\\\\\\

JHSW

OPEN ACCESS

Journal of Health and Safety at Work 2022; 12(2): 309-323
TUMS

ORIGINAL RESEARCH PAPER

Transmitted vibrations to the wrist and arm of a chainsaw operator:
The effect of wood cutting process

Masoud Feyzi*", Ali Jafari?, Hojat Ahmadi?

1 Department of Biosystems Engineering, University of Tabriz, Tabriz, Iran
2 Department of Agricultural Machinery Engineering, Faculty of Agricultural Engineering and Technology,
College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran

Received: 2019-03-15 Accepted: 2022-03-9

ABSTRACT

Introduction: Due to the non-developed mechanization situation, chainsaw is a widely used tool in Iranian
forests. This tool can trigger unwelcome disorders (e.g., white finger syndrome) due to the transmitted
vibrations from its handle to the body members. Characterizing these vibrations can result in minimizing
the intensity of these disorders. This study aims to investigate the effect of different hardwood species
(Beech, Hornbeam, and Alder) on the vibrations transmitted to the wrist and arm.

Material and Methods: Experiments are conducted during four operations including Beech-, Hornbeam-,
and Alder-cross-cutting and without cutting as the control sample. Vibration accelerations in three
directions of a local Cartesian coordinate system are measured at three points including chainsaw
handle, operator's arm and wrist. Using the time and frequency spectra of vibration accelerations, root
mean square (RMS), total vibration acceleration, total vibration transmissibility, and frequency-weighted
vibration acceleration are calculated based on ISO 5349 (2001) and ISO 10819 (2013) standards. The
calculated parameters were statistically analyzed in SAS.

Results: The results showed that variations in wood species could significantly affect the RMS at all three
points. The RMS magnitude decreases from handle towards the arm. Interestingly, a significant variation
in vibration transmissibility is observed in different frequencies. This study confirms that body organs can
damp the high-frequency vibrations better than the low frequency ones.

Conclusion: Although the RMS for cutting operations is less than the control sample, frequency-weighted
vibration acceleration and consequently the risk of white finger syndrome is higher in cutting regimes.
Furthermore, some vibration accelerations (below 40 Hz for wrist and below 25 Hz for arm) are amplified
during transmission despite significant damping in total vibrations.
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1. INTRODUCTION
Forestry machines have been significantly ~ engine, wood dust, poor body posture, and above
improved in recent decades; however, chainsaw all of these, excessive noise and vibration create

plays a key role in forests for important operations poor ergonomic conditions for chainsaw operators.
such as tree felling, delimbing, log bucking, and Previous studies reported that chainsaw exposes its
pruning. In Iran, non-developed mechanization is own operator to high level of hand-arm vibration.
assigned as a reason behind this wide utilization. In ~ Hand-arm vibration can cause fatigue, pain,
addition to fatal or nonfatal risks, exhaust gases of ~ Cyanosis, and in more severe cases, entail Raynaud’s
phenomenon (White Finger Syndrome). Vibration
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control is more achievable with identifying the
main reasons of vibration and possibly its level and
characteristics in different conditions. In addition,
the analysis of the vibration transmission from
handle to thebody organs clarifies the body response
to the vibration. Since the interaction between the
chain and wood can affect the chainsaw vibration;
hence, the wood species can change both the level
and the characteristics of chainsaw vibration. In
this study, the effect of Iranian hardwood species
on the transmitted vibration from chainsaw handle
to the wrist and arm of an operator is investigated.
The results of this research can be used in chainsaw
vibration control such as the design of anti-
vibration handles and gloves.

2. MATERIAL AND METHODS

The Stihl-MS230 chainsaw is selected for
this study. This chainsaw is equipped with anti-
vibration system and has a guide bar with a length
of 35 cm. The chainsaw is adjusted according to its
manufacturer guidance. The fuel and lubricating oil
tanks are approximately full throughout all tests.

Beech (Fagus orentalis Lipsky.), Hornbeam
(Carpinus betulus L.), and Alder (Alnus glutinosa.
Willd) are the most frequent species in Iranian
forests which cover around 68% of the forests. For
each wood species, a log with 25x25x200 c¢m3
dimensions are cut from tree trunk and used for
the experiments.

A single-axial accelerometer (model VMI-192)
and a portable easy-viber data acquisition system
are used for sensing and collecting vibration
acceleration data, respectively.

The vibration accelerations are measured during
four operations (cutting three types of woods and
without cutting condition as control sample), three
locations (chainsaw handle and operator’s wrist
and arm), and three orthogonal axes (axial, vertical,
and lateral) over each test with five repetitions. The
experiments are conducted in split plot design
with 180 measurement samples. Operations are
performed based on ISO 7505 (1986) standard and
vibrations are measured based on ISO 5349 (2001)
standard.

After field experiments, time and frequency
spectra of vibration acceleration are transmitted
to a computer for post-processing purposes.
RMS, total vibration acceleration, total vibration
transmissibility, and frequency-weighted vibration
acceleration are calculated using respectively
equations (1) to (4) as follows:
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RMS =

N =

[a*(¢)ar (1)

Where RMS is root mean square (m/s?), T
is the measurement time (s), a is the vibration
acceleration (m/s?), and t is the time (s).

Atm‘al = VAi’ +A)% +A§ (2)

Where, A, is total vibration acceleration (m/
s?) and Ai is vibration acceleration in i direction

(m/s?).

2 2 2
7 _ \ Ay + 4y, + 4,
Fotal-i = > 2 2
\/AXfHand/e + A)'*Hundly + AZ—Hand/y

Where, Tr,_ . is total vibration transmissibility
(non-dimension parameter), A is the vibration
acceleration in j direction and at i location, and A -
handle is vibration acceleration in j direction and at
handle location.

3)

n

D = Z;(k./aly’ )2 (4)
p=

Where, a, ~is frequency-weighted vibration
acceleration (m/s2), a, is the RMS in the j, one/
third octave band (m/s?), and k; is the weighting
factor for j, one/third octave band (non-dimension
parameter).

Finally, to evaluate the effect of different
conditions on calculated vibration parameters,
statistical analyses are carried out in SAS.

3. RESULTS AND DISCUSSION

The results of ANOVA analysis for RMS are
summarized in Table 1. These results indicate that
operation and axis can affect the RMS significantly
(p<0.01) in chainsaw handle and the operator’s
wrist and arm.

The mean of total vibration acceleration in
differentoperationsandlocationsareillustratedin Fig.
1. One can clearly see that the vibration acceleration
in control sample is more than that in wood-cutting
operations. The interaction between chain and wood
can decrease the magnitude of vibration. Since the
risk of white finger syndrome depends on frequency-
weighted vibration acceleration, lower vibrations in
wood-cutting cases do not represent a subsidence
in this syndrome. Surprisingly, the frequency-
weighted vibration acceleration is minimum for
control sample. In fact, the interaction between
chain and wood decreases the vibration acceleration
in high frequencies; however, it increases the
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Table 1. Results from ANOVA analysis for RMS vibration acceleration.

Mean square

Source of variation | Degrees of freedom

Handle Wrist Arm
Operation 3 68.2481" 0.1849” 0.1219™
Main error 16 2.0548 0.0442 0.0056
Axis 2 335.3894" 4.1904™ 0.0403™
Operation*Axis 7.0788" 0.0701™ 0.0148"
Error 32 1.8335 0.0341 0.0048
“Significant at level 5%, ~Significant at level 1%, ™ non-significant
. Arm . Wrist - Handle
= 40
wy
g 35
£ 30
s
& 25
[:5
g 20
g 15
s
= 10
=
= 3
B
Control sample Beech Hornbeam Alder
Operation

Fig. 1. The mean of total vibration acceleration in different operations and locations.

Table 2. Results from ANOVA analysis of total vibration transmissibility.

Mean square

S f variati D f freed
SEEEESENEEERO egrees of freecom From handle to wrist From handle to arm
Operation 3 0.00064" 0.00017"
Error 16 0.00010 0.00001

vibration acceleration in low-frequency domain.
Wood-cutting operation affects the vibration more
noticeably in high-frequency domain and therefore,
lower RMS values are resulted. Since the weighting
factors for low frequencies are more than those for
high frequencies, the frequency-weighted vibration
acceleration increases in wood-cutting operations.
In all operations, the vibration acceleration at
handle is more than 25 m/s* while it is less than
2 m/s* and 1 m/s* at wrist and arm, respectively.
The vibration acceleration is damped more than
92% and 96% from chainsaw handle towards the
operator wrist and his arm, respectively. Since
the amount of vibration acceleration at the wrist
and arm are lower, the analysis and comparison
for transmissibility is somewhat difficult (see Fig.
1). Hence, ANOVA analyses for total vibration
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transmissibility are summarized in Table 2. As it
can be seen, operation type significantly affects
the total vibration transmissibility (p<0.01). The
vibration acceleration transmissibility from the
handle to the wrist and arm are shown in Fig. 2
for different one/third octave band centers. It is
clearly observed that the transmissibility depends
on the frequency, significantly. It is not clear to find
a specific pattern in transmissibility; however, it is
clear that its value in low frequencies for control
sample is more than that for wood-cutting regimes.
As shown in Fig. 2, transmissibility in some low
frequencies (below 40 Hz and 25 Hz for wrist and
the arm respectively) is more than 1. This signifies
the amplifications in vibration acceleration and
confirms that the body organs as more sensitive to
the low-frequency vibrations.
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Fig. 2. Transmissibility from chainsaw handle to the operator’s wrist and arm at the frequency center of one/third octave bands.

4. CONCLUSIONS

Wood-cutting operation can affect the value
and also characteristics of vibrations in chainsaw
handle. Root mean square of vibration acceleration
in wood-cutting regimes is less than that in control
sample. The interaction between chain and wood
can damp the vibrations; however, frequency-
weighted vibration acceleration and consequently
the risk of white finger syndrome increases in
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wood-cutting conditions. Body organs better
damp the vibrations in high frequencies. Vibration
acceleration amplifies during transmission from
handle to the wrist and the arm in low frequencies.
The behavior of transmissibility in different one/
third octave bands is similar to the weighting factor
in ISO 5349 (2001), and this confirms that the body
organs are more sensitive to the low-frequency
vibrations.
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