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Rezumat

Fabricarea aditiva (FA), cunoscutd si sub numele de imprimare 3D, a apdrut ca o tehnicd de fabricatie care
permite producerea de geometrii complexe utilizdnd o precizie ridicatd si capabilitati de personalizare. Printre
diversele metodologii din FA, Fabricarea de obiecte cu filamente din materiale diverse se remarca prin versatili-
tatea sa in crearea de obiecte cu proprietdti mecanice mixte.

Acest studiu analizeazd aspectele de aderentd a straturilor unor probe realizate din doud materiale diferite
din punct de vedere mecanic, concentrdndu-se in special pe incorporarea elastomerului termoplastic (TPE) si
a acidului polilactic (PLA). Elastomerii TPE oferd elasticitate si flexibilitate, in timp ce PLA oferd rigiditate si bio-
degradabilitate, fdcdndu-le o combinatie intrigantd pentru o gamd larga de aplicatii. Pentru a evalua aderenta
dintre straturile de TPE si PLA sunt efectuate investigatii experimentale asupra proprietdtilor mecanice, in special
rezistentele la tractiune si compresiune. Intelegerea interactiunii dintre aceste materiale este cruciald pentru
optimizarea procesului de imprimare si imbundtdtirea integritdtii structurale a pieselor fabricate.

Industria de imprimare 3D a cunoscut o crestere rapidd, gdsind aplicatii in diverse sectoare, inclusiv in industria
aerospatiald, industria auto, sdndtate sau industria alimentard. Atat TPE, cdt si PLA au o relevantd semnificativa
in aceste industrii datoritd proprietdtilor lor unice si durabilitatii mediului, conducénd astfel cererea de cercetare
menitd sd imbundtdteascd compatibilitatea si performanta acestora in procesele de imprimare cu mai multe
materiale. Rezultatele obtinute prezinta un comportament diferit a epruvetelor realizate din TPA si celor din TPE.
Pentru epruvetele la compresiune realizate din PLA si Mixt, epruvetele de compresiune realizate prin combi-
narea celor doud materiale prezintd un comportament asemdndtor cu cel de baza al plasticului PLA, sugerdnd
cd addugarea altor materiale nu schimbd rdaspunsul de baza al plasticului PLA.

Prin analiza experimentald si explorarea aplicatiilor industriale, se doreste intelegerea potentialului acestor ma-
teriale in fabricarea aditiva si conturarea unor directii viitoare pentru cercetare si dezvoltare in acest domeniu.
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Abstract

Additive manufacturing (AM), also known as 3D printing, has emerged as a manufacturing technique that
enables the production of complex geometries using high precision and customization capabilities. Among
various methodologies in AM, Fabrication of objects with filaments from various materials stands out for
its versatility in creating objects with mixed mechanical properties.

The study analyses the adhesion aspects of the layers of samples made of two different materials. This fo-
cuses on the incorporation of thermoplastic elastomer (TPE) and polylactic acid (PLA). TPE elastomers offer
elasticity and flexibility, while PLA offers stiffness and biodegradability, making them an intriguing com-
bination for a wide range of applications. To evaluate the action between the TPE and PLA layers, experi-
mental investigations are carried out on the mechanical property, especially the tensile and compressive
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strengths. Understanding the interactions between these materials is crucial for optimizing the printing
process and creating the structural integrity of manufactured markets. The 3D printing industry has expe-
rienced rapid growth, finding applications in various sectors, including the aerospace, automotive, health
and food industries. Both TPE and PLA have significant relevance in these industries due to their unique
properties and environmental sustainability, thus driving research demand to improve their compatibility
and performance in multi-material printing processes.

The results obtained show a different behaviour of the samples made of TPA and those of TPE. For the
compression specimens made of PLA and Mixed, the compression specimens made by combining the two
materials show a behaviour similar to that of the base PLA plastic, suggesting that the addition of other
materials does not change the response of the base PLA plastic.

Through experimental analysis and exploration of industrial applications, it is desired to understand the
potential of these materials in additive manufacturing and outline future directions for research and devel-

opment in this field.
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1. Introducere

Fabricarea aditiva (FA) este o tehnologie relativ noua
in care obiectele tridimensionale sunt create folosind
o depunere treptata a materialului, strat cu strat. FA
este cea mai utilizata tehnologie la nivel mondial
pentru prototipare cu precizie dimensionala ridicata
si timp de fabricatie extrem de scurt in comparatie
cu alte tehnologii de fabricatie.

Industria de fabricatie poate fi Impartitd in cinci
procese fundamentale: fabricare aditivd, Tmbi-
nare (de exemplu sudura), Tmpartire, transformare
si substractivd [1]. Cea mai folositda metoda de
fabricatie pana acum este fabricarea substractiva.
Tn anii 1980, in America, a avut loc o crizd a masinilor-
uneltein momentulin care aceasta tehnologie aapdrut
din cauza necesitatii de a crea obiecte cu suprafete
geometrice complexe [2]. Desi a fost acceptata initial
ca un hobby, FA a fost folosita de cercetdtori pen-
tru realizarea de produse personalizate si, datorita
potentialului sau, industriile de productie cauta acum
sa creasca utilizarea FA in industrie [3].

Aceasta tehnologie se bazeaza pe un model digital
tridimensional al obiectului de fabricat. Fisierul, in
format STL al obiectului, este important intr-un soft-
ware de masind-unelte care sectioneaza obiectul de
lucru in straturi, formuland o serie de actiuni pe care
masina le citeste si le transpune in straturi, folosind
diverse materiale. O provocare semnificativa in in-
dustria FA este limitarea dimensiunii imprimabile,
care este determinata de volumul camerei impri-
mantei [4].

Concurenta pe piata globald a produselor realizate
prin FA s-a intensificat enorm in ultimii ani. A devenit
important, daca nu vital, ca noi produse sd ajunga pe
piatd cat mai curand posibil inaintea concurentei [5].

1. Introduction

1.Introduction

Additive manufacturing (AM) is a relatively new
technology in which three-dimensional objects are
created using the gradual deposition of material,
layer by layer. AM is the most widely used technolo-
gy worldwide for prototyping with high dimensional
accuracy and extremely short manufacturing time
compared to other manufacturing technologies.
The manufacturing industry can be divided into five
fundamental processes: additive manufacturing,
joining (e.g. welding), splitting, transformation and
subtractive [1]. The most used manufacturing meth-
od so far is subtractive manufacturing.

In the 1980s in America, there was a machine tool
crisis when this technology emerged due to the
need to create objects with complex geometric sur-
faces [2]. Although initially accepted as a hobby, AM
has been used by researchers to make customized
products, and due to its potential, manufacturing in-
dustries are now looking to increase the use of AM
in industry [3].

This technology is based on a three-dimensional
digital model of the object to be manufactured. The
file, in STL format of the object, is important in a ma-
chine tool software that slices the workpiece into
layers, formulating a series of actions that the ma-
chine reads and transposes into layers, using various
materials. A significant challenge in the AM industry
is the limitation of the printable size, which is deter-
mined by the volume of the printer chamber [4].
Competition in the global market for products made
by AM has intensified enormously in recent years. It
has become important, if not vital, that new prod-
ucts reach the market as soon as possible before the
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Crearea de prototipuri sau realizarea de modele in
sensul traditional este o practicd veche. Intentiade a
avea un prototip fizic este de a realiza conceptualiza-
rea unui design. Procesele de prototipare au trecut
prin trei faze de dezvoltare: prototipare rapida, pro-
totipare virtuala si prototipare manuala.
Prototiparea rapida (RP) poate fi definitd ca fabri-
carea directd a unui obiect dintr-un model tridimen-
sional prin Fabricarea aditiva. Deoarece acest lucru
necesita un efort uman minim, este cea mai flexibila
si directd forma de productie.

Tn aceastd lucrare a fost utilizatd tehnologia de mode-
lare prin depuneri de termoplastic (FDM). Tehno-
logia FDM se bazeaza pe extrudarea filamentului
pentru functionarea sa, iar popularitatea sa provine in
primul rand din metoda de imprimare 3D rentabild si
comoditatea pe care o ofera in producerea pieselor [6].
FDM este o tehnologie simpla si accesibild care
constd in trecerea unui fir de masa plastica solida
printr-un cap de extrudare, care se deplaseaza ori-
zontal si vertical, topind filamentul si depunand-I in
straturi pe masa de lucru, care se deplaseaza si el
odata cu extruderul, figura 1.
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competition [5].

Prototyping or model making in the traditional sense
is an old practice. The intention of having a physical
prototype is to realize the conceptualization of a de-
sign. The prototyping processes went through three
phases of development: rapid prototyping, virtual
prototyping and manual prototyping.

Rapid Prototyping (RP) can be defined as the direct
fabrication of an object from a three-dimensional
model through Additive Manufacturing. As this re-
quires minimal human effort, it is the most flexible
and direct form of production. In this work, thermo-
plastic deposition modelling (FDM) technology was
used. FDM technology relies on filament extrusion
for its operation, and its popularity primarily stems
from the cost-effective 3D printing method and the
convenience it provides in producing parts [6].

FDM is a simple and affordable technology that con-
sists of passing a wire of solid plastic mass through
an extrusion head, which moves horizontally and
vertically, melting the filament and depositing it in
layers on the worktable, which also moves at once
with the extruder, figure 1.

Rolé filament

Directii depunere
material

Figura 1. Procesul de modelare modelare prin depuneri de polimer termoplastic [7]
Figure 1. Process of fused deposition modelling of thermoplastic polymer [7]

Pentru aceasta lucrare, materialele alese pen-
tru incercarea experimentald sunt acidul polilactic
(PLA) si elastomerul termoplastic (PTE), doua ma-
teriale diferite, PLA este un plastic rigid si TPE este
un amestec intre plastic si elastomer, dar principala
caracteristica ramane, elasticitatea.

Pentru incercarea experimentald, in lucrare este
prezentat un studiu de incercdri la tractiune si com-
presiune pe cele doua materiale, PLA si TPE, pentru
a afla atdt comportamentul mecanic al acestor doua
materiale cat si capacitatea de aderenta a probelor
realizate din combinarea materialelor. in final, este
prezentat un capitol ce insumeaza si concluzioneaza
asupra rezultatelor.
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For this work, the materials chosen for the experi-
mental test are polylactic acid (PLA) and thermo-
plastic elastomer (PTE), two different materials, PLA
is a rigid plastic and TPE is a mixture between plastic
and elastomer, but the main characteristic remains,
elasticity.

For the experimental test, the paper presents a ten-
sile and compression test study on the two materi-
als, PLA and TPE, to find out both the mechanical
behaviour of these two materials and the adhesion
capacity of the samples made from the combination
of materials.

Finally, a chapter summarizing and concluding the
research is presented.
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2. Materiale si modele

Dupa cum s-a spus in introducere, materialele utili-
zate In aceasta lucrare de cercetare, PLA si TPE, sunt
diferite in ceea ce priveste proprietdtile mecanice si
chimice. PLA este un poliester termoplastic biode-
gradabil produs in urma procesului de condensare
a acidului lactic care este prezent prin fermentarea
bacteriand a zaharurilor din diferite produse natu-
rale precum porumb, cartofi, trestie de zahar, pro-
duse derivate din lapte sau chiar deseuri agricole [8].
Tn ceea ce priveste problemele actuale de poluare
la nivel mondial, PLA nu este doar biodegradabil,
care deja in ceea ce priveste deseurile viitoare este
foarte convenabil pentru industrie, ci este si superior
polimerilor pe baza de petrol, cum ar fi polietilena
(PE), polipropilena (PP) si deci, care sunt utilizate in
prezent in societatea contemporana in fiecare aspect
al vietii de zi cu zi [9] [10].

Tn ceea ce priveste utilizarea, PLA incepe s fie fo-
losit in diferite industrii din intreaga lume, cele mai
importante sunt legate de industria alimentara, fiind
recunoscut de FDA (The Food and Drug Administra-
tion USA) cu o certificare GRAS (Generally Recog-
nized as Safe, recunoscute in general ca fiind sigure).
n industria medicald, fiind biocompatibil, utilizarea
principala a PLA include suturi degradabile, schele
poroase pentru aplicatii celulare sau microparticule
care elibereaza medicamente si chiar implanturi
polimerice biodegradabile, unde nu este necesara o
a doua interventie chirurgicald pentru a le indeparta
dupa ce locul defectului este reparat [11] .
Materialul folosit Tn aceasta lucrare este PLA de la
producatorul Creality, un filament alb cu masa de 1 kg.
Principalele proprietati mecanice si de imprimare 3D ale
PLA sunt calitatea Tnalta a pieselor, rezistenta ridicata a
stratului si o rezistenta mica la impact, figura 2a. Elasto-
merii termoplastici polieter-poliuretan sunt o clasa de
amestec fizic de diferiti polimeri care rezulta intr-un
material care constd atat din proprietdti termoplas-
tice, cat si din elastomerice [11].

TPE s-a dovedit a fi o alegere buna pentru diferite
industrii datorita unui proces de productie mai putin
complicat si mai putin costisitor in comparatie cu
elastomerii vulcanizati [12].

Amestecul de proprietati diferite este rezultatul
structurii sale chimice, care contine un lant multiplu
de polimeri care are segmente flexibile alternante
derivate din dioli polimeri alifatici liniari si segmente
rigide formate din diizocianati cu lant scurt [13]. Fie-
care familie de segmente vine cu proprietdti meca-
nice diferite, segmentele flexibile conferd elasticitate,

2. Materials and models

As said in the introduction, materials used in this
research paper, PLA and TPE are different in terms
of mechanical and chemical properties. PLA is a bio-
degradable thermoplastic polyester produced fol-
lowing the lactic acid condensation process that is
present through bacterial fermentation of sugars
from various natural products such as corn, pota-
toes, sugar cane, milk products or even agricultural
waste [8].

In terms of current global pollution problems, PLA
is not only biodegradable, which is already very
convenient for industry, but also superior to petro-
leum-based polymers such as polyethylene (PE),
polypropylene (PP) and therefore, which are cur-
rently in contemporary society in every aspect of
daily life [9] [10].

In terms of use, PLA is beginning to be used in vari-
ous industries around the world, the most important
being related to the food industry, being recognized
by the FDA (The Food and Drug Administration USA)
with a GRAS (Generally Recognized as Safe certifica-
tion).

In the health industry, being biocompatible, the
main use of PLA includes degradable sutures, po-
rous scaffolds for cellular applications or drug-
releasing microparticles, and even biodegradable
polymer implants, where a second surgical inter-
vention is not required to remove the defect site is
repaired. [11].

The material used in this work is PLA from the man-
ufacturer Creality, a white filament with a mass of
1 kg. The main mechanical and 3D printing proper-
ties of PLA are high part quality, high layer strength
and low impact strength, figure 2a.
Polyether-polyurethane thermoplastic elastomers
are a class of physical blend of different polymers
resulting in a material that consists of both thermo-
plastic and elastomeric properties [11].

TPE is a good choice for various industries due to a
less complicated and less expensive production pro-
cess compared to vulcanized elastomers [12].

The mixture of different properties is a result of its
chemical structure, which contains a multiple poly-
mer chain that has alternating flexible segments
derived from linear aliphatic polymer diols and rigid
segments formed from short-chain diisocyanates
[13].

Each segment family comes with different mechani-
cal properties, flexible segments impart elasticity,
long elongation at break and softness, and inflexibil-
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alungire lunga la rupere si moliciune, iar rigiditatea
afecteaza duritatea, modulul de elasticitate si asa
mai departe [14]. TPE isi gaseste aplicatiile in prin-
cipal in industria textila, utilizat in principal in ame-
stecarea fibrelor pentru a crea diferite proprietati
ale textilului, cum ar fi materiale cu proprietati de
auto-vindecare, textile impermeabile, utilizare in
domeniul bio-medical si asa mai departe [15][16]
[17]. Materialul folosit ca referinta este Filaflex 70A
Ultra-Soft care este un elastomer termoplastic cu
imprimabilitate ridicatd. Coeficientul de duritate
shore al acestui material se gaseste in jur de 80 pe o
scara shore A, similar cu duritatea dintre o anvelopa
si un toc de pantof. Principalele proprietati mecanice
si de imprimare 3D ale TPE sunt o rezistentd buna
la impact datoritd proprietatilor sale elastomerice,
precum si durabilitate, o rezistenta buna la caldura,
dar si o calitate nu mare a imprimarii, figura 2b.
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ity affects hardness, modulus of elasticity and so on
[(14].

TPE area finds its applications mainly in the textile
industry, use mainly in fiber mixture to create differ-
ent properties of the textile, such as materials with
self-healing properties, waterproof textiles, use in
the bio-medical field and so on [15 ][16][17] .

The material used as a reference is Filaflex 70A Ultra-
Soft, which is a high print thermoplastic elastomer.
The shore hardness coefficient of this material is
found around 80 on a shore A scale, similar to the
hardness between a tire and a shoe heel.

The main mechanical and 3D printing properties
of TPE a good impact resistance is the property of
its elastomeric properties, as well as durability, a
good heat resistance, but also not high print qual-
ity, figure 2b.
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Figura 2. Principalele proprietati mecanice si de imprimare ale: a. PLA si b. TPE
Figure 2. Main mechanical and printing properties of: a. PLA and b. TPE

Daca ne uitdm separat la cele doua materiale prezen-
tate in aceasta lucrare, putem observa ca din punct de
vedere al proprietdtilor mecanice acestea sunt foarte
diferite, iar scopul acestei lucrari este de a incerca sa
imbine rigiditatea materialului PLA cu flexibilitatea si
rezistenta la impact al materialului TPE.

2.1 incercarea la tractiune

Materialele folosite Tn aceasta investigatie sunt
PLA de la Creality si TPE de la Filaflex. Investigatia
experimentald a fost efectuatd cu 5 epruvete de
tractiune pentru fiecare material conform D638-14,
Metoda de incercare standard internationala pentru
proprietatile de tractiune ale materialelor plastice
[18]. Respectiv, 5 epruvete de compresiune con-
form D695-02a, Metoda de incercare standardizata
international pentru proprietatile la compresiune a
plasticelor rigide [19]. Epruvetele au fost modelate
in Autodesk Fusion 360. Software-ul utilizat pentru
sectionarea si preprocesarea probelor de tractiune
si compresiune este Prusa Slicer. Exemplarele au
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If we take a look separately at the two materials pre-
sented in this work, we can see that in terms of me-
chanical properties, they are very different, for these
works, to try to combine the rigidity of the rigid PLA
material with the flexibility and impact resistance of
the material. TPE.

2.1 Tensile testing

The materials used in this investigation are PLA
from Creality and TPE from Filaflex. The experi-
mental investigation was carried out with 5 tensile
specimens for each material according to D638-
14, International Standard Test Method for Tensile
Properties of Plastics [18]. Respectively, 5 compres-
sion specimens according to D695-02a, Interna-
tional Standardized Test Method for Compressive
Properties of Rigid Plastics [19]. The specimens
were modeled in Autodesk Fusion 360.

The software used for sectioning and preprocess-
ing the tensile and compression samples is Prusa
Slicer.
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fost realizate folosind imprimanta 3D Prusa i3 MK3.
Parametrii utilizati in procesul de imprimare au fost
diferiti pentru fiecare material, tabel 1.

The specimens were made using the Prusa i3 MK3
3D printer. The parameters used in the printing
process were different for each material, table 1.

Tabelul 1. Proprietati folosite pentru imprimare
Table 1. Properties used for printing

Proprietati imprimare PLA/TPE
Printing properties PLA/TPE BEa IGE
naltime strat [mm]
Layer height [mm] 0:2 02
Numar pereti verticali [-] ) )
Number of vertical shells [-]
Densitatea de umplere [%]
Filling density [%] 100 100
Viteza [mm/s]
40 5
Speed [mm/s]

Viteza ventilator [%]

100 40
Fan speed [%]

Retragere material [-] DA NU
Retraction of material [-] YES NO
D.Iametru flllament [mm] 175 175
Filament diameter [mm)]

Temperatura pat imprimare [°C] 55 60
Printing bed temperature [°C]
Temperatura cap extrudarf [°C] 210 230
Extruder temperature [°C]

Dupa imprimare, atat probele de compresiune, cat
si cele de tractiune au fost masurate cu ajutorul unui
subler digital conform standardului de precizie a trei
masuratori consecutive efectuate de acelasi opera-
tor cu acelasi instrument.

Tncercérile de tractiune au fost efectuate pe masina
universala de tractiune/compresiune, Zwick/Roell
Z005 [20], figura 3. Masina a fost echipata cu doua
dispozitive de prindere, unul fix si celdlalt mobil pen-
tru a determina rezistenta la rupere a materialului
si modulul de elasticitate al materialelor testate.
Aplicand o sarcind de intindere progresiva F in axa
longitudinala a probei, aceasta introduce tensiune
de-a lungul fibrelor si introduce deformatii treptate
si, in final, rupe epruveta.

”““""WW‘* |

After printing, both compression and tension sam-
ples were measured using a digital caliper to the
standard of accuracy of three consecutive measure-
ments by the same operator with the same instru-
ment.

Tensile tests were performed on the universal ten-
sile/compression machine, Zwick/Roell Z005 [20],
figure 3. The machine was equipped with two
clamps, one fixed and the other movable, to deter-
mine the breaking strength of the material and the
modulus of elasticity of the tested materials. By ap-
plying a progressive tensile load F in the longitudinal
axis of the specimen, it introduces tension along the
fibers and introduces gradual deformations and fi-
nally breaks the specimen.

Figura 3. Proba de incercare la tractiune prinsd pe masina de universala Zwick/Roell Z005
Figure 3. Tensile specimen fixed in the universal testing Zwick/Roell Z005
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Parametrii de incercare si prelucrarea datelor au fost
efectuate folosind software-ul profesional TextExpert
(V3, Zwick/Roell Group, Ulm, Germania). Conditiile
de incercare pentru probele de tractiune cu mate-
riale PLA si PTE au fost efectuate Tn conformitate
cu standardele. Pentru epruvetele PLA, epruveta
a fost preincarcata cu o forta de 0,1 N si o viteza
de 10 mm/min. Controlul pozitiei masinii a fost
efectuat cu o viteza de S5mm/min. Pentru probele
TPE, parametrii utilizati Tn Tncercarea de tractiune
au fost diferiti din cauza comportamentului elasto-
meric al epruvetelor.

Pentru a determina alungirea epruvetelor pen-
tru ambele materiale, s-a utilizat un extensome-
tru cu clipsare manuala (clip-on extensometer) cu
suprafata activa de 10 mm si deschidere initiala de
30 mm. Toate testele au fost efectuate in aceleasi
conditii standard pentru a elimina eventualele erori.

2.2 incercarea la compresiune

Epruvetele de compresiune au fost fabricate folosind
parametrii identici cu cei conturati in sectiunea epru-
vetei de tractiune, in afara de epruvetele de compre-
siune cu materialele combinate. In acest caz, procesul de
fabricatie a implicat alternarea materialelor strat cu strat,
pastrand 1n acelasi timp viteza de imprimare a TPE. De-
cizia de a utiliza aceeasi viteza de imprimare a TPE a fost
determinata de preocuparile privind aderenta stratului,
astfel incat a fost selectata o viteza de imprimare mai
micd pentru a evita potentialele probleme.

Din cauza acestei preocupari, a fost efectuata o
analiza microscopica a aderentei dintre straturile ce-
lor doud materiale pe epruveta de compresiune de
rezerva pentru a valida parametrii de imprimare.

Test parameters and data processing were per-
formed using the professional software TextExpert
(V3, Zwick/Roell Group, Ulm, Germany). The test
conditions for the tensile tests with PLA and PTE
materials were performed in accordance with the
standards. For the PLA specimens, the specimen
was preloaded with a force of 0.1 N and a speed of
10 mm/min. The machine position control was per-
formed at a speed of Smm/min.

For the TPE samples, the parameters used in the
tensile test were different due to the elastomeric
behaviour of the samples. In order to calculate the
displacement of the specimens for both materials
under the action of force, a clip-on extensometer
with an active surface of 10 mm and an initial open-
ing of 30 mm was used for the test.

All tests were performed under the same standard
conditions to eliminate possible errors.

2.2 Compression testing

The compression specimens were manufactured
with identical parameters with respect to the section
of the tensile specimen, except for the compression
specimens with the combined materials.

In this case, the manufacturing process involved
alternating the materials layer by layer while main-
taining the printing speed of the TPE. The decision
to use the same TPE print speed was driven by con-
cerns about layer adhesion, so a lower print speed
was selected to avoid potential problems.

Because of this concern, a microscopic analysis of
the adhesion between the layers of the two mate-
rials on and proven compression backup was per-
formed to validate the printing parameters.

a.l— _

Figura 4. Vedere laterala a epruvetei de compresiune cu mai multe materiale (a.) si vedere
in sectiune a epruvetei de compresiune cu mai multe materiale (b.)
Figure 4. Side view of multi-material compression specimen (a.) and cross-sectional view of
multi-material compression specimen (b.)

Diferenta de material poate fi observata datorita naturii
lucioase a PLA. Datorita procesului de fabricare a aces-
tor epruvete (FDM) si incapacitatii sale de a produce
piese omogene, am cautat sa vedem dacd parametrii
de imprimare alesi pentru epruvetele de compresiune
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The difference in material can be seen due to the
glossy nature of PLA. Due to the manufacturing pro-
cess of these samples (FDM) and its inability to pro-
duce homogeneous parts, we sought to see if the
printing parameters chosen for the multi-material
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cu mai multe materiale au dat cele mai bune rezul-
tate Tn atenuarea golurilor si a imperfectiunilor de
imprimare. In figura 4 putem observa cd nu exist3
spatii Tntre liniile de straturi cu o suprapunere a lini-
ilor de straturi suficientd pentru a continua cu para-
metrii de imprimare alesi.

3. Rezultate si discutii

Pentru a putea analiza posibilele beneficii ale
alternarii pieselor cu materiale combinate pro-
duse prin FDM, a trebuit sa analizam performanta
materialelor individual. Prin urmare, au fost produse
si testate epruvete de tractiune si compresiune.

compression specimens gave the best results in miti-
gating voids and printing imperfections.

In figure 4 we can see that there are no spaces
between the layer lines with enough overlap of
the layer lines to continue with the chosen print
parameters.

3. Results and discussions

In order to be able to analyse the possible benefits of
alternating parts with combined materials produced
through FDM, we had to analyse the performance of
the individual materials. Therefore, tensile and com-
pression specimens were produced and tested.

Figura 5. Epruvete de incercare de tractiune PLA (a.) si epruvete de incercare de tractiune TPE (b.)
Figure 5. PLA tensile test specimens a.) and TPE tensile test specimens (b.)

Tn timpul Tncercérilor de tractiune ale elastomerului, nu
a avut loc nicio defectiune, iar probele au atins distanta
maxima de deplasare a masinii de incercare Zwick/Roell.

During tensile tests of the elastomer, no failure oc-
curred and the samples reached the maximum trav-
el distance of the Zwick/Roell testing machines.
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Figura 6. Curbele caracteristice tensiune-deformatie pentru epruvetele incercate din materialul PLA
Figure 6. Engineering stress-strain curves for the PLA samples

in figura 6 se pot observa curbele caracteristice
tensiune-deformatie pentru epruvetele incercate la
tractiune din materialul PLA. Curbele rezultate arata
un comportament similar pentru probele la tractiune

In figure 6, you can see the characteristic stress-strain
curves for the tensile tested specimens made of PLA
material. The resulting curves show a similar behav-
iour for the tensile samples of the PLA material.
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al materialului PLA. Toate cele cinci probe de
tractiune PLA prezintd o curba Tensiune-Deformatie
previzibila, avand o tensiune caracteristica me-
die de 48 MPa la o deformatie medie de 0,12 mm/
mm. Acest raspuns uniform pe mai multe epruvete
subliniaza repetabilitatea proprietatilor mecanice ob-
servate in conditii de incércare la tractiune. Tn timpul
incercarilor de tractiune ale elastomerului, probele au
atins distanta maxima de deplasare a masinii de incer-
care Zwick/Roell, figura 6a, in jur de 330 mm deplasare.

a.

Allfive PLA tensile samples show a predictable Stress-
Strain curve, having an average characteristic stress
of 48 MPa at an average strain of 0.12 mm/mm. This
uniform response across multiple specimens under-
scores the repeatability of the mechanical proper-
ties observed under tensile loading conditions.
During tensile tests of the elastomer, the samples
reached the maximum displacement distance of
the Zwick/Roell testing machine, figure.6a, around
330mm displacement.
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Figura 7. Imagine din timpul incercarii experimentale la tractiune a materialului PTE si curba Forta-Deplasare aferenta incercarii
Figure 7. Image of the experimental tensile test of the PTE material and the related Force-Displacement curve of the test

Toate probele de tractiune din elastomer prezintd un
comportament previzibil si produc curba asteptatd, fi-
gura 7, datorita proprietatilor inerente ale materialelor
elastomerice si conditiilor experimentale controlate.

All elastomeric tensile specimens show predictable
behaviour and produce the expected curve, figure
7, due to the inherent properties of the elastomeric
materials and the controlled experimental conditions.

Figura 8. Epruvete pentru compresiune din PLA (a.) si TPE (b.)
Figure 8. Specimens for compression test, PLA (a.) and TPE (b.)

Tn figura 9 se poate observain graficele forti-deplasare
rezultatele la incercarea de compresiune pentru pro-
bele din cele doud materiale, PLA si PTE. Incercarea a
fost considerata terminata in momentul in care depla-
sarea bacului de compresiune a atins valoarea de 15
mm. Din cate se poate observa, datorita proprietatilor
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In figure 9 it can be seen in the force-displacement
graphs after the compression test for the samples
from the two materials, PLA and PTE.

The test was considered finished when the displace-
ment of the compression tank reached the value of
15mm. As far as can be seen, due to the different
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Figura 9. Grafice forta-deplasare pentru epruvetele la compresiune din PLA (a.) si grafice forta-deplasare pentru epruvetele la
compresiune din TPE (b.)
Figure 9. Force-displacement plots for PLA compression specimens (a.) and force-displacement plots for TPE compression
specimens (b.)

diferite a celor doua materiale rezulta si diferite forte
de compresiune, dar si curbe diferite. Pe parcursul
incercarii, epruvetele la compresiune din TPE au ur-
mat T mod constant curbe aproape identice. Cu
toate acestea, este de remarcat faptul cd extrapolarea
uneivalori de forta maxima nu este fezabila, deoarece
epruvetele nu au prezentat ruperi, in schimb, si-au
recapatat pe deplin forma initiald dupad incercare.

18000
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properties of the two materials, different compres-
sion forces result, but also different curves.

In the tests, the TPE compression specimens con-
sistently followed almost identical curves. However,
it is worth noting that extrapolation of a maximum
force value is not feasible, as the specimens did not
fracture, instead, they fully recovered their original
shape after the test.
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Figura 10. Grafic forta-deplasare pentru epruvetele testate la compresiune din mixt-ul dintre PLA si TPE
Figure 10. Force-displacement graph for the compression tested specimens from the PLA and TPE mix

Similitudinea in comportamentul probelor dintre
epruvetele de compresie TPE si epruvetele realizate
din Tmbinarea celor doua materiale sugereaza ca
adaugarea altor materiale nua modificatin mod sem-
nificativ raspunsul mecanic general al componentei
TPE. Aceasta consistenta implica faptul ca epruvetele
cu material mixt pastreaza caracteristicile dezirabile
ale TPE, oferind in acelasi timp functionalitati sau
proprietati suplimentare furnizate de materialele
suplimentare. Exceptie este proba Mixt_5, figura 10,
care dupa limita de curgere a alunecat succesiv pe
bacul de compresiune pana la oprirea testului, insa
avand aceeasi panta in zona liniar elastica, probabili-
tatea curbei rezultate sa se regdseasca in zona celor-
lalte patru epruvete este foarte mare.

Prin urmare, folosirea compozitiilor cu mai multe ma-

The similarity in the behaviour of the specimens
between the TPE compression specimens and the
specimens made from the joint of the two materials
suggests that the addition of other materials did not
significantly change the overall mechanical response
of the TPE component. This consistency implies that
the mixed material specimens retain the desirable
characteristics of TPE while providing additional
functionalities or properties provided by the addi-
tional materials. The exception is the sample Mixt_5,
figure 10, which after the yield limit slid successively
on the compression tank until the test stopped, but
having the same slope in the linear elastic zone, the
probability of the resulting curve to be found in the
area of the other four samples is very high.

Therefore, the use of multi-material compositions
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teriale ar putea oferi un avantaj strategic, permitand
personalizarea si imbunatdtirea proprietatilor ma-
terialului fara a compromite atributele de baza ale
materialului depus. Aceasta versatilitate face ca
abordarile cu mai multe materiale sa fie benefice
pentru aplicatiile care necesita performante meca-
nice adaptate si versatilitate functionala.

4. Concluzii

In concluzie, acest studiu a investigat cuprinzitor
proprietatile mecanice ale celor doua materiale,
prin teste de tractiune si compresiune. Rezultatele
demonstreazd un comportament consistent in-
tre epruvete, PLA prezentand o forta de tractiune
maxima de 2000 N si TPE prezentand rezistenta fara
cedare, dar atingand limita de deplasare a masinii.
Uniformitatea comportamentului subliniaza fia-
bilitatea procedurilor experimentale si proprietatile
intrinseci ale materialelor. Mai mult decat atat, exa-
minarea epruvetelor de compresiune cu mai multe
materiale a dezvaluit rezultate promitdtoare, cu o
forta maxima medie de 15000 N si o curba forta-
deplasare comparabild cu epruvetele TPE pur.

Acest lucru sugereaza cd addugarea altor materiale
nu modifica Tn mod semnificativ raspunsul mecanic
de baza al TPE, evidentiind beneficiile potentiale
ale abordarilor cu mai multe materiale pentru
performanta mecanica personalizatd si versatili-
tatea functionald. In general, acest studiu contribuie
cu informatii valoroase asupra comportamentului
mecanic al materialelor de fabricatie aditiva, oferind
implicatii pentru diverse aplicatii din industrii.
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