
9th International Quality Conference 

June 2015 

Center for Quality, Faculty of Engineering, University of Kragujevac  

9
th

 IQC June, 2015                               627 

 

 

 
Bogdan Dimitrijević

1) 

Bogdan Nedić
1) 

 

1) Faculty of Engineering, 

University of Kragujevac, Serbia     

bogdandimitrijevic23@gmail.com 

THE USE OF MODULAR (FLEXIBLE) 

FIXTURING ELEMENTS FOR THE 

PURPOSE OF MANUFACTURING 

FORMULA STUDENT CHASSIS 
 

Abstract: This pape presents a new way of manufacturing 

Formula Student vehicle chassis, using modular fixturing 

elements as an auxilairy equipment. The work shows 

advantages of applying this type of equipment on a delicate 

task of building a Formula Student chassis. Fixture elements 

are used for two phases of manufacturing – for positioning 

and fixturing before welding, and for positioning the engine 

for reconstruction and optimization of the chassis.      
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1. INTRODUCTION  
 

In the past couple of decades a significant 

development of both machines and tools for 

processing various materials can be noticed. 

Relating to the development of new tools, the 

main goal is producing special ultra-hard 

materials for cutting elements, mainly based on 

alloy steel and ceramic composites. The new 

tools are able to withstand high production 

regimes for longer periods of exploitation. In 

the aspect of new machines, the development of 

precise servo engines and control units had 

enabled appearance of the CNC machines that 

can sustain high precision at high performance 

rates during manufacturing.  

On the other side, this had led the fact that 

preparation of manufacturing has become an 

important factor for achieving high 

performances and high productivity. 

Preparation of manufacturing consists of 

defining technological processes and 

construction of auxiliary equipment. The main 

element of this second group are fixture 

elements and this paper mainly refers to their 

application. 

Fixture elements represent basic 

component of every manufacturing process 

(machine – tool -  workpiece – fixture elements 

– measuring tools). The main function of these 

elements is to secure the location of the 

workpiece and provide enough support for 

stabile manufacturing process, for one or 

several production phases. Fixture elements can 

also be used for guidance or positioning 

workpiece for verification of achieved 

measures.  

A part from functional aspect, fixture 

elements have great influence on the 

economiceffects of manufacturing. Application 

of the appropriate equipment can increase 

productivity of manufacturing on a large scale. 

This can be achieved by overlapping work time 

and auxiliary time, by rapid positioning and 

securing the piece, by enabling several 

manufacturing processes in one position etc.  

Also, the appropriate usage of auxiliary 

equipment can significantly decrease the 

possibility of inaccurate pieces and scart. 

The construction of fixture elements is 

mostly defined by the shape and dimensions of 

the work piece, and on the other side by the 

characteristics of manufacturing process. 

Coordination of constructive and functional 

measuresreduces the base error to 

minimum.The selection of base surfaces is 

determined by the shape the work piece but 

also it has to provide stabile position during 

processing. This is a serious task considering 

intense forces that appear during deformation 

or cutting work piece material. Fixture 

components have to be made of harder 

materials, in order to withstand intense stress 

state (alloy steel). 

The first chapter of this paper refers to 

special concept of fixture elements – flexible 

(modular) fixture elements. The main goal of 

this paper is to present the application of 

modular fixture elements for construction and 

manufacturing chassis for Formula Student 

vehicle. The elements are used in two phases: 

in the first phase, modular equipment is used 
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for securing the parts (tubes) for welding; the 

second phase presents the usage of fixture 

elements for positioning the engine and 

optimisation of the frame. In short, this paper 

presents the application of modular fixture 

elements in both construction and 

manufacturing aspect.   

 

 

2. FIXTURE ELEMENTS 

CLASSIFICATION 
 

2.1 Classification of fixture elements 
 

Based on the function of the fixture 

equipment can be divided into four groups: 

 Universal elements 

 Special fixture elements 

 Group elements 

 Flexible (modular) element 

The simplest example of universal 

elements are clamps, mountsetc. These tools are 

constructed in such way that they can be 

applied to a wide range of various work pieces. 

The biggest restraint with this elements is their 

inability to apply to complex shapes. 

Special fixture equipment is constructed 

especially for certain type of work piece. 

Equipment is designed so that it provides the 

best possible positioning and securing of the 

part and that goal is achieved by following 

contours of a part, and the type of processing. 

Negative aspect of the special fixture 

equipment is its narrow area of appliance, 

whilst it is essential factor in achieving high 

productivity in case of a serial production. 

Group fixture equipment is mainly used 

for processing several elements at once, or for 

processing of the same part in several different 

phases. These kind of tools are complex, often 

with more alterable elements, or with elements 

with adjustable position. 

 

Table 1. Characteristics of different fixture equipment 

Equipment type Purpose Usage 

 

Adaptation different 

work pieces 

Universal General Small series Low 

Special Individual Serial production High 

Group Group Group manufacturing 

technology 

Medium 

Modular General All types of manufacturing Medium 

 

2.2 Flexible (modular) fixture elements 

 

Modular fixture elements presented a 

radically different approach in fixture 

equipment construction. The main concept of 

these tools was created when engineers wanted 

merge useful characteristics of both special 

fixture elements and universal elements. This 

meant that one fixture equipment has the 

possibility to be applied to many different and 

complex parts.To achieve this goal, a new 

concept of fixture tool which consists of many 

different parts was created. 

Modular fixture elements are constructed 

in the form of sets of up to several thousand 

components. These elements are standardised 

so that they can be expanded to satisfy different 

functions if needed. 

Components of modular fixture equipment 

are (in general) divided into four groups: 

 Base elements 

 Elements for leaning 

 Positioning elements 

 Clamping elements 

 Other elements 

With appropriate combination of the 

elements of modular fixture equipment it is 

possible to create fixture tool that can meet the 

demands of a very largediapasonof various 

shapes and sizes of work pieces. This results 

with a significant flexibility of the equipment 

which is the greatest advantage of this concept. 

The downside of the of modular fixture 

elements concept is financial aspect. In general, 

several years of exploitation are needed for its 

usage to be payable. 

Depending on the type products that are 

being processed, the development of several 

different modular fixture types can be noticed. 

Mainly, they are made for car industry and 

some of the most used types are CMF, CMS, 

CMX, CME, CMB, CMP, CMG systems. 

 

2.3 Modular fixture equipment for Formula 

Student project 

 

Fixture equipment used for manufacturing 

the Formula Student frame was designed and 
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constructed by mr Miroslav Kaplarevic and was 

financed by the Serbian Ministry of Education, 

Science and Technological Development. 

Equipment is made in such way that it can be 

used in two variants: modular fixture elements 

for smaller parts and grid concept fixture 

elements for large parts. 

Equipment for large pieces was 

constructed for large truck sheet metal parts. 

It’s concept relies on grid construction that is 

mounted using steel pipes (80 х 80 mm) of 

different lengths. 

Flexible fixture equipment used for 

manufacturing of Formula Student chassis is 

designed for smaller parts and consists of 

following elements: 

 Table foot– the main function of this part 

is to provide addaptation of the table hight 

and leveling (figure 1). 

 

 
Figure 1 - Fixture table foot [1] 

 

Table – the most important part of the 

equipment is made of a plate with 

dimensions 2000 х 1250 х 50 mm. On the 

working surface of the table T – shaped 

grooves are made so that other elements 

can be mounted on. There are two types of 

assembling the working table – mounting 

on a rotary pedestal and adjusting 

horizontal level by using table feet or by 

mounting the table directly to feet (figure 

2).  

 

 Figure 2 - Work table, the main base element 

[1] 

 

 Elements for joining, relyingand 

positioning – represent the largest group of 

components of the equipment. Since there 

are many different types of these elements, 

numerous combinations can be made and 

almost unlimited different functions of 

fixture element assembly. Figure 3 (right 

side) shows elements that are used to 

connect other components of the 

equipment with work table. On every 

element, regularly placed holes can be 

noticed, and these holes are used for 

joining elements by screw connection. 

 

 

 Grup elements for fixturing  - are mostly 

based on a principle of lever, so that a 

 

 

  
Figure 3. Elements for joining and positioning. 

[1] 
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significant amount of fixturing force can 

be applied in short period of time. These 

elements can be used both for fixturing as 

well as for guidance (figure 4). Within this 

group, the most important elements for 

formula chassis are prismatic plates, due to 

the circular profile of the pipes.  

 

 

 

Figure 4 - Group elements for fixturing [1] 

 

 Figure 5 shows how the modular fixture 

equipment used for Formula Student was used 

in production of automotive parts. 

 

 
Figure 5 - The use of modular fixture 

equipment in automotiave industry 

 

 

3. THE USE OF MODULAR FIXTURE 

EQUIPMENT FOR 

MANUFACTURING FORMULA 

STUDENT SHASSIS 
 

Chassis of the Formula Student vehicle 

consists of three main parts – front (21 pipes), 

rear (16 pipes) and cockpit (17 pipes). Frame is 

built of pipes that are 25 mm in diameter, and 

their thickness goes from 1.8 mm (supportinig 

pipes) to 2.5 mm (front and main hoop). Figure 

6 shows geometrical model of formula chassis. 

 

 
Figure 6 - Geometrical model of Formula 

Student chasssis 

 

The first step when applying modular 

fixture equipment for positioning and fixturing 

pipes for frame manufacturing is to plan how 

will each modular element be used and where it 

shall be positioned. For this purpose, the easiest 

and most reliable way is to work in virtual 

environment with 3D geometrical models. 

To plan the use of fixture elements work 

in Assembly modul in software CATIA was 

needed. By defining constraints between 

geometrical models of fixture elements and 

formula frame model, it is possible to get a full 

three dimensional demonstration of how 

fixturing frame pipes should look like. While 

placing fixture elements, special attention needs 

to be taken in the aspect of stability to enable 

the best results. 

One of the most biggest advantages of 

using modular fixture elements is the existance 

of a catalogue with geometrical models of all 

available components. All components have 

detailed documentation, serial number and 

number of available parts. This drasticly 

reduces the time for mounting fixture 

equipment and increases productivity.  

 

 
Figure 7 - Assembly model of fixtured cockipt 

pipes 
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Figure 8 - Model of fixturing in the second 

phase 

 

Figures 7 and 8 show how planing of 

fixture elements using virtul environment in 

CATIA was done. Planing was done in two 

phases – first phase is for fixturing and welding 

cockipt of the vehicle, and second phase refers 

to fixturing and welding of the front part of the 

chasis. 

When assembly model is made in CATIA, 

joint structure can be opserved from every 

angle for eventual mistakes. 

Before positioning, the pipes were 

processed by milling on the CNC milling 

machine. On every end of the pipes, a special 

groove was made based on the technical 

documentation of the frame. Figure 9 shows 

processed and fitted pipes. 

 

  
Figure 9  - Processed and fitted pipes 

 

After modeling in CATIA, positioning and 

fixturing was carried out with the real modular 

elements (figure 10). After two-phase welding, 

the frame could be taken out form the table.   

 

 
 

 
 

 
Figure 10 - Model of fixturing in the second 

phase 

 

 

4. THE USE OF MODULAR 

FIXTURING EQUIPMENT FOR 

FRAME RECONSTRUCTION 
 

Due to its versatility, modular fixturing 

equipment can be used for many different 

functions. In case of Formula Student chassis 

manufacturing, it has found its purpose for 

solving one more problem. 

During designing formula in CATIA, an 

engine from Yamaha R6 motorcycle was used. 

The rear part of the frame had been designed so 

that it can provide mounting of the engine in six 

poits. However, Formula team has reconsidered 

its decision and bought different engine 

(HONDA CBR) for which students did not 

have 3D model.  

Since rear part of the frame had to be 
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reconstructed, students carefully positioned the 

engine on the fixture table following the contest 

regulations (clearance, distance from the driver 

etc.) and then conducted series of 

measurements to enable modeling of the most 

important parts of the engine and placing the 

engine to the right place relative to cockpit. 

Special precision had to be put in defining 

position of six points for mounting the engine. 

Figure 10 shows how positioning and 

fixturing of the engine was done, as well as 

modeling and reconstruction that took place 

later in CATIA. 

 

 

Figure 10 - Fixturing the engine for 

measurements, to enable modeling and 

reconstruction in CATIA 

After measuring critical positions on the 

real fixtured engine/frame, it was possible to 

reconstruct 3D model in CATIA and make new 

technical documentation for pipes for rear part. 

The use of modular fixture equipment proved to 

be very efficiant, fast and reliable tool for this 

job. 

 

 

5. CONCLUSION 
 

By applying modular fixturing equipment 

students have achieved very satisfying results. 

Considering that students who worked on frame 

had very little experience and this was their 

first time to do such work, greater mistakes 

were wxpected. 

The biggest deviation from specified 

measure was 5 mm, but this deviation did not 

have significant influence to other vital systems 

of the vehicle. The measures for positions for 

formula suspension (points for connecting the 

wheels) that were the most important goal in 

this manufacturing, were achieved with great 

precision. 

Alternative solutions for fixturing the 

pipes before welding relied mostly on the 

concept of wooden chassis, but this sort of 

solution would certainly result with larger 

deviations and would definitely demand 

significantly more time. Also, postioning the 

engine at the right spot for the purpose of 

reconstructing the rear part of the frame would 

have been imposible to do with different type 

of tool. 

The use of modular fixture equipment in the 

Formula Student manufacturing proved to be a 

good example of flexibility, efficiency and 

versatility of these type of fixturing equipment. 

Fast mounting of many different fixturing 

elements on one side and absence of large 

deviations in measures leads to the conclusion 

that modular fixturing equipment are certainly 

applicable for this type of work. 
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