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Rezumat:

In acest articol s-a cercetat comportarea
mecanica a placilor din materiale compozite stratificate
ranforsate atdt cu teséaturad din fibre de sticld cét si cu
faina de lemn, in timpul incercérii de impact cu viteza
micd. In acest scop, s-a utilizat un dispozitiv de
incercare prin cdderea greutdtii. Pentru a evalua
parametrii de raspuns, o diagrama bloc a fost facuta
utilizdnd programul LabView. Cercetarea a fost
efectuatd pe cinci placi compozite avdnd forma
dreptunghiulara, rezemate pe toate marginile. Toate
placile au avut aceeasi structurd de material: sapte
Straturi fabricate din teséatura din fibre de sticlé / rasina
epoxi si fdind de lemn de stejar ca material de
umpluturd la interfata dintre straturi. S-au analizat
efectele diferitelor viteze de impact asupra comportarii
mecanice in cazul acestor placi compozite.

Cuvinte cheie: impact de viteza mica; material
compozit; fibre de sticla; faina de lemn.

INTRODUCERE

Compozitele din lemn-plastic aparute pentru
prima data in anii 1960 (Klyosov 2007), ca materiale
pe baza de rasini termorigide, contineau fibre de
celuloza ca material de umplutura. In anii care au
urmat, cercetarile s-au concentrat asupra utilizarii
fibrelor de celulozd ca material de ranforsare la
fabricarea materialelor compozite. Pentru a obtine
materiale compozite cu caracteristici mecanice mai
bune, s-au cautat solutii pentru a imbunatati legatura
la interfata dintre fibrele de lemn si matricea
polimerica.

Abstract:

In this paper, the mechanical behaviour of the
laminated composite panels reinforced with both
woven glass fabric and wood flour was investigated,
during the low velocity impact test. A drop-weight test
device was used for this purpose. In order to assess
the response parameters, a block diagram was
designed using LabView program. Five rectangular
composite panels were investigated, simply supported
on all edges. All panels had the same structure of
materials: seven layers of glass woven fabric / epoxy
resin and oak wood flour as the filler material on the
interface of the layers. The effects of the different
impact velocities on the mechanical behaviour of
these composite panels were analyzed.

Key words: low-velocity impact; composite material;
glass fibres; wood flour.

INTRODUCTION

Wood plastic composites (WPC) first appeared
in the 1960s (Klyosov 2007) as thermosetting resins
based materials had contained cellulose fibres as
fillers. In the years that followed, the investigations
focused on the use of cellulose fibres as reinforcing
materials for composites manufacturing. In order to
obtain composite materials with improved mechanical
characteristics, solutions to improve the connection
between wood fibres and polymer matrix at their
interface were investigated.

The sawdust briquettes as compounds of the
thermoplastic polymers with cellulose materials were
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Brichetele din rumegus care sunt compusi ai
polimerilor termoplastici cu materiale celulozice, au
reprezentat o altad inovatie a anilor 1990 (Klyosov
2007). De asemenea, s-au dezvoltat in ultimii ani,
materiale compozite hibride lemn-plastic-poliuretan si
cele biodegradabile. Acestea din urma au fost special
concepute pentru a avea o duratd de viata scurta la
aplicatiile de exterior.

In acest context, domeniul materialelor
compozite pe baza de faina de lemn este in continua
dezvoltare. Exista numeroase lucrari care au analizat
efectele atat a tipului de fibre de lemn (Cerbu s.a.
2010) cat si marimea fibrei de lemn (Cui s.a. 2008)
asupra caracteristicilor mecanice ale materialelor
compozite obtinute.

Intr-o lucrare recenta (Cerbu s.a. 2010), s-a
aratat ca, ranforsarea cu tesatura de sticla a
materialelor compozite pe baza de faina de lemn,
conduce la  imbunatatirea  considerabila a
caracteristicilor mecanice (rezistenta la fTncovoiere,
modulul lui Young). Acest material compozit hibrid ar
putea fi utilizat in aplicatii din domeniul constructiilor
(pereti despartitori, ornamente de interior), pentru
fabricarea mobilierului de gradina, panouri pentru
protectie acustica a habitatelor limitrofe autostrazilor
etc.

Rezultatele prezentate in aceastda lucrare,
continuad aceasta directie de cercetare si se
concentreaza asupra caracterizarii acestui material
hibrid din punctul de vedere al comportarii in testul de
impact prin caderea greutatii. In literatura de
specialitate, exista numeroase lucrari care au utilizat
acest tip de incercare pentru analiza dinamica a
placilor dreptunghiulare fabricate din materiale
compozite ranforsate cu fibre de carbon (Dogaru
2008a) sau materiale compozite hibride de tip sticla /
grafit / epoxi (Ercan s.a. 2009).

OBIECTIVE

Lucrarea de fata propune utilizarea fainii de
lemn rezultate prin reciclarea deseurilor lemnoase din
industrie pentru a fabrica un material compozit hibrid
din rasina ranforsata atat cu tesatura de sticla agsezata
in sapte straturi bidirectionale cét si cu faina de lemn
de stejar (14% in greutate).

Aplicatiile descrise mai sus, pentru un astfel de
material compozit hibrid, implica adesea solicitari de
impact cu pietre sau ciocniri. Din acest punct de
vedere, caracterizarea materialului Tn ceea ce priveste
comportarea dinamica la impact, devine o necesitate.
Astfel, principalul obiectiv al lucrarii de fata, este de a
analiza efectele diferitelor viteze de impact asupra
comportarii mecanice in cazul unor panouri fabricate
din astfel de material compozit. Deasemenea, se
analizeaza modul de rupere al placilor.

METODA, MATERIALE SI APARATURA

Inainte de toate, s-a fabricat un panou din
material compozit stratificat format din sapte straturi
bidirectionale din rasina epoxi ranforsata cu tesatura
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considered another innovation of the 1990s (Klyosov

2007). In the last years, hybrid wood-plastic-
polyurethane  composites and  biodegradable
composites were developed. The latter ones were
special designed for short lifetime in outdoor
applications.

In this context, the field of the wood flour based
composite materials is continuously developing. There
are numerous papers that have analyzed the effects
the wood fibres type (Cerbu et al. 2010) and of the
wood fibre size (Cui et al. 2008) on the mechanical
characteristics of the obtained composite materials.

In a recent paper (Cerbu et al. 2010), it was
concluded that the reinforcement of the wood flour
based composite materials with glass fabric leads to
considerable improvement of the mechanical
characteristics (flexural strength, Young's modulus).
This hybrid composite material could be used in
applications as buildings (partition walls, interior
decorations), garden furniture manufacturing, panels
for sound protection of the habitats placed at the limit
of highways etc.

The results presented in this paper are a
continuity of this direction of research and focus on
the presentation of this hybrid material depending on
its behaviour on the drop-weight impact test.
Numerous papers were found in the literature in the
field, where this test of dynamic analysis was used, as
for rectangular panels made of composite materials
reinforced with carbon fibres (Dogaru 2008a) or for
hybrid composite materials of glass / graphite / epoxy
type (Ercan et al. 2009 ).

OBJECTIVES

The present paper proposes the use of the
wood flour obtained from the recycled industrial wood
waste from production into a hybrid composite
material made of resin reinforced with six bidirectional
layers of glass woven fabric and oak wood flour (14%
of weight).

The applications described above for such a
hybrid composite material, often involve impact loads
with stones or collisions. From this point of view, the
analysis of the material concerning the dynamic
behaviour in impact, becomes a necessity. Therefore,
the main objective of the present paper is to analyse
the effects of the different impact speeds on the
mechanical behaviour in case of some panels made of
such composite material. Also, the failure of the
panels it is also analyzed.

METHOD, MATERIALS AND EQUIPMENT

First of all, a laminated composite panel made
of seven bidirectional layers of epoxy resin reinforced
with glass woven fabric was manufactured. In each
layer the oak wood flour was added as a filling
material (14% of the weight) in order to increase the
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de fibre de sticla. In fiecare strat, s-a adaugat faina de
lemn de stejar ca material de umplutura (14% 1in
greutate) pentru a mari rigiditatea panoului.
Caracteristicile mecanice ale rasinii epoxi (cu intaritor)
fara ranforsare, sunt: tensiunea de rupere la tractiune
o = 70MPa; modul de elasticitate E=3100MPa;
K=40kJ/m®> — rezilientd sau rezistentd la impact
(epruveta Charpy necrestata).

Pentru turnarea straturilor s-a utilizat tehnologia
formarii manuale care utilizeazd o rola pentru
impregnarea cu rasina, a fibrelor de sticla. In final,
grosimea panoului a fost egald cu 9mm. Placa
stratificata a fost tinuta la temperatura camerei pentru
trei saptamani.

Apoi, au fost confectionate cinci epruvete avand
forma dreptunghiulara (150mm x100mm) pentru
incercarea de impact prin caderea greutatii. Epruvetele
au fost taiate in aceeasi directie deoarece tesatura de
sticla utilizata pentru ranforsare este bidirectionala, cu
acelasi tip de fir dupa ambele directii. Epruvetele au
fost codificate de la S.1.1 pana la S.1.5. Dimensiunile
epruvetelor au fost stabilite Tn acord cu standardul
ASTM — D 5420 — 98a care se refera la metoda de
incercare a rezistentei la impact a epruvetelor din
plastic prin caderea libera a unui percutor.

Incercarea de impact prin caderea greutatii este
utilizatd pentru a caracteriza comportarea dinamica a
unui material. Echipamentul (Fig. 1) consta intr-un
cadru cu doua coloane care are o greutate care poate
fi ridicata si eliberata sa cada liber, cu frecare mica,
prin alunecare de-a lungul coloanelor sub greutatea
proprie. Apoi, percutorul loveste la mijlocul epruvetei
care este o placa dreptughiulara (Fig. 2). Percutorul
are un cap semisferic al carui diametru este de 16mm,
iar masa sa este egala cu 1,9kg. Accelerometrul este
fixat pe partea superioara a percutorulului si semnalul
(acceleratia) este preluat Tn calculator prin intermediul
unei placi de achizitie NI USB 6251 BNC.

Cele cinci epruvete au fost testate cu viteze
diferite de impact: S.1.1 cu viteza v=2m/s; S.1.2, S.1.3
cu viteza v=4m/s ; S.1.4, S.1.5 cu viteza v=bm/s. Daca
viteza de impact este mai mica decéat 10m/s, se spune
ca, impactul este de vitezd mica (Sierakowski s.a.
1997). In acest context, inaltimea de la care a fost
eliberata greutatea s-a calculat cu bine-cunoscuta
relatie:

h 2% [m]
unde g este acceleratia gravitationala.

Utilizadnd o astfel de incercare, se pot obtine
cateva date referitoare la proprietatile mecanice ale
unui material: energia U absorbita in timpul impactului;
variatia fortei de impact F Th momentul impactului;
variatia deplasarii percutorului ¢ ca functie de timp etc.

In cazul incercarii de impact prin caderea
greutatii, singura marime masuratd ca o functie de
timp este forta de contact F(r) exercitatd de greutatea

care cade pe epruveta. Sageata epruvetei este
determinatd ca o functie de timp prin integrarea

(1)
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rigidity of the panel. The mechanical characteristics of
the epoxy resin (with hardener) without reinforcement
are: Failure tensile stress o = 70MPa; Modulus of
elasticity E=3100MPa; K=40kJ/m® — resilience or
impact strength — (uncut Charpy specimen).

In order to mould the layers, the forming hand-
made technology was used. A roll for the impregnation
of the glass fibres with resin was used. Finally, the
thickness of the panel was 9mm. The laminated panel
was preserved at the room temperature for three
weeks long.

Then, five specimens with rectangular shape
(150mm x100mm) were cut from the panel and have
been used for the impact drop-weight test. The
specimens were cut in the same direction because the
glass fabric used for reinforcement is bidirectional,
having the same type of yarns on both directions. The
specimens were given code numbers from S.1.1 up to
S.1.5. The sizes of the specimens were established
according to ASTM — D 5420 — 98a norm, which refers
to the impact strength testing method of the plastic
specimens using a freefall striker.

The drop-weight impact test was used to
analyse the dynamic behaviour of the material. The
equipment (Fig. 1) consists of a frame with two
columns and a weight that may be raised and
released to fall free with low friction force, by sliding
along the columns under the own weight. Then, the
striker hits at the middle of the specimen which is a
rectangular panel (Fig. 2). The striker has a
hemispherical head of 16mm diameter and a weight of
1.9kg. The accelerometer is mounted on the top of the
striker and the signal (acceleration) is transmitted into
the computer by an acquisition board NI USB 6251
BNC.

The five specimens were tested with different
impact velocities: S.1.1 with the speed of v=2m/s,
S.1.2, S.1.3 with the speed of v=4m/s, S.1.4, S.1.5
with the speed of v=5m/s. If the impact velocity is less
than 10m/s, it is considered to be a low velocity impact
(Sierakowski et al. 1997). In this context, the height
from which the weight was released, was calculated
with the well-known formula:

2
v

2¢
where g is the gravitational acceleration.

The use of such a test leads to the obtaining of
some data concerning to the mechanical properties of
a material: the energy absorbed during the impact (U);
the variation of the impact force F at the moment of
impact; variation of the striker displacement o
depending on time etc.

In case of the impact drop-weight test, the
unique measured characteristic depending on time is
the contact force F(r) applied by the weight that drops

on the specimen. The deflection of the specimen is
determined depending as function of time, by
numerical integration of the motion equation of the
striker.

h [m]

(1)
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numerica a ecuatiei de migcare a percutorului.

Fig. 1.
Echipamentul pentru testul de impact prin caderea
greutatii / Equipment for drop-weight impact test.

Astfel, ecuatia de migcare a percutorului poate fi scrisa
(Dogaru 2008b):

a0 =g - [ms’] @
unde m este masa proiectilului.
Considerand timpul  corespunzator initierii

impactului t=0, se integreaza ecuatia de doua ori in
functie de timp:
F()

V(1) = v + I(;[g—7} 0 omis] (3)

X0 =0+ [ () ¢ [l ()

unde conditiile initiale sunt:

V=V0;
5
x=0. ®)
Cat timp epruveta nu este perforatda sau total
rupta, aceasta raméane in contact cu percutorul si se

poate scrie urmatoarea conditie:
S(e)=x(r) [m]

Energia absorbita poate fi calculata cu relatia:

- pentrur= 0:>{

(6)

U(t)

I;F(f). We) 1] 7)

Pentru  achizita  datelor  experimentale
(acceleratia) si pentru a calcula parametrii de raspuns
descrisi mai sus, s-a conceput o diagrama bloc prin
utilizarea programului LabView.

REZULTATE EXPERIMENTALE

Dupa ce semnalul inregistrat de accelerometru a
fost transmis la calculator prin intermediul placii de
achizitie, acesta a fost evaluat iar variatia fortei de
contact F in momentul impactului (Fig. 3) a fost
deasemenea calculata prin utilizarea programului
LabView.

In aceeasi maniera, s-au reprezentat comparativ
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Fig. 2.
Epruveta in momentul impactului / The specimen
at the impact time.

Therefore, the motion equation of the striker may be
written (Dogaru 2008b):

[m/s?] )

a(r)=g—%

where mis the striker weight.

Considering the time corresponding to the
initiation of the impact t=0, the equation is twice
integrated depending on time:

F(r)

Wt = v + I(t)[g—T} vomis] (@)

x0=0+ [ ) o [m] (@

where the initial conditions are:

-fort=0:>{

V=70,

x=0. ®)

As long as the specimen is not perforated or
completely broken, it remains in contact with the
striker and the following equation may be written:

8(t)=x(e) [m] (6)

The absorbed energy may be calculated using

the equation:

ulr) JéF(t‘)-v(t‘) . 7)

For the acquisition of the experimental data
(acceleration) and in order to calculate the response
parameters described above, a block diagram was
designed using LabView program.

EXPERIMENTAL RESULTS

After the signal recorded by accelerometer was
transmitted to the computer by the acquisition board, it
could be assessed and the variation of the contact
force F at the moment of the impact (Fig. 3) has been
also calculated using the Lab View program.

In the same manner the variations in time of
some other parameters calculated for the tested
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variatiile in functie de timp ale altor parametri calculati

in cazul epruvetelor testate, dupa cum urmeaza:

- variatia deplasarii 6 a percutorului in momentul
impactului (Fig. 4);

- variatia fortei de contact F ca o functie de
deplasarea § in momentul impactului (Fig. 5);

- variatia energiei U Tn momentul impactului (Fig. 6).

7000 1 '. '. ! '.
3 : : —=814-v=2mls
6000f-------- 45 e e S —5§1.2-vZ4mls--
' : : ——S513-v=4mis
: : —514-v=5mis
5000 ff-Har - S, TSLh-vEins
FRY-LLLT R LR R ————————,- .
L]
2
S 3000-- ‘ --------------------------------------------------- -
‘s 2000} §-f-— . WU S S RO .
£ !
o 4 !
('S ! B
1000 -£------- i\ ST S S -
/] S I N i T T U g
1000 H i i i i
o 0.002 0.004 0.006 0.008 0.0 0.012
Timp [ Time t (s}
Fig. 3.

Variatia forta-timp F-t in momentul impactului /
Variation force — time F-t at the moment of impact.

FortaF { Force F (N)

0.01
Deplasare / Displacement & (m)

0.005 0

Fig. 5.
Curbele forta-deplasare F —J in momentul
impactului / Force — displacement F — S curves at
the moment of impact.

Se cunoaste deja (Cantwell 1988, Sierakowski
s.a. 1997) ca, in cazul unei placi compozite stratificate
solicitata la impact de viteza mica, deteriorarea initiata
se propaga prin material, dinspre zona de impact unde
a lovit percutorul. In sectiune, forma fisurilor propagate
seamana cu cea unui “arbore conifer” avand varful in
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samples were compared and represented, as follows:

- variation of the displacement of the striker 6 at the
moment of impact (Fig. 4);

- variation of the contact force F depending on the

displacement 6 at the moment of impact (Fig. 5);

variation of energy U at the moment of impact (Fig.

6).

Deplasare f Displacement & {m)

Timp/ Time t(s)

Fig. 4.
Variatia deplasérii 6 a percutorului in momentul
impactului / Variation of the displacement 5 of the
striker at the moment of impact.

2 ' '. '. '. '.

20t f-- e e S ‘

TC 50 NN SN TR ——

10F--A-4----- bemoeooeeas B S T T T s

Energie { Energy U (J)

i i i i
0.004 0.006 0.008 0.01

Timp / Time t(s)

i
0 0.002 0.012

Fig. 6.
Variatia energiei U in momentul impactului /
Variation of the energy U at the moment of impact.

It is already known (Cantwell 1988, Sierakowski
et al. 1997) that in case of a laminated composite
panel subjected to low velocity impact, the initiated
deterioration propagates through the material starting
with the impact area where the striker hits. In the
cross section the shape of the propagated cracks
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zona de impact cu percutorul, Tn cazul unei tinte rigide.
Contrar, fisurile se propaga incepand de la suprafata
opusa celei unde a lovit percutorul in cazul unui
material flexibil (Cantwell 1988, Sierakowski s.a.
1997). Astfel, deteriorarea se dezvolta sub forma unui
“arbore conifer invers“ avand varful situat pe
suprafata care este opusa zonei de contact cu
percutorul.

Analizénd zonele deteriorate prin impact (Fig. 7),
se poate observa ca, zonele deteriorate localizate pe
fata epruvetelor (unde a lovit percutorul) sunt mai mici
decat cele localizate pe partea din spate (suprafata
inferioara a panoului). Deci, fisurile s-au propagat din
locul unde loveste percutorul spre partea din spate a
panoului. Aceasta observatie conduce la concluzia ca
panoul fabricat din materialul compozit hibrid implicat
in acest studiu, este rigid. Pe de altad parte, asa cum
era de asteptat, cu cat viteza de impact a fost mai
mare cu atat zona deteriorata a fost mai mare.
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appears to be similar to one of a “pine tree” having the
peak in the area where the striker hits, if it is the case
of a rigid target. In contrast, the cracks propagate from
the opposite surface to one where the striker hits, if it
is the case of a flexible target (Cantwell 1988,
Sierakowski et al. 1997). Thus, the deterioration
develops as a “reverse pine tree” having the peak
located on the surface that is opposite to the contact
area with the striker.

Analysing the areas damaged by the impact
(Fig. 7), it can be observed that the damaged areas
located on the front of the specimens (where the
striker hits) are smaller than those located on the back
(the bottom surface of the panel). So, the cracks have
been propagated from the area where the strike hits to
the back of the panel. This remark leads to the
conclusion that the panel made of the hybrid
composite material involved in this study is rigid. On
the other hand, with the increasing of the impact
velocity, the damaged area became larger.

Fig. 7.
Epruvete dupa incercarea de impact / Specimens after impact test:
a — fata / front; b — spate / back.

CONCLuUzIl

Fig. 4 arata ca, deplasarea transversala maxima
dmax = 0.0062mm a fost Tnregistratd pentru viteza de
impact v = 5m/s. Deoarece deplasarea maxima este
mult mai mica decat jumatate din grosimea placii,
aceasta este consideratd ca fiind o solicitare cu
deplasari mici.

Analiz&dnd graficele prezentate din Fig. 6, se
poate observa ca, energia U a percutorului se reduce
cu: 25% in cazul vitezei de impact v = 5m/s; 28% in
cazul vitezei de impact v = 4m/s; 24% in cazul vitezei
de impact v = 2m/s. Diferenta de energie este
consumata pentru ruperea epruvetei.

Pe viitor, autorii intentioneaza sa cerceteze
efectele tipului de faina de lemn (specie, dar mai ales
granulatie si tratament pentru compatibilizarea cu

CONCLUSIONS

Fig. 4 shows that the maximum transversal
displacement dma = 0.0062mm was recorded for the
impact velocity v = 5m/s. Since the maximum
displacement is much smaller than a half of the panel
thickness, the loading is considered to be with small
displacements.

Analyzing the diagrams shown in Fig. 6, it can
be observed that the striker energy U is reduced with:
25% in case of the impact velocity v = 5m/s; 28% in
case of the impact velocity v = 4m/s; 24% in case of
the impact velocity v = 2m/s. The difference of energy
is consumed to break the specimen.

In the future, the authors intend to investigate
the effects of wood flour type (wood species, but more
than that the size of the granules and the treatment to
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rasinile sintetice) asupra comportarii dinamice a | make them compatible to the synthetic resins) on the
panourilor fabricate din astfel de materiale compozite | dynamic behaviour of the panels made of hybrid
hibride de tipul tesatura din fibré de sticla / faind de | composite materials with glass fibre fabric / wood flour

lemn / rasina. / resin.
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