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ABSTEACT: The experiment described in this paper proved that the resconant
frequencies of & circular saw blade system could be estimated by using the
formulae for calculating the natural frequencies of an annular plate if some
dimensions were modified. The presence of some irregular modal shapes was
noted. The resonant frequencies increased when collars of larger diameter
were used. It was found that the use of larger collars could reduce the
mechanical vibration noise from the saw blade and also improve the stability
of the latter. Suitable damping materials inserted between the circular saw
blade and the collars were also found to lower the mechanical vibration noise.
The experiment was carried out without a rotating test.

INTROBDUCTION

Circular woodcutting saws ere widely used in the lumber, plywood, chip-
board, fibreboard and furniture industries. The total number of circular
woodcutting saws in operation round the world probably runs into millions.
The noise radiasted from a circular saw is a significant problem, and normally
the noise level at the operator's position exceeds 100 dB(A) /1/.

In the discussion on the noise problem of a circular saw a distinction is
generally drawn between idling noise and cutting noise. Idling saw noise may
be considered under two aspects: a) vibration noise generated by the
nechanical transverse vibration of the circular saw blade and b) aerodynamic
noise resulting from interaction of the rigid saw blade, including teeth,
#ith the surrounding air. In the case of cutting noise, besides saw blade
vibration noise and aerodynamic noise, there is the vibration noise due to
sorkpiece vibration. Usually, cutting noise level is higher than idling
q0ise level. However, when a circular saw is under resonance while idling,
the noise level may sharply increase by about 15 dB, and during cutting the
jorkpiece will partly damp the saw blade vibration /4,5/.

There are two different views concerning the force source exciting the
.ransverse vibration of a circular saw blade. 0One is that the transverse

/ibration is caused by mechanical factors, such asimbalance or eccentricity

f rotor.
The alternative views is that the transverse oscillation of the saw blade
s aerodynamic in origin /5/. Considering that both views have been proved
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experimentally, we can accept each of them, i.e. the transverse vibration of
a circular saw blade is both mechanical and aerodynamic in origin.

In addition to causing noise, transverse vibration effects the stebility
of a circular saw. The displacement on the rim of a circular saw is much
greater when it is vibrating at its natural freguencies than when it is far
from these. Under resonance a circular saw will lose its stability. As a
result, the teeth are more easily worn out, the direction of cut in the
workpiece goes out of true, the cut surface of the workpiece is rough, and
the cutting kerf in the workpiece is somewhat larger than normal. -Concerning
this last point, it was estimated that the potential annual saving in materia:
achievable by reducing the kerf from 3,8 mm to 3,3 mm on all circular saws
was 40000 mS

Therefore, it is worth predicting the natural frequencies of any given

with a current market value of $ 4,21 million /B/.

circular saw, so as to be able to avoid operating it in their vicinity.

In prectice, a circular saw is used together with a pair of collars which
clamp the saw blade. When larger collars are used, the stability of a
circular saw blade is improved /6,7/. This means that the resonant freguen-
cies are also changed.

Furthermore, if some kind of damping material is inserted between saw
blade and collars, it may be possible to reduce to a certain extent the di:-
placement on the rim of the saw blade and the noise level due to the mechar: -
ical transverse vibration. It is this idea that prompted the experiment

described in this paper.

CALCULATING THE NATURAL FREQUENCIES OF A CIRCULAR SAW BLADE

A circular saw blade is a two-dimensional centric-symmetrical sheet of
elastic material lying in a plane with its centric part clamped by a pair of
collars. The natural freguencies can be calculated using the formula for the

calculation of the natural frequencies of an annular palte /1,2,3/:

2 —
A isd, 1, 2, 3,
5 7

7.
o ogp 12p(1-v%) j=0,1, 2,3,

where is the outer diameter of the plate

is the thickness of the plate

D
h
o is mass density of the plate material
B is Young's modulus

% is Poisson’s ratio

by

i is a dimensionless parameter
The dimensionless parameter lij is a function of the boundary conditions
on the plate, the plate geometry (the ratio of the inner to the outer

diameter), and Poisson’s ratio:
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Aij = ) (boundary conditions, gsometry, Poisson’s ratio)

For each boundary condition the parameter Aij has an infinite number of
solutions, each of which corresponds to a mode shape of the plate, with the
nodal index i being the number of nodal diemeters (n], and the nodal index
j being the number of nodel circles (s) in the mode shape. For example., the
relationship between the nodal index i and j and the mode shape of a simply

supported circular plate is shown in Fig. 1 /3/.

Fig. 1. Relationship between Number of Nodal Oiameters (n]} and Nodal
Circles (s) and Mode Shape. of Simply Supported Circular Plate.

The values of parameter A for an annular plate with Poisson’s ratio 0,3
and with the boundary condition clamped at centre-free along edge have been
elabhorated in Table 1. When the natural frequencies of a given circular saw
blade clamped by a pair of collars are estimated using the formulae and
Table 1, it should be considered that the rim of the saw blade contains teeth
and scme zlots, and that the effective diameter of the collars clamping the
saw blade is a little less than their actual diameter. However, if the ef-

fective diameter of the collars is taken to be, for example, 20 % less than

their actual diameter, and the outer diameter of the circular saw blade is
taken as it is, the result of the calculation for estimating its netural

frequencies is accurate to within 5 %, as will be seen later.

EXPERIMENTAL PROCEDURES

The exporiment described in this paper was divided into four procsdural

=teps.
The first step was to measure the natural frequencies of a circular saw
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blade with collars of five different diameters.

The characteristics of the saw Slade:

Outer Diameter D = 350.mm

Thickness h = 2,55 mm

Number of Teeth z = 56

Number of Slots = 4

Youns*s Moduius B = BA-THLL Nswe
Poisson's Ratio v = 0,

The individual outer diameters of the collars:

50 mm, 70 mm, 100 mm, 140 mm and 200 mm

The circular saw blade was clamped by collars and excited at its rim.
Granulated sugar was cpread on the surface of the saw blade in order to
obtain nodal shapes when the saw blade was vibrated at its natural frequen-
cies. With the smallest collars, the nodal shapes on the surface of the saw
.blade were obtained when the number of nodal circles (s) changed from 0 to 4,
and when the number of nodal diameters (n) changed from 0 to 4. With the
largest collars "he npodal shapes were obtained when the number of nodal diam-
eters changed from 0 to 4 and the number of nodal circles remained 0. With
the other collars, the nodal shapes were obtained when the number of nodal
circles changed from 0 to 1.

The second step was to measure the linearly weighted noise level while the
circular saw blade, clamped by different collars, was excited using an ampli-
fied random noise kept at uniform level as the exciting force.

Next, certain damping materials were inserted between saw blade and
collars and the same procedure was repeated each time. The damping material
used was rubber of thickness 2 mm and paper of thickness 1 mm.

The third step was the frequency analysis of the audible noise from the
vibratineg saw blade. Thres pairs of collars with the diameters 70 mm, 100 mm
and 140 mm were used. The saw blade was excited using an amplified random
noise kept at uniform level as the exciting force, while the noise level from
the saw blade was measured in one third octave. Next, damping material was
inserted between saw blade and collars, whose diameter in this case was only
100 mm, and the same procedure was repeated each time.

Finally, the saw blade was excited at different freguencies while the A-
weighted noise level (dB) from the saw blade was measured using collars of
70 mm, 100 mm and 140 mm and inserted damping material.

In the course of this experiment, the saw blade was not tested under
rotating conditions. The reason behind this was that if the circular saw
blade was rotating, the noise level being measured would include mechanical
vibration noise and aerodynamic noise, as well as perhaps noise from the

electric motor and the rotating machine. Such being the cese, the effect of
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larger collars and inserted damping material in reducing mechanical vibrafior
noise could hardly be distinquished clearly.

The equipment and instruments used in this experiment are shown in Figx.

13

1 Exciter 9 Premplifier

2 Saddle 10 Analyser

3 Accelerometer 11 Exciter Control

4 Collar 12 Power Amplifier

5 Circular Saw Blade 13 Frequency Analyser
6 Force Transducer 14 Table Computer

7 Preamplifier 15 Plotter

8 Microphone

Fig. 2. GEquipment and Instruments lUsed in the Experiment.

RESULTS AND DISCUSSION

The natural frequencies of the circular saw blade clamped by collars of
diameter 50 mm obtained in the experiment are shown in Table 2. The values
for the natural frequencies arrived ot Ly calculation alone are also listud
in the same table. Note that the diameter of collars was taken as 20 % less
than actual diameter, and 1hat (he other dimensions were taken as thaey wano.
The modal shapes on the surface of the saw hlade at resonant freguencies a:
found in the experiments are shown in Fig. 3.

As can br seen in dable 2, both scts of values for the natural frequenuic
i.e. those obtained in the experiment and those arrived at by calculation

alone, are guite close to vach olher, Lhe divergence being generally nok mov
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Table 2. Comparison of Calculated and Measured Freguencies.
Collar Diameter 50 mm.

Nodes Frequency arrived | Frequency found | Divergence

at by calculation | by experiment = FD

] alone § = e
Circle Diameter FD Hz £ HZ . 0
0 0 90 87 =33
0 1 76 77 +1,3
0 2 118 119 +0,8
0 3 258 264 €23
0 4 453 431 -4,9
1 0 542 558 +3,0
1 1 591 590 =02
1 2 777 769 -1,0
1 3 1106 1052 -4,9
1 4 1526 1480 =30
2 0 1584 1586 0y
2 1 1656 1657 +0 5
2 2z 1906 16891 -0,8
2 3 2358 2290 =2y
2 4 2960 2853 =~ B
3 0 3144 3110 =
3 i 3234 ) 3248 +0,4
3 2 FE21 3463 =B
3 3 4068 3962 256
3 4 4816 4584 -4,8
4 0 5228 5189 -0,7
4 1 5331 5284 -0,9
4 2 5662 - 5E5E =1;8
4 3 6257 5953 -4,9
4 4 7113 5748 “551
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Fig. 3. Modal Shapes at Resonant Freguencies.

than 5 %. 1In the case of most of the frequencies measured in the experiment,
the value was less than that arrived at by calculation alone. The reasons
for this may perhaps partly be explained by: a) the effect of teeth and slchs
(mainly slots); b) the influence of the point of excitation, which was
tantamount to adding a limitation on the saw blade; c) the collar diameter
used for the calculations being taken as 20 % less, which was perhaps not

the optimum. In spite of this, it seems possible to use the formulas given

earlier to estimate the natural freguencies of a circular saw, and especially
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the lower frequencies.
A circular saw blade has a countless number of degrees of freedom and

therefore a countless number of resonant frequencies also. For example, the
number of circles of modal shapes (s) could in theory be 0, 1, 2, ... to
inifinity, and the number of diameters of modal shapes (n) also could be O,
1, 2, +.. to inifinity. In the experiment, of course, it was not possible

to obtain all of them. However, besides these regular modal shapes having
circles and diameters, there were also some irregular modal shapes, some ex-
amples of which are shown in Fig. 4. Curiously enough, some of them also had
circles and diameters whose numbers were the same as those seen in Fig. 3.

A typical example was the modal shape having 1 circle and 2 diameters and a
frequency of 732 Hz, while in Table 2 and Fig. 3 the modal shape with the
same number of circles and diameters has a frequency of 768 Hz. Dne possible
explanation for this is symmetry in the vibration system. As could be seen,
there were some symmetrical axes on the circular saw blade: one pair were the
lines connecting the ends of four slots; one pair was between the slots, and
another was the line connecting the point of excitation and the centre of the
_saw blade, and in this experiment was the same as one in the first pair.

When the circular saw blade was being excited at its resonant frequencies,
the diemeter lines af modal shape generally lay on the symmetrical location

relative to those symmetrical lines, or just on those lines. Wherever they

KODAK SRFETY

M !’”‘p

Fig. 4. Same Irregular Modal Shapes.
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do in fact lie depends on actusl condition. It seems possible that some
irregular modal shapes can be combined in some way by two, or even mare,
normal modal shapes or are probably caused by non-linearity of the saw blade
due to the presence of teeth, slots and so forth. But that is poing beyond
the scope of this paper.

When a circular saw blade was equipped with collars of different diameter
its resonance frequencies changed. The resonant freguencies of the saw blade
clamped by collars of five different diameters are given in Table 3. Fig.
was plotted on the basis of the values in Table 3. As could be expected, the

resonant freguencies increased when collars of larger diameter were used.
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While the circular saw blade clamped by collars of different diameters was
excited using an amplified random noise signal as exciting force, the noise
level of the saw blade was measured at a position one metre above the saw
blade. The same procedure was repeated when the damping materials, rubber
and paper, were inserted between the saw blade and the collars of differer-
diameters. The measured results are shown in Fig. 6. The curves show that
the noise level can be somewhat reduced by using larger collars and by in-
serting damping material, that the use of larger collars produces a more
beneficial effect than using damping material, and that if both methods ar.

employed the result is even better again.
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Fig. 6. Noise Level Using Different Collars with and without
Damping Materials.

ODuring this step in the procedure, the velocity on the rim of the saw

blade was measured also. Some results are shown in Fiz. 7 which show that

the velocity on the rim of the circular saw blade decreased with the increasz:
in collar diameter. This means that the stability of the saw blade was
somewhat improved.
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The analysis of the noise from the saw blade excited by an amplified

random ncise signal was carried out with a one-third octave band. Fig. 8

shows the noise spectrum curves of the saw blade with the individual collar
diameters of 70 mm, 100 mm and 140 mm.

It is evident that when larger collars are used, the noise level at higher
frequencies is reduced, while at lower freguencies it increases slightly.
The results obtained when damping materials were used are shown in Fig. 9.
It seems clear that in the lower frequency range the noise levels with and
without the insertion of damping material were almost the same in magnitude,
but in the higher frequency range damping material had a clearly lowering
effect on the noise level.

Express mention must here be made that, as was previously pointed out,
the saw blade used in this experiment was not tested under rotating conditions
and that therefore the noise spectrum curves given here are not the real
rotating noise spectrum curves. They merely show the results obtained when

45



75k
—e—o— (ollar II ¢ 70mm
70k -—-0--—-0-—- Collar Il ¢100mm
_ oo - == Collar IV ¢ 140mm
<
o 65F
=
§ 60+
a
-
)
v
S 55t
=z
@
3
+ S0
o
B
£ 45
=
£
o LOF
35+
i i L Il 1 el AL L L i 1 ' 1 i 1 1 1
250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
Frequency Hz
rig. B. Noise Spectrum Curves of Saw Blade Using Different Collar Diametc:. .
70 L ——eo——o—— Vithout Damping Material
P —o—-0——- Paper
= s=odfFssdrs~= Ribber
12}
h=
©
% 60 |
o
a
]
(=]
=
[
3
+~ 50 F
o
=
(=
=
-
2
S L0F
I L i L A 1 L 1 1 L 1 1 L 1 1 L 1

250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 6000 10000
Frequency Hz

Fig. 9. Noise Spectrum Curves of Saw Blade Using 100 mm Collars with and
without Damping Materials.



100

-~ @
(= [l

Noise Level dB (A)

i
wvi

40

Fig.

100

85

70

Noise Level dB (A)

55

——g——a—— (ollar Diameter 50 mm
—u 00— =0—- (ollar Diameter 70 mm
—-0-—---0--- Collar Diameter 140 mm

I 1 ] 1 1 Il i i i i 1 1

125

10.

500 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000
Exciting Frequency Hz

Noise Level of Saw Blade Excited at Different Freguencies Using
Different Collar Diameters.

——g——0— Without Damping Material
w—0—- —o—-- Paper .
---———= Rubber

1 1 1 1 L I 1 L 1 4

40

Fig .

125

Tl

1000 1250 1600 2000 2500 3150 4000 5000 6300 8000
Exciting Frequency Hz

Noise Level of Saw Blade Excited at Different Frequencies with and
without Damping Materials.

47



the saw blade was excited by an amplified random noise signal. Clearly the
level and the position of noise peaks could not be the same as the real ones.
However, the main purpose of this experiment was to examine the influence of
collars of different diemeters as well as certain damping materials on the
noise level of a saw blade, and the method of procedure adopted in the
experiment is justified with this purpose in view.

In order to estimate the effect of larger collars and damping material in
practice, without testing the saw blade in rotation, it was excited at
different frequencies and the noise level measured at the same time. The
results are shown in Fig. 10 and Fig. 11. As can be seen in Fig. 10, the
noise level in the higher frequency area was reduced when larger collars were
used, and in the lower frequency area it increased slightly.

When damping materials were used, as is sesn in Fig. 11, the noise level
was reduced on the whole, but in some ranges of exciting frequencies it

somewhat increased, even if the difference was not so clear.

CONCLUSIONS

On the basis of the results and discussion above, the following general
conclusions may be drawn:

1. The natural frequencies of a circular saw blade clamped by a pair of
collars can be predicted using the formulae for calculating the natural
frequencies of an annularplate. However, certain parameters on the saw blade
system must be modified in some weay, and the results of calculations do not
contain the frequencies of irregular modal shapes.

2. The use of collars of larger diameter for clamping a saw blade
increases the resonant freqguencies of the saw blade system and improves its
stability.

3. The mechanical vibration noise level of a saw blade can be reduced
using collars of larger diameter. The diameter should be as large as
possible.

4, Suitably chosen damping material, inserted between a saw blade and

the collars, lowers the mechanical vibration noise level.
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