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Abstract 

The substitution of petrol-powered chainsaws with battery-powered ones has still not taken 
place in professional forestry. With the latest battery-powered chainsaws, performance is not 
an issue anymore, but energy storage and recharging still are. Nevertheless, there are some 
ergonomic points where battery-powered chainsaws tower over petrol-powered ones. This 
work aims to measure, evaluate, and compare hand-arm vibration between two comparable 
chainsaws, one petrol, and the other battery-powered. Stihl MS 261 C-M and Stihl MSA 300 
C were chosen for this task. The cutting measurement was performed on a wet trunk of sessile 
oak (Quercus petraea) with a diameter of 30 cm, and on thinner branches (<7 cm) in the 
canopy at the same felled tree. Time data that represents the ratio of chainsaw handling ele-
ments within effective working time in cutting and processing was obtained from previous 
research. Vibration magnitude was measured in compliance with ISO 8041-1:2017, ISO 5349-
1:2001, and ISO 5349-2:2001 standards. The results regarding vibration total value (ahv), 
daily vibration exposure (A(8)), and time to reach exposure action value (EAV) and exposure 
limit value (ELV) proposed by EU Directive 2002/44/EC imply higher magnitudes on the rear 
handle and higher exposure of the right hand for both types of chainsaws. For petrol-powered 
chainsaw, results for measured vibration magnitude are 4.13 m/s2 for the left hand, 4.72 m/s2 
for the right hand, and for battery-powered chainsaw 2.18 m/s2 for the left hand, and 2.82 m/
s2 for the right hand. Daily vibration exposure is drastically lower when using a battery-
powered chainsaw (A(8)=1.2 m/s2 – left, A(8)=1.5 m/s2 – right), likewise, the time to reach EAV 
and ELV is many times longer. The current state legislative restriction (Ordinance on Oc-
cupational Safety and Health in Forestry 1986) should be revised with the aim of increasing 
the effective working time because, according to the results of this work, it would be justified.

Keywords: vibration total value, daily vibration exposure, vibration dose, battery-powered 
chainsaw, petrol-powered chainsaw, chainsaw operators, ISO standards, exposure value

1. Introduction
Work in the forest has always been considered physi-
cally difficult and dangerous from a safety point of 
view (Staněk et al. 2023, Yovi and Yamada 2019). After 
the invention of the first modern chainsaws, the phys-
ical demands of felling and processing were reduced, 
while efficiency increased, which is also the case in 
other forestry works that underwent the mechaniza-
tion process (Poje et al. 2019). However, with the ad-
vent of chainsaws, a problem for the health of workers 
appeared – excessive exposure to vibrations (Bačić et 
al. 2020).

Since the introduction of chainsaws into forestry, 
numerous studies have reported signs and symptoms 

associated with vibration exposure during chainsaw 
operations in forestry (Miura et al. 1965, Axelsson 
1968, Barnes et al. 1969, Taylor et al. 1971, Bačić et al. 
2023a). In the profession, there are many synonyms 
for diseases caused by vibrations. The most common 
is the so-called »White finger disease« or secondary 
Raynaud’s syndrome (Tambić Bukovac and Šenjug 
Perica 2017) or »Vibration White Finger« (VWF) which 
consists of disturbances in the blood flow disorders of 
the fingers (Neri et al. 2023), and disorders of neuro-
logical functions and movements of the hand and arm 
(Forouharmajd et al. 2017, Matache et al. 2020). Numb-
ness in the hands and arms, tingling in the fingers, and 
deterioration of tactile perception have been detected 
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in workers who have been exposed to hand-arm vibra-
tions (HAVs) (Seppäläinen 1972, Araki et al. 1976, 
Brammer and Pyykkö 1987, Neri et al. 2018). The dai-
ly vibration exposure values for the hand-arm system 
specified by EU Directive 2002/44/EC (2002) are pre-
scribed as a daily exposure action value of 2.5 m/s2, 
and a daily exposure limit value of 5 m/s2 (Bačić et al. 
2020). In case of exceeding the action value, the em-
ployer must establish and implement a program of 
technical and organizational guidelines to reduce ex-
posure to vibrations to the minimum extent. If work-
ers are exposed to vibrations above the limit value of 
exposure, the employer must react immediately to 
reduce the exposure below the limit value. Due to the 
harmful effects of vibrations on the human body, the 
effective working time of chainsaw workers is regu-
lated in the Republic of Croatia to a maximum of four 
hours during one working day. The official document 
that stipulates the above dates back to 1986 (Ordinance 
on Occupational Safety and Health in Forestry 1986), 
and the profession believes that it should be changed 
since modern chainsaws are ergonomically improved 
compared to those of 40 years ago. According to ISO 
5349-1:2001 (2001), the risk of consequences depends 
on the level of vibration, duration of exposure, and 
frequency. Lower chainsaw mass, but also bigger and 
more powerful chainsaws  produce higher vibration 
levels (Malchaire 2020).

When the vibrations reach a critical (resonant) fre-
quency, the body organs begin to vibrate, which can 
multiply the consequences and cause considerable 
damage to a person’s health (Goglia et al. 2008). The 
grip strength of a chainsaw handle, which influences 
the transmission of vibrations to the hand-arm system, 
depends on the work experience of the worker, the 
working method, and the density of the wood (Iftime 
et al. 2022). Concerning this, the grip is stronger in 
less-experienced workers, in felling and sawing the 
wood of higher hardness (Malinowska-Borowska et 
al. 2012, Malinowska-Borowska and Zieliński 2013). 
The vibration level of chainsaws is mostly influenced 
by factors such as dynamic forces in the drive engine 
with internal combustion, chain sharpness, work op-
eration, moving parts that are not balanced, the influ-
ence of gears, bearings, and other mechanisms, but 
also the relationship between the worker, the chain-
saw and the type of wood (ISO 116811:2011).

Although chainsaw parts degrade with years of 
use, Landekić et al. (2020) concluded that age, i.e. years 
of use do not affect the level of vibration in used petrol 
chainsaws. Many studies (Colantoni et al. 2016, Neri 
et al. 2018, Poje et al. 2018, Huber et al. 2021) indicated 
significantly lower noise and vibration levels in bat-

tery chainsaws compared to petrol chainsaws of the 
same class.

This paper considers two legislative restrictions 
regarding harmful HAV. The first one is the above 
mentioned Ordinance on Occupational Safety and 
Health in Forestry (1986), which prescribes the total 
permitted effective working time with a chainsaw of 
no longer than four hours in the Republic of Croatia. 
Another restriction is related to the EU Directive 
2002/44/EC, which determines daily vibration expo-
sure values A(8) for the hand-arm system. This restric-
tion prescribes a daily exposure action value (EAV) of 
2.5 m/s2, and a daily exposure limit value (ELV) of 5 
m/s2. Furthermore, the International Labor Office 
(ILO), which intends to reduce injuries and health haz-
ards, and the occurrence of occupational diseases 
caused by excessive exposure to noise, vibrations, ex-
haust gases, wood dust, etc., suggests an effective 
working time with a chainsaw of up to five hours per 
working day. To follow this recommendation, chain-
saw workers should alternate their specific daily ac-
tivities (chainsaw work, maintenance, chain sharpen-
ing, refueling, log measurement, etc.).

This paper aims to determine the difference in the 
measured hand-arm vibration level between two chain-
saws with similar basic characteristics, but different 
powertrains (petrol-powered – Stihl MS 261 C-M and 
battery-powered STIHL MSA 300 C) and, based on the 
measured hand-arm vibrations and the conducted time 
study from the previous research (Bačić et al. 2023b), to 
determine the permissible effective work with the 
chainsaws tested with a critical reference to the appli-
cable national and European legislation. The research 
hypothesis is that the battery-powered chainsaw has 
lower vibration magnitudes and that, according to the 
current state legislative restriction, it would be possible 
to work with it more than the permitted daily effective 
time of work of 4 hours.

2. Materials and Methods
Determining daily vibration exposure requires an un-
derstanding of the work schedule and the levels of 
vibration that occur on the front and rear handles of 
the chainsaw. The chainsaw is a two-handed tool that 
must be operated with both hands during cutting. The 
handles of the chainsaw are designed so that the left 
hand grasps the front (left) handle, and the right hand 
grasps the rear (right) handle (during cutting). How-
ever, fellers spend a significant portion of their work-
ing time holding (carrying) the chainsaw, which also 
produces harmful vibrations when idling. Carrying a 
running chainsaw is a necessity that occurs between 
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the accelerometer to the chainsaw handle, questiona-
ble instrument battery life, and harsh working condi-
tions that could affect the accuracy of the results (Bačić 
et al. 2023a). The measurement equipment complies 
with ISO 8041-1:2017. A 4-channel module Brüel & 
Kjaer LAN-XI type 3676-B-040 together with a triaxial 
accelerometer type 4524-B-001 and holder UA 3017 
attached with plastic ties and positioned on front and 
rear handles close to the worker's hand was used. 
Measurements were conducted using a laptop and 
specific software via a Wi-Fi connection to the router. 
External batteries were required for the operation of 
the LAN-XI module and paired router. A backpack 
was used to store the measurement equipment.

During the measurements, the guidelines of ISO 
5349-1:2001 and ISO 5349-2:2001 were followed. The 
instrument was calibrated before the measurements. 
When measuring vibration levels on chainsaws, the 
short cutting time may affect the results. ISO 5349-
2:2001 recommends that a single measurement should 
not be shorter than 8 seconds, provided that the total 
measurement time is not less than one minute and at 
least three measurements are conducted. The cutting 

cuts and mostly lasts for a short time, but it is frequent, 
involving various combinations of hand-handle posi-
tions, and constitutes a large part of the effective work-
ing time. Fellers, due to the short duration of the car-
rying phase, often do not turn off the chainsaw and 
are exposed to harmful vibrations. The time structure 
of chainsaw handling elements is adopted from previ-
ous research (Bačić et al. 2023b) in which a study of 
work and time was conducted on a sample of 91 trees 
(logging and processing operations), and relative 
shares of chainsaw handling elements were deter-
mined. In this paper, the average values of the relative 
shares of chainsaw handling elements for all trees 
from the mentioned research were used. The descrip-
tion of the elements and their relative share in effective 
working time is shown in Table 1.

The vibration level was measured under controlled 
conditions. The process of determining daily vibration 
exposure – A(8) is very complex if the daily work con-
sists of several elements with different durations and 
vibration intensities (McGeoch et al. 2005). Continu-
ous A(8) measurements are very complex, and un-
wanted interruptions may occur due to the need to fix 

Table 1 Description of chainsaw-handling elements and their relative share (Bačić et al. 2023b)

Chainsaw handling 
element

Description Relative proportions of chainsaw handling elements

0 The chainsaw is turned off or put away 10.48%

1a Cutting solid wood 42.59%

1b Repetitive cutting of thin branches (<7 cm) 13.84%

2 Carrying the chainsaw (idle) using both hands 19.65%

3 Carrying the chainsaw (idle) with the right hand on the front handle 0.45%

4 Carrying the chainsaw (idle) with the left hand for the front handle 12.01%

5 Carrying the chainsaw (idle stroke) with the right hand on the rear handle 0.98%

Fig. 1 Tested chainsaws – a), and measuring equipment – b)
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measurement was performed on a wet trunk of sessile 
oak (Quercus petraea) with a diameter of 30 cm. Cross-
cuts were made at full throttle until the guide bar 
reached the lower part of the trunk. The measurement 
started at least one second after the beginning of the 
cut to isolate only the cutting at full throttle. In addi-
tion to measurements in solid wood, vibration level 
measurements during cutting of thinner branches 
were also performed. To simulate this type of cutting, 
the worker repeatedly cut thinner branches (<7 cm) in 
the canopy for at least 20 seconds per measurement. 
This type of cutting involved brief stops and drops in 
RPM between two cuts. Idling vibration measurement 
was conducted in three measurements of at least 20 
seconds each (only for petrol-powered chainsaw). The 
total vibration value (ahv) for each handling element 
was calculated as the arithmetic mean of repeated 
measurements. Due to the use of only one accelerom-
eter, vibration levels on the front and rear handles 
were measured separately. A total of 12 measurement 
combinations were included in the measurement. The 
measurements were conducted on the Stihl MS 261 
C-M petrol-powered chainsaw and the Stihl MSA 300 
C battery-powered chainsaw (Table 2) in »Felling« 
mode with a maximum chain speed of 24 m/s, like the 
maximum chain speed of petrol-powered chainsaw 
Stihl MS 261 C-M (25.6 m/s). Since the battery-pow-
ered chainsaw does not idle and does not produce 
vibrations during carrying, vibrations were measured 
only during cutting. The chainsaws were equipped 
with the same cutting sets. Vibration level measure-
ment was conducted at the Forest Training and Re-
search Center (FTRC) Zagreb.

Table 2 Technical characteristics of chainsaws tested

Chainsaw type Stihl MS 261 Stihl MSA 300

Engine 2-stroke petrol DC brushless
Weight 1, kg 4.9 4.5
Power, kW 3.0 3.0
Bar length, cm 40 40
Chain pitch .325” .325”
Chain type RS Pro RS Pro
Chain speed, m/s 25.6 24
Vibration levels left/right 2, m/s2 3.5/3.5 2.6/2.8
1 Without fuel, oil, battery, bar and chain
2 K-factor according to DIR 2006/42/EC = 2 m/s2

By adjusting the time data on handling elements 
(Table 1) to 4 hours of felling and processing (Regula-
tion NN 10/86), A(8) was calculated and presented for 
both hands and the two observed chainsaws using 
Eq. 1.

	 (1)
Where:
A(8)	 daily vibration exposure
ahvi	 vibration total value for i element
n	 total number of elements
T0	 reference working time of 4 h (14,400 s)
Ti	 duration of i element.
The Hand-Arm Vibration Exposure Calculator (Ex-

cel tool) provided by the Health and Safety Executive 
(HSE) was used to calculate the expected time to reach 
the exposure action level (EAV) of 2.5 m/s² and the 
exposure limit value (ELV) of 5 m/s² (EU Directive 
2002/44/EC). These times were calculated and pre-
sented for both hands/handles and the two observed 
chainsaws (petrol-powered and battery-powered).

Database formation, data systematization, and cal-
culation of the measured data were performed in the 
software package Microsoft Excel®. Statistical analysis 
was conducted using the statistical software package 
Statistica® (TIBCO Software Inc., version 14, Palo Alto, 
CA, USA). Non-parametric tests were used due to the 
nature of the obtained data (normality and homogene-
ity of variance). To test differences in total vibration 
values (ahv) measured between chainsaw type/handle 
combinations, a Kruskal–Wallis test (p<0.05) was used, 
and the Mann–Whitney U test (p<0.05) was performed 
to determine which groups made the difference.

3. Results and Discussion

3.1 Vibration Magnitude
In total 47 measurements of the vibration magnitude 
were performed, 26 measurements on petrol-powered 
chainsaw Stihl MS 261 C-M and 21 measurements on 
battery-powered chainsaw Stihl MSA 300 C. Higher 
vibration magnitudes were measured working with 
the petrol-powered chainsaw on both hands (4.13 m/
s2 – left hand, 4.72 m/s2 – right hand) compared with 
the battery-powered chainsaw (2.18 m/s2 – left hand, 
2.82 m/s2 – right hand). Similar results were obtained 
by Neri et al. (2023) who measured the vibration mag-
nitude when cutting different types of wood with a 
battery-powered and petrol-powered chainsaw. In our 
study, when comparing each saw separately, higher 
vibration magnitudes were measured on the right 
hand, i.e. on the rear handle (0.59 m/s2 for petrol-pow-
ered, 0.64 m/s2 for the battery-powered chainsaw) 
(Table 3).
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Table 3 Descriptive statistics of measured vibration magnitude for 
tested chainsaws/hands

ahv

m/s2

Stihl MS 261
C-M – left 

hand

Stihl MS 261
C-M – right 

hand

Stihl MSA 
300

C – left hand

Stihl MSA 
300

C – right 
hand

Mean 4.13 4.72 2.18 2.82

Median 4.34 5.06 2.16 2.65

Min. 2.71 3.59 1.19 2.09

Max. 5.18 5.65 2.95 4.22

Std. dev. 0.97 0.83 0.52 0.66

n 13 13 10 11

Higher vibration magnitudes on the rear handle 
were also measured by Bačić et al. (2023b) on large 
chainsaws, Stihl MS 462, MS 500i, and MS 661 C. 
Landekić et al. (2020) reported higher vibrations on the 
rear handle of the Stihl MS 660 chainsaw when idling. 
Investigating electric saws Stihl MSE 180 C and Stihl 
MSE 220 C, Neri et al. (2018) obtained significantly 
higher values of vibrations on the rear handle, while 
with battery saws Stihl MSA 160 T and Stihl MSA 200 
C there was no significant difference in the measured 
vibrations between the front and rear handle.

Fig. 2 shows a statistically significant difference in 
vibration magnitudes measured on both handles and 
chainsaws tested (p=0.0000). Larger vibration magni-
tudes were measured with petrol-powered chainsaw 
Stihl MS 261 C-M.

Fig. 3 shows the vibration magnitude in a boxplot 
diagram, where the differences between the chainsaws 
tested and the handles of each saw can be clearly seen. 
The Kruskal-Wallis test was used to determine the dif-
ference between the measured vibration magnitudes 
(Fig. 3), while the Mann-Whitney U post-hoc test was 
used to determine the difference between individual 
groups (chainsaw handles). The data presented in Ta-
ble 4 show that a statistically significant difference 
does not exist only when comparing the measured 
vibration magnitudes of the gasoline chainsaw MS 261 
C-M between the front and rear handles (p=0.1007). In 
all other combinations, there is a statistically signifi-
cant difference, even between the front and rear han-
dles of the Stihl MSA 300 C battery-powered chainsaw 
(p=0.0378).

The main reason for the lower amounts of total vi-
bration values measured in battery-powered chain-
saws compared to the petrol-powered chainsaws is in 
the technical characteristics of the drive motor, i.e. 
there is no explosion phase in electric motors, which 
is the main characteristic of an internal combustion 
engine (Neri et al. 2023). Secondly, with electric mo-
tors, there is only rotary motion, while with internal 
combustion engines, there is also a rectilinear piston 
motion in addition to rotary motion. Precisely, because 
of the absence of forces created by the linear motion of 
the piston and explosion, which is the basis for the 
operation of the internal combustion engine, the vibra-
tions of battery-powered (electric) chainsaws are sig-

Fig. 2 Measured total vibration values (ahv) for chainsaws tested
Fig. 3 Total vibration values (ahv) measured for chainsaws tested 
on both handles separately
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nificantly lower (Pitts 2004, Takimoto et al. 1985). In 
battery-powered chainsaws, the design and sharpness 
of the chain teeth have the greatest influence on the 
total vibration values (Rukat and Jakubek 2017, Rot-
tensteiner and Stampfer 2013).

Table 4 Mann–Whitney U post-hoc test for chainsaws tested on 
both handles

Tested pairs* U Z p-value**

1–2 52 –1.64 0.1007
1–3 3 3.84 0.0001
1–4 18 3.07 0.0021
2–3 0 4 0.0006
2–4 7 3.71 0.0002
3–4 25 -2.08 0.0378

* 1 – Stihl MS 261 C-M – left
2 – Stihl MS 261 C-M – right
3 – Stihl MSA 300 – left
4 – Stihl MSA 300 – right
** p<0.05 is significant

The vibration magnitudes of the chainsaws tested 
by chainsaw handling element are shown in Fig. 4. In 
all chainsaw handing elements, higher vibration mag-
nitudes were observed on the rear handle of both 
chainsaws. Lower vibrations for the same handling 
element were measured with the Stihl MSA 300 C 

battery-powered chainsaw. With the petrol-powered 
chainsaw, the highest vibration magnitudes (ahv>5 m/
s2) were measured in handling element 1a (cutting 
solid wood) on the rear handle, and in work opera-
tions 3/4 and 5 when the chainsaw is holding to the 
front or rear handle with only one hand during engine 
idling.

A Mann-Whitney U post-hoc test was used to de-
termine the difference in measured vibration magni-
tudes separately for each chainsaw handling element 
between the handles of the chainsaws tested (Table 5). 
According to the obtained results, there is no statisti-
cally significant difference only in work operation 1b 
(repetitive cutting of small branches) on the rear han-
dles of the chainsaws tested (p=0.3827).

Table 5 Mann–Whitney U post-hoc test for chainsaw handling 
element

Tested pairs* U Z p-value**

1–9 0 2.55 0.0107

2–10 0 2.63 0.0085

3–11 0 1.75 0.0809

4–12 2 0.87 0.3827
* p<0.05 is significant

Fig. 4 Total vibration magnitudes for the specified chainsaw handling element
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3.2 Daily Vibration Exposure A(8)
According to the obtained results shown in Table 6, it 
is evident that the daily vibration exposure A(8) is sig-
nificantly lower with the battery-powered chainsaw 
Stihl MSA 300 C. With this chainsaw, there is no limi-
tation of effective daily work to avoid reaching the 
prescribed limits with a warning value of 2.5 m/s2, and 
there is no work limitation at the limit value of the 
daily dose in the amount of 5 m/s2. The right (rear) 
handle is the reference handle by which daily expo-
sure to vibrations is determined for both saws tested. 
With the battery-powered chainsaw, the worker may 
effectively work for more than 8 hours a day (641 min-
utes) to reach the warning value, while with the petrol-
powered chainsaw Stihl MS 261 C-M, the worker may 
work for a total of 166 minutes, or 2 hours and 46 min-
utes. With a petrol-powered chainsaw, a worker can 
work effectively the whole working day (8 hours) 
whithout reaching the limit value of daily exposure to 
vibrations of 5 m/s2.

Table 6 Daily exposure to vibrations and time to reach the pre-
scribed limits

Chainsaw type Hand
A(8)

m/s2

Time till 2.5 m/s2

min

Time till 5 m/s2

min

Stihl MS 261 C-M Left 2.8 186 744

Right 3.0 166 665

Stihl MSA 300 C Left 1.2 1056 4224

Right 1.5 641 2556

Measuring vibrations on the same chainsaws, but 
on two different types of wood logs (Black pine and 
European beech), Neri et al. (2023) obtained slightly 
higher vibrations on the front handle (A(8)=3.2 m/s2 
– left, A(8)=3.1 m/s2 – right) in the petrol-powered 
chainsaw Stihl MS 261 C-M, while with the battery-
powered chainsaw Stihl MSA 300 C higher vibrations 
were measured on the rear handle (A(8)=1.4 m/s2 – left, 
A(8)=1.6 m/s2 – right). Comparing these results with 
ours shown in Table 6, it is evident that our values are 
lower. The reason is that Neri et al. (2023) measured 
vibrations only when cutting solid wood, while our 
values included other chainsaw-handling elements 
such as repetitive cutting of thin branches (<7 cm) (1b), 
holding the chainsaw when it is working in idle (3/4, 
5), and of course cutting solid wood (1a). Our results 
also show higher total vibration magnitudes for the 
chainsaw-handling element cutting solid wood (1a) 
compared to other handling elements, especially for 
the handling element repetitive cutting of thin branch-
es (1b) (Fig. 4).

4. Conclusions
Higher vibration magnitudes were observed on the 
rear handle for both chainsaws tested. Generally high-
er vibration magnitudes were observed for the petrol-
powered compared to the battery-powered chainsaw 
for the same chainsaw-handling element.

The highest vibration magnitudes were measured 
when cutting solid wood (chainsaw handling element 
1a) on the rear handle of a petrol-powered chainsaw, 
and in idling operation mode when the front or rear 
handle of the chainsaw is held with only one hand, left 
or right (chainsaw handling element 3/4 and 5). To 
reduce vibration exposure with a petrol-powered 
chainsaw, it would be advisable to transfer the chain-
saw with the drive engine off and avoid carrying the 
chainsaw with only one hand when the engine is run-
ning. A battery-powered chainsaw has fewer moving 
parts with an electric motor which is not running 
when the chainsaw is transferred. For that reason, 
there is no harmful vibration for these working ele-
ments. Finally, significantly lower vibration magni-
tudes were measured with the battery-powered than 
the petrol-powered chainsaw, and it is not even pos-
sible to reach the warning value of daily vibration ex-
posure of 2.5 m/s2 during the 8-hour working day.

Although the measured vibration magnitudes and 
permissible daily exposure time are acceptable for 
both chainsaws tested, the use of protective (anti-vi-
bration) gloves is mandatory for professional loggers.

According to the current state legislative restriction 
(Ordinance on Occupational Safety and Health in For-
estry 1986), the permitted daily effective time of work 
with chainsaws is a total of 4 hours. Based on the re-
sults obtained, the revision of the mentioned ordi-
nance should be carried out with the aim of increasing 
the effective working time because it would be justi-
fied according to the results of this work.
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