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Rezumat

Imprimarea 3D prin procedeul de Fabricatie cu Filament Topit (FFF) are o aplicabilitate in plind crestere, in
din ce in ce mai multe industrii. Din acest motiv si cercetdrile sunt in prezent in plind dezvoltare. Prezenta
lucrare isi propune sd studieze modul in care unul dintre parametrii de imprimare influenteazd comporta-
mentul la solicitarea de compresiune a unui produs imprimat prin acest procedeu. Au fost utilizate patru
densitdti de umplere (40%, 60%, 80% si 100%) si s-au analizat aspectul macroscopic al structurii pieselor,
precum si forma curbei tensiunii in functie de deformatie. Materialul filamentului utilizat a fost PLA (de
provenientd comerciald), diametrul filamentului fiind unul foarte des utilizat, 1.75 mm. S-a constatat cd
o crestere a densitdtii de umplere a micsorat golurile specifice structurii de imprimare. In ceea ce priveste
comportamentul mecanic, s-a constatat o crestere accentuatd a fortei maxime de compresiune. Astfel,
dacd la o densitate de umplere de 40% s-a inregistrat o fortG maximd de 1.44 kN, la o densitate dubld s-a
inregistrat o fortd maximd de 6.27 kN, adicd de 4.3 ori mai mare. In acelasi timp, masa produsului, pentru
aceleasi densitdati de umplere a crescut de la 10.64 g la 14.48 g, adicd o crestere cu mai putin de 50%. Se
constatd astfel cd, pentru o crestere de numai 50% a masei produsului, rezistenta la compresiune a acestuia
poate ajunge la cresteri de mai mult de patru ori.

Cuvinte cheie
Procedeu FFF, examinare macroscopicd, comportare la solicitarea de compresiune, fortd maximd, structurd de imprimare

Abstract

3D printing through the process of Fusion Filament Fabrication (FFF) has a growing applicability in more
and more industries. For this reason and research is currently in full development. The present paper aims
to study how one of the printing parameters influences the behaviour of a product printed by this pro-
cess when subjected to compression. Four infill densities (40%, 60%, 80% and 100%) were used and the
macroscopic appearance of the part structure as well as the shape of the stress versus strain curve were
analysed. The filament material used was PLA (of commercial origin), the diameter of the filament being
a very often used one, 1.75 mm. An increase in fill density was found to decrease voids specific to the print
structure. Regarding the mechanical behaviour, a sharp increase in the maximum compressive force was
found. Thus, if at a filling density of 40% a maximum force of 1.44 kN was recorded, at a double density a
maximum force of 6.27 kN was recorded, i.e. 4.3 times higher. At the same time, the mass of the product,
for the same filling densities, increased from 10.64 g to 14.48 g, that is, an increase of less than 50%. It is
thus found that, for an increase of only 50% in the mass of the product, its compressive strength can reach
increases of more than four times.

Keywords
FFF process, macroscopic examination, behaviour under compressive stress, maximum force, print structure
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1. Introducere

1.1 Imprimarea 3D

Imprimarea 3D este un proces de formare a unui obiect
solid tridimensional de orice forma, realizat printr-un
proces repetitiv de depunere de straturi succesive de
material in diferite forme [1]. Practic, imprimarea 3D
constd intr-un proces de depunere a materialelor plas-
tice prin sudare, astfel ca studierea fenomenelor care
stau la baza realizarii de produse prinimprimare 3D este
de fapt o studiere a unor fenomene fizice si chimice
care concura la realizarea unor imbinari sudate.

Din acest motiv, acele avantaje si dezavantaje iden-
tificate candva de cercetatori ca fiind specifice pro-
ceselor de sudare a polimerilor se regasesc intr-o
oarecare masura si la procesele de imprimare 3D.
Principalele avantaje comune celor doud procese ar
fi [1-5]:

e productivitate relativ ridicata a procesului, fie
cad este vorba despre sudarea de imbinare, fie
ca este vorba despre imbinarea filamentelor in
timpul imprimarii;

¢ rezistentda mecanica suficienta a imbinarilor realizate;

e volum redus de munca;

e costuri specifice scazute;

e conditii de muncd Tmbunatatite;

e reducerea suprafetelor de lucru;

e integrarea facila a postului de lucru intr-o linie
de asamblare automatizata.

Pentru a realiza imbinarea elementelor de filament
din material plastic, trebuie sa fie respectate cateva
conditii esentiale [3-4]:

¢ incdlzirea si mentinerea filamentului la o tempe-
ratura care trebuie sa fie incadrata intre tempe-
raturile critice ale polimerilor, cea de curgere si
cea de degradare termica;

e realizarea unui contact optim intre elementele
de filament aflate in contact in urma depunerii;

e asigurarea unui timp optim pentru desfasurarea
procesului de imbinare.

Unul dintre cele mai utilizate procedee de imprimare
3D a polimerilor este Fused Filament Fabrication
(FFF), cunoscut si sub denumirea de Fused Deposition
Modeling (FDM), figura 1. Aceasta tehnologie a fost
inventatd Tn anii '80 de catre Scott Crump, fondatorul
companiei Stratasys [5], care este una dintre cele mai
importante companii din industria imprimarii 3D.

De ce exista doud denumiri pentru acelasi proces?
Fused Deposition Modeling este un termen inregis-
trat ca marca de Stratasys, fiind asociat cu tehnolo-
gia care foloseste filamente de plastic topit pentru a
construi obiecte strat cu strat. Fused Filament Fabri-
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1. Introduction

1.1 3D printing

3D printing is a process of forming a three-dimen-
sional solid object of any shape, achieved through a
repetitive process of depositing successive layers of
material in different shapes [1]. Basically, 3D printing
consists of a process of depositing plastic materials
by welding, so studying the phenomena that under-
lie the creation of products by 3D printing is a study
of some physical and chemical phenomena that
compete for the realization of welded joints.

For this reason, those advantages and disadvantages
once identified by researchers as specific to polymer
welding processes are to some extent also found in
3D printing processes.

The main common advantages of the two processes
would be [1-5]:

e relatively high productivity of the process,
whether it is welding joining two parts or joining
two filaments during 3D printing;

e sufficient mechanical strength of the joints
made;

¢ reduced volume of work;

* low specific costs;

e improved working conditions;

e significant reduction of work surfaces;

e easy integration of the workstation into an auto-
mated assembly line.

To achieve the joining of plastic filament elements,
several conditions must be met [3-4]:

e heating and maintaining the filament at a
temperature between the flowing critical
temperature and the thermal degradation
temperature;

e achieving an optimal contact between the fila-
ment elements in contact following deposition;

e ensuring an optimal time for carrying out the
joining process.

One of the most widely used processes for 3D print-
ing of polymers is Fused Filament Fabrication (FFF),
also known as Fused Deposition Modeling (FDM),
figure 1. This technology was invented in the 80s
by Scott Crump, the founder of Stratasys [5], which
is one of the most important companies in the 3D
printing industry.

Why are there two names for the same process?
Fused Deposition Modeling is a Stratasys trade-
marked term associated with technology that uses
fused plastic filaments to build objects layer by layer.
Fused Filament Fabrication was later introduced by
the open-source community to describe the same
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cation a fost introdus ulterior de comunitatea open-
source pentru a descrie aceeasi tehnologie, fara a
incalca drepturile de autor asupra termenului FDM.
Acest termen este mai frecvent utilizat pentru im-
primantele 3D accesibile si open-source, cum ar fi
cele destinate utilizatorilor hobby. Tn continuare, se
va folosi termenul generic FFF.

Tehnologia FFF este relativ simpla si are o functionare
asemanatoare sudarii prin topire cu material de adaos.
Cu ajutorul unui software specializat, modelul 3D al
piesei dorite este initial descompus in sectiuni trans-
versale [6], numite straturi. In timpul procesului de
imprimare, un filament din plastic este trecut printr-un
extrudor care 1l incdlzeste pana la topire si il aplica uni-
form pentru a construi fizic straturile digitale [7].

Dupa realizarea fiecarui strat, procesul continud cu
urmatorul strat, iar modelul 3D este creat prin depu-
nerea precisa strat dupa strat, conform fisierului CAD.
Capul de extrudare (extrudorul) este Tncalzit la o
temperatura suficient de mare pentru a topi fila-
mentul [8], deplasandu-se pe orizontala si verticala
sub controlul unui sistem de comanda numerica,
coordonat de aplicatia software CAM a imprimantei
[8]. Pentru a preveni deformarea pieselor cauzata
de racirea rapida a plasticului, unele imprimante 3D
profesionale sunt echipate cu o camerda de impri-
mare inchisa si incalzita [9].

Filament

Disporzitiv avans filament
Filament feeding device

Extrudor incalzit
Heated extrusion nozzle

Patul de depunere / Printing bed

Platforma suport fixa / Fixed platform

technology without copyrighting the term FDM.
This term is more commonly used for affordable
and open-source 3D printers, such as those aimed
at hobby users. Next, the generic term FFF will be
used. The FFF technology is relatively simple and
works similar to fusion welding.

With the help of specialized software, the 3D mod-
el of the desired part is initially decomposed into
cross-sections [6], called layers. During the printing
process, a plastic filament is passed through an ex-
truder that heats it until it melts and applies it evenly
to physically build the digital layers [7].

After each layer is made, the process continues
with the next layer and the 3D model is created by
precisely depositing layer by layer according to the
CAD file.

The extrusion head is heated to a temperature high
enough to melt the filament [8], moving horizontally
and vertically under the control of a numerical con-
trol system, coordinated by the printer's CAM soft-
ware [8]. To prevent deformation of parts caused
by rapid cooling of the plastic, some professional
3D printers are equipped with a closed and heated
printing chamber [9].

Figura 1. Procedeul FFF — schita de principiu
Figure 1. FFF process — sketch

1.2 Produsele realizate prin imprimare

Produsele imprimate 3D prin procedeul FFF prezinta
caracteristici mecanice care depind de o serie de
parametri de imprimare [1-10]. Aceste caracteristici
mecanice pot varia in functie de materialul utilizat,
conditiile de imprimare si designul piesei [3,5,10].
Orientarea depunerilor influenteaza direct proprie-
tatile mecanice ale produsului [2,5,7,8]. De exem-
plu, o piesa imprimatd cu straturi orizontale este
mai susceptibilad la fisurare de-a lungul planului de
depunere, deoarece adeziunea inter-straturi este
mai slaba decat rezistenta materialului in sine [2,5].

1.2 Products made by printing

3D printed products by the FFF process have me-
chanical characteristics that depend on a series of
printing parameters [1-10]. These mechanical char-
acteristics can vary depending on the material used,
printing conditions and part design [3,5,10].

The orientation of the deposits directly influences
the mechanical properties of the product [2,5,7,8].
For example, a printed part with horizontal layers is
more susceptible to cracking along the deposition
plane because the inter-layer adhesion is weaker
than the strength of the material itself [2,5]. There-
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Prin urmare, orientarea optima a depunerilor poate
creste rezistenta la tractiune si durabilitatea piesei [7].
Tnaltimea stratului depus (grosimea fiecarui strat de-
pus In timpul imprimarii) influenteaza, la randul ei
proprietdtile mecanice ale piesei imprimate. Straturi-
le subtiri pot Tmbunatati rezistenta mecanica, deoarece
adeziunea intre ele este mai puternica [6]. Straturi mai
subtiri ofera o mai buna aderenta intre straturi si finisaj
fin al suprafetei, insa cresc timpul de imprimare.
Straturile groase scurteaza timpul de productie, dar
pot reduce rezistenta piesei datorita interactiunii
mai scazute dintre straturi [6].

Temperatura de imprimare a duzei de extrudare
trebuie sa asigure o topire corespunzatoare a fila-
mentului la depunere. O temperatura prea scdzuta
poate provoca o aderentd slaba Tntre straturi, ceea
ce duce la slabirea piesei [11]. O temperatura prea
ridicatd poate afecta structura moleculard a mate-
rialului afectand comportarea mecanica [11]. De
exemplu, temperaturile prea mari pot duce la degra-
darea termica a polimerului.

Viteza de racire a polimerului depus poate produce
tensiuni interne in piesa si chiar deformari [12]. Tn tim-
pul imprimarii FFF, racirea controlatd este esentiald
pentru evitarea defectelor. Un sistem de racire activ
poate imbunatati stabilitatea piesei, dar o racire prea
rapida poate afecta legaturile inter-straturi [12].
Densitatea si tipul de umplere afecteaza rigiditatea si
rezistenta piesei [1,5,6]. O piesa cu o densitate scazuta
(de exemplu, 10-20%) va fi mai usoard, dar si mai putin
rezistenta la forte externe. O densitate mare (peste
50%) creste rezistenta mecanica a piesei imprimate,
dar si consumul de material si timpul de imprimare.

O viteza de imprimare prea mare poate afecta carac-
teristicile mecanice ale piesei, deoarece materialul
poate sa nu aiba suficient timp pentru a se raci si a
se Tmbina corespunzator cu stratul depus anterior.
O viteza prea mica, desi ofera o imbinare mai buna
a straturilor, va creste durata de imprimare si poate
provoca deformari [5].

Tipul materialului filamentului utilizat necesita anu-
mite valori pentru parametrii de imprimare. Fiecare
material are proprietati mecanice diferite. PLA este
cunoscut pentru rigiditatea sa, dar este fragil la socuri
mecanice si temperaturi ridicate. ABS are o buna
rezistenta la impact si temperaturi, dar este mai dificil
de imprimat datorita tendintei de a se deforma.
Materialele compozite sau specializate, precum cele
cu fibre de carbon sau kevlar, pot aduce beneficii
suplimentare, cum ar fi cresterea rezistentei fara a
adauga greutate semnificativa.
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fore, optimal deposition orientation can increase
the tensile strength and durability of the printed
part [7].

The layer height (the thickness of each layer depos-
ited during printing) in turn influences the mechani-
cal properties of the printed part.

Thin layers can improve mechanical strength be-
cause the adhesion between them is stronger [6].
Thinner layers provide better interlayer adhesion
and smoother surface finish but increase print time.
Thicker layers shorten production time but can re-
duce part strength due to lower interaction between
layers [6].

The printing temperature of the extruder must en-
sure proper melting of the filament upon deposi-
tion. Too low a temperature can cause poor adhe-
sion between the layers, leading to a loosening of
the part [11].

Too high a temperature can affect the molecular
structure of the material, reducing the mechanical
properties [11]. For example, too high temperatures
can lead to thermal degradation of polymers.

The cooling rate of the deposited polymer can pro-
duce internal stresses in the part and even deforma-
tions [12]. During FFF printing, controlled cooling is
essential to avoid defects. An active cooling system
can improve the stability of the part, but too fast
cooling can damage the inter-layer bonds [12].

The density and type of filling affect the stiffness and
strength of the part [1,5,6]. A part with a low density
(eg 10-20%) will be lighter, but also less resistant to
external forces. A high density (over 50%) increases
the mechanical strength of the printed part, but also
material consumption and printing time.

Too high a print speed can affect the mechanical char-
acteristics of the part, as the material may not have
enough time to cool and bond properly with the pre-
viously deposited layer. Too low a speed, although it
provides better adhesion between layers, can increase
the print time and cause thermal distortion [5].

The type of filament material used requires certain
values for the printing parameters. Each material
has different mechanical properties. PLA is known
for its rigidity, but it is brittle at mechanical shocks
and high temperatures. ABS has good impact and
temperature resistance but is more difficult to print
due to its tendency to warp.

Composite or specialized materials such as car-
bon fiber or Kevlar can provide additional benefits
such as increased strength without adding signifi-
cant weight.
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Prezenta lucrare isi propune sd puna in evidenta
influenta unor parametri de imprimare asupra
comportarii mecanice la solicitarea de compresiune.
S-a ales aceastd solicitare fiindca un mare numar
de aplicatii pentru care piesele sunt realizabile prin
imprimare 3D sunt supuse acestui tip de solicitare.
Se vor avea in vedere influentele densitatii de impri-
mare si a vitezei de imprimare (timpul de imprimare)
asupra comportarii materialului depus.

2. Program experimental

2.1 Produsul realizat prin imprimare

Produsul propus pentru a fi imprimat si evaluat este
prezentat in figura 2. Este vorba despre un separator
electric utilizat in circuitele electrice de putere mica.

The present work aims to highlight the influence of
some printing parameters on the mechanical be-
haviour under compression stress. This request was
chosen because a large number of applications for
which parts are 3D printable are subject to this type
of request.

The influences of print density and print speed (print
time) on the behaviour of the deposited

material will be considered.

2. Experimental design

2.1 Product to print

The product proposed to be printed and evaluated is
shown in figure 2. It is an electrical separating device
used in low power electrical circuits.

Figura 2. Produsul de imprimat
Figure 2. Product to print

Imprimarea s-a realizat cu o imprimanta 3D DaVinci
2.0 avand doua capete de extrudare.

2.2 Parametrii procesului de imprimare FFF
Parametrii procesului de imprimare au fost alesi con-
form recomandarilor producatorului de echipament
de imprimare FFF, pornind de la natura materialului
filamentului, PLA. Valorile parametrilor de imprimare
utilizate in experimentari sunt prezentate in tabelul 1.
Se poate observa ca parametrii care au fost varia-
bilele de cercetare sunt densitatea de umplere si
timpul de imprimare.

Printing was done with a DaVinci 2.0 3D printer hav-
ing two active extrusion heads.

2.2 Parameters of the FFF printing process

The parameters of the printing process were chosen
according to the recommendations of the manufac-
turer of the FFF printing equipment, starting from
the nature of the filament material, PLA. The values
of the printing parameters used in the experiments
are shown in Table 1.

It can be seen that the parameters that were the research
variables are the filling density and the printing time.

Tabel 1. Parametrii procesului de imprimare
Table 1. Parameters of printing process

Parametru Valoare Parametru Valoare

Parameter Value Parameter Value
Inaltlmez_j\ stratului 0.1 mm Materlalul fllam_entulw PLA
Layer height Filament material
Unghiul de dep_u_nere 0° D_|ametru| fllamentuIU| 1.75 mm
Angle of deposition Filament diameter
DensitaFe de u_m_plere 40/ 60 /80 / 100% Temperatura duzd de gxtrudare 220°C
Resolution of filling Temperature of extrusion nozzle
Model de umplere Grila Temperatura pat depunere .

s . " 60°C

Type of filling Grid Temperature of deposition bed
Diametrul duzei 0.4 mm Tir_np_de i_mprimare 40/ 46 /54 / 65 min
Diameter of nozzle Printing time
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3. Rezultate si discutii

Utilizand parametrii din tabelul 1 au fost imprimate
patru piese cu densitatile de imprimare mentionate
in tabel. Aceste piese au fost examinate vizual si apoi
au fost supuse incercarii de compresiune utilizand
0 masina universala de incercare tip LBG 100 (forta
maxima aplicabila este egala cu 100 kN).

3.1 Examinarea vizuald a probelor
In figura 3 sunt prezentate imagini macroscopice ale
sectiunilor celor patru piese imprimate.

' o,
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)
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a. 40%

3. Results and discussions

Using the parameters in Table 1, four products were
printed at the print densities listed in the table.
These parts were visually examined and then sub-
jected to the compression test using a universal test-
ing machine type LBG 100 (the maximum applicable
force is equal to 100 kN).

3.1 Materials used in printing
Figure 3 shows macroscopic images of the sections
of the four printed parts.

b. 60%

c. 80%
Figura 3. Imagini macroscopice ale sectiunilor probelor imprimate 3D
Figure 3. Macroscopic images of the transverse sections of 3D printed specimens

Tn ceea ce priveste calitatea structurii depuse, se pot
consemna urmatoarele aspecte:
° 40%:
o Dimensiunile celor mai mari goluri mdsurate
ajung la aproximativ 5.5-6.0 mm
o Au fost identificate urmatoarele imperfectiuni
de material: fisuri dupd o directie perpen-
diculara pe directia de aplicare a fortei si exfo-
lieri ale straturilor depuse
e 60%:
o Dimensiunile celor mai mari goluri mdsurate
ajung la aproximativ 4.0-4,5 mm
o Au fost identificare fisuri la nivelul straturilor
interioare
o Elementele taiate au suferit deformatii de va-
lori mari, in zona de mijloc

48

d. 100%

Regarding the quality of the submitted structure,
the following aspects can be noted:
o 40%:
o The dimensions of the largest gaps measured
reach approximately 5.5-6.0 mm
o The following material imperfections were
identified: cracks along a direction perpendic-
ular to the direction of force application and
exfoliation of the deposited layers
* 60%:
o The dimensions of the largest gaps measured
reach approximately 4.0-4.5 mm
o Cracks were identified at the level of the inner
layers
o The cut elements suffered large deformations
in the middle area
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e 80%

o Dimensiunile celor mai mari goluri masurate
ajung la aproximativ 3.0-3.5 mm

o Piesa nu a fisurat vizibil la suprafata, fisurarile
fiind doar la nivelul straturilor interioare

o Elementele taiate au suferit deformatii de va-
lori mari, in zona de mijloc

e 100%

o Desi asteptarea era in directia unei structuri
fara goluri, totusi au fost identificate goluri,
dimensiunile acestora fiind intre 0.5-1.0 mm

o Piesa nu a fisurat vizibil, dar deformatiile sunt
cele mai mari tocmai din cauza aceasta, in co-
operare cu fortele mari aplicate de masina de
incercare

o Elementele taiate, dar si orificiul, au suferit
deformatii de valori mari.

Din determinadrile dimensionale s-au constatat aba-
teri de la valorile de proiectare, abateri care au fost
cu atat mai mari cu cat densitatea de umplere a fost
mai mica (tabel 2). Diferentele nu au fost mari, dar
o astfel de influenta trebuie notata, mai ales ca nici
pentru o densitate de umplere de 100% nu s-au rea-
lizat dimensiunile din proiect.

* 80%
o The dimensions of the largest gaps measured
reach approximately 3.0-3.5 mm
o The piece did not visibly crack on the surface, the
cracks being only at the level of the inner layers
o The cut elements suffered large deformations
in the middle area
e 100%
o Although the expectation was in the direction of
a void-free structure, voids were still identified,
their dimensions being between 0.5-1.0 mm
o The part did not visibly crack, but the defor-
mations are the largest precisely because of
this, in cooperation with the high forces ap-
plied by the testing machine
o The cut elements, as well as the hole, suffered
large deformations.
From the dimensional determinations, deviations
from the design values were found, deviations that
were the greater the lower the filling density (table
2). The differences were not large, but such an in-
fluence should be noted, especially since even for a
filling density of 100% the dimensions in the project
were not achieved.

Tabel 2. Compararea valorilor dimensiunilor probelor imprimate 3D cu valorile de proiectare
Table 2. Comparison of dimensional values of 3D printed samples with design values

Dimensiuni conform desen produs Dimensiunile masurate ale produselor imprimate
ETIN Product dimensions according to design, The measured dimensions of the printed products
, S [mm] [mm]
- E 40% 60% 80% 100%
Lungime 35.0 34.1 34.2 34.7 34.8
Latime 30.0 28.8 28.8 28.9 29.4
" | Tn3ltime 45.0 44.4 44.5 44,5 44.8
/ 35 7 Grosime flansa 10.0 8.8 9.1 9.2 9.1
e Grosime laterale 7.0 6.4 6.7 6.9 7.0
Diametru orificiu 15.0 14.6 14.7 14.8 14.8

Timpii de imprimare au crescut neliniar de la 40 min
pentru densitatea de umplere de 40%, la 65 de min
pentru umplerea de 100%. Tn acelasi imp, cresterea
de masa depusa a fost aproape liniard, fiecare crestere
cu 20% fiind tradusa prin aproximativ 2 g de material
depus in plus.

3.2 incercarea la compresiune

Tncercarea la compresiune s-a realizat conform SR
EN ISO 604:2004. Tn figura 4 este prezentatd o ima-
gine din timpul incercarii.

Rezultatele incercdrilor de compresiune sunt prezen-
tate in figurile 5 a-d.

Tn cazul densitatii de umplere de 40% s-a inregistrat
o rezistenta mecanica relativ mica la incercarea de
compresiune, materialul fisurand in mai putin de 10
s si dupa o deplasare de aproximativ 0,78 mm.

Print times increased non-linearly from 40 min
for 40% fill density to 65 min for 100% fill. At the
same time, the increase in deposited mass was
almost linear, with each 20% increase translating
into approximately 2 g of additional deposited
material.

3.2 Compression tests

The compression test was carried out according to
SR EN ISO 604:2004. Figure 4 shows an image during
the test.

The results of the compression tests are shown in
Figures 5 a-d.

At 40% filler density, relatively little mechanical
strength was recorded in the compression test, with
the material cracking in less than 10 s and after a
displacement of approximately 0.78 mm.
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Figura 4. Imagine din timpul incercarii la compresiune
Figure 4. Image of the testing process
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Figura 5. Curbele forta in functie de deplasarea traversei de apasare inregistrate in timpul incercarilor
Figure 5. The force curves as a function of the displacement of the pressure beam recorded during the tests

Perforarea a devenit ovala, diametrul maxim fiind de
16 mm, iar cel minim de aproximativ 14 mm.

Pentru densitatea de umplere de 60% rezistenta
mecanica laTncercarea de compresiune a fost aproxi-
mativ dubla fata de situatia precedenta (2,97 kN
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The perforation became oval, the maximum diameter
being 16 mm, and the minimum approximately 14 mm.
For the 60% fill density the mechanical strength in
the compression test was approximately double that
of the previous situation (2.97 kN versus 1.44 kN),
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fata de 1,44 kN), materialul fisurand dupa o depla-
sare de aproximativ 2,28 mm. S-a pastrat ovalitatea
gaurii, diametrul maxim fiind de aceasta data cel din
proiect, adica 15 mm, iar cel minim s-a mentinut la
aproximativ 14 mm.

Umplerea de 80% a mai dublat o data valoarea
rezistentei mecanice de la primul test, Tnregistran-
du-se o valoare a rezistentei mecanice la incercarea
de compresiune de 4,3 ori mai mare fata de situatia
initiald (6,27 kN fata de 1,44 kN); materialul a fisurat
dupa o deplasare de aproximativ 2,72 mm. Ovali-
tatea gaurii centrale a fost exagerata, diametrul ma-
xim fiind de 17 mm, iar cel minim de aproximativ 13
mm, adica o abatere de 2 mm si in plus si in minus.
Cresterea densitdtii de umplere la 100% a condus
la inregistrarea unei rezistente mecanice la Tncer-
carea de compresiune de 8 ori mai mare comparativ
cu situatia specifica densitdtii de umplere de 40%
(11,68 kN fata de 1,44 kN), materialul fisurand dupa
o deplasare de aproximativ 12,35 mm. Diametrul
maxim al perforatiei a fost egal cu 18 mm, iar cel
minim cu aproximativ 11 mm.

O vizualizare grafica a rezultatelor este prezentata in figu-
rile 6 (variatia masei produsului imprimat cu densitatea
de umplere), 7 (variatia fortei de compresiune maxime
inregistrate cu densitatea de umplere) si 8 (variatia tim-
pului de imprimare cu densitatea de umplere).
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Figura 6. Variatia masei produsului
imprimat cu densitatea de umplere
Figure 6. Variation of mass of the
printed product with filling density
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Figura 7. Variatia fortei de compre-
siune maxima inregistrata cu densi-

tatea de umplere

Figure 7. Variation of maximum com-

with the material cracking after a displacement of
approximately 2.28 mm. The ovality of the hole was
preserved, this time the maximum diameter being
the one in the project, i.e. 15 mm, and the minimum
was kept at approximately 14 mm.

The 80% filling doubled the mechanical strength
value from the first test, recording a mechanical
strength value in the compression test 4.3 times
higher than the initial situation (6.27 kN against 1.44
kN); the material cracked after a displacement of ap-
proximately 2.72 mm. The ovality of the central hole
was exaggerated, the maximum diameter being 17
mm and the minimum about 13 mm, i.e. a deviation
of 2 mm plus and minus.

Increasing the infill density to 100% resulted in an 8
times higher compression test mechanical strength
being recorded compared to the situation specific to
the 40% infill density (11.68 kN versus 1.44 kN), with
the material cracking after a displacement of ap-
proximately 12.35 mm. The maximum diameter of
the perforation was equal to 18 mm, and the mini-
mum to about 11 mm. A graphical visualization of
the results is shown in Figures 6 (variation of mass of
the printed product with filling density), 7 (variation
of maximum compression force recorded with filling
density) and 8 (variation of printing time with infill
density).
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Figura 8. Variatia timpului de impri-
mare cu densitatea de umplere
Figure 8. Variation of printing time
with filling density

pression force recorded with filling
density

4. Concluzii

In urma cercetdrilor experimentale au rezultat
urmdtoarele concluzii:

1. Cresterea rezolutiei de imprimare a condus la

cresterea timpului de imprimare, la cresterea

4. Conclusions

As a result of the experimental research, the follow-

ing conclusions resulted:
1. The increase in the printing resolution has led
to an increase in the printing time, an increase
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masei produsului si la cresterea rezistentei aces-
tuia. Utilizarea de material de adaos suplimen-
tar cu fiecare crestere a densitatii de umplere,
Tmpreuna cu variatia crescatoare a timpului de
imprimare, conduce implicit si la o crestere a
costului produsului imprimat.

. O rezolutie mica de imprimare a condus la ex-

folieri ale straturilor depuse, forta la care au
aparut primele exfolieri fiind cu atat mai mica cu
cat rezolutia a fost mai mica.

. O data cu cresterea rezolutiei de imprimare s-a

modificat si modul de comportare a piesei, pen-
tru rezolutii reduse modul de comportare fiind
acela al unei piese poroase, pe cand la densitati
de umplere mai mari forma curbei de compresi-
une aavut o alura similard curbelor pieselor pline.
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