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Abstract  
Nowadays, the design process of a machine has to take into consideration not only the applied loads 
on the elements that form it, but also in the selection of the most appropriate material. Some of the 
subjects taught in industrial engineering schools (Mechanics Theory, Design and Testing of Machines, 
Materials Engineering, Advanced Engineering Design) present, together with their laboratory 
practices, a very important role in the acquisition of general as well as the specific skills in 
engineering. The present work shows how the simultaneous and common coordination of the 
laboratory practices of the mentioned subjects can influence in a favourable way in the improvement 
of their general and specific skills. As a practical case, this work shows the development of two 
laboratory practices carried out by master's students in industrial engineering. In the first of the 
practices, the students calculated through the theory taught in the subjects, the distribution of stresses 
on a notched piece. On this same piece, the students also obtained experimentally using 
photoelasticity and using a computer model based on the Finite Element Method (FEM), the 
distribution of stresses. In the second practice, these same students modeled with the FEM the tensile 
test, considering both an elastic and elastic-plastic behavior of the material. Both behaviour were 
previously obtained experimentally in the materials engineering laboratory. An improvement in the 
attention by the students regarding the development of the practices without any coordination was 
observed by the lectures responsible for the subjects involved in this teaching experience. 
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1 INTRODUCTION 
In almost all Spanish universities, the knowledge imparted in the undergraduate courses in 
Mechanical Engineering covers many technological areas such as mechanics, automation, 
electronics, electricity, materials and manufacturing processes. As a result, the Industrial Engineer has 
a multidisciplinary training with a very broad base that allows it to adapt in a simple way to an 
increasingly changing technological scenario. The professional interest that the Master's degree offers 
for students is backed by the continuous demand for jobs offered by companies from many different 
fields. The graduates have practically full employability, as confirmed by the different Professional 
Colleges. All this demonstrates the flexibility and adaptability of the industrial engineers to the new 
labor demands of the society. Also, the construction of the European Higher Education Area (EHEA) is 
assuming for Spanish universities a profound process of renewal and innovation. This process 
promotes methodological renewal focused on the acquisition of general and specific skills of each 
master's degree, as well as on the incorporation of new teaching strategies that tend to increase the 
protagonism of the student in the teaching-learning process. It is well known by teachers that well-
coordinated laboratory practices can favor student learning as well as a faster acquisition of general 
and specific skills [1]. In the field of industrial engineering, some of the subjects taught in this specialty 
(Mechanics Theory, Design and Testing of Machines, Materials Engineering, Advanced Engineering 
Design) also require that their laboratory practices be imparted in a coordinated way [2]. The current 
work demonstrates how the simultaneous and common coordination of the laboratory practices of the 
mentioned subjects can influence in a favourable way in the improvement of their general and specific 
skills. The work is based on the development of two laboratory practices carried out by master's 
students in industrial engineering. In the first of the practices, the students calculated through the 
theory taught in the subjects, the distribution of stresses on a notched piece. On this same piece, the 
students also obtained experimentally using photoelasticity and using a computer model based on the 
Finite Element Method (FEM), the distribution of stresses. In the second practice, these same 
students modeled with the FEM the tensile test, considering both an elastic and elastic-plastic 
behavior of the material. Both behaviour considered were previously obtained experimentally in the 
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materials engineering laboratory. An improvement in the attention by the students regarding the 
development of the practices without any coordination was observed by the lectures responsible for 
the subjects involved in this teaching experience. 

2 DEVELOPMENT OF APPLIED METHODOLOGY  

2.1 The First Laboratory Practice  
The first laboratory practice consisted in the study of the distribution of stresses on a notched piece. In 
this practice, the stresses were calculated theoretically based on the theoretical knowledge acquired in 
the subjects of Mechanics Theory, Design and Testing of Machines, and Advanced Engineering 
Design, experimentally using photoelasticity and using a computer model based on the Finite Element 
Method (FEM). The stresses were obtained in two different points of the piece: at a point far from the 
zone of influence of the notch and at a point very close to the notch. Fig. 1a shows a detail of the 
piece with a notched in which it is possible to appreciate its dimensions and the points of the stresses 
studied. The theoretical calculation of the stress for the point far from the zone of influence of the 
notch was obtained by the following equation: 

 !! =
!
!
  (1) 

Being σa is the stress obtained for an applied load F when the cross section of the part studied is A. 
Similarly, the stress obtained in the area close to the notch can be calculated according to the 
following equation: 

 !! = !!! = ! !
!
   (2) 

Being σb is the stress obtained for an applied load F when the cross section of the part studied is A 
and when a notch coefficient k is considered. This coefficient k can be obtained from the following 
reference [3]. In this case, the applied load was 500 N, k=1.6 and A = 60 mm2. 

Once the tensions for the two points were obtained, a model based on the FEM was proposed. This 
FE model was developed in 3 dimensions (3D) using hexahedral elements with linear formulation. A 
mesh size of 2 mm was considered for the entire FE model. Fig. 1b shows the results obtained from 
the FE model in which the stresses at the different points studied can be observed. 

Finally, the stresses on the notched piece were obtained experimentally using photoelasticity. Fig. 1c 
shows the distribution of stresses obtained on a piece manufactured with identical dimensions to that 
studied in methacrylate. It is important to note that the stresses obtained on the notched part by 
photoelasticity do not show numerical values, that is, in a quantitative way, but in a qualitative way. 
However, the obtained stresses can be compared qualitatively with the stresses obtained by FEM. 

 
Figure 1. (a) Detail of the piece calculated theoretically. (b) Image of the piece calculated with FEM. (c) 

Image of the stresses obtained using photoelasticity. 
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Table 1.  Stresses obtained in the notched piece by the 3 different methods. 

 Theoretical 
calculation FEM Photoelasticity 

Close to the notch (MPa) 8.0 8.35 - 

Away from the notch (MPa) 5.0 3.98 - 

2.2 The Second Laboratory Practice  
This second laboratory practice was based on the tensile test [4]. In the first place, the students were 
able to theoretically calculate the stresses in the central area of the piece by applying the Equation 1 
above. In this case, the piece lacked a notched area (See Fig. 2a) and no effect of plasticity on the 
piece was considered. Later, this same piece was modeled with the FEM considering both, an elastic 
and elastic-plastic behavior of the material (Steel with a yield stress of 235 MPa, an elastic modulus of 
210,000 MPa and a poisson modulus of 0.3). The plastic behavior of the material (plastic stress VS 
strain) was determined experimentally on a laboratory specimen in the subject Materials Engineering. 
Fig. 2b and 2c shows, respectively, the stresses obtained with the FEM considering an elastic and 
elastic-plastic behavior of the material.  

 
Figure 2. (a) Detail of the standardized specimen for the tensile test. (b) Image of the piece calculated with 
FEM when the elastic behavior is considered. (c) Image of the piece calculated with FEM when the elastic-

plastic behavior is considered. 

In Table 2 are summarized the stresses obtained in the center of the studied piece when these are 
calculated theoretically and by FEM. From this table it is observed that the stresses obtained when the 
applied load is lower to the corresponding tensile load of the yield stress, are very similar when the 
elastic behavior and elastic-plastic behavior are considered. 

Table 2.  Stresses obtained in the notched piece by the 3 different methods. 

Stresses obtained Theoretical calculation 
(MPa) 

FEM considering 
elastic behavior (MPa) 

FEM considering elastic-
plastic behavior (MPa) 

Load applied = 10000 N 277.77 277.5 272.0 

Load applied =20000 N 555.55 555.0 490.0 
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3 SPECIFIC SKILLS TO BE ACQUIRED BY STUDENTS 
In the following paragraphs are shown some of the most important specific skills that are intended to 
be acquired by students. These specific competences are evidently related to the subjects that are 
involved in the current work: 

• The ability to determine the modulus of elasticity or Young's modulus. 

• Knowledge about the fundamentals of nonlinear elastic problems. 

• Be creative in solving problems of non-linear engineering problems. 

• Apply numerical techniques to solve nonlinear elastic problems 

• Applied knowledge of advanced calculation and machine design techniques 

• These specific skills are vital for proper understanding of the subject materials and the future 
career of the design engineer. 

• The ability to identify in the laboratory the different components of the universal testing machine 
(load cell, extensometer, etc.). 

• The ability to conduct the tensile test according to standard  

• The ability to use and operate the international system of units.  

• Acquaint students with the definitions of the strength of materials such as efforts, elongation, 
deformation, tensile stress versus deformation. 

4 METHODOLOGY OF EVALUATION 
Once the practical content of the subjects were been taught in the course, all students were evaluated. 
In this case, the students presented to the lectures an unique work report in which the work developed 
with the subjects implied. Table 3 shows some of the rubrics proposed in order to evaluate it. The 
results of this teaching experience have been interesting, since students have been able to assimilate 
the knowledge of the subject material that is required in a more practical way. 

Table 3.  Rubrics based on the evaluation of the students practice report 

Ítem Deficient (0) Sufficient (1) Good (2) Very Good (3) 

Quality 
There was no 
clarity in the 

results shown 

The results are shown 
with graphics that had no 

explanation 

The results have been 
analyzed in a proper 

manner, attaching graphs 
accompanied by a brief 

explanation 

The results have been analyzed in a 
thorough and rigorous manner and 

have been presented in detail 
clearly and comprehensively, 

accompanied by graphics and an 
interpretation of these results. 

Method 

The methodology 
of data analysis 

does not meet the 
needs of the 

project or the level 
of research 

A statistical analysis was 
done without identifying its 

type 

The data analysis has been 
done correctly and the 

characteristics and types of 
analyzes have been shown. 

The data analysis methodology has 
been adapted to the needs of the 

project, identifying the 
characteristics of the types of data 
analysis and crosschecking results 

to verify its accuracy. 

Abstract 

The student does 
not present a 

summary or is a 
copy of some text 

The student incompletely 
describes the work 

objectives, the general 
methodology, the most 
relevant results and the 

conclusions 

The student describes in his 
own words the objectives of 

the work, the general 
methodology, the most 
relevant results and the 

conclusions 

The student describes in his own 
words the objectives of the work, 

the general methodology, the most 
relevant results and the 

conclusions. 

5 RESULTS 
Some of the subjects taught in industrial engineering schools (Mechanics Theory, Design and Testing 
of Machines, Materials Engineering, Advanced Engineering Design) present, together with their 
laboratory practices, a very important role in the acquisition of general as well as the specific skills in 
engineering. The current work has allowed industrial engineering students to acquire in a more 
coordinated and practical way some of the specific skills of the mentioned subjects. An improvement 
in the attention by the students regarding the development of the practices without any coordination 
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was observed by the lectures responsible for the subjects involved in this teaching experience. On the 
other hand, it is important to emphasize that some of these students are taking advantage of the 
knowledge acquired in this experience to develop their own future master's degree. However, the 
experience has not been completed entirely yet as some of the tests described in this manuscript is 
unfinished. From an educational point of view, the development of this teaching experience has been 
rewarding because students have felt much more motivated to be able to feel a lot of the contents they 
were seeing in their subjects 
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