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Rezumat:

Obiectivul prezentului studiu a fost de a analiza
calitatea suprafetelor epruvetelor din lemn de arin negru
(Alnus glutinosa) in functie de procesul de slefuire
caracterizat de patru granulatii, si anume 60, 80, 100 si
120. Prelucrarea prin slefuire s-a realizat paralel,
perpendicular si la 45 grade fatd de orientarea fibrei
lemnului. Experimentele industriale s-au desfasurat la
Societatea NIKMOB Nehoiu, pe o masina de slefuit cu
bandad latd cu contact de sus. Pentru testele
experimentale s-au utilizat doua variabile: viteza de
avans si addncimea de aschiere. S-au determinat doi
parametri de rugozitate, Rk (parametrul de apreciere a
rugozitatii de prelucrare) si Rpk (parametrul de apreciere
a fibrei ridicate) cu ajutorul unui profilometru optic
MicroProf FRT, pe zone cu si fard umezire delimitate pe
piese. Datele inregistrate au fost procesate prin metoda
regresiei neliniare cu ecuatie de ordinul doi cu doua
variabile. S-a folosit de asemenea si analiza de varianta
ANOVA pentru evaluarea datelor, prin aplicarea a cinci
variabile independente, si anume: programul de slefuire,
directia de prelucrare, viteza de avans si adancimea de
prelucrare pentru cele doua stari ale suprafetei, cu si fara
umezire. Rezultatele studiului au ardtat cd umezirea
Suprafetelor nu a generat o calitate mai bund a
suprafetelor slefuite. La prelucrarile pe directie la 45
grade si paralel cu orientarea fibrei lemnului, calitatea
suprafetei epruvetelor s-a imbunétatit comparativ cu
directia perpendiculara. S-a observat de asemenea céa
efectul cumulat al factorilor asupra parametrior de
rugozitate a fost mult mai intens fata de efectul individual
al acestora. In baza rezultatelor acestei cercetdri, o astfel
de abordare poate fi aplicatda cu succes in industria
lemnului, la fabricarea mobilei, pentru o cat mai eficienta
utilizare a materialului lemnos in urméatoarele faze ale
prelucrérii, mai precis la finisare.

Cuvinte cheie: rugozitate; sefuire; arin negru.

INTRODUCERE

Principalul rol al slefuirii este de a elimina de pe
suprafata lemnului toate neregularitatie datorate
prelucrdrilor anterioare si de a conferi suprafetei o
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Abstract:

The objective of this study was to analyse the
surface quality of black alder (Alnus glutinosa)
samples as function of sanding processes based on
four grits sizes, namely 60, 80, 100 and 120. The
sanding  process was performed  parallel,
perpendicular and at 45 degrees angle to the grain
orientation of the specimens. The experiments were
carried out on a wide belt sanding machine at
NIKMOB Nehoiu Company. Two machining
variables, feed speed and cutting depth were used
for the tests. Two roughness parameters, Rk
(processing roughness parameter) and Rpk (fuzzy
grain roughness parameter) were determined by
employing the optical profilometer type MicroProf
FRT, on dry and wett areas of the samples. All data
were processed by using a nonlinear regression
method respecting an equation of 2" degree type
with two variables. The ANOVA analysis was also
used to evaluate the data by applying five
independent variables, namely: sanding program,
sanding direction, feed speed and cutting depth for
the two statement of surface, with and without
wetting. The results of the study revealed that the
wetting of samples did not show a better quality of
sanded surfaces. However when the samples were
sanded at 45 degrees angle and parallel to the grain
orientation, overall surface quality of the samples
improved compared to perpendicular direction. It was
also found that the cumulative effect of factors was
more representative on the roughness parameters
than the situation when taken individually. It appears
that based on the findings in this work such
approach can be successfully applied in wood
products industry including furniture manufacturing to
have a more efficient use of the raw material in
further processing steps such as finishing.

Key words: roughness; sanding; black alder.
INTRODUCTION

The main purpose of sanding is to eliminate
irregularities on the surface of wood due to previous
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calitate corespunzatoare pentru operatiile de finisare.

In domeniul slefuirii lemnului au fost dezvoltate
numeroase proiecte de cercetare, fiind publicate lucrari
importante care au stabilit cadrul general al domeniului
slefuirii suprafetelor lemnoase. S-a analizat influenta
regimurilor de slefuire asupra calitatii suprafetelor,
obtindnd rezultate in functie de procesul adoptat si de
particularitatile specifice sculelor si speciilor lemnoase
studiate. Astfel, Pahlitzsch (1970), Pop (1979a, 1979b) si
Cotta (1982) au confirmat ca rugozitatea suprafetelor
slefuite creste odatd cu marimea granulelor abrazive.

In ceea ce priveste specia lemnoasa, Cotta (1982)
a stabilit ca rugozitatea a scazut de la brad la fag, tei si
in final la stejar, specie care a generat cele mai bune
suprafete slefuite. Din considerente estetice, se prefera
slefuirea paralel cu fibrele lemnului (Cotta 1982, Beganu
2001). Pre-umezirea si uscarea suprafetei Tnaintea
slefuirii (Beganu 2001) poate genera suprafete bune, dar
Pop (1979) a considerat ca acest pas poate fi eliminat
fara nici o repercursiune asupra calitatii, dar cu avantaje
economice. Pop (1979) a remarcat o foarte mica
descrestere a rugozitatii cu scaderea vitezei de avans.

Luand in considerare multitudinea de factori care
influenteaza rugozitatea suprafetelor prelucrate, Pop
(1979) a recomandat elaborarea unui standard romanesc
privind calitatea suprafetelor lemnoase.

Gurau (2005) a revenit cu aceasta abordare si a
intocmit un set valoros de recomandari privind
rugozitatea suprafetelor slefuite din lemn masiv. Pop
(1979) si Gurau (2005) au stabilit ca granulatia are un rol
hotarator in procesul de slefuire, influent&nd rugozitatea
suprafetei.

Rugozitatea este adesea consideratd parametrul
principal de evaluare a calitati suprafetei lemnoase
supusa slefuirii (Lemaster si Beall 1996, Taylor si alfii
1999, de Moura si Hernandez 2005, 2006). Conform
studiilor efectuate anterior, parametrii tehnologici cum
sunt viteza, presiunea, vibratia, trebuie sa fie corect
reglati odata ce ei prezinta o influenta hotaratoare asupra
calitatii produsului final (Pahlitzsch 1970 si Pop1979).

Se recomanda utilizarea masinilor de slefuit cu
banda lata si elaborarea regimurilor de aschiere separat
pe fiecare specie. Taylor si altii (1999) au conchis ca
granulatia mai fina devine importantd Tn determinarea
presiunii de slefuire.

Referitor la randamentul sculelor abrazive si al
procesului de slefuire, Pop (1979) subliniaza faptul ca
acestea sunt direct dependente de natura si marimea
granulelor, la fel ca si timpul de utilizare a abrazivului.

In general, un program de slefuire debuteaza cu o
granulatie grosiera urmata de slefuiri mai fine (Williams si
Morris 1998).

Granulatiile grosiere sunt destinate slefuirilor
rapide si profunde, in timp ce granulatiile fine servesc
fazelor de finisare (Lihra si Ganev 1999). Fiecare etapa
de slefuire are ca obiectiv minimizarea neregularitatilor
aparute in etapa precedenta, altfel acestea ar fi vizibile la
finisare (Williams si Morris 1998, Lihra si Ganev 1999).
Dealtfel, cu cat marimea granulelor este mai mica, cu
atat calitatea suprafetei este mai buna (Carrano si alfii
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processing so that finishing can be applied resulting
a better quality final product.

There are many research projects carried out
on sanding of wood products, being published
important papers which established the main
framework of sanding the wooden surfaces. The
influence of the cutting schedules upon the surfaces
quality was analysed and it was found that the results
were influenced by applied process, tools features
and wood species. Thus, Pahlitzsch (1970), Pop
(1979a, 1979b) and Cotta (1982) confirmed that the
roughness of sanded surfaces increases with the
abrasive grit size. Regarding the wood species Cotta
(1982) found that the roughness decreased from fir
to beech, lime and finally oak, which yielded the best
surface quality. Considering aesthetic aspects, the
sanding along the grain is preferred (Cotta 1982,
Beganu 2001). Pre-wetting and drying the surface
before sanding (Beganu 2001) can produce better
sanding results, but Pop (1979) considered that this
step can be removed wihout any negative effect on
sanded quality, but with economic advantages. Pop
(1979) found a very small decrease of roughness
with the decrease of feed speed.

Considering the influencing factors that affect
the roughness of engineered surfaces, Pop (1979)
recommended the elaboration of a Romanian
standard related to the wooden surfaces quality.
Gurau (2005) employed this approach by
establishing a set of valuable recommendations
concerning the roughness evaluation of sanded
surfaces. Pop (1979) and Gurau (2005) noticed that
the grit size has a major role on the sanding process
influencing overall the surface roughness of the unit.
Roughness is often considered as a main parameter
for evaluation of surface quality due to sanding
(Lemaster and Beall 1996, Taylor et al 1999, de
Moura and Hernandez 2005, 2006). According to
previous studies, manufacturing parameters such as
speed, pressure, vibration need to be adjusted
correctly since they present significant influence on
the quality of the final product (Pahlitzsch 1970 and
Pop1979). It is recommended to use the wide belt
sanders and to set specific cutting schedules for
each wood species. Taylor and others (1999)
concluded that the finer grit size becomes important
to determine the amount of pressure. Regarding the
yield of sanding tools and process, Pop (1979)
determined that they directly related to the nature
and dimensions of grit sizes as well as the lifetime of
abrasive.

A sanding of wood surface is usually initiated
with a rough grit size which is followed by finer grit
sizes (Wiliams and Morris 1998). The rough grit
sizes are used for rapid and deep sanding processes
while the finer ones are used for the final finishing
phases (Lihra and Ganev 1999). Each sanding step
has the objective to minimize the irregularities on the
surface that result during the previous phase,
(Williams and Morris 1998, Lihra and Ganev 1999).
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2002, de Moura si Hernandez 2006, Ratnasingam si
Scholz 2006). Sinn si colaboratorii (2004) au stabilit o
corelatie liniara pozitiva Tintre marimea granulelor
abrazive si rugozitatea suprafetei.

Gurau (2005, 2006) a investigat -calitatea
suprafetei lemnului de stejar, fag si brad din perspectiva
diferitilor parametrii de prelucrare. Gurau (2006) prezinta
faptul ca rugozitatea este un indicator important pentru
etapele pe care urmeaza sa le parcurga produsul pana la
finisare. Numeroase studii au fost efectuate asupra
optimizarii procedeelor de slefuire a lemnului. Aceste
cercetari au facut referire la granulatia hértiei abrazive
(Carrano si altii 2002, Sinn si alti 2004, de Moura si
Hernandez 2006, Ratnasingam si Scholz 2006),
orientarea in raport cu directia fibrelor (Taylor si altii
1999, Carrano 2002), specia lemnoasa (Saloni si altii
2005, Sinn 2004) si viteza de slefuire (Carrano 2002, de
Moura si Hernandez 2006).

Carrano (2002) si Saloni (2005) au efectuat studii
pe masini de slefuit cu cilindru si au observat ca la
cresterea vitezei de rotatie a benzii, calitatea suprafetei
este diminuata.

Viteza de avans are de asemenea un efect
important asupra calitatii suprafetei slefuite (Carrano
2002, de Moura si Hernandez 2006).

Vitezele de avans mari genereaza suprafete mai
rugoase. Acest fenomen se produce datorita faptului ca
numarul de urme provocate de abraziv scade (Carrano
2002), ceea ce generaza si o mai mare oscilatie la
suprafata (de Moura si Hernandez 2006).

Fotin (2008) a adus contributii la studiul puterii
consumate la prelucrarea prin slefuire a lemnului de
mesteacan, confirmand cresterea acesteia odata cu
viteza de avans si adancimea de prelucrare.

Au fost efectuate de asemenea si studii legate de
evaluarea rugozitatii suprafetelor materialelor compozite
pe baza de lemn (Hiziroglu 1996, 2004). Hiziroglu (2009)
ofera date asupra rugozitatii panourilor compozite in
functie de conditii diferite de expunere, astfel de date
avand o buna aplicabilitate practica in procesul de
fabricatie si la prelucrarile ulterioare.

Dupa Malkocoglu (2006), lemnul de arin negru are
proprietati foarte bune la frezare, strunjire si gaurire si
proprietati relativ bune la prelucrarea scobiturilor si
slefuire.

Au fost investigate multe din proprietatile fizice si
mecanice ale lemnului de arin negru, dar datele existente
sunt limitate sau chiar absente privind evaluarea
rugozitatii suprafetelor slefuite din lemn de arin negru.

Asadar, obiectivul acestei lucrari este de a
determina parametrii de slefuire cu influentd majora
asupra calitatii suprafetei, astfel ca aceasta specie
lemnoasa sa poata fi optim si eficient utilizata in fazele
de prelucrare ulterioara, specifice proceselor de finisare.

OBIECTIV

Obiectivul  lucrarii il constituie  evaluarea
parametrilor de rugozitate Rk si Rpk pentru suprafetele
din lemn de arin negru supuse operatiei de slefuire cu
programe de slefuire utilizadnd granulatiile 60, 80, 100 si
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Moreover, the smaller the grit sizes are, the better
the suface quality is (Carrano et al 2002, de Moura
and Hernandez 2006, Ratnasingam and Scholz
2006). Sinn and others (2004) have established a
positive linear correlation between the grit sizes and
surface roughness. Gurau (2005, 2006) investigated
surface quality of oak, beech and fir from the
perspective of various manufacturing parameters.
Gurau (2006) presented that the roughness was an
important indicator for further phases that are to be
performed by the product up to the finishing phase.
Numerous studies were carried out on the
optimization of sanding process of wood products
related to the grit size (Carrano et al 2002, Sinn et al
2004, de Moura and Hernandez 2006, Ratnasingam
and Scholz 2006), the processing direction and grain
orientation (Taylor et al 1999, Carrano 2002), the
wood species (Saloni et al 2005, Sinn 2004) and
sanding speed (Carrano 2002, de Moura and
Hernandez 2006). Carrano (2002) and Saloni (2005)
have performed studies on drum sanders and they
determined that as belt rotation speed is increased,
the surface quality of the samples decreased.

The feed speed has also an important effect
upon the quality of sanded surface (Carrano 2002,
de Moura and Hernandez 2006).

High feeding speed generates rough surfaces
of the specimens. This phenomenon is mainly due to
the reduced number of traces caused by the abrasive
(Carrano 2002) and thus a wide surface oscillation is
also created (de Moura and Hernandez 2006).

Fotin (2008) contributed to the study of power
consumption during the sanding process of birch
wood, with relevant results in its increase with the
increase of feed speed and cutting depth.

Some previous works were also carried out
related to the evaluation surface roughness of
commercially manufactured wood based materials
(Hiziroglu 1996, 2004). Hizirolglu (2009) offers data
related to composites roughness, as function of
different exposure conditions, such data have a good
practical use in their manufacturing and further
processes.

Malkocoglu (2006) considered that the black
alder wood presents very good properties when
milling, lathing, boring and relative good ones when
mortising and sanding.

Most of physical and mechanical properties of
black alder wood has been investigated but there is
limited or no information on roughness evaluation of
black alder as function of sanding process. Therefore
the objective of this paper is to determine major
sanding parameters influencing the surface quality of
black alder, so that such species can be used more
effectively in further finishing processes.

OBJECTIVE

The paper objective consists in the evaluation
of the Rk and Rpk roughness parameters for the
sufaces made of black alder wood after their
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finala 120, pe trei directi de prelucrare (paralel,
perpendicular si la 45 grade fata de fibrele lemnului) sub
regimuri diferite de slefuire.

Se mentioneaza ca prezentul studiu este parte a
lucrarii de doctorat concentratd pe aspectele de
prelucrabilitate ale lemului de arin negru (Salca 2008a,
b).

METODA, MATERIALE $1 APARATURA
Material si metoda

Pentru experimente s-au utilizat epruvete fara
defecte din lemn de arin negru (Alnus glutinosa), cu
dimensiunile 300x95x16mm, cu umiditatea de 8%.

Piesele au fost slefuite pe masina de slefuit cu
banda lata cu contact de sus SANDING MASTER cu
doua capete de lucru, la SC NIKMOB SA Nehoiu.

Masina de slefuit are urmatoarele caracteristici
tehnice: dimensiunile benzii abrazive de 1900x1130mm,
viteza de slefuire (in sens contrar avansului) de 16m/s,
presiunea de 4,5 bar, iar viteza de avans intre 4 si
20m/min.

Masina de slefuit este prevazuta cu sistem de
oscilatie pneumatica si cu sistem de desprafuire a benzii.

Tabelul 1 prezinta matricea experimentelor la
slefuirea epruvetelor din lemn de arin negru.
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processing with some sanding programs using the
grit sizes 60, 80, 100 and 120 as final grit size, by
respecting three processing directions (parallel,
perpendicular and at 45 degrees angle to the grain
orientation), under different schedules. The present
study is part of a doctoral study focused on the
workability of black alder (Salca 2008a, b).

METHOD, MATERIALS AND EQUIPMENT
Material and method

Defect free black alder (Alnus glutinosa)
samples with dimensions of 300 by 95 by 16mm,
having 8% moisture content were used for the
experiments. The specimens were sanded on a
SANDING MASTER wide belt sander with two
working heads at NIKNOB Company from Nehoiu.

The sander presents the following technical
characteristics: abrasive belt dimensions of about
1900x1130mm, sanding speed (against the feed
direction) of about 16m/s, contact pressure of about
4.5 bar and feed speed between 4 and 20m/min.

The equipment has pneumatic oscillation
sytem along with self cleaning setup. Table 1
presents the matrix of experiments used during
sanding the samples made of black alder wood.

Tabelul 1/ Table 1

Matricea experimentelor la slefuire / Matrix of experiments during sanding

Nr. /
No

Parametrii de regim /
Schedule parameters

Valoarea / Value

Viteza de avans /

Parallel to the wood
grain orientation

/ Processing direction

! Feed speed, m/min 8 12 16
Adancimea de
2 aschiere / Cutting 0.1 0.2 0.3
depth, mm
Paralel cu orientarea Perpendicular fata de Il_a 45° fat,é de
Directia de prelucrare fiorelor lemnului / orientarea flbrelpr orientarea f'bgelor
3 ’ lemnului / Perpendicular | lemnului / At 45° angle

to the wood grain to the wood grain

orientation orientation
4 Umezire / Wetting Cu umezire / With wetting | Fara umezire / Without wetting
Progamul de slefuire No. 4 No. 8 No. 11
si granulatiile /
5 Sanding program and 60, 80, 120 60, 100, 120 60, 120
grit sizes

S-a utilizat experimentul factorial (Laurenzi 2000)
cu doua variabile, si-anume viteza de avans (cinci valori:
4, 8, 12, 16 si 20) si adancimea de prelucrare (cinci
valori: 0,1; 0,2; 0,3; 0,4 si 0,5).

Acest experiment a permis utilizarea unui numar
mai restrans de piese pentru operatia de slefuire, care s-
a dorit a fi efectuata cu regimuri de lucru variate, obtinute
prin combinarea vitezelor de avans si a adancimilor de
prelucrare pe cele trei directii de prelucrare.

Pentru teste s-au folosit 39 de epruvete pentru 3
seturi a cate 13 piese fiecare, conform algoritmului,
pentru fiecare din cele trei directii de prelucrare paralel,
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The factorial experiment (Laurenzi 2000) with
two variables, namely feeding speed (five values: 4,
8, 12, 16 and 20) and cutting depth (five values: 0.1;
0.2; 0.3; 0.4 and 0.5) were used.

This experiment allowed to use a lower
number of pieces for sanding which was to be
performed under various schedules obtained when
combining feed speeds and cutting depths by
respecting three processing directions.

A total of 39 samples for three sets having 13
samples for each set, according to the algorithm,
along the three processing directions of parallel,
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perpendicular si la 45 grade fata de fibre.

Epruvetele au fost umezite pe jumatate din
suprafatd Tnaintea fiecarei treceri, pentru a se putea
analiza influenta umezirii asupra rugozitatii suprafetelor
slefuite. S-au utilizat sabloane pentru asigurarea directiei
de slefuire, dupa cum se prezinta in Figurile1 a si b.

S-au utilizat 4 tipuri de harti abrazive cu
granulatiile 60, 80, 100 si 120, cu granule abrazive din
corindon. Hartia abraziva cu granulatie 60 a fost utilizata
initial pentru calibrare.

Astfel s-au intocmit 3 programe diferite de slefuire
no. 4, 8 si 11, explicitate Tn Tabelul 1.

Masurarea rugozitatii

Aparatul utilizat pentru masurarea rugozitatii
suprafetei profilului, MicroProf FRT (Fig.2 a) este un
instrument optic standard.

Pentru a respecta directia de masurare a
rugozitatii, si anume o directie perpendiculara pe cea de
prelucrare, s-a confectionat un sablon prezentat in Fig.2
b. S-au efectuat cate doua masuratori de rugozitate pe
fiecare piesa, pentru zona prelucratda cu umezire
prealabila, cat si pentru zona prelucrata fara umezire.
Parametrii de scanare setati au fost, dupa cum urmeaza:

- modul 2D

- viteza de scanare de 750 ym/s
- 10000 puncte scanate

- lungime de evaluare 50 mm

- lungime de baza 2,5 mm

- rezolutie de masurare 5 ym.

Se precizeaza ca valorile pentru lungimea de
evaluare, lungimea de baza si rezolutia de masurare au
fost alese conform recomandarilor date de Gurau (2005)
pentru suprafetele lemnoase.

Fig.1.
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perpendicular and at 45 degrees angle to the grain
orientation were used for the tests.

All samples were wetted on halfway of their
surfaces, before each pass, to analyse effect of the
wetting on the roughness of sanded surfaces.
Frames were used to determine sanding direction as
shown in Figures 1a and 1b.

Four grit sizes of sandpaper, namely 60, 80,
100 and 120 grits manufactured from corundum
abrasive were used for the samples. Initially 60 grits
sandpaper was used for calibration purpose.

Three different sanding programs were then
set no. 4, 8 and 11, as presented in Table 1.

Roughness measurement

The device used for roughness measurement,
MicroProf FRT (Fig.2 a) is an optical type standard
instrument.

In order to respect the roughness measuring
direction, namely perpendicular to the processing
direction, a special device presented in Fig.2 b was
made. Two roughness measurements were
performed per each sample, both for the wet area
and the area without wetting before sanding.

The set scanning parameters were as follows:

- 2D profile method

- 750 pym/s scanning speed
- 10000 scanned points

- 50 mm evaluation length

- 2.5 mm sampling length

- 5 ym measuring resolution.

It is also mentioned that the evaluation length,
sampling length and measuring resolution were all
selected according to the recommedations offered by
Gurau (2005) for wood surfaces.

Sabloane utilizate la slefuirea lemnului de arin pentru cele trei directii de prelucrare (a si b) / Devices
used for sanding the alder wood with respect to the three processing directions (a and b).

d .h

iy W

Fig. 2.
Rugozimetrul MicroProf FRT (a), sablon de pozitionare a pieselor (b) / MicroProf FRT roughness device
(a), positioning device for samples.
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inregistrarea si prelucrarea datelor

Softul de Tinregistrare a datelor a permis
vizualizarea topografiei suprafetei Tn studiu. Analiza de
rugozitate a profilului s-a efectuat apeland softul de
analiza. Profilul de rugozitate a fost obtinut dupa o
prealabila filtrare a datelor cu filtrul Gauss, aplicat
automat de soft. Datele inregistrate au fost procesate prin
metoda regresiei neliniare cu ecuatie de ordinul doi cu
doua variabile.

Doi parametri de rugozitate din familia Rk (Rk, Rvk
si Rpk), si-anume Rk (rugozitatea de prelucrare) si Rpk
(rugozitatea fibrei ridicate) au fost utilizati pentru analiza
suprafetei, conform ISO 13565-2: 1996.

Parametrul Rvk (rugozitatea anatomica) a fost
exclus din analiza deoarece rugozitatea anatomica nu a
fost eliminata.

Parametrul Rk, definit ca adancimea miezului de
rugozitate, este propus de Gurau (2005) si Sandak (2005)
ca fiind cel mai reprezentativ indicator al rugozitatii de
prelucrare.

Rezultatele fiecarui program de slefuire, pe fiecare
directie de prelucrare in parte au fost analizate prin
studierea si interpretarea zonelor aferente modelarii,
corelate cu cele obtinute in conditii industriale.

Au fost luate in considerare doar acele valori ale
vitezelor de avans, pentru care determinarile
experimentale reale au fost reprezentate corespunzator,
si anume: 8, 12 si 16m/min (cuprinse intre limitele optime
recomandate pentru masinile de slefuit cu banda lata, de
la 8 la 25m/min). Extremele experimentului factorial,
setate initial, au fost eliminate, respectiv vitezele de
avans de 4 si 20m/min, pentru care s-au efectuat cate un
singur test experimental, aceste rezultate nefiind
concludente si nici suficiente pentru 0 modelare pe acest
segment. Epruvetele au fost slefuite cu granulatia finala
120. Valorile adancimilor de aschiere in studiu au fost de
la 0,1 la 0,3mm. Slefuirea cu abrazivi peste granulatia
100 a fost considerata optima.

S-a aplicat apoi analiza de varianta ANOVA,
rezultatele fiind prezentate in Tabelul 2. Au fost intocmite
grafice comparative pentru fiecare parametru de
rugozitate luat n studiu, in functie de viteza de avans si
de adancimea de slefuire. Spre exemplificare se prezinta
astfel de comparatii in functie de viteza de avans pentru o
adancime de prelucrare de 0,2mm si respectiv,
adancimea de prelucrare pentru o viteza de avans de
12m/min, dupa cum urmeaza: pentru Rk (Fig.3a si b) si
Rpk (Fig.4a si b). Variabilele independente au fost: trei
programe de slefuire, programele 4, 8 si 11 si trei directii
de prelucrare perpendicular, paralel si la 45 fata de
orientarea fibrelor lemnului, pentru cele doua situatii
distincte, cu si fara umezire.

REZULTATE $I DISCUTII

In baza rezultatelor acestui studiu, valorile
parametrilor de rugozitate au inregistrat fie tendinte de
crestere fie de scadere, la variatiile vitezei de avans si ale
adancimii de slefuire de la 8 la 16m/min si respectiv de la
0,1 1a 0,3mm.
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Recording and processing of data

The software for recording the data allowed to

display the surface topography under study. The
profile roughness analysis was performed.
Later the roughness profile was obtained after a
previous data filtering with the Gaussian filter,
automatically applied. All data were processed by
using a nonlinear regression method respecting an
equation of 2" degree type with two variables. Two
parameters from the Rk family (Rk, Rvk si Rpk),
namely Rk (processing roughness) and Rpk (fuzzy
grain roughness), were used to analyse the surface,
according to ISO 13565-2: 1996 standard.

Rvk (anatomical roughness) parameter was
excluded because the anatomical roughness was
not removed. The Rk parameter, defined as the
roughness core depth, is proposed by Gurau (2005)
and Sandak (2005) as the most representative
indicator of processing roughness.

The results for each sanding program and
processing direction were analysed by studying and
interpreting the specific areas of modelling and
correlated to those in industrial conditions.

Feeding speeds for which the experimental
determinations were well represented, such as: 8,
12 and 16m/min (values comprised between the
optimal limits recommended for wide belt sanders,
from 8 to 25m/min) were used. The extreme values
of the factorial experiment, previously set, were
removed, namely the feed speeds of about 4 and
20m/min, because only a single experimental test
was carried out for both of them and these results
were irrelevant and inadequate for a specific
modelling. The samples were sanded with the final
grit size of 120. The values of cutting depth ranged
from 0.1 to 0.3mm. The sanding with a grit size over
100 was considered optimum.

The ANOVA variance analysis was then
applied, having the results presented in Table 2.
There  were set comparative  graphically
representations for each one of the roughness
parameters depending on the feeding speed and
cutting depth. Such comparative representations as
function of feed speed for 0.2mm as cutting depth
and as function of cutting depth for 12m/min as feed
speed are presented as follows: for Rk (Fig.3a and
b) and Rpk (Fig.4a and b) respectively.

The independent variables were: three
sanding programs, no. 4, 8 and 11 and three
sanding directions, perpendicular, parallel and at 45
degrees angle as relate to wood grain, for the two
contidions of the samples, namely wett and dry.

RESULTS AND DISCUSSIONS

Based on the results in this work, values of
roughness parameters had either increasing or
decreasing trends with the change of feed speed
and cutting depth from 8 to 16m/min and from 0.1 to
0.3mm, respectively.
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S-a observat in general o crestere a rugozitatii de
prelucrare exprimata prin parametrul de rugozitate Rk
odata cu cresterea vitezei de avans, in timp ce la variatia
adancimii de prelucrare, o tendinta clara de crestere s-a
semnalat doar la utilizarea programului de sefuire 11 pe
toate cele trei directii de prelucrare. In ceea ce priveste
parametrul de rugozitate Rpk, de apreciere a fibrei
ridicate, se poate observa tendinta generalad de crestere
atdt cu cresterea vitezei de avans dar si cu variatia
adancimii de prelucrare. Valorile inregistrate de cei doi
parametri de rugozitate, Rk si Rpk, au fost semnificativ
mai mici Th cazul prelucrarilor pe directie perpendiculara.
Dar aceasta prelucrare nu este indicata deoarece
produce suprafete mai putin estetice.

Din analiza datelor s-a observat ca umezirea nu era
necesara. Valorile parametrilor de rugozitate determinati
pe zonele neumezite ale epruvetelor sunt reprezentative
pentru stabilirea calitatii suprafetelor luate in studiu.
Acesti parametrii au prezentat valori mai scazute.

Slefuirile fara umezire, pe directie de prelucrare la
45 grade fata de orientarea fibrelor lemnului, pentru toate
cele trei programe de slefuire studiate, au generat
suprafete caracterizate prin valori apropiate ale
parametrului Rk, intre 20 si 22um.

Valorile parametrului Rpk, sub 10um, au semnalat
prezenta nesemnificativa a fibrei ridicate in urma
prelucrarilor fara umezire pe aceeasi directie la 45 grade,
dar si pe directie paralela fatd de orientarea fibrelor
lemnului, cu toate cele trei programe de slefuire.

Cele mai bune suprafete, din punct de vedere
calitativ s-au obtinut la prelucrarea fara umezire cu
programul de slefuire 8 (granulatile 60, 100, 120), la o
viteza de avans de 8m/min si o adancime de prelucrare
de 0,1mm. La prelucrarile la 45 grade, respectiv paralel
cu orientarea fibrelor lemnului, agsa cum se prezinta n
Fig.5, valorile lui Rk au fost de 22,3 respectiv 19,6um iar
valorile Iui Rpk au fost de 6,4 respectiv 6,6pm.

Analiza de varianta a subliniat efectul semnificativ
cumulat al asocierilor de factori implicati in analiza
(Sig.<0,05), |nd|cand o interactiune importanta si prin
coeficientul n? >0,50, care este un indicator al intensitatii
relatiei, agsa cum se prezinta in Tabelul 2, in timp ce
statistica test nu a fost semnficativa (Sig. >0,1) pentru nici
unul dintre factorii individuali.

Intensitatea efectului exercitat de programul de
slefuire si parametrii de prelucrare (viteza de avans si
adancimea de prelucrare), s-a ewdentlat prin valoarea
mare (0,949) a coeficientului n? cu un coeficient de
semnificatie Sig. 0,047<0,05. Statistica test a fost
semnificativa si pentru asocierile de factori cuprinzand
directia de prelucrare, programul de slefuire, viteza de
avans, respectiv adancimea de prelucrare si umezirea
intre slefuiri (Sig. 0,016 respectiv 0,004), iar intensitatea
efectului cumulat, n*, al acestora asupra parametrului de
rugozitate Rk a avut valoarea de 0,637, respectiv 0,707.
Si asupra parametrului de apreciere a fibrei rldlcate Rpk,
influenta acestora a fost similara (Sig.<0,05 si n %50,50).
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It was noticed a general increase of the
processing roughness expressed by the Rk with
increasing the feed speed, while a more clear
increased tendency was highlighted, for only the
sanding program no. 11, at the variation of cutting
depth. For the Rpk parameter, used for the
evaluation of fuzzy grain, it is observed the general
increased tendency both with the feed speed and
cutting depth. The values recorded by the two
roughness parameters, Rk si Rpk, were significantly
lower for perpendicular processing. However
sanding such grain orientation is not recommended
because it produces less aesthetic surfaces.

After performing the data analysis it was
determined that the wett section was not desirable.
Also the values of roughness parameters recorded
from the sample areas without wetting were
representative for the quality of surfaces under
study. These parameters presented lower values.

The sanding processes without wetting, by
respecting the processing direction at 45 degrees
angle to the wood grain orientation, for all the three
sanding programs, generated surfaces depicted by
very close values of Rk parameter, from 20 to 22um.
The values of Rpk parameter, under 10um,
highlighted the irrelevant presence of fuzzy grain
after the same sanding but when parallel to the
wood grain orientation as well, for all the sanding
programs.

The best surfaces, from the quality
perspective, were obtained when sanding without
wetting by using the sanding program no.8 (60, 100,
120 grit sizes), for the feed speed of about 8m/min
and the cutting depth of about 0.1mm. When
processing at 45 degrees angle and parallel to the
wood grain orientation, as presented in Fig.5, the Rk
and Rpk values were of about 22.3 and 19.6uym and
6.4 and 6.6um, respectively.

The analysis of variance showed the very
significant cumulative effect of factors (Sig.<0. 05)
indicating an important interaction through the n*
>0.50 coefficient, which is an indicator of the relation
intensity, as presented in Table 2, while the
statistical test does not present significance for any
individual factor (Sig. >0.1). The intensity of the
effect produced by the sanding program and the
processing parameters (feed speed and cutting
depth), was underlined through the n* high value of
about 0.949, with a significance coefficient of about
Sig. 0.047<0.05. The test statistic was significant for
the grouping factors comprising the processing
direction, sanding program, feed speed and cutting
depth, respectively and the wetting phase (Sig.
0.016 and 0.004 respectively), but the intensity of
their cumulative effect on Rk parameter presented
the value of about 0.637 and 0.707 respectlvely
Their influence was similar (Sig.<0.05 and n %50.50)
on the Rpk parameter for fuzzy grain evaluation.
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Fig. 3.
Variatia parametrului de rugozitate de prelucrare, Rk (um) in functie de viteza de avans in m/min,
pentru o adancime de prelucrare de 0,2 mm (a) si respectiv, adancimea de prelucrare in mm, pentru o
viteza de avans de 12 m/min (b) / Variation of processing roughness, Rk (um) depending on the feed
speed in m/min, for 0.2 mm as cutting depth (a) and cutting depth in mm, for 12 m/min as feed speed
(b), respectively.
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Fig. 4.

Variatia parametrului de rugozitate, Rpk (um) in functie de viteza de avans in m/min, pentru o adancime
de prelucrare de 0,2 mm (a) si respectiv, addncimea de prelucrare in mm, pentru o viteza de avans de
12 m/min (b) / Variation of fuzzy grain roughness, Rpk (um) depending on the feed speed in m/min, for

0.2 mm as cutting depth (a) and cuiting depth in mm, for 12 m/min as feed speed (b), respectively.
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Fig. 5.

Variatiile parametrilor de rugozitate Rk si Rpk (um), la prelucrarea fara umezire cu programul de
slefuire 8 (granulatiile 60, 100, 120), pe directiile la 45 de grade (a) si paralel cu fibrele lemnului (b), in
functie de viteza de avans in m/min si addncimea de prelucrare in mm / Variation of Rk and Rpk (um)

roughness patrameters, when using the sanding program 8 (60, 100 and 120 grit sizes), without

wetting, respecting the processing directions at 45 degrees angle (a) and parallel to the wood grain (b),
depending on the feed speed in m/min and cutting depth in mm.

Tabelul 2/ Table 2
Analiza de varianta ANOVA / Variance analysis ANOVA
Suma -
“ . Coeficient
patratelor de tip Media patratica | 2/ Partial
Sursa/ Source I/ Type Il df / Mean Square F Sig. Eta
SSum of Squared, n?
quares

Variabila dependenta / Dependent Variable: Rk
1 program de slefuire * u * h / sanding

program * u * h 127.626 8 15.953 7.768 | 0.047 0.949
2 directie de prelucrare * program de

slefuire * u * umezire / processing 69.529 8 8.691 3502 | 0.016 0637
direction * sanding program * u * ' ) ) ' )
wetting

3 directie de prelucrare * program de
slefuire * h * umezire / processing 95.610 8 11.951 4816 | 0.004 0.707
direction * sanding program * h * ' ) ' ' )
wetting

Variabila dependenta / Dependent Variable: Rpk

1| program de slefuire * u ™ h/ sanding 146780 | 8 18347 | 4.260| 0.019 0.776
program *u * h ) : : : :

2 directie de prelucrare * program de
slefuire * u * h / processing direction 76.734 16 4.796 2.598 | 0.032 0.722
* sanding_program *u * h
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CONCLUzII CONCLUSIONS
Rezultatele prezentului studiu au aratat ca The results of this study revealed that from

slefuirea cu umezire a epruvetelor de arin negru nu a
generat o calitate mai buna a suprafetei.

Cea mai buna calitate a suprafetelor pe baza
parametrilor de rugozitate s-a obtinut pentru prelucrarile
la 45 grade si paralel cu orientarea fibrelor lemnului,
pentru o vitezd de avans de 8m/min si o adancime de
prelucrare de 0,1mm.

S-a observat de asemenea ca efectul cumulat al
asocierilor de factori implicati in studiu a fost cu mult mai
intens comparativ cu efectul principal al fiecarui factor
analizat individual.

Rezultatele obtinute, exprimate prin parametrul de
rugozitate Rk (22um valoare minima - arin negru) pot fi
comparate cu cele prezentate de Gurau in cazul lemnului
de stejar, slefuit cu aceeasi granulatie de 120, Rk avand
valoarea de 7,6um, confimand ca rugozitatea
suprafetelor slefuite este cu atdt mai buna cu céat
densitatea este mai mare.

Datele obtinute din aceasta cercetare pot fi cu
succes folosite de catre industria de prelucrare a
lemnului, Tn special in fabricarea mobilei. Aceste
rezultate ar putea ajuta la o mai buna intelegere a
procesului de finisare a pieselor prelucrate din lemn de
arin negru, astfel ca aceasta specie lemnoasa sa poata fi
mai eficient prelucrata in fazele de fabricatie urmatoare.
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