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Abstract: 3D modelling is a design method that allows the creation of digital models of components and 

assemblies with high precision and flexibility. The paper presents the 3D modelling process of two 

components used in bevel gear transmissions: a bevel gear and a bevel pinion shaft. The 3D models were 

created using two CAD systems widely used in the industry - NX and CATIA - highlighting the main stages 

of geometric construction and parametric definition. The purpose of the paper is to demonstrate the 

importance and efficiency of CAD modelling in the design of components with complex geometry, as well 

as to highlight the advantages offered by computer-aided design environments in terms of precision and 
optimisation of the development process. 
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1. INTRODUCTION 

 

 Computer-aided design (CAD) is one of the most 

important technological developments in engineering, 

having a major impact on the way products are 

conceived, designed, analysed and manufactured. The 
use of CAD systems has gradually replaced traditional 

manual technical drawing methods, providing an 

accurate, flexible and efficient digital environment for 

the development of mechanical components and complex 

assemblies [1], [2], [3]. 

 In its initial form, CAD was mainly used for the 

production of two-dimensional drawings (2D CAD), 

facilitating the drawing and dimensioning of technical 

parts according to engineering standards.  

 With the advancement of technology and the increase 

in the processing capacity of information systems, 

computer-aided design has evolved towards three-
dimensional modelling (3D CAD), which allows the 

creation of complete virtual models of parts and 

assemblies, with the exact representation of their 

geometry, dimensions and properties [3], [4]. 

 3D modelling involves creating a three-dimensional 

digital model of a part, using geometric operations such 

as extrusion, revolution, fillets, chamfers etc.  

 Currently, most modern design systems are based on 

parametric modelling, which means that the geometry of 

the part is defined by parameters and mathematical 

relationships.  
 Thus, changing a dimension or an imposed condition 

automatically updates the entire model, providing a high 

level of flexibility and control over the design process 

[4], [5]. A major advantage of 3D modelling is the 

possibility of realistic visualisation of parts and 

assemblies before their physical realization. Through 

digital models, engineers can analyze interference 

between components, verify the functionality of 

mechanisms, simulate movement and perform structural 

or kinematic analyses.  

 In addition, 3D models are the basis for creating 2D 

technical documentation, generating programs for CNC 
machining (CAM – Computer-Aided Manufacturing) and 

integrating into complete digital workflows such as 

CAD/CAM/CAE [6], [7]. 

 Three-dimensional CAD modelling is important in 

the field of mechanics and mechanical transmissions, 

where geometric precision and compliance with 

construction parameters are essential for the correct 

functioning of assemblies.  

 For example, in the case of gears, parameters such as 
module, number of teeth, angle of the rolling cone or the 

gap between the teeth must be defined and controlled 

with great precision [8], [9].  

 Modern CAD systems allow the generation of these 

complex geometries with a high degree of accuracy, 

reducing the risk of errors and optimizing the design 

process [10]. 

 Another important aspect of CAD modelling is its 

associative nature. Within an assembly, the modification 

of a part causes the automatic updating of dependent 

components, maintaining the coherence of the digital 

model. This feature is essential in the design of 
mechanisms that include shafts, gears, bearings or other 

interconnected elements, where the functional 

relationships between parts must be preserved. 

 Also, through simulations and numerical analyses 

(e.g. finite element analysis - FEA), stress distributions, 

deformations or dynamic behavior of components can be 

evaluated from the design phase. This reduces the 

number of physical prototypes required and reduces costs 

and development time [10], [11]. 

 In the context of digitalization and industry 4.0, 3D 

modelling is a central element of the product 
development process. Digital models are not only used 

for design, but also for simulation, analysis, dimensional 

control and even for integration into ”digital twin” 

systems [11], [12], [13]. 

 Therefore, CAD becomes part of a complex digital 

ecosystem that connects design with production and 

maintenance.  

 CAD modelling is the foundation of modern 

component development, offering geometric precision, 

flexibility in modification and optimisation of 

technological processes. 

 Starting from the above premises, the paper presents 
the 3D modelling stages of a bevel gear and a bevel 

pinion shaft, using two of the most widely used CAD 

systems: NX and CATIA. 
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 The CAD design process involves a structured 

workflow, which ensures an optimal transition from an 

idea to a functional product or prototype, Figure 1 [14]. 

 

 
 

Figure 1 CAD design process. 

  

 By following this structure, designers and engineers 

can ensure that the product is optimal and meets all 

functional requirements. This process is useful in 

industries such as automotive, aerospace, consumer 
electronics and medical devices, where precision and 

performance are important. 

 Each phase ensures that potential problems are 

addressed early in the design process, leading to more 

reliable, cost-effective products and faster time-to-

market. 

 The first phase, conceptual design, is the initial, 

foundational phase in which the initial idea or concept 

for the product is generated. It includes initial sketches or 

simple drawings that visualize the general shape and 

functionality of the product. Initial sketches consist of 2D 
or hand-drawn representations that are created to capture 

the essential elements of the design. 

 The 3D modelling phase transforms the initial 

sketches into three-dimensional geometric models, using 

various CAD programs. A 3D model is a detailed digital 

representation of an object, including its size, shape and 

geometry.  

 This stage defines the product as precisely as 

possible: its geometry, the material from which it will be 

manufactured (to understand how the product will 

behave under various stresses/loads/strains), rendering 

elements (such as surface textures to bring the model as 
close as possible to the final product) [15], [16]. 

 Once the 3D model has been created, the simulation 

and analysis stage will involve testing the virtual product 

before it is built. Designers will perform simulations in 

order to predict how the product will function under 

different conditions.  

 The main activities in this regard are: finite element 

analysis (FEA) - [17]), to determine how the product will 

behave under various loads, stresses, strains etc.; thermal 

analysis, in which the product will be tested to determine 

how the product will react to temperature changes, with 

designers ensuring that the materials used can withstand 

the operating environment; fluid dynamics, in which 

fluid flow is simulated around or inside the product (for 

objects such as engines or aerodynamic models). 
 In the optimisation stage, the product is rendered and 

adjusted based on the results of the simulation and 

analysis stage, with the aim of optimizing performance, 

cost and manufacturability. In this stage, the product 

design will be modified to improve performance, reduce 

weight or increase strength.  

 The material for the product will also be chosen 

based on performance and cost, possibly switching to 

lighter or cheaper alternatives without giving up its 

quality. At the same time, the shape or dimensions of the 

product will be adjusted in order to remedy weaknesses 

or improve the functionality of the object. In this stage, 
ways will also be found to reduce production costs by 

simplifying the design [18]. 

 The last stage, the prototyping / production stage, 

involves transforming the optimized design into a 

physical prototype or product. This step validates the 

design and ensures that it meets all the necessary 

functional and aesthetic criteria.  

 In the prototyping stage, a physical model of the 

product is created, either through traditional 

manufacturing methods, 3D printing or other methods. 

The object is tested for form and function, and based on 
the results of the prototype tests, minor adjustments are 

made to the CAD model, if necessary.  

 In the production stage, the part will be manufactured 

at scale, using methods such as CNC machining (CNC 

[19], [20]), injection molding (3D printing [21]) etc. 

 

2. USING CATIA AND NX PROGRAMS IN 

DESIGN OF THE PARTS  

 

Among the most well-known CAD programs are those 

presented in Table 1. 

 
Table 1 

The most well-known CAD programs. 

Crt. 

no. 
Logo program Applications 

1 
 

- architecture; 

- civil engineering; 
- mechanics; 
- infrastructure; 
- interior design; 
- construction; 
- electrical and HVAC design. 

2 
 

- mechanical engineering; 
- part/product modelling; 

- part and assembly simulations; 
- manufacturing; 
- industrial equipment design / 
modelling. 
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3 

 

- mechanical engineering; 

- product design; 
- 3D modelling; 
- prototyping; 
- manufacturing; 
- finite element analysis (FEA). 

4 
 

- mechanical engineering; 

- product design; 
- 3D modelling; 
- prototyping; 
- manufacturing; 
- simulation; 
- reverse engineering. 

5 

 

- aerospace; 
- automotive; 
- naval engineering; 
- industrial design; 
- systems engineering; 
- complex surfaces. 

6 
 

- structural analysis; 
- fluid dynamics (CFD); 
- electromagnetism; 

- thermal simulations; 
- vibration analysis; 
- multiphysics analysis. 

7 

 

- aerospace industry; 
- automotive industry; 
- medical equipment; 
- precision industrial equipment. 

8 

 

- mechanical, electrical and civil 
engineering; 
- research and development; 
- mathematical and physical 
analysis; 

- documentation calculations. 

 

In this paper, the graphical modelling of two parts 

will be presented, using CATIA and NX. These are 

among the most widely used CAD programs in industries 

such as mechanical engineering, aerospace and 

automotive. 

Each of these programs offers a unique set of 

features, strengths and specialized tools, making them 

useful for different applications, depending on the 
requirements. 

CATIA is a program created in 1977 by Dassault 

Systèmes and is used in various industries such as 

aerospace, automotive, shipbuilding and the design of 

various industrial equipment.  

This program is notable for its ability to manage the 

design of complex systems, surface modelling and 

multidisciplinary product development [22].  

The program is renowned for its capabilities in 

modelling parts with complex surfaces and for 

integrating various design, analysis, and simulation 
modules, ensuring an optimal workflow. 

CATIA also allows for parametric modelling. Among 

its multiple functionalities, it can be mentioned the 

advanced design of parts, the creation of assemblies, the 

automatic obtaining of object projections etc. [23], [24]. 

 Among the advantages of using CATIA is its ability 

to manage not only mechanical design, but also electrical 

and composite design, making it a versatile tool for 

complex projects. 

The program has a modular structure, making it easy 

to switch from one module to another, with the ability to 

edit parts without losing information. It is capable of 

managing complex assemblies with thousands of 

components and ensuring their efficient organization. 

At the same time, CATIA supports CAD / CAM / 

CAE (Computer-Aided Manufacturing and Engineering) 

integration, allowing a smooth transition from design to 

production, ensuring high precision and fewer errors in 

production. 
At the same time, CATIA integrates Knowledge-

Based Engineering (KBE) modules [22], for automating 

design processes, which allows engineers to create 

intelligent design templates that can adapt to different 

requirements.  

CATIA also supports virtual prototyping and digital 

Mockup (DMU) [22], allowing engineers to visualize, 

simulate and validate designs in a digital environment 

before prototyping. 

In terms of the applicability of the CATIA program, it 

is used in various industries such as: the aerospace 

industry (Boeing and Airbus for aircraft design); the 
automotive industry (leading automobile manufacturers 

such as BMW, Tesla, Mercedes, etc. for design and 

production); shipbuilding (in the design of complex ship 

structures and systems), etc. 

The NX program, formerly known as Unigraphics, is 

a CAD, CAM and CAE software first created in 1973 by 

Siemens Digital Industries Software. This program is 

designed for advanced product development and is 

widely used in industries that require precision 

engineering, such as the aerospace, automotive and 

machine building industries [3], [25], [26]. 
NX software features synchronous technology, which 

combines the best of parametric and solid modelling. 

This allows designers to quickly create or modify designs 

without having to follow a strict parametric workflow. 

One of the main advantages of NX software is the 

seamless integration of CAD, CAM and CAE tools into a 

single work environment, allowing for smoother 

transitions between design, analysis and manufacturing 

stages, reducing development time and costs [3]. 

The software also offers generative design tools, 

allowing engineers to automatically generate optimized 

designs that meet specific performance criteria, such as 
weight reduction while maintaining strength. 

NX also offers comprehensive simulation tools, such 

as finite element analysis, computational fluid dynamics 

(CFD), and thermal analysis, which are essential in 

validating the performance of complex systems [3]. 

Similar to CATIA, NX is used to manipulate large-

scale assemblies with thousands of components, and 

includes tools for collaborative design and real-time 

digital twin creation. The program also offers integrated 

tools for 3D printing, including part optimisation for 

additive manufacturing [3]. 
 At the same time, the NX program is tightly integrated 

with Teamcenter, the Siemens Product Lifecycle 

Management (PLM) solution, offering advanced 

functionalities for efficient data management [26].  

NX also enables computer-aided manufacturing 

(CAM) solutions for CNC programming of machine 
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tools and simulation of machining processes. 

In industrial applications, NX is used in aerospace 

engineering for the design and manufacture of complex 

parts and systems, in the automotive industry for the 

design of vehicles, including body structure, powertrain 

and electronics, and in the medical industry for the 

modelling of precision medical devices and instruments. 

 

3. GRAPHICAL MODELLING OF A BEVEL 

PINION SHAFT PART USING THE CATIA 

PROGRAM 

 

 The part from Figure 2 is a bevel pinion shaft. The 

conical geometry of the teeth allows movement to be 

transmitted between shafts at a specific 90° angle, 

maintaining constant and efficient contact between the 

teeth.  

 

 
 

Figure 2 Bevel pinion shaft part [3]. 
 

 The part allows the transmission of rotational 

movement between two non-aligned axes. The bevel 

angle and the tooth profile determine how forces are 

distributed on the tooth surface and influence the 

efficiency and noise of the transmission. 

 The bevel pinion shaft part is used in numerous 
applications.  

 In the automotive industry, it frequently appears in 

gearboxes to transmit power at different angles. In 

machine tools and industrial robots, it allows the 

direction of rotation between shafts or levers to be 

changed. 

 It is also used in lifting and handling equipment, such 

as cranes. In general, any mechanical system that 

requires the transmission of rotational moevemnt 

between axes can benefit from such a part. 

 The first step consists of building a sketch on the XZ 

plane, from the Mechanical Design module, Part Design 
submodule, which represents the body of the part. In its 

creation, 2D drawing commands were used, such as Line, 

Circle and Trim [27], [28].  

 After completing the sketch, the Exit workbench 

button is clicked and in the 3D 3D graphic design 

environment, the Shaft command is chosen, obtaining the 

body of the part shown in Figure 3. 

 

 
 

Figure 3 Modelling of the body of the part. 
  

 Subsequently, a sketch is constructed on the surface 

of the bevel gear body that represents the first groove 

within the part, the 3D model of the groove being 

obtained using the Pad command, at a length of 48 mm. 

 Using the first groove previously constructed, the 

patterns that complete the part are generated using the 
Circular Pattern command in the 3D graphic design 

environment, Figure 4.  

 

 
 

Figure 4 Modelling of the grooves of the part. 
 

 This command allows the groove to be replicated 

uniformly along the circumference of the part, ensuring 

symmetrical distribution of elements on the shaft. 
 

 
 

Figure 5 The construction of the sketch for modelling  
the bevel pinion shaft. 

 

 The bevel pinion is created using the Multi-sections 

Solid command and involves building three sketches of 

different sizes. Thus, the first sketch will be built on a 



3D Modelling and Design of Bevel Gear Transmission Components Using NX and CATIA   
 

JOURNAL OF INDUSTRIAL DESIGN AND ENGINEERING GRAPHICS    99 

plane obtained using the Offset from Plane command at a 

distance of 163 mm from the base of the part, with the 

dimensions shown in Figure 5. 

  

 
 

Figure 6 Bevel pinion modelling. 
 
 The second sketch will be built on a plane positioned 

at a distance of 45 mm from the first sketch. Thus, using 

the Project 3D Elements command, the existing 

geometry of the first sketch is projected into the current 

plane. Subsequently, using the Scale command of 0.75 

mm and Rotate command of 15o, the model of the second 

sketch is obtained. 

 The third sketch will be built in the same way as the 

previous sketch: a plane is built at a distance of 95 mm 

from the first sketch; the geometry of the first sketch is 

projected into the current plane, using the Project 3D 
Elements command and using the Scale command of 

0.50 mm and Rotate command of 30o, the model of the 

third sketch of the part is obtained. Thus, using the three 

sketches, the 3D model of the part is obtained, Figure 6, 

and with the Circular Pattern command, the final 

numerical model of the part is obtained, Figure 7. 

 

 
 

Figure 7 3D model of the bevel pinion shaft. 
 

4. GRAPHICAL MODELLING OF A BEVEL GEAR 

PART USING THE NX PROGRAM 

 

The part from Figure 8 is a bevel gear. The conical 

shape of the teeth allows movement to be transmitted 
between axes that usually intersect at an angle of 90°, 

ensuring precise and uniform contact between the teeth. 

The part is used together with a bevel gear shaft to 

change the rotation direction between two axes. It takes 

the rotational movement from the pinion and transmits it 

precisely to the secondary shaft, maintaining a stable and 

uniform transmission ratio across the entire circumference 

of the teeth.  

The conical profile of the teeth determines how forces 

are distributed, influencing the mechanical efficiency and 

durability of the assembly. 

 

 
 

Figure 8 Bevel gear part [3]. 
 

Bevel gearing serves to transmit rotation movement 

between two shafts crossing at an angle. The dependence 

between m, z and D is [29], [30]: 

 

  ;p pD m z=           (1) 

  ,g gD m z=           (2) 

 

where: Dp is the diameter of the pinion; Dg - diameter of 

the gear; m - module; z - number of pinion teeth (zp) and 

number of gear teeth (zg). 
 

It should be remembered that the values of Dp and Dg 

are related to the pitch diameters of the larger bases of 

the pitch cones.  

Draw the axes of the pitch cones at a right angle, 

Figure 9, intersecting at point O, which will be the vertex 

of the pitch cones.  

 

 
 

Figure 9 Bevel gears transmission [29]. 
 

Mark off the lengths Dp and Dg on the corresponding 

axes and draw lines parallel to them. From the point O 

draw the generatrices of the pitch cones, or the pitch 

lines, to intersect these parallel lines. 

The angles between the pitch lines and the axes 

should be determined beforehand using the formula [29]: 
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  ;
g

g

p

D
tanφ

D
=          (3) 

  o ,p gφ 90 φ= −          (4) 

 

where: φp is the angle between the generator of the 

pinion's dividing cone and its rotation axis; φg - the angle 

between the generator of the gear's pitch cone and its 

rotation axis. 
 

From the point A lay off the tooth face b on the pitch 

line. Through the points A and C draw lines perpendicular 

to the pitch line. The trapezium thus obtained represents 
the tooth in a longitudinal section which is not cross-

hatched. The opposite tooth of the gear and two teeth of 

the pinion are drawn in a similar manner. Then indicate the 

clearance between the teeth of the pinion and the gear.  

All pitch lines, addendum lines, and dedendum lines 

should pass through the vertex of the pitch cone, the 

point O. The root circle and the circle of the smaller base 

are omitted on the side view. The drawing is completed 

by constructing the shaft ends, keys, hubs, and rims [29]. 

In practice, bevel gears are commonly found in 

automobile gearboxes, where they allow power to be 

transmitted between shafts at different angles. They also 
appear in machine tools, lifting and handling equipment 

such as cranes and various industrial mechanical systems 

that require changing the direction of rotation between 

shafts or levers. 

Using NX, the first step is to construct the conical 

shape of the part. To do this, a sketch will be constructed 

on the YZ plane, with the dimensions shown in Figure 10a.  

 

 
a. 

  
b. c. 

 
Figure 10 Construction of the sketch for the conical shape of 
the part (a); sketch for generating the teeth of the part (b); 

additional plane for the second sketch (c). 
 

 Also, on one side of the sketch, a plane will be built 

using the Datum Plane command, On Curve  module, 

Figura 10c. On the newly created plane, a sketch will be 

built that will later be used to obtain the three-

dimensional shape of the teeth of the part, Figure 10b. To 

build the two sketches, the Line, Arc, Fillet and Mirror 

commands were used, ensuring the continuity and 

symmetry of the elements. 

 In addition, geometric constraints such as Make 

Coincident (for connecting points), Make Perpendicular 

(for forming right angles between entities) and Make 

Symmetric (for obtaining symmetry with respect to an 

axis) were applied.  
 All these constraints contribute to maintaining the 

precision and geometry of the sketches, facilitating the 

obtaining of the three-dimensional shape of the part. 

Thus, using the first sketch, using the Revolve command, 

the body of the part shown in Figure 11 is obtained. 

 

 
 

Figure 11 Obtaining the 3D model of the part body. 

 

 The part gaps are obtained by constructing circles on 
both sides of the part, with the diameters shown in Figure 

12, and through the Extrude command, Subtract module, 

at a depth of 4 mm, their 3D model is obtained. 

 

  
 

Figure 12 Obtaining the gaps on the part body. 

  

 The first step in creating the 3D model of the teeth of 
the part involves using the Through Curves command, 

obtaining the shape shown in Figure 12. 

 Next, using the Pattern Feature command, Circular 

module, 24 identical elements are generated, arranged at 

an angle of 15° to each other, resulting in the model 

shown in Figure 13. 
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Figure 13 Obtaining the shape of the teeth of the part. 

 

 The finalization of the 3D model of the teeth is done 

in the NX program by applying the Subtract command. 

By adding the bevels using the Chamfer command, the 

final shape of the bevel gear, made in the NX program, is 

obtained, shown in Figure 14. 

 

  
 

 
 

Figure 14 The 3D model of the bevel gear â part  
made in the NX program. 

 

 

5. CONCLUSIONS 

 

 The paper presented the stages of designing 

mechanical components with complex geometry, through 
the detailed realization of a bevel pinion shaft and a 

bevel gear using CATIA and NX programs.  

The comparative approach of the two software 

allowed highlighting both the methodological stages 

common to the design process and the functional 

particularities specific to each program. 

The obtained results confirm that parametric 

modelling is an essential tool in the design of bevel gear 

transmissions, where geometric precision and strict 

compliance with construction parameters directly 

influence the kinematic performance and durability of the 

assembly. Defining the geometry through dimensional 

constraints and mathematical relationships allowed 

rigorous control of the functional elements (division 

diameters, rolling cone angles, tooth heights, tooth 

width), facilitating rapid and consistent changes to the 

model without compromising its integrity. 

The modelling of the bevel pinion shaft in CATIA 

demonstrated the efficiency of using the Shaft, Multi-

sections Solid and Circular Pattern functions in generating 

a complex geometry, based on successive sections and 
scaled and rotated transformations of the initial profile. 

The modular structure of the application allowed for the 

logical organization of the work stages and the easy 

integration of the sketch–solid–pattern operations, 

ensuring the coherence of the model and the possibility of 

subsequent intervention on the defining parameters. 

Similarly, the modelling of the bevel gear in NX 

highlighted the advantages of the Revolve, Through 

Curves and Pattern Feature commands in obtaining the 

three-dimensional shape of the teeth and their uniform 

distribution on the circumference. The integration of 

geometric constraints in the sketching stage contributed to 
maintaining the accuracy of the profile and ensuring 

functional symmetry. The use of the Subtract and Chamfer 

operations allowed the model to be finalized in a form 

close to the real technological configuration of the part. 

Thus, the use of CATIA and NX programs in 

modelling the two components demonstrates the 

efficiency, flexibility and precision offered by modern 

CAD environments in the design of parts with complex 

geometry. The paper confirms that 3D modelling is not 

just a graphical representation tool, but a support for 

functional optimisation, reduction of development time 
and integration of design within the current concepts of 

industrial digitalization and industry 4.0. 
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