
Proceedings of the  7th International Conference on Mechanics and Materials in Design, 
Albufeira/Portugal 11-15 June 2017. Editors J.F. Silva Gomes and S.A. Meguid. 
Publ. INEGI/FEUP (2017) 

-1819- 

 
PAPER REF: 6891 
 
 

SERVOMOTOR CONTROL THROUGH A RESISTIVE TOUCHPAD 
 

Joaquim Gabriel1(*), José Neto2, Fernão D. Magalhães3 
1INEGI, Faculty of Engineering, University of Porto, Porto, Portugal 
2Petrobás, Bahia, Brazil 
3LEPABE, Faculty of Engineering, University of Porto, Porto, Portugal 
(*)

Email: jgabriel@fe.up.pt  
 
 

ABSTRACT 

Motion control is a common task in a number of mechatronic design systems. However, it is 
not always easy for the students to understand the relation between the mathematic models in 
Matlab® and the real system on the desk bench. In industrial control curriculum, the 
knowledge to find optimal PID parameters that makes the system reaches the setpoint in a 
short period and become stable with a near zero error, is still difficult to achieve. For this 
purpose, a hands-on experience is crucial to make the difference. This article presents the 
development of a servomotor control operated through a manual reference, using an external 
tuned PID controller. The controller was implemented in LabVIEW, on a windows computer 
that communicates with the motor driver through a data acquisition board. The setpoint is 
defined using an angular piezoresistive touch pad sensor (donuts type). By moving the finger 
across the sensor, the motor copies the movement features, same speed, same starting and end 
points, thus it can be used in classroom as an experimental setup. 

Keywords: motion control, positioning, LabVIEW, piezo resistive sensor. 

 

INTRODUCTION 

Process control is a relevant matter in the scope of engineering curricula, either mechanical, 
electrical and chemical. However, it is not always easy to make the students successful 
understand the contribution of each one of the PID controller constants (Pb - proportional 
band, Ti - integral time integration, Td - derivative time). The best that usually is at hand, is a 
“youtube video”, which does not allow any interaction, or a Matlab Simulink simulation, 
which produces only a screen animation. This strategy is being reinforced due to easy access 
to computers in class room. However, these models are frequently far from the reality, 
presenting a virtual interaction that does not cope the real environment (Feisel e Rosa, 2005). 
Haugen and Wolden also state these simulators do not give the “real-time” neither the 
dynamic of the experience since they run at a different time duration, being able to finish the 
experiment in just a few moments but lacking reality (Haugen and Wolden, 2013). Thus, 
hands-on learning is a fundamental component of engineering curricula, complementary to 
other competences, like: problem solving, critical analysis of experimental data and 
familiarization with industrial equipment. As the experimental work is usually made in group, 
it also contributes to develop the ability to work together as a team. Additionally, the 
motivation factor that comes from successfully be able to translate theoretical concepts and 
models into practical, makes this approach quite rewarding (Davies, 2008).   

This work presents the development of a servomotor control operated from a touch surface 
(donuts shape), in a way that the motor follows the fingers movement over it, with the same 
speed, starting and ending point. 
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generator set operation. The LabVIEW platform (Aprenda Sobre O LabVIEW: Introdução à 
Programação Gráfica No LabVIEW) was used to create the master program and produce the 
Modbus session using low level communication blocks. Excel® macros were also used to 
create a uniform text file with all the signal names and formatting information from the 
various manufacturer datasheets available. A generator set was also studied in order to create 
a generator set simulator that can be correctly modeled and programmed. 

 
RESULTS AND CONCLUSIONS 

The Arduino was programmed with some sample signals from the generator’s datasheet and 
the Modbus RTU protocol was implemented using a Modbus library (Sarmento, 2015). 
Physical connections had to be made to the computer’s serial connection and to other 
peripheral devises that would change the signal magnitude. The Arduino generator slave was 
tested and debugged using a simple Modbus master program (elbar, 2016) which would 
display the communication packets. 

NAVAL MB Master is the name of the program created for this work. Initially, the program 
was planned to consists of basic functions for communication. The program was then created 
in the LabVIEW platform and more functions were added as individual modules or sub Vis 
that could also be useful to the program. These were individually tested and debugged before 
being implemented into the program. Modbus libraries were searched to facilitate the 
implementation of the Modbus protocol The program was exposed to rigorous testing using 
the generator set simulator to verify that all functions were operating as previously planned. 

The program, when tested and presented to the shipyard was a success. All the functions and 
functionalities implemented into the program were working as expected. According to 
Alexandre, an electrical engineer, “The demonstration shown, seemed to display that the 
program had the potential to meet our expectations, but real field tests could not be completed 
due to the unavailability of the equipment.” 

It was a very gratifying and rewarding experience to be able to communicate with a 
“homemade” Modbus slave device over the Modbus protocol and have information flow in 
both directions. This idea could be expanded to control everyday appliances at home, a home 
security system, backyard sprinklers, etc. Numerous difficulties were encountered while 
completing the project, but were all overcome. Various work continuation ideas were also 
thought of that could later be employed in the program. 
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ABSTRACT 

Data communication is essential in any mechatronic system or product. It allows for devices 
to communicate with one another, for a more efficient and self-regulating system. To 
effectively rely on the communication between devices, the communication must firsts be 
tested and evaluated for errors and correct data transmission. Sensors and sensor data 
addresses can easily be switched and when a device is communicating with another, it is 
imperative that the correct sensor data is transmitted when a slave device receives a signal to 
do so. If this condition is not verified, the master device could be receiving wrong signals and 
coincidently sending alerts or warning messages to the user. In more extreme cases the device 
can enter an emergency shutdown situation and fail to restart. 

The objective of this work is to study, design and develop a software device that allows the 
user to simulate, evaluate and verify the Modbus communication between the Platform 
Management System (PMS) of a ship and the main equipment on board. The PMS is the 
onboard static master device that displays all the received data to the ship’s captain for 
analysis. This work focuses in particular on a ship's generators, where the available signals 
will be assessed. The signals, stipulated in the equipment’s specification documents, are 
transmitted directly from the equipment and are then received by the PMS. The PMS and the 
onboard equipment are programmed by various entities, of which, can all make mistakes 
while programming and therefor, the sensor and warning names and messages are not 
coherent with the corresponding values.  

Keywords: modbus master, modbus slave, RTU, serial, Arduino slave, generator set. 

 

INTRODUCTION 

The idea of a master Modbus program was to be able to fix in advance the possible 
programming errors and / or assembly errors that otherwise could only be detected in the final 
stages of the ship’s completion when testing the equipment altogether, and possibly leading to 
a delivery delay and therefor an increase cost in labor and fees. The program also allows for 
direct importation of a signal formatting text file which the program uses to format the signal 
data before displaying it to the user. Also, it allows for data logging, the user can monitor the 
signals over time in a graph and save them for a later analysis. 

A plethora of background information needed to be used and understood for the completion of 
this project. The Modbus protocol (Modicon, 1996) was intensely studied in order to allow for 
correct understanding of how the protocol works as well as how to use it. The Arduino IDE 
software was used to program the Arduino microcontroller (Arduino, n.d.) to simulate the 
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Table 1 - Some properties of virgin and recovered PU 

PU 
Tg 
(K) 

Young modulus 
(MPa) 

Stress at 
100% strain 

∆α 
Free volume 
fraction (fg) 

Virgin 318.5 165 20 5.5 10-5 0.0301 

Recovered (100%) 314 128 17.4 5.2 10-5 0.0326 

 

ii) Partial Shape Memory Effect (PSME) 

After recovery tests on a stretched sample of the majority of the polymers, they regain only a 
certain percentage of its initial shape. The (DSME is defined as parameter showing the 
percentage of initial shape regaining. 

The successive cyclic tensile tests (Figure 1) on partial shape memory polymers (PSMP), 
show that the degree of shape memory effect increases by increasing the number of cycle. 
This test also showed the shape capacity of polymer increases by the number of cycles (table 
2). This increase is related to the increase of residual stress in the sample. This new concept of 
shape memory effect is of very important value. We can in a legitimate way suppose that a 
polymer without shape memory effect can be transformed into a shape memory polymer. 

 
Fig. 1 - Real stress versus real strain (tensile tests) at 
the beginning of each cycle of shape memory tests at 

70 °C. (1) First cycle; (2) Second cycle; (3) Third 
cycle; and (4) Fourth cycle. 

 

 Table 2 - Evolution of shape memory effect 
during multi-cycle shape memory test cycles 
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ABSTRACT 

Heterogeneous polymers, because of their viscoelasticity and because of the presence of hard 
and soft segments in their structure present specific behaviors like shape memory effect 
(SME). In the field of shape memory polymers, there are a lot of research works showing 
different aspects of this behavior. In the present study a review of shape memory polymers 
(blend and rubbers) with their specific properties will be presented. In this review, some new 
concepts regarding certain aspects related to shape memory effect will be shown. 

Keywords: shape memory effect, partial shape memory effect, rubber, blend, recovery. 

 

INTRODUCTION 

A review of the literature gives a great deal of valuable information [1-3] about the shape 
memory polymers (SMP); however the answers to a number of serious and foremost 
questions are still shrouded in mystery. Recently certain new concepts for shape memory 
polymers have been proposed (4-5). Some of these concepts can be presented as follows: 

Property Memory Effect (PME), Partial Shape Memory Effect (PSME), Micro-Structural 
Shape Memory Effect (MSSME), Microshape changes and shape memory effect. It is usually 
common to consider shape memory effect (SME) as macroscopic and visual shape changes. 
However, this effect may be observed also in certain cases when the shape change is in a 
microscopic scale. For example, in the following cases, one can see the effect of shape 
memory: Elasticity, Shrinkage, Swelling, heat expansion, etc. 

 

RESULTS 

i) Property Memory Effect (PME) 

Stress-strain tensile tests and mono and multi-frequency DMA (dynamic mechanical 
analyzer) tests on virgin and 100% recovered samples of PU (rubber) revealed that the 
polymer at the end of the shape memory tests regains 100% of its initial form without 
regaining some of its physical properties like glass transition temperature, tensile modulus, 
heat expansion coefficient and free volume fraction (table 1). 

The change of certain properties after recovery test even when the shape memory polymer 
(SMP) regains 100% of its initial shape, may be related to the microstructure irreversible 
changes. This microstructure changes may induce the microchange of volume, which cannot 
be regained after recovery test. In study of SME, generally, the authors measure the 
macrochange of volume. They do not do attention on this microchange of volume. In fact in 
macroscopic scale the microchanges cannot be measured and they are neglected. 
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There are also some devices on the market that allow detection of air leaks using ultrasounds 
[Superior AccuTrak, 2014]. These devices transform the air escape on an audible sound thus 
allowing the user to find their origin. The developed "all-in-one diagnostic system of 
automobile maintenance and repair support" is designed to bring together, in a single device, 
the capability to record relevant data, for both sound and image, with signal processing 
capabilities for objective diagnostics. 

 

RESULTS AND CONCLUSIONS 

The developed prototype was made available 
for use in car workshop environment (Fig.1). 

The project objectives were achieved: the 
prototype complies with the specifications of 
desired use, is a device with reduced costs and 
it can evolve for a product family of narrower 
application (only image or sound), or for more 
sophisticated systems such as niche 
applications in competition, in quality control 
and others. Although the collection of samples 
of defects is still beginning and well under the 
desirable numbers, the device is already able 
to achieve 80% of valid diagnostics. 

A set of suggestions and modifications were proposed and included whenever feasible and 
compatible. The latest version was chosen to be installed in various car repair workshops 
shops in addition to the "Lúcio Machado, Engenharia e Serviços". The next step, upon 
receiving the larger set of test results from the car workshops, will be worked to allow a better 
validation and include a broader set of identifiable malfunctions to enrich the operating scope. 
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Fig. 1 - The Sound Recording setup in operation 
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ABSTRACT 

The “mechanic’s ear” is a special aptitude developed by trained car technicians that allows the 
detection of problematic behaviours in cars, based mostly on the perceived sounds from the 
rotating motors, either idle or in motion, and wheels, shafts, bearings and other parts during 
driving conditions. An instrument able to emulate this sonic information usage through 
quantification and digital processing could be advantageously used at car repair shops, either 
by helping the trained mechanic with objective data but also by allowing some diagnostics to 
be performed by operators with limited skills. The data base of identified and registered 
malfunctions is still limited, but is growing and will allow more detailed problem diagnostics 
in the near future. The device is simple to use, robust and low priced, in order to be handled at 
the floor shop by limited training users, withstanding some rough manipulation and with a 
cost low enough to not be considered the very special piece of equipment reserved for a small 
number of operators. Its use is intended to be such as that almost any employee with a 
minimal knowledge should be able to operate it in reasonable conditions and the collected 
data usable either for direct diagnostic and/or recording for further work.  

Keywords: car, sound, diagnostics, automobile repair workshop. 

 

INTRODUCTION 

Currently it is possible to find on the market equipment that automatically performs a series 
of diagnostics for vehicles (built from 1996) and managed by the manufacturers through their 
representatives or independent, with generic application for most brands, but developed in 
collaboration with car manufacturers themselves. One of the best known is the VAG-COM 
system [VAG-COM, 2014], a diagnostic system developed for vehicles of the brands 
Volkswagen, Audi, Seat and Skoda. Connecting a cable to the onboard computer of the 
vehicle the OBD plug ("On-Board Diagnostics"), this system allows access to information 
from the sensors present on the vehicle and the registered error situations, thus identifying a 
large amount of faults. 

Within this type of equipment it is possible to find a wide range of models and specifications 
for the vast majority of car brands [UOBD2, 2014]. This diagnostic method was introduced 
during last century 80’s through the incorporation of warning lights in case of malfunction of 
a vehicle’s component. Currently, due to the introduction of more sensors in cars, there is a 
great amount of accessible information, which led to the creation of a set of codes that 
identify the different faults [OBD-II, 2014]. This type of equipment have as a major 
advantage the fact that allow to sense quickly and in a simple way, a large number of 
breakdowns and faults in automobiles. Their main drawback is that based the diagnosis on the 
information provided by various sensors, which can lead to diagnostic errors if the sensors are 
not working properly, although some kind of malfunction diagnostics is included. 
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selective laser melting (SLM). Currently, these techniques use only one type of raw material 
and not a combination of different ones. At the same time, for polymers there are already 
some equipments that use multiple materials, on a filament basis mainly, which allows to 
produce components with different polymers in different areas, but not a continuous gradation 
of composition. The present work aims to apply the multi-material concept for metal and 
ceramic materials, using the SLS process, adding the possibility to build FGMs.     

 

RESULTS AND CONCLUSIONS 

The new MMDLS/M process proposed imposes the following requirements: flexibility, full 
control of the design and manufacturing parameters, and adaptability, as a means to provide 
customization, functionality and multi-material part building specifications, which the 
currently available technologies do not meet. To surpass these difficulties an equipment was 
designed and built, recurring to the agile development method. This method is based on an 
effective way to handle complexity, using the minimum set of requirements to accomplish the 
task, and encompasses more general concepts of abstraction and modularization, resulting in 
the decomposition of the system in terms of its abstract layers as shown in Error! Reference 
source not found.. The key idea behind this decomposition is that the hardware is the means 
to effectively do the job, and uses as a brain a microcontroller with a built-in software 
(firmware) that acts as an interpreter to respond to instructions derived from the geometric 
data and process parameters (customized G-Code). As the parameters are specific to this 
process so needs to be the language conveying the information (customized G-Code) and 
consequently the interpreter generated (firmware). The interpreter then needs to be 
implemented once in the microcontroller and then the software layer will be responsible to 
provide the meaningful data for correct process actuation, yielding the desired results. 
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ABSTRACT 

This work proposes a new Multi-Material Direct Laser Sintering/Melting additive process 
(MMDLS/M) for the production of Multi Material components with materials gradations - 
Functionally Graded Materials (MMFGMs). An additive layer-by-layer process was used, 
which is ideal for MMFGMs, since by design, material is only added where is strictly and 
functionally needed, minimizing waste and enhancing the overall properties of the component 
being built and theoretically imposes no restriction on the shape being built, being highly 
customizable, which makes it ideal for applications in many industries such as medical, 
aeronautical, etc. Moreover, this process encompasses a wider perspective of the global 
methodology of a component’s production, since the physical phenomena occurring during 
these processes have a strong impact on the quality of the produced parts, so special focus has 
been given to the design and manufacturing stages, with a closed-loop control to apply 
corrections to the deviations between the model and the printed part. As the technology did 
not fit the customization and freedom requirements associated with this process, an equipment 
was designed and built, recurring to the agile development method. 

 Keywords: multi-material, FGMs, laser sintering. 

 

INTRODUCTION 

In that sense, multi material components with materials gradations in between - Multi 
Material Functionally Graded Materials (MMFGMs) emerged as a good solution to this 
problem. The great interest on using MMFGMs is the possibility of controlling composition 
or structure and thus obtain components with desired local properties, as regarding 
mechanical, tribological, thermal properties, and others (Carvalho et al., 2015). MMFGMs 
have successfully been used to produce thermal barrier coatings, gas turbine blades, chemical 
reaction vessels, cutting tools, bio-implants and thermoelectric components (Mortensen, 1995; 
Mortensen, 1997; Sasaki, 1991). According to the literature, MMFGMs can be produced by 
different techniques such as: PVD (Physical Vapour Deposition), Laser Clading, Wet Powder 
Spraying, among others (Udupa, 2014; Miyamoto, 2013). These techniques present several 
limitations related with the kind and number of different materials being used, their 
properties, in particular coefficient of thermal expansion, as well as the final geometry of the 
component. In that context, this work proposes a combination of the MMFGM concept with 
the additive manufacturing (AM) techniques. The great advantage of the AM techniques is 
that it allows to build components with complex geometry. There are multiples AM 
techniques, depending on the material’s specifications. In order to produce metallic 
components, the most well suited AM technique is direct selective laser sintering (SLS) and 



Symposium-17: Mechatronics Design: Applications and Case Studies 
 

 

-1810- 

parameter measured is actually a thread pulling force). A software application has been 
developed in Labview allowing the acquisition and processing of the resulting signals. 

Thread tension is imposed to sewing threads by a device called a tensioner. This device 
consists of two disks between which the thread passes. A spring holds the two disks together, 
the pre-tension of this spring can be adjusted and is called in this context static thread tension. 

In the current experimentation, thread tension waveforms throughout the stitch cycle are 
being analysed with varying parameters such as: Static thread tension adjustment, number of 
fabric layers, mass per unit area and thickness of fabric, needle size and sewing speed. A 
typical sewing waveform of thread tension in one cycle is represented in Fig. 1. 

 

Fig. 1 - Thread tension over one stitch cycle with low, normal and high static thread tension 
adjustment. Amplitude of main peak reflects the adjustment 

It has been found that most of the signal processing results match the expected behaviour, 
although some aspects have to be studied in further detail and can provide clues to an 
understanding of the principles of automatic set-up and control. Detailed results and 
conclusions will be presented in the full paper. 
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ABSTRACT 

Textile materials are very difficult to handle and process. In the sewing industry, most 
processes rely on human hand, being extremely difficult to automate. The relations between 
material properties, machine configuration and adjustment and the resulting process 
parameters are also very complex. In this work, an instrumented lockstitch sewing machine is 
used to study the variation of thread tensions during high-speed sewing of shirts. The 
objective is to shed light on the principles that may allow for an automatic setting of the 
machines depending on sewn materials, besides providing tools for real-time process control. 

Keywords: sewing, thread tensions, lockstitch, garment manufacturing. 

 

INTRODUCTION 

Garment manufacturing or, in general, the processing of textile products by sewing them 
together, is a very complicated process. This fact is not obvious at first glance, but a closer 
look at the process reveals that, due to the flexible, often extensible nature of the materials, 
their handling is a procedure that in almost all cases requires human hand. Furthermore, 
setting the machines for the huge variety of materials used is another task only accomplished 
by experienced sewing technicians. Machine configuration and adjustment is an empirical, 
time-consuming process that represents significant time considering that textile industry has 
been constantly moving away from mass-production to small orders with varying materials 
and styles. Ideally, machines should be able to set themselves up when fed with data 
regarding the material properties and desired process parameters. They should also be able to 
adapt themselves during operation and detect defects and malfunction automatically. 

This research has been carried out by several researchers, like Stylios (1996) who set down 
the principles of intelligent sewing machines. Within our research team, previous research has 
been carried out on thread tensions, material feeding and needle penetration forces in overlock 
machines (Carvalho, 2008). This paper describes current work on the behaviour of thread 
tensions in an industrial lockstitch sewing machine. 

 

EXPERIMENTAL WORK 

An industrial PFAFF 1053 lockstitch machine has been instrumented with a thread tension 
sensor plugged to a signal conditioning circuit which in turn connects to a National 
Instruments PCI-MIO-16E-1 data acquisition board (although known as thread tension, the 
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Volumetric control systems have been implemented instead of resistive control systems when 
there is increased concern about energy savings., (Heitzig et al., 2012) e (Liermann, 2013). 

Volumetric control based on frequency inverters has been widely used for energy savings in 
hydraulic power units in recent years (Sugimura and Suzuki, 2012). The advantages 
associated with the use of variable displacement pumps can be achieved with fixed pumps and 
speed motor control. However, this type of technology has a reduced dynamic due to the 
dedicated control that is associated. 

The concept of Digital Hydraulic Power Management Systems (DHPMS), seeks to meet the 
market demand for ever more efficient hydraulic systems. In order to compete with 
electromechanical systems, DHPMS must have high efficiency, dynamics, competitive 
implementation costs and widely studied control systems. 

Research has shown that the total efficiency of DHPMS systems can reach 80% (Heikkilä et 
al., 2010). These values vary considerably with the working pressure. However, according to 
the same author, as the working pressure increases, the volumetric efficiency decreases and 
the hydro mechanical efficiency increases. 
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ABSTRACT 

Despite the evolution of electric drives and their undeniable advantages, hydraulic systems 
play an important role in today's technologies. Due to the ability to operate enormous power 
densities, industrial hydraulics are irreplaceable when large forces and binaries are required. 
Its importance can be characterized by the economy it represents and by the development 
potential associated with scientific interest. This paper summarizes the technologies used in 
the production of oil-hydraulic power, seeking to identify the trends of development and the 
research opportunities that come from the demands of the current developments. 

Keywords: oil-hydraulic, fluid power, efficiency, digital hydraulic. 

 

INTRODUCTION 

The production of hydraulic power comprises the transformation of electrical energy into 
hydraulic energy just as it is necessary for the actuators. The technology to perform this 
transformation in the most efficient way possible has been the subject of research over the 
years. The quality of the hydraulic power supplied to the actuator is part of the central 
concerns in the oil-hydraulic power unit projects. 

Although the performance of the hydraulic components is individually good, the overall 
efficiency of hydraulic systems is generally low, as pointed out by (Heikkilä and Linjama, 
2013) and (Linjama and Vilenius, 2005). According to the study by (Love et al., 2012), the 
energy consumed in the USA in the fluid power sector in 2011 was between 586 and 849 
TWh, producing 308 to 380 million tons of CO2/Year. Oil-hydraulic and pneumatic systems 
have an average efficiency of only 22%, in which the mobile oil-hydraulic contributes 21% 
and the pneumatic with 15% as reported by the same author. 

According to the US Census Bureau, in 2008 the annual turnover in fluid power was over 
$244 billion providing more than 750,000 jobs. Considering that the US economy is 1/3 of the 
world economy (Stelson, 2011) there is a significant economic and scientific potential 
development. 

 

RESULTS AND CONCLUSIONS 

Resistive or throttling control is the most common way to control hydraulic actuators, 
(Linjama et al., 2015). Since it is a dissipative control process, its efficiency is very low, as 
documented by (De Negri et al., 2014) and (Xue et al., 2016). The dynamics and low cost of 
hydraulic power units with resistive control make this type of technology widely 
implemented. 
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possible, being this solution composed by two handles with electric motors on their end 
further away from the robot, a system that we named “Grabbers”. To achieve the solution 
used today, many years of study were required, so, from that state of the art, designing a 
solution for our robot and studying the best control system will be the main objective of this 
article. 
 

RESULTS AND CONCLUSIONS 

In the end, after all the study work developed we can conclude that in terms of system control, 
the angular speed imposed in radians to the grabbers will be given by expressions 1 and 2: 

��� �
2��� cos�45º�����√2���

��
�

�������

180
 (1) 

��� �
2��� sen�45º�����√2���

��
�

�������

180
 (2) 

Expression 1 would be for the left grabber and expression 2 for the right grabber. In these 
expressions   refers to the translation speed of the robot given by the parameter LS, DS is the 
angle of the component LS relating to the front of the robot,   corresponds to the angular 
rotation speed of the robot relating to itself given by the parameter RS, lastly, the functions 
f(PpE) and f(PpD) represent the adjust function regulated by the handle angle, this function 
was created and studied in the simulation of the mechanical mechanism. From this simulation, 
we can calculate all the different parameters in the scheme of figure 1. 

 

Fig. 1 - Scheme of the parameters used in the SimWise 4D simulation model 

Based on the calculated values, the final design will be developed as well as its’ 
manufacturing process so that we can obtain the desired system in the simplest and 
economical way, incorporating the system then on the robot performing the necessary tests 
achieving thus the design validation. 
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ABSTRACT 

This paper describes in detail how was developed the study of the handling ball system in the 
ambit of the Middle Size League (MSL) competition, and the final purpose is to implement 
the developed system in the Minho Team robots. Beginning with the study of the state of the 
art, analyzing the systems already in use by other MSL teams, and taking in consideration the 
limited time to develop a completely new system, do a process of inverse engineering with 
base in the dutch team system, TechUnited, which was considered as the best option. 

Taking the system above mentioned as the starting point, it was only used as base to develop a 
theoretical study. After several years developing their own system, they needed to conclude 
which factors have more significance and knowing which factors are important to develop the 
study the best way and quickly as possible. After the theoretical study, an analysis of the 
control system for the mechanical design to Minho’s Team case has been taken place. 
Posteriorly the mechanical system was simulated and it was found to be the more appropriate 
solution to the studied case. The simulation was done using SimWise 4D software, iterating 
the parameters of the system and simulating until a good response of the system was verified 
for all the cases, considering them as the ones with the most importance and necessity. 
Concluding, all the variables that may be considered to the overall final design as well as the 
control final equations are presented. 

Keywords: inverse engineering, handling ball systems, robotics. 

 

INTRODUCTION 

Middle Size League is a robotic football league that began in 1997. Since the beginning, one 
of the greatest challenges of the teams that participate in this league is designing a system 
capable of handling the ball well enough to perform simple and complex movements. 
However, as in many other competitions, there is a regulation that dictates the rules of the 
game. Regarding the mechanism that handles the ball the regulation states that: 

- The ball handling must be done holding only one third of the balls’ diameter; 
- During the reception, it’s allowed holding the ball till half of its’ diameter; 
- Any mechanical system for ball handling is allowed as long as it is safe; 
- During the ball handling, the ball must have a natural rolling movement over the floor 

(ball dragging is not allowed). 

Obviously, the main objective of this system is to receive the ball and maintain it during the 
maneuvering movements of the robot while satisfying the rules presented above. Many teams 
did their process of developing this system with the goal of obtaining the best solution 
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production machine and to provide a good operating performance (Seabra, 2012). 

Friction testing devices - The first one of these devices is the FRICTORQ®, a laboratory 
equipment developed to measure the friction coefficient in fabrics and other non rigid 
materials, also enabling a quantitative assessment of touch/handle. This device is protected by 
the Portuguese Patent Nº. 102790 and it has a working principle based on a rotary action, 
measuring, therefore, the reactive torque generated by the drag between two bodies in relative 
motions (Vasconcelos, 2013). The second one is a linear testing device, which can measure 
surface roughness of the tested samples using a laser triangulation sensor. 

System and method for on-line monitoring of beer primary fermentation based on UV-

VISSWNIR spectroscopy - This project gathered R&D staff from the largest beverages 
company in Portugal and the departments of Biological and Mechanical Engineering from the 
University of Minho. It is based on UV-VIS-SWNIR spectroscopy and it includes a fiber-
optic probe and a universal probe adaptor specially designed for industrial fermenters; a mini-
spectrometer; a software specially developed for multivariate calculation of fermentation 
parameters, and a graphical interface (Rodrigues, 2013). 

Medical devices for wrist rehabilitation - An ongoing project directed to the design and 
development of specific devices to carry out the rehabilitation of the wrist. A new type of 
Powerball® device has already been developed, which includes sensors, a data acquisition 
board and a human-machine interface to control the rehabilitation process. Presently, a new 
active and passive device is being designed, which can be coupled to a stabilization system to 
ease the passive rehabilitation of the wrist at an initial stage of rehabilitation (Seabra, 2013). 

 

FINAL REMARKS 

This abstract briefly reviewed the solutions achieved by the cross-domain cooperation for the 
development of mechatronic solutions. For the sake of completeness, the involved phases, the 
developments undertaken, the tests and the final obtained outcomes for each one of these 
projects will be detailed in the full paper and presentation. 
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ABSTRACT 

Mechatronics is an interdisciplinary area of engineering that combines mechanical 
engineering, electrical engineering and information technology. The development 
methodology for mechatronic systems supports the creation of innovative solutions, 
improving the reliability and ability of products and reducing their costs. This study reviews 
some projects (as case studies) that were undertaken by the authors in the area of 
mechatronics applied to the mechanical, textile, biotechnology and biomedical fields. 

Keywords: mechatronics design, industrial solutions, case studies. 

 

INTRODUCTION 

The VDI 2206 (2004) proposes a practical guideline for the systematic development of 
mechatronic systems. The innovation potential of the technologies and the functional and 
spatial integration of the technologies represent a major benefit potential of mechatronics. The 
following case studies were undertaken by the authors under the scope of national Portuguese 
financed R&D projects, which enabled the design and development of innovative devices and 
equipments, within a mechatronics framework, capable to meet the initial needs and 
requirements. 

 

DESIGN OF DIFFERENT MECHATRONIC SOLUTIONS 

New alternative mechanisms for controlling the feeding systems of industrial sewing 

machines - The sewing process has been studied at the University of Minho since the early 
1990’s, involving research staff from the departments of Textile, Mechanical and Electronics 
Engineering. Several “sewability” testers designed and developed specifically for this purpose 
were used, where the performance of needles, presser feet, feed dogs, fabrics and sewing 
threads could be assessed during high speed sewing. These analyses led to a better scientific 
understanding of the sewing process and enabled the design of new monitoring, actuation and 
control systems. One of these devices was implemented to the presser foot bar of an overlock 
sewing machine to improve the performance of the fabric feeding system (Carvalho, 2012). 

Evaluation of the mechanical system to produce file cutting edges in an industrial machine - 
This project involved a well-known company in the area of files production and it enabled the 
study of the whole mechanical system and the redesign of the cam-follower mechanism (that 
produces the alternative motion of the cutting tool to generate the file cutting edges) using an 
adequate measurement system and specific actuation devices to ease the setup of the 
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In result of orthogonalization method the dynamic flexibility is given as     
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Comparing the plots obtaining by exact and approximate methods is shown that the poles of 
flexibilities have the same values (compare with [1-3]).  

Analyzing the flexibility charts of free system it has been nominated that there is a mistake in 
approximate method, that is why it is necessary to make the correction of the results obtained 
by approximate method. The correction was made in the same way as in the strengthened 
structure. The dependence on the correction coefficient is following  
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Y , )(ω
a

Y  - dynamical characteristics obtained appropriately by exact and 

approximate methods.  

The problems presented in this paper, that means the analysis transverse vibrating beams is 
however the introduction to the synthesis of transverse vibrating complex mechanical and 
mechatronic systems with assumed frequency spectrum.  
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ABSTRACT 

The main aim of this paper is to compare the transients of characteristics of mechanical 
subsystem of the transverse vibrating discrete - continuous mechatronic system, obtained by 
the exact and approximate method, that means Galerkin’s or orthogonalization methods and 
to answer the question - if the method can be used to nominate the characteristics of 
mechatronic systems. The main subject of deliberation was to determine the flexibility of the 
mechanical system with constant cross section using the exact and approximate methods. The 
problems presented in this paper, that means the analysis of subsystem of mechatronic and 
mechanical complex systems is however the introduction to the synthesis of transverse 
vibrating mechatronic systems with assumed frequency spectrum.  

Keywords: vibration, Galerkin’s method, orthogonalization method, mechanical systems. 

 

METHODOLOGY OF ANALYSIS 

It has to be considered that if the beam is under the action of moment with continuous 

factorization threw the beam length with the value txF ωsin)(  on the length unit - then the 

equation of motion of the element with length  dx lining in the point x is:  
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After transformations the equation (1) takes form of  
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Using approximate method - Galerkin’s one the solution of equation (2) is given in form  
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Substituting the following derivatives of (3) to (2), the amplitude value 
)(nA - after 

transformations - takes form of  
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Using the equation (4) and putting it to (3) the dynamical flexibility equals  
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In general case the dynamical flexibility at the arbitrary point of the beam gets shape of  
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other. Second, moments of inertia of rotational axis of inner gimbal and outer gimbal are 
large. Therefore, objective of the optimization should contain minimum of the moments of 
inertia of the rotational axis of both the inner gimbal and outer gimbal and minimum of the 
moments of inertia of the non-rotational axis of the inner gimbal. 

Eccentricity torque is related to the place of center of mass and the swing situation. The 
simulation shows that effects of the eccentricity torque on rotation of inner gimbal in the four 
quadrants are speeding, blocking, speeding and blocking. Effects of the eccentricity torque on 
rotation of outer gimbal in the four quadrants are speeding, speeding, blocking and blocking. 
Due to large variety of the eccentricity torque, design of balance weight is essential and an 
important way to eliminate the effect of the eccentricity torque on the control precision. 
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ABSTRACT 

During the development of vessel devices, it is necessary to test the capability of these 
devices many times in navigation conditions. The high cost of navigation testing and high 
consequence of system failure during an actual mission make the ground-based testing 
important and even essential. A double-axis swing table is a frequently used experiment 
equipment which is able to provide a combined rolling and pitching navigation environment. 
In this paper, the effect of the inertia coupling and eccentricity on the dynamic performance of 
the double-axis swing table was researched. And then the dynamic model was established. At 
last, the simulation was done to validate the dynamics modelling. 

Keywords: swing table, dynamics modelling, dynamics coupling. 

 

INTRODUCTION 

A double-axis swing table is essential for ground-based testing in a navigation condition. The 
double-axis swing table is a multi-body mechanical system composed of three rigid bodies, 
namely, a base, an inner gimbal, and an outer gimbal. The base is connected to the outer 
gimbal by a revolute joint. The inner gimbal is then connected to the outer gimbal by a 
revolute joint.  

Loads of the swing table mainly contains inertia load, gravitation load caused by eccentricity, 
and friction load. All these loads will debase the control precision of a swing table. Aimed at 
the low precision swing table, friction is not needed to be compensated. Therefore, it is not 
considered in the research. However, for the double-axis swing table with large dimension 
and huge load, the effect caused by dynamics coupling and eccentricity is needed to be 
considered. In this paper, the dynamics modelling including dynamics coupling and 
eccentricity is established. By analysis and simulation, effect on the control precision is 
studied. The possible method to eliminate the effect is proposed. The analysis can also 
provide a reference for similar swing table designers. 

 

RESULTS AND CONCLUSIONS 

The study shows that inertia coupling and dynamics coupling between the inner gimbal and 
the outer gimbal cannot be ignored when designing a double-axis swing table. Besides, the 
effect on the outer gimbal is much bigger than the inner gimbal. The reason is listed as 
follows. Firstly, moments of inertia of the non-rotational axis are quite different from each 
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RESULTS AND CONCLUSIONS 

In the simulation, a single cable was fixed at one end and loaded with a constant force F at the 
other. The computed non-dimensional energy with selected values of thickness and length is 
plotted in Fig. 1(a). 

 

Table 1 - Optimized design parameters for different value of thickness 

Thickness Open(Hz) Short(Hz) R(Ω  ) L（（（（H）））） 

0.1 402.65 402.54 2.2287e+03 1.8648e+05 

0.4 415.26 415.10 7.3289e+03 7.5137e+05 

1 425.66 425.56 1.3961e+04 1.1451e+06 

 

 

(a)                                                                                     (b) 
Fig. 1 - Comparison of the design efficiency with different film-thickness: (a) the non-dimensional 

energy harvested; (b) the displacement amplitude in the frequency domain. 
 

The results showed that the value of the optimal non-dimensional thickness is 0.42. Higher 
value of length may let it store more energy, but not change the optimal thickness value. We 
reached the same conclusion by observing the frequency response of the cable, as shown in 
Fig. 1(b). 
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ABSTRACT 

A piezoelectric energy absorber of PVDF layers was designed and applied in vibration 
suppression of flexible cable structure. The vibration characteristics of the structure, the 
output voltage, and power of the damper were studied by theoretical analysis and numerical 
simulation. The response of the entire system was evaluated under the condition of harmonic 
or impulsive excitation. The optimal thickness of the designed damper was determined by 
theoretical derivation and then confirmed by numerical simulation on three selected non-
dimensional thickness, i.e., 0.1, 0.4 and 1.0, in frequency and time domains. It was 
demonstrated that the optimal non-dimensional thickness is around 0.4. On top of that, it was 
discovered that the optimal thickness remains almost the same value with varying radius-
length ratio in the design.  

Keywords: flexible structure, vibration control, piezoelectric, frequency response. 

 

INTRODUCTION 

With the rapid technological development in aerospace engineering and the increasing need 
for deep-space exploration, the cable-net structure exhibits a great potential in the wide 
application of space structures. But the microgravity environment in space brings a number of 
problems to the utilization of deployable flexible space structures. One of the most serious 
problems is the vibration of the cables in the flexible structures during the deploying process. 
The space conditions, ie., microgravity, nearly-zero damping, and varying thermal load, make 
it quite challenging to efficiently control the vibration. In order to achieve an efficient and 
practical solution to this problem, a piezoelectric damping structure of PVDF thin films and 
an electric circuit were designed. Passive vibration control can be established by distributing 
these piezoelectric dampers to the key positions in the flexible structure. 

In the application of the piezoelectric damper, the PVDF thin film with t in thickness and l in 
length is attached to the flexible cables. The non-dimensional thickness t of the damper is a 
key parameter for the efficiency of the design. Its value will affect the overall effective 
stiffness of the structure and the capacitance of the piezoelectric damper. Therefore, it has a 
significant effect of the efficiency of the design. The PVDF material employed in this design 
has been widely used for sensors/actuators in active damping (Saravanan, 2001). Earlier study 
(Wasa, 2012) showed that the electrical energy output of piezoelectric cantilevers is governed 
by the energy transmission coefficient λ, which depends on the value of length, thickness and 
compliance of a cantilever beam.  
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