
INTRODUCTION

Chainsaws belong to the group of pow-
er tools, whose operator is exposed to vibra-
tion accelerations exceeding threshold limit 
values (TLV) [1÷3]. Legal regulations impose  
on manufacturers the obligation to inform the 
user about values of vibration accelerations 
generated by the device [4]. Measurements 
of these values in relation to petrol chainsaws 
are carried out in laboratory conditions in ac-
cordance with a strictly defined procedure.  
The conditions in which these tests are carried out 
may significantly differ from the actual conditions 
occurring during a typical operation of the device. 
Therefore, the declared vibration acceleration val-
ues should be treated as approximation. While 
determining the equivalent frequency-weighted 
RMS value of vibration accelerations ahv,eq gener-
ated by petrol chainsaws, three basic load states of 
the drive unit (chainsaw operation modes) are dis-
tinguished. These are: Idle, Full Load and Racing.

The ahv,eq emitted on the handles of 
chainsaws are determined in accordance  

with ISO 7505 and ISO 22867 [5, 6]. In this 
standard procedure it is assumed that the per-
centages of the duration of the aforemen-
tioned operation modes are equal to each other  
and amount to 1/3 of the total device operation time 
(TDOT). In such a case, the value of ahv,eq is deter-
mined according to the following relationship:

𝑎𝑎hv,eq = √1
3 (𝑎𝑎hv,ID

2 + 𝑎𝑎hv,FL2 + 𝑎𝑎hv,RA2 ) (1)

where: ahv,eq – equivalent vibration value, 
ahv,ID – vibration level measured while 
idle speed, 
ahv,FL – vibration level measured under 
full load, 
ahv,RA – vibration level measured while 
racing speed.

In field (forest) conditions, the domi-
nant operation mode in the TDOT is the idle 
speed mode - during which the operator moves 
within the working field holding the device in 
his hands. The share in TDOT of the full load 
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mode associated with cutting wood material  
is comparable to the idle mode. Prolonged opera-
tion at maximum speed without load should be 
avoided and may damage the saw, thus its share 
in the TDOT is small.

The frequency-weighted RMS values of vi-
bration accelerations determined separately for 
each of the chainsaw’s operating modes - ahv,i, 
differ from each other. This difference has been 
confirmed and reported in several articles [7, 
8]. The use of equal time shares, according to 
the standard, in the TDOT may cause the de-
clared ahv,eq determined in laboratory condi-
tions to differ significantly from that which 
would be measured in the field conditions.  
The determined ahv,eq affects the maximum al-
lowable operating time of the device [9÷11].

Due to the construction of a petrol chainsaw, 
the operation modes of the chainsaw can be dis-
tinguished on the basis of its rotational speed. Ac-
cording to the data provided in the tested device 
manual [11], four characteristic values of rota-
tional speed of the drive unit can be distinguished 
during operation. These are:
 • idle speed - approx. 2800 RPM,
 • reaction speed of the centrifugal clutch - 

approx. 5100 RPM,
 • full load - speed range from approx. 6000 to 

approx. 12000 RPM,
 • maximum revolutions - approx. 13500 RPM.

Research covering observation of changes 
in the rotational speed of the chainsaw drive 
and related phenomena (including clutch slips) 
was carried out by A. Gendek [13÷15]. How-
ever, the measurements were carried out on 
a stationary test stand under conditions devi-
ating from those prevailing in the field. Con-
sidering the differences in rotational speed ac-
companying operation modes of the device, as 
well as the desire to test the device in real-life 
conditions, a decision was made to develop a 
measurement method / measuring device that 
would allow us to determine the actual per-
centage shares in TDOT of operation modes  
of the chainsaw using a tachometric signal.

There are many ways to measure rotational 
speed [16]. In the case of contact measurements, 
the principal of the operation of the measuring 
system is the mechanical coupling between the ro-
tating element and the measuring transducer, i.e. 
tachogenerators. Tachogenerators generate a con-
tinuous signal whose parameters - voltage, current  

and frequency (depending on the type of generator 
used) are proportional to the rotational speed [17]. 

Non-contact measurements are divided into: op-
tical methods [18], electromagnetic methods [19÷21] 
and strobe measurements [22], depending on the 
nature of the physical phenomenon that is the ba-
sis of their operation. The principal of most of these 
measurements, regardless of the type of transducer, 
is counting the number of pulses per time unit, then 
calculating the rotational speed. Depending on the 
type, optical sensors operate with the use of various 
types of electromagnetic wavelength range - visible 
range, infrared or laser light. Due to the principle of 
operation, electromagnetic sensors are divided into: 
inductive, capacitive and Hall sensors. Meanwhile 
the stroboscopic measurement is based on the syn-
chronization of the lamp operating frequency with 
the rotational frequency of the element using the op-
tical phenomenon, i.e. the stroboscopic effect.

The rotational speed can also be measured indi-
rectly. Wu, Ding and Han [23] presented a method 
using accelerometer measuring centrifugal force 
which is proportional to the rotational speed squared. 

AIM OF THE RESEARCH AND 
DESIGN ASSUMPTIONS

The motivation for the design and construc-
tion of the device was the need to record rotation-
al speed of the chain sprocket during the 8-hour 
working day of the operator. The data recorded in 
this way will serve as the basis for determining the 
real time shares of operation modes of the chain-
saw in the TDOT. Typical operating conditions of 
a petrol chainsaw (forest) determine majority of 
the requirements for both the construction of the 
device and the software intended for recording 
the rotational speed of the chain sprocket:
 • the device should have small size so that the op-

erator of the chainsaw could carry the device with 
him; the presence of the device neither should 
cause discomfort to the operator nor pose a threat 
to his health or life while operating the chainsaw,

 • the selected type of sensor has to withstand the 
environmental conditions around the chainsaw; 
the selection of the sensor have to consider the 
presence of dust, wood chips and grease,

 • the battery supply of the measuring device is 
necessary due to the inaccessibility to the mains,

 • sending the recorded data directly to the comput-
er via wire transmission would limit the mobility 
of the chainsaw, hence it has to be excluded,
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 • the fact that there is often no access to the In-
ternet or GSM network at the chainsaw opera-
tion workplace has to be taken into account,

 • registration of the rotational speed of the 
chain sprocket has to cover the range  
from 2800 up to 13500 RPM,

 • all delays related to the transmission of data, 
buffering of the transmitted data, as well as 
their processing and saving should be mini-
mized, due to the frequency of pulse recording,

 • determination of the instantaneous rotational 
speed of the chain sprocket should have the 
highest possible accuracy.

DEVICE DESIGN AND METHODOLOGY 
OF ROTATIONAL SPEED MEASUREMENT

To measure the rotational speed of the 
chain sprocket, the use of one of three types  
of sensors was considered: an optical sensor, an 
inductive sensor and a Hall effect sensor.

Proximity optical sensors are often used 
to detect the presence of objects made of 
non-transparent materials. They are charac-
terized by a high switching frequency and 
small dimensions. The disadvantage of these 
sensors is troublesome work in dusty and 
dirty environment due to very sensitive opti-
cal systems [16÷18]. Because of that, the use  
of a proximity optical sensor for measurements 
during wood processing is not recommended.

Inductive sensors are used to detect met-
al objects. Due to the possibility of working  
in a heavily polluted environment, they are 
often used in industry. The disadvantage  
of inductive sensors is undoubtedly the small 
working zone which range from a few to several 
dozen millimeters, depending on the size of the 
sensor [19, 20]. The size of the detected element 

is also important. The detection of objects smaller 
than the sensor face may be the problem. 

An inductive sensor was initially select-
ed and mounted at the end of the chainsaw’s 
guide in such a way that it was possible to de-
tect the presence of the cutting blade moving 
within the sensor working zone. The results 
obtained with the manual feed of the chain 
turned out to be initially promising. Howev-
er, during the following tests, it was observed  
that the sensor, under the influence of vibra-
tions emitted during the chainsaw operation, 
did not detect most of passages of the cutting 
blades within its working zone.

Eddy current sensors can be used to detect the 
presence of an electromagnetic field. However, the 
most common supply voltage of this type of sensors 
is between 6 and 36 V. Supplying the eddy current 
sensor with a lower voltage may cause its incorrect 
operation [21]. Therefore it has been ruled out due 
to the considered battery supply of the measuring 
device (maximum supply voltage of 5 V). 

Hall sensors are most often used as proxim-
ity sensors for objects made of magnetic ma-
terials. They also allow one to measure mag-
netic H-field or electric current. Hall sensors  
in comparison to inductive sensors are insensi-
tive to small changes of the distance between  
the detected object and the sensor face [22, 23]. 
Due to its stable operation in a polluted envi-
ronment this type of sensor was selected for 
construction of the prototype of the measur-
ing device for the rotational speed of the chain 
sprocket. Consequently, it was necessary to 
mount a small neodymium magnet on the chain 
sprocket. The magnet was mounted in such a way  
that one turn of the chain sprocket caused one 
pulse to be registered by the measuring device. 
Views of magnets mounted on chain sprockets 
are presented in the following pictures.

Fig. 1. Views of three different types of chain sprockets with marked places where the magnets were mounted  
a) monolithic wheel with 6 teeth, b) monolithic wheel with 8 teeth, c) ring wheel

a) c)b)
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In the prototype of the device Hall effect sen-
sor AH49E was used. The technical parameters of 
the sensor are presented in Table 1.

The device was designed based on the STMicro-
electronics STM32F103RBT6 microcontroller [25]. 
The following properties ruled in favor for the use 
of this microcontroller:
 • the maximum clock frequency of 72 MHz al-

lows one to record and save to the external 
memory data related to the rotation of the 
chain sprocket continuously and without gen-
erating excessive delays,

 • the microcontroller has a sufficient number of 
GPIO ports (inputs / outputs), built-in 16-bit 
timers and communication interfaces enabling 
the design and execution of any systems for 
recording, registration or data transfer,

 • thanks to the low supply voltage (3.3 V) and 
low power consumption in standard and low 
power operating modes, STM32 microcon-
trollers from the F1 family can be successfully 
used in battery-powered systems,

 • large availability on the market of microcon-
trollers in the form of a chip and evaluation 
boards facilitating prototyping.

The STM32 NUCLEO-F103RB evaluation 
board containing the above-mentioned STM-
32F103RBT6 microcontroller was used in the de-
velopment of the prototype of measuring device.

The AH49E sensor provides an ana-
log output signal. It was decided to design  
an additional comparator system with the possi-
bility of adjusting the activation threshold based 
on the LM393 system, which allowed us to con-
vert analog AH49E output signal to digital signal 
in the range of 0 – 3.3 V. The output signal from 
the comparator was led to one of the GPIO pins 
of the STM32 microcontroller for which external 
interrupt controller was activated. Such a solution 
accelerated the microcontroller’s response to the 
impulse coming from the detection of the mag-
net in the sensor’s working zone. The sensor was 
mounted in the chain sprocket cover (Fig. 2a). 
The mounting method allows one to adjust the 
distance between the sensor and the sprocket.

The evaluation board was powered directly 
from a 5 V DC battery source. The microcon-
troller is not adapted to work with this voltage, 
therefore the board is equipped with a linear sta-
bilizer system that converts the 5 V input voltage 
to 3.3V that is safe for the microcontroller.

At the design stage, several methods of data 
transmission or storage were considered. The de-
vice is intended to work in field conditions where 
access to the 230 VAC power supply is limited or 
impossible. Because of that, the transmission of 
recorded data by a wire (e.g. serial bus or USB) 
or wireless (Bluetooth) directly to a PC would 
be difficult to implement. The need to operate an 
additional device and to move the workstation 
between subsequent tree felling and processing 
stations would certainly be a burden to the opera-
tor. These tasks could be delegated to additional 
staff. However, the presence of third parties in 
the vicinity of the chainsaw operation is highly 
undesired due to threat to health or life.

No reception of both the mobile network and 
the Internet often occurs in places where trees are 

Table 1. Technical parameters of Hall effect 
sensor AH49E [24]

Supply voltage from 2.3V to 8V

Sensitivity 1.6 mV/GS

Supply current 3.5mA (for 5V)

Dimensions 3x4x1.6 mm

Fig. 2. View of: a) the chain sprocket cover with the Hall sensor mounted, 
b) the chain drive system with the sensor location marked
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felled. Therefore, it is possible that attaching a GSM 
or WIFI module to the device would not guarantee 
successful data transmission. It was decided that the 
optimal solution to record the rotational speed of the 
chain sprocket performed away from the electrical 
and communication networks would be to directly 
save the data on a microSD card. The communica-
tion of the microcontroller with the microSD card 
takes place via SPI (Serial Peripheral Interface), 
which enables data transmission at a speed of 18 
Mbit/s. The software implementation of the FatFs 
library allows one to create, edit and save files on 
the card in the .txt format, which can then be ana-
lyzed on any workstation [26]. The microSD card is 
also characterized by low power consumption, un-
like the most commonly used Bluetooth, GSM or 
WIFI modules. This may significantly extend the 
maximum time of the device’s operation in the field.

The software implemented on the microcon-
troller was developed in the STM32CubeIDE ap-
plication. The program code was implemented in 

such a way to obtain the registration and record-
ing of the rotational speed of the sprocket without 
any delay. A simplified block diagram of the mea-
surement path is shown in Figure 3.

A view of the prototype of the measuring 
device is shown in Figure 4.

The principle of operation of the device is 
as follows. The start-up takes place immedi-
ately after connecting the device to the power 
supply (5 V). The microSD card is also initial-
ized during the start-up. In case the card is not 
successfully initialized, the program will not 
proceed to the execution of further instructions. 
The recording is started after changing the posi-
tion of a switch. At the same time, a timer starts 
counting the time with an accuracy of 0.1 ms 
and a file in the .txt format with an individual 
name for each measurement is created in the mi-
croSD card memory. After the appearance of a 
low state on the input pin of the microcontroller, 
the interrupt function is started. The body of the 

Fig. 3. Block diagram of the measuring path for recording the rotational speed of the chain sprocket

Fig. 4. A view of the prototype of measuring device for recording 
the rotational speed of the chain sprocket of the petrol chainsaw
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function consists of instructions for finding the 
end of the file and writing the instantaneous 
speed value there. The instantaneous rotational 
speed is calculated from the formula:

rpminst = 60 ∙ 1∆𝑡𝑡 =
60 ∙ 105
𝑡𝑡(𝑖𝑖+1) − 𝑡𝑡𝑖𝑖

[ 1
min] (2)

where: ∆t - time difference between two consecu-
tively appearing pulses [s ∙10-4], ti - time 
of appearance of the i-th pulse [s ∙10-4], 
ti+1 - time of appearance of the following 
pulse [s ∙10-4].

Moreover, it is possible to connect the device 
directly to the USB port of a PC and to monitor 
the operating status of the device and the status of 
the memory card.

TESTS RESULTS

The correctness of operation of the presented 
measuring device in terms of the measurement 
of the rotational speed of the chain sprocket has 
been verified. In this chapter the functional test 
results are presented. Figure 5 shows changes of 
the instantaneous chain sprocket rotational speed 
during cutting a 210×190 mm testing beam (the 

beam was assembled from 6 70×95 mm pine 
beams). The graph is supplemented by pictures of 
the following phases of operation.

In the graph, at the end of the 1st test second, 
the chainsaw clutch starts to transfer the torque. 
Then the chainsaw accelerates to the maximum 
speed. The recording of the highest value of the 
rotational speed took place in the 2nd second of 
the test. The maximal rotational speed was equal 
to 13043.5 rpm (which corresponds to a single 
rotational time of 4.6 ms). The longer is the cut-
ting line the greater is the load of the chainsaw, 
which is accompanied by a decrease in rotational 
speed. One can state that as long as the cut mate-
rial is free from local defects, in the form of knots 
or foreign bodies, there are only slight fluctua-
tions in the instantaneous rotational speed of the 
chain sprocket. In the 8th second of the test, the 
chainsaw was stopped due to the exceeding of the 
maximal load torque of the engine as a result of 
encountering a local defect in the form of a knot 
in the cutting plane. The random arrangement of 
the beams also affected the increase in cutting 
resistance. Therefore, during the test, the chain-
saw worked in a wide range of rotational speeds 
from 5000 to approx. 10000 rpm. After the full 
cross-cut of the beam was made, the rotational 
speed dropped to zero. The test confirmed that the 

Fig. 5. Instantaneous values of rotational speed of the chain sprocket registered dur-
ing the test simulating log bucking; the chart and phases of the cutting process
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presented measuring device is capable to measure 
the rotational speed of the chain sprocket with an 
accuracy that allows us to identify the operation 
mode of the chainsaw.

The graphic representations of measured ro-
tational speed in this article have been presented 
with the greatest possible resolution (the number 
of points in the graphs corresponds to the actual 
number of rotations made by the chain sprocket).

Another test involved two cross-cuts of a 
beam with a cross-section area of approx. 100 cm2. 
In this test, the operating time of the chainsaw in 
racing mode was intentionally extended, which 
should be avoided. Figure 6 shows changes of the 
instantaneous chain sprocket rotational speed dur-
ing cutting a 110 x 90 mm pine beam. The graph  
is supplemented by pictures of the operation 
modes of the chainsaw.

This test allowed us to conclude that the rac-
ing mode of operation occurs when the saw oper-
ates in the range above 10000 rpm. The full load 
mode covers the speed range from 5000 up to 
10000 rpm. Idling occurs when the chain sprocket 
does not move. Unfortunately, the adapted method 

of rotation speed estimation for identification of 
chainsaw’s operation modes has some limitations. 
Data limited only to rotation speed does not allow 
us to recognize transients, i.e. acceleration and brak-
ing. Rotation speeds in these states are contained in 
the full load mode rotation speed range. Moreover, 
there is no difference in such recorded data between 
idle mode and turned off chainsaw. In order to dis-
tinguish idle mode from turned off device addi-
tional channel should be implemented. This channel 
should carry information on engine status.

CONCLUSIONS

The proposed solution meets all design assump-
tions. The error of estimation of the instantaneous 
rotational speed depends on the rotational speed it-
self and ranges from 40 rpm (5100 rpm - clutch en-
gagement) to 300 rpm (maximum declared engine 
rotational speed). This accuracy may seem low, but 
it is sufficient for either identifying chainsaw’s op-
eration mode or determining the various phases of 

Fig. 6. Instantaneous values of rotational speed of the chain sprocket registered during the test covering 
three operation modes of the petrol chainsaw; the chart and pictures of chainsaw in these operation modes
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the chainsaw’s operation. More accurate results can 
be obtained by averaging the input data.

The selected hall sensor turned out to be ad-
equate. The chainsaw’s operating conditions, the 
presence of grease and wood chips, do not affect 
the sensor’s operation. No interference and errors 
were found in the registered data.

The battery power supply guarantees the pos-
sibility of long-term work in the field. The work-
ing time is defined by the capacity of the battery 
used. Due to its low weight and dimensions, the 
device can be carried by the operator or can be 
mounted directly to the chainsaw. 

The operation of petrol chainsaws is char-
acterized by frequent and significant changes in 
the instantaneous rotational speed. The selected 
method of data recording turned out to be effec-
tive, but the analysis has to be performed on the 
workstation. The measuring device does not hin-
der the work of the chainsaw operator and does 
require neither presence of third parties in the 
measuring arena nor special training for the op-
erator. However, identification of all chainsaw’s 
operation modes requires further work. 
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