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Part 1 

..: Problems in engineering education 

..: Innovations in engineering education 

INTRODUCTION 
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Introduction 
Problems in engineering education 

Multidisciplinary 
approach 

Natural 
human need 
for progress 

Complexity of 
systems in 

engineering  

Development 
of technology 

Low interest 
for studying 
engineering 

Development of 
new methods in 

education 
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Introduction 
Innovations in engineering education 

Multi-
disciplinary 
Approach 

Blended 
learning 

Virtual and 
Augmented 

reality 

Video 
games 

Applicative 
software 
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Part 2 

..: Motivation 

..: Basic knowledge 
 - Theory of mechanisms 
 - Basic Math 
 - Application software 

THE PROBLEM 
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The problem 
Motivation 

 Actuality of the graduation papers 
- Higher complexity of the assignments 
- New problems 
- Problems from real world 
 Introducing new teaching methods 

- Multidisciplinary approach 
- Efficiency of acquainted knowledge 
 Why cycloid meshing? 

- Frequently applied in practice 
- Basic theoretical experiment 
- Richness of different solutions 
- Complex example 
- Adequate with non classical methods of learning 
- Suitable for analysis in GeoGebra laboratory 
- Demanding CAD model 

 
 

 
 

The 18-by-10-foot multimedia wall in the Collaborative 
Visualization Environment (CoVE) will be used in the new 

Professional Master’s Degree in Applied Systems Engineering 
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The problem 
Basic knowledge 

Theory of mechanisms 
Pedagogical  view 

Basic theory 

Basic Math 
Trigonometry 

Analytic geometry in plane 
Cycloids 

 

Application software 
Math 
CAD 
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The problem 
Theory of mechanisms 

Leonardo da Vinci 
 Madrid Codices I, 1493 

Antikythera mechanism,  
early 1st century BC 

Roloff Matek 
Maschinenelemente, 2007 

 Pedagogical view  
- Part of few core subjects of study 

during all four years 
- Students usually have learning problems 
- Teachers have teaching difficulties 
- Long and rich history 
- Science literature is not adequate for secondary level 
- School books are not enough 
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The problem 
Theory of mechanisms 

 Basic theory 
Communication of Motion by Contact 
1. In the communication of motion by contact 

- the angular motions of the pieces are inversely as 
the segments into which the common normal 
divides the line of centers 

2. In rolling contact  
- the point of contact is always in the line of centers 
- the angular velocities are inversely as the 

segments into which the point of contact divides 
the line of centers 

- if the velocity ratio is constant, the segments must 
be constant, and the curves become circles, 
revolving round their centers, and whose radii are 
the segments 

by Sliding Contact 

by Rolling Contact Willis, Principles of Mechanism, 1841. 
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The problem 
Theory of mechanisms 

 Basic theory 
Communication of Motion by Sliding Contact 
1. The axes being supposed parallel 
2. The angular velocities are in the inverse ratio of the segments into which the normal 

of the curves, at the point of contact, divides the line of centers 
3. Any curve then being assumed for the edge of one revolving piece 
4. If we can assign such a form to the edge of another revolving piece that the common 

normal of the two curves shall divide the line of centers in a fixed point, in all 
positions of contact, then will these curves preserve a constant angular velocity ratio 

Willis, Principles of Mechanism, 1841. 

First solution Second solution Third solution Fourth solution General solution 
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 Trigonometry, Analytic geometry in plane 
 Both are parts of the curriculum 
 Cycloid 

 
 Although, parametric equations of the curves are not part of the curriculum by 

the use of GeoGebra students except them easily 
 It is known that the so-called mechanical curves are not the subject of study at 

the secondary level. However, by the use of GeoGebra, analysis of these curves 
is qualitatively possible and acceptable for students 

The problem 
Basic Math 

𝑥 = 𝑟 𝑡 − sin 𝑡
𝑦 = 𝑟 1 − cos 𝑡  
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The problem 
Application software 

CAD softwere 

Creo Elements/Pro (formerly Pro/ENGINEER) 
parametric, integrated 3D CAD/CAM/CAE 
solution for design and manufacturing 

PTC Creo 

Math softwere 

Mathcad is computer software primarily intended 
for the verification, validation, documentation and 
re-use of engineering calculations 

Mathcad 

GeoGebra 
GeoGebra is an interactive geometry, algebra, 
and calculus application, intended  
for teachers and students 
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Part 3 

..: with GeoGebra 

..: Examples 

..: Conclusion 

CYCLOID 
LABORATORY 
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 When a straight line rolls along a stationary circle a 
point on the line traces a curve called an involute 
 When a circle rolls along a stationary straight line a 

point on the circumference of the circle traces a 
curve called a cycloid 
 When a circle rolls along another circle then a point 

on the  circumference of the rolling circle traces out 
a curve called an epicycloid  
(if the rolling circle rolls on the outside of the 
stationary circle)  
 or a hypocycloid 

(if the rolling circle rolls on the inside of the 
stationary circle). 
 In all these cases of rolling circles points not on the 

circumference trace curves called trochoids 
 

Cycliod Laboratory 
with GeoGebra 
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Example 1 
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Example 2 
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Example 3 
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Example 4 
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Cycliod Laboratory 
Conclusion 

 The aim of GeoGebra laboratory is for student to 
- To spot kinematic  connections 
- To spot trajectory of the fixed point 
- To grasp the mining of the ratio 
- To grasp the correlation between the given ratio 
    and the form of the curve 
- To grasp the mining of proportions being integers 
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Cycliod Laboratory 
Conclusion 

 The aim of GeoGebra laboratory is for student to 
- To spot kinematic  connections 
- To spot trajectory of the fixed point 
- To grasp the mining of the proportions 
- To grasp the correlation between the proportions 
    and the form of the curve 
- To grasp the mining of proportions being integers 

GeoGebra Mathcad PTC Creo 
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Part 4 

..: First Solution 

..: Second Solution 

..: Third Solution 

..: Application 

CYCLOID 
MESHING 
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 Cycloid meshing 

First Solution Second Solution Third Solution 

Willis, Principles of Mechanism, 1841. 
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 First Solution 
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 First Solution 
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 Second Solution 
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 Second Solution 
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 Third Solution 
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 Third Solution 
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Cycloid Meshing 
Application 

Cycloidal drives Cycloidal gears Cycloid  
hydraulic motor 

Cycloidal  flow meters Cycloidal propeller Wankel rotary engine The Reuleaux polygon 

MEMS 
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Part 5 

..: GeoGebra Laboratory 

..: PTC Creo CAD Assembly 

CYCLOID 
GEARING 
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Cycloid Gearing 
GeoGebra Laboratory 

 
1 3 2 4 

5 6 7 
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Cycloid Gearing 
GeoGebra Laboratory 

 

1 2 
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Cycloid Gearing 
GeoGebra Laboratory 

 

1 2 
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Cycloid Gearing 
GeoGebra Laboratory 

 

1 2 
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 Cycloid Gearing 
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Cycliod Gearing 
PTC Creo CAD Assembly 

 PTC Creo CAD Assembly 
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Cycliod Gearing 
PTC Creo CAD Assembly 
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Thank you! 
Questions... 
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Contact 
 

Kaja Maricic 
e – mail: kjmaricic@gmail.com 

Sima Pastor 
e – mail: promachinex@gmail.com 

 
 

mailto:kjmaricic@gmail.com
mailto:promachinex@gmail.com
mailto:promachinex@gmail.com
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