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ABSTRACT Eating process is one of the most important
activities in everyday life. Eating activity inflnees
The present work intends to design new devicesdof a many aspects of our overall medical, physical, and
to the feeding for individuals with deficiency. lelk social well being. Gustafsson [2] evaluated the
this, along this paper they are referred the mospsychological effects of self-feeding and foundttha
relevant pathologies, which affect the autonomthef  disabled individuals who attained their goals df-se
patient’s feeding, as well as some existent devikes nourishment had a heightened sense of control,
the market. Based on the characteristics of thessecurity, and hope for the future. The inabilityfeed
devices, this research was performed with the maioneself has been linked to shame for human
objective of finding the most appropriate actuationincompetence, decreased self-esteem, and feelings o
system. Furthermore, it was made the analysis anganic or fear. This information supports attemputs t
discussion of the performance specifications, @sden study feeding devices that assist individuals unabl
stage in the design process of the feeding aidcdevi feed themselves.
for this to assure all the demanded requirements. With this motivation, in this paper it is presehet
Afterward, they are pointed some possible solutionsdesign and development of a new feeding aid device.
in the sense of creating more and better on belfialf To achieve this goal, the following section is dedb
the patient's need. Finally, for the solution siddcit  to the presentation of the conceptual design, the n
was being later developed a model, in the advancevo sections discusses, respectively, the adopted
software Working Model for the simulation of the solution development and the device modeling.
mechanical system of aid feeding. Further; section discusses the obtained simulation
results concerning the requirements to study and,
Index Terms - Technical aid, Biomechanical finally, last section, presents some conclusiomshiis
project, Multibody modeling systems field.

1.INTRODUCTION 2. CONCEPTUAL DESIGN

To reduce the potential healthcare costs arismmgf@® The process of the conceptual design includes
rapidly aging industrial world population, the pleim  descriptive and prescriptive models. The descrptiv
of sustaining independent living for the elderlydan models work as a sequential description of the
persons with low to high levels of disabilities rnbs  activities that the conceptual design includes,
addressed. enhancing the need to generate a solution condeptua
There are many examples of assistive devices fdn the beginning of the process. On the other hhad

people with manipulative and locomotive disabifitie prescriptive models are ruled by a structure-bdse o
These devices enable disabled people perform marfiree phases: Analysis - listing of requirementd an
activities of daily living thus improving their glilg  their grouping in performing specifications -,

of life. Disabled people are increasingly able¢dad Synthesis - elaboration of solutions for each
an independent life and play a more productive iole specification to obtain complete solutions - Evéibua
society [1] - verification of the requirements fulfillment fall
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considered solutions, before the selection of thal f a result of the conversion of entrances (restmstjon
solution [3, 4]. outputs (products or objectives).

The methods used in the design process in this
phase are divided in two main groups, the creatnck

i Patient with
rational approaches. _ _ incapacity of Feeding aid patient
There are several design methods which are [FEssas device feeding

intended to help stimulate creative thinking, for feeding
instance, the Brainstorming and the Synectics
methods. In general, they work by trying to inceeas
the flow of ideas, by removing the mental blocks, 0 |, this phase, the global function is much enlarged
by widening the area in which a search for solut®n peing necessary to divide it in sub functions, as
made. On the other hand, the rational methods asve explained to proceed. To begin the process, the

base a systematic approach in the resolution of  patient has to press a button to activate the figedi
the problem, being subdivided in several  ge$a geyice. The first device operation it will be tafe

Clarifying  objectives;  Establishing  functions; gno0n to the container for be possible the patient
Setting requirements; Determining characteristicSgeject the food that intends to ingest. After being
Generating alternatives; Evaluating alternatives a complete the food selection it will be performee th
finally, Improving details [3]. food capture and drag operation, and afterwanalit

In the conception of an equipment it is advisableye made the elevation of the spoon to give the food
the use of rational methods and, due to that, thg,e patient's mouth.

mentioned design stages will be described in the ne Fig. 2 shows the overall flowchart of the sub
subsections for the case study of the feeding aignctions considered in the conceptual design ef th

Fig. 1: Flowchart of the global function.

device developed in this research work. feeding aid device.

2.1.Clarifying objectives

In general, the needs of the customer's specificsti Joactvate e
are subjective, due to his lack of technical knagke r arm

of the device that intends to acquire. This subjigt —— v
becomes a difficulty for the obtaining of objective [EiEeig; Pushthestart | | ToloKelle
well structured in all of the design phase’s preges [ buton food recipient
which is indispensable to control adequately its

development. However, it can be highlighted, that t

initial objectives are susceptible to be altereatirdy Food selection |—>| 1o catch and

the conception design process [3, 5]. drag the food

One very important point to take in consideration ¢—‘

in the design process is the relevance of each

. . . . . . . To deliver the .
identified objective, then the high importance efriy Blevationofthe | | food in the e
spoon patient's mouth ceding

built a hierarchical objectives “tree”. As the main

objective of this work is the conception of feedaid . t/[\lth - TH "
device for individuals with deficiency, this objaet Csevaton <poon positon
is in the top of the objectives “tree”. speed

With the main purpose of this device to present a
significant more value relatively to the comparable
devices available in the market were considered thg 3. Setting requirements

foIIovymg_ secondary ) objectives: - reI|§1b_|I|ty, Usually, the setting requirements considered in the
functionality, easy opgratlon, adaptability, minimu design process of equipments are related with the
cost, and ecologic design. following specifications: Safety, Durability, and
Comfort. Based on these specifications, as should
._result a list of requirements, in the which is dalito
Indistinguish among those that constitute "desires" -
symbolized by W (wishes) - or "obligations"

Fig. 2: Flowchart of the sub functions adopted.

2.2.Establishing functions

The method of analysis of functions has
consideration the essential functions. These fansti
should be capable to allow the materializationhaf t expressed for a D (demands) [3].

conceptual objectives of the device, without 1hig way, based on the previous design stages, it

consideri_ng the Phy,sic_a' components that thgy @N Bya5 obtained a list of requirements (tab. 1) egsdot
used. With the definition of the global functiomet guarantee a good performance for the device of
method only concentrates on what has to be achievqgeding aid developed.

and not on how it is to be achieved.
Using this methodology, it is obtained a global
function (fig. 1), commonly named for Black Box, as



Tab. 1: Setting of the feeding aid device requinetsie respects to the selection and drag of the foofadh

_ the pliers or the existence of a cutlery/silverwafe
Dor W | Requirements aid would be susceptible to resources to make this
A. Structur function in a correct way. However, the existenée o
D 1. Maximum volume of 0,060 n these components is not appropriate for guarahie t
D 2. Maximum heightof 0,4 | patient integrity, when the delivery of the foodthe
D 3. Maximum base area 0f0,25'm mouth happens (silverwares as forks and knives and
D 4. Maximum weight of 5, kg : :
: : even the pliers contain sharpened surfaces, beaickd
W 5. Conical geometry of the food container . . I, .
_ cutting), in addition not all of the foods are pibkes of
B. Operation paramete catching (liquids and all of the non solids).
D 6. Actvesysten Based on these considerations, the fig. 3 presents
D 7. Armangular velocity: 60 e 100 degre: . . .
the morphologic map of the alternative solutiont tha
C. Functionality e operationality presents the most appropriate resources for the
D 8. Easyoperatic optimization of the defined main functions.
w 9. Multi driven system
W 10. Easy wash and cleaning oe
components
. To activate the Push the start
D. Adaptability and comfo movement of the bLthon/Seeﬁsi)r Manual
w 11. Possibility of container substitution arm
12. Possibility of cutlery/silverware To take the spoon . .
W Ssubstitution to the recipient Automatic Manual Joystick
D 13. Module constructio Food selection | EIENGESE '
w 14. Support base for different surfaces button/Sensor [N Joystick
W 15. He_ad and arms suppol N IEEEREREIN T oush vith To collect the food
D 16. Adjustment of the supports position drag the food | aid of another for projection
against wall of the
. cutlery .
E. Security i container
D 17. High accuracy of movements vodklheriie
. .. food in the : . .
D 18. High precision of movemer patient's mouth Automatic Spring Joystick
D 19. “Round” ends edges
F. Durability Fig. 3: Morphologic map of the selected solution.
D 20. Materials with mechanical, thermal, and
corrosion resistan 3. ADOPTED SOLUTION DEVELOPMENT
W 21. Useful life greater than 15 years
G. Cos To be possible to develop the mechanical systeamof
w 22. Price less than 2400 Euros aid device, it is of paramount importance to knbw t
H. Ecobgy natural feeding trajectory.
w 23. Material biodegradable and/or recycle For that reason, an experimental analysis of the
feeding movement was performed, and concluded that
2.4.Generating and evaluating alternatives the trajectory is not linear; it approaches to eapala

The main objective of the development of alterrativ or even of a Sigmoid function (see fig. 4).
solutions is the obtaining of better characterssfar a
new device, when compared with other existent one ] _
in the market. L] / i
This is a fundamental phase because it looks for (I |
reasonable satisfaction of the specifications ifledt i
in the previous phase of the design. Although, this %o |
process can implicate an alteration and improvemer | / ' e

of the requirements, in order to obtain an optitiira N e ; na

of the performance of the new device. T o e
In the elaboration of the morphologic maps, relatec
with the alternative solutions, for almost all dfet a) b)

functions, the possible considered resources were 94 @) Quadratic function; b) Sigmoid function.

buttons or sensor (automatic operation), manual

execution or joystick (it demands expertise of the This path IS th_e most approprlt_’;\te fo_r the use in a
operator). mechanism with just a motor, since it transmits a

The resource to springs, in the case of the dgdivercontinuous and progressive movement. However, it is
function of the food to the mouth. is due to theessential to find a suitable mechanism to replitfaite
consideration of a shock-absorbing effect, becaus ajectory with a driven motqr only. Besides, it IS

undamental that can be possible stop the mechanism

this function demands a softness of movement " i ; . S
avoiding any damage on the patient. In what ifn a specific point to allow the patients' feeditigis



still desirable that the described trajectory islical mathematical formulation of the equations of motion
and allows incorporating in one of their points theof this multibody system.
individual's mouth.

For that it was necessary to select the mos
appropriate mechanism than it could accomplishethes
requirements.

3.1. Alternatives Analysis

It was first considered the Watt mechanism (see fig
5a). This four bars linkage returns a trajectorfoimm “ A
of "eight", which could satisfy the initially impesd iy o
conditions. However, the Watt mechanism present:| * -
two problems: first, the point that describes the a) b)
intended trajectory it is the medium point of the
central bar (coupler link), which represents a pials
obstruction for placing the spoon; second, this3 2 Equations of motion for a constrained
mechanism is driven by a bar with alternate motion multibody system

(input link), which requires the change of the difen  \when a configuration of the multibody system is
of the motor, this aspect does not satisfy the @@ed described by Cartesian coordinates , then a set of
requirements. Despite these problems, the difjaoflt ., 515epraic  kinematic  independent holonomic

maintaining to maintain the horizo_ntal _ position theconstraints can be written in a compact form as [6]
spoon during the whole trajectory still exists. (D(q t) -0 1)

Further, it was studied the possibility to usehaf t . o . .

Chebyshev mechanism (see fig. 5b). This returns a ) D|fferent|at|ng equatlon (1) W'th respeqt to
“half moon” trajectory that is much easier to maint time y|eld§ the vgloqty cqnstramt equation. _Bcehm
the horizontality required for the spoon during thesecond _d|fferent|at|_on W'th, re§pect _to time the
trajectory. However, this mechanism presents th@cceleration constrqlnt equation is obtained,

same problems as the previous one, because the poin Pqq=v )
that describes the trajectory is the medium pdithe .=y 3)
central bar (coupler link), also requiring an aitge
driven motor.

Fig. 6: Mechanisms, a) Hoekens; b) Burmester.

where @q is the Jacobian matrix of the constraint
equations, v is the right hand side of velocity
i pr_mam:—ﬁl equations, ang is the right hand side of acceleration
£ equations, which contains the terms that are
I | exclusively function of velocity, position and time
The equations of motion for a constrained
multibody system of rigid bodies are written as,[6}
I Mg =g+g® 4)
,'-‘ﬁ 't in which M is the system mass matrig, is the
vector that contains the state acceleratia@sis the

a) b) generalized force vector, which contains all exérn
Fig. 5: Mechanisms, &) Watt; b) Chebyshev. forces and moments, and is the vector of constrain
] ) ] _ reaction equations.
In this project, the Hoekens mechanism (see fig. The joint reaction forces can be expressed in terms
6a, a variation of the Chebyshev mechanism), wags the Jacobian matrix of the constraint equatiand

trajectory defined by the end of one bar (pointd?1 99 = —o73 (5)
q

the fig 6a). With this mechanism it is possiblduill
the two main system requirements: to perform the WhereA is the vector that contains m unknown
trajectory with the intended end point, while thelagrange multipliers associated with holonomic
mechanism is driven in only one rotation direction,constraints. Substitution of equation (5) in equrati
since the driven bar carries out a motion of 360°.  (4) yields,

Finally, the four bars linkage selected was the Mq+d);x=g (6)
Burmester mechanism (see fig. 6b) which is sintdar |, qvnamic analysis, a unique solution is obtained
the quker!s mecham;m. The prlentauon of the _flxe hen the constraint equations are considered
body in this mechanism relatively to the obtainedgjn itaneously with the differential equations of
trajectory is different and, due to this reasonwdls  nqtion with proper set of initial conditions [6,.7]

considered more appropriate to the aid feedingesyst Therefore. equation (3) is appended to equation (6
to be developed. The following section presents the + equation (3) is app quation (6)




yielding a system of ordinary algebraic equatidr&tt B5). For the bars linkage was used rotation joints

are solved forj and A.. This system is given by, (four in the main mechanism and one in the rotation
T system of the food container).

l:M @, 1 {q}: {9} @) It must be emphasized, that having been used five

@, 0 ) v bars, the Burmester mechanism is a mechanism with

In each integration time step, the acceleration®nly four bars; the bar of different geometry was
vector, §, together with velocities vectory, are replaced by two bars (B4 and B5) linked together.

integrated in order to obtain the system velocitied
positions at the next time step. This procedure is
repeated up to final time will be reached.

The set of ordinary algebraic equations of motion
(7) does not use explicitly the position and velpci
equations associated with the kinematic constraints
equations (1) and (2), respectively.

Consequently, for moderate or long time
simulations, the original constraint equations are
rapidly violated due to the integration processug,h
in order to stabilize or keep under control the
constraints violation, equation (7) is solved byngs
the Baumgarte stabilization method, and the
integration process is performed using a predictor
corrector algorithm with variable step and order [8
11].

The use of numerical algorithms with automated
adjust step size is particularly important in cebta  Fig. 7: 3D Model of the developed feeding aid devic
problems whose dynamic response is quite complex
due to the suddenly change in kinematic 5. SIMULATION RESULTS
configuration. In such events, the use of a comstan
time step is computationally in-efficient and the Finally, in order to evaluate and validate the sgx
system could be overlooked due to insufficient timefeeding aid device, the motion of the mechanism was
resolution. Thus, auto-mated time step sizealso analyzed by using a commercial software
adaptability is therefore a crucial part of the @iync  specially dedicated to these type of mechanical
solution  procedure.  Moreover, the  abruptsystems. The computational program Working Model
configuration changes caused by rapidly variatibn 04D (by MSC Software) was used to carry out the
contact forces are source of stiffness, since #teral  kinematic analysis of the displacement of the spoon
frequency of the system is widely spread. Thus, théo determine the performance of the feeding system.
time step size must be adjusted in order to caphge After positioning all components (bars, spoon,
fast and low components of the system response.  food container and other components), the mechanism

is completed with all its characteristics, that tise
4. FEEDING DEVICE MODELING kinematic pairs, the generator of the movement, the
friction and restitution coefficients, etc. Oncefided
After the selection of the mechanism that besttfies  the characteristics of the four bar linkage mecrani
intended trajectory, a 3D CAD model was built tojit was possible to carry out the kinematic analysis
permit its analysis, as shown in fig. 7. It wasessary  where, for the present simulation, the output \mes
to consider the maximum height of the movement thaire the position, velocity and spoon accelerafidre
allowed the correct feeding of the individual, asllw obtained results are presented in the fig. 8, using
as the minimum height to make possible the fillofg graphical form, according to the displacement
the spoon. movement of the spoon mechanism.

Using AutoCAD®, from Autodesk, it was possible  Based on the obtained simulation results, it can be
to find the appropriate relationships between theoncluded that the developed mechanical system is
lengths of the bars that can describe the requiredppropriate as a feeding aid device, because lilena
trajectory using the Burmester mechanism. It waso obtain the required spoon trajectory in a cartirs
obtained a length ratio of 2:1 between the fixed bamotion.

(B1) and the driven bar (B2) and of 1:2 between the
fixed bar (B1) and the remaining bars (B3, B4 and
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Fig. 8: Kinematic analysis of the developed feediitydevice.
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