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Abstract 

Gear is an important part of most machinery, and its performance is the key factor affecting 
the performance of the whole machine. Therefore, the design of the gear and the strength 
calculation is particularly important. With external gear applications and research has been 
more mature the internal gear is widely used because of its space saving and high 
transmission efficiency. In this paper, single internal helical gear model and assembly were 
established using parametric design language APDL in finite element simulation software 
ANSYS. 
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1. Introduction 

Gear is an important part of most machinery, and its performance is the key factor affecting the 

performance of the whole machine. The main failure of gears is fatigue fracture and tooth pitting. In 

order to ensure that the gear can meet the requirements of the working conditions, it is essential to 

check the strength when designing the gear parts. External gear is widely used and studied more 

deeply. Internal gear transmission system with its large gear ratio, high efficiency, small size and other 

advantages are gradually being used. Typical applications for internal spur gears are various internal 

gear pumps and planetary gear reducers. At present, there are relatively few studies on the internal gear 

meshing. This article focuses on gear parametric modeling analysis and a series of work using finite 

element analysis software ANSYS, and ultimately to provide an accurate modeling method. 

The calculation of the gear strength is a complicated problem, with relative rolling and relative sliding 

when the tooth surfaces are in contact, and also involves materials, tooth shapes and forces. The main 

form of gear failure is the gear teeth broken and the work of tooth wear, pitting, gluing and plastic 

deformation. [1] For the strength of the check is also very clear, mainly tooth contact fatigue strength 

and root bending fatigue strength check. In 2009 Gong Shuguang[2] and other structural analysis of 

engineering applications as the background to introduce the ANSYS parametric design programming. 

He also introduced the ANSYS Design Language (APDL) and the operating commands in the 

software in a comprehensive and systematic way and configured the related examples. In terms of 

parametric modeling of the internal gear:In 2009, Zhou Lifeng[3] used the APDL language to 

establish a parametric model of planetary gears. By modifying the gear-related parameters in the 

parameter file, corresponding planetary gear train models were automatically established in the 

ANSYS software. 

None of the above documents specifically addresses the parametric creation of models in ANSYS for 

internal helical gears. In this paper, we studied the internal helical gear transmission. The parametric 

modeling and assembly of the internal gear was realized by using the APDL in the finite element 

analysis software ANSYS. 
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2. Modeling of Involute Tooth Profile 

Gear tooth profile curve in addition to meet the requirements of the transmission ratio, but also to 

consider the design, manufacture, installation, strength and other requirements. The fixed transmission 

ratio transmission usually adopts involute, cycloidal, arc and other several curves as the gear profile 

curve. As the involute tooth profile with good transmission performance, and easy to manufacture, 

installation, measurement and interchangeable use, so the most widely used. 

The internal helical gear used in this paper is also an involute tooth profile created based on the involute 

equation in polar coordinates. 
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Create a good set of points on the involuate as shown in Figure 1, the point set fitted as an involute 

effect shown in Figure 2. 

 
Fig.1 Set of involute points 

 
Fig.2 Involute fitted by a set of points 

3. Modeling of Tooth Root Transition Arc 

In addition to the involute, the creation of a root-transition arc is also important. There are two different 

situations for the establishment of a root transition arc due to different numbers of gear teeth. When the 

number of teeth is less than or equal to 43, the root circle is smaller than the base circle, and there is no 

involute line within the root circle. When the number of teeth is larger than 43, the base circle is larger 

than the root circle and there has an involute within the root circle. 

For the case of involute under the root circle, the establishment of the root arc is relatively simple, and 

an arc can be generated directly between the involute and the root circle. Generally, the radius of the 

arc is selected to be 0.3 times the modulus. 

Where there is no involute line in the root circle, extend the involute line to intersect the root circle first, 

then replace the involute line with a short straight line, and then create an arc. 
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4. Modeling of External Gear 

After the key involute and root transition arcs are created, the cross section of the single tooth is 

surrounded by the root arc and root transition curve and the addendum arc and involute, as shown in 

Figure 3. 

 
Fig.3 Single gear tooth section 

A single tooth section along the circumferential direction forms the face of the gear as shown in Figure 

4. 

 
Fig.4 Gear cross-section 

After the gear end surface is created, the cross section of the gear is stretched to both sides at the 

midpoint of tooth width to form a gear solid model. Gear model shown in Figure 5. 

 
Fig.5 Simplified three-dimensional model of helical gear  

5. Modeling of Internal Gear 

Internal gear has the following characteristics compared with the external gear: 

(1) The gear teeth of the internal gear are equivalent to the tooth grooves of the external gear, and the 

tooth grooves of the internal gear are equivalent to the gear teeth of the external gear. 

(2) The root circle of the internal gear is larger than the tip circle. 

(3) In order to make all tooth profiles above the tooth top involute, the root circle must be greater than 

the base circle. 

Most of the internal gear parameters can be calculated with reference to the external gear formula, but 

the tip circle diameter ad and root circle diameter fd according to the following two formulas to 

calculate. 

                        
 *2a ad z h m 
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 * *2 2f ad z h c m  

                                  
 3  

Where *

ah is addendum coefficient; *c is tip coefficient clearance.
 

Because of the characteristics of the internal gear mentioned above, the idea of establishing the internal 

gear in this paper is to convert the parameters of the internal gear into the external gear parameters. The 

external gear model corresponding to the parameters is built first, and then the internal gear model is 

obtained by Boolean operation. 

Internal gear helical gear assembly model shown in Figure 6. 

 
Fig.6 Internal helical gear assembly 

6. Conclusion 

In this paper, a bevel helical gear assembly model was created using parametric design language in 

finite element software ANSYS. The high accuracy of the model provides a good model basis for the 

strength analysis and checking of the internal bevel gear, which is helpful to the application of the 

internal gear in production. 
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