
TEM Journal. Volume 7, Issue 4, Pages 808-812, ISSN 2217-8309, DOI: 10.18421/TEM74-18, November 2018. 

808                                                                                                                                TEM Journal – Volume 7 / Number 4 / 2018. 

Implementation of Computer-Aided Design of 

Fixture in the Educational Process 
 
 

Jozef Zajac, Michal Hatala, Darina Dupláková, František Botko,  

Ján Duplák, Dušan Šuťák 

 
Technical University of Košice, Faculty of Manufa cturing Technologies with a seat in Prešov, 

 Štúrova 31, 080 01 Prešov Slovakia 

  
Abstract – This article describes the implementation 

of Computer – aided design of fixture in the 

educational process. The introduction of this article 

describes the drilling technology and the fixtures in a 

theoretical approach. In the second part of this article, 

the current state of drilling technology and fixtures is 

analysed. Described is a part for which it is necessary 

to design a fixture for the drilling process. The third 

part of this article is focused on the description of 

fixture design creation for selected part. The design is 

created in the Autodesk Inventor which is integrated 

into the educational process at the Faculty of 

Manufacturing Technologies. The final part of this 

article provides an overall evaluation of suggested 

solution from the practical and educational point of 

view. 
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1. Introduction 

 

Drilling technology is one of the oldest technologies 

of machining from a historical point of view. Drilling 

techniques can include machining methods such as 

roughing or reaming, which serve 
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to clarify the required dimensions and improve a 

surface quality. During the drilling process, the main 

movement is the tool in most cases. Secondary 

movement is a feed in the drill bit, which also acts as 

a tool. The drill bit is generally perpendicular to the 

machined surface on which the drill bit enters to the 

machined material [1]. 

One of the important properties of drilling tools is 

their accuracy. The drilling accuracy depends on the 

following properties [2]: 
 

 Chip section properties 

 Force ratio presented by axial force and 

torsional moment 

 Specific properties of cutting part of tools 

 Method of tool clamping 

 Method of workpiece clamping  

 Providing of tool line 
 

Due to the increased accuracy of holes, it is very 

important to choose the correct geometry of the 

cutting tool according to the machined material. To 

ensure that the position of the workpiece does not 

change with respect to the cutting tool, it is 

appropriate to ensure the production of the product. 

[2]  

There are several classifications of drilling. Based 

on geometry and drill design, this technology can be 

categorized as follows [3]: 
 

 Drilling of short holes - drilling the opening of 

the hole through the center drill into the full 

material, drills with cutting inserts are also used, 

they can also be helical and with replaceable 

points. 

 Drilling of deep holes - drilling into the full 

material or pre-prepared holes; there are used 

drill bits, barrel drills. Small screw holes are also 

used for small diameter holes. 

 Drilling of annulus - drilling holes of larger 

diameters; this is the cutting off of machined 

material in the form of a single-bore or multi-

bore drill. 
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 Special forms of drilling - for example drilling 

holes in the sheet. 

 

In this part of the article, it is necessary to 

determine a terminology in the field of fixtures. The 

fixtures are ancillary devices whose purpose is to 

unambiguously attach and firmly attach the parts 

during machining. They are also used to hold the 

component in a mutually aligned position, to guide 

the tool, and to check the dimensions that the 

workpiece should achieve. The basic classification of 

fixtures is presented in the following table. [4] 

 

 

Table 1.  Basic classification of fixtures [4] 
 

Fixture Description Model of fixture 

Universal 

- clamping workpieces of the same type (other 

shape or size) 

- option to add special accessories (e.g. machine 

spindle with jaw) 
 

Group 
- for the whole group of workpieces (together) 

- composed of fixed or interchangeable parts 

- used especially for NC machines 
 

Modular 
- composed of certain standardized parts in a 

particular preparation 

- usage mainly in small-lot production 

 

 

 

During the drilling operations are used the so-

called "drilling fixtures". These fixtures are used for 

drilling one or more holes in the workpiece, where it 

is necessary to ensure a correct mutual position when 

the lengthy and inaccurate machining of the 

workpiece is avoided. The use of the preparation and 

the conventional machine can be replaced by drilling 

on machining centers or coordinate drills. If more 

holes need to be drilled they can be drilled in the 

product in succession or with multiple spindle 

drilling heads. The spindle heads preferably have the 

advantage of shortening production times and 

making production more accurate. [5] 
 

 

2. Material and method 
 

In drilling technology, the main rotary movement 

and feed are usually performed by the tool. In the case 

that it is necessary to create deep holes, the main 

cutting movement performs the workpiece. The 

following figure shows the basic kinematics of the 

drilling process. [5] 

  
Figure 1.  Basic kinematics of the drilling process by twist 

drill [5] 

 

Legend to Figure 1.: 

1 – Direction of main motion 

2 – Direction of feed  

3 – Direction of cutting movement 

vc – Cutting speed 

vf – speed of feed 

ve – speed of cutting movement 

Pfe – Working side plane 

φ– angle of feed  

η– angle of cutting movement 
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In the drilling process, the kinematics is determined 
by the following mathematical relationships [6]: 

- Cutting speed 

   
     

    
   [       ]          (1)   

       

- Feed 

        [     
  ]  (2)

        

- Speed of cutting movement  

   √  
    

   [       ]         (3)

      

Fixtures are of crucial importance to the growth of 

the economic and technical level of production. Their 

technical significance lies in securing the 

requirements and they have the role of reducing the 

number of spoilages, while also shortening the time 

when the workpiece is clamped. The following figure 

shows an overview of individual times for each 

clamping method. [6] 
 

Figure 2.  Overview of times for each clamping method 

 

The rotary part - flange was chosen to create the 

design of the product. This part is used to connect 

pipes where regulation is needed. The hole in the 

component is a 30 mm diameter hole. For this part, it 

is necessary to design variants of the fixture. It is 

necessary to design the preparation so that the holes 

are drilled more precisely. The holes are indicated in 

the flange of Figure 3. The No. 6 is drilled from the 

flange axis by 62.5mm and 60 °. A flange model with 

a view of the drawing documentation is shown below. 

 

Figure 3.  Flange model 

 

 

Figure 4.  Drawing documentation preview 

The material used to manufacture this part is C45. 
This is stainless steel, which is mainly used for 
refining and surface hardening. It is mainly defined 
by content of carbon, manganese and silicon. The 
properties of this steel are given by the carbon content 
of not more than 0.5%. The higher the carbon content, 
the hardness and especially the steel strength increase. 
On the other hand, properties such as ductility and 
toughness decrease. This steel has a difficult ability of 
welding. The basic specification is given in the 
following table. 

Table 2.  Material properties - C45 

Chemical properties Mechanical properties 

Carbon 

0,42 

 –  

0,50 

Yield 

point 
325 MPa 

Silicon 0,4 
Tensile 

strength 

min. 540 

MPa 

Manganese 

0,50 

 –  

0,80 

Tensibility A5 =17 % 

Phosphorus 0,03 
Hardness 

HB 
max. 225 

Physical properties 

density 7870    kg.m
-3

 

Temperature coefficient of 

expansion 
11,6x10

-6
    K

-1
 

Thermal conductivity 49    W.m
-1

.K
-1

 

Resistivity 120x10
-9

    Ω.m 
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Table 3.  Heat treatment - C45 

Heat treatment 

Normalising 840 - 870 °C Air cooling 

Soft 

annealing 

680 - 720 °C Oven cooling  

Hardening 830 - 860 °C Oil cooling 

800 - 830 °C Water cooling 

Tempering 530 - 670 °C Air cooling 

 

 

3. Fixture design 

 

Fixture is designed for the flange. The goal of 

creating this design is to create a practical solution 

that is the result of an educational process aimed at 

simplifying the drilling of holes in the flanges. This 

proposal aims to ensure simplification, timeliness and 

production flexibility in practical conditions. One of 

the important factors of the preparation is that when 

drilling the flange is not moved at the time of 

machining. This factor has been instrumental in 

designing the proposal. The overall design of the 

fixture was designed in Autodesk Inventor 

Professional 2017, which is part of the educational 

process at Faculty of Manufacturing Technologies. 

As a proposal itself, the fixture which consists of 

several parts of the assembly was selected. It mainly 

consists of the upper part of the model, which is also 

fixed in each corner by selected screws. This makes it 

possible to ensure that the flange does not move 

during the drilling operation. So they made sure the 

flange stayed on the desk.  

 

Figure 5.  Design scheme of fixture 

Legend to Figure 5.:  

1 – M8 bolt 

2 – upper part of fixture 

3 – flange 

4 – working table 

5 – nuts with thread 
 

The whole proposed model of fixture is presented in 

Figure 6. Up to the top of the preparation are drilled 

six holes, which are required to make holes in the 

flange itself. These opening holes serve as guide holes 

for better alignment and distribution of the necessary 

holes. 

 

Figure 6.  Model of proposed fixture 
 

The principle of the overall realization of flange to 

the fixture is as follows: In the first step, four nuts in 

the T-shaped grooves are already inserted on the work 

table. T-shaped grooves on the work table have little 

clearance to improve handling during the inserting of 

nuts. These nuts have threaded threads for standard 

M8 screws to secure the top of the product. In the 

next step, the component is inserted so that a part with 

a smaller diameter touches the desk. The orientation 

of the component is mainly determined with regard to 

the safety of drilling holes, for better removal of 

chips. The orientation of the holes can be seen on the 

flange. 
 

 

Figure 7.  Detail on the nut in the groove (a), insertion of 
the flange for the work table (b) 

In the further part of the clamping, the upper part of 

the fixture is placed in the flange. It is necessary that 

the bore holes are in the same axis as the nuts inserted 

in the T groove on the work table. In the last step, the 

standard screws are screwed into the nut holes. 
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Figure 8.  Fixture for drilling 

 

In Figure 8. is presented the final fixture for the 

drilling process. In this state of flange clamping, 

everything is ready for the final realization and the 

drilling of all the necessary holes itself, with guiding 

holes. These guide holes are located on the upper part 

of the preparation, which have been pre-prepared and 

adapted as required for the final form. 
 

4. Conclusion 

 

Nowadays, drilling, turning, milling and other 

technologies that are needed for various innovations 

and enhancements have an irreplaceable place in all 

areas [7],[8]. Therefore, preparations in production 

are an indispensable component. They are used in 

small-scale and large-scale production, where the 

production process would be time-consuming without 

them [9],[10]. The final part of the paper provides an 

assessment of the drill design that will be used to drill 

holes in the flange. The evaluation has to be done 

mainly in terms of efficiency, speed of clamping and 

the design of individual fixtures. 

With the proposed fixture, it is possible to drill 

without the possibility of moving the flange into an 

unsuitable position. The flange is secured by the 

upper part of the product, which is fastened with a 

standard screw on each side. The advantage of this 

type of clamping is that the part is attached so that it 

is possible to drill holes more accurately. Conversely, 

the disadvantage of the design being created lies in 

the longer time required to clamp the workpiece, 

since it is necessary to ensure that the product is 

secured in the corners equally to prevent the 

workpiece from rotating. The fixture is reliable, but 

its application requires a long clamping time. This is a 

time-consuming task in which it is necessary to 

dismantle the fixture after each drilling operation. It is 

also necessary that all the bolts in the product are 

touched as well for greater accuracy and reliability. In 

conclusion, it is possible to state that by implementing 

CAD design into the educational process, students are 

then ready to solve the problem in practice, as stated 

in this article. From a practical point of view, it can be 

stated that the proposed fixture is applicable in 

practice and ensures the production of holes with 

higher accuracy.     
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