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Plant Surface Temperature Measurement with Infrared 

Camera 
 

H. Tamm 
 
Estonian University of Life Sciences, Institute of Technology, Department of Energy 

Application, Kreutzwaldi 56, 51014, Tartu, Estonia 
 
Abstract. Plant surface temperature measurement was carried out at the strawberry field in late 
autumn at a specific natural climatic situation in night frost conditions. 640×480 pixel thermal 
and visual colour images of strawberry leaves were obtained with thermal camera FLIR P660 
with thermal sensitivity 30mK and accuracy ±1 K at ten-minute interval. Taken images were 
analysed with FLIR ResearchIR Max software. Air temperature, dew point, relative humidity, 
wind speed and solar radiation were measured with Davis Vintage Pro2 weather station. During 
the measurements, difference between air and leaf temperature, especially in absence of solar 
radiation, was established. The study showed that plants might be endangered in night frost 
conditions. Even when the air temperature was above 0ºC strawberry plant lost energy by long 
wave radiation to the sky. 
 
Key words: surface temperature, thermal imaging, strawberry leaf, night frost conditions 
 

INTRODUCTION 
 
As the climate changes, plants growth conditions need more attention. To do that it is 
extremely important to understand the correlation of plants and the surrounding 
environment. That knowledge will help to adapt and prepare for the changes. The 
objective of this research is to observe strawberry leaf in night frost conditions and find 
out how air temperature and environment affect plants’  surface temperature using the 
measurement possibilities of IR thermography. 
 
Researches have shown that plants’ surface temperature could be higher than air 
temperature during the day and lower than air temperature during the night. In the night, 
the heat from plants will radiate to space and plants’ temperature will drop significantly 
and it might frost the plants [1].  

 
MATERIALS AND METHODS 

 
The measurement of leaves and ground surface temperature in current study was carried 
out using FLIR P660 thermal camera with thermal sensitivity 30 mK and accuracy ±1 K. 
FLIR P660 camera sensor is based on 640×480 pixel Focal Plane Array uncooled 
microbolometer. The camera temperature range is from –40.0°C to +120.0°C and 
sensors perceiving thermal radiation wavelength is 7.5–13 µm (IR) [2]. The images were 
taken at ten-minute interval from 0.5 m distance. The net radiant flux to camera sensor 
is found with equation [3] 
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Etot=El+Erefl+Eatm, (1) 

 

where El  – radiant flux from leaf to the sensor depending on the leaf surface 
temperature; 

 Erefl  – radiant flux reflected to the sensor from the leaf surface; 
 Eatm – radiant flux emitted to the sensor by the atmosphere. 

 
In current study, the distance between camera and leaf is 0.5 meters, so the transmissivity 
of the atmosphere τatm=1 which means that Eatm=0. The net radiant flux to camera sensor 
be shown as [3] 
 

Etot=El+Erefl. (2) 

 
Radiant flux from leaf to the sensor in Equation 2 is found with equation [3] 
 

El=εl ·σ·Tl
4, (3) 

 

where εl  – leaf surface emissivity; 
 Tl  – temperature of leaf; 
 σ  – Stefan-Boltzmann constant. 

  
 Radiant flux emitted to the sensor by the atmosphere is found with equation [3] 
 

Erefl=(1–εl)·σ·Trefl
4  (4) 

 

where Trefl – temperature corresponding to reflected radiant flux. 
 

Equations 2, 3 and 4 are illustrated in Figure 1. 
 

 
 

Figure 1. Net radiant flux to camera sensor [3] 
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Inserting Equations 3 and 4 into Equation 2, we get more complex equation for the 
amount of radiation caught by infrared camera: 

 Etot=εl ·σ·Tl
4+(1–εl)·σ·Trefl

4 . (5) 

 
Deriving Tl from Equation 5 gives us equation 
 

Tl=�Etot–(1–εl)·σ·Trefl
4

εl ·σ

4 . (6) 

 
As the net radiant flux to camera sensor is 

 
Etot=σ·Ttot

4 , (7) 

 
the Equation 5 could be written as 

 

Tl=�Ttot
4 –(1–εl)·Trefl

4

εl

4 . (8) 

 
Taken images were analysed with FLIR ResearchIR Max software (version 4.30.3.76). 
Strawberry leaves thermal image and selected areas in ResearchIR software is shown in 
Figure 2. Air temperature, dew point, relative humidity, wind speed and solar radiation 
were measured with Davis Vintage Pro2 weather station at 2 m above the ground. During 
calibration the emissivity of strawberry leave found to be 0.96. 
 

 
 

Figure 2. Strawberry leaves thermal image and selected areas in ResearchIR software 
 

The measurements were carried out at strawberry field on three consecutive days in late 
autumn night frost conditions. The air temperature was around +7°C in daytime down to 
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-5.0°C at night and wind speed was from 0.0 m/s to 2 m/s. Thermal camera was 
controlled remotely to avoid effects of additional radiation sources. The camera was 
placed on a stand from distance of 0.5m from leaf surface at 30 degrees angle. 
 

RESULTS AND DISCUSSION 
 
The most essential period of the results of statistical analysis of thermogram from 15:10 
to 19:30 on October 18, 2016 for ROI Leaf 1 is brought out in Table 1. This is the 
measurement period when solar radiation reaches 0 W/m2 and leaf surface temperature 
Tleaf starts to decrease rapidly.  
 
Table 1. Thermal images statistical analysis results for ROI Leaf 1 surface temperatures from 
15:10 to 19:30 

Time 
Air 

temp. 
°C 

Ground 
surface  
mean 

temperature 
°C 

Leaf surface temperature, °C 
Solar 

radiation 
W/m2 

Mini-
mum 

Maxi-
mum 

Mean Standard 
deviation 

15:10 6,9 13,6 4,2 10,3 7,7 1,8 275 
15:20 7 15,8 4,3 10,4 7,9 1,9 261 
15:30 7 15,7 4,4 10,4 7,8 1,8 246 
15:40 7,2 15,7 4,3 10,9 7,9 1,9 228 
15:50 7,2 15,2 4,4 11,8 8,1 2,0 207 
16:00 7,1 13,3 3,1 9,9 6,9 2,0 186 
16:10 7,1 13,4 3,9 11,4 8,1 2,3 165 
16:20 7 12,3 3,1 9,1 6,4 1,8 143 
16:30 6,9 11,2 2,7 9,1 6,2 2,0 121 
16:40 6,8 8,0 2,3 8,8 5,8 1,9 100 
16:50 6,8 8,1 1,1 7,9 4,8 2,1 80 
17:00 6,6 3,3 0,3 7,2 4,0 2,1 61 
17:10 6,2 –0,7 –1,0 3,7 1,6 1,3 41 
17:20 5,8 –2,9 –3,1 0,5 –1,3 0,7 23 
17:30 5,3 –4,6 –4,0 –0,9 –2,5 0,6 17 
17:40 4,9 –5,5 –4,2 –1,3 –2,7 0,5 14 
17:50 4,6 –6,0 –4,5 –1,4 –3,1 0,5 11 
18:00 4,2 –6,4 –4,7 –1,9 –3,5 0,5 6 
18:10 3,9 –7,3 –5,2 –2,4 –4,0 0,4 0 
18:20 3,7 –6,8 –4,7 –2,3 –3,6 0,4 0 
18:30 3,3 –8,1 –6,6 –3,2 –4,8 0,5 0 
18:40 2,9 –8,1 –6,8 –3,1 –4,7 0,5 0 
18:50 2,6 –9,0 –7,9 –4,5 –6,0 0,5 0 
19:00 2,3 –9,3 –7,9 –4,4 –5,9 0,5 0 
19:10 1,8 –9,7 –8,6 –5,7 –7,0 0,5 0 
19:20 1,4 –9,7 –5,6 –4,0 –4,8 0,2 0 
19:30 1,3 –10,2 –7,4 –5,1 –6,5 0,4 0 
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19:40 0,9 –10,4 –7,9 –5,3 –6,5 0,5 0 
19:50 0,8 –10,6 –8,2 –5,3 –6,9 0,5 0 
20:00 0,6 –11,1 –8,6 –5,8 –7,3 0,5 0 
20:10 0,2 –11,3 –8,6 –6,4 –7,5 0,5 0 

20:20 
–

0,1 
–11,2 –8,8 –6,3 –7,6 

0,5 
0 

 
The measurement series of leaf’s surface temperatures along with weather station data 
from 15:10 to 23:50 in October 18, 2016 are presented Figure 3. We can see that leaf 
surface mean temperature (Tl mean) stays close to air temperature until 16:20 and then 
starts to decrease quickly because of diminishing of solar radiation and reaches 0°C at 
17:10…17:20. At that moment, the air temperature is 5.8…6.2°C, staying positive till 
20:10 when Tl mean is already -7.5°C. 
 

 
 
Figure 3. Strawberry leaf’s temperature variations in night frost conditions 
 
Around 19:10…19:20 there is unexpected rise of Tl mean from –7.0°C to –4.8°C. This 
effect could not be caused by air temperature because it remains decreasing. Given 
situation might be the process of supercooling that cause short-time rise of leaf surface 
temperature. After 19:20, the change of plant temperature is highly correlated to air and 
ground temperature.  
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CONCLUSIONS 
 
In current study it was found out that the temperature of strawberry leaf surface in night 
frost climatic conditions is considerably lower than surrounding air temperature. This 
confirms that plants surface temperature should be investigated with thermal radiation 
measurement equipment simultaneously with air temperature measurements. This 
method helps to get more exact timing of night frost prevention measurements for plants.  
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RGB LED driving 
 

A. Erik 
 

Estonian University of Life Sciences, Institute of Technology 
 
Abstract. LED lighting has become very popular in these years. Different light 
fixtures have become cheaper and due to that available to almost everyone. Also, 
different lighting solutions for changing objects or rooms according to user’s 
mood have become easier. Cheap controllers are great way to solve everyday 
household mood lighting. How these controllers actually work, is examined in 
this project.  
 
Key words: RGB LED, remote control, driver, infrared, LED strip. 
 

INTRODUCTION 
 

LED technology has made a big breakthrough in last years, being almost perfect 
and reasonable replacement to older lighting fixtures. Today, we can find LEDs 
in home lighting, on streets, banners, factories and so on. Mostly, they are used 
to supply us with regular white light for daily living, but more and more are 
different solutions used to make rooms cozier and comfortable to be in. Not 
maybe so much in standard flats or houses, but for example hotels are using the 
opportunity to offer their clients the chance to shape the hotel room as they want 
by changing light colours. Earlier, controlling RGB LEDs was more expensive 
and not reasonable for daily use. But as the technology keeps developing, 
producing different devices becomes cheaper. As a result, LED controllers are 
basically affordable to everyone.  
 

MATERIALS AND METHODS 
 

A light-emitting diode (LED) is a two-lead semiconductor light source. It is a p–
n junction diode, which emits light when activated [1]. When a suitable voltage 
is applied to the leads, electrons are able to recombine with electron holes within 
the device, releasing energy in the form of photons. This effect is called 
electroluminescence, and the colour of the light (corresponding to the energy of 
the photon) is determined by the energy band gap of the semiconductor. LEDs 
are typically small (less than 1 mm2) and integrated optical components may be 
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used to shape the radiation pattern [2]. Also, LEDs are very energy efficient light 
source. In table 1 is the comparison of different types of regular bulbs.  
 
Table 1. Comparisons between Traditional Incandescent, Halogen incandescent, CFLs, 
and LEDs. [3] 
 

 

60W 
Tradition

al 
Incandesc

ent 

43W 
Energy-
Saving 

Incandesce
nt 

15W CFL 12 W LED 

   60 W  43 W 60 W 43 W 
Energy 
saved 

-  ~25 % ~75 % ~65 % ~75-80 % ~72 % 

Annual 
energy 

cost 
$4.80 $4.80 $4.80 $4.80 $4.80 $4.80 

Bulb 
life 

1000 
 hours 

1000 to 
3000 hours 

10,000 h
ours 

25,000 
hours 

1000 
 hours 

1000 to 
3000 hours 

 
Table 1 comparison is based on 2 hours per day of usage, an electricity rate of 11 
cents per kilowatt-hour, shown in U.S. dollars. But what about other ways of 
using LEDs in every home?  
 
To begin with, in this article, the cheaper LED controllers are taken under 
research. These are the kind of drivers everybody basically can buy from local 
electronics or DIY store. Based on Estonian DIY electronics shop, named 
Oomipood, 72 W output power LED controller costs 7 € (based on price on 23rd 
of March 2017) [4]. Power consumption of a controlled LED strip depends on its 
length and diodes being used in construction. Usually, LED strips are made to 
run on 12 V power supply.  
 

 
Figure 1. RGB controller and remote control. [4] 
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To see, how the controller changes patterns and colours, a segment of 3528 RGB 
LED strip was attached to the controller. To read signals, Peaktech 1255 was 
connected to wires soldiered on the circuit board of the controller.  
 

RESULTS AND DISCUSSION 
 

So what can be done with this little cheap controller? It allows switching lights 
on and off, changing the colour of light, intensity of light and even using different 
light patterns. The device has 16 predefined light colours as extra to basic colours 
(red, green, and blue) and white. Also, for creating the colour by the user, buttons 
for changing intensity of every basic colour are available. Light intensity of every 
colour can be changed in 8 steps.  
 
Controller uses pulse-width modulation to light LED up darker or brighter.  
 

  
Figure 2. RGB LED strip controller output signal on dimmed light intensity 

 
In the figure 2 is shown the controllers PWM to turn lights darker than full output 
voltage and current. To understand better, how it all works, we should take a look 
at the controller itself. Inside the box is quite simple electronics circuit. It contains 
several resistors, capacitors, zener diode, three transistors and two integrated 
circuits.  
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Figure 3. RGB LED controller circuit schematic.  

Circuit in figure 3 shows the basic components of cheap infrared controlled 
controller. Components and accomplishment can vary in different manufacturers’ 
controllers. Unfortunately, there is no data about the company, which composed 
that certain controller being used in this research. The circuit’s supply voltage is 
12 V, which is rectified to 5V using 1 kΩ resistor and 4.7 V zener diode to 
stabilize voltage on different load. For smoothing the voltage changes, 10 µF 
capacitor is used in the IR-receiver circuit. On the PCB are located two SIOC8 
packages, one is marked to be Atmel 21B 24C02 SU18, which is EEPROM. To 
simplify the coding and controlling, all address pins are grounded, which means 
that all Second IC does not have any markings on it, but it shoud be PIC12 series 
controller. It has power and ground on pins 1 and 8, consistent with a lot of 8 pin 
PIC microcontrollers. It probably doesn’t need much program space or RAM, 
especially based on the external EEPROM. The best guess it is probably a 
PIC12F508 because of the low cost. [5] For receiving signal from remote control, 
TSOP4838 receiver is used, which runs on 38 kHz frequency.  
 

 
Figure 4. Infrared receiver received and defined code from remote control.  

 
For the data transfer, NEC-protocol is used. The NEC code starts the transmission 
using a so called leader  code, a burst with a length of 9 ms, followed by a pause 
of  4.5 ms and then the data word. The original purpose of this leader code was 
to let the internal control loops in the receiver modules settle. After transmitting 
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the data word, only the leader code and a single bit are transmitted repeatedly for 
as long as a key is pressed. A special property of this code is a constant word 
length in combination with pulse distance modulation. Both the address and the 
data bits are transmitted twice, first as a normal byte followed by an inverted 
byte. The half period burst portion of each bit contains 22 pulses, each with a 
width of 8.77 µs and a period of 26.3 µs. A “0” is represented by a pulse distance 
of 1.125 ms and a “1” by a pulse distance of 2.25 ms.  
  
Eight address bits are used to identify the device to be controlled. A further eight 
bits are used for the transmission of the command data. As mentioned above, the 
words are always followed, without a pause, by the inverted words. E.g., the 
transmission of the address word “00110111” and the command data word 
“00011010” is performed by sending the bits: 
“00110111'11001000'00011010'11100101”. [6] 
 
Because of the address not being used, the controller can react on other home 
electronics remotes, e.g. TV or radio.  
 

CONCLUSIONS 
 
Led strips are very compact and simple solution to create cosy feeling in home. 
Cheap controllers offer a good chance to change appearance of a room with just 
a push of a button. The only drawbacks of these controllers are combined with 
infrared data transfer. Many remote controlled household appliances use also 
infrared transmitters and receivers which can use the same frequency and codes 
for communication. Also, because the transmitter is not very powerful, in even 
couple of meters the angle between transmitter and receiver is very important. 
From the positive side, even on the lowest light intensity, the light is not 
flickering or unstable.  
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Stroke parameters measurement in rowing and sculling 

R. Sarapuu, E.Jõgi 
 
Estonian University of Life Sciences, Institute of Technology, Department of Energy 

Engineering 
 
Abstract. Rowing and sculling have long history in Estonia. In order to get better results at those 
sports, getting steady stroke rate is one the very important parts. Elite rowers can row about 36 
strokes per minute, but good rower also have to know how to control his rowing rate and it has 
to be trained. In order to achieve constant rate there are different methods that can be used for 
measurement. With every stroke, rower creates force that makes boat moving. Movements can 
be measured with sensors, feedback returned to trainers to analyse performance and effectiveness. 
Sensors like gyroscope can be used, but problem is that boat actually never moves on one axis. 
With every stroke boat moves a little bit on a different axes. So there should be also another 
sensor in order to get correct or adjusted data. Measuring velocity can be used in order to detect 
strokes.  
 
Key words: rowing, sculling, sensors, speed, stroke rate 
 

INTRODUCTION 
 

Since ancient times people have admired rowers and scullers for their good physical 
shape and look. [1] Nowadays it is also possible to train indoor, because in 1981 brothers 
Dick and Peter Dreissigacker invented rowing machine called Concept 2. It has become 
so popular that non-athletes use it also to train. Rowing machines advantage is that it can 
be used by everyone and does not matter if the person is young or old. Rowing will train 
all the muscles at the same time and does not give much stress to joints. Nowadays 
rowing machines are usually found in almost every gym, because it is easy way to train 
durability. It is also used by police, rescue service, defence forces and by professional 
athletes. For example, British army have 3000 Concept 2 rowing machines, Subaru Rally 
Team and Formula 1 pilots use same training machines. First rowing machines arrived 
to Estonia in 1986. Using extra sensors can measure heart rate or by connecting it with 
computer, it is also possible to participate in the world virtual rowing competitions via 
internet. Indoor rowing has become sport itself. Indoor rowing World Championships 
have been held since 1982. In Estonia International rowing competitions called ‘Alfa’ 
have been organized since 1993. 

In order to getter better results, rowers and scullers must hold required stroke rate 
and strokes should be analysed. In this article, there are some sensor types tested, that 
could be used to measure rowers and scullers strokes. There are some metronomes in 
market, but usually they do not have feedback option or feedback tempo meters that 
usually use only accelerometer. In order to gain better understanding, why some sensors 
are preferred over other, series tests has been made in order to find out different 
measurements from different sensors.  
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MATERIALS AND METHODS 
 

Research object is rower at Concept 2 rowing machine. Test was held in Tamme 
Staadion Gym at Tartu, Estonia. The aim was to measure same object movement with 
different sensors. For measuring it was used Samsung Galaxy S2 Plus mobile phone, 
that includes following sensors: MPU-6K Accelerometer (Invensense Ver: 1), MPU-6K 
Gyroscope (Invensense Ver: 1), YAS532 Magnetic Sensor (Yamaha Corporation Ver:1), 
Gravity Sensor (Google Inc. Ver 3), Linear Acceleration Sensor (Google Inc. Ver:3) and 
Rotation Vector Sensor (Google Inc. Ver: 3). Smartphone was attached to rower’s right 
hand. Testing distance was 500 m and damper setting 7,5. The aim was to keep 30 strokes 
per minute. Professional rowers row around 36 strokes per minute. Concept 2 is also able 
to show stroke rate and this function was used to keep correct stroke rate.  All sensor 
readings were measured from same test. Test length was 139 seconds, first 30 seconds 
are shown on graphs in order to give more precise information via graphs. When starting 
to row, it is difficult at first to find right stroke rate. Displayed figures are picked by 
relevant information. Figure 1 shows acceleration sensor readings. First stroke is slowest 
because Concept 2 is using flywheel and first pull is hardest. On figure 1, there are some 
reading errors for example pull number 8 and 10. Strokes and releases are drawn out. 
Also periods are easily readable.  

 

 
Figure 1. Acceleration reading first 30 seconds in 500 m rowing test on Concept 2. 
 
On figure 2 there is a gyroscope sensor x-axis reading. Gyroscope readings were 
different from other sensors as it gave reading from 2. axis, that could be used for 
measuring strokes. The main difference from figure 1 is that readings are more like 
pulses and it is possible only to detect strokes.  
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Figure 2. Gyroscope sensor on x-axis reading first 30 seconds in 500 m rowing test.  
 
Reading from gyroscope, sensor z-axis figure 3 is better than x-axis although there is 
more noise with figure 1 sensor.  
 

 
Figure 3. Gyroscope sensor on z-axis reading first 30 seconds in 500 m rowing test.  
 
On figure 4 there is magnetic sensor used for stroke measurement. As Concept 2 is made 
of metal, it is possible to detect magnetic field changes. Strokes are possible to read, but 
pauses between strokes are difficult to read.  
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Figure 4. Magnetic sensor on z-axis reading first 30 seconds in 500 m rowing test. 
 
On figure 5, there is gravity sensor reading. Gravity sensor consist of readings from 
accelerometer, magnetic sensor and gyroscope sensor. Pulses are readable.   
 

 
Figure 5.  Sensor on y-axis reading first 30 seconds in 500 m rowing 
 
 
On figure 6 it could be seen that linear acceleration sensor readings are similar to 
acceleration sensor. Strokes and releases are drawn out. Periods are easily readable. Test 
actually lasted 139 seconds, but the graph depicts first 30 seconds. On all 139 seconds, 
there were no direction misreadings from stroke to release. Linear acceleration uses info 
from acceleration sensor, magnetic sensor and gyroscope.  
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Figure 6. Linear acceleration sensor on y-axis reading first 30 seconds in 500 m rowing test. 
 
 

 
Figure 7. Rotation sensor on z-axis reading first 30 seconds in 500 m rowing test. 
 
As all tests were held indoor and out of water, it was not possible to test GPS sensor. By 
literature, GPS enabled smartphones have accuracy 4.9 m. [2] With high-end dual-
frequency receivers it is possible to achieve accuracy up to few centimetres. Getting so 
accurate readings takes up to 20 - 60 minutes. Therefore, using GPS for stroke 
measurement preparation would take a lot of time, it can be influenced by surrounding 
and it is not best sensor for measuring strokes.  
 
Since acceleration sensor reading is not based on other sensors information,  stroke rate, 
period and max acceleration is calculated by that sensor.   
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 � = 
��
��
����
� × ���� = ��	����	� × ��	� = ��	��/� ! ( 1 ) 

where  " is stroke rate; 

 #$%&'(# −	strokes during viewed period, st; 

            *(%+&, −	measured time, s; 

            $+-( −	period 1 minute, 60 s; 

Table 1 depicts data collected from test. 

 

 

 
Table 1. Data collected from test 

Release acceleration max -19,6 s/m² 
Pull acceleration max 16,73 s/m² 
First pull period length 1,98 seconds 
Other pulls length during 30 seconds 0,8 – 1,4 seconds 
Average strokes per minute 34 st (Concept 2 reading varied 30 to 34 st) 

 
RESULTS AND DISCUSSION 

 
Test show that the best sensor for measuring stroke rates is accelerometer. In 

addition to stroke rates, acceleration is understandable and the period is quite easily 
measureable, that gives more information to athlete and to coach. Average stroke rate 
was first 30 seconds 34 strokes per minute. Measuring one axis only could give good 
enough results for stroke rate measurement. That means less information to process.  

  
CONCLUSIONS 

 
Research shows that the best sensor for measuring strokes is accelerometer as it 

gives more information than other sensors. In addition, this test shows that for measuring 
strokes, many different sensors could be used.  
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MEASURING THE TEMPERATURE OF RUNNING WATER IN 
PIPELINES  

H. Lill 1, V. Palge1 
Estonian University of Life Sciences, Institute of Technology, Department 
of Energy Engineering, Fr.R.Kreutzwaldi 56/1 56014 Tartu, Estonia  
*Correspondence: Heiki.Lill@emu.ee 
Abstract. To evaluate the efficiency of the central heating system the 
temperature should be monitored in different parts of the system. During the 
measurement, the pipelines should not be damaged. The static electricity 
interferes the accurate measurement and is generated by the running fluids in 
pipelines. Pipelines, in which flows the flammable liquid, the problem of static 
electricity is very high. [1] This presentation will cover different measuring 
methods and tools that can be used to measure the temperature of a pipeline with 
running water in.    
Key words: flowrate, thermocouple, analog temperature sensor, digital 
temperature sensor. 
 

INTRODUCTION 
Under the current Energy Action Plan ‘Energy Roadmap 2050’. [2] 

According to the plan, the pan-European trend is reducing the energy 
consumption. To obtain the aim of this plan a range of energy efficiency measures 
in the buildings has facilitated. To find effectiveness of heating system of a 
centrally heated building it is required to measure the central heating piping 
temperature every part of the building and compare it with the water temperature. 
From the captured data, it is possible to draw conclusions about the condition of 
the heating system. Since the efficiency of heating depends largely on the 
pipeline inner condition which by external observation, it is difficult to estimate, 
it is necessary to carry out measurements. In addition to the assessment of the 
condition of the heating system, the renovation of the heating system or 
maintenance can be planned. To measure pipes and water temperature and record 
the data a variety of sensors and data acquisition equipment can be used. 

The tasks of the research is to comparative analysis of the different 
measuring devices and finding the best measurement solution. 
 

MATERIALS AND METHODS 
  

Heat transfer 
The heat transfer i.e. the heat exchange is the transfer of energy from one 

body to another. The body of lower temperature gains the energy from the body 
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of higher temperature. In this case, from the liquid inside the pipeline to the 
pipeline and from the pipeline to the temperature sensor. The heat transfer always 
takes time to equalize the temperatures. [3] 

There are three types of heat transfer: conductive, convective and radiative 
heat transfer. Heat transfer types can combine with each other. The thermal 
conductivity is present in gaseous, solid and in a liquid medium. Good heat 
conductors are metals; gases are poor conductors of heat. 

Radiative heat transfer takes place because of the characteristics of the 
physical bodies to radiate electromagnetic waves when the body’s temperature is 
higher than 0oK. In addition, bodies absorb electromagnetic waves. Therefore, 
the radiative heat transfer do not require direct contact between the bodies. The 
ability to radiate the heat depends on the temperature of the body. [3] 

 
T-type thermocouple 
Thermocouples are electromotive generators. The electrical conductivity of 

different materials generates the electromotive force when junctions are kept at 
different temperatures. Fig. 1 shows a possible interconnection of thermocouple. 
There are different types of thermocouples, since the liquid temperature in the 
pipeline is between 0 to 100oC, the T-type thermocouple is the most suitable. 
Thermocouple standards are set out in DIN IEC 584. T-type thermocouple 
material is Cu-CuNi, the optimal operating temperature range is -40..350°C, the 
maximum error of 0.5°C.[5] T-type thermocouples are corrosion resistant, and 
can therefore be used in humid environments. 

 
Figure 1 Thermocouple possible interconnection [4]. 

 
Temperature Sensor DS18B20 
Temperature Sensor DS18B20 is a digital temperature sensor. Each 

DS18B20 has a unique 64-bit serial code, which allows multiple DS18B20s to 
function on the same 1-Wire bus. Measuring range of the temperature sensor is -
5..125°C and the measurement accuracy is 0.5oC oat the temperature -10..85°C. 
The sensor has three pins, as seen in Fig. 2. [6] 
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Figure 2 Temperature sensor DS18B20. GND - ground, DQ - Data Input / 
Output, VDD – Power. 
 
 

Temperature sensor LM35 
LM35 temperature sensor is an analog sensor. Analog signal must be 

converted into a digital signal when the sensor is used with a digital storage 
medium. The sensor has three pins, as shown in Fig. 3. Measurement range is -
55°C to 150oC. For each 1°C of the output signal becomes 10.0 mV. Accuracy 
of measurement at + 25oC is 0.5oC. [7] 

 
Figure 1.3. The temperature sensor LM35. + VS - power supply, GND - 
Ground, Vout - output voltage. 

 
Temperature measurement 
To mount the temperature sensor on the heating pipes so that the pipes are 

not damaged, but the measurements are accurate, and the results are fast enough 
to react to the changes in the tube, is a specific task. The temperature 
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measurement sensor and the pipe is fixed geometrical shape. For the temperature 
sensor to transmit the correct pipe temperature, the temperature of the sensor and 
the pipe must be equalized. Since the contact surface of a round pipe and the 
plane of the temperature sensor (or a thermocouple) is low, then the heat transfer 
from the tube to a temperature sensor takes place in two different ways: heat 
conduction and radiation. Even the surfaces of the contact points is not good 
conduction heat transfer because of surfaces occurs the bumps and fills asperities 
gas, which is the thermal resistance. Therefore, it is difficult to balance the sensor 
and the tube temperature. Thus, the heat transfer from the tube to the temperature 
sensor has a number of thermal resistance. Fig. 4 shows the temperature drop in 
the two different surface upon completion. That the temperature sensor would 
transmit the temperature changes as quickly as the temperature changes in the 
heating system, reducing the thermal barrier is necessary and the measuring area 
must be isolated from the surrounding environment.  

 

 
Figure 1.4, the temperature drop between the surfaces. ts1 - the initial 
temperature, ts2 - the temperature of the first surface, ts3 – the temperature of the 
second surface at the beginning, ts4 - temperature onto another surface. ∆t - 
temperature difference between the surface exposure level, δ1 and δ1 is the 
thickness of the various surfaces. [3] 

 
Thermal Grease  
In order to reduce the temperature to fall from between the surfaces and to 

accelerate the transmission of the temperature to the sensor, it is expedient to use 
the additional material that will take the shape of both bodies and removes the 
gaseous medium between the bodies. For this purpose fit the thermal grease, used 
in the computer technology. It is used between the processor and radiator to 
increase the cooling effect. The thermal grease is manufactured in a variety of 
species, and their thermal conductivity is in large range (ca. 1.5 to >8.5 W·(m·K)-
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1). Since the aim is to measure as accurately as possible the  temperature change 
happening in the pipe then it is suitable to use thermal grease with thermal 
conductivity of at least 8.5 W·(m·K)-1, which is suitable for the MX-4. [8] 
 

Static electricity 
Static electricity usually occurs by friction materials. Static electricity in 

piping is caused by the flow rate, liquid velocity, pipe diameter and pipe length. 
The static electric current can reach up to 40 kV. [9] Thermocouples generate 
electromotive force, which is low, beginning from 50..55 µV·oC-1. Thus, static 
electricity affects the results and using the thermocouple may be impossible. 

 
RESULTS AND DISCUSSION 

 
Measurement the temperature with electronic devices, which have physical 

contact with the heating bodies, is complicated since it has to take into account 
the time required for the heat transfer, the potential static electricity and to heat 
transfer obstacles. More accurate measurement results can be taken if the contact 
surface is increased and the gaseous medium is reduced. Static electricity is 
dangerous to any electronic equipment. The inaccuracy caused by the static 
electricity to the measurement can be reduce by grounding the object and the 
measuring device first to equalize their potential. 

 
CONCLUSIONS 

 
The heat transfer from movable water inside the tubes to the room is a 

multi-step: the liquid is moving inside a tube different speeds, the sludge 
accumulated in the inner surface of the tube prevents heat flow, on the surface of 
the outer tube heat exchange takes place as well as radiative and conductive, but 
only if there is a contact surface. Comparing the relative change in time of 
temperature of the pipes and the water, the decisions about the condition of the 
pipes and the analysis of the water heater can be made. 
 
AKNOWLEGEMENT. The author wishes to thank Märt Reinvee and Mart Hovi 
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Types of wind turbines 
 

V. Puusepp1, A. Annuk1 

 
1Estonian University of Life Sciences, Institute of Technology, Department ofenergy 

 
Abstract. The location of the wind turbine is important because obstacles can lower the wind 
speed and also make turbulence. Before installing wind turbine to certain point it is wise to 
measure wind speed in that point for a year. For this purpose there have made 3 measurements in 
3 different locations and has been calculated theoretical productivity in those locations with 
different types of wind turbines. Results revealed that 100 m tall horizontal axis wind turbines 
output of a 3 MW annual productivity can reach up to 30% in coast area as in farther onshore it 
is only 7%. Output of a 5 kW lower wind turbines with 10 m towers and vertical axis can produce 
also 30% in coast and 7% in onshore but 10 m horizontal axis wind turbine can only 9% on coast 
and 2% onshore. According to results it is wise to use bigger 3 MW turbines in coast and smaller 
5 kW farther onshore. 
 
Key words: Wind turbine, productivity, wind speed,  
 

INTRODUCTION 
 

Global population is growing and as of that also the need for electricity. The 
main fuels to provide electricity are oil, coal and natural gas. These fuel combustions 
provide greenhouse gas that gets into the atmosphere and can cause Global warming. To 
lower these gas emissions there have been made protocols which make tougher 
environmental requirements and due to that we are looking to produce cleaner energy 
such as wind energy. 

The use of wind as a mechanical energy is believed to originate from the ancient 
Babylonian era 17 centuries before Christ and it was used to pump water to moisten the 
grain fields. This was done using vertical axes windmills. In Europe windmills were used 
more widely in the 13th century, when the British and French used it for grain milling. 
Unlike Babylonians Europeans used horizontal axis mills, where it has the basic 
foundation and were built in such way that they could be turned, if necessary, to the wind 
direction. 

Wind electricity generators era began in the 19th century when the first modern 
wind generator was built in 1890 in Denmark. At the beginning of the 20th century 
gearbox was added to increase the speed of the generator and begun the development of 
the blade aerodynamic[1]. 

Wind turbines must be built to the areas where the nature and man-made objects 
won´t lower wind speed and don’t make turbulence to get maximum out of wind power. 
Also, before building the turbine it is wise to measure the wind speed at least a year, to 
make sure the location is reasonable. 

In this article author has gathered one year wind speed measuring in three 
different areas in Estonia. The results have been analysed and the author calculated 
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theoretical productivity of different types of turbines and found out witch would suit the 
best for specific area. 

 
MATERIALS AND METHODS 

In this research there has been measured wind speed in one year at location A and 
B, and the Tartu-Tõravere meteorological station. Locations A and B are near the cost 
as far as 3.4 and 1 km, and the Tartu-Tõravere further onshore. 

Wind speed has been measured using an ultrasonic anemometer, that is attached to 
wind turbine at height 100 m from the ground, and regular anemometer at height from 
the ground 10 m. In locations A and B recording frequency is in every 10 minutes, and 
in the Tartu-Tõravere meteorological station in every hour. The recorded results are 
calculated to daily mean wind speed. For better comparison of the results there has been 
used a wind speed calculator [2] so that the Tartu-Tõravere (Table lane C) measurements 
would be converted at height 100 m altitude measurements and the locations A and B 
would be in 10 m height. 

To calculate wind speed in certain altitude it has been used the following formula 
[2]: . = ./01 ln(4/45)/ ln(4/01/45),    (1) 
 
where v - wind speed at height z above ground leve, m/s; 
 vref - reference speed, i.e. a wind speed we already know at height z,  

m/s; 
 ln - logarithm function; 
 z - height above ground level for the desired velocity, m; 
 z0 - oughness length in the current wind direction; 

zref - reference height, i.e. the height where we know the exact wind  
speed, m. 

 
The results are listed in Table 1 and daily average wind speed is divided into 

frequency ranges. Column a is indicated in the days when the wind speed was within the 
range and in column b indicated in percentage (%), which covered a part in that year. 
 

Table 1. Wind speed in location A, B and Tartu-Tõravere (C) meteorological station. 

Wind 
speed, 

m/s 

Location 
A B C A B C 

Altitude 100 m Altitude 10 m 
 1 2 3 4 5 6 

Range a b a b a b a b a b a b 
0-1 - - - - 1 0,3 - - 2 0,5 13 3,6 
1-2 - - - - 25 6,8 14 3,8 24 6,6 108 29,6 
2-3 7 1,9 15 4,1 66 18,1 70 19,2 65 17,8 137 37,5 
3-4 15 4,1 31 8,5 82 22,5 104 28,5 102 27,9 79 21,6 
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Tabel 1. continued 

Wind 
speed, 

m/s 

Location 
A B C A B C 

Altitude 100 m Altitude 10 m 
 1 2 3 4 5 6 

Range a b a b a b a b a b a b 
4-5 53 14,5 41 11,2 77 21,1 88 24,1 74 20,3 22 6,0 
5-6 66 18,1 59 16,2 55 15,1 55 15,1 43 11,8 3 0,8 
6-7 54 14,8 61 16,7 37 10,1 24 6,6 21 5,8 3 0,8 
7-8 50 13,7 46 12,6 11 3,0 8 2,2 14 3,8 - - 
8-9 54 14,8 34 9,3 5 1,4 2 0,5 14 3,8 - - 
9-10 27 7,4 25 6,8 2 0,5 - - 5 1,4 - - 
10-11 17 4,7 18 4,9 1 0,3 - - 1 0,3 - - 
11-12 11 3,0 7 2,2 3 0,8 - - - - - - 
12-13 5 1,4 7 1,9 - - - - - - - - 
13-14 5 1,4 8 2,2 - - - - - - - - 
14-15 1 0,3 9 2,5 - - - - - - - - 
15-16 - - 1 0,3 - - - - - - - - 
16-17 - - 1 0,3 - - - - - - - - 
17-18 - - 1 0,3 - - - - - - - - 

Table 1 shows that, at the same location at different heights wind speed changes 
significantly which affects wind turbines year productivity. 

Based on these results it is possible to calculate the annual wind turbine 
production. To compare the productivity measured in different locations in the real and 
calculated wind speeds, it has selected one horizontal axis wind turbine at a height of 
100 m and at height 10 m two different types of wind turbines, one with horizontal and 
the other with vertical axis. For 100 meters height turbine, has been selected WinWind 
WWD-3-100 3 MW wind turbine. At 10 m height has been selected 5 kW horizontal 
axis turbine NE-5k, and 5 kW turbine VAWT with vertical axis. Table 2 shows 
parameters of the power production of the wind turbines in certain wind speeds 
according to the drawings of power curves [3, 4, 5]. 

 
Table 2. Wind turbine WinWind, NE-5k and VAWT power in certain wind speed 

WinWind WWD-3-100 NE-5k  5 kW VAWT 

P, MW v, m/s P, kW v, m/s P, kW v, m/s 
0,25 5 0,5 4,5 0,5 3,5 

0,5 6,2 1 5,8 1 4 

0,75 7 1,5 6,5 1,5 4,6 

1 7,6 2 7 2 5 



Estonian University of Life Sciences Institute of Technology XI Master Students 
Conference 20.04.2017 

 

32 
 

1,25 8,3 2,5 7,5 2,5 5,3 

1,5 8,8 3 8 3 5,5 

Tabel 2. continued 
WinWind WWD-3-100 NE-5k  5 kW VAWT 

P, MW v, m/s P, kW v, m/s P, kW v, m/s 
1,75 9,2 3,5 8,5 3,5 5,7 

2 9,8 4 9 4 5,9 

2,25 10,4 4,5 9,5 4,5 6,4 

2,5 11 5 10 5 7 

2,75 11,7 - - - - 

3 12,6 - - - - 

 
According to table 1 and table 2, it is possible to calculate a theoretical annual 

output of the wind turbine with the following formula: 
 78 = ∑(:∗<∗=):>∗=?>@∗A55,     (2) 

 
kus Pa on annual production, %; 
 ∑  annual production of energy, kWt; 
 t  one day, h; 
 n  frequency range of wind speed in a year; 
 P  production of turbine in certain wind speed, kW; 
 ta  lenght of a year, h; 
 Pmax  maximum production of electricity in a year, kWt. 
 
 The results are listed in table 3. 

 
RESULTS AND DISCUSSION 

 
 In table 3 are the maximum amount of energy that turbine can produce in a 
year how much turbine has produced and productivity. 
 
Table 3. Wind turbine one year production in locations A, B and Tartu-Tõravere meteorological 
station.(C)  

Turbine WinWind WWD-3-100 NE-5k  
5 kW 

VAWT 
NE-
5k 

5 kW 
VAWT 

NE-
5k 

5 kW 
VAWT 

Location A B C A B C 

Pmax, 
MWt  

2628 26280 26280 43800 43,8 43,8 43,8 43,8 43,8 
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∑, MWt 7935,6 8133,6 1915,2 4,02 13,08 5,54 14,18 0,87 3,01 

Pa, % 30 31 7 9 30 13 32 2 7 

 
 Table 3 shows that the coastal areas´ of wind turbines theoretical productivity 
is higher than inland´s area in Tartu Tõravere. Large wind farms use wind turbines, such 
as WWD WinWind-3-100 and can achieve 30% of productivity [6] as well to confirm 
the calculations. Locations A and B have been carefully chosen areas where annual wind 
guarantees the desired result, but if the wind turbine were built in Tartu Tõravere, it could 
result in an annual production of 7%, which is below the expected results. 
 Small wind turbines as it is seen that the vertical axis of the turbine 5 kW 
VAWT by the calculations the theoretical productivity is as well as 30%  which is a very 
good result but the horizontal axis of the NE-5k productivity is approximately three times 
lower. It also must been taken into account that large companies do not build smaller 
turbines in that location and more individuals are using their own household 
consumption, which are located in areas where the nature or man-made objects are 
surrounded. Onshore is more suitable for vertical axis wind turbine than a horizontal 
axis, as shown in Table 3, it is seen that there are also about three times the output gap. 
 

CONCLUSIONS 
 
 Coastal areas are affecting the wind and direction of objects less than inland, 
so it would be reasonable to build in those areas a horizontal axis wind turbines with 
heights of 100 m. In the 1970s and 1980s in Canada and in the United States was 
developed a 4.2 MW vertical axis wind turbine, which was abandoned as the blades 
broke off because of the aerodynamic characteristics of the blades. [7] However, the 
vertical axis wind turbine structure is simpler, more durable, and less expensive. Today, 
such a type of 
 wind turbines with such capacity are more developed to the sea rather than on the land. 
 Calculations show that the inland does not make sense to install a large wind 
turbine height of 100 meters, because an annual productivity would be 7%. Although 
Tartu Tõravere meteorological station location is not the best area to measure wind 
speed, it is recommended to explore the area on land where there is less around 
obstructions like forest and buildings. When looking at the small 5 kW wind turbines in 
the productivity of a vertical axis turbine in same location is 7% and 2% in the horizontal 
axis. However, smaller wind turbines cost less and the payback period is shorter. Thus, 
the inland would be more appropriate to use a small 5 kW vertical axis wind turbine. 
 If we consider the fact that the land has less wind, you should carefully choose 
the location. Often it happens that a person sets up its own wind turbine using the area 
where he thinks there is enough wind, but when turbine is built and after a year the results 
something else. There should always be determined the location of the wind measuring 
at least a year. 
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Efficiency and Energy 
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Abstract. An energy efficiency is considered one the most important aspects of 
energy production. Energy efficiency is calculated through input and output 
energies. Actual efficiency is much less if considered is energy that was used to 
produce the fuel (for example wood). If these aspects are considered, calculation 
of different energy efficiencies could be performed and give feedback which 
energy type is most reasonable to produce.  
 
Key words: Energy, Efficiency, Energy consumption, Energy production. 
 

INTRODUCTION 
 

Nowadays energy efficiency is one of the most crucial aspects of energy 
consumption and production. Energy efficiency is calculated from inputs and 
outputs relations. Therefore it is possible to calculate efficiencies of any type of 
energies that are used.  

Efficiency is ability to bypass wasting materials, efforts, energy and so on. 
In energy it is referred as energy conversion. Energy conversion efficiency 
depends on the usefulness of the energy output. There are many different energy 
types where efficiency can be calculated.  

The main reason of calculations is to lower energy wasting and to find which 
is the most reliable source of energy that could be produced.   

 
 

MATERIALS AND METHODS 
 

Research purpose is to find different efficiencies of energy types which 
could be applied to production of different energy types. Research is performed 
through measurements and calculations. For example the inputs of field labour 
and output of field labour is taken. Field operations of straw energy are next, 
ploughing, cultivating, levelling of field, seeding and fertilizing. [1]  

These processes consume energy and is considered input energy.  
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Figure 1. Production chain for reed canary grass[1] 

 
The most energy consuming processes are bale crushing at power station, 

transport to the power station. Cultivating and harvesting processes total energy 
consumption for one cycle of reed canary grass makes up 10,212 MJ/ha. And 
production of energy for the same process yields 94,714 MJ of energy per hectar. 
Amount of energy is calculated via the mass of the reed canary grass with 25% 
loss of the production and moisture that is in reed canary grass. [1]  

 
Tabel 1. Reed canary grass specifications[2] 

Material Ash, 
 % 

Hemicellulose, 
% 

Cellulose, 
 % 

Energy content, 
MJ/kg 

Reed canary 
grass 

0.52 29.60 35.86 17.6 

 
Reed canary grass is easily maintained and could be used to produce heat 

energy due to its low ash consistency it could be used as alternative fuel in boiler 
houses which work on other similar fuel types. 

Input and output energy ratios are also calculated with next formula: [1] [2] 
 

94,714
9.27

10,212
Output

input

E
EER

E
= = =

    (1.1) 
 

Where  EER - Effective Energy Ratio 
 Eoutput  - Output energy 
 Einput  - Input energy 

 



Estonian University of Life Sciences Institute of Technology XI Master Students 
Conference 20.04.2017 

 

37 
 

Effective energy ratio between outputs and inputs are 9,27 which means that 
input energies are 9,27 times lower than output energies. 

Efficiency of the process can also be calculated from total energies used and 
the useful energy that could be produced by making energy of compressed reed 
canary grass. Efficiency is calculated using next formula. [1] 

94,71

104,926

4
0.903usful

total

E

E
η = = ≈

    (1.2) 
Where η   - is Efficiency 

 usfulE
  - is useful energy, MJ 

 totalE   - is total energy used in process, MJ 
 

Efficiency of whole process is 90,3 % and it can be said that process is efficient. 
This whole process is explained with next figure.  
 

 
Figure 2. Energy and useful energy. 

 
Useful energy can newer exceed total energies on figure 2 it is shown that 

in any kind of process where energy is used there are energy losses that are lost 
in process or in transformation of one energy type to another. If heat energy is 
converted to electrical energy useful energy is even lower. 
 

 
RESULTS AND DISCUSSION 

 
By producing reed canary grass the most energy consuming processes are 

bailing, bale crushing and transportation to the power plant, also the production 
of annual fertilizers is energy consuming. Energy inputs for growing reed canary 
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grass is 9,27 times less than the energy that is got in return therefore it can be said 
that growing reed canary grass for energy production purposes could be 
considered.  

Energy efficiency is calculated by dividing useful energy and total energy 
and it shouldn’t exceed 100%. In any given processes there are considerate 
amount of energy losses. For reed canary grass example the production of heat 
energy had closer to 9.7% of energy loss whereas the losses of boiler house has 
not been taken into account. Although there are more energy losses in that 
processes it is still considerate amount of energy that could be used to produce 
hot water or electricity.  

 
 

CONCLUSIONS 
 

In conclusion it could be said that energy could be produced in many different ways. 
Nowadays people are prospering green and efficient ways that are sustainable for any 
energy use need whether it is electricity, heat or some other type of energy. 
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Synthetic generator for simulation of renewable energy sources 
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Abstract. The aim of this research paper is to introduce synthetic generator which is based on 
the Institute of Technology, Estonian University of Life Sciences, Kreutzwaldi 56, EE51014 
Tartu, Estonia. The synthetic generator is used for digital electronics laboratory to imitate 
electrical energy source in order to research and develop renewable energy-control technics, grid 
reliability and storage management on and off the grid. It is possible for the synthetic generator 
to imitate small hydro station, distant wind turbine etc. by using their production data. The 
researched device consist of sine filter, frequency drive, rectifier, isolation transformer, grid-
direct inverter. Synthetic generator’s output is in sync with PV-system, wind turbine, 
supercapacitor, battery pack, monitoring devices and also load appliances to imitate consumption 
in the laboratory. The research concluded that the synthetic generator a useful device for research 
work, but the power control of the system needs improvement. 
 
Key words: energy management, research laboratory, renewable energy sources, programmable 
controllers, scene simulation 
 

INTRODUCTION 
 

Renewable energy solutions have become more obtainable and expedient due to 
the development of technology and competitiveness of manufactures. The renewable 
energy systems will become more feasible in the future [1]. At the moment the 
construction of these systems are evaluated by the term pay-back period, which 
represents the time when or whether the built system repays its construction, 
maintenance and failure costs. It can also be measured as the period when the system 
starts collecting profit. Pay-back period is mainly influenced by the exploited technology 
efficiency, environmental- and renewable energy taxes and cost of the fuel [2].  

In the field of solar- and wind energy the price of the fuel is assessed by the 
electricity charge value of the stock market. The shortening of the pay-back period is 
feasible in the circumstance when the production by the renewable energy source is 
reasonable not to sell, but to use on site. These are the circumstances when value of the 
stock market is high. Otherwise, when the price at the market is low, it is reasonable to 
become the provider and sell the produced energy to the market. 

With the renewable energies off-grid solutions the pay-back period in compared 
to the construction of the grid and maintenance costs. In many cases it is economically 
rational to offer a client an off-grid solution, because in aggregate the off-grid solution 
is with the lower cost to sustain. 

Usually the off-grid system is the combination of the diesel generator, battery 
pack and the renewable energy resource, but other methods can be integrated. To analyse 
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the cooperation of the different components of the system it is legitimate to test the 
solution by using modelling. The similar experiments can also be taken with the on-grid 
solutions to assess the system error possibilities and improve energy management.  

The current research paper introduces the possibility of the Institute of 
Technology, Estonian University of Life Sciences, to simulate renewable energy 
resources and its opportunities for experiments and testing. 
  

MATERIALS AND METHODS 
 

Digital laboratory of the Institute of Technology ,University of Life Sciences is 
equipped with solar panels (2.5 kW), a small wind turbine (3.5 kW), battery pack (fully 
loaded 20 kWh), power analysers, monitoring system, supercapacitor (165 F), resistive 
loads, weather station and the synthetic generator. 

The aim of the synthetic generator is to imitate any given renewable energy 
source’s characteristics. By using the modelling software (LabView, Mathcad etc.) the 
load curve of the energy source is imported to the program or the needed scenery for 
running the synthetic generator is created in the software itself [3]. The main components 
of the synthetic generator are next: 

- frequency drive VFD-EL (U7); 
- sinefilter FUSS-EMV 3AFS400 (L1); 
- isolation transformer (T1); 
- rectifier (U8); 
- SMA inverter Windy Boy 3600TL – P= 3,6 kW (U9). 
 
The principle scheme of the synthetic generator is shown in the Figure 1. 
 

 
Figure 1. Principle scheme of synthetic generator and its connection with rest of the 
system. The arrows mark the energy flow direction. 
 

For synthetic generator simulating of renewable energy source’s production the 
following requirements need to be met [4]: 

-local area network is energized and voltage parameters according to standard 
EVS-EN 50438:2013; 

 -served power is chosen manual or automatic on the screen; 
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 -served power is defined on the screen or imported from database. 
 

The synthetic generator is guided from the screen manually or the load curve is 
imported to the system automatically. Manual control is achieved by regulating the 
output voltage by adjusting frequency of the frequency drive. 
 The automatic synthetic generator management is achieved by importing the 
program with the file extension .RCP or .CSV to the local server. The data is usually 
time-dependent output values of power represented stationary or unfixed, which is 
transmitted through the main guide screen (HMI) to the programmable logic controller 
(PLC). The program can be created according to calculations with the software, a random 
data or output production (or scenery) values of some distant renewable energy source. 
The logic controller then feeds the values to the frequency drive (U7). The output voltage 
of the frequency drive imitates the output production of the renewable energy source and 
is then lead to the inverter Windy Boy 3600TL, which is set to rely on the output voltage 
of the frequency drive [4,5]. The data transmission from data input to the inverter Windy 
Boy 3600TL is described in the figure 2. 
 

 
Figure 2. Data transmission of the synthetic generator. 
 

RESULTS AND DISCUSSION 
 

The synthetic generator obtains its power form the main grid. Grid is also used 
for powering existing renewable energy sources and for feeding the produced energy to 
the main grid. The first component of the synthetic generator is the frequency drive. Its 
purpose is to set alternating voltage values just as chosen manually or automatically. 
Then the voltage is lead to sine filter, where smoothing the waveform of the frequency 
drive output is taken place. The polishing is needed because the output voltage might 
contain higher harmonic frequencies that may cause problems for other electronical 
components of the system. Filtered voltage then travel through isolation transformer for 
safety reason, which purpose is to separate power source from the electrical device in 
order to maintain power flow in one direction only. The ensuing segment is rectifier, 
which symbolises the common component of the renewable energy source whereas 
alternating current is converted into direct current. The last component, the power 
inverter, is again a typical unit of renewable electricity system. The power is then 
converted back to alternating current which working parameters are suitable for national 
grid standards.  
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The power output of the synthetic generator’s inverter is figuratively the amount 
of energy produced by imitated renewable energy source which is firstly guided to the 
nearest consumer and secondly back to the main grid. The production of the current 
generator can be analysed in the next circumstances: 

-production on-grid; 
-production off-grid; 
-production alongside with PV- production; 
-production alongside with wind turbine. 
-production alongside with the combination of the before mentioned situation. 
 
By cooperating the entire system it is possible to do research and work out more 

efficient energy management technics, storage opportunities and the reliability of the 
renewable energy resources [6]. 

Also a test was executed and the input and output values of the synthetic 
generator were analysed. Result of the test are presented on figure 3. 

 

 
Figure 3. Synthetic generator’s input and output test result graphically. 

 
The input values were set on the HMI manually with the 500 W climb starting 

form 100 W up to 3600 W (inverter maximum) and the output value from the inverter 
screen was saved manually. The test was executed two times, and the results were 
averaged. 
 

CONCLUSIONS 
 

The test concluded that among the 3 lower test point (up to 1100 W) input values 
the output power is always slightly higher than setpoint. From test points 4 to 5 (1600-
2100 W) the measured output values were somewhat lower. The results of the 3 last test 
point output values differed significantly as the output values are marked higher. The 
main contract is seen with the penultimate test point, whereas the input value differ as 
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much as 500 W and is equal to the maximum value, which indicates the mismanagement 
on the higher portion of power values. Also the root mean square error was calculated 
with the Excel software and is shown on the figure 3. The calculated root mean square 
value is approximately 206 W, which also indicated the error with the penultimate test 
point. 

For more accurate output readings the test results should be saved automatically. 
During the manual saving, the output readings varied randomly and the measured value 
is quite approximate. Although the experiment still managed to show that the control 
over synthetic generator’s output power needs improving. 

Still the principle and the compound of the synthetic generator represents itself 
as a great opportunity for researching and testing for different renewable energy systems. 
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SMA SUNNY SOLAR BOX IRRADIANCE SENSOR 
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Abstract.  
Solar panels have been used increasingly within recent years for converting solar 
energy into electrical energy. To maximize the production of solar energy into 
electrical energy, the best conditions must be applied. Since solar irradiance is 
quite variable depending on the location on land, it is advisable to first perform 
testing measurements to find out the given location solar irradiance potential.  
Solar irradiance sensors are used for evaluating the most effective tilt degree and 
position for future solar plants establishments. An overview and testing of a solar 
sensor is examined in this project. 
 
Key words: SMA, Sunny Solar Box, Sunny Webbox, Sunny Portal, solar sensor, 
solar irradiance 
 

INTRODUCTION 
 

PV systems generate electricity by absorbing solar energy. In 2013, photovoltaics 
was one of the most installed source to electricity in EU countries. The same year 
solar power formed a part of 3% of the whole electricity demand in EU countries 
and 6% of peak electricity demand [1]. Because PV systems will be most 
probably getting more and more cheaper and the efficiency will be getting higher, 
more PV plants will be built. To find out a suitable position for a PV plant, control 
measurements can be held. The best way to temprarily measure an areas solar 
irradiation values temporary is by a irradiance sensor. With these measurements 
it is easy to decide whether the location is suitable for the PV plant or not. Solar 
sensors make it easy to detect any deviations in measured data such as dust and 
shadows. 
 

MATERIALS AND METHODS 
 

The Sunny Sensorbox is a device which can be installed directly onto the solar 
modules structure. Sensorbox measures the suns radiation, ambient temperature 
and module temperature. Sensorbox is supported with a PV monitoring portal 
Sunny Portal. In Sunny Portal it is possible to access measurement data anytime, 
anywhere. Values can be analyzed, visualized and compared to detect any 
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deviations. Many bigger solar inverter producers have their own solar irradiance 
sensors. In table 1 is a brief comparison of different producers solar sensors.  
Table 1. Comparisons between different solar sensors 
 

 
Sensor 
type 

Accuracy 
Online 
data 

interface 

Module 
temperature 

sensor1 

Ambient 
temperature 

Max. 
data 
cable 

length2 

SMA 
Sensorbox 

[2] 
aSi ± 8% 

Solar 
Portal 

Yes 
-25°C 

...+70°C 
1200 m 

Solaredge  
SE1000-

SEN-IRR-
S1[3] 

No data ± 5% 
SolarEdge 
monitoring 

portal 
Yes 

-40°C 
...+85°C 

No data 

Fronius 
Irradiation 
Sensor [4] 

Mono-Si ± 5% 
Fronius 

DATCOM 
No 

-40°C 
...+85°C 

30 m 

Steca TA 
ES1 [5] 

Mono-Si ± 5% 
Stecagrid 

Portal 
Yes No data 33 m 

1 Module temperature sensor connection compatibility in device 
2 Max cable length from sensor to data collector 

 
As it is seen in Table 1, different solar sensors have their advantages and 
disadvantages. SMA Sensorbox has the longest maximum communication range 
of 1200 m which makes it really useful for measuring values away from any 
buildings or electrical boxes. The most durable to ambient temperature are 
Fronius Irradiation Sensor and Solaredge SE1000-SEN-IRR-S1 which are 
operable within the temperature range of  -40°C to +85°C. 
 
In this article, the SMA Solarbox is taken under research. Solarbox was mounted 
on the solar panels on the roof of Estonian University of Life Sciences Techical 
Institute building. Solarbox was mounted in the same tilt angle and position as 
the existing solar panels to maximize the accuracy of the measurement data as 
shown in figure 1. 
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Figure 1. Sunny Sensorbox mounted on the solar panels structure 

 
Measured values will be compared to the solar panel values on which the 
Solarbox is mounted. Block scheme of the connections is shown in figure 2. 
 

 
Figure 2. Sunny Sensorbox connection scheme 

 
As shown in figure 2, the connection scheme consists of several different 
elements. Module Temperature Sensor is to measure the temperature on the 
Solarbox solar sensor. RS485 Power Injector is required for the communication 
between Sunny Sensorbox and Sunny Webbox. Sunny Webbox is a device which 
acts as a central communication interface connecting the solar sensor and its 
operator. Sunny Webbox collects and documents measured data of the connected 
devices in real time. Data stored by Sunny Webbox can be accessed through local 
network with a personal PC. If the Sunny Webbox is connected to Sunny Portal, 
all the data will be automatically uploaded to the PV monitoring portal. It is also 
possible to install a Dial-Up/Internal Modem to go online. 
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RESULTS AND DISCUSSION 
 

Sunny Sensorbox measured solar data in the period of 24 hours every 15 minutes. 
In total 194 values were recorded. 
 

 
Figure 3. Measured solar irradiance 

 
In the figure 3 is shown the irradiation values for the time period of 48 hours. 
Average sunshine time for each day was around 7 am to 8 pm totaling 13 hours 
per day.  The first day was cloudy. Maximum amount of irradiation on the first 
cloudy day was 207 W/m2 measured by weather station. Maximum amount 
measured by Sunny Sensorbox was 198,44 W/m2. Values difference fit mostly in 
the Sunny Sensorboxes accuracy range of ±8%.  
 

 
Figure 4. Variations of temperatures  
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In the figure 4 is shown the temperature variation values for the time period of 
48 hours. Average temperature on the sunshine period of the first day measured 
by Sunny Sensorbox module temperature was 1,79°C and the average ambient 
temperature was 3,12 °C. Average temperature on the sunshine period of the 
seconth day measured by Sunny Sensorbox module temperature was 12,95°C and 
the average ambient temperature was 11,60 °C. In figure 5 the variations of 
temperatures and irradiation are displayed on one graph. With so few 
measurements, it is not possible to explain the connection between temperature 
and irradiance levels. 
 

 
Figure 5. Solar irradiance and variations of temperature 

 
CONCLUSIONS 

 
Sunny Sensorbox is a compact and simple solution to measuring solar irradiance. 
Many other alternatives are offered on the market, but with the communication 
range of 1200 m, Sensorbox is clearly the most flexible. Since Sensorbox has a 
accuracy of ± 8%, the differences of the measured values of the weather station 
and Solarbox are easily detectable. Solarbox combined with Webbox and Sunny 
portal creates easily operatable overview of the solar devices and solar plant. 
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carbon dioxide uptake by a microalgae in a photobioreactor 
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Abstract. Flue gas mitigation by using microalgae is an attractive strategy to reduce carbon 
dioxide amount in emission gases. Microalgae is cultivated in open ponds and in 
photobioreactors. In this research microalgae cultivated in a photobioreactor is considered. The 
aim of this research is to calculate the optimal bubbling flow for the photobioreactor, which was 
constructed in 2016 in the Institute of Technology of Estonian University of Life Sciences. 
Optimal bubbling rate is important to insure that carbon dioxide would be fully consumed by the 
microalgae and no carbon dioxide would exit the photobioreactor. To insure maximum uptake of 
carbon dioxide, gas bubbles have to have enough contact area and time with a liquid phase. As 
our photobioreactor has defined gas opening of 0.15 millimetres, the bubble size can be 
calculated. Calculations start from defining parameters of a gas bubble (it is determined that the 
bubble is spherical) in a photobioreactor, finding the speed of the bubble and how fast the 
microalgae consumes carbon dioxide diffusing from the bubble (the speed doesn’t change even 
after total depletion of carbon dioxide), considering that flue gas contains 15% carbon dioxide. 
After that, absorption of the gas into the water is calculated and then a differential equation on 
both mass exchanges is constructed (absorption and consumption of microalgae). Finally, the gas 
flow can be calculated for a situation where all the carbon dioxide would be absorbed into the 
water and consumed by the microalgae, depending on the density of microalgal biomass in the 
water. Calculations showed that the optimal flow of the flue gas into the photobioreactor (which 
is saturated by microalgae) is 0.014 m3·h-1. 
 
Key words: Photobioreactor, microalgae, flue gas exchange, bubbles. 
 

INTRODUCTION 
 

Microalgae has been regarded as a potential resource to replace fossil fuels. To 
grow microalgae it is important that it gets sufficient light, nutrients and carbon dioxide. 
One possible way of carbon dioxide sequestration by microalgae is to drive a flue gas 
through a bioreactor, thus offering an attractive strategy to reduce carbon dioxide amount 
in such emission gas. Flue gas contains around 12...15% carbon dioxide, which is 
acceptable for microalgae and is not toxic [1]. 

The aim of the study was to find an optimal bubbling rate for a photobioreactor, 
which was constructed in 2016 in the Institute of Technology of Estonian University of 
Life Sciences. There are two sides of the equation, where one side shows how fast can 
water absorb carbon dioxide into the reactor and how fast can microalgae consume the 
carbon dioxide in specific photobioreactor. 
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MATERIALS AND METHODS  
 
 In this work we have a photobioreactor, which is used as an example for the 
purpose of calculations. 
 There are some assumptions to be made. First, the liquid phase in the 
photobioreactor is assumed to have mass equilibrium except for carbon dioxide and 
oxygen. Carbon dioxide moves from a gas bubble to a liquid phase, while oxygen moves 
from liquid phase to gas phase. Since this study concentrates only on carbon dioxide 
movement and oxygen movement is independent of the gas bubble movement, we can 
calculate only based on carbon dioxide movement. 
 As the photobioreactor has gas openings with defined diameter of 0.15 
millimetres, the bubble size can be calculated. In this work we assume that gas contains 
15% of carbon dioxide, which has replaced oxygen in the air. Thus, the average 
molecular mass of the gas mixture is 30.76 g·mol-1. Thus, density of the gas is 1.28 
kilograms per cubic metre. Thus, we can calculate the size of the bubble in the reactor 
[2]: 

   � = �⋅�⋅�⋅�
�⋅	
��

� = 34.67���                    (1) 

, where  R is the gas opening radius (0.0075), 
 σ is surface tension (72 dynes·cm-1), 
 g is gravitational constant (980.7 cm·sec-1), 
          �� is density of the water (0.998 g·cm-1), 
          �� is density of the gas (0.0001205 g·cm-1). 
 We can also calculate the radius of the bubble: 

   � = � �⋅�⋅�
�⋅	
��

�⋅��

� �⁄ = 2.02��        (2) 

 We know that the area of the surface of a sphere is [3] 
   � =  ⋅ !2 ⋅ �"� = 11.104���         (3) 
 Next we can calculate the velocity of the bubble [4]: 

   $ = %&⋅�⋅'⋅	
��

�
�⋅()⋅

 = 26.2*� ⋅ +��                   (4) 

, where ,'is drag coefficient (0.45). 
 To know how fast can carbon dioxide absorb into the water, we need to calculate 
how many grams of carbon dioxide is in one bubble. 

   ��-. = &&./�⋅�&.01⋅/.�2
�&⋅�/3 = 9.536 ⋅ 10�06       (5) 

 Next we determine how much carbon dioxide is lost from one bubble per second. 
The assumption is that the liquid part does not have any carbon dioxide. Firstly, we 
determine the mass density of carbon dioxide in the water at the interface, which is 
identical to the solubility of the carbon dioxide in the water: 1.7 g·kg-1, which is 1.7 
kg·m-3. Thus, we can calculate how much carbon dioxide is absorbed into the water: [5] 
   �'788 = 9:;⋅<⋅
=>?

@ = 1.11 ⋅ 10�AB6 ∙ +��       (6) 

, where D-E is binary diffusion coefficient in water. (1.6 · 10-5 m2·s-1), 
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 � is area surface of the bubble. (11.104 mm2), 
 � is mass density of carbon dioxide in the water, 
 F is mean diameter of carbon dioxide transfer depth (0.126 m). 
 Thus, we can calculate how many seconds gas bubble has to be in the water so 
all of carbon dioxide can diffuse into the water 

   
G.2�0⋅�/H3
!�.��⋅�/HI" = 0.862+          (7) 

 From this, we can determine the required height of the water column for full 
carbon dioxide transfer into the water phase 
   0.862 ⋅ 26.2 = 22.59*�         (8) 
 Thus, in ideal situation the photobioreactor can absorb carbon dioxide fully 
when the water column is more than 22.59 cm high. 
 This depth is only valid when there isn’t any carbon dioxide in water. If for 
example water was 50% saturated with carbon dioxide, the required depth for full 
sequestration would have been 45.2 cm, which is not enough for this particular reactor 
design. This means microalgae have to consume all of the carbon dioxide diffusing into 
the liquid phase of the photobioreactor. In addition, bubbling is not done by one bubble 
at a time, as there are 90 gas openings. Thus, the mean diameter of carbon dioxide 
transfer depth reduces approximately tenfold, to 0.008 m, but in the meantime the carbon 
dioxide from different bubbles overlap, thus decreasing absorption rate. When we 
account for this, we get carbon dioxide absorption rate of 0.00017533 g·s-1, which is 
15.85 times lower than in ideal case. 
 On the other hand, the rate at which microalgae can consume carbon dioxide per 
second is dependent on microalgal culture. Chiu et al. [6] give carbon dioxide reduction 
by chlorella 3.441 g·h-1 per 4.8 litres of saturated culture. In SI units it is 0.00019913 
kg·m-3s-1. That means in ideal situation the photobioreactor of 100 L could sequestrate 
0.019913 grams per second. Thus, we can calculate how many bubbles can be put 
through the reactor for ideal absorption of carbon dioxide per second  

   
/./�GG��
!�.��⋅�/HI" = 1800          (9) 

 Considering the difference in absorption rates, in real situation the optimal 
bubble number would be 114. 
 The final optimal gas throughput (in ideal situation) can be calculated 
   K = � ⋅ 1800 = 0.0624L ⋅ +�� = 0.225�� ⋅ ℎ��    (10) 
, where  Kis gas throughput. 
 In the real situation, the optimal gas throughput should not be higher than 0.014 
m3·h-1 in order to guarantee that any carbon dioxide would not exit the photobioreactor. 

 
 

RESULTS AND DISCUSSION 
 
 The final optimal bubbling rate is about 50 times less than what has been used 
in this photobioreactor. This implies that the photobioreactor should be redesigned so 
that the optimal bubbling rate could be improved. Mixing effect of carbon dioxide 
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diffusion has been excluded in those calculations, thus the real optimal throughput could 
be bigger by about 20-30%. The next step would be to design such reactor, which would 
sequestrate carbon dioxide more efficiently – probably by increasing the depth of the 
reactor. Another factor, which plays the role of the optimal bubbling rate, is gas opening 
radius, but this plays less role than the depth of the reactor. 
 These calculations don’t include the scenario where microalgae is partially 
unsaturated in the photobioreactor. We can assume that in this scenario the optimal 
bubbling rate would be even less. 
 

 
CONCLUSIONS 

 
In this work we have calculated the diffusion rate of the carbon dioxide of the 

bubble and how much throughput can photobioreactor provide so that none of the carbon 
dioxide would escape the reactor. As has been concluded, the optimal bubbling rate is 
too low for this particular photobioreactor, which is 0.014 m3. 
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Abstract. Nowadays communitys pace of life is very fast and people are getting more and more 
comfortable. Most important about todays consumer society is time management and handling it, 
because time is money and it almost always withdraws to money. Because of the modern mans 
appreciation of three basic things in life (money, time, convenience), therefore it leads us to a 
topic where all three are represented - merchandise ordering and delivering. This article gives a 
small overview about the logistics of drone transportation at the campus of Estonian University 
of Life Sciences and how could this system improve existing mail management. The research is 
based on qualitative method, which consists of data collection, text analysis and making 
conclusions. Problem lies in current post system which is time-consuming and not very 
economical. In this article the use of a drone is proposed for faster and more comfortable mail 
management and transportation.  
 
Keywords: logistics, drone, post system, management, deliver, convenience 

 
INTRODUCTION 

 
Todays people are very fond of merchandise ordering especially through internet and 
this means that the delivering system has very big attention. This article concentrates on 
the mail management and logistics at the campus of Estonian University of Life Sciences 
and how to improve current post system. This leads to the problem - present mail 
delivery takes a lot of time, is not very economical and could be more convenient. 
Solution for all this could be a self-managing unmanned aerial vehicle (UAV), 
commonly known as a drone. The use of a drone can reduce significantly the traffic-
based doubtfulness of the shipping process, which means a more reliable and faster 
service [1]. Drones have very comprehensive field of applications, e.g. military; research 
and development; civil and commercial and logistics. Although many usage areas are 
nowadays already widely spread and more advanced, greatly due to drones different 
abilities like replacing vehicles, reducing labor and avoiding difficult terrains , the 
logistical side is still at an early stage [2]. 
 

MATERIALS AND METHODS 
 

This research is based on qualitative method, which consists of the set goal, data 
collection, text analysis and making conclusions. This is used to gain an understanding 
of underlying reasons, opinion and motivations. In qualitative method the focus is on 
depth analysis and the content is examined thoroughly. This kind of method provides 
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insights into the problem or helps to develop ideas. After obtained data analysis author 
forms his opinion and vision about the problem and then offers a solution [3]. 
 
One of the most important part of drones transportation is logistics. Logistics involves 
management, storage, flight route, payload capacity, flight time, package weight and 
supervision of the transport of goods. The better the logistics, the higher the satisfaction 
of the customers and more efficient the delivery [4].The selection of different drone build 
types (fixed-wing, tilt-wing, unmanned helicopter, multicopter) gives us a various usage 
areas for drones. For logistics department, the focus is on multicopters because of their 
low weight, they are easy to launch and have vertical take-off. Also, they don't cost as 
much as other drones. Disadvantages for this build type are limited payloads and 
sensitivity to wind [5]. 
 
To ensure maximum economy and efficiency for delivering post by drone the two 
essential aspects are flight route and time. Drone has to be programmed in such way that 
it flies along the most direct path and there is no "empty flights" [6]. This way the flying 
time and expenditure decreases. The following description about the flight routes of post 
delivery at the campus of Estonian University of Life Sciences are made up by the author 
and are not intended as an exact solutions, but they are one of the possible ways. 
 
Flight route number one is based on the drone flying back and forth between all the 
buildings at the campus, but the returning point remains the same on each delivery round 
and changes when the round is over. For example the drone delivers packages from the 
main building, which is the returning point, to other facilities and if needed, brings back 
what is sent to the main building (Fig. 1). The next round the returning point will be 
different building etc. 
 

 
Figure 1. Drone flight path approximate lengths of the main building [5] 
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Flight route number two is based on the drone flying in a circle between all the buildings 
at the campus and each time drone takes a box with separated compartments for all the 
facilities. For example when the drone starts its delivery round at the main building, it 
delivers all the mail from there to other structures in a circle (Fig. 2) and when the round 
is finished the drone will start its new delivery round at the next building etc. 
 

 
Figure 2. Drone flight path approximate lengths starting at the main building [5] 

 
It is very important to calculate the approximate flight time of the drone, because that 
way we can analyse the results and conclude which route is the fastest and most 
economical. To find the most optimal delivery route the author uses drone flight path 
lengths, the flight altitude that is possibly safe, max. flight speed of the drone and the 
max. ascent and descent speeds. In calculation, for the flight, ascent and descent speed, 
the author uses a drone model called DJI Phantom, that is widely used. Drones 
specifications are shown in table 1. Calculations include drones pure flying time, but the 
time for charging and parcel delivery (dropping/taking) are not considered. 
 
Table 1. DJI Phantom specifications [7] 

Drone Weight, 
g 

Diagonal 
size, mm 

Max. ascent 
speed, m s-1 

Max. 
descent 

speed, m s-1 

Max. 
speed, 
m s-1 

Max. 
flight 

time, min 
DJI 

Phantom 4 
1380 350 6 4 20 ~28 

 
The flight time of the drone can be calculated by the following formula (Formula 1): 
 

    $ = .
N → P = .

� ,    (1) 
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where  v – flight speed, m s-1; 
  s – route length, m; 
  t - flight time, s. 
 
Drones max. flight speed, max. ascent and descent speed, the length of the flight path, 
flight altitude and flight time for both routes are shown in following table (Table 2). 
 
Table 2. Drones speeds, flight distance, altitude and time 

Route Max. speed, 
m s-1 

Max. ascent 
speed, m s-1 

Max. 
descent 

speed, m s-1 

Flight 
distance, 

m 

Flight 
altitude, 

m 

Flight 
time, s 

Route 1 20 6 4 10,877 10 643.85 
Route 2 20 6 4 7,407 10 482.85 

 
As it appears from the table, the faster and more economical route is Route 2. The flight 
time for the second route is ~483 seconds or ~8.05 minutes which is about 161 seconds 
less than it would take on the first route. But this does not mean that it is the most optimal, 
because when the drone is using the second route, it uses a box with separated 
departments to carry the post and this means that it has less load capacity for packages, 
in other words the limit could be exceeded. If the drone travels along Route 1 it takes 
more time, but it is capable to carry an extra package besides to daily mail. The loss of 
time is only about 2.68 minutes, but if someone wants to send heavier and larger 
package, drone does not have to make an extra flight. 
 
Other important aspects in drone transportation logistics are the package weight and 
drones payload capacity. Drone has to be able to carry a load of approximately 3 kg. 
Nowadays average drone can carry less than 1 kg, but there are many more powerful 
drones available on the market. Only bad sides about these flying machines are the cost 
and measurements. Payload capacity is influenced by many different factors such as 
battery type and capacity, motor power, propeller size, number of propellers and frame 
weight. The biggest limitation of them all is battery capacity, because it regulates the 
amount of power available to generate the propeller thrust required to fight the force of 
gravity. For stable flight there is a rule, according to which the required propeller thrust 
equals 2x the amount of total weight of the drone. For example, if the total weight (drone 
+ payload) is 5 kg, then it requires sufficient power to lift 10 kg. This means, the bigger 
the load, the bigger the lift requirement. The bigger the lift requirement, the bigger the 
battery. The bigger the battery, the bigger the total payload etc. It all depends on the 
balancing [8]. The propeller thrust can be calculated by following formula (Formula 2) 
[9]: 

     Q = � ∙ ∆S,    (2) 
where  F    –  thrust; 
  A    –  the propeller disk area; 
  ∆p  –  the pressure jump. 
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RESULTS AND DISCUSSION 

As an result of this research it can be said that from the logistic side, it is beneficial to 
use a drone for post delivery. With a drone the mail and package management could take 
much less time and be more economical compared to the current delivery system. 
Calculation results show that faster and more economical route was route 2, but the first 
one was more optimal. Also this kind of delivery system would be very convenient and 
a good advertisement for Estonian University of Life Sciences. 
 

CONCLUSIONS 

1. Most suitable UAV build type for post delivery at the campus of Estonian 
University of Life Sciences is multicopter, commonly known as a drone. 

2. Post management by drone can improve the delivery speed, keep the 
environment cleaner and make the system more economical. 

3. The more the drone can carry, the larger it is and the more it costs. 
4. Drones pure flying time for route 1 is 643.85 seconds and for route 2 it is 482.85 

seconds. 
5. Route 1 is more optimal for post delivery by a drone, because it can carry 

packages with different parameters. 
6. Route 2 is faster and more economical. 
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Abstract. This article is about innovative planetary gearbox production methods 

which is used in a pneumatic vehicle (pneumobile – T1) as a transmission. The 

pneumatic vehicle is built to compete in “International Aventics Pneumobil 

competition”. The purpose of alternative production methods is to produce gears 

in a materially more effective manner as well as more time efficiently. The 

production method for manufacturing gear sets is different to the conventional 

milling or shaping procedure due to usage of abrasive water jet cutting for 

prototype construction. The prototype gear sets are tested on a prototype 

competition vehicle in the course of several weeks. The gear sets are visually 

inspected after the competition and prior to reassembly for second run time to 

check how the system responded to competition loads. 

The article focuses on positive and negative aspect of traditional and 

experimental gear manufacturing processes. For applications similar to 

pneumobile vehicle the water jet cut gears were sufficient enough to be used in 

the transmission system. 

 

Key words: Pneumobile, Planetary gearbox, Abrasive water jet. 

 

INTRODUCTION 

 

Prototyping by using mass production methods is very expensive, therefore 

alternative ways of prototyping seem like a logical solution. Alternative 

production capabilities will reduce the cost of prototype drastically through 

reduced machining time and universal tools. The benefits however may come at 

the price of low durability and quality. 

Price (averaged offered price) for gear sets when hobbing (tools + manufacturing 

time) – 420€ 

Price (averaged offered price) for gear sets when cut with abrasive water jet – 

250€ 

As a student project prototype, the limiting funds and workshop capabilities 

quickly became a problem which needed an alternative solution. Manufacturing 
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module 1 gear sets for planetary gearbox in machining manner meant the need 

for special workbenches and tools, therefore an alternative method was needed. 

The solution for the prototype problem was an abrasive water jet cutter. The 

article focuses on positive and negative aspects of manufacturing gear sets with 

abrasive water jet with the example of prototype planetary gearbox. 

 

MATERIALS AND METHODS 

 

The purpose of the research was to find an alternative way to manufacture 

small module gear sets.  

The process of gear manufacturing starts from model of the gear. When 

designing a gear to be cut with abrasive water jet method, several aspects have to 

be considered: 

  

1. Thickness – the thicker the material gets, the rougher and bent the surface 

finish gets in the bottom layers, even with nozzle head active compensation 

(Fig 1) [1][2]. 

 

 
Figure 1. Surface finish measurements in 50 mm thick aluminium. Source [1] 

 

2. Module – The module of the gear in this context means the detail level of 

the part. With smaller modules the problem with jet stream diameter comes 

into effect (Fig 2). For prototype gears, abrasive water jet workbench “Flow 

Mach 4–4020c” [3] was used. The stream diameter was provided by the 

cutting company.  
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There are several solutions to overcome this problem however they come in 

the form of altering the original design of the part: 

a) Using greater module for the gears 

b) Changing the gear tooth height 

c) Cutting into the gear tooth bottom to gain the contour by sacrificing the 

sides of the gear tooth. 

 

 
 

Figure 2. Jet stream diameter is larger than the bottom of the gear tooth and 

affecting the contact of module 1 gear sets  

 

 

3. Bore – If the gear is used on a shaft where a specific fit is necessary, 

machining room needs to be added to the work piece.  

 

If the gear has no 3D contours, usually a 2D drawing in the file format of dwg 

or dxf is enough for abrasive water jet cutting (Fig 3). 

 

 
 

Figure 3. DXF file content visualization for abrasive water jet manufacturing  

Gear tooth bottom 

Gear tooth 
top 

Gear tooth side 
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RESULTS AND DISCUSSION 
 

For research purposes and to test previously mentioned theories, a gear set 

consisting of six gears was cut (Fig 4). After first visual inspection, bottom 5 

mm layer had distinct tapered grooves on smooth curve surfaces. The teeth 

quality was satisfactory, however the tapered pattern was also present – gear set 

could only be assembled when all gears faced the way they were cut on the 

plate. On further assembly it came clear that the jet stream diameter turned into 

a problem – teeth bottoms were too high and for assembly purposes 0.3 mm of 

teeth tips per radius had to be removed.     

 

 

 
 

Figure 4. Module 1 gears after abrasive water jet manufacturing   

 

After fitting the gear sets to works, a prototype planetary gearbox (Fig 5) was 

assembled and used as transmission for a pneumatic vehicle which competed in 

a race competition. For next generation vehicle design process, after around 30 

hours of under load working time, the gearbox was disassembled and gear sets 

visually inspected. No mechanical flaws, that would jeopardize the reassembly 

of the gearbox, were found.  

 

Tapered zone 
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Figure 5. Prototype planetary gearbox   

 

CONCLUSIONS 

 

In conclusion several new tests should be made with taking in account the 

features that abrasive water jet manufacturing demands. For now the gears sets 

cut will be sufficient enough for the prototype gearbox however for other 

applications, some changes are recommended. 
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Abstract. The feeder design of 3D printer Ultimaker 2 which uses fused filament fabrication 
technology for printing is not ideal for printing thermoplastic polyurethane due the great elasticity 
of filament. The purpose of this research is to reverse engineer and upgrade original Ultimaker 2 
3D printer feeder for printing thermoplastic polyurethane. To fulfil the purpose of this research, 
the original Ultimaker 2 feeder had to be scanned by using laser scanner. After scanning the 
measuring points of feeder parts, the received data was then converted into mesh data. Mesh data 
was later converted into 3D model, which allowed different 3D modelling software’s to remodel 
the feeder system. After the alternations, the new feeder parts were printed out with Ultimaker 2, 
by using material ABS. The new feeder for Ultimaker 2, works normally without problems. Also 
the filament didn’t jam in feeder during tests. The tests results conclude that the upgraded feeder 
allows pushing the filament made of thermoplastic polyurethane with greater and even force 
compare to original feeder, when the filament was covered with glycerol. Presumably this 
provides stable material flow from extruder and better quality of printing.  
 
Key words: Ultimaker, Feeding system, reverse engineering, fused filament fabrication,  

INTRODUCTION 

The first 3D printer was invented by Charles Hull in 1984 while working in the 
3D systems Corp. He was mostly known by designing process known stereolithographic, 
which means solid imaging. In 3D printing the layers are successfully printed by on top 
of each other. There are a vast variety of uses in 3D printing, from plastic to metal and 
even human body parts. [12].  

Ultimaker types of printers are using fused filament fabrication technology or 
FFF for printing. The technology can be described as a technology where the molten 
material is forced through printer head’s nozzle and deposited on a growing workpiece. 
The printing tolerance with FFF technology is from 0.05mm to 0.5mm [3].  

Thermoplastic polyurethane or TPU was invented in 2013 and in 2016 NinjaTek 
launched two new industrial grade TPU materials. They were called Cheetah and 
Armadillo. TPUs are class of elastomers, which are quite unique with their tuneable 
properties. The soft segment of TPU is based on ester or ester based polyol, this gives 
TPU its flexibility [10].  

NinjaFlex is a filament that is combined with thermoplastic and rubber, which 
gives the filament quite extraordinary properties in terms of flexibility, mechanical strain 
and printability. Its flexibility and manufacturing could improve the antennas and 
conformal components, yet the electrical parameters are still quite unknown. The study 
published in “ IIEE ANTENNAS AND WIRELESS PROPAGATION LETTERS “ 
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called “Infill-Dependent 3-D-Printed Material Based on NinjaFlex Filament for Antenna 
Applications“ shows that NinjaFlex substrate can be used for manufacturing flexible 
antennas with similar characteristics used now [11]. 
 The feeding system design of 3D printer Ultimaker 2 which uses FFF technology 
for printing is not suitable to print thermoplastic polyurethane due the great elasticity of 
filament. The mechanical properties of ABS and two different thermoplastic 
polyurethanes that are used for 3D printing are given in Table 1.  

Table 1. The properties of used thermoplastic filaments.  

Filament Tensile 
Strength, 

Yield 

Tensile 
Strength, 
Ultimate 

Elongation 
at Yield 

Elongation 
at Break 

Hardness 

ABS [4] 35 Mpa 35 Mpa 8% 8% 70 Shore D 
TPU 95A 

[5] 
8.6 MPa 39 MPa 55 % 580 % 95 Shore A 

NinjaFlex 
[3] 

4 Mpa 12 Mpa 65% 660% 85 Shore A 

 
The purpose of this research is to reverse engineer and upgrade original 

Ultimaker 2 3D printer feeding system, for printing thermoplastic polyurethane. To fulfil 
the aim of this research, some of the task had to be done: 

1. Scanning the original feeder parts, in order to receive mesh data; 
2. The reversed engineering of received 3D model; 
3. Printing of the new feeder parts with Ultimaker 2; 
4. Testing of the new feeder. 
 

MATERIALS AND METHODS 

Scanning of the feeder system 

The existing feeding system was scanned using Nikon MCAx20/MMDx50 laser 
scanner. The measurement accuracy of the scanner is 50 µm [6]. After scanning the 
feeder parts, the received mesh data was converted into 3D model using SpaceClaim 
program.   

The reverse engineering of the recieved 3D model  

The converted 3D model was then opened with AutoDesk ReMake. The 
program allows the user to edit the surfaces, deleting and adding surfaces if needed, also 
fixing holes which came due the scanning- the scanned detail was too small for the 
scanner head to scan form everywhere. After merging and deleting extra surfaces, fixing 
holes, the remained surfaces were decreased so it wouldn’t change the outcome of detail. 
This is best shown in Fig.1. 
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Figure 1. In the picture is before using AutoDesk ReMake (A) and after using AutoDesk 

ReMake (B). 

 The modelling and chances were made in the program AutoDesk Fusion 360. 
The unnecessary parts of feeder were deleted the openings for the material movement 
were made wider. Material tube which leads to printing nozzle can be inserted deeper. 
After the changes were done, the reverse engineered feeder was printed out with 
Ultimaker 2, while using the material ABS. For knowing if the alternations had any 
affect, the compressive stress tests were done.  
 

Printing of the feeder parts  

The printing of the feeder was done with Ultimaker 2, using the filament called 
ABS with diameter of 3mm. The printing parameters are shown in Table 2.  

Table 2. Important parameters for printing the new feeder.  
Parameter Value 
Printing speed 40 mm/s 
Retraction 4.49 mm 
Filament flow 105% 
Printing speed 100% 
Temp of printing nozzle 230oC 
Infill 20% 
Infill pattern Lines 

Testing of the new feeder 

For calculating the force, the used mass was found with the scale while the 
filament pushed to the scale. The diameter of the filament was also know, it was 3mm. 
All the parameters used while testing compressive stress are shown in Table 3. The used 
materials and their properties can be found in Table 1. 

Table 3. The compressive stress test conditions. 

Feeding 
speed 

Retraction Filament 
flow 

Printing 
speed 

Temp of 
nozzle 

Infill  Infill 
pattern 

According 
to normal 
printing 

0 mm 105% 80 mm/s 191oC 100% Concentri
c 
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The material tube was connected with scale which allowed seeing the mass with 
what the filament was pushed on the scale. The tests were done five times per each 
filament and the mass obtain there was read when the filament was jammed, shown in 
Fig. 2, or the filament started to slip. Slip was when the feeder started to feed but the 
filament didn’t move.  The measurements were done by using a kitchen scale Soehnle 
66100 [13]. 
 

 
Figure 3. Filament is jammed between feeder roller and feeding parts. 

The compressive stress was found when the filament is pushed through material 
tube. The filament pushes to the scale, which allowed the author to estimate the effecting 
stress to the heating nozzle.   

Standard deviation ������ of mass measured with scale was calculated with Equation 1 
[7,8]. 

������ = � 1
� − 1����� − �̅����
���  

(1) 

Where xi is value of measurement; 
 �̅ is the arithmetic mean; 
 n is the number of measurements. 
 
Experimental standard deviation in the mean �(�̅�) was calculated with equation 2 [9]. 

�(�̅�) = �(�̅��)√
  
(2) 

 

The experimental standard deviation in the mean �(�̅�) can be taken as being equal to 
the type A evaluation of uncertainty uA(x). The uncertainty of measurement device uB. 

�� = ∆�√3 

Where ∆� is absolute error of measurement device.  

(3) 
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Cumulative uncertainty uC was calculated by using equation 4. 

�� = ���2 + ��2  
(4) 

 

 RESULTS AND DISCUSSION 

Modelled feeder parts were printed out by using 3D printer Ultimaker 2, material 
ABS was used while printing these parts. Some minor alternations were made in 
SolidWorks 2013. The modelled and printed feeder parts can be found in Fig. 4. 

 
Figure 4. In the figure there is feeder part modelled in (A) and a printed feeder parts (B)  

To see if the new feeder  had any affect, the compressive stress tests were 
made, by using different materials. The results of the tests are shown in Table 4. 

 
Table 4. The compressive stress tests result. 

Material Arithmetical 
mean of 

measured values 
[kg] 

Standard deviation Compressive stress 
[N/mm2 ] 

Original New Original New Original New 
Ninjaflex 0.277 0.251 49.95 21.013 0.384 ± 

0.08695% 

0.348 ± 
0.03695% 

TPU 95A 1.154 1.292 277.18 23.607 1.600 ± 
0.47895% 

1.79 ± 
0.04095% 

ABS 2.596 3.036 648.714 158 3.602 ± 
1.1295% 

4.212 ± 
0.27295% 

NinjaFlex 
+ glycerol 

0.337 0.424 71.48 15.166 0.468 ± 
0.12395% 

0.588 ± 
0.02695% 

CONCLUSIONS 

The new parts for Ultimaker’s feeder allow the material tube, which connects 
the feeder and printer head, to go deeper inside feeder. The results show that original 
feeder’s compressive stress was a bigger compare to new feeder. After adding glycerol 
to the filament, the compressive stress with new feeder was bigger compare to original. 
Adding the glycerol should be done after the feeder, so the material tube would be more 
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lubricated, this also avoids the feeder roller to be lubricated. The standard deviation 
between original and new feeder, while using NinjaFlex covered with glycerol, has 
around 4,7 times difference. This can conclude, that using NinjaFlex covered with 
glycerol in new feeder could improve printing qualities. New feeder using ABS filament 
had around 12 times bigger compressive stress than NinjaFlex.   While using NinjaFlex 
with the new feeder the filament doesn’t jam so often, mostly because of the small gap 
between feeder roller and material tube. The compressive tests show that the material 
ABS has the biggest compressive stress with new feeder. Tests show that adding glycerol 
on the filament helps for the compressive stress. The standard deviation between 
NinjaFlex and TPU 95A is quite small, when it was tested with new feeder parts. Overall 
the tests conclude that the new feeder works better with ABS and TPU 95A. If glycerol 
is added on the filament, then the filament NinjaFlex also prints better with new feeder.   
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Abstract. The aim of this article is to give an overview of Estonian Defence Forces method of 
maintaining an army cable and to design a maintenance mechanism for semi-automatic army 
cable winder. The cable has to be constantly maintained to prolong its useful lifespan. The 
problem with today’s cable lies in their maintenance method. The method requires a great amount 
of resources and labor to maintain one spool of cable. A new design solution is required to 
optimize resources, requiring only one person to operate the device. Another solution would be 
to increase simplicity of the device so it can be used by anyone. With the knowledge of the 
Estonian Defence Forces inventory, it will be more attainable to simplify the design of this 
devices and use it for their advantages. For the purpose of this article a prototype was developed 
to test the devices efficiency and user-friendliness. 

Key words: military, army cable, wire, cleaning, mechanism. 

INTRODUCTION  

Estonian Defence Forces uses three different methods for communication: radio-, 
cable- and alternative communication [1]: 

1) Radio communication – transmission of information via radio waves. Radio 
communication works by using a radio transmitter and one or more radio 
receivers [2]; 

2) Cable communication - transmission of information via electric wiring [3]; 
3) Alternative communication – subdivides into three methods: signal 

communication, civil communication and usage of a courier [1]. Alternative 
communication is mostly based on creativity. Used when there is no radio- or 
cable communications. 

All three communication types are very important for Estonian Defence Forces. This 
means that all communication equipment for these three methods require continuous 
development and modernization. 

This article will establish the Estonian Defence Forces cable communication method. 
Maintenance mechanism for an army cable is a part of a project called semi-automatic 
winder and maintenance mechanism for army cable. 



Estonian University of Life Sciences Institute of Technology XI Master Students 
Conference 20.04.2017 

 

76 
 

Cable communication is used by winding the cable onto the terrain between point A 
and point B. Telephones are connected to each end of the cable to exchange information. 
The period of time for using cable communication can vary from couple of hours to 
couple of days. Afterwards they respool the mismanaged cable and change position. 

The protocol that the Estonian Defence Forces use today, needs at least four people 
to maintain a spool of army cable. The first person holds the cable harness that has a 
spool filled with mismanaged cable. The second person cleans the cable by holding the 
cable with a oiled cleaning cloth or a rag. The third person also cleans the cable but the 
individual holds the cable with a less oiled cleaning cloth or a rag, thus removing excess 
oil and directing the cable onto the spool evenly. The fourth person uses the hand crank 
to wind the empty spool where the cleaned cable will be directed. This method needs a 
lot of workforce and there has to be a maintenance mechanism that is able to do most of 
the processes independently, in order to decrease the labor resources required. 

Every household uses sponges for cleaning surfaces or dishes, this does not exclude 
the Estonian Defence Forces either. As a result, it is known, that they order sponges in 
large quantities so everyone can easily access the sponges. It is possible to use sponges 
to maintain the army cables. The device should also ensure the opportunity to use a 
cleaning cloth or a rag to maintain the cable. For this reason, it is necessary to assemble 
a sponge holder and a cleaning cloth fixer to lower the workforce necessary for 
maintaining a cable. 

MATERIALS AND METHODS 

Maintenance mechanism will be made of sheet metal and bended according to the 
assembly. Ermaksan Fibermak Momentum Gen-3 laser cutting bench will be used for 
cutting the sheet metal and Trumpf Trubend 5130 for bending the metal. 

Even though the maintenance mechanism will not be used under heavy loads it has 
to be resistant and reliable for military purposes. In that assumption 2 mm thick sheet 
will be used for the maintenance mechanism. The chosen material will be Domex 
355MC. 

Table 1. Domex 355MC mechanical properties [4]. 

Material Thickness Yield 
strength 

(min. 
Mpa) 

Tensile 
strength 
(Mpa) 

Elongation 
(min. %) 

Min. inner bend 
radius for a 90° 

bend 

DOMEX 
355MC 

1.80-3 355 430-550 23 0.2xt1) 

1) t is material thickness 

Domex 355MC grade is produced under rigorous quality control. A well-balanced 
analysis with a fine grain structure produced through thermomehanical rolling creates a 
steel with first-class mechanical and cold-forming properties. With the steel’s high 
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purity, these properites make a outstanding repeatability, excellent bending and cutting 
characteristics and a steel that can be welded using all standard methods [4]. 

Domex 355MC does not need much adjustment on the Trumpf Trubend 5130 bending 
bench. The corrections usually vary from the angle of a bend and the length of the sides. 

Two sponges were used with the measurements of 85x88x27 mm. For the sponges to 
be tight, it is necessary that the sponges are maximally compressed. To get this result 
one sponge was put on another and then pressured together. The result thickness was 17 
mm. When the sponges were pressured the width did not change, that means the width 
stayed 85 mm. It is known that most sponges are in a different shape and size but there 
are not many smaller sponges than the ones used in this mechanism.  In addition, if the 
sponges are with larger dimensions, it is easy to cut them into neccesary shape. It is 
important that the maintenance mechanism is easily understandable and operated for 
everyone without any special training. 

Figure 1. illustrates the exploded view of the maintenance mechanism. The device 
has to ensure that no extra wear or any other kind of damage would be inflicted on the 
cable. For that reason, two rollers were added inside of the assembly to ensure less 
friction on the sides. The cable height does not change, while going to the next 
mechanism that directs the cable on the spool. However that mechanism itself moves left 
and right distributing the cable evenly on the spool. In that assumption the rollers are 
only needed on the sides of the maintenance mechanism. Washers will be used to fix the 
rollers in the right position. 

 
Figure 1. Assembly of maintenance mechanism, where 1-mounting plate, 2- 8mm 
round bar, 3- assembly for holding sponges or a cleaning cloth, 4- washer, 5- roller. 

The semi-automatic winding and maintenance mechanism project specifies that the 
maintenance mechanism has to be removable. In order to accomplish that, there will be 
8 mm round bars welded on both sides of the assembly to make sure that the maintenance 
mechanism is centered and in the end of the round bars will be a 3 mm thick sheet metal 
plates with suitable holes for M8 bolts. On the frame of the project there will be matching 
plates to fix the maintenance mechanism with bolts.  
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RESULT AND DISCUSSION 

Most of the Estonian Defence Forces cables are from the sixties and they are still 
being used regularly. Most of the cables used in civilisation are not used as often. Those 
cables are laid between point A and point B and left there until it reaches the point of 
replacement. However, the Estonian Defence Forces use the same cable over and over. 
After every use, maintenance for the the cables are necessary to preserve them for 
numerous decades. In conclusion the cables used in civilisation do not need this kinda 
of a maintenance as military cables and for the same reason there has not been a cable 
maintenance mechanism created. 

A prototype of the maintenance mechanism was constructed to test out following: 
      1) How well the sponges fit in the mechanism and are the sponges fixed well 
 enough; 

2) How easy is it to use the maintenance mechanism; 
3) Can the cable move freely between the sponges; 
4) Are the rollers correctly positioned; 
5) Is it possible to use cleaning cloth or a rag in the maintenance mechanism. 

Figure 2. illustrates an assembled maintenance mechanism with two sponges in the 
assembly. The sponges fit perfectly inside of the maintenance mechanism. Sponges were 
pressured together enough that they would not fall out. It was a bit hard to get them out 
of the mechanism when the sponges were pushed in equally and lined with the side of 
the mechanism. To resolve this problem a cap was added on the both sides of the 
assembly, where the sponges could be grabbed and pulled out more easily. 

 
Figure 2. Assembly of maintenance mechanism with sponges 
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Figure 3. illustrates the maintenance mechanism, which has both sponges in it and a 
cable going through. A spool filled with cable on a harness that helps the spool turn can 
be seen it the background of Figure 3. Testing showed that cable could move freely 
between the sponges and the rollers where in the right position to protect the cable from 
additional wear. The preparation for maintaining the cable in the maintenance 
mechanism works as following: firstly the cable has to be put through the mechanism 
and then the sponges are added. If the sponges are put in the mechanism first then there 
will not be any room to pull the cable through. 

 
Figure 3. Assembly of maintenance mechanism cleaning a cable with sponges 
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Figure 4. illustrates the maintenance mechanism were a piece of rag is used for 
cleaning the cable. Should be approached creatively and try different methods when 
using a cleaning cloth or a rag for maintaining the cable. The holes were a bit small for 
attaching the rag therefore the holes were made 2 times longer.  

 
Figure 4. Assembly of maintenance mechanism cleaning a cable with a piece of rag 

 
 

CONCLUSIONS 

The maintenance mechanism maintained the cable as Estonian Defence Forces 
requires. By making the prototype, it was clearer what needed modification and how 
would the modification increase efficiency. The mechanism is easy to use with sponges 
or with a cleaning cloth. However it is necessary to try different methods when using a 
cleaning cloth or a rag to get the best result. 
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The effect of unsprung mass on the driving quality on the basis 

of an electric motorcycle 
 

P. Lille and T. Leemet 
 
Estonian University of Life Sciences, Institute of Technology, Production Engineering 
 
Abstract. Due to recent years progress in electric vehicle industry more in-wheel based electric 
motors are being used in electric vehicles for generating torque. That kind of design enables to 
cut energy loss in transmission and gearbox. But on the other hand using in-wheel based engines 
increases vehicle’s unsprung mass. This article presents the effects of increased unsprung mass 
in various suspension configurations on the basis of an electric motorcycle. Kinematic models 
and simulations were carried out using SolidWorks Motion software. The results indicated that 
depending on suspension’s characteristics increasing unsprung mass may have a positive effect 
on electric motorcycle’s driving quality. 
    
Key words: Unsprung mass, in-wheel motor, electric motorcycle, suspension. 
 

INTRODUCTION 
 

The subject of the research is an electric motorcycle which is currently being 
developed in Tartu Science Park. Electric motorcycle is based on a model BMW f650gs 
and uses two EnerTrac MH602 liquid cooled dual hub motor. Both motors can generate 
up to 60 kW of peak power and 40 kW power constantly. EnerTrac in-wheel motor is 
brushless direct current motor which makes this motor efficient and easy to control [1]. 

Altough in-wheel motors enable engineers to eliminate conventional gearbox and 
transmission and therefore cut energy losses in those mechanisms, in-wheel motors 
makes motorcycle’s swingarm heavier. This causes an effect known as increased 
unsprung mass. It is a largely debated subject if unsprung mass has positive or negative 
effect on vehicle’s dynamics.  

The objective of this article is to determine the change in motorcycle’s dynamics 
when increasing unsprung mass by simulating motorcycle’s reaction to a road bump.  
During the simulations motorcycle rear suspension’s characteristics were changed to see 
how unsprung mass effects the vertical acceleration of motorcycle frame. Received data 
were compared with the same simulations but with less unsprung mass, then analysed 
and suggestions on motorcycles rear suspension’s characteristics were made. 

 
 

MATERIALS AND METHODS 

 
Motorcycle’s rear suspension system can be described as a two degree-of-freedom 

model (Fig. 1). This model determines motorcycle’s parts which take part in softening 
road imperfections. These components are rear suspension and rear tire.  
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Figure 1. Abstract model of motorcycle’s rear suspension system. Source: [2] 

 
These components, suspension and rear tire, have their own characteristics. In 

Figure 1, C1 and K1 represents tire damping coefficient and tire stiffness. C2 and K2 are 
respectively suspension’s damping coefficient and spring stiffness. M1 is unsprung mass 
and m2 is a mass of a motorcycle’s body.  

Taking account model described in Figure 1 and electric motorcycle’s 3D model, 
kinematic scheme of rear part of a motorcycle were created by using SolidWorks (Fig 
2). In this kinematic scheme motorcycle main body was restricted to move only 
vertically. Kinematic scheme constructed in software environment allows us to use 
SolidWorks Motion software to conduct motion study. 
 

 
Figure 2. Kinematic scheme of a rear section of a motorcycle. 

 
Based on motorcycle’s rear part kinematic scheme simulations were carried out. In 

each simulation driving over 50 mm round obstacle with the speed of 30 km/h were 
imitated and vertical acceleration of a motorcycle’s body was then registered (Fig. 3). 
Vertical acceleration of a main body implies force which the driver receives when 
driving over an obstacle. According to Newton’s Second Law, the greater the 
acceleration, the more force driver will receive from driving over a bump.   
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Figure 3. Example of a vertical acceleration graph of a motorcycle’s body. 
  

For simplification, it was assumed that half of the motorcycles mass, 130 kg, will 
be loaded on a rear wheel. Unsprung mass of a swingarm were chosen 40 kg with in-
wheel motors and 15 kg without them. Stiffness and damping factor on a tyre were 
chosen K1=300 kN/m and C1=0,00035 N*s/mm [3]. Although motorcycle’s tire 
characteristics could be described as non-linear, for this simulations it was assumed that 
they were linear. Rear suspension’s damping factors chosen for simulations were 5, 25, 
50, 100, 150, 200 and 250 N*s/mm. Spring constants of 50, 100, 150, 200, 250, 300, 400 
and 500 kN/m were used during simulations. 

  
 

RESULTS AND DISCUSSION 
 

Simulations with unsprung mass of 40 kg 
 
First set of simulations were carried out with unsprung mass of 40 kg. Total of 48 

simulations were carried out on different suspension parameters. The results are seen in 
Table 1. From this table we can see that suspension with damping factor of 25 N*s/mm 
and with spring constant 500 kN/m had the least impact on motorcycle’s frame and 
therefore for driver’s body. This can be explained as most of the shock coming from 
road bump is absorbed in motorcycles spring. For practical reasons it is recommended 
to use small damping coefficients because suspension tends to oscillate (Figure 4).    
 

Table 1. Registered accelerations with unsprung mass of 40 kg, m/s^2. 

  Damping factor, N*s/mm 

  25 50 100 150 200 250 

Spring 
constant, 

kN/m 

50 27,983 28,209 32,378 35,329 37,438 39,054 
100 22,191 26,955 32,144 35,270 37,412 39,057 
150 19,663 26,075 31,943 35,205 37,399 39,058 
200 18,156 25,431 31,775 35,145 37,387 39,045 
250 17,244 24,972 31,631 35,102 37,367 39,038 
300 16,785 24,654 31,510 35,065 37,346 39,031 
400 16,815 24,360 31,346 34,991 37,317 39,021 
500 14,838 22,015 29,978 34,463 37,393 39,372 
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Figure 4. Example of oscillation. Upper picture represents suspension with parameters 

C=25 N*s/mm and K=500 N/m. Lower picture represents parameters C=100 N*S/mm and 
K=500 N/m. 

 
From the Figure 5 it is seen that spring constant do not have so much impact on 

vertical acceleration when using higher damping coefficients. This can be explained by 
the fact that suspension with higher damping coefficients cannot absorb rapid shock 
coming from rear wheel and therefore shock impact will be transferred directly to 
motorcycle’s body.  

 

 
Figure 5. Magnitude of acceleration with unsprung mass of 40 kg. 

 
 

Simulations with unsprung mass of 15 kg 
 
To see the difference between heavier and lighter swingarm, simulations with 

unsprung mass of 15 kg were carried out. Simulations showed a slight difference in the 
results. The results can be seen in Table 2. Overall the results looked similar to the 
simulations which were carried out with heavier swingarm. 

 
Table 2. Registered accelerations with unsprung mass of 15 kg, m/s^2. 
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  Damping factor, N*s/mm 

  25 50 100 150 200 250 

Spring 
constant, 

kN/m 

50 25,458 26,417 31,453 35,085 37,682 39,623 
100 19,860 25,031 31,164 34,989 37,636 39,612 
150 17,328 24,067 30,914 34,889 37,589 39,600 
200 16,798 23,357 30,700 34,812 37,554 39,687 
250 14,828 22,832 30,518 34,740 37,528 39,554 
300 14,269 22,456 30,357 34,664 37,500 39,534 
400 14,081 22,058 30,122 34,543 37,434 39,508 
500 14,838 22,016 29,978 34,463 37,393 39,493 

 
3D graph of simulations with lighter swingarm can be seen on Figure 6. The shape 

of a graph looks similar with Figure 4. The smallest acceleration registered were with 
suspension parameters C=25 N*s/mm and K=500 kN/m. 

 

 
Figure 6. Magnitude of acceleration with unsprung mass of 15 kg. 

 
To compare these two results, new table was formed where data from Table 2 was 

subtracted from data in Table 1. This way differences in accelerations with different 
suspension parameters can be seen. Results of this subtraction is shown in Table 3. From 
this table we can see, that relation with acceleration and unsprung mass is not linear. 
Results with higher damping coefficients shows a slight improvement in absorbing road 
bumps while driving. This can be explained that most of the shock is absorbed in tyre 
while motorcycle’s swingarm is heavier and suspension is more ‘rigid’.  

What is interesting is that simulations showed that spring stiffness of 500 kN/m had 
no or very little impact on motorcycle’s dynamics while having different unsprung mass.  

 
Table 3. Acceleration differences, m/s^2 

  Damping coefficient, N*s/mm 

   25 50 100 150 200 250 
Spring 

constant, 
kN/m 

50 2,525 1,792 0,925 0,244 -0,244 -0,569 
100 2,331 1,924 0,980 0,281 -0,224 -0,555 
150 2,335 2,008 1,029 0,316 -0,190 -0,542 
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200 1,358 2,074 1,075 0,333 -0,167 -0,642 
250 2,416 2,140 1,113 0,362 -0,161 -0,516 
300 2,516 2,198 1,153 0,401 -0,154 -0,503 
400 2,734 2,302 1,224 0,448 -0,117 -0,487 
500 0 -1 0 0 0 -121 

 
Figure 6 visualizes the effects of increased unsprung mass. The blue area indicates 

that using those particular suspension characteristics (higher damping coefficients) the 
motorcycle’s performance improves while using heavier swingarm and vice versa. 
Lighter swingarm will perform better with lower damping coefficients. 

 

 
 

Figure 7. Acceleration differences of simulations. 
 

CONCLUSIONS 
 

Although simulations indicate that changing unsprung mass motorcycle’s dynamics 
while driving on a bumpy road changes also no solid statements could be made if this 
effect is positive or negative. It all depends on what kind of suspension is used in what 
configuration. But nevertheless, Figure 4 indicates that when possible suspensions with 
smaller damping coefficients should be considered to use while using in-wheel motors.  

When it comes suspensions with higher damping factors Figure 6 shows that the 
effect may be opposite. Adding unsprung mass in those configurations to swingarm 
reduces motorcyle’s frame vertical acceleration and therefore reaction to a road bump.  

This research showed, that SolidWorks Motion software is capable of solving 
dynamic problems and helps to choose optimal suspension parameters.  
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Modeling of shear pin for an industrial robot end 

effector  

 

I.Virro, M.Madissoo 

 

Estonian University of Life Sciences, Institute of Technology, Department of 

Agricultural and Production Engineering 

 

Abstract: Mechanical overload conditions must be avoided on robot arms. One possible 

solution is to use shear pins that break on overload. A way to dimension shear pins is 

use FEM modeling. For this purpose Solid Edge CAD system was used. The chosen 

material was ABS and the fixture conditions with loading conditions were chosen to 

suite mechanical design of the planned end effector. From the simulations the best 

solution from the selection can be chosen. The chosen pin can be further tested in 

real life to validate the simulation results.  

 

Keywords: FEM, plastic, shear pin, simulation. 

 

INTRODUCTION  

 

 Because robotics is increasing in importance in the economy, then the 

development of the field is increasing. Estonian University of Life Sciences has a 

Mitsubishi Electric robotic arm RV-4FL that is used as a teaching object. The robotic 

arm has lifting capability of 4 kg[1]. To increase the functionality of the robot different 

end effectors are needed. One possible gripper design is a universal jamming gripper that 

can pick up unfamiliar objects of widely varying shape and surface properties[2,3]. 

Therefore a prototype jamming gripper for RV4-FL is being built. To lessen the change 
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of significant damage to the robot arm from overloading shear pins were introduced to 

the design of the prototype gripper, that must break at the 4 kg lifting capability. 

 

MATERIALS AND METHODS  

 

 Utilising Solid Edge in build FEM capabilities four different designs were 

analysed. A solid cylinder, throw hole cylinder, V-cut body and V-cut body with throw 

hole. The pin material was chosen ABS plastic that has yield strength of 31 MPa. As the 

gripper design has 4 pins in the design, making the safety threshold to be cut down to 1 

kgf= 9.81 N. Pin base form is a cylinder with a diameter of three and length of five mm. 

Throw hole sized one mm in diameter was placed on the axis of the cylinder. The V cut 

with a sharp 90 deg tip, depth of cut 0.5 mm was placed 1.92 mm from the reference 

plane of the cylinder. Normal shear pins are subjected to pure shear loadings[4]. The pin 

is fixed on both ends to the other parts, the dimensions can be seen on figure 1. 

 

Figure 1. Shear pin fixture dimensions (right), cut throw section of the gripper assembly 

showing pin location(left). 
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Fixed and force applied (9.81 N) surfaces are shown on figure 2 for the simulation along 

with the generated mesh with element size 0.11mm. 

                

 

       

Figure 2. Simulation model fixed (dots) and force applied (arrows) surfaces, generated 

mesh (left) 

 

 

RESULTS AND DISCUSSION  

 

Solid cylinder simulation had largest von Mises stress value of 20.3 MPa remaining 

under the material yield strength(figure 3). As the largest stress concentration is located 

only in a few nodes, the results have to be taken as a guidance only.  
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Figure 3. Solid cylinder FEM results. 

Throw hole cylinder simulation had largest von Mises stress value of 37.2 MPa going 

over the material yield strength(figure 4). As the largest stress concentration is located 

only in a few nodes, the results have to be taken as a guidance only. 

Figure 4. Throw hole cylinder FEM results. 

V-cut body simulation had largest von Mises stress value of 37.1 MPa going over the 

material yield strength(figure 5). As the largest stress concentration is located only in a 

few nodes, the results have to be taken as a guidance only. 
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Figure 5. V-cut body FEM results. 

V-cut body with throw hole simulation had largest von Mises stress value of 36.7 MPa 

going over the material yield strength(figure 6). As the largest stress concentration is 

located only in a few nodes, the results have to be taken as a guidance only. 

 

Figure 6. V-cut body with throw hole FEM results. 
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All the modified bodies simulation results from the base cylinder exited the yield 

strength value. As for the limited number of nodes at the possible breakage line 

experimental fallow up should be performed[5].  

 

CONCLUSIONS  

The FEM analysis results using Solid Edge for a shear pin sized diameter of three and 

length of five mm for the prototype gripper needs to be put to the test with real test 

pieces. The results show that modifying the base shape yield in higher stress values 

under load. All the modified shapes seem to have better chance to work as a shear pin 

under the specification compared to the base shape. 
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Tractor´s wheel slip on meadow 
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Abstract. Wheel slip is a significant factor that influences tractor´s working productivity and fuel 
economy. Wheel slip depends on the tyre pressure and contact area between the tyre and the 
ground. The lower the tyre pressure the larger the contact area. According to this, larger contact 
area reduces wheel slip.  In this article, tractor´s wheel slip is researched on meadow. The aim of 
this article is to find optimal tyre parameters in order to achieve minimal wheel slip on a slope. 
Tests were performed on uphill driving on different soil conditions. One test was performed on 
snowy and frozen ground, the other without snow in melted conditions. The method used for 
determining wheel slip in tractor user manual has problems with achieving the required accuracy. 
In this article, there is used more precise  method. The results showed that because of the lower 
tyre pressure the distance of ten wheel revolutions is longer. It also means less wheel slip. 
Key words: uphill driving, soil, drawbar pull, fuel economy. 
 

INTRODUCTION 
 

Tractor´s wheel slip has been researched on the different terrains, but wheel slip 
on slope has not been studied so much. Cost-effective manufacturing, optimization costs 
per unit of production is more and more important. Due the increased rivalry only 
stronger entreprenurs will survive.  

Farmers want to control the wheel slip, because it’s negative effect to the crop 
production. It influences the soil structure and reduces the water infiltration into the soil 
[1]. 

Tractors are not only used in agriculture, but also in public utility, in forestry 
and other fields. Wheel slip depends on terrain conditions (soil structure, moisture etc), 
tyre pressure, wheel properties and other factors. In this research is focused on 
determining wheel slip on meadow. The opimal and recommended wheel slip for 2WD 
tractors is between the 8 and 15% [2,3]. 

Uphills and downhills are common in southern Estonia. Farming in that area is 
more complicated than in north and middele Estonia. So that is one reason why tests are 
taken in the hills. Due to hilly relief the rolling resistance increases. This article is 
different from others, beacuse attempts and measurements are taken on uphill conditions. 
The angle of ascent is 3.3 degrees.   

According to research there are three types of losses that influence work on 
agricultural soil: transmission loss, losses due to motion resistance and losses due to 
slippage [4]. In this research is mainly focused on losses due to slippage. 
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MATERIALS AND METHODS 

 
For testing is used wheeled tractor John Deere 6920 S (Fig. 1) [5]. For load is 

used a lorry Volvo FL 614 (Fig. 1). 

 
Figure 1. Machines used for testing. 
 

 Other option for load was to use a semitrailer, but it applies part of it´s mass to 
the tractors rear axle. Thus, it was not suitable. The full trailer was not available, so the 
final choice was to use the lorry. It´s mass is 8,110 kg. To estimate needed tractive force 
to move it is used a dynamometer ДПУ–5–2. This also gives a opportunity to achieve 
similar load levels in different conditions, so the tests results are comparable. 
 Tests were taken using the rear–wheel drive only. 

The existing method for determining is described in tractor´s user manual. This 
method is inaccurate, so completed and more precise method is developed. The method 
that is used for getting accurate results of measurement is following: the distance of ten 
wheel revolutions is measured. The distance is measured in unloaded and loaded 
conditions. The wheel slip is calculated according to test results. 

For simplifiying counting tire revolutions, there is made sign with chalk to the 
side of the tire. 

To avoid casual errors, same attempts are repeated four times. Then the average 
result is calculated. Four different tire pressures are used, accordingly 50 kPa, 100 kPa, 
150 kPa and 200 kPa.  

 
RESULTS AND DISCUSSION 

 
The relationship between the tyre contact area and soil is shown in table 1. The 

results show the lower the tyre pressure the bigger contact area. If tyre pressure changes 
from 200 kPa to 150 kPa, the contact area increases 7.31%. Change from 150 kPa to 100 
kPa increases contact area 7.88%. And last, the change from 100 kPa to 50 kPa increases 
the contact area 29.05%. According to these results it can be seen that change in lower 
tyre pressures is more than three times bigger than other changes. Problably the static 
radius of the tyre changes the most and  this causes rapid increase in contact area. 

 
Tabel 1. Rear tyre contact area using different tyre pressures 

Tyre pressure, 
kPa 

50 kPa 100 kPa 150 kPa 200 kPa 
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Contact area, 
mm2 

35,570 25,238 23,250 21,550 

 
In table 2 is described the test results of snowy meadow (Fig. 2). It can be seen 

the rule that the distance of the ten wheel rotations in unloaded situation rises if the tyre 
pressure is bigger. One explanation to this is that the static radius of the tyre influences 
the results. Other one is that beacuse the attempts were taken four times in each pressure, 
so the same terrain were used twice in some attempts. 
 
Table 2. Test results on snowy meadow using different tyre pressures 

Attempt 
number 

Tyre pressure, 
kPa 

Distance without 
load, m 

Distance with 
load, m 

Dynamometer 
value, kgf 

1 50  52.85 44.15 0.650 
2 100  53.61 43.36 0.625 
3 150 53.82 40.04 0.675 
4 200 54.05 38.27 0.60 

 
Table 3 describes the test results of melted meadow (Fig. 3). On meadow the 

dynamometer scale value is bigger than on snowy meadow 
 
Table 3. Test results on meadow using different tyre pressures 

Attempt 
number 

Tyre pressure, kPa Distance without 
load, m 

Distance with 
load, m 

Dynamometer 
value, kgf 

1 50  52.65 51.20 0.800 
2 100  53.00 50.46 0.900 
3 150 52.55 49.90 0.750 
4 200 52.61 47.77 0.950 

 
But more important is the ratio comparision between the unloaded and loaded 

situation. This aim is achieved thanks to equation 1, which allows to calculate the wheel 
slip. Wheel slip results can be seen in table 4. 

 
Table 4. Test results on meadow using different tyre pressures 
Tyre pressure, kPa 50 kPa 100 kPa 150 kPa 200 kPa 
Wheel slip on snowy meadow, % 16.16 19.12 25.60 29.20 
Wheel slip on meadow, % 2.75 4.79 5.04 9.20 

 
 As it can be seen, the wheel slip significally depends on tyre pressure. The 

hypothesis in abstract is correct, the wheel slip can be reduced by lowering the tyre 
pressure. 

The test results between the frozen, snowy meadow and the melted meadow 
show the rule the lower the tyre pressure the lower the wheel slip. The pattern of the tyre 
is not ensuring efficient adhesion In frozen soil. The opposite situation is in melted 
conditions, the pattern of the tyre works more effectively. 
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Figure 2. Snowy meadow 
 
The wheel slip is calculated using the following equation 
  ! = "#$%#&#$ ' · 100,           (1) 

 
where  Sr – wheel slip, %; 

l l – distance with load, m; 
lk – distance without load, m. 
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Figure 3. Melted meadow 
 

CONCLUSIONS 
 

The more precise method was used to get accurate results. The method based on 
measuring the distance of ten wheel revolutions.  

The tire contact area changes the most in the range of 100 kPa to 50 kPa. The change 
is 29.05%. 

The wheel slip on snowy meadow is more than three times bigger than in melted 
soil. The most suitable choice is to use 100 kPa. Although the best test results are 
achieved at lower (50 kPa) tyre pressure, it is not suitable, because it may harm the tire´s 
structure. The test results show that despite the soil, the lower pressure reduces the wheel 
slip in any kind of situation. 
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Test method of planer tool wear 
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Agricultural and Production Engineering 

Abstract. This article describes the test method of planer tool wear. The aim of these experiments 
is to evaluate the cutting geometry influence to the planer tool wearing and on the wooden 
material surface quality. There are planned several experiments with different parameters of 
cutting edge and planing materials for measuring durability. Sharpening angle is changed after 
every 2,5 ° between 20...27,5 °. Planer tool wear will be examined after planing the solid wood 
of pine.  The material of planer tool is cemented tungsten carbide. Cutting edge wears while 
planing and this affects the quality of detail surface. The quality of wood surface is measured 
with roughness tester. The deprecation of cutting edge is measured in the measurement laboratory 
with microscope.  
Key words: planer tool, experiment, wear, cemented tungsten carbide, pine, sharpness angle.  

INTRODUCTION 
Planed materials have high quality of surface finish requirements. Planed 

material should be smooth to touch, it means that there should be no tears, rough wood 
structure and wood structure resurrection. Precision planer is used to achieve best surface 
quality. Planer one important component is planer tool. Cemented tungsten carbide tool 
is tested, to get information of planer tool wear. Cemented tungsten carbide tool is 
designed to cut laminated wood and hard wood, because they have longer service life 
compared to conventional high-speed steel. Cemented tungsten carbide tool wear has 
been researched by Sheikh-Ahmad, J.Y. Bailey, who established that the worn takes place 
mostly on the front cutting face [1]. Ramasamy, G. Ja Ratnasingam, J. described 
cemented tungsten carbide tool wear, which is the mechanical wear and micro-cracks 
[2]. This article examines a cemented tungsten carbide tool wear on front cutting edge.
         The aim of this 
work is to operate in the methology, which allows to detect cemented tungsten carbide 
tool wear features. 

MATERIALS AND METHODS 
 Planer tool endurance test methods can be roughly divided into three stages. In 
first stage pine wood will be planed with different sharpening angles. In the second step, 
the processed wood surface roughness is perpetuated visually, after removal of the worn 
tool. In the third stage the extent of wear cemented tungsten carbide tool is measured 
and image is captured. Worn tool measurements are taken in the Estonian University of 
Life Sciences Institute of Technology.     The test bodies 
are cemented tungsten carbide tool, with thickness of 3 mm. The tool is suitable for 
cutting dry soft and hard wood, laminated wood, medium-density fibreboard, 
thermoplastics and composite materials for wood-plastic [3]. Cemented tungsten carbide 
tool overview is shown in figure 1. 
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Figure 1. Cemented tungsten carbide tool overview 
 Different sharpening angles are used in planing. Sharpening angle is changed 
with bench setup, however the condition α + β + γ = 90 ̊ must be valid. Sharpening angle 
will be changed pitch ∆ = 2,5 ̊  a range of α = 20...27,5  ̊. Planer tool sharpening angle is 
illustrated in figure 2 below. 

 
Figure 2. Planer tool sharpness angle sharpening angle α ≠ const ; wedge angle β ≠ const ; 

cutting angle γ=const, 
Sharpening angle should practically affect wood surface quality in planing. 

According larger sharpening angle wood surface quality is better, but planer tool wears 
faster. With smaller sharpening angle the cutting edge is less sharper, surface quality is 
not so good, but planer tool should last longer. Planed material is pine. Material is 
mostly knot-free, which facilitates planing. Planing material relative humidity is in range 
of 10...17 %. Quality of the material surface should be smooth, with no tears, should not 
be too rough or  have structure resurrections. Material is planed with same processing 
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parameters: blank movement velocity v = 10 ± 2 m/s, cutting depth 0,5 mm, spindle 
rotational speed n = 6000 min-1. Quality planed feed rate, as a work cutting meters is a 
changing parameter, which will be measured. Test will be repeated 4-6 times, in order 
to obtain reliable results. Testing will start with a sharpened tool planing pine wood. In 
the beginning of the cutting wood, surface roughness will be measured and average 
measurement is written down. Surface roughness refers to the structure of the timber 
rising. Wood is planed as long as surface quality is not acceptable and then the worn tool 
is replaced. If tool is worn, surface quality will be measured again. Cutting meters will 
be written down. Worn tools are measured and photographed at the Estonian University 
of Life Sciences Institute of Technology in measuring laboratory. Worn tools are 
photographed with Zeiss V12 Discovery stereomicroscope, which can make x64 zoomed 
picture. Stereomicroscope image is shown below in figure 3. 

 
Figure 3. Zeiss stereomicroscope in working position 
In addition, wear of the tool is measured at the cutting edge. Worn is visible on cutting 
edge and cutting face. When the cutting face worns white, then the cutting edge becomes 
blunt. Measurement of worn cutting edge is shown in figure 4. 
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Figure 4. Measuring worn cutting edge: d – worn cutting edge width 
A worn cutting edge width is measured with a computer programme, which is connected 
to the stereomicroscope. Worn tool surface are compared before and after planing. 
Planed surface roughness is measured and cutting meters are taken into account .
    

RESULTS AND DISCUSSION 
Planing tests with different sharpening tools provide information about how long 
optimally it lasts and what quality of surface it makes. The method provides an overview 
of pine planing with different sharpening angle. Worn width is measured on cutting edge. 
Worn tool edge, planed blanks surface roughness and planed meters are compared. 
Below in Figure 5 is shown worn tool with zoom x64, after cutting 1644 m pine. 
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Figure 5. Worn-out planer tool zoom x64, after cutting 1644 m pine 
Planer tool takes a rounded cutting edge and cutting face worns white. After 

planing 1644 m pine wood, the wood surface was full of tears and streaks.  Pine wood 
surface quality after 1644 m planing is shown in the figure 6. 

 

 
Figure 6. Pine surface quality after cutting 1644 meters pine wood 

 
CONCLUSIONS 

This method will provide an opportunity to evaluate the effect of sharpening angle α to 
a material surface quality and cemented tungsten carbide tool durability. 
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Development of tire pressure monitoring system 

K. Liimask and A. Küüt 
Estonian University of Life Sciences, institute of technology 

 
Abstract. The aim of this article is to find and describe properties to improve measurement of 
car weight and its load. The problem emerged with inconveniences in the use of tire pressure 
sensors. Since November 1st 2014, tire pressure sensors are compulsory on all cars sold on EU 
territory, however they don’t indicate the weight of the load. There are some ideas and patents for 
determining weight and its load of the vehicle. Most of them are based only on measuring the 
weight of an empty vehicle and then cargo load by measuring tire pressure and temperature. With 
properties and experiments described in this article, tire pressure monitoring sensors could be 
more accurate and easier to use. 
 
Key words: TPMS, cargo load, vehicle weight, pressure sensor 
 

INTRODUCTION  
 
Product development is a process, which begins with coming up with an idea and results 
in launch of the product. In my thesis, I mostly focus on research, which is the 
groundwork.  
Research includes: 
1. Market research – prognosis of demand and analysis of the need for development 
2. Patent research – evaluation of innovation, competitiveness and new levels of 

engineering 
3. Research and development – compilation of new technical functions that are 

necessary to the new product 
 
According to the EU directive, all 2014 and newer cars must have tire pressure 
monitoring system (TPMS) installed. The main reason for using TMPS is road safety. 
EU studies show that around 500 people die and 8000 get injured in a traffic accidents 
caused by tire defects. Sécurité Routière (French Road Safety Institution) estimates that 
9% of road deaths are either caused or contributed by low tire pressure. Tires can lose 
up to 0.65 bar per year and the majority of people deal with tires only when it is time to 
have them replaced. What is more, incorrect tire pressure significantly affects the car's 
handling, braking distances, tire wear, car tractability and fuel consumption. So there 
TPMS is needful, but it is not perfect system yet.[1] 
 

MATERIALS AND METHODS  
 
There are two different systems, the most popular one has sensors in each tire. That 
TPMS configuration in the world is represented by a micro-machined pressure sensor, a 
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micro controller for processing, a radiofrequency transmitter to transmit the data to a 
central receiving unit and a battery as power source. Information is displayed either as 
an error message or as detailed information in car display. For motion detection - to 
decide whether the car is parking or driving, an additional acceleration sensing device 
may be used. It is said that tire pressure monitoring system can not be replaced nor 
programmed yourself. So if a car is taken to service, experienced hands take tires off 
your wheels, assemble detectors and program them. [2] 
There is also a system that estimates tire pressure without TPMS. It combines 
GPS with on board wheel speed sensors. They estimate tire’s rolling radius with 
GPS and detect tire pressure changes. Algorithm uses GPS and wheel speed 
signals to estimate the effective radius of the tires, is discussed and validated in 
simulation and experiment, but there are other factors that change tire pressure. 
[3] 

There are 3 main factors that can change tire pressure: 

1. Temperature 

2. Uneven ground 

3. Elevation 
 
There is a patent  WO 01/86239 A1 - Vehicle weight and cargo load determination using 
tire pressure [4]. Its main idea is to measure tire pressure and outside temperature and 
calculate cargo load. Although, results are not accurate enough, because outside 
temperature may not be the same as temperature in the tire. 
 
Another patent US5081443 [5] describes a special tire pressure and temperature sensor 
– a system where tire pressure and temperature can be viewed inside and outside the 
vehicle, but measured tire pressure and outside temperature are used in non-correlated 
equations. The temperature based function is calculated at first and then it is used to 
calculate cargo load. So there is need for tire pressure measuring device to find relations 
between temperature in tire and weight. 
 

Therefore, the aim is to improve the measurement of car weight and its load. To 
improve measurement accurateness of car weight and its load, basic formula 
needs to be known. 

 

There is a magnetic inductive sensor used against uneven ground. Also, it is important 
to find temperature on standardized atmospheric pressure on each vehicle. After that, 
cargo load can be calculated with equation 1 [4]: 



Estonian University of Life Sciences Institute of Technology XI Master Students 
Conference 20.04.2017 

 

106 
 

* = +, × ./0		,          (1) 

where * – total weight of vehicle; 
 ./0 – total sum of pressures; 
 +, – change of weight. 
 
Cargo load *+ can be found with equation 2 [4]: 

*+ =*−*2 ,       (2) 

where *3 – cargo load; 
 W – total weight of vehicle; 
 *4 – vehicle weight. 
 

Tire pressure monitoring system and cargo load weight system can be used to measure a 
car and its load weight together. It does not matter how many wheels the vehicle has, so 
it can also be used on trucks with more than 4 wheels. Total weight of car splits between 
4 wheels. Each load on tire is marked with symbol: W1, W2, W3 and W4. Total weight 
affects tire pressure and ground. Too big sag is usually caused by lack of pressure in tire, 
not overloaded vehicle. 

Another reason to measure tires separately is that weight is not divided equally on each 
tire, mostly because engine and transmission are in front. That is why front tires have 
higher pressure – to withstand more weight. However, loaded vehicle can have more 
weight in back. Following equation 3 considers previous: 

* = *� +*� +*5 +*6 ,    (3) 

where W – total weight of vehicle; 
 *� – weight of first tire; 
 *� – weight of second tire; 
 *5 – weight of third tire; 
 *6 – weight of fourth tire. 

If each tire’s pressure is known, car and its cargo weight can be calculated with equation 
3. This is different from previous formula because total weight affects air in tire and the 
detector gets wrong results if ground is uneven. 

 

If accurate change of tire pressures is added, then total weight of vehicle can be 
calculated. Another option is to measure vehicle and set weight into system, but it is not 
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that accurate. 

It is important to measure tire pressure accurately. Detectors have to be accurate and 
measure millivolts, because there may be very little difference in tire pressures. 

 
RESULTS AND DISCUSSION 

 

Pressures measured by a magnetic inductive sensors are converted to standardised 
temperature pressure in a program with special software. Tires have different pressure 
and they also change while driving. System calculates results using empty car weight 
and full weight. When cargo is taken off, result changes in real-time. All results can be 
read in car salon. They update automatically. 

 
CONCLUSIONS 

 
Since many accidents happen because of tires, quality of tires is undervalued, hopefully 
this article will encourage people and developers to find better systems. There are 
suggestions to calculate vehicle and its cargo load to decrease road accidents. 
Suggestions include improving accuracy and ease of use.  
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Experiment planning methodology of determining force needed 

for plastic film retrieval from soil. 
  

K. Kesküla and L.Käis 
 

Estonian University of Life Sciences, Institute of Technology 
 
Abstract. Plastic film mulch is used for many different crops. As there is sufficient technology 
for laying plastic film to soil, there has not been sufficient technology for removing it, especially 
for smaller tractors. The purpose of this article is to develop reliable methodology for determining 
force needed for plastic film removal from soil and also to find settings configuration of lowest 
force. As the plastic is pulled from different angles the force needed should vary. Also force 
should vary after changing the depth of soil lifter and the height of soil lifting. Data received from 
experiments can later be used for strength calculations of transmission and frame of the plastic 
film retrieving device and later on it also can be used for calculating precise propulsion. 
 

INTRODUCTION  
 
 Plastic mulch is used for growing different crops. Growing vegetables and other 
plants while using plastic mulch, the WUE (water use efficiency) is 17,0%-21,6% higher 
than without it. Because of that it helps plants to overcome water deficiency caused by 
drought that can occur during summer in our climate. In addition to that it can raise the 
average temperature of soil by 1-3 °C and therefore extends growth period 5,9-10,7 days 
[1]. Combining plastic mulch with agricultural fleece allows growing cultures that 
usually would not be suitable in our climate. Even though mounting plastic film is 
relatively easy, retrieving it is not. While being in soil for long periods of time, plant 
roots and soil form thick rind over and around the plastic film below ground level edges. 
Cutout of a three years old strawberry field mulch bed is shown on Figure 1. 
 

 
Figure 1. Cutout of strawberry fields mulch bed. 
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 Throughout of years there have been many different methods for retrieving 
plastic mulch. One of the worst methods is plowing the field and breaking plastic film 
into smaller pieces, later on making extraction process even more time consuming and 
difficult. Another solution is using glyphosate-containing herbicides. By using it on the 
rind, it exterminates all plants and their roots. It will ease extracting the plastic film 
considerably. However this method can`t be used in organic farming where using plastic 
mulch is most beneficial. In addition to previously stated benefits, the darkly colored 
plastic effectively prevents weeds from growing. Therefore, by using it, it is possible to 
reduce any costs related to mechanically destroying weeds. 
  In the beginning of this decade, there have been several apparatus patents on 
retrieving residue plastic mulch. Usually those devices are quite big and only can be 
operated with bigger tractors. Also operating with them requires two people- tractor 
operator and device operator. In addition to that, in can be speculated that those devices 
are not designed for retrieving plastic mulch that have been in use for several years. For 
designing a device that could be used with smaller tractors and could retrieve plastic 
after for example 5 years of use all processes must be optimized to the level where all 
operations are carried out correctly but without excessive energy waste. Those processes 
are:                1) preceding elevation of soil, 2) plastic film extracting, 3) extracted plastic 
film cleaning, 4) winding plastic film on a roll, also called collecting. Current article 
focuses on optimizing the process of extracting the plastic from soil. For that there will 
be experiments held while changing different parameters that affect the process of 
extraction  
 

MATERIALS AND METHODS 
 
 Determining the necessary input and output variables for experiment the 
“black box” method was used. It can also be seen in Figure 2 [2]. Input 
parameters are divided into controllable, difficult to control and uncontrollable 
variables. Output parameter is the force needed for extraction. During the 
experiment, the focus is on controllable variables and combining different pre-
set values so that most optimal combination is found. It means the combination 
of different input values where targeted output is lowest possible force. 
Controllable variables are the angle of plastic extraction, soil lifter depth and 
elevation of soil. In addition, depth of plastic in soil and plastic film edge 
coverage by soil can also be listed, but it would have expected many years of 
planning and had to be considered already while mounting plastic film. 
Therefore, changing these variables is impossible and the corresponding values 
of test field will be used. Logically it can be concluded that the deeper is plastic 
in soil and the bigger is the coverage of plastic by soil, the greater is force needed 
for extraction. Because of that throughout experiments, there is no immediate 
need to change these variables for reliable results. 
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Figure 1. Schematic presentation of plastic removal process. 
 
 Before starting the experiments, tensile strength of the narrowest known 
plastic film mulch is found. Even though the test fields’ film width is 1000 mm 
but smallest known width of plastic film is 600 mm and tensile strength of it will 
be considered while designing apparatus. Minimal thickness of plastic film mulch 
is 0,04-0,05 mm and is made of low density polyethylene (LDPE) [3]. Tensile 
strength of plastic film made out of LDPE is 11-37,9 MPa, in calculations 
smallest values are used, that means, thickness of 0,04mm and tensile strength of 
11 MPa is used [4]. Using pre-said data, the calculated tensile strength of 600 
mm wide plastic film is 264 N. Before starting the experiments, some of the data 
is still to be found. The source of values b1 and b2 can be seen in Figure 3. 
 

 
Figure 2. Depth of plastic mulch (b1=7,5 cm)  and soil coverage (b2=26 cm)  measured 
values. 
 
 The experiment is carried out by using full factorial method. The accuracy 
of  output is defined by accuracy of densitometry gauge, meaning  ±10 gr and 
stability levels are defined by the medium accuracy , meaning  ±5%. The factor 
is measured during the test experiment, the size of which has a certain value at a 
certain time. 
The controlled parameters sweeps etc. range is as follows: 
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1) plastic film extraction angle α=45...135˚; 
2) lifter depth a1=8...12 cm; 
3) elevation of soil a2=2...12 cm. 

 
As an experimental test-object has been previously studied in some respects, it is 
contemplated the present application, these parameters, if the sizes determined from 

empirically. 
Variables for α (α1, α2, α3), a1 (a11, a12, a13) and a2 (a21, a22, a23) are chosen by 
relying on data received from cut-out. 
 
Now Table 1 is composed where in first row there are changeable variables and 
in first column, there are experiment numbers 
 
Tabel 1. Experiment variable measurement results. 

Experimen
t nr.  

Plastic film 
extraction 
angle, deg 

Lifter 
depth, 

cm 

Elevati
on of 

soil, cm 

Plastic 
film 

depth, 
cm 

Plastic 
film 

coverage 
by soil, 

cm 

Force
, 
N 

1 45˚ 8 2 

7,5 26 

 
2 45˚ 10 2  
3 45˚ 12 2  
4 45˚ 8 6  
5 45˚ 10 6  
6 45˚ 12 6  
7 45˚ 8 10  
8 45˚ 10 10  
9 45˚ 12 10  
10 90˚ 8 2  
11 90˚ 10 2  
12 90˚ 12 2  
13 90˚ 8 6  
14 90˚ 10 6  
15 90˚ 12 6  
16 90˚ 8 10  
17 90˚ 10 10 

7,5 26 

 
18 90˚ 12 10  
19 135˚ 8 2  
20 135˚ 10 2  
21 135˚ 12 2  
22 135˚ 8 6  
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Experimen
t nr.  

Plastic film 
extraction 
angle, deg 

Lifter 
depth, 

cm 

Elevati
on of 

soil, cm 

Plastic 
film 

depth, 
cm 

Plastic 
film 

coverage 
by soil, 

cm 

Force
, 
N 

23 135˚ 10 6  
24 135˚ 12 6  
25 135˚ 8 10  
26 135˚ 10 10  
27 135˚ 12 10  

 
Experiment is conducted by using: 
1) specially constructed device frame which principal scheme is shown on Figure 4; 
2) newton-meter; 
3) tractor for towing the test device; 
4) ground lifter (cultivator equipped with 2 pairs of cutters in special settings); 

 

 
Figure 4. Scheme of conducting an experiment: 1) plastic mulch film, 2) ground, 3) 
plastic mulch bed, 4) point of plastic film extraction from soil, 5) newton-meter, 6) 
cable, 7) ballast. 
 
 Firstly, the force of pulling the device without pulling the plastic film is 
determined, then the plastic mulch is attached to newton-meter and rerun takes 
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place and force is measured. Afterwards idle run force is subtracted from whole 
force and plastic extraction force is found. 
 

RESULTS AND DISCUSSION 
 
 Since the experiments have not yet been carried out we can only assume 
the results. It is quite difficult to know the perfect balance between moving the 
soil enough and not too much or too little. Overdoing it is going to pointlessly 
waste energy and when soil is not moved or lifted enough, the plastic film 
extraction force gets too great. Furthermore, there are going to be experiments on 
how much force one working part of soil lifter cutter consumes and after doing 
that, perfect settings of retrieving device can be ascertained. With current 
experiment only the force of extracting film from soil is determined, but for 
finding out force needed for winding plastic film on a roll calculations on friction 
and other losses of energy have to be done. After determining the force of 
collecting plastic the data can be used in choosing operation drive and in overall 
propulsion calculations. 
 

CONCLUSIONS 
 

Since the experiments are yet to be held there can´t be any conclusive 
statements. While conducting the experiment it can be expected that the greater 
the elevation and lower the angle of extraction, the lower is the output force. 
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Work ability dynamics depending on type of work cycle and 
gender of workers in a glass industry  

R.Saaremaa1, B.Sc.; E.Merisalu1, PhD 
1Estonian University of Life Sciences, Institute of Technology 

Abstract. Work ability (WA) is a good indicator of health impact of working hours’ length and 
cycle type among the employees. The aim of present study was to compare physiological 
parameters and the dynamics of work ability among the glass industry workers in two work cycles 
with different duration – the first with length of four days and second nine days. Based on the 
aim the purpose was to complete the research on WA factor above 100 the measurements to detect 
WA for every participant in the start and end of work shift. The results showed the tendency that 
as shorter the work cycle the higher WA, when to compare the results of the longer cycle. Gender 
differences have observed in the physiological parameters - hand strength and memory test. The 
males had remarkable higher parameters of hands’ strength but recorded worse memory tests as 
to compare the females (p<0,05). That to measure statistically significant changes in work ability 
dynamics the larger groups should be selected for the further studies. 
Keywords: work ability, work cycle, physiological parameters, gender 
 

INTRODUCTION 
Every work assignment needs a time to be completed. In spite work time 

regulations, many people are harmed because of long working hours, shift work and 
night work. One work cycle is completed by the amount of working and resting days in 
which the employees in total have no more than 36 hours of continuous rest time between 
the work shifts. In Europe and Estonia 7% of workers are working at night shifts more 
than 48 h per week and about one fifth of employees are working in night shifts. Despite 
the working hours are limited to 13 hours per day by the law, long working hours per 
shift often in use in the industries. The European Foundation for the Improvement of 
Living and Working Conditions’ survey (n=44 000) on perceived working conditions 
(2010) showed that a double more the night shift workers than day shift workers (40% 
vs 20%) reported that health and safety at risk because of work [1,2]  

Work ability is a good indicator of health impact of working hours’ length 
among the workers. Work ability is a capability to perform the assigned work related 
tasks not making harm on the physiological systems of the body. WA is greatly related 
to the human personal traits and habits. The indicators of physical and mental state and 
cardiovascular parameters could be sensitive biological markers reflecting WA. The 
influence of different work cycles on biological parameters has observed in the earlier 
studies. For example, already Ladou (1983) and Harrington (2001) described the effects 
of shift work on health of workers, impairing circadian rhythm, causing sleep disorders 
like insomnia, hypersomnia, sleep apnea etc. Also, Boggild and Knutsson (1999) have 
analyzed the relations between shift work and cardiovascular diseases. They concluded 
that shift work increased 40% risk of cardiovascular diseases. [3…5] These earlier 
studies clearly demonstrated bad health impact of shift work and long working hours, 
but there are no any studies on comparing different work cycle dynamics through work 
ability and it’s depending factors. 
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The aim of present study was to compare physiological parameters and the 
dynamics of work ability among workers in two work cycles with different length of 
four and nine days’ dynamics [6,7]. 

 
METHODOLOGY 

In the participating company, there is two types of work cycles: type A (long) 
work cycle has three night shifts with rest days, which leads to three sequential day shifts. 
Type B (short) work cycle has four successive work days (two day shifts and two day 
shifts) which leads to four rest days. The difference of type A and B work shifts is 
displayed in table 1. 
Table 1.  The difference of the companies work cycles with the work ability measuring 
times, where: N – night shift, F – rest/free day, D – day shift. 

Title Type A  Type B 
Shift N F N F N F D D D F F F  D D N N F F F F 
Before 
workin
g  

X – X – X – X X X – – –  X X X X – – – – 

After 
workin
g  

X – X – X – X X X – – –  X X X X – – – – 

 
The measurement of the WA took place relative to the difference of the work 

shifts which are displayed in the table 2. Time lapse was important to give the 
measurements an exact 12-hour gap. 
Table 2. The measurement times in relations of the day and night shifts 

Shift (measurement time) 
Start of the work day End of the work day 
Beginning End Beginning End 

Day shift (07:00 – 19:00) 06:30 07:00 19:00 19:30 
Night shift (19:00 – 07:00) 18:30 19:00 07:00 07:30 

 
Work ability itself is complex phenomenon reflecting the worker’s capability to 

perform the assignments was given to him. But the assignment process is difficult 
because every person is unique by response to body loads. Work ability is affected 
greatly by employee’s personal characteristics, such as: health, skills, motivation etc. 
[8]. To measure WA the respondent was sitting on a comfy chair to measure blood 
pressure, pulse, palmar strength, reaction speed to a light signal and memory. The pulse 
and blood pressure were measured with blood pressure apparatus and palmar strength by 
Lafayette dynamometer. To measure memory the author used a white paper with 16 
different numbers in the interval of 1...100. During every single measurement, the 
numbers’ combination was changed. The respondent had 60 seconds to memorize the 
numbers as much as possible. Then they had to write down the memorized numbers in 
the next 60 seconds. Reaction time was measured with the tablet program Asus Google 
Nexus 7 (2013) which was installed with an application called “GreenButton”. The aim 
of this program was to show randomly a green light to what the respondent needed to 
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react. The only requirement was that the worker needed to hold its’ arm next to tablet on 
the table. 

The determination of WA it was needed to calculate the averages of every before 
mentioned physiological factor. The parameter’s change is showed in percentages in 
comparison with the work cycle’s first reading. The work cycle’s first reading is always 
taken as the 100% because the employee should be the most rested at that time moment. 
WA is projected as the average formula of blood pressure and pulse, palmar strength, 
reaction time and memory with [9]:  7� = 0,20 ∗ {;100 + <100 −=��=� >? + ;100 + <100 −=��=� >?+ ;100 + <100 −=5�=5 >? + [(=6�=6 ∗ 100) + (=A�=A ∗ 100)] 

(1) 

where M1i, M2i, M3i, M4i, M5i -  according to average heart pulse (l/min), reaction 
time (s), blood pressure (mmHg), palmar strength (N) and memory (tk) 
determined by i measurement; 
M1, M2,M3,M4,M5 – same parameters measured in the first work cycle 
measurement. 

  
The physiological parameters as cardiovascular (pulse, blood pressure), physical 

(palmar strength) and mental (reaction time and memory) indicators are depicted by the 
type of work cycle in the table 3. 

The Statistical Package for Social Sciences (SPSS.24.0) was used for data 
analysis. The descriptive statistics and t-test for measuring group differences have used. 

 
RESULTS AND DISCUSSION 

 
In the measurements participated 11 people, and from them five persons (3 men 

and 2 females) were from type A and six (3 men and 3 females) from type B. The average 
age of the groups allocated as such: type A 38±14 and type B 40±10 years. During the 
recognition of the results the physiological parameters has compared between shift types 
A and B (table 4). The average WA dynamics throughout the work cycles (graph 5) and 
sex has been analyzed (table 6 and graph 7). 
Table 3. The physiological indicators of the study groups by the work cycles type A and 
B  

Shift 
type 

Pulse 
Reaction 

time 
Blood 

pressure 
Palmar 
strength 

Memory WA 

b/min s mm/Hg N piece % 
Type A 82 0,51 134 28,0 9,0 104 

SD 10,8 0,08 8,33 9,72 2,3 9,15 
Type B 72 0,52 128 31,0 7,0 106 

SD 8,3 0,08 9,76 20,51 1,6 10,13 
 

From the table 1 we can see an impact of work cycle Type A to the workers’ 
blood pressure (mm/Hg) and pulse (beats per minute, b/min). Also, the average palmar 
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strength (N) had tendency to be lower among employees of the work cycle A than cycle 
B. The reaction time (seconds, s) seems to be quite same in the two groups. All the 
differences reflect the WA only by 2% in favor of type B workers with an average result 
of 106%. No any statistically significant differences observed between the groups. 

 
Figure 5. Dynamics of WA averages by the work cycle A and B  

 
The average WA throughout the work cycle B showed 4% difference, except in 

the starting phase of work cycle. In the both cycles the work assignments contain very 
similar lifting jobs for 12 hours a shift. That leads the author to make a conclusion that 
the work cycle differences make the 4…5% change during one cycle. The good note is 
that on average WA stays constantly over 100%, which means that the rest times are 
well planned. 

 
Table 5. The physiological indicators of the study groups by the gender 

Gender 
Pulse 

Reaction 
time 

Blood 
pressure 

Palmar 
strength 

Memory WA 

b/min s mm/Hg N tk % 
Female 80 0,52 125 16,3 8,9 102 

SD 6,86 0,08 8,23 4,65 2,1 5,65 
Male 74 0,51 135 41 8,0 107 
SD 10,4 0,07 6,58 11,14 1,7 11,79 
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Figure 7. Gender differences of WA averages’ dynamics by the work cycle A and B 

 
We see a remarkable sex difference in favor of the male workers 

(p=0.05). In average the male respondents had 2…8% better work ability than 
females. The smallest difference was in the beginning of the work cycle, where 
the males showed 2% better WA. The largest gap at the 50% point of the cycle 
was observed among females, where the average WA of 99% was the lowest at 
all. 

Palmar strength showed statistically significant difference between the 
study groups of work cycle type A and B (p= 0,0013). 

 
CONCLUSIONS 

 
The author carried out a research with the aim to map out the WA difference 

during two different work cycles and compare physiological parameters between 
these groups. The study consisted of 11 participants: 6 males and 5 females whom 
attended over 100 observations. From the observations, the work ability was 
calculated with the formula 1.1 and the statistical analysis was carried out. Based 
on the study results we summarize the next below: 

• When comparing the different work cycle types the workers of the cycle type B 
could perform at a 2% better rate than the workers of the cycle type A over the 
whole work cycle period; 

• The workers of the work cycle Type A demonstrated better scores in the 
beginning of the studies where they were 4…5% better than the workers of the 
work cycle type B; 

• When comparing the results by gender, the male workers were at average 2…8% 
better by average WA than females. The smallest gap was at the beginning (25% 
marker point) and at the end (100% cycle point). The largest difference between 
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WA averages was observed in the work cycle points where the cycle has 
changed from night to day cycle and vice versa; 

• Gender differences have observed in the palmar strength. 
 

The further research is needed on WA dynamics by work cycle and larger 
study groups to see the confidential results. 
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Prevalence of musculoskeletal disorders among the workers in 

hospital rehabilitation department 
 

P. Peedosaar1, E. Merisalu1 
1Estonian University of Life Sciences, Faculity of Technology, Department of 

Husbandry Engineering and Ergonomics, 
 

Abstract. The aim of this study was to measure musculoskeletal parameters and evaluate 
prevalance of work related musculoskeletal disorders (MSDs) among workers in a hospital 
rehabilitation department.  
Method. The anonymous questionnaire about work related risk factors and health was 
carried out in December 2016 and the measurements of functional state of musculoskeletal 
system was performed in January 2017. The study group consisted of 12 physiotherapists, 1 
occupational therapist and 2 masseuse filled the questionnaire and sent back to the 
researcher. Ten of them agreed with measurements on functional state musculoskeletal 
system. Myotonometry and cervical range of motion (CROM) measurements were carried 
out at the beginning and end of the workday and in both sides of the body. Frequency, 
stiffness and decrement were measured on m. flexor carpi radialis, m rectus femoris, m. 
biceps brachii, m. trapezius superior, m. erector spinae, m. biceps femoris caput longum and 
m. gastrocnemius medialis.  
Results. All 10 participants (1 male and 9 female) reported pain in the neck, shoulders and 
low back in the past 12 month. The mean age of study group was 34.4 ± 8.9 years and 
average service length 7.2 ± 6.1 years. The myotonometric measurements showed that 
frequency (muscle tone) increased in the right leg m. biceps femoris caput longum (p = 0.03) 
at the end of the workday. Significant differences between left and right side musculosketeal 
parameters have observed. In the beginning of the workday the decrement in the left hand 
m. biceps brachii (p = 0.003) was signifigantly lower than right side. At the end of the 
workday the muscle tone in the left leg m. gastrocnemius medialis (p = 0.005) was higher 
when to compare with the right side and decrement in the right leg m. biceps femoris caput 
longum (p = 0.03) was higher when to compare with left side. No any differences in m. 
trapezius superior and m. erctor spinae observed among physiotherapists. At the end of the 
workday CROM showed tendency to decrease of in the flexion and rotation to the right.  
Conclusions. The physiotherapists are subjected to intensive physical work, causing fatigue 
in observed muscle groups of upper and lower limb during the workday, whereas the 
muscles’ functional state deteriorated rather in right than left side.  
Key words: rehabilitation workers, musculoskeletal disorders, myotonometry, goniometry 
 

INTRODUCTION 
 

Musculoskeletal disorders are one of the most common work-related 
health problem, that affect millions of workers and cost employers a lot of 
money [1].  Research, which was published in 2011 showed that nearly 60% 
of the active population suffer from musculoskeletal symptoms, which 
grealty reduce the working capacity [2]. Musculoskeletal disorders are 
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serious problem among rehabilitation workers and are often caused by 
manually lifting and moving patients. In previous studies, it has been found 
that the risk factors most frequently perceived by health professionals are 
working in the same posture for long periods, bending or twisting, reaching 
and working away from your body, carrying, lifting or moving heavy 
materials or equipment, unanticipated sudden movements or fall by patient, 
performing the same task repeatedly and treating large numbers of patients 
in one day [3]. Several studies have shown that musculoskeletal disorders of 
the neck, shoulder, low back, wrist and hand are most often identified by 
rehabilitation workers [3–5]. Musculoskeletal disorders are found not only in 
elderly, but also in younger employees. The survey carried out in Canada 
revealed that pain in the lower back and neck has detected mostly among 
younger workers who have short work experience [5]. 

The aim of this study was to measure musculoskeletal parameters, 
evaluate prevalence of work related musculoskeletal disorders among 
workers in a hospital rehabilitation department and compare the results 
between the right and left side of the body and at the beginning and the end 
of the work day. 

 
MATERIALS AND METHODS 

 
The study was carried out in a department of the rehabilitation hospital. 

There are working a little more than 40 employees in the department of 
rehabilitation including physiotherapists, occupational therapists and 
masseuse. The department offers a variety of outpatient and inpatient 
rehabilitation services for adults and children. The outpatient treatment 
options for example are doctor appointment, physiotherapy, occutaional 
therapy, hydrotherapy, heat therapy, manual therapy, manual lymphatic 
drainage massage, salt chamber, speech therapy, music therapy, psycological 
counseling and so on.  

The study group consisted of 12 physiotherapists, 1 occupational 
therapist and 2 masseuse. All participants uses a variety of physical 
techniques and therapies in the treatment. Depending on the work 
participants occurs different working postures, standing and sitting while 
working. All 10 participants reported pain in the neck, shoulders and low 
back in the past month. 

The study group (n = 15) filled the questionnaire and sent back to the 
researcher. The questionnaire consisted of the following components: 
demographic information, working environment, therapy equipment and 
tools, work load, prevalence of musculoskeletal morbidity, safety and health 
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behavior awareness. At the end of the questionnaire was able to give consent 
to measure musculoskeletal parameters. 
Employees’ functional status was measured by myometry, cervical range of 
motion (CROM) and musculoskeletal strain scale. The measurements were 
carried out at the beginning (10:00–10:30) and end (16:00–16:30) of the 
workday and in both sides of the body to evaluate musculoskeletal status 
changes during the work day. Myometry Myoton-3 created in Estonia have 
been developed for assessing the functional status of the human 
musculoskeletal [6]. It is possible to evaluate the muscle tone (frequency), 
stiffness and decrement. Myotonometric measuring of muscles were 
performed in the relaxed state: m. flexor carpi radialis, m rectus femoris, m. 
biceps brachii, m. trapezius superior, m. erector spinae, m. biceps femoris 
caput longum and m. gastrocnemius medialis. The CROM is a system of 
inclinometers with gravitational reference capable of measuring the mobility 
of the neck by flexion, extension, lateral flexion and rotation (degrees) []. 
Flexion and extension were recorded first (figure 1).  

 
Figure 1. Neck (cervical) range of motion (CROM), flexion, extension 

  
Data were analyzed using descriptive statistics (frequency and mean ± 

SD). Group differences were evaluated with C2-test. The comparsion of data 
points (at the beginning and end of the work day, on the right and left side of 
body) were evaluate by using a Paired T-test and compairing the groups of 
variance (One-Way ANOVA). The statistical significance level was p ˂  0.05. 
SPSS 24.0 was used to analyze the data of measurement results.  

 
RESULTS AND DISCUSSION 

 
All the participants (n = 15) signed an inform consent and completed the 

questionnaires. The response rate was 83%. The research involved 12 
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physiotherapists, 1 occupational therapist and 2 masseuse specialists. The 
average age of the entire group was 37.53 ± 10.54 years, the youngest 29 and 
oldest 61 years. Considering the age, younger workers (< 45 years) 
percentage was higher than older workers (> 45 years). Whereas, there were 
53% younger workers in the study group. Based on body mass index (BMI) 
66.7% was normal weight, 6.7% was overweight and 26.7% was obesity. 
The backround factors are shown in Table 1. 
 
Table 1. Comparsion of backround and professional characteristics of physiotherapists (n = 
12), occupational therapist (n = 1) and masseuse (n = 2) in a rehabilitation hospital. 

Characteristic 

Physiotherapist
s 

Occupational 
therapist 

Masseuse 

M SD M SD M 
S
D 

Age (years) 
36.6

7 
9.72 

29.0
0 

- 
51.0

0 

14
.1
4 

BMI (kg/m2) 25.0
8 

5.21 
19.0

0 
- 

27.0
0 

7.
07 

Years of 
practice 

8.35 6.62 1.00 - 
20.0

0 
0.
00 

 
Table 1. Continued. 

Characteristic 

Physiotherapist
s 

Occupational 
therapist 

Masseuse 

M SD M SD M 
S
D 

Hours worked 
per day 

7.25 1.08 7.50 - 7.50 
0.
71 

Hours worked 
per day with 
computer 

1.42 0.42 2.00 - 0.50 
0.
71 

Number of 
patients per 
day 

8.00 1.17 8.00 - 
11.0

0 
0.
00 

Regular 
physical 
activity per 
week 

2.00 2.02 1.00 - 0.00 
0.
00 

 
The masseuse specialists were older, had a higher BMI, higher number 

of patients per day and longer years of practice.  
The musculoskeletal measurement study group involved 10 workers 

with chronic pain in the neck, both side of the shoulder and low back in the 
past 12 month (Figure 2). All of them agreed to take part in the 
myotonometry and cervical range of motion (CROM) measurements.  
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Figure 2. Prevalence of musculoskeletal disorders by different regions of the body. 

The myotonometric measurements showed that frequency increased in 
the right leg m. biceps femoris caput longum (p = 0.03) at the end of the 
workday (Table 2).  
 
Table 2. Comparison of musculoskeletal parameters in the beginning and end of the 
workday depending on the body side (p, statistically significant difference between the 
parameters in the beginning and at the end of workday).  

Muscle Parameter 

Mean ± SD 

p Beginning 
of the 

workday 

End of the 
workday 

Right side of the body  
M. biceps 
femoris caput 
longum 

frequency 
(Hz) 

14.27 ± 2.11 
16.19 ± 

2.43 
0.03 

Left side of the body  
M. biceps 
femoris caput 
longum 

frequency 
(Hz) 

14,70 
(±2,53) 

15,06 
(±3,07) 

- 

 
Significant differences between left and right side musculosketeal 

parameters have observed (Table 3). In the beginning of the workday the 
decrement in the left hand m. biceps brachii (p = 0.003) was signifigantly 
lower than right side. Decrement in the right leg m. biceps femoris caput 
longum (p = 0.03) was higher when to compare with left side. At the end of 
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the workday the muscle tone in the left leg m. gastrocnemius medialis (p = 
0.005) was higher when to compare with the right side. 
 
Table 3. Comparison of musculoskeletal parameters of the left and right side of the body 
depending on the measurement time (p, statistically significant difference between the body 
sides). 

Muscle Parameter 

Mean ± SD 

p Left side 
of the 
body 

Right 
side of 

the body 
Beginning of the workday  

M. biceps 
brachii 

decrement 1.53 ± 0.23 
1.74 ± 
0.27 

0.003 

End of the workday  
M. biceps 
femoris caput 
longum 

decrement 1.46 ± 0.26 
1.67 ± 
0.25 

0.03 

M. 
gastrocnemius 
medialis 

frequency 
(Hz) 

15.30 ± 
2.79 

13.74 ± 
2.45 

0.005 

 
The data of goniometric measurements have revealed in the Table 4.  

Table 4. Cervical range of motion (mean±SD) depending on gender and measurement time. 

Parameter  

Mean±SD Range of 
motion 

(degrees) 
5…95 

precentile 
[7] 

Beginning 
of the 

workday 

End of 
the 

workday 

Male  

Cer
vica
l 
rang
e of 
moti
on 

flexion (˚) 77.0 79.0 34.5…71.0 
extension (˚) 59.0 60.0 65.4…103.

0 
lateralflexion left 
(˚) 

59.0 60.0 
35.5…63.5 

lateralflexion 
right (˚) 

54.5 55.0  
34.9…63.5 

rotation left (˚) 63.0 66.0 74.3…99.1 
rotation right (˚) 72.5 71.0 73.3…99.6 

Table 4. Continued. 

Parameter 

Beginning 
of the 

workday 

End of 
the 

workday 

Range of 
motion 

(degrees) 
5…95 

precentile 
[7] 

Mean±SD 

Female  
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Cer
vica
l 
rang
e of 
moti
on 

flexion (˚) 61,3 
(±12,1) 

58,8 
(±17,2) 

46.0…84.0 

extension (˚) 62,9 
(±14,1) 

63,1 
(±14,7) 

64.9…103.
9 

lateralflexion left 
(˚) 

37,8 
(±12,0) 

37,9 
(±10,8) 

29.1…77.2 

lateralflexion 
right (˚) 

36,3 
(±10,2) 

38,4 
(±10,3) 

37.0…63.2 

rotation left (˚) 66,6 
(±14,2) 

67,8 
(±11,0) 

72.2…109.
0 

rotation right (˚) 69,4 (±8,9) 67,1 
(±14,2) 

74.9…108.
8 

The measurements showed that mobility of the neck at the beginning of 
the workday among both male and female were lower. At the end of the 
workday CROM showed tendency to decrease in the flexion and lateral 
rotation to the right. Compared to the NASA study cervical spinae extension 
and rotation were lower among male and female. 

 
CONCLUSIONS 

 
The Labor Inspectiorate 2016 annual report revealed that uncomfortable 

work postures and repetitive movements are still the most often occupational 
risk factors that causes occupational diseases. Unfortunately workers 
themselves do not recognize that the repetitive movements, manual handling 
of loads or wrong working position are bad for health [7]. All the research 
participants are subjected to intensive work in compulsory work positions for 
long period, repeated activities and patient transfer. All these positions and 
activities have impact on fatigue of various muscle groups. Compulsory work 
positions, especially among masseurs, promotes muscular tiredness. The 
body does not receive oxygen enough as heart function and breathing are 
restricted which may cause chronic headache or backache [8].  

All 10 participants reported musculoskeletal disorders in the past 12 
month. The neck, shoulders and low back are the most painful body regions 
for physiotherapists. It was observed that age influenced the prevalence of 
pain. The employees who complained more pain have higher BMI and 30% 
of them are in age range 40–59. 

back pain.Myotonometric measurement results did not showed any 
differences in m. trapezius superior and m. erctor spinae among study group. 
Significant differences were found in m. biceps femoris caput longum, m. 
biceps brachii, m. gastrocnemius medalis and m. biceps femoris caput 
longum. At the end of the workday decrement in the right leg m. biceps 
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femoris caput longum, decrement in the right hand m. biceps brachii and 
muscle tone in the left leg m. gastrocnemius medialis was higher.  

All the CROM parameters despite gender increased at the end of the 
workday, except for rotation to the right, which showed tendency to decrease.  

It is important to make regular reaks and exercises, eat healthy and 
implement ergonomics techniques to prevent MSDs among physiotherapists. 
More attention should be paid to the distribution of the workload, time 
planning, working environment and working postures [9]. 
ACKNOWLEDGEMENTS. The authors would like to thank all the 
respondents who took the time to complete the survey and the hospital 
rehabilitation department management. 
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Occupational hazards and musculoskeletal disorders among  
rotary parlor operators 

E.Sild, B.Reppo 
Estonian University of Life Sciences, Institute of Technology, 

Department of Husbandry Engineering and Ergonomics 
 
Abstract: In Estonia more than 67% of dairy cows of local dairy barns  live in 
herds larger than 300. For the recent 10 years a considerable number of new dairy 
barns have been built, equipped with modern milking technology and rotary 
milking parlors (carousels). New milking routines have lead to new work 
requirements for milking operators, including the requirements for work safety, 
hazards and risks. So far few special research has been conducted on work 
environments for the operators at rotary parlors. 
The aim of the present paper is to study the work environment and work 
conditions of operators working at large rotary parlors, as well as clear out 
possible musculoskeletal disorders (MSD) connected with routine work 
(repetitive movements, awkward position, lifting loads). The anonymos survey 
among the operators of three rotary parlors was carried out, including questions 
about occupational hazards and MSD prevalence during the recent month, based 
on CUPID-questionnaire (Cultural and Psychosocial Influences on Disability).  
Preliminary findings of the current study indicate that despite of the modern 
milking technology the operators still feel and describe their work at the parlor 
as „hard“. The main occupational hazards mentioned were continuous standing 
position and repetitive routine movements at work. In summer the working area 
is too hot and in winter it can be cold, so that the „fingers in latex gloves are 
freezing“. 94% of the respondents declared MSD in the course of the recent 
month. In average the operators indicated three to five points of pain on the body 
related to their work. 
Key words: rotary milking parlor, milking operator, work environment, repetitive 
movements, standing position, musculoskeletal disorders 

 
INTRODUCTION 

As reported by the Estonian Livestock Performance Recording Ltd. of 
01.01.2017, 82 279 cows are in performance testing with the average milk 
production of 9 294 kg in 2016. 54 556 cows  making up more than 67% of dairy 
cows of local dairy barns,  live in herds larger than 300 head [1]. 
Becoming a full member of the European Union, direct grants and investment 
subsidies have provided the opportunities to invest in improving the 
competitiveness of dairy companies by building modern barns and buying dairy 
technology. Over the past ten years a number of large dairy farms have been built. 
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The greater the number of dairy cows in barn, the larger the milking parlor, and 
the more milking cows are serviced by one place in a milking station [2]. 
The rotary milking parlor (carousel) has greater efficiency than parallel or 
herringbone stations and justifies its technical specifications in milking 
particularly large herds. The carousel station operates as a slowly swirling 
platform and milking cows reach it in a continuous stream. The carousel parlor 
is serviced by 2-4 milkers, who stand at predetermined position and perform only 
one type of working task, as on a conveyor. The task can be either cleaning the 
udder, pre-milking, attaching the cluster, or treating the teats with disinfectant. 
The rotation of the carousel determines the pace of performance for milking 
operators. 
The work tasks of milking operators have changed, resembling those at a 
conveyor line of a factory where certain fixed subtasks are performed. Repetitive 
movement rate has increased dramatically. Instead of lifting heavy items which 
used to be the risk for operator`s work environment,  it is now repetitive 
movements and caused exhaustion postures during work time which might in 
turn lead to health consequences. The urgent need for dealing with 
musculoskeletal overload and ergonomic design of work is indicated by 
increasing work-related musculoskeletal disorders (MSD). 
In Sweden dairy workers in large-scale farms over 300 cows were surveyed. A 
study based on questionnaires showed that 86% of the dairy workers reported 
some kind of MSD during a period of 12 months [3]. 
Scientific research shows that the milking operators of modern large-herd dairy 
parlors intensly work with wrists, arms and shoulders at a high speed and high 
rate of repetitive movements, having too little muscle rest during the work  period 
[4]. Working wiht the rotary system one has high pressure on wrists and hands 
when work is performed continually without any pauses [5]. 
In Germany a study was carried out to obtain material for complex health 
prevention of milking operators. Interviews with physiotherapists, milking 
operators and farm managers were conducted. The following risk factors were 
mentioned: cold temperature, high humidity, repetitive movements, long 
working hours, work on shifts, stress, low social and managerial support [6]. 
In Estonia there are no similar studies. To raise awareness of the problem, the 
present research aims at  finding  out what are the occupational hazards and health 
complaints of milking operators working in rotary parlor of large-scale dairy 
farms of more than 500 cows.  

 
MATERIALS AND METHODS 

To collect the data a survey was carried out among volunteer respondents  in 
three large-scale dairy farms of more than 500 cows. Two farms had parallel 
rotary systems serviced outside, in one farm there was a herringbone station 
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serviced inside. In three farms there 33 milking operators, of whom 18 
anonymously completed the questionnaire. Thus, 55% of the operators were 
voluntary respondents. Of them there were 16 women and two men with the 
average age of 39 ±11 years, the mean length of 166 ±6 cm, average weight 70 
±18 kg, average work experience with rotary systems 1.8 ±1.2 years, and overall 
work experience with dairy cattle 9.6 ± 9 years. 
The questionnaire consisted of two parts: 
I Questions about work environment to identify the risk factors and toucing upon  
microclimate; physical, physiological and psychological risk factors. To assess 
the frequency of the factors the following scale was given as option for answers: 
never / sometimes / often / always / I do not know. 
II Questions about musculoskeletal disorders based on the international 
questionnaire CUPID (Cultural and Psychosocial Influences on Disability), part 
III asking about pains experienced in the past month. To determine  the location 
of pain drawings of body areas were added to the questionnaire. Some of the 
questions were yes / no questions. Some asked about the length or sharpness of 
pain describing the perceptions on three levels, as 1-6 days/ 1-2 weeks / more 
than 2 weeks; mixed / sharp / intolerable.  
In addition to the questionnaire the dairy farm managers were interviewed to 
outline general work conditions and on site observation sessions were performed 
in milking stations during work time in July 2016 and February 2017.  
The data were analyzed in MS Office Excel  program. 
 

RESULTS AND DISCUSSION 
Milking system should combine the cows, technology and people into one 
working system. Hundreds of animals in the waiting area and on the carousel 
have different thermocomfort requirements than a few milking operators working 
with them. Different farms have contributed to the thermal comfort of operators 
in different ways. 
In Estonia the four seasons and changing weather can not guarantee permanently 
comfortable temperature in the milking area. To cool down the summer heat, the 
windows and doors are opened and the fans  switched on which, in turn, creates 
the draft zone. In winter the waiting area is cold and using the heaters causes 
greater circulation. In winter and summer the temperature differences are due 
throughout the working shifts when groups of cows leave and arrive to the 
waiting area. 
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Figure 1. The questionnaire responses by exposure to the share of 

microclimatic hazards. 
During active physical work it is important to keep the heat balance also in excess 
heat conditions. In summer high temperature and humidity prevent body from 
cooling, as does the waterproof clothing (rubber sleeves, long aprons, rubber 
boots). 50% of the operators responding the questionnaire indicated that heat 
often disturbs them.  
One micro-climatic hazard unanimously noted by the respondents is constant 
exposure to cold water (Figure 1). When hands get wet by using even hot water 
but the air temperature is low, it produces body cooling. 72% of operators 
responding to the questionnaire noted that „fingers in latex gloves are freezing“ 
all the time or often. To prevent feeling cold some operators wrap paper or cloth 
around their wrists, under the cuffs. Putting cotton gloves under latex gloves 
hinders the grip and smooth movement of fingers during milking procedure. 
The main physiological hazards are working in standing position and repetitive 
movements (Figure 2), the occurrence of which was indicated "all the time" by 
100% of the operators. Beyond repetitive hand or arm movements, body or neck 
bending to check the teats or reach the udder is also a significant hazard, as it was 
noted „all the time“ by 67%  or „often“ by 28% of operators. Cows do not like 
quick movements, so the risk of getting kicked by the animals is also a hazard. 
After active physical work milking operators feel overall fatigue by the end of 
the work day.  
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Figure 2. Different farms rated the unanimous exposure to the physical, 

physiological and psychological risk factors 
In the questionnaire it was also asked about sufficient sleeping time. 67% of 
operators responded that they would like to get more sleep. However, waking up 
early morning was usually not a problem,  rather the feeling of tiredness was 
sensed on evening shifts. In two of the three dairy farms the cows were milked 
three times a day which meant the late shift from 20:00 to 03:00 which, in fact, 
should be considered working at night.  
The level of difficulty of the current milking operator`s job was rated as „very 
hard“ by 17%, „hard“ by 61%, „moderately hard“ by 17% and „light“ by 5% of 
respondents. Milking operators think that compared to some other jobs, their job 
is more difficult because of the permanent standing, strain and high pace, risk of 
injuries from animals, irregular sleep. Operators with longer experience, 
including tethering or loose-house parlor experience, found their work in rotary 
parlor system physically tiring. 
Musculoskeletal pain survey revealed that during the past month  94% of the 
operators had felt pains in different body areas. 72% of the respondents had felt  
pain in 3 to 7 locations, for example, both of the shoulders, both wrists, neck, 
back. 
Shoulder pain caused the most inconveniences as it was noted by 67% of 
operators (Figure 3), and for 50% of the respondents it lasted over two weeks in 
total during the recent month. Shoulder pain interfered with dressing for 67% and 
household chores for 58% of the respondents. 92% of respondents associated 
shoulder pain with work. However, the operators continued going to work and 
only one person (6%) had been absent from work due to the pain. 
At the next place was the wrist pain, which was felt by 67% of the milking 
operators. For 58% of the operators the pain lasted up to 6 days, for 25% - more 
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than two weeks. Wrist pain disrupted writing for  67% and household chores for 
25% of the respondents. 83%  of the respondents associated wrist pain with their 
work. 

 
Figure 3. The presence of rotary operators discomfort during the past month. 

Low back pain was felt by 61% of the milking operators during the last month, 
and 64% of them duration of pain lasted for up to 6 days. 45% of  the respondents 
stated that back pain hindered dressing, and 64% said that doing household 
chores was difficult. 82% of  back pain sufferers complained that it radiated to 
the foot (sciatica).  People with back pain also continued working, only one 
person was absent from work less than 5 days due to back pain. 91% of the 
respondents associated low back pain with work. 
Neck pain was felt by 61% of milking operators, of  whom 45% suffered from 
pain up to 6 days and and 27% over two weeks. Neck pain hindered dressing for 
55% of the respondents and had also interfered with household chores. Due to 
neck pain only one person (6%) was absent from work and pain was associated 
with work by  82% of the respondents. 
Knee pain bothered 39% of the milking  operators over the recent month, lasting 
up to 6 days in 71% of cases and more than two weeks in 14% of cases. Knee 
pain was not the cause to be absent from  work. 71% of the respondents associated 
knee pain with work. 
Pain was felt in elbow(s) by 39% of operators, and it lasted up to 6 days for 57% 
of the cases, and over two weeks for 43% of cases. This pain interfered with 
dressing for 43% of these respondents and it also hindered household chores. 
71% of the respondents associated elbow pain with work.  
During the previous year 61% of the milking operators had been on sick leave.  
72% of them associated their illnesses with work (musculoskeletal disorders, 
colds and other work conditions), and 28% of the respondents – partly with work. 
No respondent used the questionnaire option „do not associate it with work“.   
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At the end of the questionnaire the milking operators were asked to assess their 
work ability on a 10-point scale and the result was 7 points, on average. Only 7 
persons out of the total 18 respondents were of opinion that in two years they 
would be able to continue their present work, being a milking operator at the 
carousel system. 10 operators were not sure about it, regarding their present 
health condition. One operator excluded the option totally. 
 

CONCLUSIONS 
Scientific studies show that milking operators in modern high performing dairy 
farms experience intense wrist, arm and shoulder work, also high pace and 
constant repetition of movements, and too little muscle rest during the work 
operations [4,5]. This is related to milking technology with increasing pressure 
to raise the capacity of the cows milked – to cope with milking of large herds. 
Intense work without adequate recovery breaks causes muscle tension and 
musculosceletal diseases. 
 The present study suggests that the micro-climatic conditions for milking 
operator`s active physical work are not always appropriate. Questionnaires 
revealed that in winter milking operators feel cold all the time or often (61%), 
and in summer they feel too hot all the time or often (67%), their hands in latex 
gloves are freezing (72%), and sometimes they suffer from of the drafts (56%). 
Coming and going of groups of cows changes the air temperature during the work 
shift and from the waiting area chilly air reaches the parlor. Those unfavourable 
work conditions cause musculoskeletal disorders (pains, inflammations). 
Responses to questionnaires revealed that during the past month  94% of the 
milking operators have  felt musculoskeletal disorders (MSD) at least in one 
location of the body. Most of them noted disorders in multiple (up to 7) locations. 
Most of all shoulders cause the feeling of  discomfort, and for 50% of the 
respondents the pain lasted for  over two weeks in total, hindering dressing and 
doing household chores. Wrist area, lower back and neck are the next critical 
locations. Milking operators accociate different pains with work as much as for 
71-92%.  However, the operators continue going to work despite pain, being 
absent from work only in a few cases. 
Farm manager should be aware and careful of the statements by the respondents 
that only 39% of them are sure that they would be healthy and able to continue 
the operator`s job in two years. 
Ergonomic assessments of repetitive movements and causing exhaustion 
postures of  rotary parlor operators are highly recommendable, to determine the 
risk level of physiological hazards. The micro-climatic parameters should also be 
measured.  Collecting further data about work environment enables one to make 
proposals for optimizing the work load of milking operators and improving the 
work environment in milking parlors.  
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Abstract: All office workers and teachers spend their eight hour workdays inside buildings where 
artificial light is mostly used. This has affect on workers mood, work efficiency and on their 
physical health. The aim of this study was to evaluate the influence of artificial light on the 
working efficiency of office workers and teachers. In this study participated 199 employees, 
where 66.8% (n=133) were office workers and 32.7 % (n=65) were educational employees. The 
workers average age (mean ± SD) was 45.9 ± 12.0 years and average working experience 11.6 ± 
10.4. The basic duration of working hours per week on average is 38.0 ± 7.5. Based on the 
electronic survey most of the respondents thought the workplace lightning to be sufficient enough 
and 2/3 of the answerers said there were no disturbing shadows or contrasts. Almost every 
workroom has windows. 172 people work with a computer for half of their working time or even 
more. Always and often 53.7 % of participants reported eyestrain, 37.2 % experienced eye 
dryness and 33 % reported sore eyes and vision loss. 

 
Key words: office workers, teachers, artificial lighting, health 

 
INTRODUCTION 

 
Working with a screen is increasing fast and therefore it is important to pay more 

attention to health risks and lighting conditions. Physiological risk factors cause the most 
health problems which are directly related to artificial lightning. There are different types 
of artificial lights which is why their light indicators affect workers health and 
productivity differently. Also natural light affects workers’ productivity and comfort. 
Based on the survey that was carried out in 2010 in Sweden natural light has a direct 
impact on performance and attention. The participants preferred a lighting with different 
kinds of light source to a more neutral lightning and gave it higher ratings for well-being 
[1]. Correlated colour temperatures of light play an important role in human 
psychological and physiological need. Results reveals that cool white and daylight lights 
were more beneficial in office setting for computer-based tasks [2]. Recent research has 
indicated that lighting may have an impact on biological and psychological processes 
[3]. 
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MATERIALS AND METHODS 
 
Purpose of this study was to investigate office workers and educational institutions 

in South-Estonia. The survey was electronic and sent to be answered by 18 South-
Estonian establishments. The conditions for forming the group were working with a 
screen and at least one year of working experience. 

In this study was used self-administrated questionnaire, which is based on 
international qualified questionnaires (COPSOQ - Copenhagen Psychosocial 
Questionnaire, CUPID – Cultural and Psychosocial Influences on Disability and WAI – 
Work Ability Index). Questionnaires should be found out working environmental risk 
factors about lighting conditions, work characteristics and workers health [4-6]. 

 
Questions on the survey sheet were divided based on the subject into eight sub-

groups:  
1. Demographic information 
2. Psychosocial and psychological risk factors 
3. Artificial light (ceiling lamps) 
4. Natural light (sunlight) 
5. Physical risk factors 
6. Working with a computer 
7. Health and productivity 
8. WAI – performance index 
The electronic survey was put together in Google Forms and the results were 

recorded straight to MS Excel spreadsheet. The average time to complete the 
questionnaire was 10 minutes. 

 
Table 1. Sample characteristics 

Number of participants 199 
Gender Female: 75.9 % 

Male: 24.1 % 
Age Mean ± SD 45.9 ± 12.0 

Range 21-68 years old 
Work experience in the company Mean ± SD: 11.6 ± 10.4 
Working hours per week Mean ± SD: 38.0 ± 7.5 
Computer usage ≥ 50 %  work day 86.4 % 

 
The statistical analysis was performed with SPSS.24.0 (Statistical Package for the 

Social Sciences). Descriptive Statistics, χ2 – test and Spearman Correlation Analysis was 
carried out to find group differences between gender and occupation. 

 
RESULTS AND DISCUSSION 

 
The survey was answered by 210 employees, but by the imposed conditions 199 

results were taken into account. In this study participated 66.8% (n=133) office workers 
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and 32.7 % (n=65) education workers. Based by occupation, 42.2 % were specialists, 
25.6 % teachers, 24.6 % advisors or consultants and 7.5 % leaders. The workers average 
age was 45.9 ± 12.0 years and the average working experience 11.6 ± 10.4. The basic 
duration of working hours per week is 38.0 ± 7.5. 

The results of assessment of lighting conditions among the respondents are shown 
in the Fig.1. 
 

 
Figure 1. Artificial lighting conditions on the workplaces (n=199) 
 
85.4 % of the participants were satisfied with their workplace lightning. In despite 

the lack of local light source about 2/3 of respondents claimed that there were no 
disturbing shadows, contrast and excessive glaring lighting doesn´t influence work 
effectiveness. About 50 % of the study group confirmed that workplace lighting 
conditions and lighting colour were often and always adequate. The light source colour 
was 51.3 % white, 31.2 % yellowish and 5.0 % bluish. Reflections from working surfaces 
were very or moderately disturbing to 72 employees, and 64 workers thought that 
computer screen reflections were upsetting.  

99 % of the offices have windows and for 87.4 % of the respondents the windows 
were clean. Most of employees can have regulate natural lighting, because 81.9% of 
rooms have curtains on the windows and 12.6% have partly curtains. Almost half of the 
workers (47.2%) answered that natural lighting is very important and this affects their 
work ability. Bright natural light irritates workers few times in months (45.7%), and few 
times in week (7.5%). All participants were daily computer users, where over 75% of 
workday uses computer 118 workers, 50% - 75% of workday uses computer 54 workers 
and less than 50% of workday 27 workers. Laptops are used by 38.7% of the 
respondents. 89.9% of participants can change their screen position, and rotate it. 93.9% 
noted that their computer screen is clean and bright.  
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The results of health condition and vision problems among computer workers are 
shown in the Fig.2. 

 
Figure 2. Health condition and vision problems among computer workers (n=199) 
 
93.4 % of the people who answered, said their health was generally good. Always 

and often 53.7% of participants reported eyestrain, 37.2 % experienced eye dryness and 
33 % reported sore eyes and impaired vision. 

Spearman´s correlations analysis showed relationships between demographic 
parameters, workplace lighting condition and health complaints. Negative correlation 
between age and headache and tiredness has observed (r = - 0.153, p = 0.032; r = - 0.176, 
p = 0.013). Insufficient lighting was related to eye dryness (r = - 0.206, p = 0.003), 
eyestrain (r = - 0.212, p = 0.003) and sore eyes (r = - 0.179, p = 0.012). Working hours 
of computer use was positively related to eyestrain (r = 0.171, p = 0.016) and sore eyes 
(r = 0.150, p = 0.035). Screen reflection and flickering were positively related to sore 
eyes, eye dryness and eyestrain (r ≤ 0.156, p ≤ 0.011)  

 
CONCLUSIONS 

 
From 199 of the office and educational workers 172 of them use a computer for 

more than half of their working time to complete their working tasks. There are windows 
and curtains in all the working rooms. Almost half of the workers found that natural light 
affects their work performance. The lighting in the workplace is mostly sufficient for the 
respondents and 89% of the workers believe the light colour to be suitable for their 
performance of duties. Work effectiveness was influenced by lighting reflections from 
work desks and computer screen. Working with a screen caused for more than half of 
the respondents eyestrain and 1/3 experienced eye dryness, sore eyes and impaired 
vision. Insufficient lighting, screen reflection and flickering related positively to eye 
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dryness, sore eyes and eyestrain. The younger employees detected more often headache 
and tiredness. To avoid eye vision problems is needed to measure workplace lighting 
and evaluate risk factors.  
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Abstract. This paper is about research methods, which allow understanding of how lighting 
conditions affect human performance. The purpose of this overview is to compare methods for 
measuring the effect of lighting conditions on human performance, in order to screen out methods 
which require the least of time and monetary resources. Typically lighting research is contacted 
in the laboratory or real workplace and human performance is evaluated if real or standard tasks. 
The appropriate environment and task depend on the researcher goal. Laboratory fits best for 
theory intended research, while real workplace is most suitable for directly applicable results. 
 
Keywords: Illuminance, human productivity, visual performance 
 

INTRODUCTION 
 

There are three key concepts, which characterise workplace ergonomics: system 
integration, ergonomic design and human performance [1]. In fact, all these concepts 
work together and form a human-machine-environment system. System integration is a 
process of bringing subsystems together into one system in this way, that subsystems 
work together to fulfil a common goal [2]. Generally, systems can’t function without 
input. Every process starts from the inputs which come from sources outside the system 
(e.g. material, information, energy, etc.) and ends with the outputs transformed by the 
system (e.g. products). This process can run only if all subsystems work together.  

Ergonomic design means making the jobs, workplaces, equipment, and 
environment compatible with the substantial majority [3]. As the name of the human-
machine system implies the human and the machine have a reciprocal relationship with 
each other [4]. 

Performing tasks in accordance with the agreed standards of accuracy, 
completeness and effectiveness is called human performance. Human performance may 
be defined as including cognitive, physical, psychosocial, environmental, organisational 
and system factors [1].  

Working environments are sources of many forms of stress (physical, chemical, 
biological, physiological and psychological factors) [5, 6], but if we talk about stressors, 
which imply financial expenditure, then air temperature, air velocity (ventilation) and 
lighting are the ones, which requires some type of energy (electricity) to be controlled. 
In the case of lighting, the effect of many variables (circadian system, SPD etc.) is 
currently unknown.  

The idea of most electrical lighting research is to find lighting conditions, what will 
contribute to the achievement of best costs and benefits ratio through reducing energy 
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consumption and increasing human performance. Environmental Protection Agency 
(EPA) claims, if all businesses would utilise lighting technologies with high power 
consumption then 11% of the used electricity would be saved (total costs in the year 
2007 would be over $18.6 billion) [7]. 

Lighting conditions may affect human performance by several mechanisms: visual 
performance, visual comfort, visual ambience, interpersonal relationship, biological 
clock, stimulation, job satisfaction, problem-solving, the halo effect and the change 
process [8]. 

The purpose of this overview is to analyse different methods for measuring the 
effect of lighting conditions on human performance in order to screen out methods which 
require the least of time and monetary resources. 
 
METHODOLOGICAL CONSIDERATIONS WHEN STUDYING THE EFF ECT 

OF LIGHTING ON HUMAN PERFORMANCE  
 

For understanding relationships between lighting and work, there is a need to 
identify the routes by which lighting affect human work productivity. There are three 
main routes: through the perceptual system, the circadian system and visual system. 
Perceptual system affects human work productivity in the case of inadequate lighting 
conditions that produce eyestrain. Eyestrain is the stress felt when the visual system has 
difficulties with achieving the aim of the task [9]. The circadian system can affect work 
productivity through shifting and acute effects. Shifting effect means that a phase of the 
circadian rhythm may be shifted earlier or later by changing illuminance. In the case of 
acute effect, it's proved that alertness at night may be increased by bright light [10]. The 
only route where lighting directly affects vision and visual performance is through the 
visual system. It is self-evident that in complete darkness it’s impossible to complete a 
visual task. 

Different types of mechanisms maps are developed to explain the relationship of 
lighting with health, well-being and human performance. A model proposed by Boyce 
et al [11] proposes, that changing lighting conditions in an office directly affects workers 
in three ways: changes visual capability, visual comfort and perception of the conditions. 
Through these changes worker’s mood, motivation, well-being and task performance 
may be affected. In contrast, a simplified conceptual model proposed by Juslen and 
Tenner [8] where human performance is directly linked to profitability of the industry 
and is affected through three main routes: visual, photobiological and through process 
change. The most sophisticated model is proposed by Boyce [10] which describes the 
links between lighting conditions and visual performance, visual performance and 
human performance, but also different effect modifiers. 

The preferred model for conducting lighting research is the model proposed by the 
Boyce [10]. The reason is that this model gives the best review about what factors can 
affect human performance both in a positive and negative way. If these variables are 
known, it is more clear what method for measuring human performance is needed to 
investigate the effect of a specific factor on human performance. 

Another important issue is the understanding of the difference between visual 
performance and task performance. Task performance is the sum of visual, motor and 
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cognitive performance. Visual performance includes only the visual component of the 
task. Cognitive performance deals with decision making and motor performance is 
responsible for carrying out the action. None of these is specific to the impact of lighting 
conditions. Therefore, the importance of cognitive and motor performance should be 
limited in lighting research. The best solution is to design a standard task, where 
cognitive and motor components are controlled and their impact minimalised. This is 
usually achieved with reaction time testing [12] or some sort of visual acuity test [13, 
14]. However standard task gives only limited information about overall task 
performance. As the importance of cognitive, motor and visual components is not equal 
and depends on the specific jobs, the changes in visual performance might not have the 
same effect on the overall performance. If one’s interest in productivity is connected 
with actual productivity units (parts per minute) then the performance of the real task 
should be measured. 

In addition to the task, the venue or environment of the experiment must be 
considered. Lighting research is usually conducted either in a range of existing 
conditions [15] or in the laboratory [16] and participants are required to perform either 
a real task [15] or a standard task [17]. Such options may be combined (table 1), however, 
the applicability of the results does vary. 

 
Table 1. The continuum of methods that can be used to measure the effect of lighting 
conditions on task performance. Summarised from [18] 

Environment Task Pros Cons 

Real world Real 

Clear understanding of 
performance. Results 
are directly applied in 

practice 

Hard to control 
confounding variable. 

Limited generalisability 

Real world Standard – No useful information 

Laboratory Real 

Confounding variables 
are controlled. Results 
are directly applied in 

practice 

Limited generalisability 

Laboratory Standard 
Generalisability. 

Confounding variables 
are controlled 

Results are hard to 
apply in practice 

 
Real task in real world study is very specific meant to improve existing conditions 

or workplaces. If researcher’s objective is to demonstrate the effect of an independent 
variable (illumination and contrast) on the dependent variable (comfort and 
performance), the best solution would be a standard task in the laboratory. 
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CONCLUSIONS 
 

There are a total of four methods to conduct a lighting research and the approach 
depends on the information one is interested in. If researcher’s interest in productivity 
related to actual productivity units then a real task in real world method should be used. 
In this case, directly applicable results will be gathered. A standard task in laboratory 
methods is most suitable for studies where the goal is to study the general effect of the 
lighting conditions. 
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Abstract. Aim.  The purpose of the study is to analyze job risk factors and prevalence of 
musculoskeletal disorders (MSDs) among waiters and waitresses. Background. The waiters and 
waitresses are serving clients dishing up food and drinks the whole day in standing position. They 
are more likely to suffer from lower back pain, enlarged blood vessels and knee troubles. To 
investigate the workers point of view the anonymous e-questionnaire was conducted. Method. 
The anonymous e-questionnaire was sent to 53 waiters and waitresses, working full time in the 
biggest Tartu conference centers in Tartu. The survey contained 69 questions about job risk 
factors, work environment, workload, MSDs and health behavior. Also the questions like “How 
to improve work environment?” were included. The changes of work efficiency among the 
workers during the working day were measured. Results. The results of the survey show that the 
waiters and waitresses are working long hours. The biggest problem of the job is lower back pain 
but only a few of participants of the survey have consulted the doctor. The second bigest problem 
is knee pain. None of the reasearched employees are currently smoking. Conclusion. More 
attention must be directed to job risk factors to diminish musculoskeletal disorders and health 
complaints among restaurant workers.  
 
Key words: musculoskeletal disorders, standing position, night job, work environment 
 

INTRODUCTION 
 

The waiters and waitresses are serving clients dishing up food and drinks the 
whole day in standing position. Studies have shown that workers with similar work 
pattern - standing job, walking, occational lifting, have problems with lower back pain 
and other musculoskeletal disorders [1,2]. Working in a standing posture on a regular 
basis can cause sore feet, swelling of the legs, varicose veins, general muscular fatigue, 
lower back pain, stiffness in the neck and shoulders, and other health problems [2]. To 
investigate the workers point of view an anonymous questionnaire was conducted.  

The purpose of the study is to analyze job risk factors and prevalence of 
musculoskeletal disorders (MSDs) among waiters and waitresses. 

 
MATERIALS AND METHODS 

 
To find out the job risk factors and musculoskeletal disorders the anonymous e-

questionnaire was conducted. The e-questionnaire was based on modified CUPID 
(Cultural and Psychosocial Influences on Disability) survey [3]. The questionnaire 
contained 69 questions about job risk factors, work environment, workload, MSDs and 
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health behaviour. There were 22 employees who answered to the e-questionnaire, 
participants were between the ages 19 and 33. 

The data analyses of demographic parameters and job risk factors were based on 
multiple-choice answers. General health was measured on ten-point Likert scale, where 
0 was ‘’very bad-‘’ and 10 ‘’very good health’’. The symptoms were measured with 
‘’yes-no’’ answers. The data analyse was carried out with statistical program MS Excel 
where descriptive parameters (mean ± SD) were analysed. 

 
RESULTS AND DISCUSSION 

 
There were 22 participants who answered to the e-questionnaire . The average 

age of the study group was 24±3,9 years ranging between 19 and 33 years old. Most of 
the employees were aged 19 – 25. Avarege work day length was 9,7±2,1 hours, varying 
from 8 hours to 12 hours. The work hours varyed from 60 to 180 hours in the month. 
Four employees find work day to be too long, others find the workday length optimal. 
Only 8 employees do regular breaks during workday. 4 people do breaks when they can 
and others don’t do regular breaks during workday.  

From the reasearch group none of the employees smoked but 5 employees have 
smoked regulary in the past. From the 22 people who participated in the survey most of 
the employees evaluate their health good. Two of the employees evaluated their health 
below average. From the 22 employees, 12 exercise regulary. The most popular trainings 
are group trainings (aerobics, pilates, finess) in the gym and running.  

Workplace risk factors are shown in the figure 1. The figure 1 shows that the 
most dangerous job risk factor is getting burnt with an hot object.  
 

 
Figure 1. Assessment workplace risk factors 
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The most likley risk factor to occur is the risk of a stumbling and the risk of 

sliding and falling but majority of employees think that these risks are not dangerous. 
Only one person thinks that there are very dangerous risks at the workplace. These risks 
are a cut with an object like knife or broken glass, risk of catching cold because there are 
big freezers in the workplace where emloyees bring salads and raw materials and the risk 
of getting burnt with hot object. About half of participants mentioned that risk of getting 
hit with an object and risk of getting burnt with a hot object don’t ever occur.  

The prelavence of musculoskeletal disorders among restaurants’ employees is 
shown in the figure 2.  
 

 
Figure 2. Prelavence of musculoskeletal disorders among employees 

 
The most frequent musculoskeletal disorders to occur among waiters and 

waitresses was lower back pain. Two-third of employees who participated in the survey 
had lower back pain lasting more than one day. From 15 people who had had lower back 
pain 8 employees related the pain with work and only one of them had used sickleave 
because of the pain. 

The second most troubeling musculoskeletal disorders among waiters and 
waitresses were knee pain and neck pain. One-third of employees had knee and neck 
pain lasting more than one day. From those 8 people only 3 of them related knee and 
neck pain with their work.  

The lower back pain could be caused by lifting heavy things with back rather 
than legs. Working in such a non-ergonomic body posture and puts more stress on lower 
back region. The lower back pain could also be caused by working long hours in a 
standing posture. 

To the question ‘’How to improve the working environment’’ the workers 
answered: the training on how to do the work more ergonomically to minimize the health 
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risks; compression stockings and custom soles to lower the stress to legs; Stretch out 
exercise during the day or at the end of the day to the troubling muscle groups. 

The most common symptoms are shown in the figure 3. 
 

 
Figure 3. The most common disease symptoms and occure frequency 

 
Most of participants are affected by catching cold more than a few times a year. 

Four employees cought cold few times a month in the past year. More than half of 
participants reported virus infections a few times a year. Eyestrain, sleep disorders and 
headache were the most frequent symptoms reported by the employees. Four participants 
had sleep disorders and headaches few times a week. Ringing in the ears, reduced vision 
and voice problems were the rarest reported symptoms. All except of one employee have 
been to work while sick. 

 
CONCLUSIONS 

The very dangerous risk factors at the workplace would be a cut with an object 
like knife or broken glass, risk of catching cold and the risk of getting burnt with hot 
object. 
The risk of a stumbling, sliding and falling are the most likley risk factor to occur in 
restaurant workplace. 

The most frequent musculoskeletal disorders to occur among waiters and 
waitresses were lower back, neck and knee pain.  
  Most of employees are affected by catching a cold. Eyestrain, sleep disorders 
and headache were the most frequent symptoms reported by the employees 
Ringing in the ears, reduced vision and voice problems were the least reported 
symptoms. The most problematic fact is that almost of all the employees with illness 
can’t take a sickleave. 
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