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EFFECT OF THE EDGE GEOMETRY IN A CUTTING
CHAIN ON THE CHAIN SAW VIBRATION LEVEL

Wtodzimierz Stempski, Krzysztof Jabtonski, Jarostaw Wegner
Poznan University of Life Sciences

Abstract. Vibration levels were measured while cross-cutting pine wood logs. In the ex-
periment five chisel type cutting chains, with a 0.325” pitch were used. The chains dif-
fered in the top-plate filing angle which had the following values: 20°, 25°, 30°, 35° and
40°. The cross-cutting was performed by a chain saw operator. The measurements were
carried out on the front and rear handles in the x, y and z axes. There were 18 measure-
ments for each top-plate filing angle on each of the handles. The Robotron M1300 meter
was used. Considerably higher vibration levels were observed on the rear handle. The ef-
fect of the top-plate filing angle on the mechanical vibrations was statistically significant.
The correlation between the angle and the vibration value showed a weak relation, but it
was statistically significant in those cases in which it appeared.
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INTRODUCTION

Chain saws are basic machines used for cutting wood. Despite a noticeable increase
in the number of harvesters observed in recent years, about 90% of wood is cut with
chain saws every year [Kusiak 2008].

Work performed with a chain saw belongs to the most arduous category, with a con-
siderable physical effort [Sowa et al. 2006, Stempski and Grodecki 2005]. Working
with a chain saw poses high health risk for the operator due to vibration, noise and ex-
haust gas emissions. A prolonged exposure to vibrations may lead to negative health
effects, called the vibration syndrome. These effects apply mainly to hands and arms,
leading to blood vessel disorders, causing a deterioration in blood penetration into hands
and irrevocable changes in bones and joints [Wdjcik 1998].

Chain saws that are used today are characterised by considerably lower vibration le-
vels than models which were used a few decades or even years ago, however it is not
possible to completely eliminate vibrations emitted by chain saws [Sowa and Leszczyn-
ski 2000]. The basic source of vibrations in a chain saw is its engine, and the reciprocat-
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ing movement of the piston in particular. Apart form that, vibrations are caused by the
cutting chain, which in the course of cutting is exposed to variable loads [W¢jcik 2002].
The level of vibrations emitted by the chain saw depends on many factors, among them
the technical condition of the machines plays an important role [Ciesielczuk et al.
1998]. As experiments by Sowa [1998] have shown, the vibration level most signifi-
cantly depends on the measurement direction (x, y, z) and on which handle (front or
rear) it is measured. He also underlines the considerable effect of the pushing force
exerted on the machine and that of the cutting link gauge depth on the vibration levels
[Sowa 1998]. The value of the pushing force is strongly dependant on the working tech-
nique and the gauge depth is determined by the manufacturer. Unfortunately, in practic-
al conditions chain saws are rarely used in accordance with the recommendations set by
the manufacturers. For example, a survey by Trzcinski [1995] showed that only 15% of
chains had the proper gauge depths.

At present there is a host of different cutting chains available on the market, and the
efforts of the manufacturers are directed into increasing work safety. As a result, there
are chains available with low-kickback bumper drive links and bumper tie-straps, as well
as chains equipped with vibration reducing links [Wdjcik 2008].

Effects of various factors on basic wood cutting parameters with cutting chains have
been analysed by a number of researchers [Bienkowski 1993, Maciak 1998, 2000,
Koztowski 2002, 2003]. However, relations between the geometry of cutting edges of
the cutters and the vibration levels have been poorly studies so far.

The purpose of this experiment was to analyse the effect of the top-plate filing angle
on vibrations emitted when cross-cutting pine wood. The vibrations were measured for
angles from 20° to 40°, and the experiments were carried out on chisel type cutting chains.

MATERIAL AND METHODS

The experiments were carried out with five Oregon 21LP cutting chains. The chains
differed in top-plate filing angle values (20°, 25°, 30°, 35° and 40°). The chains were
mounted on a Husqvarna 254 chain saw with a 15” bar.

The vibration levels were measured during the operation of cross-cutting, on nine
fresh, debarked pine logs with 24-26 cm diameters. The logs were placed 120 cm above
the ground and during the cross-cutting 3 cm thick wood discs were cut off. The discs
were numbered with two digits, the first digit denounced the disc number and the other
the log number (e.g. 1/1 —disc 1 on log 1; 1/2 — disc 1 on log 2).

The cross-cutting was carried out by the saw operator and the engine speed was con-
trolled with the help of an electronic tachometer DET-302. The acceleration of the me-
chanical vibrations was measured with the Robotron M1300 meter. The measurements
were carried out according to the Polish Standard (PN-91/N-01352 1992), on the front
and rear handles in the x, y and z axes. There were 18 measurements per each handle, 2
measurements on each log. First, the vibrations were measured on the front handle, then
on the rear handle. In case there were knots in measurement area on the log, the mea-
surement was repeated.

In order to check the homogeneity of the wood used for the experiments, the propor-
tions of the heart-wood and the late wood in the wood disc groups were determined.

The share of the heart-wood was determined based on the total wood disc and the
heartwood area diameters. There were 8 measurements per one wood disc and the di-

Acta Sci. Pol.



Effect of the edge geometry in a cutting chain on the chain saw vibration level 27

ameters were measured with an accuracy of 1 mm. The shares of the heartwood were
determined for 15 groups consisting of 9 discs each, and for 135 wood discs altogether.

The share of the late wood was determined based on the late wood measurements
along the disc radius, related to the total radius length. On each of the discs the radius
was oriented in the same direction. The measurements were carried out with an elec-
tronic increment meter, with an accuracy of 0.01 mm. The average shares of the late
wood were calculated in four groups consisting of 9 wood discs each, and for 36 wood
discs altogether. The groups of wood discs were formed by discs cut from the same
position on each of the logs, with their first digital markings 1, 5, 10 and 10. The results
obtained were statistically analysed.

RESULTS

Participation of heartwood and late wood

The basic features of the shares of the heartwood and late wood are presented in Ta-
ble 1. The average proportion of the heartwood was 53-54% and only in two cases was
it lower than 53%. The average value for all wood discs was 53.7%. The values of the
variability coefficients varied from 8 to 12% in the disc groups, whereas the variability
coefficient for all the discs reached 9.94%.

Table 1. Heartwood and late wood shares in wood discs
Tabela 1. Udziat drewna twardzielowego i poznego w krazkach

Heartwood Late wood
Disc Drewno twardzielowe Drewno p6zne
Krazek average coefficient of variability average coefficient of variability
$rednia wspotczynnik zmiennosci $rednia wspotczynnik zmiennosci
1 54.4 11.83 24.9 15.19
2 522 11.12
3 53.5 11.06
4 54.0 11.12
5 54.6 11.36 26.8 24.57
6 54.7 11.83
7 53.4 11.57
8 53.6 10.42
9 53.9 9.18
10 53.4 9.25 25.9 21.33
11 53.4 8.32
12 52.7 8.53
13 53.8 9.33
14 54.6 9.53
15 53.6 10.67 29.1 18.89
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The average proportion of the late wood in the wood used in the experiment was
26.7%, and it varied from 25 to 29% for particular disc groups. The proportion of the
late wood was more diversified than that of the heartwood. In particular groups, the
variability coefficient varied between 15 and 24%, and its value amounted to 20.37%
for all discs altogether.

Table 2. Results of the analysis of variance for the shares of heartwood and late wood
Tabela 2. Wyniki analizy wariancji udzialu drewna twardzielowego i pdznego

Source of variation Sum of squares Degrees of freedom Variance F value
Zrddta zmiennosci Suma kwadratow Stopnie swobody Wariancja Warto$¢ statystyki F

Heartwood — Drewno twardzielowe

Total 3821.85 134

Calkowita

Between groups 61.69 14 4.406 0.141
Migdzy grupami

Error 3760.16 120 31.335

Btad

Late wood — Drewno p6zne

Total 1032.56 35

Catkowita

Between groups 85.93 3 28.642 0.968
Miegdzy grupami

Error 946.63 32 29.582

Btad

In order to see if the participation values of the heartwood and late wood significant-
ly differed between wood disc groups, the one-factor analysis of variance was per-
formed. Its results are presented in Table 2 and they show that the average heartwood
and late wood shares in the discs cut off with chains with different top-plate filing an-
gles did not differ significantly.

Vibration acceleration on the front and rear handles

Average values of vibration acceleration for the analysed top-plate filing angles that
have been measured in course of the experiment are presented in Table 3. The figures in
the table show that acceleration values were varied for different handles, measurement
directions and top-plate angle values. The largest vibration values on the rear handle
varied between 5.7 and 6.3 m's™, for all the analysed angles. In the case of the 20° and
25° angles the largest vibration acceleration values were recorded for the X axis, while
for the other analysed angles the highest values were recorded for the Z axis. The varia-
bility coefficient exceeded 30% for the 20°, 25°, 30° and 40° angles, and only in the
case of the 35° angle it was lower than 20%.

On the front handle, that largest average vibration acceleration values were around
4m-s” (form 3.6 m's™ to 4.4 m-s™) and were recorded for the Z axis for all the analysed
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Table 3. Basic characteristics of vibration acceleration values
Tabela 3. Podstawowe charakterystyki przyspieszen drgan

Rear handle Front handle
Uchwyt sterowniczy Uchwyt kablakowy
Angle  Axis star}dgrd coefﬁci;r}t of star'ldgrd coeft'“lcic.:r.lt of
Kat 0% average dev1at10r_1 varylablhty_ average dev1atlop varrlablhty‘
$rednia odchylenie  wspolczynnik $rednia odchylenie  wspotczynnik
standardowe  zmiennosci standardowe  zmiennosci
m-s” ms’ % m-s’ m-s’ %

20° X 5.7 2.20 38.58 1.8 0.32 18.03

y 4.1 0.58 14.33 3.4 0.30 8.69

z 4.7 0.69 14.66 3.6 0.48 13.28
25° X 6.1 2.05 33.87 22 0.44 20.06

y 3.9 0.59 14.97 4.0 0.76 18.96

z 6.0 0.61 10.33 44 0.72 16.43
30° X 5.1 1.58 31.16 22 0.37 17.08

y 3.6 0.37 10.34 3.7 0.56 15.07

z 6.3 0.81 13.04 4.1 0.66 15.88
35° X 4.8 0.89 18.78 1.6 0.20 12.26

y 43 0.65 15.14 33 0.47 14.48

z 5.7 0.74 13.10 4.0 0.47 11.72
40° X 43 1.47 34.26 1.6 0.11 6.69

y 2.8 0.51 18.12 3.4 0.36 10.62

z 5.8 0.52 8.99 3.6 0.28 7.78

top-plate filing angles. The results obtained were less dispersed than for the rear handle.
The highest variability coefficient value was 20%. For the 20°, 25° and 30° angles the
highest dispersion of results was recorded for the X axis and for the two remaining
angles — 35° and 40° — for the Y axis.

The data presented above shows that the vibration levels on the rear handle were
much higher than on the front one. Only in the cases of the 25° and 30° angles were the
average vibration values higher on the front handle. In order to see if the differences
between the vibration values on the two handles were statistically significant, the t-
-Student test was carried out. Its results are presented in Table 4 and they show that in
the majority of cases the vibrations on the two handles are statistically significantly
different. Only in the cases of the previously mentioned 25° and 30° angles, for the Y
axis, were the vibration values on the front and rear handles statistically insignificant.

Average vibration values or different top-plate filing angles were also a subject of
further statistical analyses. The effect of the top-plate filing angle on the vibrations level
were studied by means of the single factor analysis of variance completed separately for
the front and rear handles, separately for each of the measurement directions (X, Y,
Z axes). The results are presented in Table 5 and they show that both in the case of the
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Table 4. Difference test results between vibration values on the rear and front handles
Tabela 4. Wyniki testu réznic migdzy wibracjami na uchwycie sterowniczym i kabtagkowym

Student t test
Test t Studenta
Angle Axis Difference
Kat 08 calculated t value crit,i c,al value Rézmica
warto$¢ statystyki t Waﬂoscminczna
20° X 7.5056 2.151 +
y 4.1971 2.652 +
z 5.3934 2.034 +
25° X 7.7558 2213 +
y 0.3445 2.034 -
z 7.0505 2.034 +
30° X 7.5246 2228 +
y 0.8476 2.034 -
z 8.5289 2.034 +
35° X 14.6617 2.204 +
y 5.3164 2.034 +
z 7.9744 2.034 +
40° X 7.7225 2.113 +
y 4.0428 2.034 +
z 15.6590 2.716 +

“+” — rdznica statystycznie istotna.

“-” — brak statystycznie istotnej roznicy.
17 — difference statistically significant.
,— — no statistically significant difference.

Table 5. Results of the analysis of variance for vibration levels at the analysed top-plate filing
angles

Tabela 5. Wyniki analizy wariancji poziomoéw drgan dla analizowanych katow nachylenia
krawedzi tnacej ostrza poziomego

Handle Direction of measurement F value Critical value
Uchwyt Kierunek pomiaru Wartos¢ statystyki F Wartos¢ krytyczna F s
Rear X 3.131 2.49
Sterowniczy
y 19.059
z 13.502
Front X 16.985 2.49
Kablakow.
arowy y 5.581
z 6.555
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front as well as the rear handles, the overall effect of the top-plate filing angle on the
vibration level was statistically significant. Statistically significant differences were
found for each of the measurement axes.

Statistically significant differences in vibration values at different top-plate filing
angles prove that there is a relation between these variables. The strength of this relation
was analysed by means of Pearson correlation coefficient and the relation was described
with regression equations. The results obtained are presented in Table 6. The correlation
values between the top-plate filing angles and the vibration levels on the rear handle
varied between 0.3 and 0.4, and between 0.08 and 0.32 of the front handle, which indi-
cates a weak correlation or a complete lack of it. Despite weak correlation values, in the
cases where they were found, they were also statistically significant.

Table 6. Relations between top-plate filing angles and vibration acceleration values
Tabela 6. Zwiazki katow nachylenia ostrza poziomego z warto§ciami przyspieszen drgan

Direction of mea-

Handle Correlation coefficient Regression equasion Relation
Uchwyt . surement . Wspotczynnik korelacji Roéwnanie regresji Zalezno$é
Kierunek pomiaru
Rear X —0.3291 Y =7.6533 + (-0.0826)X +
Sterowniczy
y -0.3999 Y =4.9711 + (-0.0414)X +
z 0.3327 Y =4.4767 + 0.04X +
Front X -0.3254 Y =2.4433 + (-0.0189)X +
Kabtakowy
y —0.1675 Y =3.96 + (-0.0133)X -
z —0.0805 Y =4.1644 + (-0.0069)X -

“+” — difference statistically significant.
“~” — no statistically significant difference.
T~ — zaleznos¢ statystycznie istotna.

— — brak statystycznie istotnej zaleznosci.

On the front handle in each measurement direction and on the rear handle in the X
and Y directions, the relations between the top-plate filing angles and vibration levels
were negative. That means that the vibration level decreased as the top-plate filing angle
increased. Only in the case of the rear handle, when measured in the Z direction, did the
vibration level rise with an increase in the filing angle.

CONCLUSIONS

1. Values of the vibration acceleration on the rear handle are statistically significant-
ly higher than those on the front handle.

2. Top-plate filing angle values had a statistically significant effect on vibration ac-
celeration values.

3. The relation between the vibration levels and the top-plate filing angle was weak
but it was statistically significant in those cases in which it appeared.
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4. Increase in the top-plate filing angle values caused, in majority of cases, a statisti-
cally significant fall of the vibration acceleration values.

5. The results show, that from the ergonomic point of view the required top-plate fil-
ing angle is 40°, as for this angle values the lowest vibration values were measured. The
cutting chain manufacturer recommends the 25° angle, for which the highest vibration
values were observed. It seems that a reasonable compromise is a 20° angle, which
although showed an effective higher weighted vibration acceleration value than the
lowest values measured, but it was close to the recommended angle values for a chisel
type cutting chains.
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WPLYW GEOMETRII OSTRZA ZLOBIKOWEJ PILY ELANCUCHOWEJ
NA POZIOM WIBRACJI PILARKI SPALINOWEJ

Streszczenie. Poziom wibracji mierzono podczas przerzynki dziewigciu okorowanych
ktod sosnowych. W badaniach zastosowano pig¢ zlobikowych pit tancuchowych z ogni-
wami tnacymi typu dtuto o podziatce 0,325”. Pily mialy rozne katy nachylenia krawedzi
tngcej ostrza poziomego: 20°, 25°, 30°, 35° 1 40°. Przerzynke ktod prowadzit operator pi-
larki. Pomiary wykonano osobno na uchwycie kablgkowym i sterowniczym w trzech
osiach x, y, z. Dla kazdego kata wykonano na kazdym uchwycie po 18 pomiar6w. Zasto-
sowano urzadzenie pomiarowe Robotron M 1300. Zdecydowanie wyzsze drgania odno-
towano na uchwycie sterowniczym. Stwierdzono statystycznie istotne réznice w poziomie
drgan mechanicznych podczas przerzynki pita o roznych katach. Korelacja migdzy katem
a poziomem drgan miata charakter stabej zaleznosci, ale tam, gdzie wystapita, byla staty-
stycznie istotna.

Stowa kluczowe: pita tancuchowa, wibracje, geometria ostrza
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