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Abstract: Chainsaws generate high levels of vibrations and noise during work. Regardless of the type of their drive (electric, combustion) chainsaws excel TLVs (Threshold 
Limited Values) of vibration accelerations and the A-weighted sound level specified for eight-hour working day. The intensity of a vibro-acoustic impact of chainsaws on their 
operators depends on many factors. One of them is the type of the drive. This is due to significant differences in chainsaw design (inter alia characteristics of the drive, 
rotational speed, quasi-constant for an electric drive and variable for a combustion one). For chainsaws of the same or alike power and different type of the drive levels of 
vibrations and noise may vary. In this article noise levels and frequency weighted vibration accelerations for different direction of cutting kerf have been compared. Tests 
were performed with the same interchangeable cutting set (guide bar, cutting chain). The repeatability of conditions of the cutting process was ensured. 
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1 INTRODUCTION 
 

The mechanization of wood harvesting works has 
positive effects, such as increasing productivity and 
reducing the physical burden on users of chainsaws. On the 
other hand, it increases the risks associated with limb 
injuries, vibrations and noise, and increases the 
psychological burden on operators [1, 2]. 

Chainsaws, due to their relatively low operating costs 
and the possibility of working in hard-to-reach terrain, are 
the basic tool for obtaining and pre-processing of wood 
material [3]. The process of obtaining wood as a semi-
finished product for further processing is connected with 
the necessity to perform three basic procedures. These are: 
felling, limbing and cross-cutting, which are usually 
accompanied by auxiliary works [4]. The temporal share of 
these procedures is different and depends on the type of 
terrain (mountainous/low-lying) [5] and the applied 
logging method (manual, manual and by machinery, by 
machinery) [6, 7]. 

The vibration load of the operator, the technological 
forces transferred to the handles and the efficiency of the 
machining process depend on many factors. Because of 
their origin, these factors may be related to: 
- device (drive type, technical condition, etc.) [8-12], 
- tool (cutting set-guide bar and chain, guide bar length, 
pitch) [13-22] 
- workpiece material (wood species, moisture) [23-27], 
- individual characteristics of the operator (age, body 
structure, experience) [28]. 
In addition to vibration and noise, saw operators are also 
exposed to other harmful influences, such as: 
- chemical-exhaust fumes, fuel mixture and lubricant for 
the guide bar [29-34], 
- biological-molds, fungi, zoonoses [35-38], 
- physical-dust generated during operation [34, 39]. 

Depending on the operations during forest work, a 
device with appropriate power is usually selected. Felling 
and cross-cutting operations are generally performed with 
chainsaws with power of over 2.5 kW [14]. On the other 
hand, limbing as well as auxiliary works are carried out 
with devices of lower power, e.g. 1.5 kW. Such chainsaws 
are also used in the care of young stands (early and late 
thinning), in the work related with obtaining small-sized 

wood (trunk diameter up to 300 mm) as well as in 
arboristics [25]. 

Moreover, depending on the type of work performed, 
the operator cuts the material at different angles to the 
longitudinal axis of the fibres (trunk axis). Due to the 
heterogeneity of the cellular structure of wood [40, 41], the 
anisotropy of its mechanical properties [42], and the 
possibility of internal defects (knots, foreign bodies-
bullets, hunting shot, nails, etc.) [43], the directionality of 
the cutting kerf may affect both the values of vibration 
acceleration of the device handles and the noise emitted by 
the saws. In the case of typical forestry work, cuts are 
usually made across the fibres. On the other hand, saw 
operators regularly make cuts both along and across the 
fibres of wooden elements during the construction of 
wooden buildings, roofing or carpentry work. In this case, 
when determining the actual vibration impact of the device 
on the operator, the differences in the vibration 
acceleration values of the saw handles resulting from the 
direction of wood cutting may be significant. 

The aim of this paper is the determination of the 
influence of directionality of wood cutting in relation to the 
fibre axis (cross-cutting and ripping) on the emitted noise 
and vibration of chain saw handles. Comparative tests were 
carried out for chainsaws with combustion and electric 
drives. 
 
2 TESTING METHODOLOGY 
 

Measurements of vibration acceleration of saw handles 
were performed in accordance with ISO 7505:1986, ISO 
22867:2011, EN ISO 5349-1, and EN ISO 5349-2 [44-47]. 
The measured parameters were frequency weighted (with 
correction characteristic Wh) instantaneous RMS values of 
vibration acceleration –ahvI recorded in three mutually 
perpendicular directions on chainsaw handles. Two triaxial 
piezoelectric acceleration transducers DYTRAN 3023M2 
were used to record vibrations. The transducers were 
permanently attached to the handle of the device (see Fig. 
1a and Fig. 1b). 

Noise measurements were made in accordance with 
ISO 22868 [48]. The acoustic pressure was recorded with 
the ROGA RG-50 (ICP) free-field microphone mounted on 
a tripod. The position of the microphone relative to the 
operator's head is shown in Fig. 1c. The distance between 
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the microphone and the operator's ear, which was more 
exposed to noise, was about 20 cm. The microphone was 
placed on the right side of the body so that the operator's 

body would not be an acoustic obstacle to the sound 
emitted by the device. 

 

 
Figure 1 Location of vibration transducers (a, b) and the measuring microphone (c) [15] 

 
In order to guarantee a repeatable cutting technique, all 

tests were performed by one operator. It was a man with a 
body weight of 84 kg and a height of 174 cm. 

The operator's body position during measurements and 
a simplified diagram of the measurement path are shown in 
Fig. 2. 
 

 
Figure 2 Body position of the operator (a) [15] and block diagram of the measurement path (b) 

 
Calibration of the measurement path was carried out 

using the reference source of vibrations-K10 calibrator of 
RPT 97 - 146 type (acal = 10 m/s2), and the reference sound 
source-KA-10 calibrator (LP,cal = 94 dB for the frequency 
of 1000 Hz). Calibration was carried out before and after 
the measurements. 

Accelerometers and microphone cooperated with 
TEAC LX10 8 - channel digital signal recorder. Digital 
signal processing including parameterization of 
vibroacoustic (VA) signals was implemented in a 
dedicated application developed in a digital environment 
DASYLab (Data Acquisition System Laboratory). The 
signal sampling frequency was 48 kHz. The VA signals 
were recorded synchronously using signal sequencing 
(windowing) with a rectangular time window with a size of 
4096 samples (about 1/12th of a second). This way of 
signal acquisition made it possible to conduct analyses in a 
short-time perspective and to determine the instantaneous 
values of parameters and characteristics of the vibration 
and acoustic signal. 

The material treated was pine beams with a cross–
section of 70 × 90 mm, in the air-dry state (moisture 
content in the material was 11 ± 2%). The research was 
conducted in two variants of cutting for each of the saws 
(electric and petrol). In the first variant, a cross-cut in the 
material without defects was made. In this case, the start-
up process, the idle phase-ID (about 2 s, idle phase is not 
present in case of the electric saw), the phase of reaching 

the maximum speed without load-RA, the cutting phase 
consisting of a sequence of 9 cuts across the fibres 
(simulating the full load mode-FL) were recorded 
successively. For the second variant, the cutting sequence 
consisted of one rip-cut, parallel to the longer of the beam's 
edge dimensions. Sample beam cross-sections obtained 
during the measurements and graphic illustration of the 
successive test phases for both test variants (using the 
petrol saw) are presented in Fig. 3. 

For the tests there were used saws (electric and petrol) 
of the leading brand on the market, with similar technical 
parameters. This made it possible to use the same cutting 
system (guide bar + chain). The same pre-tension of the 
saw chain was set each time. Technical data of chainsaws 
is presented in Tab. 1.The comparison of the influence of 
the cutting direction (cutting kerf) on handle vibrations and 
the noise emitted was carried out on the basis of fragments 
of registered signals, which correspond only to the cutting 
process (see Fig. 3). The signal fragments include 9 
intersections for cross-cutting or one rip-cut. The 
considered (analysed) signal fragment therefore includes 
the cutting process in the FL mode and related transitional 
phases, which include: the entry of the blade into the 
material, and the exit of the blade therefrom. Intentionally, 
startup, idle speed-ID, and operation at maximum speed 
without load-RA preceding the first intersection were 
omitted. 
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Figure 3 View of cross-sections of beams obtained by cross-cutting (a), and ripping (b), illustration of test phases applied to changes in instantaneous values of 

vibration accelerations (c), (d) 
 

Table 1 Technical parameters of chainsaws used during research 
Drive type Petrol Electric (mains) 

Power / kW 1.5 (at 10000 RPM) 1.4 (at 7900 RPM) 
Maximum linear speed of the cutting chain / m/s 24.8 14.6 

Cutting chain pitch (”);the cutting chain used; type of cutting tooth 3/8" P; 61 PMM3 (1.1 mm); semi-chisel 
Guide bar length / cm 35 35 

 
3 RESULTS OF VIBRATION MEASUREMENTS 
 

The influence of the direction of wood cutting on the 
vibrations of saws was determined on the basis of the 
comparison of RMS values of vibration accelerations of the 
handles measured during cutting. The results of vibration 
measurements of the rear handle of the tested saws are 
presented in a graphical form. Changes in the instantaneous 
values of vibration accelerations ahvI are shown in Fig. 4 
and Fig. 5. These figures show a comparison of frequency-
weighted (with correction characteristic Wh) instantaneous 
RMS values of vector sums of the ahvI vibration 
accelerations in the case of cross-cutting and ripping with 
a petrol chainsaw (Fig. 4) and an electric one (Fig. 5). The 
nature of the ahvI changes for the front handle is 
qualitatively similar and differs only in quantitative terms 
(see Tab. 2). 

With an internal combustion saw, the highest 
instantaneous vibration acceleration values were recorded 
at the moment of starting the drive unit (two-stroke single-
cylinder engine). This is due to the energetic jerk of the 
starter cord. After starting the engine, the device starts 
operating at idle speed (ID), approx. 2800 RPM. In this 
phase, the instantaneous values of vibration accelerations 
decrease and their stabilization takes place. Increasing the 
speed to a maximum value of approx. 13500 RPM without 
load causes an increase in the value of ahvI. The local, lower 
maxima visible in Fig. 4 for cross-cutting are related to the 
successive intersections of the beam. They consist of 
alternating phases: 
- the run-up of the cutting chain and the entry of the 
cutting edge into the material-accompanied by an increase 
in vibration acceleration,  
- stabilization of the rotational speed for the cutting 
process (approx. 10 000 RPM) and the transition to full 

load (FL) mode, where the vibration accelerations 
decrease, 
- exit of the cutting set from the processed material, 
followed by a decrease in rotational speed due to releasing 
the gas handle and changing the position of the cutting set 
at idle speed, 
- renewed speed up of the cutting chain and making 
another cut. 
 

Figure 4 Comparison of the instantaneous RMS values of the vibration 
acceleration of the rear handle of a petrol saw during the cross-cutting and the 

ripping processes 
 

In the case of cross-cutting, the ahvI values are highly 
variable. The instantaneous values range from approx. 1.9 
to approx. 5 m/s2. The average value for the entire cutting 
process is 3.55 m/s2. Changes in the vibration acceleration 
values are closely related to the operating modes of the 
drive unit. On the other hand, vibrations in the case of 
ripping are characterized by lower variability of 
instantaneous values of vibration accelerations. However, 
in this case the values are higher and range from 
approximately 3.8 m/s2 to approximately 5.5 m/s2 and are, 
on average, 4.65 m/s2. 
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The instantaneous RMS values of the vibration 
accelerations recorded on the rear handle of the electric 
saw for the same variants (cross-cutting in a defect-free 
place and ripping) are shown in Fig. 5. As with the internal 
combustion saw, the instantaneous RMS values of the 
vector sums of vibration accelerations ahvI are shown in the 
figure. 
 

 
Figure 5 Comparison of the instantaneous RMS values of the vibration 

acceleration of the rear handle of an electric saw during the cross-cutting and 
the ripping processes 

 
The nature of the vibration effects of the electric saw 

on the operator compared to the internal combustion saw 
in terms of instantaneous RMS values is qualitatively 
different. Due to the specificity and design of the drive 
system, the electric saw can only operate in two modes-
maximum speed without load-RA approx. 7900 RPM, and 
full load FL. 

Like in the case of the petrol chainsaw, a crosscut is 
made up of the following alternating phases: run-up, 
cutting and exit of the blade from the material. In contrast, 
the vibration acceleration values, unlike those of the 
internal combustion saw, reach their highest values when 
working without load. The recorded ahvI values are 
characterized by considerable variability over time. The 
instantaneous values range from approximately 3.6 m/s2 to 
approximately 6.4 m/s2 and average 5.06 m/s2. 
Instantaneous vibration acceleration values for ripping are 
characterized by much greater variability. They range from 
approximately 3.8 m/s2 to approximately 7.2 m/s2 and 
amount to an average of 5.61 m/s2. 

Tab. 2 presents a comparison of the averaged RMS 
values of vibration accelerations corrected by Wh 
characteristics, determined according to EN ISO 5349-1 
and 5349-2 [46, 47], for individual directions of the 
reference system axes, and the implemented cutting 
variants. 
 

Table 2 Summary of the results of measurements of vibration accelerations of 
the handles of the tested saws 

 

Petrol chainsaw Electric chainsaw 
Cross cut Ripping Cross cut Ripping 
Averaged values of acceleration of vibrations / 

m/s2, time / min 

left hand 
(front 

handle) 

ahv x 1.21 2.68 2.00 5.38 

ahv y 1.83 3.22 2.30 4.98 

ahv z 2.00 2.77 3.68 3.21 

ahv 2.97 5.02 4.78 8.00 

right hand 
(rear 

handle) 

ahv x 2.65 3.07 3.84 3.34 

ahv y 1.89 2.37 1.48 2.21 

ahv z 1.41 2.56 2.95 3.93 

ahv 3.55 4.65 5.06 5.61 

Higher acceleration values of vibrations of the petrol 
chainsaw handles were observed during ripping. These are 
5.02 m/s2 for the front and 4.56 m/s2 for the rear handles. 
The vibration of the rear handle of an internal combustion 
saw has the highest vibration acceleration values in the X-
axis direction (see Fig. 2a). Such regularity was observed 
both in the case of cross-cutting and ripping. The direction 
of the dominant vibration action on the front handle 
depends on the cutting variant (direction Z for cross-cutting 
and Y for ripping). 

Higher averaged values of vibration acceleration ahv of 
the electric chainsaw, similarly as in the case of the petrol 
chainsaw, were observed during ripping. They are 8.00 
m/s2 for the front and 5.61 m/s2 for the rear handles. 

The results in Tab. 2 also show that the electric saw is 
more vibroactive, by approximately 46%. The highest 
values of vibration acceleration ahv were recorded on the 
front handle during ripping (the dominant direction of 
interactions-X see Fig. 2a). The dominant direction of 
vibrations of both handles of the electric saw depends on 
the cutting variant. 

To sum up, regardless of the type of drive of the saw, 
a rip-cut compared to a cross-cut is accompanied by a more 
intense influence of local vibrations on the saw operator. 
This is due to the higher time share of the working phase 
(wood cutting). 
 
4 RESULTS OF ACOUSTIC PRESSURE MEASUREMENTS 
 

The analysis of the influence of cutting kerf direction 
on the noise generated by the saws was based on the 
comparison of sound levels A, LpA. The subsequent 
drawings show the course of changes in the instantaneous 
values of the corrected sound pressure level depending on 
the performed cutting variants for both chainsaws. The 
course of changes in the instantaneous values of sound 
pressure levels in octave bands with centre frequencies 
from 125 Hz to 16 kHz show a high correlation coefficient 
with the course of changes of the sound pressure level 
corrected by filter A. Low-frequency noise is not strictly 
process dependent, as can be seen from the low correlation 
coefficient values for octave bands with centre frequencies 
of 31.5 Hz and 63 Hz, which are not related to the operation 
of the equipment. The values of the linear correlation 
coefficients R between the sound pressure levels in 
individual octaves and the A-weighted sound level are 
summarized in Tab. 3. 

Due to the high degree of correlation between sound 
pressure levels in most octaves and the A-weighted sound 
level, and the lack of correlation between the levels in the 
lowest octaves and LpA, only the A-weighted sound level 
measured during the tests was graphically presented. 

The instantaneous A-weighted sound levels recorded 
for the two variants of cutting with the petrol chainsaw are 
shown in Fig. 6, and when working with the electric 
chainsaw-in Fig. 7. 
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Table 3. Values of Pearson's linear correlation coefficient-R for individual cutting variants 

 
center frequency of a band fc / Hz 

31.5 63 125 250 500 1000 2000 4000 8000 16000 

The A 
sound 

level LpA 

petrol 
chainsaw 

cross cut  0.15 0.41 0.84 0.82 0.95 0.98 0.97 0.96 0.96 0.96 

rip-cut 0.13 0.33 0.81 0.75 0.87 0.94 0.98 0.97 0.97 0.97 

electric 
chainsaw 

cross cut  0.14 0.01 0.62 0.81 0.92 0.93 0.98 0.98 0.97 0.96 

rip-cut 0.22 0.66 0.84 0.96 0.98 0.99 0.99 0.99 0.99 0.99 

 
Figure 6 Comparison of noise emitted by the petrol saw during the cross-cutting 

and ripping processes 
 

Fig. 7 shows the A-weighted sound levels recorded 
during operation of the electric saw. As in the case of the 
petrol saw, they were registered synchronously with the 
vibration signal presented in Fig. 5. 
 

 
Figure 7 Comparison of noise emitted by the electric saw during the cross-

cutting and ripping processes 
 

The analysis of the instantaneous A-weighted sound 
levels during the operation of the electric saw allows, for 
the variant of cross-cutting (similarly to the petrol saw), to 
distinguish the individual phases of the drive unit operation 
and determine their duration. Compared to the internal 

combustion saw, it is slightly more difficult to detect the 
operating phases of the electric saw by means of an 
acoustic signal. As with the petrol saw, the decreasing 
trend in the sound pressure level during ripping, which can 
be observed in Fig. 7, is caused by the distance between the 
machine and the measuring microphone. 

Fig. 8 and Fig. 9 show the time-averaged values of 
sound pressure levels in octave bands, linear and A-
weighted sound levels, for petrol and electric chainsaws 
and for individual cutting variants. Due to the low 
correlation between sound pressure levels in the 31.5 Hz 
and 63 Hz bands with the remaining levels, these results 
have not been presented in graphic form. The noise emitted 
by the petrol chainsaw is slightly different for the two 
cutting variants. The difference between the averaged 
linear sound pressure levels was 1.3 dB. In the majority of 
octaves, higher pressure levels were observed for ripping. 
The differences in these levels are small. The largest of 
these was recorded in the octave with a center frequency of 
125 Hz, which contains the ignition frequency of the drive 
unit. It is possible that the differences shown in the figure 
are due to a higher load on the saw (variable length of the 
cutting line) in the case of cross-cutting. It is worth noting 
that the highest values of sound pressure levels were 
recorded in octaves, whose center frequencies coincide 
with the range of the highest sensitivity of human hearing. 
The average A-weighted sound level when cutting with the 
petrol chainsaw ranges between 105 and 106 dB. 

Regardless of the cutting variant, the average A-
weighted sound level of the electric saw is approx. 100 dB. 
However, there are significant differences in octaves with 
center frequencies of 125 Hz and 250 Hz. This is due to 
changes in the load-dependent motor speed. For cross-
cutting, the rotational frequency changes in such a way 
that, during proper cutting of the material, it is contained in 
the octave with the center frequency of 125 Hz, and during 
transition phases in the 250 Hz octave. As with the petrol 
chainsaw, the highest sound pressure levels were measured 
in the band of the highest sensitivity of human hearing. 

 

 
Figure 8 Comparison of the octave spectra of the noise emitted by the petrol chainsaw during cutting and LpA 
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Figure 9 Comparison of the octave spectra of the noise emitted by the electric chainsaw during cutting and LpA 

 
5 CONCLUSION 
 

The vibrations generated by chainsaws depend mainly 
on the drive unit loading. In the case of identical loads, the 
vibrations measured on the handles of an electric saw are 
greater than those recorded on a petrol saw. Moreover, in 
the case of the petrol chainsaw, the vibrations recorded 
when working at full load are greater than when working 
at maximum speed without load, the opposite is true for the 
electric saw. 

Based on the results of vibration measurements, it was 
found that the acceleration of vibrations of saw handles 
depends on the direction of wood cutting. Both tested 
devices emit higher amplitude vibrations during ripping. 
For the petrol chainsaw, in the case of ripping, the increase 
of the ahv value compared to the cross-cutting was approx. 
70% for the front handle and approx. 30% for the rear 
handle. For the electric saw, the increase in the level of 
vibrations during ripping in relation to cross-cutting was 
65% for the front handle and 10% for the rear handle. Such 
large differences are partly due to the fact that the cross-
cuts sequences are accompanied by transition phases: the 
entry of the blade into the material and exit there from. The 
applied measurement method consisting in taking into 
account only those fragments of the signal which 
correspond to the cutting process (full load) allows to state 
objectively that the vibrations of the petrol saw do not 
depend on the direction of wood cutting. On the other hand, 
the vibrations recorded on the handles of the electric saw 
depend on the direction of wood cutting and are higher 
during ripping. 

The results of the A-weighted sound level 
measurements showed that both in the case of electric and 
petrol chainsaws the noise emitted by the equipment is 
practically independent of the direction of the cutting kerf. 
However, it depends on the type of drive unit of the saw. 
The A-weighted sound level of the electric chainsaw is 
approximately 5.5 dB lower than that of the petrol one. The 
noise emitted by both devices is the highest when they 
operate in the mode of maximum speed without load-
racing. The sound pressure levels in the individual octave 
bands are correlated with each other, with the linear sound 
pressure level and with the A-weighted sound level. The 
exception is noise in the octave bands with center 
frequencies of 31.5 Hz and 63 Hz, where no effect of the 
cutting process was observed. Furthermore, the highest 
sound pressure levels in all cases were measured in the 
band of the highest sensitivity of human hearing (2 - 4 
kHz). 

In order to protect the operator's health, as well as to 
reduce the onerousness of VA impact, while working with 
low-power chainsaws, especially while ripping with an 
electric saw, it is advisable to use individual personal 
protective equipment: anti-vibration gloves and hearing 
protectors. The results of the research have shown that 
EAV and ELV may be exceeded in the case of improper 
work organization of low-power chainsaws. From the point 
of view of international regulations-Directive 2002/44/EC 
of the European Parliament and of the Council [49] the use 
of chainsaws in the manner described in the article will not 
lead to permanent damage to health. Although, it is 
necessary to bear in mind more restrictive, local 
regulations [34]. A negative impact on the operator's health 
can also be expected in the absence of personal protective 
equipment [50-53]. 

Comparing the detection capabilities of the vibration 
and acoustic signals in terms of identification of the 
operating states and load of the drive unit, the acoustic 
signal has significantly better detection characteristics, 
especially with regard to the petrol chainsaw. 
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