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1. Introduction. 

The design of the gear including: specifying the type of 

contacting gears, determining their geometric parameters and 

performing the strength and kinematic calculations is largely 

determined by their purpose and the specific requirements placed on 

them. The existence and use of state-of-the-art CAD/CAM systems 

allows automation of the processes related to modeling and 

manufacturing gears. This is a basic prerequisite for creating new 

gears (including - modeling, designing, testing, documenting, 

manufacturing) and optimizing existing ones. The report highlights 

the advantages of using CAD/CAM systems for design, reflects the 

modeling of conjugated gears and outlines the options for their 

design. 

 

2. Applicability of CAD / CAM / CAE systems in gear design. 

Automated design systems occupy an extraordinary place 

among computer applications, as they are industrial technologies 

that directly affect material production. 

 The application of modern CAD/CAM systems is used for 

three-dimensional modeling of individual parts of machines and 

machines with a large number of high-complexity units from which 

the graphic part of the design documentation is drawn - drawings 

(CAD); for engineering calculations and analyzes (CAA); for rapid 

prototyping (Rapid Prototyping-RP); for Technological Preparation 

of Production (CAP); for the preparation of CNM control programs 

for the production of CAMs and for complete management of a 

company's design and engineering data (PDM) and documents 

(EDM) [1]. 

Strength and kinematic gears calculations using CAD systems. 

Strength and kinematic calculations for gears in the gearbox 

using CAD systems are performed automatically when certain 

output parameter values are set. In this case, the final results 

necessary for the construction of gears are immediately displayed. 

There are two possibilities: 

1. When designing standard gears - cylindrical, conical and 

worm gears. CAD products of medium and high class (AutoCAD, 

TopSolid, SolidWorks, CATIA) perform automatic calculations and 

generate the corresponding gear. The model thus obtained can be 

embedded directly into the structure and can be modified many 

times depending on the strength, kinematic, structural and aesthetic 

requirements placed on it. 

2. When designing non-standard gears - a program is developed 

for their strength-geometric calculation (Mathcad, MATLAB, 

Excel, etc.) or the loads are set directly on the model, with the initial 

results being returned again in a user-friendly manner. 

Motion simulation using modules in CAD / CAM / CAE systems. 

For simulation of the movements, the combined operation of the 

friction gears in the gearbox is reproduced and the movements in 

the gear mechanism are simulated, from where the normal operation 

is monitored and the corresponding boundaries of jamming, 

collisions, gaps, etc. are made. 

Production technology. 

The appropriately used CAM product directly generates from 

the gear models programs for making the respective NC machine 

(erosion, machining center, etc.) with the right choice of cutting 

tools (for rough and clean workmanship) and with the necessary 

cutting modes. The process of simulation is simulated and the 

resulting surfaces are analyzed. 

Modeling of conjugated gears. 

Geometric CAD modeling of gears can be done in three ways. 

To a large extent, the choice of option is determined by whether 

they are standardized or not, ie. whether they are set in CAD 

programs and their applications and allow the CAD systems used to 

make this modeling. 

 

 
Fig. 1 Geometric parameters of standard gears,  

set in CAD programs 

 

Modeling of conjugated gears directly from the CAD synthesis 

Such modeling is possible with full compatibility of the CAD 

products used. It exchanges data without loss of information, 

whereby the resulting analytical dependencies and graphically 

visualized surfaces from one CAD system are transferred to another 

and the solid models of the synthesized gears are generated. This is 

especially applicable to non-standard gears. Interestingly, the 

standard models set up in the CAD systems on which the desired 

gears are generated are obtained in this way. 

Modeling Standard Gears 

For modeling standard gears, the embedded CAD applications 

are used. In order to obtain the model of the desired gear the 

necessary geometric parameters (Fig.1) and force loads are set for 

it. Calculation is performed automatically, output results are 

calculated and gears are generated. If necessary, they can be 

replaced by changing their parameters, depending on the load and 

kinematics variation and depending on the design and construction 
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features desired. Figure 2 shows models of standard gears obtained 

with the SolidWorks CAD product [4]. 

 

 

 

              а)                         b)                    c) 

 

       d)           e)         f) 

             g)                 h)        i) 

 

Fig. 2 CAD models of standard gears. 

 (a) Cylindrical toothed gear with external engagement with 

straight involute teeth; 

(b) Cylindrical toothed gear with external engagement with 

inclined involute teeth; 

(c) Cylindrical gear with internally engaged gear makes 

involuntary teeth; 

(d) Cylindrical toothed gear with internal engagement with 

inclined involute teeth; 

(e) Conical gear with orthogonal axes of rotation; 

(f) Conical gear with non-rotary axes of rotation; 

(g) Worm gear with a single-worm gear; 

(h) Worm gear with three-way worm gear; 

(i) Shaft gear. 

 

3. Calculation and modeling of the one-gear reducer elements 

The report presents an example for calculation, design and 

simulation of single gear reducer with straight toothed cylindrical 

gears. The steps for modeling and the sequence of their 

implementation are set out below. Each of the steps in the 

calculation and modeling can be performed in more than one way, 

depending on the constructor's decision. 

The gearbox that is considered in the example is a one-stage 

with cylindrical gears with straight teeth. Its housing consists of two 

parts: a base and a lid that are separated from a plane passing 

through the axis of the shafts. The calculation is mainly based on 

the technical calculation guide "Calculation and Design of Machine 

Elements [2]". 

 

 

3.1. Determination of the gear ratio of the gearbox (i). 

To determine the gear ratio of a gearbox, the following factors 

are taken into account: the mutual arrangement of the two shafts, 

the magnitude and the torque transmitted (Mb), the speed of 

rotation, the mass limit and the overall dimensions of the 

components, if any [2]. 

A basic principle for the choice of the gear ratio for straight 

teeth is i ≤ 8 ÷ 10. 

 

3.2. Defining the shaft revolutions. 

The input shaft speeds are dependent on the gear ratio [2]: 

(1) n1 = n2.i 

 

3.3. Selecting the material for the gears. 

The primary material for gear manufacturing is steel while 

allowing gears to be made from cast iron for low loads. The choice 

of steel depends on the conditions and mode of operation of the gear 

unit as well as on the lubrication. For gears with low revolutions up 

to 100 min-1, it is assumed that the hardness of the material does 

not matter. Dental gears with speeds above 100 min-1 necessarily 

work in a lubricated condition and calculate the contact strength and 

hardness of the teeth for the selected material. 

If the load is accompanied by strikes or vibrations, additional 

calculations for core toughness are required. For average loads, 

quality carbon steel of the following brands is used: pg.35, pg.40, 

pg.45, pg.50. 

For heavy loads and vibrations for the manufacturing of the 

gears steel alloy is used. The most used brands are: 40х, 40хн, 

ст.35хгс 

The obligatory hardness of the teeth in Brinell hardness 

standard is ≤ 350. 

Small gears are manufactured together with the corresponding 

shaft. 

 

3.4. Determination of the admissible bending tension in the 

gear. 

The permissible bending stress with regards to material fatigue 

is mainly determined by a symmetrical tooth-change formula in 

both directions [2]: 

(2)  [σ]ог= .k.ц.ог [MPa] 

Where σ-1 is the fatigue boundary of the material under a 

symmetrical load cycle. The fatigue boundary can be determined by 

an approximate method or when calculating the type of steel [2]. 

(3) σ-1 = 0.22 (σβ + σs) +50 

• [n] is a safety factor when calculating double wheels; 

• (Ks) represents an effective stress concentration ratio; 

• Kc - bending factor taking into account the number of bending 

cycles; 

Bending stresses are calculated for each sprocket. 

 

3.5. Calculation of gears 
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The forces that load the working gears create material stress that 

is proportional to the incoming torque that is set on condition. The 

tension in the teeth of the gears is not constant in place and time and 

is unevenly distributed along the teeth because of the inconsistency 

between the axes of the gears, therefore the gears are calculated by 

considering the required bending stresses. 

 

3.6. Calculate the normal module. 

The normal module is calculated using the formula [2]. 

(4)  m C2.  

Where C2 is the ratio of the gear type; 

• Mb is torque, which is set by condition; 

• Kk represents the concentration of the load; 

• Kd is the coefficient that takes into account the conditions of 

dynamism, ie it takes into account the dynamic forces that arise 

from the rotation of the gears due to inaccuracies in their 

construction and engagement; 

• Z1 - number of teeth of the sprocket; 

• Ψm - coefficient that measures the length of the tooth relative 

to the module; 

• Y - factor that takes into account the shape of the tooth; 

• [σ] - permissible bending stress for the wheel. 

 

3.7. Determining the basic parameters of the cylindrical gear. 

The number of teeth of the leading sprocket (Z2) is determined 

by the following: 

(5) Z2 = Z1.i 

• The wheelbase (A) is determined by the formula: 

(6)  А=  

• The diameter of the circumference of the guide gear is 

determined by the formula: 

(7)  Дд=Z1.m[mm] 

• The outer diameter of the spur gear is determined by the 

formula: 

(8)  Дк=m.(Z1+2) 

• The length of the tooth of the guide wheel (b) is a function of 

the following parameters: 

(9)  b= Ψm .m+5 

In the same way, the parameters of the spur gear of the single 

gear gearbox with straight teeth are also calculated. 

 

3.8. Calculation of the drive shaft. 

The drive shaft of the gearbox is calculated for bending and 

spraying simultaneously: 

(10)  [σ]ог= = [σ]ог 

Where: 

• Mог be a bending moment; 

• [b] f is the flexural tension allowed; 

Wог is a resistance moment. 

 

3. 9. Calculate the diameter of the drive shaft. 

The diameter of the drive shaft is determined by the formula 

[2]: 

(11)  d1  

 

3.10. Calculation of the driven shaft. 

The bending moment of the driven shaft is determined by the 

following formula: 

(12)  Мог=Мв=9554. [N.m] 

Where: 

• N is transmitted power 

• n are the revolutions of the driven gear 

The diameter of the shaft is calculated using the following 

formula [2]: 

(13)  d2  

Calculated shaft diameters are also bearing diameters and are 

the minimum shaft diameters. The diameters of the bearing necks 

are configured in accordance with the selected bearings. 

 

3.11. Calculation and selecting bearings. 

The calculation of the bearings is performed for dynamic load 

carrying capacity, and this is done consecutively for the drive and 

driven shaft of the formula: 

(14)   C= .p[kN] 

Where: 

• ft is the dynamic load factor; 

• fn is the rate of rotation rate; 

• the force P is assumed to have a value half the set deadpoint 

(Mv). 

After strong and kinematic calculations, the three-dimensional 

modeling of the one-stage gearbox with straight teeth cylindrical 

gears follows. 

The three-dimensional modeling of a machined workpiece using 

CAD systems is done in the following sequence [5]: 

• the detail is analyzed and a decision is made for its separation 

of elementary structural elements that can be created with the 

system used; 

• determine the element to be used for base; 

• a procedure for creating the structural elements is adopted; 

• choosing the ways of constructing the structural elements; 
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• construct the structural elements in the adopted order, 

applying the respective constructional operations (fig.3); 

• review and correction of the elements created to implement 

the adopted modeling strategy.  

 

Fig. 3 Three-dimensional hull and bonnet design. 

Machine parts for rotation motion bearings can be selected from 

the integrated software libraries or downloaded directly from the 

bearing manufacturer's web site (Figure 4). 

The engineering automation product used for this purpose 

SolidWorks has a library of over 700,000 standard elements, 

supports a number of international drafting standards, and allows 

users to create details and documents using digital prototypes [4]. 

 

Fig.4 Selection and dimensioning of standard  

machine elements. 

 

IV. Assembling an assembled mechanism and drawings 

creation. 

In automated design, two types of assembled units can be 

created by the standard: 

• assembled units consisting of details only; 

• assembled units containing details and other assembled units. 

Once the components have been deployed in the mechanism file, 

they have to be assembled. When assembling the components, their 

degrees of freedom are restricted. There are six possibilities for 

movement of a solid in space - three translational displacements in 

the direction of the coordinate axes and three rotational movements 

around the coordinate axes. Components are assembled using links.  

They enable the individual parts to be positioned from the 

assembled unit in strict accordance with each other (Fig. 5) 

. 

Fig.5. Fixating components with the assembled unit. 

Creating a drawing from a 3D model is limited to generating 

projections based on three-dimensional patterns, accompanied by 

appropriate dimensions, roughness, geometric tolerances, technical 

requirements, and more. 

Drawings and 3D models are interconnected documents, ie. 

changes in the detail model or cranial unit also changes the 

corresponding drawings. It is also possible via changing the 

dimensions in the drawing to change the patterns. The drawing files 

must always be accompanied by the appropriate model files. 

Drawings are saved in separate files with the appropriate extension, 

depending on the CAD workflow used. The drawing file may 

contain one or more drawing sheets, and at one time only one of 

them is active. 

Creating a drawing includes: 

• selection of the drawing sheet format, frame and table with the 

basic inscription; 

• Graphical environment setting - Design method (European or 

American position [4]), default scale, symbols for marking views, 

sections and technological bases, ways to represent basic elements 

of the drawing (lines, dimensions, hatching, geometric allowances, 

inscriptions, etc.); 

• Compose the drawing by creating views and cuts, sizing, 

inscriptions, and more. (Fig. 6); 

• fill in the table with the basic inscription; 

• print the drawing of a peripheral device. 

 

Fig.6. Composing a drawing in a graphic environment. 
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V. Production engineering technology 

Cutting of the gears can be done on a CNC machine with a 

profiled cutting tool according to the copying method where the tool 

moves along an approximate curve approaching the contour of the 

cross-section of the teeth cut. 

The gears of the gearbox modeled in the report can be 

manufactured a machine with CNC control. For this purpose, it is 

necessary to generate a program from a suitably chosen CAM 

system. Regardless of the type of CAM system used the modeling 

models used by the CAD systems are used to compile the control 

programs. The solid geometry automatically recognizes the 

different geometric elements. The information they receive is used 

to select the necessary processing tools. The tool trays generated by 

the CAM system are in association with the original CAD model, 

and when editing the 3D geometry, the trajectories are 

automatically changed. The CAM system simulates and verifies the 

tool path and removal of the material from the model, with the tool, 

holder, workpiece, and gripping and gripping devices included in 

the simulation and realistically present the processing process. 

VI. Conclusion. 

In the report was presented a sequence for calculation and 

geometrically modeling gears using CAD systems and outlines the 

ways in which they are machined. 

A rationale for using CAD/CAM/CAE systems has been 

made, and their advantages have been identified in the design of 

gears in gear units. 
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