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Abstract

Within the scope of the Mechanical Technology Il course unit of the Degree in Mechanical Engineering
of the Polytechnic Institute of Braganca (Portugal), it was proposed to carry out a practical work
involving the design and manufacture of small teaching machines, specifically a hydraulic press (in the
academic year 2015/2016) and a manual plate rolling machine (in the 2016/2017 academic year).
Each work was carried out by a group of four students and was developed in four stages: project;
manufacture; assembly and testing the machines; and writing a technical report. The students showed
great enthusiasm for this type of work, which was even more evident in the stages of the
manufacturing, assembly and testing the machines. In addition to improving the understanding of
theoretical concepts by applying them to practice, it was also found that the level of self-confidence of
students regarding contact and handling with industrial machines increased significantly.

Keywords: Mechanical technology, laboratory classes, didactic machines, hydraulic press, plate rolling
machine.

1 INTRODUCTION

One of the main challenges of implementing the Bologna Process was to provide students with the
role of protagonists in the process of teaching learning and to promote their autonomy with the
planned follow-up of teachers [1]. In this perspective, according to Cunha [2], the methodologies to be
adopted, within the scope of the engineering courses, should be directed towards the creation of
learning environments that allow the student to "learn to learn", aiming at the development of
competences that meet the requirements necessary for the future engineer.

The study plan of the degree in Mechanical Engineering of the School of Technology and
Management of the Polytechnic Institute of Braganga (Portugal) includes the Mechanical Technology
Il course unit, which works in the second year of the course. At the end of their frequency in the
course unit, students are expected to acquire basic knowledge about machining processes and sheet
metal forming and cutting technology and have the ability to design and obtain parts using these
procedures. They are also expected to gain basic knowledge about metal join processes: welding,
soldering and adhesives joints.

As for the organization of the course unit, there is a theoretical component (theoretical classes, 2
hours per week) and a practical component (laboratory classes, 2 hours per week) and, traditionally, a
teaching methodology with expository characteristics is followed. Although there is a more active
participation of the students in the laboratory, it is still incipient because these classes are still very
teacher-centered and, usually, the work with the machines is only done for a demonstrative purpose.
In order to change this paradigm, in the academic years 2015/2016 and 2016/2017, the professor of
the course unit decided that, although he/she maintained the format of the theoretical classes, for the
advantage of approaching a great quantity of topics of interest in the scope of the course, laboratory
classes would focus on actual work, at least for a selected group of students. The main objectives
were to get students to apply theoretical knowledge in solving real problems and to make them learn
how to use the laboratory's machine tools.

2 METHODOLOGY

Taking into account the objectives to be achieved, in the academic year 2015/2016 the design and
manufacture of a hydraulic press was proposed and in the academic year 2016/2017 of a manual
plate rolling machine. The hydraulic press is an equipment used to cut, bend and model materials,
usually metallic [3]. The plate rolling machine is a machine that allows the bending of metal plates
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between two or more cylinders [4]. The selection of the appropriate size for the equipment took into
account the fact that it allows its construction by the students with the available means and,
simultaneously, make possible its real use in the laboratory of Mechanical Technology for small work.

Four students participated in the experiment each year. In 2015/2016 the students were Spanish
Erasmus (1 girl and 3 boys), who arrived at a later date than the beginning of the classes. In order for
the students to recover the knowledge already covered during the time they were missing, it was
considered pertinent that they develop a study that interconnected theoretical and practical contents,
thus arising the proposal to design and manufacture a hydraulic press. As the students showed great
enthusiasm in carrying out this work, in the following academic year, that is, in 2016/2017, it was
decided to replicate the experience. Thus, when the work to be developed within the scope of the
evaluation was presented to the class, the proposal for the creation of a manual plate rolling machine
was also included. The students were previously advised that it was a job that needed some
dedication and was demanding from the point of view of research and application of knowledge. The
challenge was accepted by four Portuguese students, three boys and one girl, one of whom was
motivated by feedback from the students who participated in the project the previous year.

The methodology followed in the classes was the same in both academic years. The students worked
in groups and did the practical work throughout the semester. This was divided into four stages:
design (drawing and dimensioning); manufacture; assembly and testing the machines and, at the end,
the writing of a technical report.

In the part of the project the students drawing all the parts of the mechanism in a specialized
Computer Aided Design (CAD) software called SolidWorks®. For the dimensioning of the mechanical
elements, in a first phase, they used the specific equations that corresponded to them, being based on
the consulted bibliography [5, 6]. In a second phase, they used the finite element module of the same
software to simulate the mechanical behavior of the projected machines. The manufacturing of the
non-standard parts of the machines was carried out in the mechanical technology laboratory of the
institution using industrial machines, where the students were able to carry out most of the
manufacturing operations with the assistance and follow-up of the laboratory technicians. Assembly
and testing of the machine were developed in the same laboratory. The last stage of the work, that is,
the writing of the technical report, was carried out by the students together. Based on this report, the
students presented their classmates in the last class with the work done, focusing in particular on the
description of the main phases of the work and the justification of the options taken.

The evaluation of the experience was made through the productions made by the students, both in the
perspective of obtaining the final result (the machine) and in the intermediate documentation that they
had to produce, and based on the field notes collected by the professor.

3 RESULTS

In this section we focus on the approaches taken in the various stages of the practical work and some
of the difficulties of the students. Whenever pertinent, the information is supplemented with
photographs clarifying the actions developed by the students.

3.1 Design and dimensioning

The design and dimensioning of the two machines began by defining their objectives and limits. Thus,
it was intended to manufacture, for both cases, didactic mechanisms dedicated to the aid of small
work in the laboratory. In this way, the hydraulic press would be used, essentially, for the placement of
bearings while the plate rolling machine would be used to bend sheet of small thickness and
dimensions. For the characteristics of the equipment defined, it is concluded that the workloads
involved would have a low intensity, so that their structure would be relatively light.

After defining the objectives and limits, the design and sizing phase of the machines was started. As
previously mentioned, the drawings were made in a CAD software which allows to create a three-
dimensional model of each of the pieces and, later, to assembly them to obtain the complete machine.
In Fig. 1 it is possible to observe, by way of example, an exploded view of the hydraulic press drawn in
SolidWorks®.

6279



Figure 1. Draw of the manual rolling machine.

The dimensioning of the structure and the mechanical elements was based on the dimensions defined
for the equipment and taking into account the design calculations defined in the specialized
bibliography [5, 6]. Thus, for example, in the case of calculating the force for bending a plate in the
plate rolling machine the students used equation:

2
_ o, xXbxh
¢ d
where F. is the force required to bend the plate in the plate rolling machine, o, is the yield stress, b is
the length of the sheet, h is its thickness and d is the distance between the contact surfaces.

With regard to the design of machines, in recent years numerical tools have been increasingly used,
as is the case with the finite element method [7]. Thus, to verify if the structural dimensioning was
correct, we used the finite element module of SolidWorks, which allowed to simulate the behavior of
the structure of the machines when they are in operation. Fig. 2 shows the results of the simulation
performed by the students for the hydraulic press.

| e

(@) (b)

Figure 2. Von-Mises stresses (a) and global displacement (b) in structure due to work load.

The standard elements, such as screws, bearings and gears, were dimensioned according to the
calculation procedures defined in the specialized bibliography referred to above.

Regarding the difficulties of the students in this stage, regarding the dimensioning, they focused on the
selection of the most adequate equations for the sizing of the various mechanical elements.

In working with SolidWorks students demonstrated that they did not have difficulties in the CAD
module, in which they had to make the drawings of the machine, probably because they had already
worked on this module in the context of other curricular units. However, in the FEM (Finite Element
Method) module, used for the numerical simulation of the mechanical behavior of the machines
structural elements, the students' difficulties in operating with the software were evident in order to
respond to what they wanted, as well as the lack of theoretical and practical knowledge regarding the
finite element method. Difficulties that can be explained by the fact that the students have not yet
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studied these subjects in depths in the other curricular units. However, these difficulties were
overcome through the study and consultation of specialized manuals [8] and websites related to
SolidWorks.

3.2 Manufacturing the machine elements

After the project execution, the students manufactured the non-standard components in the laboratory,
using industrial machine tools (milling machine, lathe, drilling machine, among others) that use chipper
manufacturing processes. In these manufacturing processes, the workpiece, corresponding to metallic
blocks (cylindrical or parallelepiped), and small metallic chips of material are removed until obtaining a
final product. In the manufacture of the hydraulic press, besides chipper manufacturing processes,
welding processes were also used.

The construction of the hydraulic press structure involved the use of steel profiles that had to be cut
into a mechanical saw. As a set of mechanical elements would have to be coupled, it was necessary
to machine some punches and holes in the steel profiles. For this purpose, two machine tools were
used, a vertical milling machine to create the traces and a radial boring machine to make the holes.
After this manufacturing phase, the structural elements were connected together by the MAG (Metal
Active Gas) welding process. It was also necessary to manufacture some steel plate supports that
were obtained by the mechanical guillotine cutting process. As these supports were pierced, the radial
drilling machine was again used. Finally, the last element to be manufactured was a steel shaft that
would be used as a pawl for the height positioning of the press table. This element was obtained by
machining process using the lathe.

The manufacture of the plate rolling machine involved only machining processes using three types of
machine tools, depending on the geometry of the workpiece to be manufactured. Thus, pieces with
geometry of revolution (cylindrical rollers) were manufactured in the lathe. In order to execute the flat
parts (plates, supports, sliding side supports) the milling machine was used, also the drill was used to
machine the holes in these elements. Fig. 3 shows illustrative elements of some phases of the manual
manufacture of plate rolling machine.

(b)

Figure 3. Mechanical parts manufacturing using: lathe process (a) and milling process (b).

3.3 Assembly and machine testing

At this stage, in addition to the parts previously manufactured by the students, it was necessary to
acquire, in specialized stores, the standard elements defined in the design phase, namely, bearings,
gears, screws, nuts, among others.

The elements were all assembled according to the set design carried out in the project and with the
support of small tools. In the particular case of plate rolling machine, the bearings and bushings were
mounted on the structure with the help of the hydraulic press manufactured in the previous year. Fig. 4
shows the two machines built by the students.
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Figure 4. The hydraulic press (a) and the manual rolling machine (b) after the assembly process.

After the assembly and fixation of all the mechanical and structural elements of the machines, their
operation was tested and the need to make small adjustments or the manufacture of new elements
were evaluated.

Thus, in the case of the hydraulic press, it was important that it had a high flexibility, however, in a
laboratory of mechanical technology is very often used for the assembly and disassembly of bearings
in holes or cavities, as this operation is carried out with tightening, requiring an extremely precise
procedure involving relatively high forces and, hence, the need to use a press. In this sense, the
students performed some experimental tests of assembly of bearings in wells with different values of
interference. The tests were successful, with five bearings mounted without any deterioration or
misalignments.

In order to test the manual rolling machine several bends of sheet with different thicknesses, from 0.6
mm to 3 mm, were performed, the latter corresponding to the maximum thickness that the machine
could bend. As can be seen from Fig. 5, it was possible to successfully bend the different thicknesses
tested.

(a) (b)
Figure 5. Testing the manual rolling machine (a) and the obtained results of bending steel sheet with
different thicknesses (b).

3.4 Technical report

The technical report was written in a group by the four students and written in their mother tongue.
Thus, in the academic year 2015/2016 was written in Castilian while in the academic year 2016/2017
was written in Portuguese, however in both reports it was mandatory to include a summary in English.
The students organized it into six chapters: the introduction, which included the objectives of the work;
the theoretical basis; mechanical design; the experimental procedure corresponding to the description
of the manufacture, assembly and tests carried out; analysis and discussion of results and
conclusions.

This phase was less exciting for the students and in which there were many difficulties. These
difficulties centered on failures in the ability of students to express their ideas in a clear, concise and
structured manner. There were also gaps in the grammatical structure of sentences and some
misspellings. However, the professor suggested some changes, corrections and improvements in the
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written report, which the students took into consideration and the revised report improved significantly
when compared to the first version.

4 CONCLUSIONS

In both academic years, the students who participated in the experiment were motivated and
committed throughout the process, although they had some difficulties, for example, in the use of
software and in working with industrial machines.

Regarding SolidWorks software, the students demonstrated good knowledge and ability to work with
the CAD module when designing the machines, but they had considerable difficulties in the FEM
module for the numerical simulation of the mechanical behavior of the structural elements of the
machines. However, these difficulties turned out to be an added value for the students' learning, since
it was necessary to overcome them in order to carry out the work, this made them to improve their
knowledge about the finite element method and to research as operate with the software to meet the
challenge that has been proposed to them.

In the initial phase of the manufacture of the pieces of the designed machines, the students had some
difficulty and fear in using the industrial machines, which is justified by their little experience in the
contact with this type of machines. However, most of these difficulties were overcome by consulting
the existing bibliography (internet, books / manuals) and the support of the teacher and laboratory
technicians.

The work done, in addition to allowing students to better understand the theoretical concepts, because
they had to apply them in practice, also made them more responsible and made them develop their
communication skills and collaboration with peers. There was also an increase in the level of self-
confidence of the students to carry out more practical work, as well as in the handling of industrial
machines. | gain that will be an asset for a future mechanical engineer, to the extent that the
professional level may have to deal with this type of contexts and equipment.
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