3D DESIGN METHOD FOR FLAT FOOTWEAR SOLES

METODA DE PROIECTARE 3D A TALPILOR PLANE PENTRU INCALTAMINTE

Cornelia LUCA’, Razvan MOCANU

"Gheorghe Asachi" Technical University of lasi, Faculty of Textile, Leather and Industrial Management, Romania, e-mail:
cionescu@tex.tuiasi.ro, razvan_mocanu@yahoo.com

3D DESIGN METHOD FOR FLAT FOOTWEAR SOLES

ABSTRACT. Research conducted on soles reveals that footwear details can be obtained in a wide variety of models by moulding. Soles are complex three dimensional
objects. When assembling with the uppers, they have to correspond to the interior sole contour. That is why it is necessary that sole design be done with high
accuracy and in strict accordance to the last. Nowadays, there are specialized software applications which can perform computer aided design processes for
footwear. This paper presents a method, developed by the authors, of footwear flat soles 3D design using PowerSHAPE-e software of Delcam system. Computer-
aided design used in this paper highlights several important advantages that include: increased design quality; soles three dimensional viewing, which can lead to
immediate decisions regarding the acceptance of newly developed models; the complexity of mould cavities execution can be appreciated, without the need of
making prototypes; the outlines of construction templates are accurately obtained for the mould cavities and for all size numbers; calculations can be easily done to
determine the soles volume for the entire size number volumes, with implications on estimating polymer blend consumption and so on.
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METODA DE PROIECTARE 3D A TALPILOR PLANE PENTRU INCALTAMINTE

REZUMAT. Cercetarile efectuate asupra talpilor scot in evidenta ca aceste componente ale incaltamintei se pot obtine intr-o larga diversitate de modele prin formare
n matrite. Talpile sunt corpuri spatiale complexe. La asamblarea cu fetele, acestea trebuie sa corespunda conturului interior al talpii. De aceea, este necesar ca
proiectarea tilpilor s se facd cu mare acuratete siin strictd concordanté cu contururile calapoadelor. in prezent, sunt softuri specializate efectuirii unei activitati de
proiectare a talpilor de incéltdminte asistatd de calculator. Tn lucrare se prezintd o metod3, elaborata de autori, de proiectare 3D a télpilor plane pentruinciltaminte
prin utilizarea programului Delcam PowerSHAPE-e. Proiectarea cu ajutorul calculatorului prezentatd in lucrare scoate in evidentd cateva avantaje importante din
care se pot enumera: cresterea calitatii proiectarii; se poate obtine vizualizarea in spatiu tridimensional a talpilor care poate conduce la deciziiimediate cu privire la
acceptarea modelelor de talpi nou create; se poate face o imagine asupra complexitatii executiei cavitdtilor matritelor fara a maifi necesar sd se execute prototipuri;
se obtin cu mare exactitate contururile sabloanelor de executie ale cavitatilor matritelor si multiplicarea lor pentru toate numerele de marimi.

CUVINTE CHEIE: incaltaminte, talpiincdltaminte, proiectare talpi, matrite pentru talpi

UNE METHODE DE CONCEPTION 3D DES SEMELLES PLATES POUR LES CHAUSSURES

RESUME. Les recherches menées sur les semelles soulignent que ces composants de chaussures peuvent étre obtenus dans une large variété de modeles par
moulage. Les semelles sont des objets spatiaux complexes. Lors du montage aux tiges, elles doivent correspondre au contour intérieur du pied. Par conséquent, il
est nécessaire de concevoir les semelles avec précision et en stricte conformité avec les contours des formes. Aujourd'hui il y a de logiciels spécialisés pour la
conception des semelles de chaussures assistée par ordinateur. L'article présente une méthode développée par les auteurs pour la conception 3D des semelles
plates pour les chaussures a I'aide du logiciel Delcam PowerSHAPE-e. La conception assistée par ordinateur présentée dans cet article met en évidence plusieurs
avantages importants, notamment : la qualité plus haute de la conception ; la visualisation spatiale en trois dimensions des semelles, qui peut conduire a des
décisions immédiates d'accepter les nouveaux modeles de semelles créés ; on peut se faire une image de la complexité de I'exécution des cavités du moule sans la
nécessité d'exécuter des prototypes ; on obtient avec précision les contours des modeéles d'exécution pour les cavités du moule et de les multiplier pour tous les
tailles.

MOTS CLES : chaussures, semelles pour chaussures, conception de semelles, moules pour semelles

INTRODUCTION

The CAD/CAM design systems have been largely
developed including the domain of footwear uppers
and footwear soles. Among the high performance
systems used in the design of footwear soles and
moulds for shoe soles, we may mention [1-3]: Delcam
Shoe Solution (3D), Delcam PowerSHAPE-e (2D and
3D), Padsy Il (2D) and Padsy Il (3D), Shoemaster System

INTRODUCERE

Sistemele de proiectare de tipul CAD/CAM au
cunoscut o larga dezvoltare si in domeniul proiectarii
fetelor si a talpilor pentru incdltaminte. Dintre
sistemele deosebit de performante utilizate Ia
proiectarea talpilor si a matritelor pentru talpi, se pot
mentiona [1-3]: Delcam Shoe Solution (3D), Delcam
PowerSHAPE-e (2D si 3D), Padsy Il (2D) si Padsy Il (3D),
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(2D and 3D), Lectra System (2D and 3D), Parmel System
(2D), ATOS Il System (3D). These systems are equipped
with colour graphical displays, plotters, digitizers,
terminals and other peripheral equipment needed for
computer assisted activities.

The footwear soles are produced as flat footwear
soles, as partially spatialized footwear soles and as
spatialized footwear soles. The complexity of footwear
sole and mould cavity design increases with the
spatialization degree [4-7]. The Delcam Shoe Solutions
and Delcam PowerSHAPE-e applications provide the
user with the needed tools for designing the most
complex footwear soles and footwear moulds.

This paper presents a method [8-10] developed by
the authors, for the 3D design of the footwear flat soles
which are formed in moulds, using the PowerSHAPE-e
application.

EXPERIMENTAL

Case Study: Flat Soles for Footwear Design in
PowerSHAPE-e

The flat sole is the easiest kind of sole to design
from the geometrical point of view. A set of steps is
followed to design the flat footwear soles [9].

Step 1. Obtaining the Flattened Bottom Surface of the
Last

The bottom of the shoe last is copied as a pattern
using one of the known methods. This pattern
represents the shoe lastinsole.

Step 2. Drawing the Insole Outline, Drawing the Main
Axis and Positioning the Basic Foot Anatomical Points

The insole outline is drawn as a Bezier curve using
the Create a Bezier Curve tool under the Curve
function. Theinputted outline is presented in Figure 1.

Afterinputting the insole outline, the two axes are
drawn: the insole axis and the shankpiece axis. These
axes are drawn using the Create a single line tool in the
Line function as simple lines, by specifying the
coordinates.

Shoemaster System (2D si 3D), Lectra System (2D si 3D),
Parmel System (2D), ATOS Il System (3D). Aceste sisteme
sunt echipate cu display-uri, grafice color, plottere,
digitizoare, terminale si alte echipamente necesare
efectuarii unoractivitati asistate de calculator.

Talpile pentru incaltaminte se produc ca talpi
plane, talpi semispatiale si talpi spatiale. Complexitatea
proiectdrii talpilor si a cavitatilor matritelor creste
odata cu gradul de spatializare [4-7]. Programele
Delcam Shoe Solutions, Delcam PowerShape-e ofera
utilizatorului instrumentele de care are nevoie pentru
proiectarea celor mai complexe talpi si matrite pentru
incdltaminte.

n lucrare se prezintd o metodd [8-10], elaboratd
de autori, de proiectare 3D a talpilor plane care se
formeaza in matrite, prin utilizarea programului
PowerSHAPE-e.

PARTEA EXPERIMENTALA

Studiu de caz: Proiectarea talpilor plane in
PowerSHAPE-e

Talpa plana este modelul de talpa cel mai usor de
proiectat din punct de vedere geometric. La
proiectarea talpilor plane se parcurg o serie de pasi [9].

Pasul 1. Obtinerea desfdsuratei suprafetei plantare a
calapodului

Utilizand una din metodele cunoscute, se copiaza
suprafata plantara a calapodului sub forma de sablon.
Acest sablon reprezinta brantul calapodului.

Pasul 2. Trasarea conturului brantului, trasarea axelor
si a punctelor anatomice de bazad ale piciorului

Conturul brantului se traseaza sub forma de curba
Bezier utilizand functia Curve si instrumentul Create a
Bezier Curve. Conturul astfel introdus s-a reprezentat
inFigura 1.

Dupa introducerea conturului brantului se
traseaza cele doud axe de baza, axa brantului si axa
glencului, sub forma de linii simple prin specificarea
coordonatelor, utilizdnd functia Line si instrumentul
Create asingleline.

Leather and Footwear Journal 14 (2014) 1
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Figure 1. Inputting the insole outline, drawing the main axis and positioning the foot anatomical points
Figura 1. Introducerea conturului brantului, trasarea axelor si a punctelor anatomice ale piciorului

The main anatomical points are positioned on the
insole axis represented by the segment 1-7 in Figure 1.
Their coordinates are calculated [6, 9] according to the
foot length, Lp. The value of the foot length is equal
with the footwear last size number in centimetres. The
reference points used for the footwear sole design are:
0 — rear foot curvature amplitude; 2 — heel centre; 3 —
middle of the foot arch; 4 — centre of metatarso-
phalangeal articulations |-V, and 5 — extremity of toe V.
The positions of these points, respectively the length of
the segments relative to the point 1, are calculated with
the following relations: 0-1=0.025*L; 0-2=0.18*L,; O-
3=0.48*L; 0-4=0.66*L ; 0-5=0.81*L ; 0-6=L,. The length
of the segment 6-7 represents the length of the
footwear last tip, whose size is variable and depends on
thetip shape.

The posterior extreme point 0 is obtained [9] by
extending the insole axis in the rear zone. In order to
accomplish this, a work-plane is positioned with its
origin in point 1 and its ox axis overlapping the insole
axis. To create this work-plane follow this procedure:
select the Workplane function and then the Create a
single workplane tool and position the new work-plane
with its origin in the point 1; reposition this plane's ox
axis along the insole axis; open de insole axis
parameters editor; select the newly created work-
plane as the value of the Workspace field; fill the 1-0
segmentinverted length in the X field of the start point.

To position the points 2, 3, 4, 5 on the insole axis
follow this procedure [9]: select the circle drawing tool;
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Punctele anatomice principale ale piciorului care
stau la baza proiectarii talpilor se pozitioneaza pe axa
brantului pe segmentul de dreapta 1-7. Coordonatele
acestora, se calculeaza [6, 9] in functie de lungimea
piciorului, Lp. Valoarea lungimii piciorului este egala cu
numarul de marime al calapodului, exprimat in
centimetri. Punctele de referinta utilizate in
proiectarea talpii plane sunt: 0 —amplitudinea curburii
posterioare a piciorului; 2 — centrul calcaiului; 3 —
mijlocul boltii piciorului; 4 — centrul articulatiilor
metatarso-falangiene I-V si 5 — extremitatea degetului
V. Pozitia acestor puncte, respectiv marimea
segmentelor de dreaptd raportate la punctul 1, se
calculeaza cu relatiile: 0-1=0,025L; 0-2=0,18 L; O-
3=0,48 L; 0-4=0,66 L; 0-5=0,81 L ; 0-6=L,. Mdrimea
segmentului de dreapta 6-7 reprezinta lungimea
varfului calapodului, marime variabild Tn functie de
forma varfului.

Punctul extrem posterior 0 se obtine [9] prin
prelungirea axei brantului in zona posterioard. In acest
sens, se pozitioneaza un plan de lucru cu originea in
punctul 1 si cu axa ox suprapusa peste axa brantului. Se
va proceda astfel: se selecteaza functia Workplane si
instrumentul Create a single workplane. Se acceseaza
editorul de parametri ai axei brantului si din fereastra
Workspace se selecteazd Workplane 1. Tn fereastra
Start se introduc Tn sens negativ coordonatele
punctuluide start ale segmentului de dreapta 1-0.

Pentru pozitionarea punctelor 2, 3, 4, 5 pe axa
brantului se parcurg etapele [9]: se selecteaza
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open the position dialog box; select the Along option;
select the insole axis by clicking next to the start point; fillin
the Proportion field with the corresponding proportion
(e.g.:0.18for point 2); clickon Apply and then on OK.

The position of the point 6 will be determined
using the Line function and drawing an added line
whose length will be equal with the foot length. After
positioning the point 6 the added line should be erased
using the option Delete. The Horizontal text tool in the
Annotation functionis usedin orderto label the points.
These operations are shownin Figure 1.

The position of the points will be marked by circles
which are drawn using the Create a full arc tool in the
Arcfunction. The radius value will be filled in the Radius
field. The Name field is filled automatically with a
number generated in the order of creation. However,
each circle name can be manually set.

Step 3. Drawing the Footwear Sole Interior Contour

The sole interior contour so drawn is presented in
Figure 2. The sole interior contour is obtained by adding
the thickness of the upper parts to the insole contour
[8]. This thickness varies along the insole perimeter
depending on the number and the thickness of the
layers. From the thickness variation point of view, the
zones a-1-a, a-b, b-c and c-7-c are distinguished on the
insole contour, presented in Figure 1. The positioning of
the pointsthat separate these zones is accomplished by
constructing a set of added lines as Bezier curves. The
curves will be drawn inthe outside direction using point
1asstartpoint.

= Delcam Pows(SHAPE» 2011 3 - [7-Contus interior talpa]

instrumentul de trasat cercuri, Open the Position
dialogue box; se selecteazd optiunea Along; se
selecteaza axa brantului in zona punctului de start; in
campul Proportion se scrie proportia (de exemplu 0,18
pentru punctul 2); se selecteaza optiunea Apply si OK.

Punctul 6 se va fixa cu functia Line printr-o linie
ajutatoare de-a lungul careia se va masura lungimea
liniei egald cu lungimea piciorului. Dupa fixarea
punctului 6, linia ajutatoare se poate sterge cu
optiunea Delete. Scrierea cifrelor se va face cu
instrumentul Horizontal text din functia Annotation.
Aceste operatii sunt prezentate in Figura 1.

Punctele se vor marca prin cercuri cu functia Arcsi
instrumentul Create a full arc. In spatiul Radius se va
scrie valoarea razei. In spatiul Name se pot da si nume
cercurilor, daca nu, cercurile apar numerotate in
ordineain care se deseneaza.

Pasul 3. Trasarea conturului interior al tdlpii

Trasarea conturului interior al talpii este
prezentata in Figura 2. Conturul interior al talpii se
obtine prin addugarea grosimii reperelor fetelor
incaltamintei la conturul brantului [8]. Aceste grosimi
variaza de-a lungul perimetrului brantului in functie de
numarul si de grosimile straturilor. Din punctul de
vedere al variatiilor de grosimi, se disting pe conturul
brantului zonele a-1-a, a-b, b-c si c-7-c, reprezentate in
Figura 1. Marcarea punctelor care delimiteaza aceste
zone se face prin construirea unor curbe de tip Bezier.
Curbele vor fi trasate spre exteriorul conturului
brantului, utilizand ca punct de start punctul 1.

® Dekam PowerSHAPE « 2011 B3 - [7-Contur interior talpa]
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Figure 2. Drawing the footwear sole interior contour
Figura 2. Trasarea conturului interior al talpii
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The distance at which the sole interior contour
will be positioned in relation with the insole contour s
variable. To draw this contour [9], the Variable offset
tool in general edit options is used. In the Offset
window associated with this tool, the set of points for
each zone is selected individually. If the transition
from one zone to the other is not smooth, the curve
should be fine-tuned to obtain a smooth curve. The
Create a full arc tool in the Arc function is used to
draw the circles that will mark the points. Open the
position dialog box, select the Along tab, select the
added curve by clicking next to the start point and
then fill the value in Distance mode. This will position
the circle centre at the desired position along the
added curve.

Step 4. Drawing the Footwear Sole Exterior Contour

The sole exterior contour, presented in Figure 3, is
drawn at a constant distance in relation with the
interior contour [8]. This distance varies depending on
the footwear sole model between 0 and 8 mm. The
Offset items tool in the general edit options is used [9]
to draw this curve. Select the sole interior contour and
then select the Offset items tool. The offset value is
specified in the associated window. In order to keep the
sole interior contour the Keep original button must be
activated.
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Distanta la care va fi pozitionat conturul interior al
talpii fata de conturul brantului este variabila. Pentru
trasarea acestui contur [9], se utilizeaza din Show general
edits options instrumentul Variable offset. in fereastra
Offset asociatd instrumentului, se selecteaza separat setul
de puncte pentru fiecare din zonele marcate si se specifica
distanta de decalaj din zona respectiva. in cazul in care
trecerea dela ozona laalta nueste continua, se corecteaza
conturul astfel incat sa se obtina o curba fluenta. Pentru
trasarea cercurilor care vor marca punctele, se vor utiliza
functia Arc si instrumentul Create a full arc. Se deschide
Position dialogue box, se selecteaza optiunea Along, se
selecteaza curba ajutdtoare in zona punctului de start, se
indica pozitionarea centrului cercului pe curba, se
selecteaza modul Distance sise introduce valoarea.

Pasul 4. Trasarea conturului exterior al talpii

Conturul exterior al talpii, reprezentat in Figura 3,
se traseaza la o distantd constantd fata de conturul
interior [8]. Aceastd distanta variaza, in functie de
modelul talpii, intre 0 si 8 mm. Pentru trasarea acestei
curbe se utilizeaza [9] din Show general edits options
instrumentul Offset items. Se selecteaza curba contur
interior talpa, se apeleaza instrumentul Offset items si
in fereastra asociatd acestuia se specifica valoarea de
decalare. Pentru a se pastra si conturul interior al talpii
se activeaza butonul Keep original.
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Figure 3. Drawing the footwear sole exterior contour
Figura 3. Trasarea conturului exterior al talpii
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Figure 4. Footwear sole gluing surface
Figura 4. Suprafata de lipire a talpii
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Step 5. Defining the Footwear Sole Gluing Surface

The gluing surface, represented in Figure 4, is the
areawhere the upperandsole are assembled by gluing.
This surface is continuous, without weight removal
cavities and its width is of 14-15 mm. The exterior of the
gluing surface is delimited by the sole interior contour.
The interior limit of the gluing surface is obtained by
drawing a contour parallel to the sole interior contour,
at a distance equal with the gluing surface width [8].
The tool used [9] is Offset items in the general edit
options. After selecting the sole interior contour click
the Offset items tool and then specify the offset
distance and activate the keep original.

Step 6. Creating the Solid that Defines the Volume
Occupied by the Upper in the Sole Volume

In order to assemble by gluing the footwear upper
with the sole a cavity in the sole volume is needed. This
cavity represents the volume occupied by the lasted
upper in the sole volume. To accomplish this, an
extrusion solid is created starting from the interior
contour of the sole [9]. This solid enters in the sole
volume on a distance equal with the cavity height. This
volume will be removed from the sole volume. Select
the sole interior contour, Figure 5a, and using the
Create one or more solid extrusions tool from the Solid
function the solid is created like in Figure 5b. The solid
extrusion height will be specified in the parameter
editor for this solid in the Negative Length field. The
Length occupied by the solid above the sole will be
established big enough to allow an easy selection of the
solid. In Figure 5c is the volume of the solid created
inside the sole.

SHRANL S M-

Pasul 5. Definirea suprafetei de lipire a tdlpii cu fetele

Suprafata de lipire, reprezentata in Figura 4, este
zonain care fetele incaltamintei se asambleaza cu talpa
prin lipire. Aceasta suprafata este continua, fara goluri
de usurare si are o latime de 14-15 mm. Suprafata de
lipire este delimitata la exterior de conturul interior al
talpii. Limita interioara a suprafetei de lipire se obtine
prin trasarea la o distanta egala cu latimea acesteia, a
unui contur paralel cu conturul interior al talpii [8].
Instrumentul utilizat [9] este Offset items din Show
general edits options. Dupa selectarea conturului
interior al talpii, se apeleaza instrumentul Offset items,
se specifica pastrarea originalului si distanta de decalare.

Pasul 6. Crearea unui solid care defineste volumul
ocupat de fetele incdltdmintei in volumul télpii

in vederea lipirii fetelor inciltdmintei cu talpa,
este necesar ca in volumul talpii sa se creeze o cavitate.
Aceastd cavitate reprezinta volumul ocupat de fetele
trase pe calapod in volumul tilpii. in acest sens, se
creeaza prin extrudare un solid delimitat de conturul
interior al talpii [9]. Acest solid va intra in interiorul
talpii pe o distanta egala cu indltimea cavitatii, urmand ca
volumul acestuia sa fie eliminat din volumul talpii. Pentru
aceasta, se selecteaza conturul interior al talpii, Figura 5a,
si cu instrumentul Create one or more solid extrusions din
functia Solid, se creeaza solidul din Figura 5b. Tndltimea
solidului care va fi extrudat se va specifica in editorul de
parametri ai acestui solid, In campul Negative Length.
Lungimea pozitiva Length, ocupata de solid deasupra
talpii, va fi stabilita la o lungime suficienta pentru a permite
o selectarea cu usurintd a solidului. in Figura 5c este
reprezentat volumul solidului creatininteriorul talpii.

Figure 5. The solid that defines the interior cavity of the sole: a. sole interior contour;

b. the volume of the solid created above the sole; c. the volume of the solid created inside the sole
Figura 5. Solidul care defineste cavitatea din interiorul talpii: a. contur interior talpa;
b. volumul solidului creat deasupra talpii; c. volumul solidului creat in interiorul talpii

Leather and Footwear Journal 14 (2014) 1
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Step 7. Creating the Solid that Defines the Sole Volume.
Obtaining the Sole Cavity

The thickness of the sole is obtained by summing
the heel height, the sole cavity height and the sole
thicknessin the front sole zone [8].

Initially, the sole will be defined as a monolith
solid, obtained by extruding in negative direction the
exterior contour on a distance equal with the sole
thickness. In order to accomplish this [9], the sole
exterior contour is selected, the solid is created using the
Create one or more solid extrusions tool in the Solid
function and the value of the sole thickness is filled in the
Negative Length field. The field Length is filled with the
zero value because the sole will be delimited above by
the XQY plane of the coordinate system associated to the
work-plane. The sole cavity height is obtained by
eliminating the solid that defines the cavity from the
solid that defines the total sole volume. To operate on the
solid that defines the sole, this solid must be activated by
checking the option Active.

The tool used for solid removal is Remove the
selected solid, surface or symbol from the active solid
in the function Feature. Several operations are shown
inFigure 6.

“ Delcam PowerSHAPE ¢ 2011 B3 - [11- Solid care defineste grosimea tatala a talpii]
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Pasul 7. Crearea solidului care defineste volumul talpii.
Realizarea cavitdtii talpii

Grosimea talpii se obtine prin Tnsumarea inadltimii
tocului cu Tnaltimea cavitatii in talpa si cu grosimea
talpiiTn zona de pingea [8].

Initial talpa va fi definita ca un solid monolit,
realizat prin extrudarea in sens negativ a conturului
exterior pe o distanta egala cu grosimea talpii. Pentru
aceasta [9], se selecteaza conturul exterior al talpii, se
creeazd solidul cu instrumentul Create one or more
solid extrusions din functia Solid si in cdmpul Negative
Length se introduce valoarea grosimii télpii. in campul
Length se introduce valoarea zero, deoarece talpa va fi
delimitatd la partea superioara de planul XOY al
sistemului de coordonate asociat planului de lucru.
Tnaltimea cavitatii tdlpii se realizeaza prin eliminarea,
din solidul care defineste aceasta cavitate, a solidului
care defineste volumul total al talpii. Pentru a putea
realiza operatii asupra solidului care defineste talpa,
acesta se vaactiva cu optiunea Active.

Pentrurealizarea operatiei de eliminare a solidului
se foloseste instrumentul Remove the selected solid,
surface or symbol from the active solid asociat functiei
Feature. Cateva operatii sunt reprezentate in Figura 6.
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Figure 6. Obtaining the cavity inside the sole
Figura 6. Realizarea cavitatii din interiorul talpii

Step 8. Defining the Heel Volume

The heel volume is obtained by removing an
auxiliary solid from the solid that defines total volume
ofthesole [9].

Revista de Pielarie Incaltaminte 14 (2014) 1

Pasul 8. Definirea volumului tocului

Volumul tocului talpii se obtine prin eliminarea din
solidul care defineste volumul total al talpii a unui solid
auxiliar [9].
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Figure 7. Defining the heel
Figura 7. Operatii de definire a tocului

The auxiliary solid contour is obtained by drawing
a set of straight line segments and/or curves which will
be converted in a composite curve. After selecting the
contour as a composite curve, the auxiliary solid is
created using the Create one or more solid extrusions
tool in the Solid function. The dimensioning of the
auxiliary solid is done using the parameters editor: in
the Workspace section is specified the vertical position
of the auxiliary solid in relation with the bottom limit of
the sole; in the Dimensions section is specified the
Negative Length so that the auxiliary solid will pass the
bottom limit of the sole; the Length is set to zero
because the top limit is the vertical position of the
contour set in the Workspace section. The removal of
the auxiliary solid is obtained using the Remove the
selected solid, surface or symbol from the active solid
tool in the Feature function. The sequence of
operations that led to the definition of the heel shape
andvolumeis presentedin Figure 7.

Step 9. Obtaining the Sole Weight Removal Cavities

A fast and precise method of drawing the weight
removal cavities consists in using an auxiliary
construction [4, 8, 10]. Using the compound curve tool,
each individual weight removal cavity contour is drawn.
The auxiliary solids are created by extrusion using these
contours, solids which will be removed from the sole
solid. The extrusion is done in negative direction on a
length equal with the depth of the weight removal
cavities. The weight removal cavities were obtained by

Conturul solidului auxiliar se realizeaza prin
trasarea unor segmente de dreapta si/sau curba care se
vor converti intr-o curba compusa. Dupa selectarea
conturului in forma de curbda compusd, se creeaza
solidul auxiliar cu instrumentul Create one or more
solid extrusions din functia Solid. Dimensionarea
solidului auxiliar se face prin intermediul editorului de
parametri ai functiei: in sectiunea Workspace se
specifica pozitia Tn plan vertical a solidului auxiliar fata
de limita inferioara a talpii; in sectiunea Dimensions se
specifica Negative Length astfel incat solidul auxiliar sa
depdseasca zona inferioara a talpii; Length se seteaza
pe zero, deoarece limita superioard este pozitia
verticald a conturului stabilit in sectiunea Workspace.
Eliminarea solidului auxiliar se va face cu instrumentul
Remove the selected solid, surface or symbol from the
active solid asociat functiei Feature. Succesiunea unor
operatii care au condus la definirea formei si a
volumuluitoculuis-areprezentatin Figura7.

Pasul 9. Realizarea golurilor de usurare ale talpii

O metoda rapida si precisa de trasare a golurilor
de usurare este utilizarea unei constructii ajutatoare [4,
8, 10]. Cu ajutorul instrumentului pentru trasat curbe
compuse, se traseazad individual conturul fiecarui gol de
usurare. Utilizand aceste contururi, se creeaza solizii
auxiliari care vor fi eliminati din solidul talpa, prin
extrudare. Extrudarea se va face in sens negativ pe o
lungime egala cu adancimea golurilor. Golurile de
usurare se obtin prin eliminarea solizilor auxiliari din
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removing the auxiliary solids from the sole volume
using the Remove the selected solid, surface or symbol
from the active solid tool in the Feature function.
Several operations are shown in Figure 8.

volumul talpii cu instrumentul Remove the selected
solid, surface or symbol from the active solid din
functia Feature. Cateva operatii sunt reprezentate in
Figura 8.
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Figure 8. Obtaining the sole weight removal cavities
Figura 8. Realizarea golurilor de usurare ale talpii

Step 10. Obtaining the Anti-Skid Relief

The work method is similar to that used to obtain
the weight removal cavities [8, 9]. On the surface of the
solid on which the anti-skid relief will be made, an
auxiliary network is drawn which will be used to obtain
the contours of the auxiliary solids that will be removed
from the sole volume. Because the surface of the heel
and the surface of the sole are situated on different
levels, an auxiliary network will be drawn for each of
these two zones. For each of the two surfaces a work-
plane will be associated. The tool used for the creation
of the work-planes is Create a single workplane. In
order to draw the anti-skid relief design the Create a
single line tool from the Line function and Curve
function will be used.

Finally the drawings are used to obtain the
composite curves using the Create a Composite Curve
by tracing tool. The composite curves are used to
obtain the auxiliary solids using the Create one or more
solid extrusion toolin the Solid function.

The anti-skid relief will be obtained by removing
oradding the auxiliary solids volume to the sole volume
using the Remove/Add the selected solid, surface or
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Pasul 10. Realizarea reliefului antiderapant

Metoda de lucru este similara cu cea utilizatd in
cazul golurilor de usurare [8, 9]. Pe suprafata solidului
pe care se va realiza relieful antiderapant, se deseneaza
o retea ajutdtoare care va determina contururile
solizilor auxiliari care urmeaza sa fie eliminati din
volumul talpii. Deoarece suprafata tocului si suprafata
talpii in zona anterioara sunt situate in planuri diferite,
se va desena cate o retea ajutdtoare pentru fiecare
dintre aceste regiuni. Celor doua suprafete li se vor
asocia cate un plan de lucru. Instrumentul utilizat
pentru crearea planurilor este Create a single
workplane. Pentru trasarea desenelor reliefului
antiderapant se vor utiliza functia Line si instrumentele
Create asingle line si Curve.

Definitivarea desenelor se va face prin
transformarea lor in curbe compuse cu instrumentul
Create a Composite Curve by tracing. Curbele compuse
se vor transforma in solizi auxiliari cu instrumentul
Create one or more solid extrusion din functia Solid.

Relieful andiderapant se va obtine prin eliminarea
sau addugarea volumelor solizilor auxiliari Tn volumul
talpii cu instrumentul Add the selected solid, surface
or symbol to the active solid asociat functiei Feature.




C. LUCA, R. MOCANU

symbol to the active solid tool in the Feature function.
Steps of anti-skid relief drawing are shown in Figure 9.

Pasii de desenare a reliefului antiderapant sunt

prezentatiin Figura9.
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Figure 9. Obtaining the anti-skid relief
Figura 9. Obtinerea reliefului antiderapant

Step 11. Obtaining the Sole Templates, Designing the
Mould Cavities Manufacturing Templates

By designing the sole the following templates are
obtained: sole interior contour, sole exterior contour,
sole contour with antiskid relief and longitudinal
cross-section through the sole axis. To design the
mould cavity, these templates will be increased by
one of the available methods [9], using the
contraction coefficient value of the polymeric blends
used for the sole.

CONCLUSIONS

The CAD/CAM systems developed by the big
software companies are remarkable but most of them
can only be used under commercial licence. The
Delcam PowerSHAPE-e application, which was used for
the development of the method presented in this
paper, does not need a commercial licence. It can be
downloaded free of charge from the developer
company website.

Pasul 11. Scoaterea sabloanelor tdlpilor, proiectarea
sabloanelor de executie a cavitdtii matritei

Se scot sabloanele care au rezultat in urma
proiectarii talpii: sablon contur interior talpa, sablon
contur exterior talpa, sablon contur talpa cu relief
antiderapant, sablon sectiune longitudinald prin axa
talpii. La proiectarea cavitdtii matritei este necesar ca
aceste sabloane sa fie majorate, prin una din metodele
cunoscute [9], cu valoarea coeficientilor de contractie a
amestecurilor polimerice din care se formeaza.

CONCLUZII

Sistemele CAD/CAM elaborate de mari
companii producatoare de fincdltaminte sunt
remarcabile, numai ca, Tn marea lor majoritate, pot
fi utilizate numai sub licentd. Programul de desenare
Delcam PowerSHAPe-e in care s-a elaborat metoda
de proiectare din lucrare nu necesita licenta si poate
fiinstalatTn mod gratuit de pe site-ul producatorului.
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The Delcam PowerSHAPE-e application provides a
complete and intuitive environment for computer
aided design. Unlike other CAD environments, in
PowerSHAPE-e the surfaces and 3D solids are created
with a minimum effort. The method presented in this
paper is approachable to any category of designers
with basic skills in CAD systems.

The developed method for the soles and mould
design is suitable for both beginner and advanced
designers. The hybrid modelling in PowerSHAPE-e
combines perfectly the solid and surface modelling,
providing the necessary flexibility to develop
complex shapes like the footwear soles and mould
cavities.

The developed method allows the inputting of
the 3D last contour, the 3D sole design, inexhaustible
diversification possibilities of the soles, the three-
dimensional visualization of the sole models,
obtaining the patterns or casts needed for the
execution of the mould nests, determining the
polymer blends volume needed to obtain the soles,
etc.

The method elaborated can be used in advanced
mould design where the soles are formed.
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