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Considerations about the Design Process of Mechanical Products 
in Parametric Conditions

Ionu Gabriel GHIONEA1

Abstract: The main intent of the design process of products using parametric modeling is to apply a CAD system 
flexible and complex enough to determine the engineer to consider a variety of possible variants easily and at low costs.
Modern CAD systems with Product Life Management (PLM) support provide a virtual working environment in which 
the product’s model is designed and manipulated. Using the geometric modeling capabilities, the engineer conceives,
models, adds, deforms and edits the product’s parts. The 3D virtual CAD model is accompanied by mathematical 
description, parameters, constraints and these can be modified and influence the future product design at any modeling 
phase, can be tested in various ways etc., which is a major advantage over the classic modeling systems. This paper 
presents some considerations about the design process of mechanical products in a modern parametric manner and 
includes two case studies showing the many possibilities in creating parametric products using the CATIA v5 software.

Keywords: parametric modeling of products, design process, CATIA v5

1 INTRODUCTION

In a modern CAD system, a list of curves and
surfaces equations, various points coordinates are live 
updated as the virtual model is conceived, visualized and 
manipulated on screen by the engineer [6].

The model includes informations about surface 
connectivity (on how the surfaces from a more complex 
shape are joined, which surfaces are adjacent to each 
other by which curves, how each surface was obtained 
etc.) which is very important because all these 
informations are useful in many applications. As an 
example, a NC program to generate and to validate the 
tool paths on a milling machine will certainly use all the 
data available to check the gaps or twists in a specific 
surface where the machining operation is impossible).

In the design process, the engineer includes in 
the model description a list of equations, different 
attributes and parameters, constraints and relations 
between the product’s parts in assembly. 

David Weisberg, editor of the Engineering 
Automation Report, wrote about the parametric 
modeling [8]: “The problem with a pure parametric
design technique that is based upon regenerating the 
model from its history tree is that, as geometry is added, 
it is dependent upon geometry created earlier. This 
methodology has been described as a parent/child 
relationship, except that it can be many levels deep. If a 
parent level element is deleted or changed in certain 
ways, it can have unexpected effects on child-level 
elements. In some cases the user was forced to totally 
recreate the model. Some people described parametric 
designing to be more similar to programming than 
to conventional engineering design.”

2 PARAMETRIC DESIGN CONCEPTS

Conceiving parts and assembling products in a 
modern CAD system is a creative activity that is based 
on features: modeling and constraining tools, assembly 
and simulation possibilities, kinematic animations etc. 
They are very flexible and powerful, interlinked with 
each other, but there are no universally applicable 

methods for checking the validity of features. In many 
cases it is up to the engineer which defines or uses a 
feature to specify what is valid or not for it’s applied 
result. A feature may be suitable for a part or a group of 
parts in a subassembly, and not for the whole assembly 
because of disrespecting important constraints at a 
upper/parent level. Typical checks that need to be done 
are: compatibility of parent/dependent features, limits on 
dimensions and inadvertent interference with others.

In the past, using classic modeling systems, in 
creating a parametric part of a product, the engineers 
start from scratch, model features sequentially, one after 
another, spending time working on the most recent 
feature without needing to go back to edit previous 
features. Today, having modern CAD systems, in most 
cases they don’t build models from scratch, but use 
knowledge data from previous projects, periodically go 
back to adjust earlier features from time to time. In that 
process, they’ll identify and process most of the 
dependencies, transforming them in parameters, 
relations, constraints etc., saved therefore as knowledge 
for future projects [3].

The common benefit in parametric modeling is 
to use advanced construction techniques in modeling and 
feature recognition in editing phases. It’s taken almost 
35 years of industry research to get the options where a 
user is clicking on a face of a model and the system 
recognize that he is pointing to a feature with parametric 
values to edit the geometry.

The parametric modeling paradigm enables 
engineers to create new concepts based on previous 
designs. Users can start with a 2D conceptual model and 
easily use it as the basis of a 3D model. Parametric 
modeling tools also enable concept designers to use all 
types of available data, including ideas, 2D drawings, 
sketches, surfaces, single parts, or entire assemblies and 
products. Because these modeling tools offer 
interoperability in a parametric manner, almost no model 
re-creation is necessary, giving designers more time to 
explore a wider range of design alternatives [1].

Special and common products, such as 
automotive/aerospace parts, jewelry, toys, sporting 
goods, electronics, various devices etc. include 
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parametric surface and solid modeling. Within these 
product categories there are many items that incorporate 
complex/free-form shapes presenting some serious 
modeling challenges [4].

3 DESIGN SOURCES, CONCEPTS AND PROCESS

There are two general types of design: empirical 
design (better known as conceptual design) and scientific 
design (the engineer uses principles of physics, 
mathematics, mechanics and/or other sciences in the new 
or revised design of products in such a way to function 
under imposed conditions). Almost all technical design 
is a successful combination of conceptual and scientific 
design. Therefore, an engineer must have both adequate 
engineering and scientific knowledge.

New ideas or design concepts are born initially 
in the mind of the engineer. In order to capture, preserve 
and develop these ideas, the engineer use modern CAD 
systems, with solid and surface modeling capabilities. 

The concept of a successful product evolves 
from version to version, with more features and 
functions, redesigned shapes etc. To identify and model 
all these, the engineer finds in his advantage to share his 
ideas with others and begin working in a team effort. A 
design team include members familiar with knowledge
of materials, production, management, mechanics etc. 

In industry, a project for a product is always a 
team effort long before the product is produced and 
launched on the market. Every team member, having his 
own vision, may impose parameters and constraints in 
every phase of the project, so the CAD software must 
easily handle parametric design. Each time a parameter 
is modified, many others are disposed to be changed 
according to the relations established, keeping the single 
part or the whole product in the right shape. So, these 
relations must be first mathematically correct and then 
must respect the product’s design specifications [3].

The design process is the ability to combine 
ideas, scientific principles, available resources, existing 
standards, patents and products into a solution to a 
problem. This ability to solve problems in design is the 
result of an organized approach to the problem known as 
the design process. The design process leading to 
analysis of needs, conception, modeling, virtual testing, 
manufacturing, assembly, real testing, maintenance, 
service and to many other activities necessary for a 
successful product is composed of several phases. 

Although some industrial groups identify them 
in their own specific way, using various procedures, five 
stages can be followed: identification of problem, 
emergence of concepts and ideas, choice of the correct 
solutions, creation of models and prototypes then 
simulations of their behaviour in virtual environments to
validate the solutions, production. If a particular stage 
proves to be unsatisfactory, it is often necessary to return 
the whole project to a previous stage and repeat the 
procedure. That’s why it is so important that the 3D 
model of a part or assembly have to be created in a 
modern parametric manner. Every function of a product 
generates many parameters and constraints between its
components. The initial sketches of the design are 

followed by a study of suitable materials, mechanical 
correctitude, assembly and kinematic possibilities. Some 
of these problems are solved graphically with the help of 
parametric CAD systems [7].

Through them, the design engineer has the tool 
to model, visualize, assembly, simulate, analyze the 
continuity of surfaces, interference between the parts, 
determine paths of motions, areas of maximum stress, 
possibilities of manufacture certain shapes of parts etc. 
To reach these simulations, all the parts are carefully 
designed using parameters. Costs are constantly kept in 
mind, because no matter how well the product looks and 
performs in laboratory tests, it must be sell for a profit on 
a competitive market. 

During the design process, a great attention is 
placed on what was done before in other projects. 
Previous experience provides a sense of proportion using 
the correct set of parameters, adding new parameters, 
relations and constraints, permitting a new design and/or 
a significant change in product’s functions and technical 
specifications, based on new added features. 

A modern approach is to create standard parts, 
organized in parametric families of parts, that are used 
wherever possible for reasons of cost reduction, ease of 
assembly, maintenance and serviceability. The modern 
idea in a product design approach involves the 
improvement, development and evolution of an existing 
product or it’s redesign from a previous version in which 
many details are similar. Some of the product’s parts 
require changes of design, so the parametric modeling is 
a must, especially when a 3D printed model is obtained 
for evaluation.

Later, a full-size working model made to the 
latest specifications is known as a prototype. It is tested, 
modified where necessary and the results noted in the 
model revisions, specifying which parameters need to be 
edited. If the prototype proves to have some 
improvements to be made or mistakes to be corrected, it 
is necessary to return to the CAD model and repeat the 
procedures, any parameter modification leads to an 
update of the model [2].

4 CASE STUDIES IN PARAMETRIC DESIGN

An important argument to CATIA v5’s success is 
its parametric feature-based surface and solid modeling 
approach in obtaining 3D models. 

Using this software and having the right skills, 
the engineer is able to conceive and build a virtual CAD 
model of a complex product in a parametric manner, that 
leads to dispose of many various parameters to change 
influencing the product’s size, dimensions, functionality, 
aspect etc. Thus, the engineer gain a great leap forward 
to rapidly create and explore design alternatives for parts 
and assemblies, especially in the context of complex
products with many variants [4], [8]. 

In these two case studies there are presented some 
CATIA v5 parametric applications from simple to 
complex in order to unveil the working methodology in 
each case in a very intuitive manner. 

The first case study uses design tables, Microsoft
Excel files linked to CATPart files. The parameters used 
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in CAD modeling are stored in sets of values, each set 
being an unique version of a part or assembly.

Figure 1 shows a 3D model of a simple part, a 
bridle, and its parameters. The primary values in creating 
the model are, in mm: L=45, B=22, h=16, N=18, d=5, 
K=9, m=6, P=15, f=7, b=8, s=5, c=12, d1=6.6, d2=11, 
t=6.8, r=1. These values are, in fact, one set of 
dimensions from a family of parts.

Fig. 1. Bridle model with parameters

The part creation starts with a sketch and 
insertion of parameters of type length, offset, angle. 
These parameters are intrinsic with the part because the 
user needs them to create several sketches and solid 
features (Pad, Pocket, Hole, Chamfer). The initial names 
of parameters are too long to be easily remembered so 
their renaming is recommended. This method is a good 
practice for the whole part and all the parameters. 

An Excel xls file is then created as the first set 
of values. The user edits the xls file adding more sets of 
dimensions and specifying the measurement units for 
each one.

Fig. 2. Values of parameters organised in sets

Figure 2 presents a fragment of a design table 
with four sets of values for the part parameters. The user 
associates each column of the table with the respective 
parameter from the part (Fig. 3).

Fig. 3. Association of parameters with columns in sets

Besides the design table, the user may add 
different formulas, especially for those parameters 

resulted from the part symmetry. Thus, it’s easier to 
make equal two symmetrical parameters than add one 
more column in the design table. The user is ensured that 
the part will be correctly modified at the change of just 
one parameter instead of two. Editing one parameter and 
forgetting the other one with the old value will rend the 
part to become inconsistent.

Figure 4 contains the bridle’s versions for each 
set of parameters. This is a family of parts.

Fig. 4. Parametric versions of the bridle

From the figure 4 it can be observed that the 
parts in family have similar aspect but different 
configurations (for lengths, holes, chamfers etc.).

In the second case study, it was considered a 
simple assembly of few parts from a more complex 
fixture device (Fig. 5), used in machining by milling of 
rectangular parts.

Fig. 5. Parametric fixture device assembly

The subassembly in figure 6 is extracted from 
the whole assembly and it is composed of four parts: 
support, bush, fixing screw and a pin.

Fig. 6. Subassembly for parameterization

The parameterization of this subassembly
consists in the creation of a Visual Basic code, a 
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reaction, activated when the user changes the thread
dimension of the bush’s central hole. The reaction will 
verify and allow only the choice of the M8 and M10×1
threads, any attempt by the user to overcome these two 
values being unaccepted. A warning message will be 
displayed followed by an automatic adjustment of the 
hole thread in M8, as the default value.

In the Reaction window (Fig. 7) the user selects 
a parameter PartBody\Hole.1\ThreadDescription to be 
the one that activates the reaction when it is changed.

Fig. 7.Choice of the activation parameter of the reaction

Pressing the Edit action button, the user may 
insert the VB code, as shown in figure 8. Considering the 
complexity of the four parts, however, the number of 
parameters is relative large, and choosing the right one is 
simplified by using the three columns acting as filters.

Between the parameters are established many 
relations modifying some of the parts' sizes for the two 
cases of the user's selection: thread M8 or thread M10×1.
These parameters are of type string, but the activation of 
the reaction leads to changing many other parameters of 
type Integer and Length.

Fig. 8. Inserting the Visual Basic code of the reaction

The VB code allows the user to write some 
sequences for displaying messages boxes informing 
about his selection and how the parts are modified.

To simplify all this process of writing relations 
with parameters, the user may rename them in an explicit 
way for a better understanding later by other users.

5 CONCLUSIONS

As resulting from the two study cases presented 
above, the parameterization of parts and of assemblies is 
a complex activity in the design process of modern 
products that involves relations and constraints between 
parameters of different types: string, real, integer, angle, 
length, Boolean etc. The user must have a good CAD 
and Visual Basic syntax knowledge to handle them in a 
logical manner in order to obtain various constructive 
changes based on different criteria linked to functions, 
dimensions, technology, cost reduction, profit etc.
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