𝑅𝑟)𝑅𝑟 cos
𝜃 +
𝑅𝑟

2                                                                                         (57) 
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𝜃 = cos−1 𝑅2−(𝑅𝑝−𝑅𝑟)
2

−𝑅𝑟
2

2𝑅𝑟(𝑅𝑝−𝑅𝑟)
                                                                                                                        (58) 

From ( Figure 1) 

𝛽 = tan−1 𝑅𝑟 sin(180−𝜃)

𝑅𝑝−𝑅𝑟−𝑅𝑟 cos(180−𝜃)
                                                                                                                   (59) 

𝛽 = tan−1 𝑅𝑟 sin 𝜃

𝑅𝑝−𝑅𝑟+𝑅𝑟 cos 𝜃
                                                                                                                            (60) 

By substituting equation (60) in equation (58) and substitute the result in equation (50) and use  ∅ =
𝑅𝑟

𝑅𝑝
𝜃  

that’s lead to 

 𝜑 =
𝑅𝑟

𝑅𝑝
 cos−1 𝑅2−(𝑅𝑝−𝑅𝑟)

2
−𝑅𝑟

2

2𝑅𝑟(𝑅𝑝−𝑅𝑟)
− tan−1

𝑅𝑟 sin[cos−1𝑅2−(𝑅𝑝−𝑅𝑟)
2

−𝑅𝑟
2

2𝑅𝑟(𝑅𝑝−𝑅𝑟)
]

𝑅𝑝−𝑅𝑟+𝑅𝑟∗
𝑅2−(𝑅𝑝−𝑅𝑟)

2
−𝑅𝑟

2

2𝑅𝑟(𝑅𝑝−𝑅𝑟)

                                                        (61) 

𝑡 = 2𝑅𝑠𝑖𝑛 ( + (
360

4𝑧
))                                                                                                                             (62) 

Equations (53) and (61) represent the polar form of mathematical model describing the cycloid spur gear 

while equation (62) evaluates the tooth thickness at any polar location (R,). 

FINITE ELEMENT MODELING  

Since 1940 Finite element method appeared to be the most powerful tool to simplify the solution of 

engineering problems [18]. Due to its ease of use and availability as well as the time saving and high 

accuracy, FEM has been applied for different engineering disciplines [19].  It has been widely applied in 

gear design regarding the investigation of vibration, stiffness calculation, natural frequency, and contact 

and bending stresses with perfect accuracy [20]. The final step of teeth modeling is to build up the 3-D 

models, such model is based on equations (53) and (61) that are the loaded side epicycloidal and 

hypocycloidal profiles. The two equations could be used to represent the unloaded side profile  using the 

same module and teeth number of the loaded side counterparts but with different roller radius for each side. 

These equations have been programmed using Qbasic 6 computer language. Tooth radius has been 

intentionally input to calculate its polar location (). The tooth profile radius R is input with its values 

ranging from Rd to Rp into equation (61) and from Rp to Ra into equation (53). The results are feed to Ansys 

software ver. 15 as key points after set the active coordinate system to polar system. The key points are 

connected using spline  lines and converting these lines to area which in turn is extruded by the tooth face 

width to create the 3- D tooth model that could peripherally copied to generate the gear model (Figure 2) 

shows some of these models. 

RESULTS AND DISCUSSIONS 

The most common tooth failures are resulted due to the high contact stress value which is tooth wear at the 

pitch point zone and due to the bending stress which leads to tooth brakeage at the root neighborhood which 

is the catastrophic one. The result of this work focuses on tracing the effect of the different design 

parameters on the tooth base thickness to avoid tooth root stress intensity. According to equations (59) and 

(60) by substituting the value of R equal to base radius Rb in both of them and investigate each variable 

alone while keeping the other two constant. From Results it is clear that the most important design 

parameter that well control tooth thickness is the module when the teeth number and roller radius are held 

constant which could increase tooth thickness by about 500% as shown in Figure (4). Figure (5) shows that 
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there is a small gradual increase in the tooth thickness with the increasing of the teeth number and such 

modification is about 13%. The effect of rolling circle radius is shown in Figure (6), it is clear that the 

higher the radius the lower the thickness, such reduction has been found to be about 40%.  

At last, the most astonishing points that could concluded from the study are: 

1. Module must be as large as possible to increase the bending strength. 

2. The generating circle radius must be as small as possible to produce wide base thickness teeth. 

Table 1. Tooth thickness in mm at the base circle for cycloid spur gear teeth with m=2 mm, Z=14 and 

different roller radius (Rr). 

Table 2. Tooth thickness in mm at the base circle for cycloid spur gear teeth with m=2 mm, Z=20 and 

different roller radius (Rr). 

Table 3. Tooth thickness in mm at the addendum circle (tip width) for cycloid spur gear teeth with m=2 

mm, Z=14 and different roller radius (Rr). 

 

 

Rf Rr  (mm) 
Thickness (tb) 

(mm), [14] 

Thickness (tb) 

(mm), Eq. (43) 

Thickness (tb) 

(mm), Eq. (62) 

0.2 2.8 4.0328 3.9 3.9 

0.275 3.85 3.5253 3.43 3.43 

0.3 4.2 3.3979 3.32 3.32 

0.4 5.6 2.9806 2.98 2.98 

0.5 7 2.6278 2.687 2.687 

Rf Rr (mm) 
Thickness (tb) 

(mm), [14] 

Thickness (tb) 

(mm), Eq. (43) 

Thickness (tb) 

(mm), Eq. (62) 

0.2 4 3.923 3.856 3.856 

0.275 5.5 3.5253 3.44 3.44 

0.3 6 3.422 3.354 3.35 

0.4 8 3.0779 3.069 3.069 

0.5 10 2.7832 2.824 2.824 

Rf 
Rr 

(mm) 

Thickness (tt) 

(mm), [14] 

Thickness (tt) 

(mm), Eq. (44) 

Thickness (tt) 

(mm), Eq. (54) 

0.2 2.8 1.152 1.152 1.152 

0.275 3.85 1.4382 1.4382 1.4382 

0.3 4.2 1.4998 1.49 1.49 

0.4 5.6 1.666 1.66 1.66 

0.5 7 1.763 1.76 1.76 
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Table 4. Tooth thickness in mm at the addendum circle (tip width) for cycloid spur gear teeth with m=2 

mm, Z=20 and different roller radius (Rr). roller radius (Rr). 

Rf Rr (mm) 
Thickness (tt) 

(mm), [14] 

Thickness (tt) 

(mm), Eq. (44) 

Thickness (tt) 

(mm), Eq. (54) 

0.2 4 1.529 1.53 1.53 

0.275 5.5 1.732 1.73 1.73 

0.3 6 1.777 1.77 1.77 

0.4 8 1.9 1.9 1.9 

0.5 10 1.973 1.97 1.97 

 

 

Figure 4. Effect of module variation on tooth base thickness in mm for Z=14, Rr=4. 

 

Figure 5. Effect of teeth number variation on tooth base thickness in mm for m=2, Rr=4  
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Figure 6. Effect of Roller radius variation on tooth base thickness in mm for z=14, m=2 
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