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Abstract. The main focus of the present work is to demotesthw the fundamental concepts associated with
Competence-Based Education are applied in Biomeéchhrmproject teaching within the MSc in Biomedical
Engineering at the University of Minho, in Portug®ith the present aproach, the key factor is thatmainl role in
the learning process is now centered in the studiérttas been established by cognitive theorieg Kmowledge
acquired and applied in a realistic problem solviogntext is expected to be remembered and usecyophen
needed later. In fact, the traditional approach teaching based on ‘chalk and talk’ style attempmistransmit
knowledge from teachers to a passive recipient. él@w over the last years, there is a growing awass among
engineering educators that while this style of rinstion is suitable for teaching engineering an@yst has some
limitations when it comes to nurturing creativigynthesis and engineering design, where differessiple solutions
have to be tested. This paper summarizes the re&seard parallel teaching activities related to ttesign of medical
rehabilitation devices in order to increase the ffyaof life of individuals, as well as the addedlue of the end
products in this domain. The teaching activities Being carried out at the School of Engineeringhef University of
Minho, involving senior researchers from the Depsht of Mechanical Engineering and MSc graduatitdents
from the Integrated Master course in Biomedical iBrgring — specialization area of Biomaterials, Rlititation and
Biomechanics. The design and development of meditalbilitation devices demands the integrationddferent
background knowledge and scientific areas, witheetige in methods and mechanical engineering desigihe use
of, for example, advanced numerical simulation téghes. The establishment of a solid work basis #ral
collaboration between the several working groupal$® a goal and motivation for the students ingdlvin short, this
work deals with the analysis of the most relevamjgets developed within in the scope of the coussign of
Medical and Rehabilitation Devices. Finally, onentdmstrative example of application related to tlemaeptual
design of aid devices to help in the mobility afidiaapped people, is used to present and discessin procedures,
methodologies and assumptions adopted through@uvbrk.
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1. OBJECTIVES

The objective of this research work is the desifja technical walking aid device, usually known“aslker”, to
help individual’'s locomotion with reduced mobilityh the sequence of this process, it is of paramouportance that
the solution would be focused on the requirementkéeping a good posture of the backs during lodmmo This
technical aid device was designed for children Wwel® years old, considering a height range fromid88 cm and a
maximum applied load of 500 N.

2. INTRODUCTION

The aid to the fellow human being, the help to Weaker, the possibility of making the differencehagimple
actions, are all good reasons that act upon thalssahpeople everyday. The “walker” supplies a wisigpport base
than other locomotion aid devices, surroundingubker by three sides and supporting on the grourfdunor more
points. The increase of the support base that wadkéer” will provide has advantages such as aneiased stability,
safety's feeling and an involving sensation to tiser (Barreto, 2008; Health and Home, 2010). Beisgd by
individuals that cannot make total load in one lbe two lower limbs, that they possess unbalancedniotion
movement, pain and debilitating fatigue, the “walkées usually used associated with neurologicaledses (for
instance, brain stokes) and osteoarticulation disa(for example, osteoporosis and alterations he
metatarsophalangeal articulations) (Health and H@0#0).

The basic “walker” has two main functions: it caaused to operate as a support product in a deéinitay, and
on the other hand, it can be used for reeducativpgses. Besides to promote a safe deambulationcarelieve the
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tension in the articulations, it also works as eolnotion stimulator for convalescence, which cobkl used in
postoperative situations, such as femoral necluras (Barreto, 2008; Health and Home, 2010).

The user should be trained in order to use theKevalproperly in the several activities of dailyeli(for example,
meals and bathroom activities). It is also very amant to avoid that the user adopts wrong post(wééch can later
cause difficulties in the adaptation to other técaiaid devices), maintaining the gravity centrsidle of the support
base so that it doesn't tumble to the front norveuy far away the device from the body when movimgvard. To
improve the locomotion action it is necessary tiethe correct position of the feet, in order ¢éatce the body in the
support base of the device. When the “walker” it pstep ahead, the user advances a step to apffoainstance:
“walker”, right foot, left foot). This sequence ests or it can vary to execute a more natural méiahinstance:
“walker”, left foot, right foot, “walker”, right fot, left foot) (Barreto, 2008; Health and Home, @D1

Having in mind the purpose of this work, it wadiadly performed a comprehensive market analysimrding the
several types of “walker” with the identificatiori the advantages and disadvantages/limitationfeif bperation, as
well as the pathologies in which this kind of desccan be used to improve the quality of childréfés In this case,
the essential need, besides maintaining a cormsttige of the backs, is to provide increased stahd allow human
locomotion to be the most autonomous possible. \ttitise data the objectives were established thranghbjectives
tree, and the functions that should be presertardevice to develop were represented in a diagfdmmctions (Cross,
1994).

Following the objectives previously defined, theduct specifications could be established. Thers¢generated
solutions where then analysed for technical febigikin order to find the best solution to meet tbjectives and
comply with the specifications. Additionally, a mpdwologic map of solutions was organised. Next,sthlection of the
most appropriate conceptual solution and matefialshe various components of the device was chmigt, followed
by stability and stress calculations. Finally, atual 3D prototype of the developed “walker” wastabed using
software AutoCAD®. Figure 1 schematically represethie design phases that were accomplished duhiag
development of this project.

o P Selection . f . f
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Figure 1. Development phases of the design process.

In order to briefly present the diversity of theadable walking aid devices (“walkers”) in the matka detailed
survey was carried out. In a broad sense, theseateean be classified in different types accordimgheir more
important characteristics of operation (Fig. 2).isThlassification was made according to severalcgpsuch as,
posterior or frontal, fixed or articulated, with without wheels and the number of them. This ihgtady was revealed
very important for the correct establishment ofgpecifications of the equipment under development.

Walkers

Posterior

34 2 wheels

~ ‘13 Without wheels With wheels

Articulate 3 wheels

Figure 2. Classification of the “walkers” types #ahle in the market.

The range of the acquisition cost of this type e¥ides is very wide (Fig. 3), and it can span fro®€ to 2500€
(PHC, 2010). In fact, quite high prices are reachdthat makes this market to be very attractive ftbmeconomical
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point of view. According the analysis carried dtitan be concluded that all the “walkers” aid ded are regulated in
height, which allows a better fit to the user. Re&dy to the articulated “walkers”, it must be highted that they have
the same functionalities of the rigid “walkers”,tivihe additional advantage of better allowing reimng the correct
posture of the backs during locomotion. For theighariterion between the two types of devicesait be the weight
often higher of the articulated “walker”, as wedl the user's mental capabilities. Finally, the texise of wheels can
facilitate the walking motion, but it demands aefal consideration once again between this advanasg the mental
and physical capabilities of the user.
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Figure 3. Cost relations of the main “walkers” tgf@vailable in the market.

3. CONCEPTUAL DESIGN OF THE NEW "WALKER” AID DEVICE

To achieve the proposal goal of this paper relatéith the presentation of a design example of a omdi
rehabilitation devices at the University of Minhbis section 3 presents and discusses the oveeditiadology that was
used in the development of the conceptual desiga néw “walker” aid device. This process design wagormed
divided in the following six main topics: sectionl3presents the objectives considered in the desighe medical
device; section 3.2 depicts the main functions thatdevice should be capable to execute in omactomplish its
global task; section 3.3 presents the main spetifins associated with the design process that estaeblished; section
3.4 discusses and analyses several generated tofcethe “walker” that were created after a bsgdnming process
in order to select the best conceptual solutiontHat, it is also presented in this section, thecess used to obtain the
overall utility value of each concept; section Brésents the virtual computational model 3D in otdeallow a better
visualization and understanding of the operatiomienof the new device; finally, section 3.6 presemtd discusses the
finite elements analysis performed with the purpafseerifying the mechanical performance of theuialp structure of
the developed “walker”.

3.1. Establishment of the objectives

Figure 4 shows the objectives tree that has beesidered in the development of the new “walker"igieswhich
clarifies the objectives to be reached in ordeadoomplish its functions in the most useful possivhy. This tree
presents the objectives and the correspondingalatetations, as well as the hierarchies betweegectibes and
sub-objectives.

3.2. Establishment of functions

In the development of any design process it iseemélly important to define the functions that theicke should be
capable to execute, in order to clarify and to refihe orientation that the work tasks should prdc@®esides, it is
possible to notice the level of the problem, definia conceptual “limit” to the turn of the previbugstablished
functions (Cross, 1994).

Initially, it was defined a global function the niageneral possible, and later that function wasdei in more
specific sub-functions. The global function shobkdseen as a “black box™, that converts certgiuis in outputs. The
sub-functions were represented by a block diagtzah links them through inputs and outputs, esthinigs a relation
amongst them. Thus, once the global function isleesd, all of the sub-functions have to be exec(dss, 1994).
The established diagram of functions for this desggpresented in the figure 5. It can be obsethad the patient's
locomotion was defined as global auxiliary functiém other words, to consider a seating patieryijp to get up and
walk for himself to other place (output) throughliaplacement distance. This general function caarmsyzed as a
group of several sub-functions: first the user toaget up leaning on the “walker”, and second, &/img forward and
walking. During the movement, at the end of a dertlisplacement, it is necessary that the “wallstdps, using, for
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instance, a braking system, giving support to thiept; finally, the device should help the userdturn to a seating
position.
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Figure 4. Schematic representation of the objestara sub objectives defined for the “walker” dasig
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Figure 5. Functional diagram with presentationlloktrative photos of the several associated sulstions.



Proceedings of COBEM 2011 21st Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

3.3. Establishment of the requirements

The main specifications associated with the depigeess were established, namely:

1. Antiskid rubber tips: extremely important foretiser safety operation, preventing the unwanteéhgl of the
device;

2. Material of the support of the hands with godtierence and comfort: it is essential a good adleerbetween
the patient's hands and the support so that talahei hands sliding off and the patient being witheupport,
due to the “walker” spontaneous displacement. Bssidnce a “walker” is an instrument frequentlyd,seis
necessary the hands support to be comfortable;

3. Appropriate joints between parts, not to cripiple user: all components must be well linked tevpnt certain

accidents, for example treading of the patient band

. Rounded edges: the edges of parts must be spmmotiutting edges;

. Base/floor supports to give stability, 4 or marea “walker” aid device the number of base suppéwheels
and/or fixed rubber tips) can vary normally betwe&n4d and 6. Consequently, this number determihes t
stability and safety level of the device. In thissifjn, as a higher stability is demanded, the nurobéase
supports must be at least 4;

. No directional wheels: between stability and ifilyh the stability criterion was considered pnetble;

. Distance between fixed rubber tips and/or wheeadsy relevant parameter in the dimensioning & device;
appropriate distances will provide higher stabitityd mechanical resistance;

8. Tubular structure (internal and external diametethe tubes) and linking elements: a “walkerfusture is
usually made of some linked main parts with a tabatructure. In the developed “walker”, the linkielements
are of two types: one allows the rotation movenaewt the other the height variation. In the firsgecaon braces
have been used (“bicycle-saddle type”) and in #mosd case elements similar to those used in thaddian
crutches” have been used.

9. Materials to be low weight, resistant, ecolobiedl selected materials to manufacture the “wdlkaust meet
requirements such as low weight, in order to fad#i the patient’s locomaotion, as well as the fpansof the
device when disassembled. Furthermore, materialst rha resistant to atmospheric agents and stilbbeo
ecological;

10. Suface finishing of the parts: General finighof the parts must be smooth for comfort and a&tisth Special
sufaces to give good adherence to the hands, aasuwble base/floor supports (wheels or rubbej;tips

11. Wheels (types/dimensions): These elements xreneely important, allowing easiness of movemérte
wheels of the developed “walker” are rubber covered have 100 mm diameter.

12. Braking system: very important element to altbe patient to safely stop the “walker”, remaining vertical
position, or to support himself to get up or totsea

13. Height regulation: the possibility to adjustithg height of the “walker” until certain level,as advantage: In a
period of time when the patient will be in a grovptiase means to be able to use the device forgedqreriod
of time. The height to be adjustable also mearisthigasame “walker” could be used for several pasie

14. Total height (between the floor and the hargpsetts): the height of the “walker” must be so ttret elbows
make a flexion of 15-30° during use, to facilittie locomotion and to prevent posture problems. lifbeature
search showed that height should be in the rangg249n (Crocodile, 2010);

15. Small dimensions when retracted: the “walkerf@hsions when retracted must be as small as pedsib
facilitate transport and storage;

16. Simplicity of component parts: the parts mwesshmple, so that when the “walker” is disassemitiedeometry
must be simple, also to facilitate the transpod storage;

17. Standard components: to decrease the manwfamists, avoiding the manufacture of new parts;

18. Typical materials: to reduce manufacturing €estmmon materials will be used,;

19. Current manufacturing processes, allowing rédinof costs. Examples of these processes arelingglplastic
conformation, turning, milling and drilling operatis.

20. Ergonomic structure: the “walker” must be caonee on the basis of anthropometric data;

21. Attractive design: being a device to be usedhkypatient for many hours a day, it is import@nbe aesthetic
pleasant, so that the user feels visually comftetabhd motivated to use it;

22. Incorporation of a retractable chair: this wibbk a very useful “extra” for the patient to sitwh, whenever he
fells tired,;

[S20r
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3.4. Analysis of generated concepts

Figure 6 shows alternative conceptual solutiongter“walker” that satisfy the functions requesfedthe device
that were generated after a brainstorming process.
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with 3 wheels wheels and 2 rising with 3 wheels articulated with 4 wheels and with
stages “walker” backs

Figure 6. Conceptual sketches of the generaterhatiee solutions.

Having arrived to 5 alternative concepts, all pnéisgy advantages and disadvantages relativelyamthers, it was
necessary to obtain the overall utility value ofle@oncept to select the best. For this purposead established the
weight of the five objectives considered for thempumitation of the utility value, namely: safety, hbidisy,
attractiveness, physiotherapeutic and simpliciistétl by order of importance). On the other haratheone of the
referred five objectives was classified between &,tcorresponding: 1- inadequate, 2 - weak, 3isfaatory, 4 - good
and 5 - excellent. Table 1 depicts the method fmecdomputing the overall utility value of the figenerated concepts.

Table 1. Value analysis of the five alternative aepts for “walker” aid device.

Objective Weight Parameter Concept 1 Concept 2 Sure Concept 4 Concept 5
Score | Value| Score| Valu¢ Scorg Valye Score ValueScore Value
Safety 0.333 Number of| 4 1.333 5 1.667 4 1.333 3 1.00( 4 1.333
accidents
Usability 0.200 Simplicity | 5 1.000 4 0.800 5 1.000 4 0.80( 4 0.800
of use and
transport
Attractiveness | 0.067 Number of 4 0.267 4 0.267 4 0.267| 3 0.20( 5 0.333
extras
Physiothe- 0.267 Number of | 4 1.067 5 1.333 4 1.067 5 1.333 4 1.067
rapeutic didactic
functions
Simplicity 0.133 | Simplicity in| 3 0.400 4 0.533 3 0.400 5 0.661 2 0.267
production
Overall utility value 4.067 4.600 4.067 4.000 .8®

Based on the data listed in Table 1, analyzingstfety objective, concept 1 offers support in thels, which is
very important due to the reason that usually thiédcpresents bigger posterior disequilibrium. Hoee during
locomotion it is important to take into accounttttiee child can lose balance due to bad suppattenfeet and due to
the impulse necessary to walk, and in this case“thalker” does not give any sustainability in thent side, having
the risk to fall down. This is the reason for tHassification “good” instead of “excellent”. On tlwther hand, the
concept 2 does not have this drawback due to #eoreof being of the front type, conferring stapito the front part.
Also, it is used in this concept a first stage éphthe user to raise and to return to the seatsdign which offers to
the device two additional posterior supports adgiosterior stability. This justifies the classifican “excellent”.

Concept 3 promotes a support in the frontal sidedbes not give stability in the posterior pal$pahaving the fall
backwards possibility. This justifies the classition “good”. Regarding concept 4, beyond beingahe that provides
greater motion freedom due to being articulatethwa the integration of the two basic types of theomotion.
However given its lack of equilibrium and stabiliffycan be unstable in its normal use. This jiestithe classification
“satisfactory”. Finally, regarding concept 5, givilie existence of 4 wheels (2 in the front and thenrear), achieved a
classification “good”. Relatively to the objectie¢ usability, the classification of “excellent” wagven to concepts 1
and 3 due to the existence of three wheels allowieight reduction, facilitating mobility and probslits transport and
storage.

In what concerns the attractiveness objective ay‘\good” classification was given to concept 5 daethe
existence of 4 wheels, two directional in the reaallow a more easy displacement of the “walkerd also have a
back support structure that permit to keep a ngisture, with the possibility of the back beinghsmrmed into a seat,
being therefore this device multi-functional. Copicé given the inexistence of wheels or any othéraefunctionality
was classified as “satisfactory”. Finally, all théher concepts have been classified as “good”,tdubke existence of
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three wheels, in the case of concepts 1 and 3\ coricept 2, the existence of one intermediaryestadnelp the user to
raise and to return for the seated position.

Regarding the therapeutical objective the clasifinn of “excellent” was given to concepts 2 andndthe case of
concept 2, owing to the inclusion of a intermediatgge, which helps the user to raise and to refturthe seated
position, and in the case of concept 4, the adied “walker”, allowing the user to increase theamty to develop
locomotion, which demands the coordination of moseta of the inferior and superior members. Finaliyatively to
the simplicity objective, a “satisfactory” class#ition was given to concepts 1 and 3 due to thstenge of three
wheels; on the other hand, concept 2, besidesxistence of only two wheels, was classified as joavhile for
concept 4, given the simplicity of the structuretted device, received “excellent”. Finally, regagliconcept 5, due to
existence of four wheels with inclusion of a baakysort structure, it was classified as “weak”.

3.5. Virtual computational model 3D

In order to allow a better visualization and unthmding of the new device, to find and eliminatemetric errors
and to permit the dimensioning of its mechanicalctire using the finite elements method, it wasated, using the
AutoCAD® software from AutoDesk®, a 3D virtual mdad conceptual “walker” previously selected (coptg). The
developed “walker” was based on a tubular aluminatiracture to reduce weight and to facilitate teerls mobility. In
this structure tubes with three different diameteese used, thus they could be put concentric, ifggnotational joints
to allow the “walker” to be retractable. Anotheasen for the choice of tubes with different sectioras related to the
“walker” need to be regulated in height, with arerntcal system to the one applied in the "Canadianches"
(concentric tubes and lock pin). Figure 7 showsekgimensional virtual models of the developed kedl in the three
more representative configurations of its operation

SSg

>~

a) b) c)
Figure 7. 3D virtual models of the “walker”: a) niawam height, b) minimum height, c) maximum retralcte

3.6. Structural analysis

With the purpose to verify the mechanical perforognf the tubular structure of the “walker”, a fenielement
analysis, using Inventor® software from Autodesk®s carried out. For such purpose the previouslheldped 3D
CAD model has been considered, with the necessanpliications and appropriate boundary conditiolmfe main
simplification was to consider the two frontals wlge(see figure 7) of the same type of the other &émtiskid rubber
tips already existent (see figures 7 and 8). Tahpeesents the main mechanical properties of tinmiaium alloy 6061
(Al-Mg-Si), the material selected for the tubularusture of the “walker”, fundamental for the perfed structural
analysis.

Table 2. Mechanical properties of the aluminiunoab061.

Mechanical properties Value
General mass density 2.71 gfem
Poisson module 0.33
Yield Strength 275 MPa
Tensile Strength 310 MPa
Young's Modulus 68.9 GPa
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The main results obtained with the structural asialperformed by the Finite Elements Method (Red@f05;
Brenner & Scott, 2008), has been the stress-saratysis of the “walker” structure components undeximum loads
and the constraints to the tubular structure. Réiggrthe constrains/restrictions (see figure 8a9,dix antiskid rubber
tips have been considered; on other hand, regatbagpplied load (see figure 8b), a force of 508d§lied in each of
the two superior hand supports was considered: ddri@sponds to a safety factor of 2, as the spatidns asked for a
maximum applied load of 500 N.

a) Constrains (the six antiskid rubber tips). b) Load application in the two superior hands supports
(more critical situation).

Figure 8. Constrains and loads in the “walker” fabstructure.

Figure 9 shows the obtained results in a graphizahner, respectively for the strain and stressimddafor the
proposed tubular structure of the “walker”.

a) b)
Figure 9. Main results of the finite elements asmlya) strain (mm) and b) stress (MPa).

Finally, it can be concluded from the analysisigtife 9a) that the maximum strain occurs near tipeigor hands
supports (0.4427 mm), which is an acceptable vidueghe stability and functionality of the “walkerOn the other
hand, as far as the stress results is concerneshagn in figure 9b), it can be observed that ttnacture is well
designed, with maximum stress occurring in the stdjient tubes of “walker” height (57.32 MPa) whishabout five
times lesser that the yield strength of the maté2izc MPa).
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4. CONCLUSIONS AND FUTURE WORK

In this paper it was presented, summarized andustes a research project undertaken at the Depdrtoiie
Mechanical Engineering at the University of Minhthage main goals are addressed to the investigatesign and
development of an aid device, known as “walker” assist individuals with different locomotion palibgies of the
lower limbs, to walk with a high degree of safetfile reducing the discomfort during walking.

Associated with the performed design process ohtwe "walker" technical aid device, it can be codeld that it is
possible to develop a device that has the greatradge of promoting stability allied to mobility te patient, above
the average level of other “walkers” available lie tmarket. In this way, it will be able to be udsdchildren with a
higher degree of motor disabilities, namely, whéfesuof spastic tetraparesis with muscular hyptestdAxe, 2008;
Fradinho, 2009; Araujo, 2010), which is a type ofiB Paralysis.

Finally, as future works, it is intended in firdape to perform the development of the detail desigjthe solution,
namely select the appropriate off-the-shelf compts@nd to elaborate the technical drawings of ghds to be
manufactured. After the conclusion of this stagehwgsical prototype will be made and validatedrides to evaluate its
performance, in real situations with childrens wétbme types of motor pathologies. For this purpasbattery of
systematic tests will be performed with the techhispecialized support of medical doctors, occopati
physiotherapists and therapists.
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