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Rezumat:

Obiectivul — acestei lucrari 1l  constituie
dterminarea modificarii parametrilor (puterea de
aschiere, rugozitatea suprafetei lemnoase, rotunjirea
muchiei taietoare) care caracterizeaza uzura sculei
taietoare in procesul de frezare a lemnului de plop
tremurator (Populus tremula), in functie de unghiul
de degajare al sculei.

Frezarea a fost realizatd in acest caz pe o
masind cu comanda numerica, folosind doué capete
de frezare, unghiul de degajare al cutitelor fixe fiind
reglat succesiv la 10°, 15°, 20° si 30°. S-au folosit
cutite realizate din otel rapid si otel aliat pentru scule.
Dupéa parcurgerea intregii lungimi a traiectoriei de
taiere, s-au mdsurat puterea de aschiere si
rugozitatea suprafetelor prelucrate gi s-au realizat
replici ale muchiei taietoare prin presarea pe o foaie
de plumb.

Prin frezarea lemnului de plop, cu cutite din
otel inalt aliat, cu unghiul de degajare de 10 grade,
cresterea rugozitatii suprafetei prelucrate, a fost
observata dupa atingerea Ilungimii traiectoriei de
tdiere de 44000m, care corespunde unui timp de
téiere de 15 ore.

Cuvinte cheie: uzura sculei; rugozitatea suprafetei;
putere de aschiere; frezare; lemn de plop tremurator;
otel rapid; otel aliat pentru scule.

INTRODUCERE

Din ce in ce mai des pentru diferite produse
din lemn sunt utilizate foioase de esenta moale, de
exemplu, plop si arin gri, Tn incercarea de a reduce
costurile acestora de productie si de a le reduce
masa. Prelucrarea mecanica a lemnului masiv se
realizeaza, in principal, pe masini de rindeluit pe
patru fete prin procedeul frezarii cilindrice in directie
longitudinala. Astfel, este important sa se inteleaga
si sa respecte strict regulile de taiere a lemnului de
foioase moi in procesul de frezare.

Abstract:

The aim of the paper is to determine changes
of parameters (cutting power, roughness of wooden
surface and rounding of cutting edge) which
characterize the wear of the cutting tool in the milling
process of aspen wood (Populus tremula),
depending on the rake angle of the cutting tool.

The milling process was performed by means
of a computer numerical control milling machine and
two cutterheads with a rake angle of the fixed cutter
knife adjusted at 10°, 15°, 20° and 30°. The cutters
made of high speed steel and highly alloyed tool
steel. After reaching the definite length of the cutting
trajectory, the cutting power and the roughness of
the processed wood surface were measured, as well
as replicates of the cutting edge, by pressing it in
lead sheet.

By milling aspen wood with highly alloyed tool
steel cutter knives at rake angle of cutter 10° the
roughness of the processed wooden surface began
increasing after 44 000m length of cutting trajectory,
which corresponds to a cutting time of 15 hours.

Key words: wear of cutter; surface roughness;
cutting power; milling; aspen wood; high speed steel;
alloyed tool steel.

INTRODUCTION

More and more often in various wooden
products, by trying to reduce costs of their
manufacturing and to obtain smaller mass, wood of
soft deciduous trees is used, such as, aspen and
grey alder. Mechanical processing of solid wood is
mainly performed by means of quadruple
longitudinal milling machines. Thereby it is important
to understand and strictly observe the cutting rules
applied to softwoods during the milling process.

Up to this, researches of cutting processes,
the aim of which is determination of wear of cutting
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Pana in acest punct, cea mai mare parte a
cercetarilor facute asupra uzurii sculelor Th procesul
de taiere, au fost efectuate pe lemn de rasinoase
(Simonin et al 2009) si lemn de foioase de esenta
tare (Fotin s.a. 2009; Salca s.a. 2008; Ratnasingam
& Perkins 1998). Este posibil ca, initial, lemnul de
foioase moi sa nu fi fost considerat sufiicent de
valoros, pentru a i se acorda interes in cercetare.
Cercetarile asupra prelucrarii mecanice prin frezare a
lemnului, au fost efectuate in mare parte, cu freze cu
coada, de diametru mic (Ratnasingam & Perkins
1998; Darmawan s.a. 2011), dar experimentele in
care este abordata frezarea longitudinala a lemnului
sunt putin numeroase. Materialele folosite in aceste
cercetari pentru taisul sculelor aschietoare sunt aliaje
dure de carburi metalice sinterizate, dar nu se
acorda multa atentie materialelor din oteluri rapide si
otelurilor aliate pentru scule. Otelul rapid este folosit,
in principal, in experimente in care se efectueaza
taierea lemnului Tn stare verde, cu umiditate ridicata
(Simonin s.a. 2009; Nordstrém si Bergstrom 2005).

In mai multe tari cu traditie si experienta in
prelucrarea mecanicd a lemnului s-au efectuat
cercetari asupra taierii lemnului de diferite specii
(Klamecki 1979), dar pe teritoriul Letoniei, au fost
efectuate doar cateva cercetari importante in acest
domeniu. Una dintre aceste cercetari a fost elaborata
in anii 70, cand a fost explicata rezistenta la uzura a
taisurilor facute din carburi metalice sinterizate, in
cadrul proceselor de taiere a lemnului de arin gri si
de mesteacan. Cea de a doua dintre cele mai
importante cercetari a fost efectuata in 2008 in
cadrul departamentului de prelucrare a lemnului de
la Universitatea de Agricultura din Letonia, in cadrul
Programului National de Cercetare si a vizat
procesul de taiere a lemnului de arin negru si de plop
(Slengis s.a. 2009). In aceste cercetari s-au
determinat modificarile de rugozitate ale suprafetei
lemnului prelucrat si energia consumata in procesul
de taiere, prin frezarea unor epruvete din lemn la
diverse viteze de taiere. Cu toate acestea, nu se
poate spune ca subiectul este epuizat, intrucéat
niciuna dintre cercetarile efectuate pana in prezent
nu ofera informatii exhaustive privind modificarile
datorate uzurii sculelor pentru prelucrarea lemnului
pe durata lor de viata, luadnd in considerare nu numai
durabilitatea taisului Tn sine, ci si impactul acesteia
asupra rugozitatii suprafetei lemnoase prelucrate si
energia consumata Tn procesul de taiere. Aceasta
situatie poate fi explicatéd prin faptul ca, cercetarile
anterioare au demonstrat deja care este linia
caracteristica a modificarilor de uzura a taisului si,
prin urmare, cercetarilor pe baza acestei interpretari
nu li s-a mai acordat o atentie prea mare. Liniile
caracteristice de uzura a taisului, indicand cele trei
perioade cunoscute de uzura, cu diferite intensitati
de uzura, sunt prezentate Tn mai multe surse din
literatura de specialitate (Billatos s.a. 1986;
Avanuukuin & CaHeB 1992; Milner & Roth 2010),
insa ofera doar o imagine rezumativa a modificarilor
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tools, mostly were performed by using coniferous
(Simonin et al. 2009) and hard deciduous wood
(Fotin et al. 2009; Salca et al. 2008; Ratnasingam &
Perkins 1998). It is possible that initially wood of soft
deciduous trees were considered as not valuable,
thereby such researches have not been performed
so far. Researches, using mechanical processing
methods, such as milling, were mostly performed
with small-diameter shank routers (Ratnasingam &
Perkins 1998; Darmawan et al. 2011) but
experiments, in which wood processing is
approximated to longitudinal milling, are performed
in insufficient amount. As material for the cutting
element of these tools, hard-alloys of sintered metal
carbide are mostly used, but there is not put much
attention to materials like high-speed steels and
alloyed steels. High-speed steel is used in
experiments, where the cutting process is performed
on wet wood (Simonin et al. 2009; Nordstrém &
Bergstrom 2005).

Numerous researches on wood cutting were
performed in several countries with long-term
experience in this field (Klamecki 1979), but in the
territory of the Republic of Latvia, there were
performed only few important researches in this field.
One of them was elaborated in the 70-ies, which
explained the wear resistance of cutters from
sintered metal carbide within the cutting process of
pressed grey alder and birch wood. As the second
one of most important researches should be
mentioned experiments performed in 2008 at the
Wood-processing department of Latvia University of
Agriculture, within the framework of the State
Research Programme, on cutting processes of black
alder and aspen wood (Slengis et al. 2009). In these
researches, changes of surface roughness and
cutting power were determined, by milling wooden
samples with various cutting and feed speeds.
However, neither researches made in foreign
countries, nor in the Republic of Latvia give
wholesome information on wear changes of wood-
processing cutting tools during their lifetime, taking
into account not only durability of the cutter itself, but
also its impact on the roughness of the processed
surfaces and the energy consumed during the
cutting process. Possibly, this can be explained by
the fact that in earlier researches a characteristic line
of changes in the wear of the cutter was
demonstrated, and thereby researches in such
interpretation did not receive so much attention
anymore. The characteristic lines of the wear of the
cutter, indicating three wear periods with different
intensity of wear, are shown in several literature
sources (Billatos et al. 1986; Amanuuknii & CaHeB
1992; Milner & Roth 2010). However, this gives only
an abstract insight on wear changes of cutting tools
during their lifetime, because the duration of
separate wear periods was not determined. A
special attention should be awarded to the period of
critical wear, where rounding of cutter edge has
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datorate uzurii sculelor aschietoare in timpul vietii lor,
deoarece nu se determina durata fiecarei perioade
de uzura in parte. Ar trebui sa fie remarcata mai ales
perioada de uzura critica, cand rotunjirea taisului
sculei duce la cresterea substantialda a deformarii
suprafetei de lemn prelucrate si a puterii de taiere, h
urma careia procesul devine ineficient. Aceasta
inseamna ca este foarte important sa se determine
inceputul acestei perioade la frezarea lemnului de
diferite specii, la diferite valori ale parametrilor
tehnologici. Astfel de cercetari ar putea permite
elaborarea de solutii tehnologice optime, care sa
prelungeasca durata de viatd a taisurilor sculelor,
pana la atingerea perioadei de uzura critica, precum
si sa permita stabilirea duratelor optime intre doua
ascutiri succesive.

MATERIALE S| METODA
Caracterizarea materialelor folosite pentru scula
aschietoare si a epruvetelor de lemn

In aceasta cercetare s-au utilizat cutite
fabricate din otel rapid si dintr-un otel aliat de scule.
Duritatea otelului rapid HS 18-0-1 este HB 269, iar
compozitia chimica este:
1. carbon —0.73 ... 0.83%;
2. tungsten —17.2 ... 18.7%;
3.vanadiu—1.0 ... 1.2%;
4.crom—3.8 ... 4.5%;
5. siliciu — mai putin de 0.45%.

Duritatea otelului Tnalt aliat X150CrMo12 este
HB 255, iar compozitia chimica este:

1. carbon — 1.5%;
2. crom — 12%;
3. molibden — 0.8%.

Materialul lemnos utilizat Tn cercetare a
constat in busteni de plop tremurator, debitati Tn
piese de cherestea radiala, semi-radiala si
tangentiala. Dupa taiere, scandurile au fost stivuite
sub un sopron si supuse uscarii naturale.

Dupa uscarea la o umiditate de cca. 15%,
corespunzatoare conditiilor climatice de expunere in
aer liber in Letonia, scandurile au fost debitate in
semifabricate. Cu ajutorul unui ferastrau circular
universal, scandurile au fost taiate in primul rénd, in
segmente lungi de 520 + 10mm, eliminandu-se
totodata defectele majore, precum nodurile
cazatoare si portiunile de coaja concrescuta. Dupa
sortare si sectionare, semifabricatele au fost stivuite
intr-o camera incalzita pentru a se continua procesul
de uscare.

Dupa atingerea umiditati de 8-10%,
semifabricatele au fost tivite, astfel incat sa se obtina
piese de latime maxim posibila.

Dupa tivire, prelucrarea mecanica ulterioara a
semifabricatelor a fost continuatéd cu frezarea lor
longitudinald, cu ajutorul unui agregat de rindeluit.
Pentru finceput a fost efectuatd TIndreptarea
semifabricatelor, apoi rindeluirea la grosime,
obtindnd-se o grosime de 20mm si latimea maxima
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received such value, which creates substantial
increase of deformation of the processed wood
surface and cutting power, in result of which the
process becomes inefficient. It means that it is very
important to determine the beginning of this period
during milling of different wood species, at different
technological parameters. Such researches could
allow elaborating optimal technological solutions,
able to increase the lifetime of the cutting tool up to
reaching the critical wear period of the cutter, as well
as the most appropriate durations between two
intermediary sharpenings of the cutting tool.

MATERIALS AND METHODS
Characterization of Applied Cutting Tool
Materials and Wooden Samples

For this research, the wooden samples were
milled with cutter knives manufactured from high-
speed steel and highly alloyed tool steel. Hardness
of high-speed steel HS 18-0-1 cutter knives is HB
269, and the chemical composition is:

1. carbon —0.73 ... 0.83%;
2. tungsten —17.2 ... 18.7%;
3. vanadium - 1.0 ... 1.2%;
4. chrome — 3.8 ... 4.5%;

5. silicon — less than 0.45%.

Hardness of highly alloyed tool steel
X150CrMo12 cutter knives is HB 255, and the
chemical composition is:

1. carbon — 1.5%;
2. chrome — 12%;
3. molybdenum — 0.8%.

The wooden material used in this research
consisted of aspen logs, sawn into radial, semi-radial
and tangential planks. After sawing, the planks were
put in a pile, which was located under a shed for
natural drying. When the planks were dried down to
15%, which means air-dry in Latvian climatic
conditions, they were processed into semi-finished
wood parts. On a universal circular saw, the planks
were first sawn into 520 + 10mm long segments.
Defects, such as, loose knots and bark ingrows were
eliminated. After sizing, the semi-finished wood parts
were put in a pile in a heated room to continue their
drying process.

After drying down to 8-10% moisture content,
the process of wooden sample preparation was
continued by performing edging, in order to obtain
samples with maximally possible width.

After edging, the further mechanical
processing of the semi-finished wood parts was
continued by performing their longitudinal milling, by

means of a jointer-thicknesser planer. First,
straightening was  performed, followed by
thicknessing, obtaining thus 20mm thick semi-

finished wood parts with maximally possible width.
Wooden samples with different widths were used in
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posibila. S-au utilizat epruvete cu latime diferita,
deoarece latimea totald a fost importantd pentru
cercetare, nu si latimea fiecarei epruvete.

Dupa frezarea longitudinald, au fost taiate cu
ajutorul unui ferastrau circular epruvete cu lungimea
de 480mm.

Masini, dispozitive si instrumente de masurare
Pentru realizarea cercetarii au fost folosite

urrmatoarele masini, dispozitive si instrumente:

1. Masina de frezat cu comanda numerica FESTO,

ai carei parametri tehnici sunt descrisi in Tabelul 1.

2. Doua capete de frezat cu unghi reglabil de taiere

de la compania FREZITE. Pentru unul dintre cele

doua capete de frezat unghiul de degajare este de

10 °si 20 °, iar pentru celalalt 15 °si 30 °.

3. Dispozitiv de masurare a rugozitatii suprafetei

Perthometer M2 de la compania Mahr.
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the experiment, because for this research, the total
width was important, and not the width of each
individual sample.

After longitudinal milling, by use of circular
saw, there were sawn 480mm long samples from
semi-finished manufactures, in such a way finishing
the process of their manufacturing.

Devices and Measuring Tools

The following experimental
instruments were used in the research:
1. Computer numerical control (CNC) milling
machine FESTO, the technical parameters of which
are shown in Table 1.
2. Two cutterheads with adjustable setting angles of
cutters from company FREZITE. In one of the
cutterheads, the rake angle of the cutter is 10° and
20, and in the other one 152 and 30°.
3. Surface roughness measuring device Perthometer
M2 from company Mahr.

devices and

Tabelul 1/ Table 1

Parametrii tehnici la masina de frezat cu comanda numerica FESTO / Technical parameters of
computer numerical control milling machine FESTO

Turatia arborelui de lucru / Rotation frequency of shaft 5000 ... 30 000min™
Viteza de avans / Feed speed 0...80mm-s"
Puterea electromotorului / Power of electromotor 1 000W
Lungimea maxima de prelucrare in lungul axei x / 500mm
Maximum processing length of the x-axis direction
Lungimea maxima de prelucrare in lungul axeiy /

7 . SN 500mm
Maximum processing length of the y-axis direction

Descrierea experimentelor

Pentru inceperea cercetarii asupra procesului
de taiere, a fost creat mai intdi un algoritm de
gestionare a masinii de frezat CNC, care determina
secventa de migcari reciproce de executie a
mecanismelor masinii de frezat, si descrie
coordonatele lor fata de axele de program de control
ale masinii de lucru, in fiecare perioada a procesului
de frezare.

Pentru pregatirea capului de frezat pentru
functionare, intr-un locas a fost fixat un cutit de frezat
cu ajutorul unui arc de presiune si a unor suruburi,
iar Tn alt locas o placuta a carei masa este egala cu
cea a unui cutit. Astfel, capul de frezat a fost pregatit
pentru lucru, in asa fel incat se permite participarea
doar a unuia din cele doua cutite la procesul de
taiere. Schema capului de frezat este ilustrata in Fig.
1.
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Description of Experiments

In order to start the research of the cutting
process, there was built-up a management algorithm
of the CNC milling machine, which determines the
sequence of mutual movements of execution
mechanisms of milling machines, and describes their
coordinates towards programme control axles of
working machine in each period of milling process.

By preparing cutterhead for operation, in one
setting socket, formed in it, there was fixed milling
knife with pressure shim and bolts, and in an other
socket — plate, the mass of which is equal with cutter
knife. In such a way the cutterhead was prepared for
work to allow participate only one of two possible
cutters in cutting process. Cutterhead scheme is
illustrated in Fig. 1.
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Fig.
Schema procesului de taiere

1.
/ Cutting process scheme:

1 —epruveta din lemn /sample of wood; 2 —taisul cutitului /cutter knife; 3 —corpul capului de frezat /
body of cutterhead; 4 — arcul de presiune/pressure shim;
5 —placa de masa egala cu a cutitului / plate with equal mass as the cutter knife; | -lungimea

traiectoriei de tdiere per migcarea de rotatie ( 1=8.95

= 8.95 mm); I, -lungimea cursei la frezare este egalé

mm) / length of cutting trajectory per revolution (I
cu lungimea epruvetei din lemn ( I, = 480 / length

of milling stroke what is equal to length of sample of wood (I, = 480 mm); H —adancimea de aschiere
( H=1 mm) /cutting depth (H = 1 mm); v — directia de tdiere /cutting direction;
u - directia de avans/feed direction.

Pregatirea epruvetelor din lemn pentru
operatiune a fost efectuata prin fixarea marginii la
distanta 30 mm pe o platforma din placaj cu
grosimea de 10 mm. Astfel partea ramasa din mostra
de lemn, care nu a fost fixata de placaj, a fost situata
la 10mm deasupra mesei de baza a masinii de frezat
CNC. Aceasta a asigurat distanta necesara dintre
masa de baza si mostra din lemn pentru a nu
permite taisului sa vina in contact cu masa de baza.

Dupa pregatirea masinii de frezat CNC, a
sculei aschietoare si epruvetei de lucru, platforma de
placaj s-a fixat rigid pe platforma de baza a masinii
de frezat prevazuta cu ventuze de fixare cu vacuum
si s-a efectuat frezarea longitudinala a epruvetelor.
Frezarea epruvetei din lemn a fost efectuata cu
vitezd de avans si viteza de taiere constante.
Parametrii de taiere, aplicati in cercetare, sunt
prezentati in Tabelul 2.

Parametrii procesului de taiere /

Preparation of wooden samples for operation
was performed by fastening them with 30mm wide
edge at 10mm thick plywood platform. Thereby the
remaining part of wooden sample, which was not
fastened at plywood, was located 10mm above
basing table of CNC milling machine. It ensured the
required distance between basing table and
workable wooden sample not to allow the cutting tool
came in contact with basing table.

After preparation of CNC milling machine,
cutting tool and wooden sample for work, on the
basing platform of milling machine with vacuum
clamper was rigidly fixed the plywood platform, at
which the wooden sample was attached, and there
was performed longitudinal milling of sample. Milling
of wooden samples was performed with constant
feed speed and cutting speed. Cutting parameters,
used in the research, is shown in Table 2.

Tabelul 2/ Table 2
Parameters of cutting process

Unghiul de degajare / Rake angle 10°,15°, 20°, 30°
Unghiul de ascutire / Sharpness angle 40°

Unghiul de asezare / Clearance angle 40°,35° 30°,20°
Viteza de taiere / Cutting speed 20 m-s’

Viteza de avans / Feed speed 2.4m-min”'
Avansul pe dinte / Feed per tooth 0.444mm
Adancimea de aschiere / Cutting depth 1imm

Lungimea traiectoriei de taiere per miscarea de rotatie/ | 8.95mm

Length of cutting trajectory per revolution

Diametrul circumferintei de taiere / Diameter of cutting 72mm
circumference

Turatia / Rotation frequency 5 400min’’
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Pentru a determina gradul de uzura a
cutitului, dupa ce s-a ajuns la o anumita lungime a
traiectoriei de taiere, s-au efectuat: reproducerea
taisului de cutit, determinarea puterii de taiere si
masurarea rugozitatii suprafetei prelucrate a probei
de lemn. Reproducerea taisului de cutit a fost facuta
prin presarea perpendiculara a tablei de plumb.
Pentru determinarea puterii de taiere s-a folosit un
watt-metru conectat in circuitul electric al motorului
masinii de frezat. Pentru masurarea rugozitatii
suprafetei prelucrate din lemn s-a folosit un dispozitiv
de masurare a rugozitati suprafetei. Masurarea
rugozitatii a fost efectuatd perpendicular pe fibrele
lemnului, efectudnd masuratori in trei pozitii diferite a
mostrelor din lemn, din care s-a calculat apoi
valoarea medie aritmetica.

Procesul de frezare a fost impartit in 200 de
cicluri de frezare; in fiecare dintre acestea au fost
efectuate 10 frezari, care corespund aproximativ
unei lungimi de taiere de 100m. Initial, reproducerea
traiectoriei taisului si masurarea rugozitatii suprafetei
pentru epruveta de lemn au fost facute dupa fiecare
din cele 10 curse. S-au efectuat sase astfel de cicluri
de frezare si s-a ajuns la 60 de curse in total, cu
traiectorie de taiere de aproximativ 600m. Ulterior,
masuratorile s-au efectuat dupa fiecare 20 curse
continue, care corespund unei lungimi de taiere de
aproximativ 200m. In total cele 100 de curse de
frezare corespund unei lungimi de aproximativ
1000m, mentindnd operatia dupa 50 de curse de
frezare, care corespund cu traiectoria a 500 metri
taiati. Intre 500 de curse de frezare pana la 2000
(numar final in experiment) care corespund
traiectoriei de taiere 5000m si 20000m, rezultatele
au fost determinate dupa fiecare ciclu de 100 de
curse de frezare, care corespund aproximativ cu o
traiectorie de taiere de 1000m. Lungimea traiectoriei
de taiere a fost determinata folosind relatia (1):

nl,Im.m,
10°u 0

bl

unde :

n - turatia;

Ip - lungimea epruvetei din lemn;

I - lungimea traiectoriei de taiere pe rotatie a
arborelui masinii de frezat;

m, - numarul ciclurilor de frezare;

my - numarul curselor intr-un ciclu de frezare
(mg=10) ;

u - viteza de avans.

De fiecare data, cand s-a primit distanta
traiectoriei de taiere, la copierea taisului si masurarii
rugozitatii suprafetei epruvetei de lemn prelucrate, la
masina de frezat cu CNC s-a fixat cealalta epruveta
de lemn, care a fost selectatd cu directia fibrelor
paralel fatd de directia longitudinal a mostrei si
directia radial a inelelor anuale fatd de fatetele late
ale epruvetei de lemn, iar frezarea acestei epruvete
s-a facut cu activitdtile anterior mentionate. In
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To determine development of wear of cutter,
after reaching definite cutting trajectory length, was
performed replicating of cutting edge of cutter,
determination of cutting power and measuring of
roughness of processed wooden sample surface.
Replicating of cutting edge of cutter was made by
perpendicular pressing of lead sheet on it. For
determination of cutting power was used vattmeter,
which is closed in electrical chain of milling machine
cutting engine. For roughness measuring of
processed wooden sample surface Rz was used
measuring device of surface roughness. Roughness
measuring was performed perpendicularly to wooden
fibres, making measurements in three different path
positions of wooden samples, from which the mean
arithmetic value was calculated.

Milling process was divided in 200 milling
cycles, in each of which were performed 10 milling
strokes, which correspond approximately to 100m
cutting trajectory. Initially the replicating of cutting
edge of cutter and measuring of roughness for
wooden sample surface was made after each 10
milling strokes. Performing six such milling cycles
and reaching 60 strokes in total with appropriate
cutting trajectory approximately 600m, determination
of results was performed after each 20 continuous
milling strokes, which correspond approximately to
200m cutting trajectory. In total reaching 100
performed milling strokes with corresponding cutting
trajectory  approximately 1000m, previously
mentioned operations were performed after each 50
continuously made miling  strokes,  which
approximately correspond to 500m cutting trajectory.
In range of milling strokes from 500 up to 2000 (final
number of strokes in experiments), which correspond
to cutting trajectory 5000m and 20 000m,
respectively, the results were determined after each
100 continuously performed milling strokes, which

correspond to approximately 1000m cutting
trajectory. Length of cutting trajectory was
determined using such equation:
_nllm.m, 0
10°u

Where: n — Rotation frequency of shaft of milling
machine, |, — Length of wood sample, / — Length of
cutting trajectory per revolution of shaft of milling
machine, m, — Number of milling cycles, m, —
Number of milling strokes in one milling cycle (my =
10), u— Feed speed.

Each time, when cutting trajectory distance,
where replicating of cutting edge of cutter and
roughness measuring of processed wooden sample
surface had to be performed, was received, in CNC
milling machine was fixed other wooden sample,
which was selected with parallel fibre direction
towards longitudinal direction of sample, and radial
direction of annual rings towards wide facets of
wooden sample, and, milling this sample, were made
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perioada procesului de taiere, care se afla intre
etapele traiectoriei de taiere, daca trebuie sa se faca
multiplicarea taisului si masurarea rugozitatii
suprafetei epruvetei de lemn prelucrate, pentru
frezare au fost folosite alte epruvete din lemn.

Etapele lungimii traiectoriei de taiere, in care
s-a facut multiplicarea taisului si masurarea
suprafetei epruvetei de lemn, sunt prezentate Tn
Tabelul 3.

Etapele de distributie ale traiectoriei de
taiere, care sunt prezentate in Tabelul 3 corespund
experimentelor, in cazul Tn care procesul de frezare
se efectueaza péna la o lungime a traiectoriei de
taiere de 20000m.

Pentru acest experiment, in care lungimea
traiectoriei de taiere este mai mare de 20000m,
distributia traiectoriei de taiere a fost facuta analogic.
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previously mentioned activities. In periods of cutting
process, which are located between cutting trajectory
stages, where should be done replicating of cutting
edge and roughness measuring of processed
wooden sample surface, for milling were used other
prepared wooden samples.

Stages of cutting trajectory length, where
were made replicating of cutting edge and roughness
measuring of processed wooden sample surface, are
shown in Table 3.

Distribution stages of cutting trajectory which
are shown in Table 3 correspond to experiments,
where milling process is performed up to reaching
20 000m cutting trajectory lenght. ength of cutting
trajectory.

Tabelul 3/ Table 3

Distributia traiectoriei de taiere
(pentru experimente in care lungimea de taiere este mai mica de 20 000m) /
Distribution of cutting trajectory

(for experiments in which len

th of cutting trajectory is less than 20 000m)

Numarul de cicluri Lungimea traiectorie de taiere L/
de frezari / Milling Length of cutting trajectory L,
cycles m

1 96.7
2 193.3
3 290

4 387

5 483

6 580

8 773
10 967
15 1450
20 1933
25 2417
30 2900
35 3383
40 3 866
45 4 350
50 4 833
60 5800
70 6 766
80 7733
90 8 699
100 9 666
110 10 633
120 11 599
130 12 566
140 13 532
150 14 499
160 15 466
170 16 432
180 17 399
190 18 365
200 19 332
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Dupa ce s-au atins 200 de cicluri de frezat,
numarul acestora a continuat s creasca cu 10
unitdti. Pentru efectuarea analizei rezultatelor
obtinute si determinarea lungimii traiectoriei de
taiere, la care parametrii caracteristici de uzura cresc
brusc, aratdnd uzura criticd a cutitului, datele
obtinute Tn experimente au facut referire la lungimea
traiectoriei de taiere.

REZULTATE SI DISCUTII

Atunci cand privim modificarile puterii de
taiere, care este prezentatd in Fig. 2., se poate
constata ca la inceputul procesului de frezare a
lemnului de plop, scade puterea de taiere, dar dupa
aceea creste treptat. Astfel de modificari ale puterii
de taiere in raport cu lungimea traiectoriei arata o
dezvoltare clara a uzurii de tadiere impreuna cu
cresterea traiectoriei de taiere care initial scade. Cu
toate acestea, acest lucru poate fi explicat ca in
timpul experimentului, frezarea epruvetelor din lemn
s-a facut in directia de baza. Densitatea periferiei
sectiunii transvesale a lemnului de plop este mai
mare, si se reduce n directia de baza. Prin urmare,
pierderea puterii de taiere la inceputul procesului de
frezare indica faptul ca schimbarile de densitate a
lemnului  pe sectiunea transversal influenteaza
puterea de taiere mai mult decét o crestere a uzurii
cutitului. Cand lungimea traiectoriei de taiere
depaseste 6000m, situatia este diferitd, deoarece
liniile caracteristice aratd o crestere a capacitatii.
Acest lucru inseamna ca, la acest punct impactul
uzurii cufitului asupra puterii de taiere devine mai
important decat impactul modificarilor densitaii
asupra sectiunii transversale, determinand cresterea
puterii de taiere. Afirmatia de mai sus nu respecta
numai linia caracteristica, care indica modificari ale
puterii de taiere, prin efectuarea frezarii la unghiul de
degajare de 15 grade. Aici la Tnceputul frezarii,
puterea de taiere nu este in scadere, dar lungimea
traiectoriei de taiere creste treptat pe toata lungimea.

130 1
120
110
100 1
90
80
70
60
50
40 1
30 ‘ ‘ ‘ |
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For this experiment, where the length of the

cutting trajectory is bigger than 20 000m, distribution
of cutting trajectory was made analogically — after
reaching 200 milling cycles, its number was
continued to be increased by 10 units.
For performing analysis of obtained results and
determination of length of cutting  trajectory, at
which  wear-characteristic  parameters  sharply
increase, showing critical wear of cutter, the data,
obtained in experiments, were referred to.

RESULTS AND DISCUSSION

When looking at changes in cutting power,
which is shown in Fig. 2., can be found that in the
beginning of milling process of aspen wood the
cutting power decreases, but afterwards it gradually
increases. Such changes of cutting power in relation
to length of cutting pathrajectory show definite
development of cutter wear — along with increase of
cutting trajectory, initially it decreases. However, it
can be explained by the fact that during the
experiment milling of wood samples were made in
core direction. Aspen wood density of cross-
sectional periphery is greater, and in the direction of
the core it reduces. Therefore, cutting power loss at
the beginning of the milling process indicates that the
changes of cross-sectional wood density influence
the cutting power more than increase of cutter wear.
When cutting path length exceeds 6000m, the
situation is different, because the characteristic lines
show an increase in capacity. It means that, at this
point the impact of cutter wear on cutting power
becomes more important than cross-sectional wood
density impact of the changes, causing the increase
of cutting power. The above statement does not
comply only with characteristic line, which indicates
changes in the cutting power, by performing milling
at the rake angle of cutter 15°. Here at the beginning
of milling the cutting power is not declining, but the
cutting trajectory length is gradually increasing in
whole length.

y=-10""%* + 5-107x* — 0.0041x + 111.3

R® = 0.667
y=-2-10"% + 6:10°%% + 0.0004x + 76.4
R® = 0.669
y=-210""%° +7-10"x% = 0.0053x + 71.2
R? = 0.671
y=-10""%x® +5-10"x* — 0.0036x + 52.2
R® = 0.647

Lungimea traiectoriei de taiere/Length of cutting trajectory, m
Fig. 2.
Variatia puterii de taiere la frezarea lemnului de plop cu cutite din otel rapid / Changes of cutting
power when milling aspen wood with cutter knives of high speed steel:

¢y=10%my=15%
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In Fig. 2. se poate vedea, de asemenea,
impactul unghiului de degajare asupra puterii de
taiere. Acest lucru indica faptul ca la frezarea
lemnului de plop cu freze din otel rapid prin cresterea
unghiurilor de degajare, de la 10 grade la 30 grade,
puterea de taiere scade. Aceste constatari sunt in
concordanta cu literatura de specialitate, precum si
rezultatele  studiilor anterioare efectuate la
Universitatea de  Agricultura  din  Letonia,
Departamentul de prelucrare a lemnului (Slengis
s.a. 2009). Astfel de modificari ale puterii de taiere,
in functie de unghiul de degajare, pot fi explicate prin
deformatiile aschiei taiate. Aschiile taiate Tn timpul
procesului de frezare, aluneca de-a lungul suprafetei
frontale a taieturii, si se indoaie la miscarea continua
a cutitului de-a lungul traiectoriei. Daca unghiul de
degajare creste, atunci aschia taiata trebuie sa fie
indoitd din ce in ce mai putin. Astfel, rezistenta la
taiere scade, iar ca rezultat puterea de taiere, scade
de asemenea. O explicatie suplimentara pentru o
astfel de observatie este ca, prin cresterea unghiului
de degajare, scade de asemenea componenta fortei
rezultante a cutitului, care opereaza perpendicular
pe tangenta circumferintei de taiere. Prin urmare
forta rezultantad a cutitului este din ce in ce mai mult
indreptata in paralel cu tangenta circumferintei de
taiere, ceea ce ajuta ridicarea aschiei si fisurarea
lemnului in fata taisului cutitului. Astfel, rezistenta
lemnului scade, ca si consecintd scade puterea de
taiere.

Comparand valorile puterii de taiere, care
sunt prezentate in Fig. 2., se poate concluziona ca
pe fintreaga lungime a ftraiectoriei nu are loc
cresterea substantiald, care ar putea mari de
asemenea uzura taisului. De exemplu, prin frezare la
un unghi de degajare de 30 grade, valorile puterii de
taiere mai ntai sunt aproximativ 50W si apoi scad.
Cand lungimea traiectoriei de taiere ajunge la
5000m, puterea de taiere atinge valoarea minima,
care este aproximativ 45W. Apoi, puterea de taiere
creste din nou si la sfarsitul experimentului ajunge la
75W. Diferenta Tintre Tinceputul si la sfarsitul
experimentului este doar 25W. Nu este suficient
pentru a dovedi realizarea perioadei critice de uzura
a taisului. Celelalte linii caracteristice arata evolutia
similara a puterii de taiere, cu exceptia acesteia,
care a fost obtinutd prin frezare la unghiul de
degajare de 10 grade. Aici, cresterea valorii reale a
puterii de taiere, comparative cu inceputul si sfarsitul
experimentului, nu a fost deloc observata. Din cele
mentionate mai sus se poate concluziona ca
variatile puterii de taiere nu identificd durata
perioadelor de uzura ale taisului din otel rapid,
pentru ca lungimea traiectoriei de tdiere este prea
mica.

Modificarea rugozitatii suprafetei Rz, prin
frezarea lemnului de plop, cu freze din otel rapid sunt
prezentate in Fig. 3. In aceastad figura se poate
vedea ca schimbarile rugozitatii suprafetei, in functie
de lungimea traiectoriei de tdiere, sunt foarte
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In Fig. 2. can be seen also concrete regularity
related to the impact of cutter rake angle on the
cutting power. It indicates that the milling of aspen
wood with high speed steel cutters and by increasing
the rake angles of cutter in range from 10° to 30°,
cutting power decreases. These findings are
consistent with the literature (Amanuukuii & CaHes
1992), as well as findings of previous studies
conducted in Latvia University of Agriculture, Wood-
processing department (Slengis et al. 2009). Such
changes of cutting power, depending on the cutter’s
rake angle, can be explained by the bending
changes of cut off chip. Chip, cut off during milling
process, slides along front surface of cutter, and,
when cutter continuous movement along cutting
trajectory, it is bent. If rake angle of cutter increases,
then cut off chip should be bent less and less.
Thereby cutting resistance decreases, in result of
which the cutting power also decreases. One more
explanation for such observation is that by increasing
rake angle of cutter decreases also component of
resulting force of cutter, which operates
perpendicularly to tangent of cutting circumference.
Thereby resulting force of cutter more and more is
pointed in parallel to tangent of cutting
circumference, what promote lifting of cut off chip
and occurrence of gap in front of cutting edge of
cutter. When the gap occurs, the wooden resistance
decreases, in result of which also cutting power
decreases.

Comparing values of cutting power, which are
shown in Fig. 2., can be concluded that in whole
length of cutting trajectory, substantial increase does
not take place, which could identify also increase of
cutter’'s wear. For example, by milling at rake angle
of cutter 30% cutting power values at first are
approximately 50W, and afterwards it decreases.
When length of cutting trajectory reaches 5 000m,
cutting power reaches the lowest value, which is
approximately 45W. Afterwards cutting power
increases again and at the end of experiment it
reaches 75W. Difference between the beginning and
the end of experiment is only 25W. It is not sufficient
to prove achievement of critical wear period of cutter.
The other characteristic lines show similar
development of cutting power, excluding this one,
which was obtained by milling at rake angle of cutter
10°. Here the increase of actual cutting power value,
in comparison with beginning and end of experiment,
was not observed at all. From above mentioned can
be concluded that changes of cutting power do not
identify duration of separate wear periods of high
speed steel cutters, because the length of cutting
trajectory is too small.

Changes of surface roughness Rz, by milling
aspen wood with high speed steel cutters, are shown
in Fig. 3. In this figure can be found that changes of
surface roughness, depending on length of cutting
trajectory, are very fluctuating. Especially it is
observed for characteristic lines, which correspond
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fluctuante. In special se observa acest lucru pentru
linile caracteristice care corespund frezarii la
unghiurile de degajare de 15 grade, 20 grade, 30
grade. Prin frezare cu unghiul de degajare de 15
grade, rugozitatea suprafetei de lemn prelucrate
initial este cea mai mare- aproximativ 15um. Cu
toate acestea, la alte unghiuri, rugozitatea suprafetei
este numai cu cativa pm mai mica, astfel nu se
poate considera fara echivoc ca la unghiul de
degajare de 15 grade suprafata frezata este cea mai
rugoasa. In continuare, in procesul de frezare, atunci
cand lungimea traiectoriei de taiere ajunge la
aproximativ 1000m, situatia se schimba rapid, pentru
ca rugozitatea suprafetei lemnului prelucrat creste
substantial prin efectuarea frezarii cu unghiul de
degajare de 10 grade. In acelasi timp, la celelalte
unghiuri, rugozitatea suprafetei scade, excluzand
unghiul de degajare de 30 grade, caz in care se
observa o crestere mica a rugozitati. Dupa ce
ajunge la o lungime de frezare de 10000 metri,
rugozitatea suprafetei prelucrate cu unghi de
degajare de 15 grade si 20 grade, creste din nou si
continua Tn acest fel pana la sfarsitul experimentului.
Pentru unghiul de degajare de 30 grade, cresterea
rugozitatii suprafetei, care continua pana la sfarsitul
experimentului, are loc numai dupa ce ajunge la
lungimea traiectoriei de taiere de 15000 m. Daca la
inceputul procesului de taiere la un unghi de
degajare mai mare, rugozitatea suprafetei de lemn
prelucrate a fost de asemenea mai mare, atunci la
sfarsitul experimentului se poate observa ca la un
unghi de degajare mai mare, rugozitatea suprafetei
este mai mica. Acest lucru nu este in conformitate cu
ceea ce s-a identificat in literature de specialitate
(Amanuuknin & CaneB 1992), pentru ca, impreuna cu
cresterea unghiului de degajare, rugozitatea
suprafetei lemnului de prelucrat ar trebui sa cresca.

Astfel de modificari ale rugozitatii la unghiul
de degajare de 15 grade, 20 grade si 30 grade pot fi
explicate, de asemenea, prin structura eterogena a
lemnului prelucrat.

Modificari ale rugozitatii suprafetei (Fig. 3.) la
unghiul de degajare de 15 grade, 20 grade si 30
grade sunt prea neregulate, astfel ca, la fel ca in
cazul puterii de taiere, nu prezinta relevanta asupra
separarii clare a perioadelor de uzura. Exceptia este
doar linia de caracteristica, care reprezinta schimbari
ale rugozitatii suprafetei, prin frezarea cu unghiul de
10 grade (Amanuukun & CaHeB 1992) deoarece
respectd diagrama datd pentru  parametrii
caracteristici ai cutitului.

Prin analiza acestei linii caracteristice, se
poate ajunge la concluzii definitive privind durata
perioadelor de uzura ale taisului. Perioada de uzura
a taisului este in conformitate cu traiectoria de taiere
in intervalul de la Om la aproximativ 7000m. Acesta
este dovedit de faptul ca intensitatea rugozitatii
suprafetei, Tn aceastd perioada creste brusc, dar
dupa ce ajunge la 7000m, scade. Timpul de taiere,
in acest caz este de 2,5 ore.
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to milling at rake angle of cutter 152, 202 and 30°. By
milling at rake angle of cutter 15° roughness of
processed wood surface initially is the biggest one —
approximately 15um. However at other angles the
roughness of surface is only by some pm smaller,
thereby it cannot be unequivocally considered that at
rake angle of cutter 15° the milled surface is the
roughest. In the further milling process, when length
of cutting trajectory reaches approximately 1 000m,
the situation quickly changes, because the
roughness of processed wood surface substantially
increases by performing milling at rake angle of
cutter 10°. At the same time at other angles the
roughness of processed wood surface decreases,
excluding at front angle of cutter 30%, where is seen
small increase of roughness. After reaching 10 000m
length of cutting trajectory the surface roughness, by
milling at rake angle of cutter 15° and 20°, increases
again, and it continues in this way up to the end of
experiment. At front angle of cutter 302, the increase
of surface roughness, which continuous up to the
end of experiment, takes place only after reaching
15 000m length of cutting trajectory. If at the
beginning of cutting process at bigger rake angle of
cutter also the roughness of processed wood surface
was bigger, then at the end of experiment can be
observed that at the bigger rake angle of cutter is the
smallest roughness of surface. It does not comply
with what is identified in literature (Amanuukni &
CaneB 1992), because along with increase of rake
angle of cutter also the roughness of processed
wood surface should increase. Such changes of
surface roughness at rake angle of cutter 15°, 20°
and 30° can be explained also with heterogeneous
structure of processed wood.

Changes of the surface roughness (Fig. 3.) at
rake angle of cutter 159, 20° and 30° are too
irregular, thereby they in the same way as cutting
power do not show durability of separate wear
periods. Exception is only characteristic line, which
represents changes of surface roughness, by milling
at rake angle of cutter 10°, because it complies with
diagram (Amanuukmi & CaHneB 1992), given for
characteristic parameters of cutter's wear.

By looking at this characteristic line it can be
made definite conclusions on duration of cutter’s
wear periods. Wear-in period of cutter is in range of
cutting trajectory from 0 m to approximately 7 000m.
It is proved by the fact that intensity of surface
roughness in this period sharply increases, but after
reaching 7 000m cutting path it decreases. Cutting
time in this case is 2.5 hours. After decrease of
surface roughness intensity the monotone wear
period of cutter begins. However the end limit of this
period was not observed, although characteristic line
at the end of experiment shows small increase of
surface roughness.

83



ONLINE ISSN 2069-7430
ISSN-L 1841-4737

5000 10000 15000

PRO LIGNO

www.proligno.ro

Vol. 8 N°3 2012
pp. 74-88

y =7-10"%- 3:10"x* - 0.003x + 22.1
R? = 0.741
y=210"%"- 10" - 0.0001x + 24.7
R%= 0.657
-4-10°%% = 0.0007x + 23.4
R? = 0.695
-107%x? - 0.0007x + 23.7
R% = 0.664

y =810

y=510"%

20000

Lungimea traiectoriei de tiiere/Length of cutting trajectory,

m

Fig.

3.

Variatia rugozitétii suprafetei la frezarea lemnului de plop cu cutite din otel rapid / Changes of
surface roughness when milling aspen wood with cutter knives of high speed steel:

¢y =10%my=15%

Dupa scaderea intensitati  rugozitatii
suprafetei, Tncepe perioada de uzura a taisului. Cu
toate acestea, nu a fost observata limita maxima a
acestei perioade, desi linia caracteristica la sfarsitul
experimentului arata o crestere usoara a rugozitatii
suprfetei.

La frezarea lemnului de plop, cu cutite din
otel finalt aliat, schimbarile puterii de taiere
prezentate in fig. 4. sunt similare cu cele din Fig. 2.
Cu toate acestea, spre deosebire de cutitele din otel
rapid, la unghiul de degajare de 20 grade, consumul
de putere la taiere este mai mare decat la unghiul de
degajare de 15 grade si nu se observa scaderea
puterii de taiere la inceputul procesului. Acesta arata
ca impactul uzurii taisului din otel Tnalt aliat asupra
puterii de taiere devine un factor mai determinant
decat schimbarile densitatii lemnului pe sectiune
transversala inca de la finceputul procesului de
taiere.

Linile caracteristice ale procesului de
frezare, Tn care sunt folosite cutite din otel inalt aliat,
difera de ceea ce este prezentat in Fig. 2., de
asemenea cu faptul ca sunt aproape una de cealalta
in intervalul de 90W la 1200W, exceptia fiind numai
linia caracteristica a puterii de taiere, care se obtine
la unghiul de degajare de 30 grade. La acest unghi,
puterea de taiere este semnificativ mai mica decét la
unghiul de 10 grade, 15 grade si 20 grade, unde
puterile sunt aproape egale. Prin compararea
valorilor puterii de taiere (Fig. 4.), se poate observa
pe intreaga lungime a traiectoriei de taiere o mica
crestere a acestora. In plus, aici se poate constata
respectarea liniei caracteristice de uzura a taisului,
care este datda in literature de specialitate. De
exemplu, prin efectuarea frezarii cu unghiul de
degajare de 10 grade, valorile puterii initiale de taiere
sunt in jurul valorii de 105W si creste in continuare.
Cand lungimea traiectoriei ajunge la 6000m, puterea
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Milling aspen wood with highly alloyed tool
steel cutter knives, the changes of cutting power
shown in Fig. 4. are similar to what is seen in Fig. 2.
However, unlike high speed steel cutter knives, here
at rake angle of cutter 20° the consumption of
cutting power is bigger than at angle 152, and there
is not observed decrease of cutting power at the
process beginning. It shows that impact of cutter
wear of highly alloyed tool steel on cutting power
becomes more determinant than changes of wood
cross-sectional wood density already at the
beginning of cutting process.

Characteristic lines of milling process, where
are used highly alloyed tool steel cutter knives,
differs from what is shown in Fig. 2. also with the fact
that they are focused closely one to another in range
from 90W to 120W. exception is only characteristic
line of cutting power, which is obtained by milling at
rake angle of cutter 30°. At this angle the cutting
power is substantially smaller then at rake angle of
cutter 10, 152 and 20°, where they are almost equal.
By comparing cutting power values (Fig. 4.), it can
be observed that in whole length of cutting trajectory
is small increase of them. In addition, here the
compliance with characteristic line of cutter’'s wear,
which is given in literature, can be found. For
example, by performing milling at rake angle of cutter
109, the values of cutting power initially are around
105W, and further the power increases. When length
of cutting trajectory reaches 6 000m, cutting power
reaches definite value, which is approximately 110W.
Afterwards cutting power does not change almost at
all. After reaching approximately 14 000m of cutting
length, cutting power again begins to increase and at
the end of experiment reaches 120W. However,
regardless to evident compliance to characteristic
line of wear (Amanuukun & CaHeB 1992) what is
shown in literature, these changes of cutting power
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de taiere atinge valoarea finala, care este
aproximativ 110W. Ulterior puterea de taiere nu se
schimba aproape deloc. Dupad ce ajunge la
aproximativ 14000m din lungimea de taiere, puterea
incepe sa creascda din nou si la sfarsitul
experimentului ajunge la 120W. Cu toate acestea,
indiferent de respectarea evidentda a liniei
caracteristica de uzurd, care este prezentatd n
literature de specialitate, aceste schimbari ale puterii
sunt foarte mici. Diferenta dintre inceputul si sfarsitul
experimentului este de doar 15W, ceea ce este prea
putin pentru a dovedi realizarea perioadei de uzura
criticd a taisului. Celelalte linii caracteristice arata
dezvoltarea similara a puterii de taiere, cu exceptia
celei care a fost obtinuta prin frezare cu unghiul de
degajare de 30 grade, deoarece cresterea nu este
respectata deloc. Cele mentionate mai sus arata ca,
de la schimbarile puterii de taiere nu se poate
determina durata perioadelor de uzura separate
pentru cutite din otel inalt aliat, deoarece lungimea
traiectoriei de taiere este prea mica.

x

0 5000 10000 15000 20000
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are very small. The difference between beginning
and end of experiment is only 15W, which is too less
for proving achievement of critical wear period of
cutter. The other characteristic lines show similar
development of cutting power, with exception of that
one, which was obtained by milling at rake angle of
cutter 30° because here the increase is not
observed at all. Above mentioned shows that from
changes of cutting power cannot be determined
duration of separate wear periods for highly alloyed
tool steel cutters, because length of cutting trajectory
is too small.

y =9-10"%%-2:10"%" + 0.002x + 104.4

R® = 0.592
y=10""%*-3-10"x* + 0.0032x + 91.5
R®=0.826
y=—2-10"%" + 9-10®® — 0.0008x + 94.2

0.690
8%% 4+ 0.0007x + 54.3

R? =
y=310"*-8-10
R? = 0.697

Fig. 4.
Variatia puterii de taiere la frezarea lemnului de plop cu cutite din otel inalt aliat / Changes of cutting
power when milling aspen wood with cutter knives of highly alloyed tool steel:

¢y=10%my=15%

Modificarile rugozitatii suprafetei, in functie
de lungimea traiectoriei de taiere, prezentata in Fig.
5., la frezarea lemnului de plop, cu cutite din otel
inalt aliat, aratd ca prin cresterea unghiului de
degajare de la 10 grade la 30 grade rugozitatea
suprafetei creste. Afirmatia de mai sus nu respecta
doar liniile carcteristice de rugozitate, care au fost
obtinute prin frezarea epruvetelor din lemn cu
unghiul de degajare de 10 grade si 15 grade. In plus,
modificarile rugozitatii suprafetei prelucrate, in
comparatie cu Fig. 3. nu sunt atat de neregulate,
deoarece prezinta un character aproape egal. Totusi,
acestea nu respecta liniile caracteristice de uzura ale
taisului, care sunt prezentate in literatura de
specialitate (Amanuukmn & CaHeB 1992), prin
urmare, nu se poate determina durata perioadelor de
uzura distincte.

In niciunul din experimentele analizate, nu s-
a atins la sfarsitul procesului de frezare cresterea
rapidd a puterii de taiere si rugozitatii suprafetei

y = 20% x y = 30%

Changes of surface roughness, depending on
length of cutting trajectory, shown in Fig. 5., by
milling aspen wood with highly alloyed tool steel
cutters, show that by increasing rake angle of cutter
from 10° to 30° the surface roughness increases.
Above mentioned statement does not comply only
with surface roughness characteristic lines, which
were obtained by milling wooden samples at rake
angle of cutter 10° and 15° In addition, changes of
processed surface roughness in comparison with
Fig. 3., is not so irregular, because they show almost
equal character. However they do not comply with
characteristic lines of cutter's wear what is shown in
literature (Amanuukmn & CaHeB 1992), thereby here
cannot be determined duration of separate wear
periods.

In none of considered experiments at the end
of milling process was reached fast increase of
cutting power and roughness of processed wooden
surface, which could identify beginning of critical
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prelucrate din lemn, care ar putea identifica inceputul
perioadei de uzurd critice a taisului. Variatia razei
rotunjirii taisului Tn aceste experimente a fost in
intervalul de la 2,5...4 ym, dar dupa atingerea
lungimii de 20000m a traiectoriei de taiere
8...10um. Raza rotunijirii taigurilor uzate este 40um
(Amanuuknii & CaneB 1992), mult mai mare decat
cea care a fost determinata n cadrul experimentelor.
Asadar, modificarile razei de rotunjire a taisului nu
prezinta atingerea uzurii critice. Acest lucru
inseamna ca lungimea traiectoriei de taiere, de la
care incepe uzura critica, prin frezarea lemnului de
foioase moi, este mai mare de 20000m. Astfel
cercetarile proceselor de aschiere au fost continuate
prin cresterea lungimii traiectoriei de taiere.

3307
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0 5000 10000 15000 20000

Lungimea traiectoriei de tiiere/Length of cutting
trajectory, m
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wear period of cutter. Rounding radius of cutting
edge of cutter in these experiments were in the
range from 2.5...4um, but after reaching 20 000m
length of cutting trajectory — 8...10um. Rounding
radius of worn cutters is 40um (Amanuukuin & CaHeB
1992), what is bigger than that one, which was
determined in experiments, thereby also changes of
rounding radius of cutting edge of cutter do not show
achievement of critical wear. It means that length of
cutting trajectory, at which the critical wear begins,
by milling soft deciduous trees, is bigger than
20 000m. Thereby researches of cutting processes
were continued by increasing length of cutting
trajectory.

y = 410" + 2:10°x* — 0.0002x + 27.3

R? = 0.766

y =310"% + 4:10°x* — 0.0001x + 26.5
R? = 0.631

y=2-10"%- 5:10%%% — 0.0004x + 22.8
R® = 0.639

y =2:10"°%° + 2:10®® — 0.0005x + 22.7
R?=0.613

Fig. 5.
Variatia rugozitatii suprafetelor la frezarea lemnului de plop cu cutite din otel inalt aliat / Changes of
surface roughness when milling aspen wood with cutter knives of highly alloyed tool steel:
¢y=10%my=15%

Modificarile  rezultate  ale  rugozitatii
suprafetei Rz, in functie de lungimea traiectoriei de
taiere, care sunt prezentate in Fig. 6. au prezentat
conformitatea cu linia caracteristica a uzurii taisului,
data in literature de specialitate (Amanuukuin &
CaneB 1992). In acest caz, epruvetele de lemn de
plop au fost frezate cu cutite din otel inalt aliat, cu
unghiul de degajare de 10 grade. Din rezultatele
obtinute se poate concluziona ca uzura taisului este
in intervalul traiectoriei de taiere de la Om la 11000m,
care respecta timpul de taiere de 4 ore. Ulterior,
intensitatea cresterii rugozitatii suprafetei prelucrate
din lemn scade. Acesta prezinta inceputul perioadei
monotone de uzura a taisului, care continua pentru a
ajunge la lungimea de 44000m a traiectoriei de
taiere cu timpul de taiere corespunzator de 15 ore.
Aceasta perioada de uzura a taisului difera de datele
din literature de specialitate, prin aceea ca nu se
realizeaza cresterea treptata a rugozitatii suprafetei,
dar aproape nu schimba perioada de uzura. Dupa
sfarsitul perioadei de uzura monotona a taisului,
rugozitatea suprafetei Rz creste brusc, aratand
inceputul perioadei de uzura critice a taisului.
Aceasta inseamna ca, Th acest caz, reascutirea
taisului ar trebui sa fie efectuatd dupa o functionare
de 15 ore.
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y = 20% x y = 30%

Resulting changes of surface roughness Rz
depending on length of cutting trajectory, which are
shown in Fig. 6., showed compliance with
characteristic line of cutter’'s wear, given in literature
(Amanuuknn & CaneB 1992). In this case aspen
wood samples were milled with cutter, which was
manufactured from highly alloyed tool steel, at rake
angle of cutter 10°. From obtained results can be
concluded that cutter's wear is in range of cutting
trajectory from Om to 11 000m, which comply with
cutting time 4.00 hours. Afterwards the intensity of
processed wooden surface roughness decreases. It
shows beginning of monotone wear period of cutter,
which continuous up to reaching 44 000m length of
cutting trajectory with corresponding cutting time
15.00 hours. This cutter’s wear period differs from
literature data with that there is not gradual increase
of surface roughness, but it almost does not change
in whole wear period. After end of monotone cutter’s
wear period, surface roughness Rz sharply
increases again, showing beginning of critical wear
period of cutter. It means that in this case re-
sharpening of cutter should be organized after work
of 15.00 hours.
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Fig. 6.
Variatia rugozitatii suprafetei la frezarea lemnului de plop cu cutite din otel inalt aliat cu unghiul de
degajare de 10 grade / Changes of surface roughness, when milling aspen wood with cutter knife of
highly alloyed tool steel at rake angle 10°.

Partea de inceput a liniei caracteristice a
rugozitatii suprafetei Rz prezentate in Fig. 6. este
aproape la fel cum se vede in Fig. 3. Ambele linii
caracteristice arata modificari ale rugozitatii
suprafetei, Tn functie de lungimea traiectoriei de
taiere prin frezare cu unghiul de degajare de 10
grade. Astfel se dovedeste ca, prin taierea repetata
la acelasi unghi de degajare, este posibil sa se
obtina rezultate similare.

Prin frezare cu un cutit din otel inalt aliat,
rugozitatea suprafetei Rz, este de aproximativ 27um,
dar prin frezarea cu un cutit din otel rapid — 33pm.

CONCLUzII

1. Prin frezarea lemnului de plop, cu cutite din otel
fnalt aliat, cu unghiul de degajare de 10 grade,
cresterea rugozitatii suprafetei prelucrate, a fost
observatd dupa atingerea lungimii traiectoriei de
taiere de 44000m, care corespunde cu timpul de
taiere de 15 ore.

2. Prin frezarea lemnului de plop cu cutite din otel
rapid si prin cresterea unghiului de degajare in
intervalul 10 grade la 30 grade, puterea consumata
in procesul de taiere scade, dar rugozitatea
suprafetei lemnului prelucrat creste.

3. Prin frezarea lemnului de plop, lungimea
traiectoriei traiectoriei de tdiere poate depasi
20000m fara a atinge uzura critica a taisului.

4. In timpul inceputului procesului de taiere, prin
frezarea lemnului de plop cu cutite din otel de mare
viteza, puterea de taiere scade, dar dupa aceea
creste treptat.

5. Cercetarile trebuie continuate pentru a permite
determinarea unui impact mai specific al marimii
unghiului de degajare asupra calitati suprafetei
prelucrate.
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The beginning part of characteristic line of
surface roughness Rz, shown in Fig. 6., is almost the
same that is seen in Fig. 3. Both characteristic lines
show changes of surface roughness depending on
length of cutting trajectory by milling at rake angle of
cutter 10°. Thereby it proves that by repeated cutting
at the same rake angle of cutter, it is possible to
obtain similar results.

By milling with highly alloyed tool steel cutter,
the surface roughness Rz is approximately 27um,
but by milling with high speed steel cutter — 33um.

CONCLUSIONS

1. By milling aspen wood with highly alloyed tool
steel cutter knives at rake angle of cutter 102, the
increase of processed wooden surface roughness
was seen after reaching 44 000m length of cutting
trajectory, which correspond to cutting time of 15
hours.

2. By milling aspen wood with high speed steel cutter
knives and increasing rake angle of cutter in range
from 10° to 309, the amount of power, consumed in
cutting process decreases, but the roughness of
processed wooden surface increases.

3. By miling aspen wood, the length of cutting
trajectory can exceed 20 000m without reaching the
critical wear of cutter.

4. During beginning the process of cutting, by milling
aspen wood with high speed steel cutter knives, the
cutting power decreases, but afterwards it gradually
increases.

5. Researches should be continued for allowing
determining more specific impact of rake angle with
different sizes to quality of processed surface.
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