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Rezumat:

In cele mai multe cazuri, téierea lemnului cu
panze circulare se realizeaza la viteze de avans si
viteze de taiere mari. Panzele circularului se rotesc si
in exteriorul masinii, fiind astfel o sursa de zgomot cu
efecte nelipsite in mediul de lucru. In aceasté lucrare
se prezinta rezultatele méasurarii nivelului de zgomot
pentru trei tipuri de panze circulare, structural
diferite. Cele trei tipuri de péanze circulare sunt
urmatoarele: cu sase fante de compensare in
directie radiald, cu sase fante de compensare in
directie tangentiala si cu sase fante de comensare in
forma de S. Diametrele panzelor circulare sunt de
350 mm. Masuratorile asupra nivelului de zgomot s-
au realizat in timpul procesului de taiere utilizand
echipamentul standard. Pénzele circulare cu fante
de compensare au emis zgomot la un nivel inalt, dar
diferit. Panza circulard cu fante de compensare in
forma de S a avut nivelul de zgomot cel mai redus in
comparatie cu celelalte tipuri, situdndu-se in
intervalul (2+5) dB (A).

Cuvinte cheie: panza circulara, fante de compen-
sare, frecventa naturald, nivel de zgomot la taiere.

INTRODUCERE

Utilizarea ferastraului circular in procesul de
taiere este cel mai des intalnita in industria lemnului.
Sculele taietoare sunt panzele circulare. Vibratiile si
zgomotul panzelor circulare reprezinta problema
fundamentala a instabilitatii sculei in procesul de
taiere. Descresterea amplitudinii oscilatiilor este
inevitabild pentru obtinerea unei calitati mai bune a
suprafetei, pentru o precizie marita, pentru marirea
andurantei sculei, dar si pentru reducerea zgo-
motului. In mod special, emisia de zgomot poate fi
afectata direct de forma panzei circulare. Nivelul de
zgomot emis de o panza circulara depinde in mod
special de cresterea vitezei de taiere si daca aceasta
este la mers n gol sau in lucru. De multe ori panzele
circulare emit un zgomot mai inalt in timpul mersului
in gol decat in timpul procesului de taiere. Acest
zgomot este rezonant intensiv, fiind cunoscut sub
denumirea de ,fluieratul panzelor circulare®.
Detectarea si eliminarea fenomenului este foarte
importanta, mai ales la ferastraiele circulare de tivit si
spintecat.

Abstract:

In most cases, the cutting of wood is proceeded at
high feed speed and high cutting speed of the
circular saw blades. The circular saw blades teeth
rotate in outer ambient and thus are source of noise
with unadvisable effects on working environment.
The results of the measuring the noise level of three
structuraly different circular saw blades are
presented in this paper. The types of the circular saw
blades are: with six compensating slots in radial
direction, with six compensating slots in tangential
direction and with six sigmoid compensating slots.
The diameters of the circular saw blades were 350
mm. The measurements of the noise level were
performed in the cutting process using the standard
equipments. The circular saw blades with
compensating slots emited high cutting noise level
but their noise level was different. The circular saw
blade with sigmoid compensating slots had the
lowest noise levels in the range of (2+5) dB (A) as
compared with the others saw blades.

Key words: circular saw blade, compensating slots,
natural frequency, cutting noise level.

INTRODUCTION

The cutting process using the circular saws is the
most commonly used in woodworking industry. The
cutting tools are circular saw blades. The vibration
and noise of circular saw blades are fundamental
problems of tool instability in cutting process. The
decrease of the amplitude of oscillation is inevitable
for the surface quality enhancement, the cutting
accuracy, the extension of the tool endurance, but
also for the noise reduction. Especially the noise
emission can be affected directly by the shape of a
circular saw blade. The noise level emitted by a
circular saw blade depends mostly on increase of the
cutting speed and also whether it’s idling or cutting.
The circular saw blades sometime emit higher noise
levels during idling than during cutting. This noise is
intensive resonant noise, known as ,the whistling of
circular saw blades®. Detect and eliminate this
phenomenon is very important, mainly for the lateral
cutting circular saws.

The asymmetric circular saw blade with the
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Panzele circulare asimetrice cu fante de
compensare sunt cele mai utilizate scule in industria
lemnului. Efectul lungimii, al numarului de fante si al
dopurilor de cupru asupra nivelului de zgomot al
panzelor circulare au fost studiate in multe lucrari
stiintifice. Putem prezenta céteva dintre acestea
(Leu si Mote 1979; Dugdale 1977; Plester 1985;
Miklaszewski si Grobelny 1995; Svoren si Nas¢ak
1999; Goglia 1999; Svoreni 2004; Orlowski 2005;
Svorefn 2006, 2007). Producatorii de ferastraie
circulare utilizeaza pentru scaderea emisiei de
zgomot variate metode de atenuare. Aceste metode
se clasifica in trei grupe:

1. Panze circulare lipite — conform (Westkamper
1990) nivelul de zgomot scade pentru mersul in gol
cu10dB (A), siintimpul taierii cu (6 + 8)dB (A).

2. Corpul panzei circulare se executa din materiale
cu grad fnalt de atenuare — conform (Hattori 1987;
2001) nivelul de zgomot scade pentru mersul in gol
cu11dB (A).

3. Taierea cu laser a fantelor din corpul panzelor
circulare — conform (Westkamper 1994) nivelul de
zgomot scade pentru mersul in gol si in timpul taierii
cu 2 panala 8 dB (A). Taierea cu laser aduce cateva
avantaje cum ar fi precizia, rapiditatea de executie si
posibilitatea de realizare a unor aplicatii specifice.

MATERIALE $SIMETODE

Tn cadrul cercetarii prezentate au fost utilizate trei
panze circulare (Tabelul 1). Prima (CSB1) este o
panza circulara cu fante de compensare prelucrate
cu laserin corpul acesteia, pe directie radiala, dopuri
de cupru si pasul dintilor neregulat (Fig.1a). Cea de-
a doua (CSB2) are fantele de compensare pe
directie tangentiald, dopuri de cupru si pasul dintilor
neregulat (Fig.1b). Cea de-a treia (CSB3) are fante
de compensare in forma de S, dopuri de cupru si
pasul dintilor neregulat (Fig.1c). Dintii panzelor
circulare sunt placati cu placute din aliaj dur
rectificate pe ambele parti laterale. Diametrul de
inchidere al flangelor este d, = 110 mm. Diferentele
constructive ale panzelor circulare studiate sunt
aratate in Fig.1.

compensating slots made in its body is the most
commonly used tool in woodworking industry.The
effects of length and number of the slots and the
copper corks on noise level of the circular saw
blades were examined in many scientific works. We
can present some of them (Leu and Mote 1979;
Dugdale 1977; Plester 1985; Miklaszewski and
Grobelny 1995; Svoreft and Nadcak 1999; Goglia
1999; Svoren 2004; Orlowski 2005; Svorern 2006,
2007). The producers of circular saws use for the
decrease of the noise emission varied damping
methods. These methods are divided into three
groups:

1. Glued circular saw blades — according to
(Westkamper 1990) the decrease of the noise level
during idling is by 10 dB (A), during cutting by (6 +
8)dB (A).

2. The body of the circular saw blade made of high
damping materials — according to (Hattori 1987;
2001) the decrease of the noise level during idling is
by 11dB (A).

3. Laser cutting of the compensating slots into the
body of the circular saw blade — according to
(Westkamper, 1994) the decrease of the noise level
during idling and cutting is from 2 to 8 dB (A). The
laser cutting brings some advantages as accuracy,
fastness and ability to do individual aplications.

MATERIALAND METHODS

Three circular saw blades were used within the
research (Table 1). The first one (CSB1) had
compensating slots in its body made by a laser in
radial direction, copper corks and unbalanced pitch
of teeth (Fig.1a). The second one (CSB2) had
compensatings slot in tangential direction, copper
corks and unbalanced pitch of teeth (Fig.1b). The
third one (CSB3) had sigmoid-shaped
compensating slots, copper corks and unbalanced
pitch of teeth (Fig.1c). The teeth of circular saw
blades have plates of hard alloy and are altered
sideward grinded. The diameter of clamping flanges
was d, = 110 mm. Constructional differencies of used
circular saw blades are showed in Fig.1.

Tabelul 1/ Table 1

Parametrii fundamentali ai panzelor circulare utilizate / Fundamental parameters of the circular
saw blades used

Parameters csB1 CsB2 CsSB3
Diametru panza circulara / Diameter of circular saw blade, mm 350 350 350
Diametru alezaj / Diameter of clamping hole, mm 30 30 30
Numar de dinti / Number of teeth 36 36 36
Grosime panza circulara / Thickness of circular saw blade, mm 2,5 2,5 2,5
Latimea muchiei taietoare /Width of cutting edge, mm 4,5 4,5 4,5
Tnaltime dinte / Tooth height, mm 13 13 13
Pasul dintilor / Pitch of teeth Neregulat / Unbalanced pitch of
’ teeth

of = 15°
Geometria dintilor / Geometry of tooth Br = 65°

ye=10°
Tipul dintelui / Tooth type Wz
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Fig. 1.
Panze circulare utilizate / Circular saw blades used.

Viteza de taiere a panzelor circulare s-a
determinat pe baza calcularii frecventelor de
rezonanta (critice), conform ecuatiei:

n _ 60'f(n:0)

o Jwrzy -

f (n = 0) — frecventa naturala (proprie) a panzei
circulare nerotite, in Hz;
k—numar de diametre nodale;
Z—numararmonic, (Z=0;1;2;3;4;....);
A —coeficientul fortei centrifuge.

Frecventa naturald a panzelor circular nerotite s-
a determinat experimental pe echipamentul de
masurare descries in (Svoren 2000) pentru k= 1;2;3.
Coeficientul fortei centrifuge A s-a determinat
experimental pe echipamentul de masurare din
laboratorul KDSZ TU din Zvolen, descris in (Svorer
si Danko 2004). Pe baza analizei vitezei de
rezonanta (critice) calculate, vitezele de taiere alese
pentru masurarea nivelului de zgomot sunt
urmétoarele: n, = 3400 min™; n, = 3425 min™; n, =
3450 min™;n,=3475min"si n,=3500 min".

Scandurile de molid utilizate la masurarea
experimentala a zgomotului au avut urmatoarele
caracteristici: lungime — 1500 mm, latime — 250 mm,
grosime — 40 mm, umiditatea lemnului w = 12 %,
vitezele de avans v,,=12m.min" siv,=17 m.min".

Frecventele ce pot fi auzite de om se incadreaza
in intervalul (20 - 20 000) Hz. Acest interval este
marcat ca domeniu al frecventelor acustice. La
frecvente mai joase, vibratiile cauzeaza tremuraturi
apreciabile ale corpului, si ele sunt mai degraba
simtite decét auzite. Limita superioara a audibilitatii
difera de la om la om si descreste odata cu
fnaintarea in varsta. Nivelul presiunii acustice L este
utilizat in practica si este dat de urmétoarea ecuatie:

L:2Olog£
Py
unde: p — presiune acustica in punctual reperat, in
Pascali;
p,— Vvaloarea de referinta la nivel international
pentru presiunea acustica, p,=2.10°Pa

[min”] (1)

[dB](2)

The operating speed of circular saw blades was
determined upon the calculation of resonant (critical)
frequencies according to the equation:

60. 1 (-0)

f (n = 0) — natural frequency of non-rotating circular
saw blade, in Hz;

k—number of nodal diameters;

Z—harmonic number (Z=0;1;2;3;4;....);

A —centrifugal force coefficient.

The natural frequencies of non-rotating circular
saw blades were experimentaly determined on
measuring equipment which is described in (Svorer
2000) for k = 1;2;3. The centrifugal force coefficients
A were experimentaly determined on measuring
equipment in the laboratories of KDSZ TU in Zvolen,
which is described in (Svorefi and Danko 2004).
Upon the analysis of calculated resonant (critical)
speed the operating speed were chosen for
experimental measuring of noise level as follows: n,
= 3400 min™; n, = 3425 min"; n, = 3450 min"; n, =
3475min"an,=3500 min".

The spruce planks used at experimental
measuring of noise level had following parameters:
length — 1500 mm, width — 250 mm, thickness — 40
mm, plank moisture w = 12 %, feed speed v, = 12
m.min" and v,=17 m.min".

The frequencies that are audible for man are in
range of (20 - 20 000) Hz. This range is marked as
the range of acoustic frequencies. At lower
frequencies, the vibrations cause appreciable
shivering of the body of man, which is rather felt than
heard. The upper limit of audibility differs from man to
man and it decreases with growing age. The level of
acoustic pressure L is used in practice and is given
as:

[min”] (1)

L=20logL  (aB)(2)

Py
where: p — acoustic pressure in spotted point in
Pascals;

p,—internationaly agreed reference value of
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Masurarea nivelului de presiune acustica la
ferastraiele circulare s-a realizat pe echipamentul
de masurare a carui schema bloc se poate observa
in Fig. 2. Microfonul a fost plasat la distanta de 1m de
corpul masinii si la aproximativ 1,5 m deasupra
solului. Sonometrul Norsonic 118 din Fig. 3, a fost
setat cu filtrul campului electric ,A* si filtrul timp-
greutate ,F* in intervalul de 120 dB. intregul lant de
masuratori a fost calibrat inaintea pornirii actiunii de
masurare, utilizand echipamentul de calibrare
Norsonic 1251 care emite un nivel de zgomot L =
113,8 dB la frecventa f = 1000 Hz pentru
condensator 1/2"" al microfonului.

1

f :

—

acoustic pressure, p,=2.10°Pa

The measurement of the acoustic pressure levels
of the circular saw was realized on measuring
equipment, which block schema is seen in Fig. 2.
The microphone was placed in the distance of 1m
from the machine bay and in an amount of 1,5m
above the ground. The sound-level meter Norsonic
118 that is seen in Fig. 3, was set on electric wave
filter ,A“ and time —weight filter ,F“in the range to 120
dB. The whole measuring chain was calibrated
before the measurement using the calibration
equipment Norsonic 1251 that emits noise level L =
113,8 dB at frequency f=1000 Hz for condenser 1/2""
microphone.

_2 G 10
# a i 3 i
—— "? - J | s— |
L ] 2’-"' | 3 ;.f__-
3/ = e =]
dk
§ 71— 2
5/ 03

Fig. 2.
Schema bloc a echipamentului de masurare a nivelului de zgomot al ferastraielor circulare / Block
schema of the equipment used for measuring the noise level of a circular saw:
1 — traductor de frecventa / frequency transducer; 2 — electromotor / electrical engine; 3 — curea de
transmisie / belt gear; 4 — ferastrau circular / circular saw; 5 — panza circulara / circular saw blade;
6 — tahometru fara contact / non-contact speedometer; 7 — arborele pdnzei circulare / circular saw
shaft; 8 — microfon / condenser microphone 1/2°°; 9 — sonometru Norsonic 118 / sound-level
meter Norsonic 118; 10 — calculator / personal computer (PC).

Fig. 3.
Sonometru Norsonic 118 /
Sound-level meter Norsonic 118.
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CONCLUZIIALE MASURATORILOR S DISCUTII

Valorile pentru nivelurile de zgomot inregistrate gi
stocate Tn sonometrul Norsonic 118 au fost
transferate Tn calculator, utilizadnd un soft special,
cumparat impreuna cu sonometrul. Acestea au fost
apoi procesate si evaluate graphic.

Graficele privind concluziile masuratorilor sunt
aratate in Fig.4, Fig.5, Fig.6, Fig.7, unde se pot
deduce urmatoarele:

- odata cu cresterea vitezei de avans v, nivelul de
zgomot al panzei circulare creste la alti parametri
similari (Fig. 4 siFig. 5);

- pentru panza circulara modificata CSB3, nivelul
de zgomot L, a fost cu (2 + 5)dB mai scazut decat
pentru panzele (CSB1 and CSB2) pentru toate
conditiile de taiere;

- pentru panzele circulare modificate (CSB1 si
CSB2) s-a ]nregistrat doar o mica diferenta pentru
nivelul de zgomot L, de la 0,5 la 2 dB pentru toate
conditiile de taiere;

- Fig. 6 arata curba Tn timp a nivelului de zgomot
pentru cateva panze circulare, pentru mersul in gol,
perioada de debut si in timpul taieri;

- Fig. 7 arata analiza frecventei 1/3 octava care
confirma frecventa f, a nivelului maxim de zgomot,
care este o parte a zgomotului filtrat:

f,=i.n.z [Hz] (3)
unde:i—armonicadebaza,i=1,2,3,....
n-viteza de rotatie, ins™;
z—numarul de dinti ai panzei circulare.

CONCLUSIONS OF MEASUREMENT AND
DISCUSSION

The values of noise levels recorded and stored in
the sound-level meter Norsonic 118 were
transformed to PC using the special software bought
together with the sound-level meter Norsonic 118.
They were then processed and graphically
evaluated.

The graphic figuration of the measurement
conclusions is in Fig.4, Fig.5, Fig.6, Fig.7, of which
we found out these informations:

- with increasing feed speed v, the circular saw
blade noise level increases at other similar
parameters (Fig. 4 and Fig. 5);

- the modified circular saw blade CSB3 allocated
averaged noise levels L, by (2 + 5)dB lower than the
modificated circular saw blades (CSB1 and CSB2) at
all cutting conditions;

- the modified circular saw blades (CSB1 and
CSB2) allocated just a slight difference of the noise
level L, from 0.5 to 2 dB at all cutting conditions;

- Fig. 6 figures time map line of the noise level of
several circular saw blades, figure shows the noise
level duringidling, onset and cutting;

- Fig. 7 figures 1/3 octave frequency analysis that
confirms speed frequency f, of max. noise level that
is the partofthe all-pass noise:

f,=i.n.z [Hz] (3)
where: j—basic harmonic,i=1,2,3,....
n—rotational speed, ins™;
z—circular saw blade teeth number.

h = 40 mm, % = 12 m.min"
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Fig. 4.
Variatia nivelului de zgomot L, in functie de turatia pdnzei circulare la viteza de avans de 12m/min
si grosimea cherestelei de 40mm / The dependance of the circular saw blade noise level L, on
rotational speed at feed speed of 12m/min and timber thickness 40mm.
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Valoarea medie a nivelului de

h =40 mm, 4 =17 m.min’
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Turatia panzei circulare / Circular saw blade speed n [min'1]

Fig. 5.

Variatia nivelului de zgomot L, in functie de turatia pdnzei circulare la viteza de avans de 17m/min
si grosimea cherestelei de 40mm / The dependance of the circular saw blade noise level L, on

rotational speed at feed speed 17m/min and timber thickness 40mm.

Valori masurate ale nivelului de
zgomot / Measured values of noise

Curbele nivelului de zgomot la turatia n = 3450 min' /
Map line of the circular saw blade noise level at n = 3450 min'
h=25mm, =12 m.min’

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Timpul de taiere / Cutting time t [s]

-—2—CSB1 —+-CSB2 —=—-CSB3

Fig. 6.
Variatia in timp a nivelului de zgomot generat de pdnzele circulare / The dependance of the
circular saw blade noise level L, on time.
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100

Analiza frecventei 1/3 octava la nivelul maxim de zgomot / 1/3
octave frequency analysis CSB1 at max. value of the noise
level L omax=101dB intimet=8.8s
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| Egivalent level of the acoustic
pressure Leq [dB]

Frecventa / Frequency f [Hz]

= CSB1

Fig. 7.
Variatia nivelului de zgomot L, in functie de frecventa /
The dependance of the blade noise level L, to frequency.
(h =40 mm, vf=12m.min-1, n = 3450 min-1)

CONCLUzII

O descrestere marcanta a nivelului de zgomot
pentru panzele circulare in procesul de taiere se
realizeazd utilizdnd modificarile structurale ale
corpului panzelor circulare CSB1, CSB2 si CSB3.
Fantele de compensare si dopurile de cupru, precum
si pasul neregulat al dintilor nu asiguré o scadere
similara a nivelului de zgomot al panzelor circulare in
aceleasi conditii de operare (viteze de taiere),
indifferent de conditiile de taiere. Valorile obtinute
corespund si in unele cazuri sunt mai mari decat cele
mentionate Tn cataloagele unor firme (LIETZ,
FREUD, AKE, OMAS etc). Producerea de panze
circulare modificate ca acestea ar trebui sa
constituie un standard pentru orice producator.
Pentru producatori aceasta inseamna cresterea
calitatii mediului de lucru vis-a-vis de zgomot si de
asemenea protectia muncitorilor in mediul de lucru.
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