ESTONIAN UNIVERSITY OF LIFE SCIENCES
Institute of Technology

(S

XI MASTER STUDENTS CONFERENCE
HUMAN AND ENGINEERING

PROCEEDINGS

Tartu 2017



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

PROGRAMME

9.45 Registration and coffee (room A202)

10.15  Plenary session (room A204)
12.15 Break

13.00 Special sessions

m 14.45  Discussion and coffee (room A202)

PLENARY SESSION

Thursday 20. april at 10.15
Fr. R. Kreutzwaldi 56/1, room A204

Chair:Alo Allik, PhD

Presentation lenghtsl2 minutes

1. Opening speeches
Ulle Jaakma,Vice-Rector of Research at Estonian Uwersity of Life
Sciences

Margus Arak, Director of Institute of Technology, Estonian University
of Life Sciences

2. Strawberry leaf surface temperature dynamics medsay thermal camer: 5
Henri Tamm, MSc student in Energy Engineering

3. A Mathematical model to evaluate biogas yield fioim-degradable waste
materials
Jude Awele Okolie, MSc student at Tallinn Universiy of Technology

4. Finding the optimal flow of the flue gas to instihe maximum carbon 55
dioxide uptake by a microalgae in a photobioreactor
Albert Avarand, MSc student in Production Engineerng

5. Development of drone logistics 59
Andre Kukke, MSc student in Production Engineering

6. Work ability dynamics depending on type of work leyand gender of 114
workers in a glass industry

Reimu Saaremaa, MSc student in Ergonomics



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

ENERGY ENGINEERING

Thursday 20. april at 13.00
Fr. R. Kreutzwaldi 56/1, room A204

Chair: PhD studertrkki Jogi
Presentation lenghtslO minutes

1 Using RGB LEDs for decorating home 11
Aap Erik, MSc student in Energy Engineering

2 Stroke parameters measurement in rowing and sgullin 17
Ranel Sarapuu, MSc student in Energy Engineering

3 Measuring the temperature of running water in ngsl 23
Heiki Lill, MSc student in Energy Engineering

4 Types of wind turbines 29
Valmar Puussepp, MSc student in Energy Engineering

5 What is efficiency 35
Sergei Malinovski, MSc student in Energy Engineerig

6 Synthetic generator for simulation of renewablergnsources 39
Karl Randmaa, MSc student in Energy Engineering

7 SMA sunny solar box irradiance sensor 44
Ivo Rohula, MSc student in Energy Engineering

8 Producing energy with photovoltaic panels 50

Matheas Mandlo, MSc student in Energy Engineering

PRODUCTION ENGINEERING
Thursday 20. april at 13.00
Fr. R. Kreutzwaldi 56/1, room B136
Chair: PhD studeri¥ahur Rooni

Presentation lenghtslO minutes

1 Alternative gear set production methods for planeggarbox 64
Marten Noorem, MSc student in Production Engineerimy

2 3D printing of thermoplastic polyurethane 69
Egon Hermanson, MSc student in Production Engineeng

3 Maintenance mechanism for army cable 75

Karel Tops, MSc student in Production Engineering

3



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

4  The effect of unsprung mass on the traction andrdyiquality on the 81
basis of an electric motorcycle

Priit Lille, MSc student in Production Engineering

5 Modeling of shear pin for an industrial robot effig:etor 88
Indrek Virro, MSc student in Production Engineering

6 Tractor’'s wheel slip on a meadow 94
Karl Kadaja, MSc student in Production Engineering

7 Test method of planer knife wear 99
Kuldar Kark, MSc student in Production Engineering

8 Development of tire pressure monitoring system 104
Kevin Liimask, MSc student in Production Engineerirg

9 Experiment planning methodology of determining éoneeded for 108

plastic film retrieval from soll
Kaubo Keskila, MSc student in Production Engineerig

ERGONOMICS

Thursday 20. april at 13.00
Fr. R. Kreutzwaldi 56/1, room A220

Chair: PhD studen¥lart Reinvee

Presentation lenghtslO minutes

1 Prevalence of musculoskeletal disorders among thrkess in hospital 120
rehabilitation department
Pirgit Peedosaar, MSc student in Ergonomics

2  Occupational hazards and musculoskeletal disosdaog rotary 129
milking parlor operators
Esta Sild, MSc student in Ergonomics

3 Artificial lighting’s influence on the working effiency of office 137
workers and teachers in educational-research bggdand offices

Evelin Teras, MSc student in Ergonomics

4  Analysis of human performance measurement methavdsdctrical 142
lighting research
Vitali Gussev, MSc student in Ergonomics

5 Job risk factors, musculoskeletal disorders antttheaong restaurant 147
workers

Markus Himma, MSc student in Ergonomics



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

Plant Surface Temperature Measurement with Infrared
Camera

H. Tamm

Estonian University of Life Sciences, InstituteTafchnology, Department of Energy
Application, Kreutzwaldi 56, 51014, Tartu, Estonia

Abstract. Plant surface temperature measurement was cameat the strawberry field in late
autumn at a specific natural climatic situatiomight frost conditions. 640x480 pixel thermal
and visual colour images of strawberry leaves vedntained with thermal camera FLIR P660
with thermal sensitivity 30mK and accuracy +1 Ktamh-minute interval. Taken images were
analysed with FLIR ResearchlR Max software. Air pemature, dew point, relative humidity,
wind speed and solar radiation were measured wathisDVintage Pro2 weather station. During
the measurements, difference between air and deaperature, especially in absence of solar
radiation, was established. The study showed tlaait$ might be endangered in night frost
conditions. Even when the air temperature was al8@estrawberry plant lost energy by long
wave radiation to the sky.

Key words: surface temperature, thermal imaging, strawbeay, Inight frost conditions
INTRODUCTION

As the climate changes, plants growth conditioredm®ore attention. To do that it is
extremely important to understand the correlatidnplants and the surrounding

environment. That knowledge will help to adapt grdpare for the changes. The
objective of this research is to observe strawbleafin night frost conditions and find

out how air temperature and environment affecttplasurface temperature using the
measurement possibilities of IR thermography.

Researches have shown that plants’ surface teroperabuld be higher than air
temperature during the day and lower than air teatpee during the night. In the night,
the heat from plants will radiate to space andtgldemperature will drop significantly
and it might frost the plants [1].

MATERIALS AND METHODS

The measurement of leaves and ground surface tatopein current study was carried
out using FLIR P660 thermal camera with thermasgimity 30 mK and accuracy £1 K.
FLIR P660 camera sensor is based on 640x480 pieehlFPlane Array uncooled
microbolometer. The camera temperature range s #40.0°C to +120.0°C and
sensors perceiving thermal radiation wavelengthbGs13um (IR) [2]. The images were
taken at ten-minute interval from 0.5 m distandee Tiet radiant flux to camera sensor
is found with equation [3]
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Etot=EI*ErefitEatm: (1)
where E, - radiant flux from leaf to the sensor dependingtmnleaf surface
temperature;
Ey — radiant flux reflected to the sensor from the maface;
Exr — radiant flux emitted to the sensor by the atmospher

In current study, the distance between cameraaaids 0.5 meters, so the transmissivity
of the atmospherg;,=1 which means th&,;,,=0. The net radiant flux to camera sensor
be shown as [3]

Etot=E|+Erefi- (2

Radiant flux from leaf to the sensor in Equatias found with equation [3]

Ei=&oT, 3)
where ¢ — leaf surface emissivity;
T — temperature of leaf;
o — Stefan-Boltzmann constant.

Radiant flux emitted to the sensor by the atmosgplsefound with equation [3]
Ereﬂ:(l_8|)’0" refl (4)
where T, — temperature corresponding to reflected radiant flux

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

Target object

Infrared camera

Elr =& 'G"Tj-
E,1=(1-¢)-0-Toen c—

-Ty afl

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

Eo=e10 T+ (16) 0 Treq- 5)

Deriving T; from Equation 5 gives us equation

4|Eyo—~(1-¢,) 0 TH
T= \/ tot—( _€|)0' refl. (6)
&0
As the net radiant flux to camera sensor is
Ewro 'T?otr ()

the Equation 5 could be written as

T|=4/“’t_(18—_lel)'ﬁe”_ (8)

Taken images were analysed with FLIR ResearchIR $ddixvare (version 4.30.3.76).
Strawberry leaves thermal image and selected ard@ssearchIR software is shown in
Figure 2. Air temperature, dew point, relative hdityi, wind speed and solar radiation
were measured with Davis Vintage Pro2 weatherostati 2 m above the ground. During
calibration the emissivity of strawberry leave fdun be 0.96.
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Figure 2. Strawberry leaves thermal image and selected ard@ssearchlIR software

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

RESULTS AND DISCUSSION

The most essential period of the results of stedisanalysis of thermogram from 15:10
to 19:30 on October 18, 2016 for ROI Leaf 1 is Igtwuout in Table 1. This is the
measurement period when solar radiation reacheé@ whd leaf surface temperature
Tiear Starts to decrease rapidly.

Table 1.Thermal images statistical analysis results for R€df 1 surface temperatures from
15:10 to 19:30

Ground Leaf surface temperature, °C
Air surface Solar
Time | temp. mean Mini- Maxi- Mean Standard | radiation
°C |temperature| mum mum deviation W/m?2
°C
15:10 6,9 13,6 4,2 10,3 7,1 1,9 275
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,( 20y
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 =2,17 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, 0,5 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 —8,7 -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, 0,5 0
20:20 01 -11,2 -8,8 —6,3 —7,6 05 0

The measurement series of leaf's surface tempesaalong with weather station data
from 15:10 to 23:50 in October 18, 2016 are preskRigure 3. We can see that leaf
surface mean temperaturg feay Stays close to air temperature until 16:20 areh th
starts to decrease quickly because of diminishifrgptar radiation and reaches 0°C at
17:10...17:20. At that moment, the air temperaturg.8..6.2°C, staying positive till
20:10 whenl| meanis already -7.5°C.
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Figure 3. Strawberry leaf's temperature variations in nigbsf conditions

Around 19:10...19:20 there is unexpected risél|@far from —7.0°C to —4.8°C. This

effect could not be caused by air temperature lsc#uremains decreasing. Given
situation might be the process of supercooling thakse short-time rise of leaf surface
temperature. After 19:20, the change of plant teatpee is highly correlated to air and
ground temperature.
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CONCLUSIONS

In current study it was found out that the tempembf strawberry leaf surface in night
frost climatic conditions is considerably lower thsurrounding air temperature. This
confirms that plants surface temperature shoulthbestigated with thermal radiation

measurement equipment simultaneously with air teatpe measurements. This
method helps to get more exact timing of nighttfpzevention measurements for plants.
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RGB LED driving
A. Erik

EstoniarlJniversity of Life Sciences, Institute of Technojog

Abstract. LED lighting has become very popular in these yeliferent light
fixtures have become cheaper and due to that &lail@ almost everyone. Also,
different lighting solutions for changing objects moms according to user’s
mood have become easier. Cheap controllers ar¢ wesato solve everyday
household mood lighting. How these controllers aldguwork, is examined in
this project.

Key words: RGB LED, remote control, driver, infrared, LEDiptr
INTRODUCTION

LED technology has made a big breakthrough inylaats, being almost perfect
and reasonable replacement to older lighting feduifoday, we can find LEDs
in home lighting, on streets, banners, factoria$ smon. Mostly, they are used
to supply us with regular white light for daily ihg, but more and more are
different solutions used to make rooms cozier amahfortable to be in. Not
maybe so much in standard flats or houses, biexXample hotels are using the
opportunity to offer their clients the chance tapé the hotel room as they want
by changing light colours. Earlier, controlling RGEDs was more expensive
and not reasonable for daily use. But as the tdoggmokeeps developing,
producing different devices becomes cheaper. Assalt; LED controllers are
basically affordable to everyone.

MATERIALS AND METHODS

A light-emitting diode (LED) is a two-lead semicauador light source. Itis a p—

n junction diode, which emits light when activaféfl When a suitable voltage
is applied to the leads, electrons are able tonndawe with electron holes within
the device, releasing energy in the form of phatoRsis effect is called
electroluminescence, and the colour of the ligbtr@&sponding to the energy of
the photon) is determined by the energy band gapeosemiconductor. LEDs
are typically small (less than 1 ryrand integrated optical components may be
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used to shape the radiation pattern [2]. Also, LEBEsvery energy efficient light
source. In table 1 is the comparison of differgpes of regular bulbs.

Table 1.Comparisons between Traditional Incandescent, alagcandescent, CFLs,
and LEDs. [3]

60W 43W
Tradition Energy-
al Saving 15W CFL 12 W LED
Incandesc| Incandesce
ent nt
60 W 43 W 60 W 43 W
Energy i ~25% | ~75%| ~65% ~75-80%  ~72%
saved
Annual
energy $4.80 $4.80 $4.80 $4.80 $4.80 $4.80
cost
Bulb 1000 1000 to | 10,000 h|{ 25,000 1000 1000 to
life hours | 3000 hours| ours hours hours | 3000 hours

Table 1 comparison is based on 2 hours per dagagfay an electricity rate of 11
cents per kilowatt-hour, shown in U.S. dollars. Butat about other ways of
using LEDs in every home?

To begin with, in this article, the cheaper LED wohers are taken under
research. These are the kind of drivers everybasychlly can buy from local
electronics or DIY store. Based on Estonian DIYceleics shop, named
Oomipood, 72 W output power LED controller cos& (based on price on 23rd
of March 2017) [4]. Power consumption of a con&dILED strip depends on its
length and diodes being used in construction. UguBED strips are made to
run on 12 V power supply.

Figure 1. RGB controller and remote control. [4]

12



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

To see, how the controller changes patterns ammdicgla segment of 3528 RGB
LED strip was attached to the controller. To re@phals, Peaktech 1255 was
connected to wires soldiered on the circuit bodrthe controller.

RESULTS AND DISCUSSION

So what can be done with this little cheap corgr@llit allows switching lights
on and off, changing the colour of light, intensfyight and even using different
light patterns. The device has 16 predefined lgihdurs as extra to basic colours
(red, green, and blue) and white. Also, for cragthre colour by the user, buttons
for changing intensity of every basic colour arailable. Light intensity of every
colour can be changed in 8 steps.

Controller uses pulse-width modulation to light LEP darker or brighter.

In the figure 2 is shown the controllers PWM tattlights darker than full output
voltage and current. To understand better, hoWwarks, we should take a look
at the controller itself. Inside the box is quitagle electronics circuit. It contains
several resistors, capacitors, zener diode, thmaresistors and two integrated
circuits.

13
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Loy

Figure 3.RGB LED controller circuit schematic.

Circuit in figure 3 shows the basic components loéap infrared controlled
controller. Components and accomplishment canivadifferent manufacturers’
controllers. Unfortunately, there is no data alibetcompany, which composed
that certain controller being used in this reseaftte circuit’'s supply voltage is
12 V, which is rectified to 5V using 1¢kresistor and 4.7 V zener diode to
stabilize voltage on different load. For smooththg voltage changes, 10 puF
capacitor is used in the IR-receiver circuit. Oa BCB are located two SIOC8
packages, one is marked to be Atmel 21B 24C02 Swhkh is EEPROM. To
simplify the coding and controlling, all addresagare grounded, which means
that all Second IC does not have any markings,douttit shoud be PIC12 series
controller. It has power and ground on pins 1 gneb8sistent with a lot of 8 pin
PIC microcontrollers. It probably doesn’'t need mygechgram space or RAM,
especially based on the external EEPROM. The bessgit is probably a
PIC12F508 because of the low cost. [5] For recgigignal from remote control,
TSOP4838 receiver is used, which runs on 38 kHpuzacy.

1 »’ '\—A\_A\\_)/L/A_A_JJ;_,\M\\_/\*UAJ_‘ H |>*R_AIJ‘_A_;L<

Figuré 4.Infrared receiver received and defined code fromate control.

For the data transfer, NEC-protocol is used. Th€N&de starts the transmission
using a so called leader code, a burst with atleaf9 ms, followed by a pause
of 4.5 ms and then the data word. The originappse of this leader code was
to let the internal control loops in the receivaydules settle. After transmitting

14
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the data word, only the leader code and a singkerbitransmitted repeatedly for
as long as a key is pressed. A special properthisfcode is a constant word
length in combination with pulse distance modulatiBoth the address and the
data bits are transmitted twice, first as a norlnaé followed by an inverted
byte. The half period burst portion of each bit teims 22 pulses, each with a
width of 8.77us and a period of 26,8. A “0” is represented by a pulse distance
of 1.125 ms and a “1” by a pulse distance of 2.25 m

Eight address bits are used to identify the dewad®e controlled. A further eight
bits are used for the transmission of the commatal. d\s mentioned above, the
words are always followed, without a pause, byitherted words. E.g., the
transmission of the address word “00110111” and abemand data word
“00011010” is performed by sending the bits:
“00110111'11001000'00011010'11100101". [6]

Because of the address not being used, the carteah react on other home
electronics remotes, e.g. TV or radio.

CONCLUSIONS

Led strips are very compact and simple solutiooréate cosy feeling in home.
Cheap controllers offer a good chance to changeappce of a room with just
a push of a button. The only drawbacks of theséralbers are combined with
infrared data transfer. Many remote controlled lebiadd appliances use also
infrared transmitters and receivers which can heesame frequency and codes
for communication. Also, because the transmittarasvery powerful, in even
couple of meters the angle between transmitterraceéiver is very important.
From the positive side, even on the lowest lightnsity, the light is not
flickering or unstable.
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Stroke parameters measurement in rowing and scullig
R. Sarapuu, E.JOgi

Estonian University of Life Sciences, InstituteTafichnology, Department of Energy
Engineering

Abstract. Rowing and sculling have long history in Estonraotder to get better results at those
sports, getting steady stroke rate is one the wepprtant parts. Elite rowers can row about 36
strokes per minute, but good rower also have tamkhow to control his rowing rate and it has
to be trained. In order to achieve constant rateettare different methods that can be used for
measurement. With every stroke, rower creates ftiraemakes boat moving. Movements can
be measured with sensors, feedback returned tetsaio analyse performance and effectiveness.
Sensors like gyroscope can be used, but problehaidoat actually never moves on one axis.
With every stroke boat moves a little bit on a elifint axes. So there should be also another
sensor in order to get correct or adjusted datasMieng velocity can be used in order to detect
strokes.

Key words: rowing, sculling, sensors, speed, stroke rate
INTRODUCTION

Since ancient times people have admired rowerseulkrs for their good physical
shape and look. [1] Nowadays it is also possibtedio indoor, because in 1981 brothers
Dick and Peter Dreissigacker invented rowing maelgigled Concept 2. It has become
so popular that non-athletes use it also to tRawing machines advantage is that it can
be used by everyone and does not matter if th@péss/oung or old. Rowing will train
all the muscles at the same time and does notrgiveh stress to joints. Nowadays
rowing machines are usually found in almost evemy goecause it is easy way to train
durability. It is also used by police, rescue seyidefence forces and by professional
athletes. For example, British army have 3000 Cphzeowing machines, Subaru Rally
Team and Formula 1 pilots use same training mashifiest rowing machines arrived
to Estonia in 1986. Using extra sensors can medmad rate or by connecting it with
computer, it is also possible to participate inwwld virtual rowing competitions via
internet. Indoor rowing has become sport itselflolor rowing World Championships
have been held since 1982. In Estonia Internatiomaing competitions called ‘Alfa’
have been organized since 1993.

In order to getter better results, rowers and scallinust hold required stroke rate
and strokes should be analysed. In this artickxetlare some sensor types tested, that
could be used to measure rowers and scullers strdkeere are some metronomes in
market, but usually they do not have feedback aptiofeedback tempo meters that
usually use only accelerometer. In order to gattebenderstanding, why some sensors
are preferred over other, series tests has beem mmadrder to find out different
measurements from different sensors.
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MATERIALS AND METHODS

Research object is rower at Concept 2 rowing machiest was held in Tamme
Staadion Gym at Tartu, Estonia. The aim was to oreasame object movement with
different sensors. For measuring it was used Sagn&ataxy S2 Plus mobile phone,
that includes following sensors: MPU-6K Acceleroardinvensense Ver: 1), MPU-6K
Gyroscope (Invensense Ver: 1), YAS532 Magnetic @&¥samaha Corporation Ver:1),
Gravity Sensor (Google Inc. Ver 3), Linear AcceleraSensor (Google Inc. Ver:3) and
Rotation Vector Sensor (Google Inc. Ver: 3). Sniaotpe was attached to rower’s right
hand. Testing distance was 500 m and damper s&tndhe aim was to keep 30 strokes
per minute. Professional rowers row around 36 ssger minute. Concept 2 is also able
to show stroke rate and this function was usedepkcorrect stroke rate. All sensor
readings were measured from same test. Test levaghl39 seconds, first 30 seconds
are shown on graphs in order to give more prenfeemation via graphs. When starting
to row, it is difficult at first to find right strke rate. Displayed figures are picked by
relevant information. Figure 1 shows acceleratemssr readings. First stroke is slowest
because Concept 2 is using flywheel and firstigdllardest. On figure 1, there are some
reading errors for example pull number 8 and 1fbkes and releases are drawn out.
Also periods are easily readable.
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Figure 1. Acceleration reading first 30 seconds in 500 m rmtest on Concept 2.

On figure 2 there is a gyroscope sensor x-axisimgadsyroscope readings were
different from other sensors as it gave readingnfi2 axis, that could be used for
measuring strokes. The main difference from figlris 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 secon860 m rowing test.

Reading from gyroscope, sensor z-axis figure 3eiteb than x-axis although there is
more noise with figure 1 sensor.
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Figure 3. Gyroscope sensor on z-axis reading first 30 secom880 m rowing test.
On figure 4 there is magnetic sensor used for str&asurement. As Concept 2 is made

of metal, it is possible to detect magnetic fidhdges. 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 secam&§0 m rowing test.

On figure 5, there is gravity sensor reading. Gyasensor consist of readings from
accelerometer, magnetic sensor and gyroscope séhdses are readable.
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Figure 5. Sensor on y-axis reading first 30 seconds in 500wing
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On figure 6 it could be seen that linear acceleragensor readings are similar to
acceleration sensor. Strokes and releases are dwiReriods are easily readable. Test
actually lasted 139 seconds, but the graph defiists30 seconds. On all 139 seconds,
there were no direction misreadings from strokeelease. Linear acceleration uses info

from acceleration sensor, magnetic sensor and gypes
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Figure 6. Linear acceleration sensor on y-axis reading 8sseconds in 500 m rowing test.
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Figure 7. Rotation sensor on z-axis reading first 30 second®D m rowing test.

As all tests were held indoor and out of watemas not possible to test GPS sensor. By
literature, GPS enabled smartphones have accur&cyn4[2] With high-end dual-
frequency receivers it is possible to achieve ammuup to few centimetres. Getting so
accurate readings takes up to 20 - 60 minutes. eftrey, using GPS for stroke
measurement preparation would take a lot of timeam be influenced by surrounding
and it is not best sensor for measuring strokes.

Since acceleration sensor reading is not basethen sensors information, stroke rate,
period and max acceleration is calculated by thasar.
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strokes

st
=———X time = X 60 s = 34 st/mi 1
period ime 30 S s st/min (1)

where f is stroke rate;
strokes — strokes during viewed period, st;
period — measured time, s;
time — period 1 minute, 60 s;

Table 1 depicts data collected from test.

Table 1 Data collected from test

Release acceleration max -19,6 s/m?

Pull acceleration max 16,73 s/m?

First pull period length 1,98 seconds

Other pulls length during 30 seconds 0,8 — 1,4r138%0

Average strokes per minute 34 st (Concept 2 readhinigd 30 to 34 st)

RESULTS AND DISCUSSION

Test show that the best sensor for measuring strafes is accelerometer. In
addition to stroke rates, acceleration is undedsthi® and the period is quite easily
measureable, that gives more information to atrdetdto coach. Average stroke rate
was first 30 seconds 34 strokes per minute. Meagwne axis only could give good
enough results for stroke rate measurement. Thahsness information to process.

CONCLUSIONS

Research shows that the best sensor for measuroigs is accelerometer as it
gives more information than other sensors. In &fdithis 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, V. Palgé
Estonian University of Life Sciences, Institutelachnology, Department
of EnergyEngineering, Fr.R.Kreutzwaldi 56/1 56014 Tartu,0f&
*Correspondence: Heiki.Lil@emu.ee
Abstract. To evaluate the efficiency of the central heatiggstem the
temperature should be monitored in different paftshe system. During the
measurement, the pipelines should not be damagkd. static electricity
interferes the accurate measurement and is geddogitéhe running fluids in
pipelines. Pipelines, in which flows the flammabdpiid, the problem of static
electricity is very high. [1] This presentation Wiover different measuring
methods and tools that can be used to measurertipetature of a pipeline with
running water in.
Key words: flowrate, thermocouple, analog temperature serisgital
temperature sensor.

INTRODUCTION

Under the current Energy Action Plan ‘Energy Roadn2050'. [2]
According to the plan, the pan-European trend iduceng the energy
consumption. To obtain the aim of this plan a ramfgenergy efficiency measures
in the buildings has facilitated. To find effectiness of heating system of a
centrally heated building it is required to meastite central heating piping
temperature every part of the building and comfiavéh the water temperature.
From the captured data, it is possible to draw kmmens about the condition of
the heating system. Since the efficiency of heatiegends largely on the
pipeline inner condition which by external obseimat it is difficult to estimate,
it is necessary to carry out measurements. In iaddib the assessment of the
condition of the heating system, the renovationtled heating system or
maintenance can be planned. To measure pipes dadtemperature and record
the data a variety of sensors and data acquistoipment can be used.

The tasks of the research is to comparative amsalgéithe different
measuring devices and finding the best measuresodurtion.

MATERIALS AND METHODS

Heat transfer
The heat transfer i.e. the heat exchange is timsfeaof energy from one
body to another. The body of lower temperature gtiie energy from the body
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of higher temperature. In this case, from the tqunside the pipeline to the
pipeline and from the pipeline to the temperateressr. The heat transfer always
takes time to equalize the temperatures. [3]

There are three types of heat transfer: conductiweyective and radiative
heat transfer. Heat transfer types can combine watth other. The thermal
conductivity is present in gaseous, solid and iigaid medium. Good heat
conductors are metals; gases are poor conductbesabf

Radiative heat transfer takes place because ofhhaeacteristics of the
physical bodies to radiate electromagnetic wavesrwthe body’s temperature is
higher than 8. In addition, bodies absorb electromagnetic waVdwrefore,
the radiative heat transfer do not require directtact between the bodies. The
ability to radiate the heat depends on the tempezatf the body. [3]

T-type thermocouple

Thermocouples are electromotive generators. Thariglal conductivity of
different materials generates the electromotivedawhen junctions are kept at
different temperatures. Fig. 1 shows a possibkraoinnection of thermocouple.
There are different types of thermocouples, siheeliquid temperature in the
pipeline is between 0 to 180, the T-type thermocouple is the most suitable.
Thermocouple standards are set out in DIN IEC 5B4ype thermocouple
material is Cu-CuNi, the optimal operating tempemtange is -40..350°C, the
maximum error of 0.5°C.[5] T-type thermocouples eoerosion resistant, and
can therefore be used in humid environments.

Figure 1 Thermocouple possible interconnection [4].

Temperature Sensor DS18B20

Temperature Sensor DS18B20 is a digital temperageesor. Each
DS18B20 has a unique 64-bit serial code, whichwadlonultiple DS18B20s to
function on the same 1-Wire bus. Measuring rangbetemperature sensor is -
5..125°C and the measurement accuracy 0dat the temperature -10..85°C.
The sensor has three pins, as seen in Fig. 2. [6]
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Ds18B20

1 2 3

GND DQ Vpo

Figure 2 Temperature sensor DS18B20. GND - ground, DQ aDgiut /
Output, \bp — Power.

Temperature sensor LM35
LM35 temperature sensor is an analog sensor. Ansiggal must be
converted into a digital signal when the sensoused with a digital storage
medium. The sensor has three pins, as shown irBFigeasurement range is -
55°C to 156C. For each 1°C of the output signal becomes 10/0Accuracy
of measurement at + 25 is 0.5C. [7]
O

LM
3507

Vg Yout
GND

V5 Vou1 GND

Figure 1.3.The temperature sensor LM35. + VS - power supgpND -
Ground, \but - output voltage.

Temperature measurement

To mount the temperature sensor on the heating [@pehat the pipes are
not damaged, but the measurements are accuratthenesults are fast enough
to react to the changes in the tube, is a spet#sk. The temperature
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measurement sensor and the pipe is fixed geonmlethiape. For the temperature
sensor to transmit the correct pipe temperatuestedimperature of the sensor and
the pipe must be equalized. Since the contact ardd a round pipe and the
plane of the temperature sensor (or a thermocoigle)v, then the heat transfer
from the tube to a temperature sensor takes platea different ways: heat
conduction and radiation. Even the surfaces ofcth&act points is not good
conduction heat transfer because of surfaces ottleeitsumps and fills asperities
gas, which is the thermal resistance. Thereforedifficult to balance the sensor
and the tube temperature. Thus, the heat transi@rthe tube to the temperature
sensor has a number of thermal resistance. Figowssthe temperature drop in
the two different surface upon completion. That tds@perature sensor would
transmit the temperature changes as quickly asethperature changes in the
heating system, reducing the thermal barrier iesgary and the measuring area
must be isolated from the surrounding environment.

S, 5,

Y

1 4%

Figure 1.4, the temperature drop between the surfagestlte initial
temperaturest - the temperature of the first surfage,-tthe temperature of the
second surface at the beginning; temperature onto another surfase-
temperature difference between the surface expdsuek 61 ands: is the
thickness of the various surfaces. [3]

Thermal Grease
In order to reduce the temperature to fall fromneein the surfaces and to

accelerate the transmission of the temperatufgetsensor, it is expedient to use
the additional material that will take the shapeéboth bodies and removes the
gaseous medium between the bodies. For this pufiptise thermal grease, used
in the computer technology. It is used betweenptozessor and radiator to
increase the cooling effect. The thermal greasaadsufactured in a variety of
species, and their thermal conductivity is in largege (ca. 1.5 to >8.5 W- (m-K)
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1. Since the aim is to measure as accurately asljjeshe temperature change
happening in the pipe then it is suitable to ussamnial grease with thermal
conductivity of at least 8.5 W- (m-K)which is suitable for the MX-4. [8]

Static electricity

Static electricity usually occurs by friction magds. Static electricity in
piping is caused by the flow rate, liquid velocipype diameter and pipe length.
The static electric current can reach up to 40[®Y.Thermocouples generate
electromotive force, which is low, beginning frod. 55 pV°C?:. Thus, static
electricity affects the results and using the trerouple may be impossible.

RESULTS AND DISCUSSION

Measurement the temperature with electronic deyviwbgh have physical
contact with the heating bodies, is complicatedssiih has to take into account
the time required for the heat transfer, the paaéstatic electricity and to heat
transfer obstacles. More accurate measurementsesul be taken if the contact
surface is increased and the gaseous medium isedd&tatic electricity is
dangerous to any electronic equipment. The inacgucaused by the static
electricity to the measurement can be reduce bymgliog the object and the
measuring device first to equalize their potential.

CONCLUSIONS

The heat transfer from movable water inside thesuio the room is a
multi-step: the liquid is moving inside a tube difint speeds, the sludge
accumulated in the inner surface of the tube prisviegat flow, on the surface of
the outer tube heat exchange takes place as weltieive and conductive, but
only if there is a contact surface. Comparing thkative change in time of
temperature of the pipes and the water, the de@sabout the condition of the
pipes and the analysis of the water heater candukem
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Types of wind turbines
V. Puuseph A. Annuk

!Estonian University of Life Sciences, InstituteTachnology, Department ofenergy

Abstract. The location of the wind turbine is important besmwbstacles can lower the wind
speed and also make turbulence. Before installimgl iurbine to certain point it is wise to
measure wind speed in that point for a year. Fsrghirpose there have made 3 measurements in
3 different locations and has been calculated #teal productivity in those locations with
different types of wind turbines. Results reveatigat 100 m tall horizontal axis wind turbines
output of a 3 MW annual productivity can reach 0i30% in coast area as in farther onshore it
is only 7%. Output of a 5 kW lower wind turbineghvi0 m towers and vertical axis can produce
also 30% in coast and 7% in onshore but 10 m hot&@@xis wind turbine can only 9% on coast
and 2% onshore. According to results it is wisage 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 alse tieed for electricity. The
main fuels to provide electricity are oil, coal amatural gas. These fuel combustions
provide greenhouse gas that gets into the atmosjaimel can cause Global warming. To
lower these gas emissions there have been madecpiotwhich make tougher
environmental requirements and due to that weaking to produce cleaner energy
such as wind energy.

The use of wind as a mechanical energy is believedginate from the ancient
Babylonian era 17 centuries before Christ and & used to pump water to moisten the
grain fields. This was done using vertical axesdmiiils. In Europe windmills were used
more widely in the 13th century, when the Britistdd&rench used it for grain milling.
Unlike Babylonians Europeans used horizontal axibsimwhere it has the basic
foundation and were built in such way that theylddae turned, if necessary, to the wind
direction.

Wind electricity generators era began in the 18thtury when the first modern
wind generator was built in 1890 in Denmark. At theginning of the 20th century
gearbox was added to increase the speed of theagenand begun the development of
the blade aerodynamic[1].

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

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

MATERIALS AND METHODS

In this research there has been measured wind gpeae year at location A and
B, and the Tartu-Tdravere meteorological statiorcdtions A and B are near the cost
as far as 3.4 and 1 km, and the Tartu-Tdraverbdudnshore.

Wind speed has been measured using an ultrasascaaneter, that is attached to
wind turbine at height 100 m from the ground, aeglutar anemometer at height from
the ground 10 m. In locations A and B recordingjérency is in every 10 minutes, and
in the Tartu-Tdravere meteorological station inrgveour. The recorded results are
calculated to daily mean wind speed. For betterpaoiaon of the results there has been
used a wind speed calculator [2] so that the Tadwavere (Table lane C) measurements
would be converted at height 100 m altitude measents and the locations A and B
would be in 10 m height.

To calculate wind speed in certain altitude it haen used the following formula

[2]:

U = Uref In(z/z)/ ln(zref/zo)v 1)
where v - wind speed at height z above ground leve, m/s;

Vref - reference speed, i.e. a wind speed we alreaoly lat height z,
m/s;

In - logarithm function;

z - height above ground level for the desired véyoen;

2 - oughness length in the current wind direction;

Zeef - reference height, i.e. the height where we kttmavexact wind
speed, m.

The results are listed in Table 1 and daily avenaipel speed is divided into
frequency ranges. Column a is indicated in the gdyen the wind speed was within the
range and in column b indicated in percentage {hich covered a part in that year.

Table 1.Wind speed in location A, B and Tartu-T08ravere fj@&teorological station.

Wind Location
speed, A | B | ¢C A | B | C
m/s 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] 03 - - 2| 05 13 3,6
1-2 - - - - | 25| 68| 14| 38 24 6,6 1089,6
2-3 71 19| 15 41| 66| 18,14 70 | 19,2/ 65 | 17,8| 137| 37,5
3-4 15| 4,1 | 31| 85| 82| 22,5 104 | 28,5/ 102 | 27,9] 79 | 21,6
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Tabel 1.continued

Wind Location
speed, A | B | ¢ A | B | ¢C
m/s 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| 58/ 3| 08
7-8 50 | 13,7| 46 | 12,6| 11 | 3,0| 8| 2,2| 14 3,8 - -
8-9 54 1148/ 34 | 93| 5| 14, 2| 05 14 38 .
9-10 | 27| 74| 25| 6,8 2| 075 - - 5 1,4
10-11 | 17 | 47| 18| 49| 1| 0,3 - - 1 0,8
11-12 | 11| 30| 7| 22, 3| 08 - - - - - -
12-13 | 5 | 14| 7 | 19| - - - - - - - -
13-14 | 5 | 14| 8| 22| - - - - - - - -
14-15 | 1 | 03] 9| 25| - - - - - - - -
15-16 | - - 1| 03| - - - - - - - -
16-17 | - - 103 - - - - - - - -
17-18 | - - 103 - - - - - - - -

Table 1 shows that, at the same location at difteneights wind speed changes
significantly which affects wind turbines year puoativity.

Based on these results it is possible to calculaée annual wind turbine
production. To compare the productivity measuredifferent locations in the real and
calculated wind speeds, it has selected one hddkaris wind turbine at a height of
100 m and at height 10 m two different types ofduinrbines, one with horizontal and
the other with vertical axis. For 100 meters hetghibine, has been selected WinWind
WWD-3-100 3 MW wind turbine. At 10 m height has beselected 5 kW horizontal
axis turbine NE-5k, and 5 kW turbine VAWT with vedl axis. Table 2 shows
parameters of the power production of the wind iheg® 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 caim 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 15 6,5 15 4,6
1 7,6 2 7 2 5
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1,25 8,3 2,5 7,5 2,5 5,3
15 8,8 3 8 3 55
Tabel 2.continued
WinwWind 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 59
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 possibleatculate a theoretical annual

output of the wind turbine with the following forrau

Y(t*n«P)
Fa = ta*Pmax*100’ @)
kus Pa on annual production, %;
> annual production of energy, kWit;
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;
Prmax 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 tindime can produce in a
year how much turbine has produced and productivity

Table 3.Wind turbine one year production in locations Aald Tartu-Tdravere meteorological

station.(C)

. o 5kW | NE-| 5kW | NE-| 5kw
Turbine | WinWind WWD-3-100 |NE-5k VAWT 5k | VAWT sk | VAWT
Location A B C A B C

l\ljlr\r;‘/xt 2628 | 26280| 26280 43800 43,8 43,8 438 3,8 43,
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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 windnesbtheoretical productivity
is higher than inland’s area in Tartu TGraveregkawind farms use wind turbines, such
as WWD WinWind-3-100 and can achieve 30% of pragitgt[6] as well to confirm
the calculations. Locations A and B have been allyethosen areas where annual wind
guarantees the desired result, but if the windnhertvere built in Tartu Tdravere, it could
result in an annual production of 7%, which is betbe expected results.

Small wind turbines as it is seen that the velrtgods of the turbine 5 kW
VAWT by the calculations the theoretical produdiis as well as 30% which is a very
good result but the horizontal axis of the NE-5&durctivity is approximately three times
lower. It also must been taken into account thajdacompanies do not build smaller
turbines in that location and more individuals arsing their own household
consumption, which are located in areas where #tare or man-made objects are
surrounded. Onshore is more suitable for vertiga wind turbine than a horizontal
axis, as shown in Table 3, it is seen that thezealmo about three times the output gap.

CONCLUSIONS

Coastal areas are affecting the wind and direaifarbjects less than inland,
so it would be reasonable to build in those areberazontal axis wind turbines with
heights of 100 m. In the 1970s and 1980s in Camaxhin the United States was
developed a 4.2 MW vertical axis wind turbine, whiwas abandoned as the blades
broke off because of the aerodynamic charactesistiche blades. [7] However, the
vertical axis wind turbine structure is simpler,redurable, and less expensive. Today,
such a type of
wind turbines with such capacity are more deveddpethe sea rather than on the land.

Calculations show that the inland does not makees¢o install a large wind
turbine height of 100 meters, because an annuduptivity would be 7%. Although
Tartu Toravere meteorological station location @ the best area to measure wind
speed, it is recommended to explore the area ot Velmere there is less around
obstructions like forest and buildings. When logkat the small 5 kW wind turbines in
the productivity of a vertical axis turbine in saloeation is 7% and 2% in the horizontal
axis. However, smaller wind turbines cost less tlledpayback period is shorter. Thus,
the inland would be more appropriate to use a s vertical axis wind turbine.

If we consider the fact that the land has lesslyyou should carefully choose
the location. Often it happens that a person geisswown wind turbine using the area
where he thinks there is enough wind, but whenneris built and after a year the results
something else. There should always be determheetbtation of the wind measuring
at least a year.
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Efficiency and Energy
S. Malinovski, A. Annuk
University of Life Sciences, Faculty of Technolo®gpartment of Energetics,

Abstract. An energy efficiency is considered one the mostartgnt aspects of
energy production. Energy efficiency is calculatbdough input and output
energies. Actual efficiency is much less if consgdieis energy that was used to
produce the fuel (for example wood). If these atpaie considered, calculation
of different energy efficiencies could be performamtd give feedback which
energy type is most reasonable to produce.

Key words: Energy, Efficiency, Energy consumption, Energyduation.
INTRODUCTION

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

Efficiency is ability to bypass wasting materiaforts, energy and so on.
In energy it is referred as energy conversion. §nearonversion efficiency
depends on the usefulness of the energy outpute Bre many different energy
types where efficiency can be calculated.

The main reason of calculations is to lower enevggting and to find which
is the most reliable source of energy that coulgrogluced.

MATERIALS AND METHODS

Research purpose is to find different efficienadsenergy types which
could be applied to production of different enetgyes. Research is performed
through measurements and calculations. For exathplenputs of field labour
and output of field labour is taken. Field opemasiomf straw energy are next,
ploughing, cultivating, levelling of field, seedimgnd fertilizing. [1]

These processes consume energy and is considergdceimergy.
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E, MJ/ha Production chain for reed canary grass
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Figure 1. Production chain for reed canary grass[1]

The most energy consuming processes are bale oguahipower station,
transport to the power station. Cultivating andvieating processes total energy
consumption for one cycle of reed canary grass makel0,212 MJ/ha. And
production of energy for the same process yieldgl34MJ of energy per hectar.
Amount of energy is calculated via the mass ofrdesl canary grass with 25%
loss of the production and moisture that is in regaary grass. [1]

Tabel 1.Reed canary grass specifications[2]

Material Ash, Hemicellulose, Cellulose, Energy content,
% % % MJ/kg
Reed canary 0.52 29.60 35.86 17.6
grass

Reed canary grass is easily maintained and coulssed to produce heat
energy due to its low ash consistency it couldsetas alternative fuel in boiler
houses which work on other similar fuel types.

Input and output energy ratios are also calculaiittal next formula[1] [2]

Boups _ 94,714_ o -
Eppwe 10,212

EER=

(1.1)
Where EER - Effective Energy Ratio

Eouput - Output energy
Enput - Input energy
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Effective energy ratio between outputs and inpteé®9a27 which means that
input energies are 9,27 times lower than outputges.

Efficiency of the process can also be calculatethftotal energies used and
the useful energy that could be produced by ma&mgrgy of compressed reed
canary grass. Efficiency is calculated using nertnila.[1]

y = B _ 94,714 ~0.902
Etotal 104’ 926 (12)
Where” - is Efficiency

Bisu s useful energy, MJ

Boa - is total energy used in process, MJ

Efficiency of whole process is 90,3 % and it canshi&l that process is efficient.
This whole process is explained with next figure

system

E E..

i process

@

Figure 2. Energy and useful energy.

Useful energy can newer exceed total energiesgundi2 it is shown that
in any kind of process where energy is used thexemergy losses that are lost
in process or in transformation of one energy tigpanother. If heat energy is
converted to electrical energy useful energy indower.

RESULTS AND DISCUSSION

By producing reed canary grass the most energyucoing processes are
bailing, bale crushing and transportation to the/groplant, also the production
of annual fertilizers is energy consuming. Energyuits for growing reed canary
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grass is 9,27 times less than the energy that is geturn therefore it can be said
that growing reed canary grass for energy prodocporposes could be
considered.

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

CONCLUSIONS

In conclusion it could be said that energy coulgfmeluced in many different ways.
Nowadays people are prospering green and effigigys that are sustainable for any
energy use need whether it is electricity, heaoone other type of energy.
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Synthetic generator for simulation of renewable engy sources
K. Randmaa, E. Jogi

Estonian University of Life Sciences, InstituteTafchnology, Department of Energy
Engineering.

Abstract. The aim of this research paper is to introducelstit generator which is based on
the Institute of Technology, Estonian University lofe Sciences, Kreutzwaldi 56, EE51014
Tartu, Estonia. The synthetic generator is useddigital electronics laboratory to imitate
electrical energy source in order to research aveldp renewable energy-control technics, grid
reliability and storage management on and off tfie. dt is possible for the synthetic generator
to imitate small hydro station, distant wind tudietc. by using their production data. The
researched device consist of sine filter, frequethdgye, rectifier, isolation transformer, grid-
direct inverter. Synthetic generator's output is sgnc with PV-system, wind turbine,
supercapacitor, battery pack, monitoring devicesaiso load appliances to imitate consumption
in the laboratory. The research concluded thasyinéhetic generator a useful device for research
work, but the power control of the system needsawpment.

Key words: energy management, research laboratory, renewablgy sources, programmable
controllers, scene simulation

INTRODUCTION

Renewable energy solutions have become more obtaiaad expedient due to
the development of technology and competitivendamanufactures. The renewable
energy systems will become more feasible in theréufl]. At the moment the
construction of these systems are evaluated byteha pay-back period, which
represents the time when or whether the built systepays its construction,
maintenance and failure costs. It can also be medsas the period when the system
starts collecting profit. Pay-back period is maimfjuenced by the exploited technology
efficiency, environmental- and renewable energgs$sand cost of the fuel [2].

In the field of solar- and wind energy the pricetloé fuel is assessed by the
electricity charge value of the stock market. Thertening of the pay-back period is
feasible in the circumstance when the productiorthigyrenewable energy source is
reasonable not to sell, but to use on site. Theséha circumstances when value of the
stock market is high. Otherwise, when the pricthatmarket is low, it is reasonable to
become the provider and sell the produced enerthetmarket.

With the renewable energies off-grid solutionspghg-back period in compared
to the construction of the grid and maintenancéscdis many cases it is economically
rational to offer a client an off-grid solution,daise in aggregate the off-grid solution
is with the lower cost to sustain.

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

The current research paper introduces the posgildli the Institute of
Technology, Estonian University of Life Sciences, dimulate renewable energy
resources and its opportunities for experimentstastihg.

MATERIALS AND METHODS

Digital laboratory of the Institute of Technolodyniversity of Life Sciences is
equipped with solar panels (2.5 kW), a small wimdbine (3.5 kW), battery pack (fully
loaded 20 kWh), power analysers, monitoring sys&ipgercapacitor (165 F), resistive
loads, weather station and the synthetic generator.

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

- frequency drive/FD-EL (U7);

- sinefilterFUSS-EMV 3AFS40Q.1);

- isolation transformer (T1);

- rectifier (U8);

- SMA inverter Windy Boy 3600TL — P= 3,6 kW (U9).

The principle scheme of the synthetic generatsh@wvn in the Figure 1.

SYNTHETIC GENERATOR

FREQUENCY SINE FILTER ISOLATION RECTIFIER INVERTER
| DRIVE i TRANSFORMATOR WINDYBOY
L1

| u7

T1 us U9

& SOLAR AND WIND ENERGY GENER TION LOAD

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

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

-local area network is energized and voltage paterseccording to standard

EVS-EN 50438:2013;

-served power is chosen manual or automatic osdfreen;
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-served power is defined on the screen or impdrted database.

The synthetic generator is guided from the screanually or the load curve is
imported to the system automatically. Manual cdnigoachieved by regulating the
output voltage by adjusting frequency of the fregpyedrive.

The automatic synthetic generator managementhiewaad by importing the
program with the file extension .RCP or .CSV to kheal server. The data is usually
time-dependent output values of power representatibisary or unfixed, which is
transmitted through the main guide screen (HMith® programmable logic controller
(PLC). The program can be created according tatatlons with the software, a random
data or output production (or scenery) values afesdistant renewable energy source.
The logic controller then feeds the values to tegdency drive (U7). The output voltage
of the frequency drive imitates the output produttf the renewable energy source and
is then lead to the inverter Windy Boy 3600TL, whis set to rely on the output voltage
of the frequency drive [4,5]. The data transmis$fom data input to the inverter Windy
Boy 3600TL is described in the figure 2.

MODBUS/TCP RS232 PLC1

cp — 7~ = | DELTAHMI iy

T

‘ (DATA CREATED WITHIN SOFTWARE)

LabView
or Simulink or
MathLab etc.

REMOTE DATA

- =

FREQUENCY DRIVE] ————== |INVERTER

Figure 2. Data transmission of the synthetic generator.
RESULTS AND DISCUSSION

The synthetic generator obtains its power formnttaén grid. Grid is also used
for powering existing renewable energy sourcesfanteeding the produced energy to
the main grid. The first component of the synthggoerator is the frequency drive. Its
purpose is to set alternating voltage values jasti@sen manually or automatically.
Then the voltage is lead to sine filter, where sthing the waveform of the frequency
drive output is taken place. The polishing is neleblecause the output voltage might
contain higher harmonic frequencies that may cgueblems for other electronical
components of the system. Filtered voltage theretrthrough isolation transformer for
safety reason, which purpose is to separate poweces from the electrical device in
order to maintain power flow in one direction onlhe ensuing segment is rectifier,
which symbolises the common component of the rebavanergy source whereas
alternating current is converted into direct cutréfhe last component, the power
inverter, is again a typical unit of renewable #ieity system. The power is then
converted back to alternating current which workpagameters are suitable for national
grid standards.
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The power output of the synthetic generator’s iteras figuratively the amount
of energy produced by imitated renewable energycgowhich is firstly guided to the
nearest consumer and secondly back to the main Tniel 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 tleédoe mentioned situation.

By cooperating the entire system it is possiblédesesearch and work out more
efficient energy management technics, storage appdes and the reliability of the
renewable energy resources [6].

Also a test was executed and the input and outpliteg of the synthetic
generator were analysed. Result of the test asepted on figure 3.

4500
4000
3500
3000

= 2500
Q- 2000
1500
1000
500

—A— Average measured output O Input value

0 1 2 3 4 5 6 7 8 9

Test points
Figure 3. Synthetic generator’s input and output test regualphically.

The input values were set on the HMI manually witl 500 W climb starting
form 100 W up to 3600 W (inverter maximum) and ¢lugput value from the inverter
screen was saved manually. The test was execuiedinves, and the results were
averaged.

CONCLUSIONS

The test concluded that among the 3 lower test popito 1100 W) input values
the output power is always slightly higher tharpe@tt. From test points 4 to 5 (1600-
2100 W) the measured output values were somewlvat Id he results of the 3 last test
point output values differed significantly as thetmut values are marked higher. The
main contract is seen with the penultimate testtpethereas the input value differ as
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much as 500 W and is equal to the maximum valugwhdicates the mismanagement
on the higher portion of power values. Also thetnmean square error was calculated
with the Excel software and is shown on the figBir@he calculated root mean square
value is approximately 206 W, which also indicatieel error with the penultimate test
point.

For more accurate output readings the test resludtsld be saved automatically.
During the manual saving, the output readings dard&domly and the measured value
is quite approximate. Although the experiment stidnaged to show that the control
over synthetic generator’s output power needs impg

Still the principle and the compound of the syrithgenerator represents itself
as a great opportunity for researching and tesbindifferent renewable energy systems.
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SMA SUNNY SOLAR BOX IRRADIANCE SENSOR
|. ROHULA
Estonian University of Life Sciences, InstituteTachnology

Abstract.

Solar panels have been used increasingly withientegears for converting solar
energy into electrical energy. To maximize the picithn of solar energy into
electrical energy, the best conditions must beiagpBince solar irradiance is
quite variable depending on the location on laht advisable to first perform
testing measurements to find out the given locasiolar irradiance potential.
Solar irradiance sensors are used for evaluatmgnibst effective tilt degree and
position for future solar plants establishments.o&arview and testing of a solar
sensor is examined in this project.

Key words: SMA, Sunny Solar Box, Sunny Webbox, Sunny Portdirssensor,
solar irradiance

INTRODUCTION

PV systems generate electricity by absorbing svlargy. In 2013, photovoltaics
was one of the most installed source to electrioigU countries. The same year
solar power formed a part of 3% of the whole eleityrdemand in EU countries
and 6% of peak electricity demand [1]. Because Rstesns will be most
probably getting more and more cheaper and tha@fity will be getting higher,
more PV plants will be built. To find out a suitalgosition for a PV plant, control
measurements can be held. The best way to tempragédsure an areas solar
irradiation values temporary is by a irradiancessenWith these measurements
it is easy to decide whether the location is slététr the PV plant or not. Solar
sensors make it easy to detect any deviations asured data such as dust and
shadows.

MATERIALS AND METHODS

The Sunny Sensorbox is a device which can be ledtdirectly onto the solar
modules structure. Sensorbox measures the suraioagliambient temperature
and module temperature. Sensorbox is supportedavi®V monitoring portal
Sunny Portal. In Sunny Portal it is possible toegsscmeasurement data anytime,
anywhere. Values can be analyzed, visualized amdpaced to detect any
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deviations. Many bigger solar inverter producengehieir own solar irradiance
sensors. In table 1 is a brief comparison of défieéproducers solar sensors.
Table 1.Comparisons between different solar sensors

Online Module . Max.
Sensor Ambient data
Accuracy data temperature
type . temperature | cable
interface sensot
lengti?
SMA o
Sensorbox asi + 8% Solar Yes -25 COZ 1200 m
2] Portal ...+70°C
%oéi%egg_e Solarkdge -40°C
SEN-IRR- No data | +5% mor;tr(t);:ng Yes 485°C No data
S1[3] P
Fronius .
L . Fronius -40°C
Irradiation | Mono-Si + 5% DATCOM No  4+85°C 30m
Sensor [4]
Steca TA . Stecagrid
- 0,
ES1 [5] Mono-Si + 5% Portal Yes No data 33 m

! Module temperature sensor connection compatibiiityevice
2 Max cable length from sensor to data collector

As it is seen in Table 1, different solar sensoasehtheir advantages and
disadvantages. SMA Sensorbox has the longest maxicommmunication range
of 1200 m which makes it really useful for measgrialues away from any
buildings or electrical boxes. The most durableatobient temperature are
Fronius Irradiation Sensor and Solaredge SE1000-BENS1 which are

operable within the temperature range of -40°€856°C.

In this article, the SMA Solarbox is taken undese@rch. Solarbox was mounted
on the solar panels on the roof of Estonian Unitxerd Life Sciences Techical
Institute building. Solarbox was mounted in the sdilt angle and position as
the existing solar panels to maximize the accuaidhe measurement data as
shown in figure 1.
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4-5‘ “
Figure 1. Sunny Sensorbox mounted on the solar panels steuctu

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

Module Temperature Sensor

Sunny Sensorbox RS485 Power Injector Sunny Webbox

Dial-Up/Internal Sunny Portal
+12V +12V Modem T
GND GND pC
| v GND GND
V4 D+ D+ D+ D+ DHCP enabled Router
D- D- D- - local _|
Network
} Sunny Portal
Local PC PC

Figure 2. Sunny Sensorbox connection scheme

As shown in figure 2, the connection scheme comsidtseveral different
elements. Module Temperature Sensor is to meabeardemperature on the
Solarbox solar sensor. RS485 Power Injector isireduor the communication
between Sunny Sensorbox and Sunny Webbox. Sunnp®eba device which
acts as a central communication interface conngdtie solar sensor and its
operator. Sunny Webbox collects and documents megdsiata of the connected
devices in real time. Data stored by Sunny Weblaoxoe accessed through local
network with a personal PC. If the Sunny Webbosoisnected to Sunny Portal,
all the data will be automatically uploaded to B\ monitoring portal. It is also
possible to install a Dial-Up/Internal Modem to gaine.
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RESULTS AND DISCUSSION

Sunny Sensorbox measured solar data in the peridtilmurs every 15 minutes.
In total 194 values were recorded.
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Figure 3. Measured solar irradiance

In the figure 3 is shown the irradiation values floe time period of 48 hours.
Average sunshine time for each day was around arpm totaling 13 hours
per day. The first day was cloudy. Maximum amaofntradiation on the first
cloudy day was 207 W/mmeasured by weather station. Maximum amount
measured by Sunny Sensorbox was 198,44AWalues difference fit mostly in
the Sunny Sensorboxes accuracy rangedsh.
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Figure 4. Variations of temperatures
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In the figure 4 is shown the temperature variatiatues for the time period of
48 hours. Average temperature on the sunshinegefithe first day measured
by Sunny Sensorbox module temperature was 1,798CGhenaverage ambient
temperature was 3,12 °C. Average temperature orsuhehine period of the
seconth day measured by Sunny Sensorbox moduletatape was 12,95°C and
the average ambient temperature was 11,60 °C.glrdi5 the variations of
temperatures and irradiation are displayed on orephg With so few
measurements, it is not possible to explain theneoton between temperature
and irradiance levels.

Solar Irradiance and variations of Temperature
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Figure 5. Solar irradiance and variations of temperature
CONCLUSIONS

Sunny Sensorbox is a compact and simple solutiomet@suring solar irradiance.
Many other alternatives are offered on the maret,with the communication
range of 1200 m, Sensorbox is clearly the mosilflexSince Sensorbox has a
accuracy oft 8%, the differences of the measured values oivéetther station
and Solarbox are easily detectable. Solarbox comebivith Webbox and Sunny
portal creates easily operatable overview of tharstevices and solar plant.
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Analysis for integrating PV panels
M. Mindlo, A. Annuk

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

Abstact. Electricity consumption through times has been rising around the world, even
though new developments in technology are designed to use less energy than they used
before. People tend to buy new appliances to replace old ones but the production and
distribution volumes are getting bigger to fulfill the needs of the market. The purpose of this
article is to give information about reducing energy consumption through renewable energy. It
will give information about history of solar panels, different types with new developments
and breakthroughs in production. Also it will give information about efficiency and
affordability.

Key words: electricity consumption, renewable energy, PV panels, efficiency

INTRODUCTION

Energy consumption has been on the rise for decades. The need for energy has been solved
with using more and more non-renewable energy resources. Due to the different regulations
and taxes on polluting air with burning mineral resources, new green energy producing
technologies are being developed, such as solar-, wind- and wave energy.

Since the discovery of photoelectrical effect in 1839, scientists have been searching
ways to make more efficient solar panels to help to preserve the nature. Since the last decade
the prices for the photovoltaic (PV) panel system has started to lower which makes them
affordable for private users as well, who can give their contribution to a greener world.

There are mainly 3 types of solar panels: Mono,- Polycrystalline and thin film. They're
purpose is the same, but their efficiency and prices are different. Mono(mc-Si)- and
polycrystalline(p-Si) panels are mostly used in solar parks. They are heavier and rigid. Most
preferred panel type is p-Si due to his higher efficiency. Finished p-Si panel costs more but
the €/W ratio is better. Thin film panels on the other hand are with lower efficiency but almost
with the same price. They are flexible and lower in weight which makes installing them easier
to almost everywhere.[1, 2]

PV panel park needs only few elementary things - first of all, sun radiation to produce energy.
Secondly, a lot of space. Since the PV panels are quite large, they need quite a room to make
sure that any part of the panel is not shaded on any circumstance because it will effect energy
production.

This article will give information how much more solar panels should and can be used to help
to reduce energy production from non-renewable sources.

MATERIALS AND METHODS

Research object is global energy consumption and production market. Figure 1 gives an
overview of world energy consumption from 1971 to 2014 by region (Mtoe).
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Figure 1. World total energy consumption. [3]

Figure 1 shows that worlds energy consumption has been rising through the years. In 2014 it
was about 9000Mtoe (104670000GWh, ~11949GW) of energy. In 1980, there was 4.4 billion
persons on earth who used about 5500Mtoe of energy. On 2015, there was 7.4 billion humans.
Figuratively, 3 billion persons has used almost double the amount of energy than it was used
in 1980. It is estimated that in 2100 there will be 11.2 billion persons on earth. [3, 4] Figure 2
shows how many GW of energy was produced with solar panels in 2015 globally.

FIGURE 1: EVOLUTION OF PV INSTALLATIONS (GW-DC)

Figure 2. Energy produced with solar panels. [5]

Figure shows that at least 227,1GW of energy was produced globally. The figure is not
complete since it doesn't show off-grid installations and it doesn't show data from the
countries where there is no exact regulations about PV panels. The numbers show, that solar
panels production is a fraction of the total energy, which is needed globally in each year. [5]

Most of the solar energy is produced by 10 countries, which is seen on figure 3. If
countries with high solar radiation and large areas for installing PV panels, such as Africa,
South-America, Australia and India, could contribute more to producing solar energy, it
would be a step to the future to more greener environment.
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Figure 3. Countries with biggest installed PV capacity in 2015 [5]

Figure 3 shows countries which have contributed to solar energy most. Due to the fact that
most of the countries haven't started to invest in greener energy, hypothetical energy
production can significantly increase.

RESULTS AND DISCUSSIONS

PV panels are under constant development and their efficiency percentage is getting better
with every year. Perovskite technology is still in early stage with his high price and efficiency
achieved about 20% in laboratory conditions but the author believes that in the near future it
would be one option for producing solar energy in masses. [6]

Figure 4 shows how much scientist have improved the technology throughout the years on
conventional panel types.

PV System Efficiency
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Figure 4. PV System efficiency through years. [1]
To help to spread the idea of greener energy and greener nature, local governments should

encourage private persons, factories and cities to invest in solar energy. Depending on their
contribution on installed power, there should be a tax exemption to compensate initial cost on
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system. Figure 5 shows how much has the prices fallen on PV systems on 3 biggest countries
who have been spokesman's on green energy.
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Figure 5. PV panel system prices on different markets. [7]

Figure shows that from 2000 to 2016 the prices has fallen around 7-8€/W on different markets
which has made them more and more affordable. Keeping in mind, that the energy
consumption and -prices are increasing year by year, it is a smart way where to invest. For
example, Germany is in the second place on installed capacity even though they're total area
is a lot smaller than China.

CONCLUSIONS

Our nature is fragile and ruing it with behavior that someone in the future will take care of it
is wrong. Humankind needs to make investments for better future now.

Solar energy has gained his position on the market on recent decade, where the system
prices has fallen. Many countries have invested already on green energy but many still hasn't.
There is a lot to do before we can be independent. Bringing energy closer to people, will
improve many people's lives.

REFERENCES

Han, A. Efficiency of solar PV, then, now and future

1. Han, A. "Efficiency of solar PV, then, now and future" [Online] Available:
https://sites.lafayette.edu/egrs352-sp14-pv/technology/history-of-pv-technology/
[Accessed 27.03.2017].

2. Dobrotkova, Z., Goodrich, A. Mackay, M., Philibert, C., Simbolotti, G, Wenhua, X.,
"Renewable energy technologies: Cost Analysis Series" Volume 1: Power Sector,
Issue 4/5 [Online] Available:
https://www.irena.org/DocumentDownloads/Publications/RE_Technologies Cost An
alysis-SOLAR_PV.pdf[Accessed 27.03.2017].



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

. International Energy Agency, "Key world energy statistics" [Online] Available:
http://www.iea.org/publications/freepublications/publication/KeyWorld2016.pdf
[Accessed 28.03.2017].

. Roser, M., Ortiz-Ospina, E., "World Population Growth" [Online] Available:
https://ourworldindata.org/world-population-growth/ [Accessed 1.04.2017]

. IEA International Energy Agency, "2015 Snapshot of Global Photovoltaic Markets",
[Online] Available: http://www.iea-pvps.org/fileadmin/dam/public/report/PICS/IEA-
PVPS - A Snapshot of Global PV - 1992-2015 - Final 2 02.pdf [Accessed:
1.04.2017]

. Perosvkite-Info, "Perosvkite info" [Online] Available: http://www.perovskite-
info.com/ [Accessed 1.04.2017]

. Jager-Waldau, A., "Costs and Econimics of Electricity From Residential PV Systems
in Europe" [Online] Available:
http://www.europeanenergyinnovation.eu/Articles/Winter-2016/Costs-and-
Economics-of-Electricity-from-Residential-PV-Systems-in-Europe [Accessed
1.04.2017]



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

Finding the optimal flow of the flue gas to insureghe maximum
carbon dioxide uptake by a microalgae in a photobi@actor

A. Avarand and T. Kika$

lUniversity of Estonian Life Sciences, InstituteTachnology,

Abstract. Flue gas mitigation by using microalgae is an ativa strategy to reduce carbon
dioxide amount in emission gases. Microalgae istivaied in open ponds and in
photobioreactors. In this research microalgaevatid in a photobioreactor is considered. The
aim of this research is to calculate the optimddlsing flow for the photobioreactor, which was
constructed in 2016 in the Institute of TechnolagyEstonian University of Life Sciences.
Optimal bubbling rate is important to insure thatbton dioxide would be fully consumed by the
microalgae and no carbon dioxide would exit thetphimreactor. To insure maximum uptake of
carbon dioxide, gas bubbles have to have enougtacioarea and time with a liquid phase. As
our photobioreactor has defined gas opening of Orllimetres, the bubble size can be
calculated. Calculations start from defining partareof a gas bubble (it is determined that the
bubble is spherical) in a photobioreactor, findihg speed of the bubble and how fast the
microalgae consumes carbon dioxide diffusing frbm bubble (the speed doesn’'t change even
after total depletion of carbon dioxide), considgrthat flue gas contains 15% carbon dioxide.
After that, absorption of the gas into the watecafculated and then a differential equation on
both mass exchanges is constructed (absorption@milimption of microalgae). Finally, the gas
flow can be calculated for a situation where a#l ttarbon dioxide would be absorbed into the
water and consumed by the microalgae, dependinthedensity of microalgal biomass in the
water. Calculations showed that the optimal flovthef flue gas into the photobioreactor (which
is saturated by microalgae) is 0.01% int.

Key words: Photobioreactor, microalgae, flue gas exchangahles.
INTRODUCTION

Microalgae has been regarded as a potential resdarceplace fossil fuels. To
grow microalgae it is important that it gets su#i light, nutrients and carbon dioxide.
One possible way of carbon dioxide sequestratiomlzyoalgae is to drive a flue gas
through a bioreactor, thus offering an attractivategy to reduce carbon dioxide amount
in such emission gas. Flue gas contains aroundl3%. carbon dioxide, which is
acceptable for microalgae and is not toxic [1].

The aim of the study was to find an optimal bubdliate for a photobioreactor,
which was constructed in 2016 in the Institute e€fAnology of Estonian University of
Life Sciences. There are two sides of the equatidrere one side shows how fast can
water absorb carbon dioxide into the reactor amd 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 sedias an example for the
purpose of calculations.

There are some assumptions to be made. Firstligoel phase in the
photobioreactor is assumed to have mass equilibexoept for carbon dioxide and
oxygen. Carbon dioxide moves from a gas bubblditual phase, while oxygen moves
from liquid phase to gas phase. Since this studyeatrates only on carbon dioxide
movement and oxygen movement is independent ofdlsebubble movement, we can
calculate only based on carbon dioxide movement.

As the photobioreactor has gas openings with ddfidiameter of 0.15
millimetres, the bubble size can be calculatedhis work we assume that gas contains
15% of carbon dioxide, which has replaced oxygerth@ air. Thus, the average
molecular mass of the gas mixture is 30.76 g'm®hus, density of the gas is 1.28
kilograms per cubic metre. Thus, we can calculatesize of the bubble in the reactor
[2]:

_ 2mRo 3
V= T ra) 34.67mm (1)
, Where R is the gas opening radius (0.0075),
o is surface tension (72 dynes-Hm
g is gravitational constant (980.7 cm-8ec
Py, is density of the water (0.998 g-ém
pgis density of the gas (0.0001205 g-9m

We can also calculate the radius of the bubble:

3‘R-0 1/3
a = (m) = 2.02mm (2)
We know that the area of the surface of a splseji@ i
A=m-(2-a)?=11.104mm? (3)

Next we can calculate the velocity of the bubMHle [

b= /M = 26.2cm - s~! (4)
3:Ca'pyg

, WhereC,is drag coefficient (0.45).

To know how fast can carbon dioxide absorb ineowiater, we need to calculate
how many grams of carbon dioxide is in one bubble.

Myqs = o222 = 9,536 - 107%g (5)
Next we determine how much carbon dioxide isfi@sh one bubble per second.
The assumption is that the liquid part does noehawy carbon dioxide. Firstly, we
determine the mass density of carbon dioxide inwheer at the interface, which is
identical to the solubility of the carbon dioxide the water: 1.7 g-Kg which is 1.7

kg-m?. Thus, we can calculate how much carbon dioxidé#orbed into the water: [5]
Maipp = 222P02 = 111 -10%kg - 571 (6)
, WhereD,,is binary diffusion coefficient in water. (1.6 - 16¢-s?),
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A is area surface of the bubble. (11.104%nm
p is mass density of carbon dioxide in the water,

L is mean diameter of carbon dioxide transfer déptt26 m).

Thus, we can calculate how many seconds gas bbbbléo be in the water so
all of carbon dioxide can diffuse into the water

9.536:107% 0.862 v
(1.11-10-5) s ()

From this, we can determine the required heighthefwater column for full

carbon dioxide transfer into the water phase
0.862 - 26.2 = 22.59cm (8)

Thus, in ideal situation the photobioreactor casoab carbon dioxide fully
when the water column is more than 22.59 cm high.

This depth is only valid when there isn’t any carldioxide in water. If for
example water was 50% saturated with carbon dioxide required depth for full
sequestration would have been 45.2 cm, which ignough for this particular reactor
design. This means microalgae have to consumé thleaarbon dioxide diffusing into
the liquid phase of the photobioreactor. In additioubbling is not done by one bubble
at a time, as there are 90 gas openings. Thusn#dan diameter of carbon dioxide
transfer depth reduces approximately tenfold, @8®m, but in the meantime the carbon
dioxide from different bubbles overlap, thus desneg absorption rate. When we
account for this, we get carbon dioxide absorptate of 0.00017533 g*swhich is
15.85 times lower than in ideal case.

On the other hand, the rate at which microalgaecoasume carbon dioxide per
second is dependent on microalgal culture. Chal.¢6] give carbon dioxide reduction
by chlorella 3.441 g-hper 4.8 litres of saturated culture. In S| unitisi0.00019913
kg-mst. That means in ideal situation the photobioreacfdrO0 L could sequestrate
0.019913 grams per second. Thus, we can calcutaterhany bubbles can be put
through the reactor for ideal absorption of cardmxide per second

0.019913
(1.11-10-5) 1800 9)

Considering the difference in absorption rateseal situation the optimal
bubble number would be 114.
The final optimal gas throughput (in ideal sitoa)i can be calculated
Q =V -1800 = 0.06241 - s~ = 0.225m3 - h™1 (20)
, whereQis gas throughput.
In the real situation, the optimal gas throughghduld not be higher than 0.014
m?- it in order to guarantee that any carbon dioxide doait exit the photobioreactor.

RESULTS AND DISCUSSION

The final optimal bubbling rate is about 50 tinkess than what has been used
in this photobioreactor. This implies that the mhworeactor should be redesigned so
that the optimal bubbling rate could be improvedxiNg effect of carbon dioxide
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diffusion has been excluded in those calculatitnss the real optimal throughput could
be bigger by about 20-30%. The next step woulaleesign such reactor, which would
sequestrate carbon dioxide more efficiently — pbbpay increasing the depth of the
reactor. Another factor, which plays the role @& tptimal bubbling rate, is gas opening
radius, but this plays less role than the deptih@feactor.

These calculations don't include the scenario whmicroalgae is partially
unsaturated in the photobioreactor. We can asshateirt this scenario the optimal
bubbling rate would be even less.

CONCLUSIONS

In this work we have calculated the diffusion rafethe carbon dioxide of the
bubble and how much throughput can photobioregetride so that none of the carbon
dioxide would escape the reactor. As has been eded| the optimal bubbling rate is
too low for this particular photobioreactor, whish0.014 .
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Development of drone logistics

A. Kukke, A. Kuut

Estonian University of Life Sciences, InstituteTachnology, Department of
Agricultural and Production Engineering

Abstract. Nowadays communitys pace of life is very fast andpgle are getting more and more
comfortable. Most important about todays consurneiesy is time management and handling it,
because time is money and it almost always withdresamoney. Because of the modern mans
appreciation of three basic things in life (mongye, convenience), therefore it leads us to a
topic where all three are represented - mercharmidering and delivering. This article gives a
small overview about the logistics of drone tramgg@n at the campus of Estonian University
of Life Sciences and how could this system imprexisting mail management. The research is
based on qualitative method, which consists of datection, text analysis and making
conclusions. Problem lies in current post systeniclvhis time-consuming and not very
economical. In this article the use of a dronerigppsed for faster and more comfortable mail
management and transportation.

Keywords: logistics, drone, post system, management, delogeryenience
INTRODUCTION

Todays people are very fond of merchandise ordersgecially through internet and
this means that the delivering system has veratigntion. This article concentrates on
the mail management and logistics at the campEstohian University of Life Sciences
and how to improve current post system. This lgadghe problem - present mail
delivery takes a lot of time, is not very econorhiaad could be more convenient.
Solution for all this could be a self-managing unmed aerial vehicle (UAV),
commonly known as a drone. The use of a drone educe significantly the traffic-
based doubtfulness of the shipping process, whiehns a more reliable and faster
service [1]. Drones have very comprehensive fi¢lgpplications, e.g. military; research
and development; civil and commercial and logist&ihough many usage areas are
nowadays already widely spread and more advancedjly due to drones different
abilities like replacing vehicles, reducing labardaavoiding difficult terrains , the
logistical side is still at an early stage [2].

MATERIALS AND METHODS

This research is based on qualitative method, whimhsists of the set goal, data
collection, text analysis and making conclusiortssTs used to gain an understanding
of underlying reasons, opinion and motivationsqlralitative method the focus is on
depth analysis and the content is examined thotgughis kind of method provides
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insights into the problem or helps to develop idédger obtained data analysis author
forms his opinion and vision about the problem e offers a solution [3].

One of the most important part of drones transgiortds logistics. Logistics involves
management, storage, flight route, payload capaftight time, package weight and
supervision of the transport of goods. The betterdgistics, the higher the satisfaction
of the customers and more efficient the delivetyl[de selection of different drone build
types (fixed-wing, tilt-wing, unmanned helicoptemlticopter) gives us a various usage
areas for drones. For logistics department, thesag on multicopters because of their
low weight, they are easy to launch and have \artake-off. Also, they don't cost as
much as other drones. Disadvantages for this bype are limited payloads and
sensitivity to wind [5].

To ensure maximum economy and efficiency for deiinge post by drone the two
essential aspects are flight route and time. Dharssto be programmed in such way that
it flies along the most direct path and there isemapty flights" [6]. This way the flying
time and expenditure decreases. The following dasmn about the flight routes of post
delivery at the campus of Estonian University dél$ciences are made up by the author
and are not intended as an exact solutions, bytaiesone of the possible ways.

Flight route number one is based on the drone glyaack and forth between all the
buildings at the campus, but the returning pointaims the same on each delivery round
and changes when the round is over. For exampldrtree delivers packages from the
main building, which is the returning point, to etHacilities and if needed, brings back
what is sent to the main building (Fig. 1). The neund the returning point will be
different building etc.

415 m

%

y Q 100 200m,

Flgurel Drone fI|ght péth approximate lengths of the mairiding [5]
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Flight route number two is based on the drone flyma circle between all the buildings
at the campus and each time drone takes a boxseftrated compartments for all the
facilities. For example when the drone starts @lvery round at the main building, it
delivers all the mail from there to other structuirea circle (Fig. 2) and when the round
is finished the drone will start its new delivepund at the next building etc.

D
s 121 m

100 200m,

Fngre2DronefI|ght path approximate lengths startingh&t tnain building [5]

It is very important to calculate the approximdight time of the drone, because that
way we can analyse the results and conclude wlocteris the fastest and most
economical. To find the most optimal delivery rothte author uses drone flight path
lengths, the flight altitude that is possibly safeax. flight speed of the drone and the
max. ascent and descent speeds. In calculatiothddtight, ascent and descent speed,
the author uses a drone model called DJI Phantbat, is widely used. Drones
specifications are shown in table 1. Calculatiomdlide drones pure flying time, but the
time for charging and parcel delivery (droppingiit@fl are not considered.

Table 1.DJI Phantom specifications [7]
Drone Weight, | Diagonal | Max. ascent Max. Max. Max.
g size, mm | speed, m3 descent speed, flight
speed, Mm% | ms! | time, min
DJI
Phantom 4 1380 350 6 4 20 ~28

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

=3 =5
v=oot=-, D
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where v — flight speed, m's
s —route length, m;
t - flight time, s.

Drones max. flight speed, max. ascent and despeets the length of the flight path,
flight altitude and flight time for both routes alown in following table (Table 2).

Table 2.Drones speeds, flight distance, altitude and time

Route Max. speed,| Max. ascent Max. Flight Flight Flight
m st speed, m descent | distance,| altitude, | time,s
speed, m 3 m m
Route 1 20 6 4 10,877 10 643.8b
Route 2 20 6 4 7,407 10 482.85

As it appears from the table, the faster and mooa@mical route is Route 2. The flight

time for the second route is ~483 seconds or ~@idbtes which is about 161 seconds
less than it would take on the first route. Bus tthbes not mean that it is the most optimal,
because when the drone is using the second rduteses a box with separated

departments to carry the post and this meanstthasiless load capacity for packages,
in other words the limit could be exceeded. If tlene travels along Route 1 it takes
more time, but it is capable to carry an extra pgekbesides to daily mail. The loss of
time is only about 2.68 minutes, but if someone twan send heavier and larger

package, drone does not have to make an extra. fligh

Other important aspects in drone transportationstmg are the package weight and
drones payload capacity. Drone has to be ablerty eaload of approximately 3 kg.
Nowadays average drone can carry less than 1 kghbre are many more powerful
drones available on the market. Only bad sidestahese flying machines are the cost
and measurements. Payload capacity is influencechdayy different factors such as
battery type and capacity, motor power, propeitss,snumber of propellers and frame
weight. The biggest limitation of them all is bajteapacity, because it regulates the
amount of power available to generate the prop#ierst required to fight the force of
gravity. For stable flight there is a rule, accagito which the required propeller thrust
equals 2x the amount of total weight of the drétae.example, if the total weight (drone
+ payload) is 5 kg, then it requires sufficient gowo lift 10 kg. This means, the bigger
the load, the bigger the lift requirement. The kigthe lift requirement, the bigger the
battery. The bigger the battery, the bigger thaltpayload etc. It all depends on the
balancing [8]. The propeller thrust can be caladaby following formula (Formula 2)

[9]:

where F - thrust;
A — the propeller disk area;
Ap — the pressure jump.

F=A-Ap, (2)
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RESULTS AND DISCUSSION

As an result of this research it can be said ttah fthe logistic side, it is beneficial to
use a drone for post delivery. With a drone thd arad package management could take
much less time and be more economical comparethegoctirrent delivery system.
Calculation results show that faster and more etical route was route 2, but the first
one was more optimal. Also this kind of delivergt®m would be very convenient and
a good advertisement for Estonian University oel$fciences.

CONCLUSIONS

1. Most suitable UAV build type for post delivery dtet campus of Estonian
University of Life Sciences is multicopter, commykhown as a drone.

2. Post management by drone can improve the delivpgeds keep the
environment cleaner and make the system more edgoabm

3. The more the drone can carry, the larger it istaednore it costs.

4. Drones pure flying time for route 1 is 643.85 setoand for route 2 it is 482.85
seconds.

5. Route 1 is more optimal for post delivery by a drobecause it can carry
packages with different parameters.

6. Route 2 is faster and more economical.
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Alternative gear set production methods for planetary gearbox
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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][2].
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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.



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

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.

Gear tooth bottom \

Gear tooth side

Gear tooth

7 y

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
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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.

Tapered zone

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.
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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 whicdes fused filament fabrication
technology for printing is not ideal for printinggrmoplastic polyurethane due the great elasticity
of filament. The purpose of this research is tersg engineer and upgrade original Ultimaker 2
3D printer feeder for printing thermoplastic polgtirane. To fulfil the purpose of this research,
the original Ultimaker 2 feeder had to be scanngdiding laser scanner. After scanning the
measuring points of feeder parts, the receivedwatathen converted into mesh data. Mesh data
was later converted into 3D model, which alloweffiedent 3D modelling software’s to remodel
the feeder system. After the alternations, the femder parts were printed out with Ultimaker 2,
by using material ABS. The new feeder for UltimaReworks normally without problems. Also
the filament didn't jam in feeder during tests. Tasts results conclude that the upgraded feeder
allows pushing the filament made of thermoplastityprethane with greater and even force
compare to original feeder, when the filament waseced with glycerol. Presumably this
provides stable material flow from extruder anddrequality of printing.

Key words: Ultimaker, Feeding system, reverse engineerirggdifilament fabrication,
INTRODUCTION

The first 3D printer was invented by Charles Halll®84 while working in the
3D systems Corp. He was mostly known by designinggss known stereolithographic,
which means solid imaging. In 3D printing the layare successfully printed by on top
of each other. There are a vast variety of us@Piprinting, from plastic to metal and
even human body parts. [12].

Ultimaker types of printers are using fused filamirication technology or
FFF for printing. The technology can be described dechnology where the molten
material is forced through printer head’s nozzld daeposited on a growing workpiece.
The printing tolerance with FFF technology is frOri5mm to 0.5mm [3].

Thermoplastic polyurethane or TPU was inventedit®and in 2016 NinjaTek
launched two new industrial grade TPU materialseylwere called Cheetah and
Armadillo. TPUs are class of elastomers, which quiée unique with their tuneable
properties. The soft segment of TPU is based @ estester based polyol, this gives
TPU its flexibility [10].

NinjaFlex is a filament that is combined with theqtastic and rubber, which
gives the filament quite extraordinary propertieterms of flexibility, mechanical strain
and printability. Its flexibility and manufacturingould improve the antennas and
conformal components, yet the electrical parametersstill quite unknown. The study
published in “ IEE ANTENNAS AND WIRELESS PROPAGAON LETTERS *
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called “Infill-Dependent 3-D-Printed Material Based NinjaFlex Filament for Antenna
Applications” shows that NinjaFlex substrate canulsed for manufacturing flexible
antennas with similar characteristics used now.[11]

The feeding system design of 3D printer Ultimakearhich uses FFF technology
for printing is not suitable to print thermoplagpiclyurethane due the great elasticity of
filament. The mechanical properties of ABS and twifferent thermoplastic
polyurethanes that are used for 3D printing aremyivn Table 1.

Table 1 The properties of used thermoplastic filaments.

Filament Tensile Tensile Elongation | Elongation Hardness
Strength, Strength, at Yield at Break
Yield Ultimate
ABS [4] 35 Mpa 35 Mpa 8% 8% 70 Shore D
TPU 95A 8.6 MPa 39 MPa 55 % 580 % 95 Shore A
[5]
NinjaFlex 4 Mpa 12 Mpa 65% 660% 85 Shore A
3]

The purpose of this research is to reverse engiaedr upgrade original
Ultimaker 2 3D printer feeding system, for printithgrmoplastic polyurethane. To fulfil
the aim of this research, some of the task hae tonme:

1. Scanning the original feeder parts, in ordeet®ive mesh data;
2. The reversed engineering of received 3D model,

3. Printing of the new feeder parts with UltimaRer

4. Testing of the new feeder.

MATERIALS AND METHODS
Scanning of the feeder system

The existing feeding system was scanned using N#GAx20/MMDx50 laser
scanner. The measurement accuracy of the scan®€rum [6]. After scanning the
feeder parts, the received mesh data was convimtie@®D model using SpaceClaim
program.

The reverse engineering of the recieved 3D model

The converted 3D model was then opened with AutkDReMake. The
program allows the user to edit the surfaces, ibgleind adding surfaces if needed, also
fixing holes which came due the scanning- the sedraetail was too small for the
scanner head to scan form everywhere. After mer@mideleting extra surfaces, fixing
holes, the remained surfaces were decreased salidmit change the outcome of detalil.
This is best shown in Fig.1.
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Figure 1.In the picture is bé}bre using AutoDesk ReMake
ReMake (B).

4AY after using AutoDesk

The modelling and chances were made in the progratmDesk Fusion 360.
The unnecessary parts of feeder were deleted theirays for the material movement
were made wider. Material tube which leads to prgihozzle can be inserted deeper.
After the changes were done, the reverse engindeester was printed out with
Ultimaker 2, while using the material ABS. For kriow 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 UltimaReusing the filament called
ABS with diameter of 3mm. The printing parameteesshown 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 23C
Infill 20%

Infill pattern Lines

Testing of the new feeder

For calculating the force, the used mass was fawitld the scale while the
filament pushed to the scale. The diameter ofithmént was also know, it was 3mm.
All the parameters used while testing compresdnass are shown in Table 3. The used
materials and their properties can be found in&4bl

Table 3. The compressive stress test conditions.

Feeding Retraction | Filament | Printing Temp of | Infill Infill
speed flow speed nozzle pattern
According | O mm 105% 80 mm/s 191°C 100% | Concentri
to  normal c

printing
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The material tube was connected with scale whildwald seeing the mass with
what the filament was pushed on the scale. The teste done five times per each
filament and the mass obtain there was read whefiltment was jammed, shown in
Fig. 2, or the filament started to slip. Slip waken the feeder started to feed but the
filament didn’t move. The measurements were dgnading a kitchen scale Soehnle
66100 [13].

Figure 3. Filament is jammed between feeder roller and fepdarts.

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

Standard deviatios\(xl- j) of mass measured with scale was calculated witlatmn 1
[7.8].

n; (1)
1 N2
s(xiy) = — Z(xij - %)
j=1
Where xis value of measurement;

X is the arithmetic mean;
n is the number of measurements.

Experimental standard deviation in the meéf}) was calculated with equation 2 [9].

sty =220 @

The experimental standard deviation in the mg@q) can be taken as being equal to
the type A evaluation of uncertaintiy(x). The uncertainty of measurement devige

- 3)

V3

WhereAx is absolute error of measurement device.
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Cumulative uncertaintydwas calculated by using equation 4.

4
U = fufl+u§ @)

RESULTS AND DISCUSSION

Modelled feeder parts were printed out by usingp@bter Ultimaker 2, material
ABS was used while printing these parts. Some midternations were made in
SolidWorks 2013. The modelled and printed feedetspzan be found in Fig. 4.

[l

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

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

Table 4. The compressive stress tests result.

Material Arithmetical Standard deviation Compressive stress
mean of [N/mm?2]
measured values
(kg
Original | New | Original New Original New

Ninjaflex 0.277 0.251 49.95 21.013 0.384+ 0.348 +
0.086)5x 0.0365y
TPU 95A 1.154 1.292 277.18 23.607 1.600 179+

0.478s% 0.04050
ABS 2.596 3.036) 648.714 158 3.602+ 4.212+
1.125% 0.2725%
NinjaFlex 0.337 0.424 71.48 15.166 0.468 & 0.588 +
+ glycerol 0.1235% 0.0265%

I+

CONCLUSIONS

The new parts for Ultimaker’'s feeder allow the mialetube, which connects
the feeder and printer head, to go deeper insigldefe The results show that original
feeder's compressive stress was a bigger comparevideeder. After adding glycerol
to the filament, the compressive stress with nexdée was bigger compare to original.
Adding the glycerol should be done after the fegslethe material tube would be more
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lubricated, this also avoids the feeder roller éollbricated. The standard deviation
between original and new feeder, while using NitgaFcovered with glycerol, has
around 4,7 times difference. This can concludet tising NinjaFlex covered with
glycerol in new feeder could improve printing gtiak. New feeder using ABS filament
had around 12 times bigger compressive stressNimgaFlex. While using NinjaFlex
with the new feeder the filament doesn’t jam semwfimostly because of the small gap
between feeder roller and material tube. The cosgive tests show that the material
ABS has the biggest compressive stress with nesefe@ ests show that adding glycerol
on the filament helps for the compressive stredse $tandard deviation between
NinjaFlex and TPU 95A is quite small, when it wasted with new feeder parts. Overall
the tests conclude that the new feeder works betterABS and TPU 95A. If glycerol
is added on the filament, then the filament NingxFlso prints better with new feeder.
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Abstract. The aim of this article is to give an overviewkstonian Defence Forces method of
maintaining an army cable and to design a main@manechanism for semi-automatic army
cable winder. The cable has to be constantly maiediato prolong its useful lifespan. The
problem with today’s cable lies in their mainteraneethod. The method requires a great amount
of resources and labor to maintain one spool ofeca® new design solution is required to
optimize resources, requiring only one person terate the device. Another solution would be
to increase simplicity of the device so it can lsediby anyone. With the knowledge of the
Estonian Defence Forces inventory, it will be mattinable to simplify the design of this
devices and use it for their advantages. For thpgse of this article a prototype was developed
to test the devices efficiency and user-friendlnes

Key words; military, army cable, wire, cleaning, mechanism.
INTRODUCTION

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

1) Radio communication — transmission of informatida radio waves. Radio
communication works by using a radio transmitted @ame or more radio
receivers [2];

2) Cable communication - transmission of informatita electric wiring [3];

3) Alternative communication — subdivides into thremethods: signal
communication, civil communication and usage ofoarier [1]. Alternative
communication is mostly based on creativity. Usdatmvthere is no radio- or
cable communications.

All three communication types are very importamtEstonian Defence Forces. This
means that all communication equipment for theseetimethods require continuous
development and modernization.

This article will establish the Estonian Defencedés cable communication method.
Maintenance mechanism for an army cable is a patpvoject called semi-automatic
winder and maintenance mechanism for army cable.
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Cable communication is used by winding the cable tme terrain between point A
and point B. Telephones are connected to eachféhd oable to exchange information.
The period of time for using cable communication gary from couple of hours to
couple of days. Afterwards they respool the mismgadacable and change position.

The protocol that the Estonian Defence Forcesad@yt needs at least four people
to maintain a spool of army cable. The first perboids the cable harness that has a
spool filled with mismanaged cable. The secondgrecteans the cable by holding the
cable with a oiled cleaning cloth or a rag. Thedigerson also cleans the cable but the
individual holds the cable with a less oiled clegntloth or a rag, thus removing excess
oil and directing the cable onto the spool evemhe fourth person uses the hand crank
to wind the empty spool where the cleaned cablebeildirected. This method needs a
lot of workforce and there has to be a maintenameeghanism that is able to do most of
the processes independently, in order to decrbadathor resources required.

Every household uses sponges for cleaning surfacgishes, this does not exclude
the Estonian Defence Forces either. As a resu#,khown, that they order sponges in
large quantities so everyone can easily accesspitieges. It is possible to use sponges
to maintain the army cables. The device should atsure the opportunity to use a
cleaning cloth or a rag to maintain the cable.thr reason, it is necessary to assemble
a sponge holder and a cleaning cloth fixer to lowes workforce necessary for
maintaining a cable.

MATERIALS AND METHODS

Maintenance mechanism will be made of sheet meidlbended according to the
assembly. Ermaksan Fibermak Momentum Gen-3 lagénguench will be used for
cutting the sheet metal and Trumpf Trubend 513bé&mding the metal.

Even though the maintenance mechanism will notdsel wnder heavy loads it has
to be resistant and reliable for military purpodasthat assumption 2 mm thick sheet
will be used for the maintenance mechanism. Thesemanaterial will be Domex
355MC.

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

Material | Thickness Yield Tensile Elongation Min. inner bend
strength strength (min. %) radius for a 90°
(min. (Mpa) bend
Mpa)
DOMEX 1.80-3 355 430-550 23 0.2xY
355MC

1) tis material thickness

Domex 355MC grade is produced under rigorous quabntrol. A well-balanced
analysis with a fine grain structure produced thfothermomehanical rolling creates a
steel with first-class mechanical and cold-formmgperties. With the steel’'s high
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purity, these properites make a outstanding repaéityaexcellent bending and cutting
characteristics and a steel that can be welded) adistandard methods [4].

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

Two sponges were used with the measurements oB&3X8nm. For the sponges to
be tight, it is necessary that the sponges aremadlyi compressed. To get this result
one sponge was put on another and then pressueithén. The result thickness was 17
mm. When the sponges were pressured the widthalidhange, that means the width
stayed 85 mm. It is known that most sponges agedifferent shape and size but there
are not many smaller sponges than the ones ughiimechanism. In addition, if the
sponges are with larger dimensions, it is easyutafeem into neccesary shape. It is
important that the maintenance mechanism is easitierstandable and operated for
everyone without any special training.

Figure 1. illustrates the exploded view of the nemance mechanism. The device
has to ensure that no extra wear or any other &drthmage would be inflicted on the
cable. For that reason, two rollers were addedlénsif the assembly to ensure less
friction on the sides. The cable height does nange, while going to the next
mechanism that directs the cable on the spool. Memtbat mechanism itself moves left
and right distributing the cable evenly on the $pbothat assumption the rollers are
only needed on the sides of the maintenance mesthaWashers will be used to fix the
rollers in the right position.

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

The semi-automatic winding and maintenance mechepi®ject specifies that the
maintenance mechanism has to be removable. In twdemcomplish that, there will be
8 mm round bars welded on both sides of the asseimbiake sure that the maintenance
mechanism is centered and in the end of the roargivaill be a 3 mm thick sheet metal
plates with suitable holes for M8 bolts. On tharfesof 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 flmrsixties and they are still
being used regularly. Most of the cables usedviitigation are not used as often. Those
cables are laid between point A and point B andthefre until it reaches the point of
replacement. However, the Estonian Defence Foreeshe same cable over and over.
After every use, maintenance for the the cablesnamessary to preserve them for
numerous decades. In conclusion the cables usedlilisation do not need this kinda
of a maintenance as military cables and for theesegason there has not been a cable
maintenance mechanism created.

A prototype of the maintenance mechanism was aactstll to test out following:

1) How well the sponges fit in the mechan&md 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 rathenmaintenance mechanism.

Figure 2. illustrates an assembled maintenance anéssin with two sponges in the
assembly. The sponges fit perfectly inside of tléntenance mechanism. Sponges were
pressured together enough that they would nobfall It was a bit hard to get them out
of the mechanism when the sponges were pushediallg@nd lined with the side of
the mechanism. To resolve this problem a cap wadeddn the both sides of the
assembly, where the sponges could be grabbed #ied put more easily.

Figure 2. Assembly of maintenance mechanism with sponges
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Figure 3. illustrates the maintenance mechanisnghwias both sponges in it and a
cable going through. A spool filled with cable ohaness that helps the spool turn can
be seen it the background of Figure 3. Testing sldothat cable could move freely
between the sponges and the rollers where in ghé position to protect the cable from
additional wear. The preparation for maintaining thable in the maintenance
mechanism works as following: firstly the cable bade put through the mechanism

and then the sponges are added. If the sponggsitirethe mechanism first then there
will not be any room to pull the cable through.

Figure 3. Assembly of maintenance mechanism cleaning a eeitilesponges

79



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

Figure 4. illustrates the maintenance mechanisneveepiece of rag is used for
cleaning the cable. Should be approached creatavadlytry different methods when
using a cleaning cloth or a rag for maintaining¢bble. The holes were a bit small for
attaching the rag therefore the holes were maiaestionger.

- -’ e

s . S~
Figure 4. Assembly of maintenance mechanism cleaning a @ebitea piece of rag

CONCLUSIONS

The maintenance mechanism maintained the cablesami&n Defence Forces
requires. By making the prototype, it was clearbaiwneeded modification and how
would the modification increase efficiency. The ma&tism is easy to use with sponges
or with a cleaning cloth. However it is necessaryry 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 qualityn the basis
of an electric motorcycle

P. Lille and T. Leemet

Estonian University of Life Sciences, Institutelachnology, Production Engineering

Abstract. Due to recent years progress in electric vehideistry more in-wheel based electric
motors are being used in electric vehicles for gativeg torque. That kind of design enables to
cut energy loss in transmission and gearbox. Buherother hand using in-wheel based engines
increases vehicle’s unsprung mass. This articlegmts the effects of increased unsprung mass
in various suspension configurations on the basencelectric motorcycle. Kinematic models
and simulations were carried out using SolidWorkstibh software. The results indicated that
depending on suspension’s characteristics incrgasisprung mass may have a positive effect
on electric motorcycle’s driving quality.

Key words: Unsprung mass, in-wheel motor, electric motorcyslespension.
INTRODUCTION

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

Altough in-wheel motors enable engineers to elingr@nventional gearbox and
transmission and therefore cut energy losses isethmechanisms, in-wheel motors
makes motorcycle’s swingarm heavier. This causesféect known as increased
unsprung mass. It is a largely debated subjectsprung mass has positive or negative
effect on vehicle’'s dynamics.

The objective of this article is to determine targe in motorcycle’s dynamics
when increasing unsprung mass by simulating mottets/ reaction to a road bump.
During the simulations motorcycle rear suspensioharacteristics were changed to see
how unsprung mass effects the vertical acceleratiomotorcycle frame. Received data
were compared with the same simulations but wils iensprung mass, then analysed
and suggestions on motorcycles rear suspensioaracteristics were made.

MATERIALS AND METHODS

Motorcycle’s rear suspension system can be destaba two degree-of-freedom
model (Fig. 1). This model determines motorcyclgsts which take part in softening
road imperfections. These components are rear ssigpeand rear tire.
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Figure 1. Abstract model of motorcycle’s rear suspensiatesy. Source: [2]

These components, suspension and rear tire, hauwedivn characteristics. In
Figure 1, Gand K represents tire damping coefficient and tire séifis. Gand K are
respectively suspension’s damping coefficient grthg stiffness. Mis unsprung mass
and m is a mass of a motorcycle’s body.

Taking account model described in Figure 1 andtetemotorcycle’s 3D model,
kinematic scheme of rear part of a motorcycle veeeated by using SolidWorks (Fig
2). In this kinematic scheme motorcycle main bodgswestricted to move only
vertically. Kinematic scheme constructed in sofevanvironment 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 schemellsitions were carried out. In
each simulation driving over 50 mm round obstacith whe speed of 30 km/h were
imitated and vertical acceleration of a motorcyslebdy was then registered (Fig. 3).
Vertical acceleration of a main body implies fonekich the driver receives when
driving over an obstacle. According to Newton’'s &ut Law, the greater the
acceleration, the more force driver will receivenfrdriving over a bump.
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Figure 3. Example of a vertical acceleration graph of aormfcle’s body.

For simplification, it was assumed that half of thetorcycles mass, 130 kg, will
be loaded on a rear wheel. Unsprung mass of a awing/ere chosen 40 kg with in-
wheel motors and 15 kg without them. Stiffness dathping factor on a tyre were
chosen K=300 kN/m and 0,00035 N*s/mm [3]. Although motorcycle’s tire
characteristics could be described as non-lineathfs simulations it was assumed that
they were linear. Rear suspension’s damping factoosen for simulations were 5, 25,
50, 100, 150, 200 and 250 N*s/mm. Spring constafr®, 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 unsiyg mass of 40 kg. Total of 48
simulations were carried out on different suspaenp@ameters. The results are seen in
Table 1. From this table we can see that suspematbrdamping factor of 25 N*s/mm
and with spring constant 500 kN/m had the leastachmn motorcycle’s frame and
therefore for driver's body. This can be explairmexdmost of the shock coming from
road bump is absorbed in motorcycles spring. Factpral reasons it is recommended
to use small damping coefficients because suspeismals to oscillate (Figure 4).

Table 1 Registered accelerations with unsprung mass éfj4én/s"2.
Damping factor, N*s/mm

25 50 100 150 200 250

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

Cfr‘])s”tggt 200 | 18,156 | 25,431 | 31,775 | 35,145 | 37,387 | 39,045
i [ 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 represesnuispension with parameters
C=25 N*s/mm and K=500 N/m. Lower picture represgragmeters C=100 N*S/mm and
K=500 N/m.

From the Figure 5 it is seen that spring constanhat have so much impact on
vertical acceleration when using higher dampindfaents. This can be explained by
the fact that suspension with higher damping cokeffits cannot absorb rapid shock
coming from rear wheel and therefore shock impaidit lve transferred directly to
motorcycle’s body.
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Figure 5. Magnitude of acceleration with unsprung mass okg.0

Simulations with unsprung mass of 15 kg

To see the difference between heavier and lightengarm, simulations with
unsprung mass of 15 kg were carried out. Simulatgirowed a slight difference in the
results. The results can be seen in Table 2. Qvialresults looked similar to the
simulations which were carried out with heavierrsyarm.

Table 2 Registered accelerations with unsprung mass é&fj1&5/s"2.
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Damping factor, N*s/mm
25 50 100 150 200 250
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

Spring
constant,
kN/m

3D graph of simulations with lighter swingarm candeen on Figure 6. The shape
of a graph looks similar with Figure 4. The smallasceleration registered were with
suspension parameters C=25 N*s/mm and K=500 kN/m.
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Figure 6. Magnitude of acceleration with unsprung masssokd.

To compare these two results, new table was fomtete data from Table 2 was
subtracted from data in Table 1. This way diffeenin accelerations with different
suspension parameters can be seen. Results s@iitraction is shown in Table 3. From
this table we can see, that relation with accdtaradnd unsprung mass is not linear.
Results with higher damping coefficients showdghsimprovement in absorbing road
bumps while driving. This can be explained that nadghe shock is absorbed in tyre
while motorcycle’s swingarm is heavier and suspEng more ‘rigid’.

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

Table 3. Acceleration differences, m/s”2

Damping coefficient, N*s/mm
25 50| 100| 150 200 250
Spring 50| 2,525 1,792 | 0,925 | 0,244 | -0,244 | -0,569
constant, | 100 | 2,331 | 1,924 | 0,980 (0,281 | -0,224 | -0,555
kKN/m 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 | 2,240| 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 ungproass. The blue area indicates
that using those particular suspension charadteridtigher damping coefficients) the
motorcycle’'s performance improves while using heawdwingarm and vice versa.
Lighter swingarm will perform better with lower damg coefficients.

Differencesin acceleration [m/s*2]

Spring stiffness
[kh/m]

Damping factor [N¥s/mm] 200 250

Figure 7. Acceleration differences of simulations.
CONCLUSIONS

Although simulations indicate that changing unsgromass motorcycle’s dynamics
while driving on a bumpy road changes also no sstidlements could be made if this
effect is positive or negative. It all depends dmatkind of suspension is used in what
configuration. But nevertheless, Figure 4 indicdted when possible suspensions with
smaller damping coefficients should be considesagse while using in-wheel motors.

When it comes suspensions with higher damping fadt@ure 6 shows that the
effect may be opposite. Adding unsprung mass isahmnfigurations to swingarm
reduces motorcyle’s frame vertical acceleration thiedefore reaction to a road bump.

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

effector

[.Virro, M.Madissoo

Estonian University of Life Sciences, InstituteTachnology, Department of
Agricultural and Production Engineering

Abstract: Mechanical overload conditions must be avoidedofsotrarms. One possible
solution is to use shear pins that break on ovdrldaway to dimension shear pins is
use FEM modeling. For this purpose Solid Edge CABtesm was used. The chosen
material was ABS and the fixture conditions witladong conditions were chosen to
suite mechanical design of the planned end effe¢tmm the simulations the best

solution from the selection can be chas&éhe 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 #dwenomy, then the
development of the field is increasing. Estonianversity of Life Sciences has a
Mitsubishi Electric robotic arm RV-4FL that is usad a teaching object. The robotic
arm has lifting capability of 4 kg[1]. To increatse functionality of the robot different
end effectors are needed. One possible grippegriesa universal jamming gripper that
can pick up unfamiliar objects of widely varying shaped surface properties[2,3].

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

the design of the prototype gripper, that mustlbegahe 4 kg lifting capability.

MATERIALS AND METHODS

Utilising Solid Edge in build FEM capabilities foutifferent designs were
analysed. A solid cylinder, throw hole cylindercut body and V-cut body with throw
hole. The pin material was chosen ABS plastic hiaatyield strength of 31 MPa. As the
gripper design has 4 pins in the design, makings#iety threshold to be cut down to 1
kgf=9.81 N. Pin base form is a cylinder with ardéder of three and length of five mm.
Throw hole sized one mm in diameter was placederakis of the cylinder. The V cut
with a sharp 90 deg tip, depth of cut 0.5 mm wased 1.92 mm from the reference
plane of the cylinder. Normal shear pins are suegeto pure shear loadings[4]. The pin

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

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

with the generated mesh with element size 0.11mm.

Figure 2. Simulation model fixed (dots) and force applieddus) surfaces, generated
mesh (left)

RESULTS AND DISCUSSION

Solid cylinder simulation had largesbn Mises stressalue of 20.3 MPa remaining
under the material yield strength(figure 3). As ldmgest stress concentration is located

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

Throw hole cylinder simulation had largesin Mises stresgalue of 37.2 MPa going
over the material yield strength(figure 4). As tamest stress concentration is located
only in a few nodes, the results have to be takem guidance only.

Figure 4. Throw hole cylinder FEM results.

V-cut body simulation had largegbn Mises stressalue of 37.1 MPa going over the
material yield strength(figure 5). As the largaseéss concentration is located only in a
few nodes, the results have to be taken as a guedanly.
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Figure 5. V-cut body FEM results.
V-cut body with throw hole simulation had largesth Mises stresgalue of 36.7 MPa
going over the material yield strength(figure 6% te largest stress concentration is

located only in a few nodes, the results have ttaken as a guidance only.

2 - il

Figure 6. V-cut body with throw hole FEM results.
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All the modified bodies simulation results from the&se cylinder exited the yield
strength value. As for the limited number of nodethe possible breakage line

experimental fallow up should be performed][5].

CONCLUSIONS

The FEM analysis results using Solid Edge for aspe sized diameter of three and
length of five mm for the prototype gripper neeal$¢ put to the test with real test
pieces. The results show that modifying the baageslyield in higher stress values
under load. All the modified shapes seem to hattetbehance to work as a shear pin

under the specification compared to the base shape.
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Tractor’s wheel slip on meadow
K.Kadaja, A.Kuut

Estonian University of Life Sciences, InstituteTachnology, Department of
Agricultural and Productional Engineering

Abstract. Wheel slip is a significant factor that influendesctor’s working productivity and fuel
economy. Wheel slip depends on the tyre pressutecantact area between the tyre and the
ground. The lower the tyre pressure the largectmact area. According to this, larger contact
area reduces wheel slip. In this article, trastarheel slip is researched on meadow. The aim of
this article is to find optimal tyre parametersomler to achieve minimal wheel slip on a slope.
Tests were performed on uphill driving on differsoil conditions. One test was performed on
snowy and frozen ground, the other without snowniglted conditions. The method used for
determining wheel slip in tractor user manual hablems with achieving the required accuracy.
In this article, there is used more precise methde results showed that because of the lower
tyre pressure the distance of ten wheel revolutistenger. It also means less wheel slip.

Key words: uphill driving, soil, drawbar pull, fuel economy.

INTRODUCTION

Tractor’s wheel slip has been researched on tfexeliit terrains, but wheel slip
on slope has not been studied so much. Cost-eféectanufacturing, optimization costs
per unit of production is more and more importddtie the increased rivalry only
stronger entreprenurs will survive.

Farmers want to control the wheel slip, becausen#gative effect to the crop
production. It influences the soil structure andiuees the water infiltration into the soil

[1].

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

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

According to research there are three types oe®s$isat influence work on
agricultural soil: transmission loss, losses duenttwiion resistance and losses due to
slippage [4]. In this research is mainly focusedamses due to slippage.
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MATERIALS AND METHODS

For testing is used wheeled tractor John Deere @&@dg. 1) [5]. For load is
used a lorry Volvo FL 614 (Fig. 1)

Other option for load was to use a semitrailet,ibapplies part of it's mass to
the tractors rear axle. Thus, it was not suitabhe full trailer was not available, so the
final choice was to use the lorry. It's mass id8,kg. To estimate needed tractive force
to move it is used a dynamomef@iy-5-2. This also gives a opportunity to achieve
similar load levels in different conditions, so tlests results are comparable.

Tests were taken using the remineel drive only.

The existing method for determining is describettactor’s user manual. This
method is inaccurate, so completed and more prewsieod is developed. The method
that is used for getting accurate results of meamsant is following: the distance of ten
wheel revolutions is measured. The distance is umedsin unloaded and loaded
conditions. The wheel slip is calculated accordmtgst results.

For simplifiying counting tire revolutions, therg imade sign with chalk to the
side of the tire.

To avoid casual errors, same attempts are repé&aietimes. Then the average
result is calculated. Four different tire pressuesused, accordingly 50 kPa, 100 kPa,
150 kPa and 200 kPa.

RESULTS AND DISCUSSION

The relationship between the tyre contact areasailds shown in table 1. The
results show the lower the tyre pressure the biggetact area. If tyre pressure changes
from 200 kPa to 150 kPa, the contact area incréa8&%o. Change from 150 kPa to 100
kPa increases contact area 7.88%. And last, thegelfaom 100 kPa to 50 kPa increases
the contact area 29.05%. According to these reduden be seen that change in lower
tyre pressures is more than three times bigger ¢ki@er changes. Problably the static
radius of the tyre changes the most and this saaged increase in contact area.

Tabel 1.Rear tyre contact area using different tyre pnessu
Tyre pressure} 50 kPa 100 kPa 150 kPa 200 kPa
kPa
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Contact area
mn?

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

In table 2 is described the test results of snowgadow (Fig. 2). It can be seen
the rule that the distance of the ten wheel ratatio unloaded situation rises if the tyre
pressure is bigger. One explanation to this isttiaistatic radius of the tyre influences
the results. Other one is that beacuse the attemgestaken four times in each pressure,

so the same terrain were used twice in some attempt

Table 2. Test results on sno

meadow using different pyessures

Attempt Tyre pressure| Distance without Distance with| Dynamometer
number kPa load, m load, m 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 megéiyv 3). On meadow the

dynamometer scale value is bigger than on snowylowea

Table 3.Test results on meadow using different tyre pnessu

Attempt Tyre pressure, kPa  Distance withqubDistance with| Dynamometer
number load, m load, m 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 betwt#enunloaded and loaded
situation. This aim is achieved thanks to equatiomhich allows to calculate the wheel
slip. Wheel slip results can be seen in table 4.

Table 4. Test results on meadow using different tyre pnessu

Tyre pressure, kPa 50 kPa 100 kPal 150 kPa 200 kRa
Wheel slip on snowy meadow, % 16.16 19.12 25.60 2@9.
Wheel slip on meadow, % 2.75 4.79 5.04 9.20

As it can be seen, the wheel slip significally elegis on tyre pressure. The
hypothesis in abstract is correct, the wheel ship be reduced by lowering the tyre
pressure.

The test results between the frozen, snowy meadulitlze melted meadow
show the rule the lower the tyre pressure the |dhewheel slip. The pattern of the tyre
is not ensuring efficient adhesion In frozen sdithe opposite situation is in melted
conditions, the pattern of the tyre works moreaftely.
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Mﬂ'

Figure 2. Snowy aow

The wheel slip is calculated using the followingiation

— (&b,
sy = (%) - 100, (1)
where Sr - wheel slip, %;
I - distance with load, m;
Ik - distance without load, m.
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Figure 3. Melted meadow
CONCLUSIONS

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

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

The wheel slip on snowy meadow is more than thraest bigger than in melted
soil. The most suitable choice is to use 100 kP&holigh the best test results are
achieved at lower (50 kPa) tyre pressure, it issndtble, because it may harm the tire’s
structure. The test results show that despitedihetise lower pressure reduces the wheel
slip in any kind of situation.
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Test method of planer tool wear

K. Kark
Estonian University of Life Sciences, InstituteT@échnology, Department of
Agricultural and Production Engineering
Abstract. This article describes the test method of plaoerwear. The aim of these experiments
is to evaluate the cutting geometry influence te phaner tool wearing and on the wooden
material surface quality. There are planned sevexpkeriments with different parameters of
cutting edge and planing materials for measuringility. Sharpening angle is changed after
every 2,5 ° between 20...27,5 °. Planer tool weliroe examined after planing the solid wood
of pine. The material of planer tool is cementedgsten carbide. Cutting edge wears while
planing and this affects the quality of detail agd. The quality of wood surface is measured
with roughness tester. The deprecation of cuttdyeds measured in the measurement laboratory
with microscope.
Key words: planer tool, experiment, wear, cemented tungsaeiide, pine, sharpness angle.

INTRODUCTION

Planed materials have high quality of surface finrequirements. Planed
material should be smooth to touch, it means tieretshould be no tears, rough wood
structure and wood structure resurrection. Pratigianer is used to achieve best surface
quality. Planer one important component is planel. tCemented tungsten carbide tool
is tested, to get information of planer tool we@emented tungsten carbide tool is
designed to cut laminated wood and hard wood, lsecthey have longer service life
compared to conventional high-speed steel. Cemeuntegsten carbide tool wear has
been researched Bheikh-Ahmad, J.Y. Bailewho established that the worn takes place
mostly on the front cutting face [LIRamasamy, G. Ja Ratnasingam,dé&scribed
cemented tungsten carbide tool wear, which is teehanical wear and micro-cracks
[2]. This article examines a cemented tungstenidartmol wear on front cutting edge.

The aim of this
work is to operate in the methology, which allowsletect cemented tungsten carbide
tool wear features.
MATERIALS AND METHODS

Planer tool endurance test methods can be rowiyiljed into three stages. In
first stage pine wood will be planed with differaiarpening angles. In the second step,
the processed wood surface roughness is perpetuatedly, after removal of the worn
tool. In the third stage the extent of wear cenentmgsten carbide tool is measured
and image is captured. Worn tool measurementsaken tin the Estonian University of
Life Sciences Institute of Technology. The tastlies
are cemented tungsten carbide tool, with thickm#s3 mm. The tool is suitable for
cutting dry soft and hard wood, laminated wood, imeddensity fibreboard,
thermoplastics and composite materials for woodt43]. Cemented tungsten carbide
tool overview is shown in figure 1.

99



Estonian University of Life Sciences Institute afchnology XI Master Students
Conference20.04.2017

Figure 1. Cemented tungsten carbittel overview

Different sharpening angles are used in planimgr&ning angle is changed
with bench setup, however the condition g + y = 90°must be valid. Sharpening angle
will be changed pitciA = 2,5 a range of = 20...27,5’. Planer tool sharpening angle is
illustrated in figure 2 below.

Figure 2. Planer tool sharpness angle sharpening angleonst; wedge angl@ # const;
cutting angle/=const
Sharpening angle should practically affect woodfasmer quality in planing.
According larger sharpening angle wood surfaceityuial better, but planer tool wears
faster. With smaller sharpening angle the cuttidgeeis less sharper, surface quality is
not so good, but planer tool should last longeranBtl material is pine. Material is
mostly knot-free, which facilitates planing. Plagimaterial relative humidity is in range
of 10...17 %. Quiality of the material surface skidut smooth, with no tears, should not
be too rough or have structure resurrections. Nédtis planed with same processing
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parameters: blank movement velocity v = 10 + 2 roldting depth 0,5 mm, spindle
rotational speed n = 6000 minQuality planed feed rate, as a work cutting neier
changing parameter, which will be measured. Tebtbsirepeated 4-6 times, in order
to obtain reliable results. Testing will start witsharpened tool planing pine wood. In
the beginning of the cutting wood, surface rougbnegl be measured and average
measurement is written down. Surface roughnesssrédethe structure of the timber
rising. Wood is planed as long as surface qualityot acceptable and then the worn tool
is replaced. If tool is worn, surface quality ik measured again. Cutting meters will
be written down. Worn tools are measured and phapiged at the Estonian University
of Life Sciences Institute of Technology in measgriaboratory. Worn tools are
photographed with Zeiss V12 Discovery stereomiaps¢cwhich can make x64 zoomed
picture. Stereomicroscope image is shown belovguré 3.

In addition, wear of the tool is measured at thigirog edge. Worn is visible on cutting
edge and cutting face. When the cutting face watite, then the cutting edge becomes
blunt. Measurement of worn cutting edge is showfigiare 4.
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Figure 4. Measuring worn cutting edge: d — worn cutting edigith
A worn cutting edge width is measured with a cormpptogramme, which is connected
to the stereomicroscope. Worn tool surface are epatpbefore and after planing.
Planed surface roughness is measured and cuttigsvage taken into account .

RESULTS AND DISCUSSION
Planing tests with different sharpening tools pdevinformation about how long
optimally it lasts and what quality of surface ikes. The method provides an overview
of pine planing with different sharpening angle.MWwidth is measured on cutting edge.
Worn tool edge, planed blanks surface roughnesspianted meters are compared.
Below in Figure 5 is shown worn tool with zoom x@dter cutting 1644 m pine.
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Figure 5. Worn-out planer tool zoom x64, after cutting 16d4ine

Planer tool takes a rounded cutting edge and guftine worns white. After
planing 1644 m pine wood, the wood surface wasdiutears and streaks. Pine wood
surface quality after 1644 m planing is shown mfilgure 6.

Figure 6. Pine surface quality after cutting 1644 meterepuood

CONCLUSIONS
This method will provide an opportunity to evaluétte effect of sharpening angiteo
a material surface quality and cemented tungstdrideatool durability.

REFERENCES
[1] Sheikh-Ahmad, J.Y. Bailey, J.A. The wear chagastics of some cemented tungsten carbides
in machining particleboard, 1999.
[2] Ramasamy, G. Ja Ratnasingam, J. A Review ofé@éed Tungsten Carbide tool wear during
Wood Cutting Processes, 2010.
[3] Leitz. The condensed Leitz-Lexicon, http://wvaitztooling.com/downloads/leitz-
condensed-catalog-v51.pdf

103



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

Development of tire pressure monitoring system
K. Liimask and A. Kaut
Estonian University of Life Sciences, institutet@thnology

Abstract. The aim of this article is to find and describep@uies to improve measurement of
car weight and its load. The problem emerged wittonveniences in the use of tire pressure
sensors. Since November 1st 2014, tire pressusoeare compulsory on all cars sold on EU
territory, however they don't indicate the weighttee load. There are some ideas and patents for
determining weight and its load of the vehicle. Motthem are based only on measuring the
weight of an empty vehicle and then cargo load bgsaring tire pressure and temperature. With
properties and experiments described in this attidle 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 beginsaaithing up with an idea and results

in launch of the product. In my thesis, | mostlycds on research, which is the

groundwork.

Research includes:

1. Market research — prognosis of demand and asalf/the need for development

2. Patent research — evaluation of innovation, aditipeness and new levels of
engineering

3. Research and development — compilation of nestnieal functions that are
necessary to the new product

According to the EU directive, all 2014 and newearsc must have tire pressure
monitoring system (TPMS) installed. The main reakorusing TMPS is road safety.
EU studies show that around 500 people die and §60thjured in a traffic accidents
caused by tire defectSécurité Routiér@French Road Safety Institution) estimates that
9% of road deaths are either caused or contridoyddw tire pressure. Tires can lose
up to 0.65 bar per year and the majority of pedpl@ with tires only when it is time to
have them replaced. What is more, incorrect tiesgure significantly affects the car's
handling, braking distances, tire wear, car tratitgtand fuel consumption. So there
TPMS is needful, but it is not perfect system ygt.|

MATERIALS AND METHODS

There are two different systems, the most poputer lvas sensors in each tire. That
TPMS configuration in the world is represented byiero-machined pressure sensor, a

104



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

micro controller for processing, a radiofrequen@nsmitter to transmit the data to a
central receiving unit and a battery as power saurdormation is displayed either as
an error message or as detailed information indcgplay. For motion detection - to
decide whether the car is parking or driving, aditaahal acceleration sensing device
may be used. It is said that tire pressure monigosystem can not be replaced nor
programmed yourself. So if a car is taken to servexperienced hands take tires off
your wheels, assemble detectors and program ttf&m. [

There is also a system that estimates tire presstineut TPMS. It combines
GPS with on board wheel speed sensors. They estiingt rolling radius with
GPS and detect tire pressure changes. Algorithra @&&S and wheel speed
signals to estimate the effective radius of thestiis discussed and validated in
simulation and experiment, but there are otheofadhat change tire pressure.

[3]

There are 3 main factors that can change tire press

1. Temperature
2. Uneven ground
3. Elevation

There is a patent WO 01/86239 Atehicle weight and cargo load determination using
tire pressurg4]. Its main idea is to measure tire pressure @utdide temperature and
calculate cargo load. Although, results are notueate enough, because outside
temperature may not be the same as temperature tire.

Another patent US5081443 [5] describes a specabtiessure and temperature sensor
— a system where tire pressure and temperaturdeatmewed inside and outside the
vehicle, but measured tire pressure and outsidpdsature are used in non-correlated
equations. The temperature based function is akdlat first and then it is used to
calculate cargo load. So there is need for tireqanee measuring device to find relations
between temperature in tire and weight.

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

There is a magnetic inductive sensor used aganestam ground. Also, it is important
to find temperature on standardizatinosphericpressure on each vehicle. After that,
cargo load can be calculated with equation 1 [4]:
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W =Cr X Py (1)

where W — total weightof vehicle;
Py — total sum of pressures;
Cr — change of weight.

Cargo loadV . can be found with equation 2 [4]:
We=W-W,, (2)

where W, — cargo load;
W  — total weight of vehicle;
W, - vehicle weight.

Tire pressure monitoring system and cargo load hesigstem can be used to measure a
car and its load weight together. It does not mdtbev many wheels the vehicle has, so
it can also be used on trucks with more than 4 \sh&etal weight of car splits between
4 wheels. Each load on tire is marked with sym@dl, W2, W3 and W4. Total weight
affects tire pressure and ground. Too big saguallyscaused by lack of pressure in tire,
not overloaded vehicle.

Another reason to measure tires separately isatbight is not divided equally on each
tire, mostly because engine and transmission af@im. That is why front tires have
higher pressure — to withstand more weight. Howeleaded vehicle can have more
weight in back. Following equation 3 considers pas:

W=Ww,+W,+W;+W,, 3)
where W — total weight of vehicle;
W, — weight of first tire;
w, - weight of second tire;
W, — weight of third tire;
w, - weight of fourth tire.

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

If accurate change of tire pressures is added, tbeh weight of vehicle can be
calculated. Another option is to measure vehickk sat weight into system, but it is not
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that accurate.

It is important to measure tire pressure accurai@étectors have to be accurate and
measure millivolts, because there may be vergliifference in tire pressures.

RESULTS AND DISCUSSION

Pressures measured by a magnetic inductive seasersonverted to standardised
temperature pressure in a program with specialvaot. Tires have different pressure
and they also change while driving. System calesglaesults using empty car weight
and full weight. When cargo is taken off, resulaibes in real-time. All results can be
read in car salon. They update automatically.

CONCLUSIONS

Since many accidents happen because of tirestyjoblires is undervalued, hopefully
this article will encourage people and developerdirid better systems. There are
suggestions to calculate vehicle and its cargo ltaddecrease road accidents.
Suggestions include improving accuracy and eass@f
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Experiment planning methodology of determining fore@ needed
for plastic film retrieval from soill.

K. Keskila and L.Kais

Estonian University of Life Sciences, InstituteTachnology

Abstract. Plastic film mulch is used for many different crops there is sufficient technology
for laying plastic film to soil, there has not besifficient technology for removing it, especially
for smaller tractors. The purpose of this artisleoidevelop reliable methodology for determining
force needed for plastic film removal from soil aaldo to find settings configuration of lowest
force. As the plastic is pulled from different aeglthe force needed should vary. Also force
should vary after changing the depth of soil liied the height of soil lifting. Data received from
experiments can later be used for strength calonlaof transmission and frame of the plastic
film retrieving device and later on it also canused for calculating precise propulsion.

INTRODUCTION

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

- “.\,...

Figure 1. Cutout of strawberry fields mulch bed.
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Throughout of years there have been many diffemesthods for retrieving
plastic mulch. One of the worst methods is plowtmg field and breaking plastic film
into smaller pieces, later on making extractioncess even more time consuming and
difficult. Another solution is using glyphosate-¢aiming herbicides. By using it on the
rind, it exterminates all plants and their rootswill ease extracting the plastic film
considerably. However this method can’t be usedganic farming where using plastic
mulch is most beneficial. In addition to previouskated benefits, the darkly colored
plastic effectively prevents weeds from growingefidfore, by using it, it is possible to
reduce any costs related to mechanically destroyeeds.

In the beginning of this decade, there have lseseral apparatus patents on
retrieving residue plastic mulch. Usually thoseides are quite big and only can be
operated with bigger tractors. Also operating whiem requires two people- tractor
operator and device operator. In addition to timatan be speculated that those devices
are not designed for retrieving plastic mulch tite been in use for several years. For
designing a device that could be used with sm#léators and could retrieve plastic
after for example 5 years of use all processes bristptimized to the level where all
operations are carried out correctly but withowtessive energy waste. Those processes
are: 1) preceding elevation of Sjilplastic film extracting, 3) extracted plastic
film cleaning, 4) winding plastic film on a rollJs called collecting. Current article
focuses on optimizing the process of extractingptlastic from soil. For that there will
be experiments held while changing different patensethat affect the process of
extraction

MATERIALS AND METHODS

Determining the necessary input and output vaembdr experiment the
“black box” method was used. It can also be seerFigure 2 [2]. Input
parameters are divided into controllable, difficidtcontrol and uncontrollable
variables. Output parameter is the force neededeftraction. During the
experiment, the focus is on controllable varialded combining different pre-
set values so that most optimal combination is dodhmeans the combination
of different input values where targeted outputlasvest possible force.
Controllable variables are the angle of plastiaawtion, soil lifter depth and
elevation of soil. In addition, depth of plastic soil and plastic film edge
coverage by soil can also be listed, but it wouddenexpected many years of
planning and had to be considered already while ntiogi plastic film.
Therefore, changing these variables is impossiidethe corresponding values
of test field will be used. Logically it can be abmded that the deeper is plastic
in soil and the bigger is the coverage of plasfisdil, the greater is force needed
for extraction. Because of that throughout expenitsiethere is no immediate
need to change these variables for reliable results
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Difficult to control variables Uncontrollable variables
Speed of extraction (dynamics) — Nonhomogeneity of soil
) \\ / ~— Unevenness of ground
Controllable variables W f
a, Plastic extraction angle, deg ——— Output
a, Soil lifter depth, cm ———  Process:
a,, Elevation of soil, cm =~ Plastic removal ——{F,Force needed, N

b,, Depth of plastic in soil, cm ~————-—- -1
b,,Plastic film edge coverage by soil, cm ————- -

Figure 1. Schematic presentation of plastic removal process.

Before starting the experiments, tensile strewngtine narrowest known
plastic film mulch is found. Even though the tastds’ film width is 2000 mm
but smallest known width of plastic film is 600 namd tensile strength of it will
be considered while designing apparatus. Minimaektress of plastic film mulch
is 0,04-0,05 mm and is made of low density polykhg (LDPE) [3]. Tensile
strength of plastic film made out of LDPE is 118MPa, in calculations
smallest values are used, that means, thicknés84fnm and tensile strength of
11 MPa is used [4]. Using pre-said data, the catedl tensile strength of 600
mm wide plastic film is 264 N. Before starting #weeriments, some of the data
is still to be found. The source of valuasalnd b can be seen in Figure 3.

~ -

Figure 2. Depth of plastic mulch ¢57,5 cm and soill c0\\/eragjé £b26 cm measured

values.

The experiment is carried out by using full facbmethod. The accuracy
of output is defined by accuracy of densitometayge, meaning +10 gr and
stability levels are defined by the medium accuracyeaning +5%The factor
is measured during the test experiment, the sizéhath has a certain value at a
certain time.

The controlled parameters sweeps etc. range dlawsé:
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1) plastic film extraction angle=45...135°;
2) lifter depth @=8...12 cm;
3) elevation of soil &2...12 cm.

As an experimental test-object has been previosgBigied in some respects, it is
contemplated the present application, these paemmdf the sizes determined from

empirically.
Variables fora (o, a2, as), a (211, &2, as) and a (a1, a2, &3) are chosen by
relying on data received from cut-out.

Now Table 1 is composed where in first row theeedrangeable variables and
in first column, there are experiment numbers

Tabel 1.Experiment variable measurement results.

e . . | Plastic Plgstic
. Plastic film | Lifter | Elevati . film Force
Experimen . film
tnr. extraction | depth, on of depth, coverage :
angle,deg| cm | soil, cm cm by sail, N
cm
1 45° 8 2
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 7.5 26
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
18 90° 12 10
19 135° 8 2
20 135° 10 2 [ 26
21 135° 12 2
22 135° 8 6
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Plastic Plastic
. Plastic film | Lifter | Elevati . film Force
Experimen . film
extraction | depth, | on of coverage|
tnr. : depth, .
angle,deg| cm | soil, cm cm by sail, N
cm
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 princgzieme is shown on Figure 4;
2) newton-meter;

3) tractor for towing the test device;

4) ground lifter (cultivator equipped with 2 pairsaftters in special settings);

Direction of pull

—

Direction of motion v
—

Figure 4. Scheme of conducting an experiment: 1) plastic nfilm, 2) ground, 3)
plastic mulch bed, 4) point of plastic film extriact from soil, 5) newton-meter, 6)
cable, 7) ballast.

Firstly, the force of pulling the device withouiljng the plastic film is
determined, then the plastic mulch is attachecdetetan-meter and rerun takes
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place and force is measured. Afterwards idle ruoefas subtracted from whole
force and plastic extraction force is found.

RESULTS AND DISCUSSION

Since the experiments have not yet been carriedewan only assume
the results. It is quite difficult to know the pect balance between moving the
soil enough and not too much or too little. Ovendpit is going to pointlessly
waste energy and when soil is not moved or liftedugh, the plastic film
extraction force gets too great. Furthermore, theegyoing to be experiments on
how much force one working part of solil lifter mrtconsumes and after doing
that, perfect settings of retrieving device can dseertained. With current
experiment only the force of extracting film froroilsis determined, but for
finding out force needed for winding plastic film a roll calculations on friction
and other losses of energy have to be done. Aigerehining the force of
collecting plastic the data can be used in choospegation drive and in overall
propulsion calculations.

CONCLUSIONS

Since the experiments are yet to be held therd barany conclusive
statements. While conducting the experiment itlmaexpected that the greater
the elevation and lower the angle of extractios,ltwer is the output force.
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Work ability dynamics depending on type of work cyée and

gender of workers in a glass industry
R.SaaremdaB.Sc.; E.Merisalty PhD
'Estonian University of Life Sciences, InstituteTachnology

Abstract. Work ability (WA) is a good indicator of health imgt of working hours’ length and
cycle type among the employees. The aim of prestrmty was to compare physiological
parameters and the dynamics of work ability ambeglass industry workers in two work cycles
with different duration — the first with length &dur days and second nine days. Based on the
aim the purpose was to complete the research ofiddtér above 100 the measurements to detect
WA for every participant in the start and end ofrkvehift. The results showed the tendency that
as shorter the work cycle the higher WA, when tmpare the results of the longer cycle. Gender
differences have observed in the physiological petars - hand strength and memory test. The
males had remarkable higher parameters of hamésigth but recorded worse memory tests as
to compare the females (p<0,05). That to measatistitally significant changes in work ability
dynamics the larger groups should be selectechiofurther studies.
Keywords: work ability, work cycle, physiological parametegender

INTRODUCTION

Every work assignment needs a time to be compldtedpite work time
regulations, many people are harmed because ofwamging hours, shift work and
night work. One work cycle is completed by the antaef working and resting days in
which the employees in total have no more thandd®hof continuous rest time between
the work shifts. In Europe and Estonia 7% of woskare working at night shifts more
than 48 h per week and about one fifth of employeesvorking in night shifts. Despite
the working hours are limited to 13 hours per dayth®e law, long working hours per
shift often in use in the industries. The EuropEanndation for the Improvement of
Living and Working Conditions’ survey (n=44 000) perceived working conditions
(2010) showed that a double more the night shiftkexs than day shift workers (40%
vs 20%) reported that health and safety at riskbse of work [1,2]

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

METHODOLOGY

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

Title Type A Type B

Shift N|IFIN|FIN|F|ID|/D|D|F|F|F DIDIN|N|F|F|F|F
Before | X | = | X| = | X|=| X| X | X | =] —-| - XI X[ X | X]|=]-=|—-| =
workin

g

After X| =] X|=| X|=| X|X|X]|=|-=] = XI X[ X | X]|=]-=|—-| =
workin

g

The measurement of the WA took place relative todlfference of the work
shifts which are displayed in the table 2. Timeskpvas important to give the
measurements an exact 12-hour gap.

Table 2. The measurement times in relations of the day agiut shifts

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

Shift (measurement time)

Work ability itself is complex phenomenon reflegtithe worker’s capability to
perform the assignments was given to him. But ts®gament process is difficult
because every person is unique by response to lbadyg. Work ability is affected
greatly by employee’s personal characteristicshsag: health, skills, motivation etc.
[8]. To measure WA the respondent was sitting atorfy chair to measure blood
pressure, pulse, palmar strength, reaction speadigbt signal and memory. The pulse
and blood pressure were measured with blood presgyraratus and palmar strength by
Lafayettedynamometer. To measure memory the author usehite paper with 16
different numbers in the interval of 1...100. Dgrirvery single measurement, the
numbers’ combination was changed. The respondeh6@seconds to memorize the
numbers as much as possible. Then they had to doiten the memorized numbers in
the next 60 seconds. Reaction time was measurédhvattablet programAsus Google
Nexus 72013) which was installed with an applicationedl’GreenButton”.The aim
of this program was to show randomly a green lighivhat the respondent needed to
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react. The only requirement was that the workededéeo hold its’ arm next to tablet on
the table.

The determination of WA it was needed to calcullageaverages of every before
mentioned physiological factor. The parameter'sngeais showed in percentages in
comparison with the work cycle’s first reading. Therk cycle’s first reading is always
taken as the 100% because the employee shoula Ibeotbt rested at that time moment.
WA is projected as the average formula of bloodsgnee and pulse, palmar strength,
reaction time and memory with [9]:

myq; Mo
R; = 0,20 + {[100 + (100 = i)] + [100 + (100 - i)] (1)
my m,

ms; My Ms;
4 [100 4 (100 - )] + 14 100) + CEx 100)]
ms my ms

where Mi, Mz, Msi, M4, Ms; - according to average heart pulse (I/min), ieact
time (s), blood pressure (mmHg), palmar strength dNd memory (tk)
determined by i measurement;
M1, M2,M3,Ms,Ms — same parameters measured in the first work cycle
measurement.

The physiological parameters as cardiovasculaséblood pressure), physical
(palmar strength) and mental (reaction time and amgpindicators are depicted by the
type of work cycle in the table 3.

The Statistical Package for Social Sciences (SR3J.2vas used for data
analysis. The descriptive statistics and t-testrfeasuring group differences have used.

RESULTS AND DISCUSSION

In the measurements participated 11 people, amd thhem five persons (3 men
and 2 females) were from type A and six (3 men3afamales) from type B. The average
age of the groups allocated as such: type Ald&nd type B 4810 years. During the
recognition of the results the physiological parsrgehas compared between shift types
A and B (table 4). The average WA dynamics througiee work cycles (graph 5) and
sex has been analyzed (table 6 and graph 7).

Table 3.The physiological indicators of the study groupghe work cycles type A and
B

. Reaction Blood Palmar
tsyrgg Pulse time pressure 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 9,16
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 cyglge A to the workers’
blood pressure (mm/Hg) and pulse (beats per mitwitan). Also, the average palmar
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strength (N) had tendency to be lower among empleoyé the work cycle A than cycle
B. The reaction time (seconds, s) seems to be gaitee in the two groups. All the
differences reflect the WA only by 2% in favor gpe B workers with an average result
of 106%. No any statistically significant differerscobserved between the groups.
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Figure 5. Dynamics of WA averages by the work cycle A and B

The average WA throughout the work cycle B show#ddifference, except in
the starting phase of work cycle. In the both cydhee work assignments contain very
similar lifting jobs for 12 hours a shift. That isathe author to make a conclusion that
the work cycle differences make the 4...5% changendwne cycle. The good note is
that on average WA stays constantly over 100%, lwhieans that the rest times are
well planned.

Table 5. The physiological indicators of the study groupslig gender

Reaction Blood Palmar
Gender Pulse time pressure 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 bywbek cycle A and B

We see a remarkable sex difference in favor of ritele workers

(p=0.05). In average the male respondents had 2..

.8% betde ability than

females. The smallest difference was in the begmoi the work cycle, where
the males showed 2% better WA. The largest gabeab®% point of the cycle
was observed among females, where the average V88%fwas the lowest at

all.

Palmar strength showed statistically significarifedence between the

study groups of work cycle type A and |B=(0,0013.

CONCLUSIONS

The author carried out a research with the aimap out the WA difference
during two different work cycles and compare phiggiacal parameters between
these groups. The study consisted of 11 particgp&nhales and 5 females whom
attended over 100 observations. From the obsenstithe work ability was
calculated with the formula 1.1 and the statistaralysis was carried out. Based

on the study results we summarize the next below:

e When comparing the different work cycle types tleekers of the cycle type B
could perform at a 2% better rate than the workétbe cycle type A over the

whole work cycle period;

e The workers of the work cycle Type A demonstratexditds scores in the
beginning of the studies where they were 4...5% b#tsn the workers of the

work cycle type B;

e When comparing the results by gender, the maleeverkere at average 2...8%
better by average WA than females. The smallestgesat the beginning (25%
marker point) and at the end (100% cycle pointg TEngest difference between
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WA averages was observed in the work cycle pointeres the cycle has
changed from night to day cycle avide versa
e Gender differences have observed in the palmangitre

The further research is needed on WA dynamics bikwgcle and larger
study groups to see the confidential results.
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Prevalence of musculoskeletal disorders among theovkers in
hospital rehabilitation department

P. PeedosajrE. Merisald
'Estonian University of Life Sciences, Faculity afchnology, Department of
Husbandry Engineering and Ergonomics,

Abstract. The aim of this study was to measure musculoskgbatameters and evaluate
prevalance of work related musculoskeletal dis@@BtSDs) among workers in a hospital
rehabilitation department.

Method. The anonymous questionnaire about work related festors and health was
carried out in December 2016 and the measureméfisictional state of musculoskeletal
system was performed in January 2017. The studypgeonsisted of 12 physiotherapists, 1
occupational therapist and 2 masseuse filled thestipnnaire and sent back to the
researcher. Ten of them agreed with measuremenfsirmtional state musculoskeletal
system. Myotonometry and cervical range of motiGRQOM) measurements were carried
out at the beginning and end of the workday anddth sides of the body. Frequency,
stiffness and decrement were measurednorilexor carpi radialis, m rectus femaris.
biceps brachii, m. trapezius superior, m. erecfminae, m. biceps femoris caput longand

m. gastrocnemius medialis.

Results.All 10 participants (1 male and 9 female) reponpaih in the neck, shoulders and
low back in the past 12 month. The mean age ofystwdup was 34.4 + 8.9 years and
average service length 7.2 + 6.1 years. The myotatioc measurements showduat
frequency (muscle tone) increased in the righttedpiceps femoris caput longym= 0.03)

at the end of the workday. Significant differenbesween left and right side musculosketeal
parameters have observéud the beginning of the workday the decrement @ Igft hand
m. biceps brachi{p = 0.003) was signifigantly lower than right sidet the end of the
workday the muscle tone in the left leg gastrocnemius medial{fp = 0.005) was higher
when to compare with the right side and decremettié right legn. biceps femoris caput
longum(p = 0.03) was higher when to compare with left siNe.any differences im.
trapezius superioandm. erctor spina@bserved among physiotherapists. At the end of the
workday CROM showed tendency to decrease of ifléixén and rotation to the right.
Conclusions.The physiotherapists are subjected to intensiysipal work, causing fatigue
in observed muscle groups of upper and lower limbing the workday, whereas the
muscles’ functional state deteriorated ratherghtrihan left side.

Key words: rehabilitation workers, musculoskeletal disordergpotonometry, goniometry

INTRODUCTION

Musculoskeletal disorders are one of the most commiork-related
health problem, that affect millions of workers asast employers a lot of
money [1]. Research, which was published in 20idyed that nearly 60%
of the active population suffer from musculoskdletgmptoms, which
grealty reduce the working capacity [2]. Musculdeta disorders are

120



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

serious problem among rehabilitation workers anel @iten caused by
manually lifting and moving patients. In previodades, it has been found
that the risk factors most frequently perceivedhleplth professionals are
working in the same posture for long periods, begdir twisting, reaching

and working away from your body, carrying, liftingy moving heavy

materials or equipment, unanticipated sudden mowesva fall by patient,

performing the same task repeatedly and treatirgg laumbers of patients
in one day [3]. Several studies have shown thatolaskeletal disorders of
the neck, shoulder, low back, wrist and hand arstroéien identified by

rehabilitation workers [3—-5]. Musculoskeletal diders are found not only in
elderly, but also in younger employees. The sumeayied out in Canada
revealed that pain in the lower back and neck ldected mostly among
younger workers who have short work experience [5].

The aim of this study was to measure musculosKefeieameters,
evaluate prevalence of work related musculoskeldiabrders among
workers in a hospital rehabilitation department adnpare the results
between the right and left side of the body anthatbeginning and the end
of the work day.

MATERIALS AND METHODS

The study was carried out in a department of thaléitation hospital.
There are working a little more than 40 employeeshe department of
rehabilitation including physiotherapists, occupa#l therapists and
masseuse. The department offers a variety of aatgaand inpatient
rehabilitation services for adults and children.eTbutpatient treatment
options for example are doctor appointment, phisi@py, occutaional
therapy, hydrotherapy, heat therapy, manual therapanual lymphatic
drainage massage, salt chamber, speech therapyg, tersipy, psycological
counseling and so on.

The study group consisted of 12 physiotherapistspctupational
therapist and 2 masseuse. All participants usesareéety of physical
techniques and therapies in the treatment. Depgnhdin the work
participants occurs different working posturesndiag and sitting while
working. All 10 participants reported pain in theck, shoulders and low
back in the past month.

The study groupn(= 15) filled the questionnaire and sent back to the
researcher. The questionnaire consisted of theowolly components:
demographic information, working environment, thwraequipment and
tools, work load, prevalence of musculoskeletallmwbty, safety and health
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behavior awareness. At the end of the questionmaiszable to give consent
to measure musculoskeletal parameters.

Employees’ functional status was measured by mygmetrvical range of
motion (CROM) and musculoskeletal strain scale. f@asurements were
carried out at the beginning (10:00-10:30) and &&00-16:30) of the
workday and in both sides of the body to evaluatesaculoskeletal status
changes during the work day. Myomedyoton-3created in Estonia have
been developed for assessing the functional statusthe human
musculoskeletal [6]. It is possible to evaluate tigscle tone (frequency),
stiffnress and decrement. Myotonometric measuring nafscles were
performed in the relaxed stata: flexor carpi radialis, m rectus femoyis.
biceps brachii, m. trapezius superior, m. erectoinae, m. biceps femoris
caput longumand m. gastrocnemius medialifhe CROM is a system of
inclinometers with gravitational reference capaifleneasuring the mobility
of the neck by flexion, extension, lateral flexiand rotation (degrees) [].
Flexion and extension were recorded first (figuye 1

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

Data were analyzed using descriptive statistieg(fency and mean +
SD). Group differences were evaluated withtest. The comparsion of data
points (at the beginning and end of the work daythe right and left side of
body) were evaluate by using a Paired T-test amtpa@ring the groups of
variance (One-Way ANOVA). The statistical significa level wap < 0.05.
SPSS 24.0 was used to analyze the data of measuressalts.

RESULTS AND DISCUSSION

All the participantsif = 15) signed an inform consent and completed the
guestionnaires. The response rate was 83%. Tharobsénvolved 12
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physiotherapists, 1 occupational therapist and 8sesse specialists. The
average age of the entire group was 37.53 = 1(e&ssythe youngest 29 and
oldest 61 years. Considering the age, younger werke 45 years)
percentage was higher than older workers (> 45sye@rhereas, there were
53% younger workers in the study group. Based aly lboass index (BMI)
66.7% was normal weight, 6.7% was overweight and%6was obesity.
The backround factors are shown in Table 1.

Table 1.Comparsion of backround and professional charatiesiof physiotherapists €
12), occupational therapist € 1) and masseusa £ 2) in a rehabilitation hospital.

Physiotherapist Occupational
. Masseuse
. S therapist
Characteristic S
M SD M SD M D
Age (years) 36.6 29.0 51.0 14
9.72 - A
7 0 0 2
BMI (kg/n?) 25.0 591 19.0 ) 27.0 7.
8 ' 0 0 07
Years of 20.0 0.
practice 8.35 6.62 1.00 - 0 00
Table 1. Continued.
Physiotherapist Occupat[onal Masseuse
- s therapist
Characteristic 3
M SD M SD M D
Hours worked 7.25 1.08 7.50 - 7.50 0.
per day 71
Hours worked 0
per day with 1.42 0.42 2.00 - 0.50 7i
computer
Number of
patients per 8.00 1.17 8.00 - 11.0 0.
0 00
day
Regular
physical 2.00 2.02 1.00 i 0.00 0.
activity per 00
week

The masseuse specialists were older, had a higlleriisgher number
of patients per day and longer years of practice.

The musculoskeletal measurement study group indolM@ workers
with chronic pain in the neck, both side of thewdder and low back in the
past 12 month (Figure 2). All of them agreed toetgbart in the
myotonometry and cervical range of motion (CROMpsw@eements.
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Figure 2. Prevalence of musculoskeletal disorders by differegions of the body.
The myotonometric measurements showet frequency increased in
the right legm. biceps femoris caput longuim = 0.03) at the end of the
workday (Table 2).

Table 2. Comparison of musculoskeletal parameters in tiginbeng and end of the
workday depending on the body sige tatistically significant difference between the

parameters in the be

inning and at the end of vaykd

Mean + SD
Muscle Parameter Beogf'?r?é”g End of the p
workday workday
Right side of the body
M. biceps
. frequency 16.19 +
femoris caput (H2) 14.27 +2.11 243 0.03
longum
Left side of the body
f'\g'mb(;(r:iip:a ut frequency 14,70 15,06 i
| P (H2) (+2,53) (+3,07)
ongum

Significant differences between left and right sidrisculosketeal
parameters have observed (TablelB)the beginning of the workday the
decrement in the left hand. biceps brachi{p = 0.003) was signifigantly
lower than right side. Decrement in the right hag biceps femoris caput
longum(p = 0.03) was higher when to compare with left siethe end of
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the workday the muscle tone in the left laggastrocnemius medialfp =
0.005) was higher when to compare with the rigté si

Table 3. Comparison of musculoskeletal parameters of thealad right side of the body
depending on the measurement timestatistically significant difference between tialy

sides).
Mean + SD
Left side Right
Muscle Parameter of the side of p
body the body
Beginning of the workday
M. biceps 1.74 +
brachii decrement 1.53+0.23 0.97 0.003
End of the workday
M. biceps 167+
femoris caput decrement 1.46 + 0.26 O 25‘ 0.03
longum '
M.
. frequency 15.30 + 13.74 +
gastrognemlus (H2) 279 > 45 0.005
medialis

The data of goniometric measurements have revaakbe Table 4.
Table 4.Cervical range of motion (mean+SD) depending ordgeand measurement time.

Mean+SD Range of
motion
Parameter Beginning End of (degrees)
of the the 5..95
workday workday prec[:7e]ntlle
Male
flexion () 77.0 79.0 34.5...71.0
Cer extension (°) 59.0 60.0 65.4...103.
vica 0
I IzZ\teraIerxmn left 59.0 60.0 355 635
rang O
e of_ Igtera!)flexmn 54.5 55.0 349 635
moti right ()
on rotation left (°) 63.0 66.0 74.3...99.1
rotation right (°) 72.5 71.0 73.3...99.6
Table 4.Continued.
Beginning End of Range of
of the the motion
workday workday (degrees)
Parameter Mean+SD 5...95
precentile
[7]
Female
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flexion () 61,3 58,8

(*12.1) (*17.2) 46.0...84.0
extension (°) 62,9 63,1 64.9...103.
Cer (+14,1) (+14,7) 9
;nca lateralflexion left 37,8 37,9 291 772
rang ") (£12,0) (£10,8) T
e of lateralflexion 36,3 38,4 370 63.2
moti right () (£10,2) (£10,3) T
on rotation left (°) 66,6 67,8 72.2...109.
(£14,2) (£11,0) 0
rotation right (*) 69,4 (£8,9) 67,1 74.9...108.
(x14,2) 8

The measurements showed that mobility of the nedkeabeginning of
the workday among both male and female were lowethe end of the
workday CROM showed tendency to decrease in thaofieand lateral
rotation to the right. Compared to the NASA studyacal spinae extension
and rotation were lower among male and female.

CONCLUSIONS

The Labor Inspectiorate 2016 annual report revell@duncomfortable
work postures and repetitive movements are sélhtlost often occupational
risk factors that causes occupational diseasesortumiately workers
themselves do not recognize that the repetitiveaments, manual handling
of loads or wrong working position are bad for lie4¥]. All the research
participants are subjected to intensive work in golsory work positions for
long period, repeated activities and patient trandAll these positions and
activities have impact on fatigue of various musgteups. Compulsory work
positions, especially among masseurs, promotes utaustiredness. The
body does not receive oxygen enough as heart ametnd breathing are
restricted which may cause chronic headache orduhek[8].

All 10 participants reported musculoskeletal digosdin the past 12
month. The neck, shoulders and low back are the paasful body regions
for physiotherapists. It was observed that ageianited the prevalence of
pain. The employees who complained more pain hegreehBMI and 30%
of them are in age range 40-59.

back pain.Myotonometric measurement results did stmwed any
differences irm. trapezius superia@ndm. erctor spina@mong study group.
Significant differences were found m. biceps femoris caput longum, m.
biceps brachii,m. gastrocnemius medalsnd m. biceps femoris caput
longum. At the end of the workday decrement in the rigdg rin. biceps
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femoris caput longumgecrement in the right hand. biceps brachiand
muscle tone in the left lem. gastrocnemius mediakgas higher.

All the CROM parameters despite gender increasdteatnd of the
workday, except for rotation to the right, whiclosled tendency to decrease.

It is important to make regular reaks and exercise$ healthy and
implement ergonomics techniques to prevent MSDs@pbysiotherapists.
More attention should be paid to the distributidntlee workload, time
planning, working environment and working postU@&s
ACKNOWLEDGEMENTS. The authors would like to thanKl @he
respondents who took the time to complete the suared the hospital
rehabilitation department management.
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Occupational hazards and musculoskeletal disordersnaong

rotary parlor operators
E.Sild, B.Reppo
Estonian University of Life Sciences, InstituteTachnology,
Department of Husbandry Engineering and Ergonomics

Abstract: In Estonia more than 67% of dairy cows of locakgdiarns live in
herds larger than 300. For the recent 10 yearasiderable number of new dairy
barns have been built, equipped with modern milkkiechnology and rotary
milking parlors (carousels). New milking routineswvie lead to new work
requirements for milking operators, including tleguirements for work safety,
hazards and risks. So far few special researchbbas conducted on work
environments for the operators at rotary parlors.

The aim of the present paper is to study the warkirenment and work
conditions of operators working at large rotaryl@as; as well as clear out
possible musculoskeletal disorders (MSD) connectath routine work
(repetitive movements, awkward position, liftingdts). The anonymos survey
among the operators of three rotary parlors wasechout, including questions
about occupational hazards and MSD prevalence gitie recent month, based
on CUPID-questionnairgCultural and Psychosocial Influences on Disab)lity
Preliminary findings of the current study indicdtet despite of the modern
milking technology the operators still feel and adse their work at the parlor
as ,hard®. The main occupational hazards mentiomeck continuous standing
position and repetitive routine movements at warksummer the working area
is too hot and in winter it can be cold, so tha tfingers in latex gloves are
freezing®. 94% of the respondents declared MSDhm ¢ourse of the recent
month. In average the operators indicated thréigegoints of pain on the body
related to their work.

Key words: rotary milking parlor, milking operator, work engimment, repetitive
movements, standing position, musculoskeletal dessr

INTRODUCTION

As reported by the Estonian Livestock Performancecdrding Ltd. of
01.01.2017, 82 279 cows are in performance testiity the average milk
production of 9 294 kg in 2016. 54 556 cows makipgnore than 67% of dairy
cows of local dairy barns, live in herds largeartt800 heagll].

Becoming a full member of the European Union, digrants and investment
subsidies have provided the opportunities to investimproving the
competitiveness of dairy companies by building mod®arns and buying dairy
technology. Over the past ten years a number @é ldairy farms have been built.
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The greater the number of dairy cows in barn, #ingdr the milking parlor, and
the more milking cows are serviced by one place mnlking station [2].

The rotary milking parlor (carousel) has greatdicigincy than parallel or
herringbone stations and justifies its technicakc#cations in milking
particularly large herds. The carousel station afgsr as a slowly swirling
platform and milking cows reach it in a continuaiiieam. The carousel parlor
is serviced by 2-4 milkers, who stand at predeteeahposition and perform only
one type of working task, as on a conveyor. Thk tas be either cleaning the
udder, pre-milking, attaching the cluster, or tigthe teats with disinfectant.
The rotation of the carousel determines the pacpedformance for milking
operators.

The work tasks of milking operators have changesdembling those at a
conveyor line of a factory where certain fixed sidlis are performed. Repetitive
movement rate has increased dramatically. Instédftiog heavy items which
used to be the risk for operator's work environmeiit is now repetitive
movements and caused exhaustion postures durinig tmoe which might in
turn lead to health consequences. The urgent need déaling with
musculoskeletal overload and ergonomic design ofkwis indicated by
increasing work-related musculoskeletal disordstSDD).

In Sweden dairy workers in large-scale farms o\ Gows were surveyed. A
study based on questionnaires showed that 86%eofidiry workergeported
some kind of MSD during a period of 12 months [3].

Scientific research shows that the milking opesatirmodern large-herd dairy
parlors intensly work with wrists, arms and shoudat a high speed and high
rate of repetitive movements, having too little mlasest during the work period
[4]. Working wiht the rotary system one has higkgsure on wrists and hands
when work is performed continually without any pesi§5].

In Germany a study was carried out to obtain matdor complex health
prevention of milking operators. Interviews with ygiotherapists, milking
operators and farm managers were conducted. Thmvfob risk factors were
mentioned: cold temperature, high humidity, repetitmovements, long
working hours, work on shifts, stress, low sociad ananagerial support [6].

In Estonia there are no similar studies. To raisaraness of the problem, the
present research aims at finding out what are¢bapational hazards and health
complaints of milking operators working in rotargrfor of large-scale dairy
farms of more than 500 cows.

MATERIALS AND METHODS
To collect the data a survey was carried out amanignteer respondents in
three large-scale dairy farms of more than 500 cowmg farms had parallel
rotary systems serviced outside, in one farm theme a herringbone station
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serviced inside. In three farms there 33 milkingerapors, of whom 18
anonymously completed the questionnaire. Thus, 8%e operators were
voluntary respondents. Of them there were 16 woareh two men with the
average age of 39 +11 years, the mean length ot-@G8n, average weight 70
+18 kg, average work experience with rotary systérfist1.2 years, and overall
work experience with dairy cattle 9.6 + 9 years.

The questionnaire consisted of two parts:

| Questions about work environment to identify tisk& factors and toucing upon
microclimate; physical, physiological and psychatad) risk factors. To assess
the frequency of the factors the following scales\gaven as option for answers:
never / sometimes / often / always / | do not know.

Il Questions about musculoskeletal disorders basedthe international
guestionnaire CUPID (Cultural and Psychosocialufices on Disability), part
lIl asking about pains experienced in the past imoht determine the location
of pain drawings of body areas were added to thestipnnaire. Some of the
guestions were yes / no questions. Some asked Himlgngth or sharpness of
pain describing the perceptions on three leveld,-&sdays/ 1-2 weeks / more
than 2 weeks; mixed / sharp / intolerable.

In addition to the questionnaire the dairy farm agers were interviewed to
outline general work conditions and on site obsemmesessions were performed
in milking stations during work time in July 2016daFebruary 2017.

The data were analyzed S OfficeExcel program.

RESULTS AND DISCUSSION
Milking system should combine the cows, technol@nd people into one
working system. Hundreds of animals in the waitarga and on the carousel
have different thermocomfort requirements thanarfelking operators working
with them. Different farms have contributed to thermal comfort of operators
in different ways.
In Estonia the four seasons and changing weatlhhenataguarantee permanently
comfortable temperature in the milking area. Tol dmavn the summer heat, the
windows and doors are opened and the fans switchedhich, in turn, creates
the draft zone. In winter the waiting area is catdl using the heaters causes
greater circulation. In winter and summer the terapge differences are due
throughout the working shifts when groups of cowave and arrive to the
waiting area.
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Microclimatic hazards
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Figure 1. The questionnaire responses by exposure to the sha
microclimatic hazards.

During active physical work it is important to ketkye heat balance also in excess
heat conditions. In summer high temperature andiditynprevent body from
cooling, as does the waterproof clothing (rubbeewts, long aprons, rubber
boots). 50% of the operators responding the quesdice indicated that heat
often disturbs them.
One micro-climatic hazard unanimously noted by thgpondents is constant
exposure to cold water (Figure 1). When hands gty using even hot water
but the air temperature is low, it produces bodypliog. 72% of operators
responding to the questionnaire noted that ,fingedatex gloves are freezing"
all the time or often. To prevent feeling cold sooperators wrap paper or cloth
around their wrists, under the cuffs. Putting cotgdoves under latex gloves
hinders the grip and smooth movement of fingersndgumilking procedure.
The main physiological hazards are working in sitagngbosition and repetitive
movements (Figure 2), the occurrence of which wadgcated "all the time" by
100% of the operators. Beyond repetitive hand or movements, body or neck
bendingto check the teats or reach the udder is alsonéfis@nt hazard, as it was
noted ,all the time* by 67% or ,often” by 28% operators. Cows do not like
guick movements, so the risk of getting kicked g &nimals is also a hazard.
After active physical work milking operators feelevall fatigue by the end of
the work day.
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Occupational risk factors
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Figure 2. Different farms rated the unanimous exposurééogphysical,
physiological and psychological risk factors
In the questionnaire it was also asked about sefficsleeping time. 67% of
operators responded that they would like to getensteep. However, waking up
early morning was usually not a problem, rather figeling of tiredness was
sensed on evening shifts. In two of the three di@amns the cows were milked
three times a day which meant the late shift frdn®@ to 03:00 which, in fact,
should be considered working at night.
The level of difficulty of the current milking opator's job was rated as ,very
hard” by 17%, ,hard“ by 61%, ,moderately hard“ by% and ,light* by 5% of
respondents. Milking operators think that compdoesbme other jobs, their job
is more difficult because of the permanent standtrgin and high pace, risk of
injuries from animals, irregular sleep. Operatorghwlonger experience,
including tethering or loose-house paréxperience, found their work in rotary
parlor system physically tiring.
Musculoskeletal pain survey revealed that durirg gast month 94% of the
operators had felt pains in different body are@86 ©f the respondents had felt
pain in 3 to 7 locations, for example, both of #eulders, both wrists, neck,
back.
Shoulder pain caused the most inconveniences asst noted by 67% of
operators (Figure 3), and for 50% of the resporglgiasted over two weeks in
total during the recent month. Shoulder pain irtexd with dressing for 67% and
household chores for 58% of the respondents. 92%&sgondents associated
shoulder pain with work. However, the operatorsticwed going to work and
only one person (6%) had been absent from workatige pain.
At the next place was the wrist pain, which was B8l 67% of the milking
operators. For 58% of the operators the pain lagbeid 6 days, for 25% - more
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than two weeks. Wrist pain disrupted writing for% and household chores for
25% of the respondents. 83% of the respondent&iassd wrist pain with their
work.

Milkers marked Musculosceletal Disorders

80%

60% -
40% -
0% - T T T T T

shoulderwrist painneck pain low badknee pain elbow
pain pain pain

Figure 3. The presence of rotary operators discomfort duttre past month.
Low back pain was felt by 61% of the milking operatduring the last month,
and 64% of them duration of pain lasted for up t@ags. 45% of the respondents
stated that back pain hindered dressing, and 64ébtkat doing household
chores was difficult. 82% of back pain sufferessnplained that it radiated to
the foot (sciatica). People with back pain alsotcmed working, only one
person was absent from work less than 5 days dumadk pain. 91% of the
respondents associated low back pain with work.

Neck pain was felt by 61% of milking operators, whom 45% suffered from
pain up to 6 days and and 27% over two weeks. [datkhindered dressing for
55% of the respondents and had also interfered hdatisehold chores. Due to
neck pain only one person (6%) was absent from \&akpain was associated
with work by 82% of the respondents.

Knee pain bothered 39% of the milking operatormsrakie recent month, lasting
up to 6 days in 71% of cases and more than two sveek4% of cases. Knee
pain was not the cause to be absent from work.afte respondents associated
knee pain with work.

Pain was felt in elbow(s) by 39% of operators, aaisted up to 6 days for 57%
of the cases, and over two weeks for 43% of caBes. pain interfered with
dressing for 43% of these respondents and it alsteled household chores.
71% of the respondents associated elbow pain wott.w

During the previous year 61% of the milking operatibad been on sick leave.
72% of them associated their illnesses with workigouloskeletal disorders,
colds and other work conditions), and 28% of tlepoadents — partly with work.
No respondent used the questionnaire option ,d@assbciate it with work".
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At the end of the questionnaire the milking operaitgere asked to assess their
work ability on a 10-point scale and the result wgsoints, on average. Only 7
persons out of the total 18 respondents were ofi@pithat in two years they
would be able to continue their present work, banilking operator at the
carousel system. 10 operators were not sure aborggarding their present
health condition. One operator excluded the optinoally.

CONCLUSIONS
Scientific studies show that milking operators indarn high performing dairy
farms experience intense wrist, arm and shouldekwalso high pace and
constant repetition of movements, and too littlesobe restduring the work
operations [4,5]. This is related to milking tectogy with increasing pressure
to raise the capacity of the cows milked — to coqte milking of large herds.
Intense work without adequate recovery breaksses muscle tension and
musculosceletaliseases.
The present study suggests that the micro-climedicditions for milking
operator's active physical work are not always eppate. Questionnaires
revealed that in winter milking operators feel caltthe time or often (61%),
and in summer they feel too hot all the time oenf(67%), their hands in latex
gloves are freezing (72%), and sometimes they striéen of the drafts (56%).
Coming and going of groups of cows changes theeaiperature during the work
shift and from the waiting area chilly air reaclies parlor. Those unfavourable
work conditions cause musculoskeletal disordersmpanflammations).
Responses to questionnaires revealed that durengpdlkt month 94% of the
milking operators have felt musculoskeletal disosd(MSD) at least in one
location of the body. Most of them noted disordenmsultiple (up to 7) locations.
Most of all shoulders cause the feeling of disaapfand for 50% of the
respondents the pain lasted for over two weekstal, hindering dressing and
doing household chores. Wrist area, lower back reeuk are the next critical
locations. Milking operators accociate differeninsawith work as much as for
71-92%. However, the operators continue going tokwdlespite pain, being
absent from work only in a few cases.
Farm manager should be aware and careful of thenséats by the respondents
that only 39% of them are sure that they would éalthy and able to continue
the operator’s job in two years.
Ergonomic assessments of repetitive movements ansing exhaustion
postures of rotary parlor operators are highlpnemendable, to determine the
risk level of physiological hazards. The micro-citic parameters should also be
measured. Collecting further data about work emrirent enables one to make
proposals for optimizing the work load of milkingerators and improving the
work environment in milking parlors.
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Artificial lighting’s influence on the working effi ciency of
office workers and teachers in educational-researchuildings
and offices.
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Husbandry Engineering and Ergonomics

Abstract: All office workers and teachers spend their eighirtworkdays inside buildings where
artificial light is mostly used. This has affect aorkers mood, work efficiency and on their
physical health. The aim of this study was to ex@duthe influence of artificial light on the
working efficiency of office workers and teachehs.this study participated 199 employees,
where 66.8% (n=133) were office workers and 32.(h&65) were educational employees. The
workers average age (mean + SD) was 45.9 + 1216 yeal average working experience 11.6 +
10.4. The basic duration of working hours per weekaverage is 38.0 + 7.5. Based on the
electronic survey most of the respondents thoughtvorkplace lightning to be sufficient enough
and 2/3 of the answerers said there were no distyrshadows or contrasts. Almost every
workroom has windows. 172 people work with a corapiar half of their working time or even
more. Always and often 53.7 % of participants régdreyestrain, 37.2 % experienced eye
dryness and 33 % reported sore eyes and vision loss

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

INTRODUCTION

Working with a screen is increasing fast and theeeft is important to pay more
attention to health risks and lighting conditioRlysiological risk factors cause the most
health problems which are directly related to @itif lightning. There are different types
of artificial lights which is why their light indators affect workers health and
productivity differently. Also natural light affestworkers’ productivity and comfort.
Based on the survey that was carried out in 201®weden natural light has a direct
impact on performance and attention. The partidgppreferred a lighting with different
kinds of light source to a more neutral lightnimglaave it higher ratings for well-being
[1]. Correlated colour temperatures of light plap @mportant role in human
psychological and physiological need. Results nsvbat cool white and daylight lights
were more beneficial in office setting for comptit@sed tasks [2]. Recent research has
indicated that lighting may have an impact on lgatal and psychological processes

3].
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MATERIALS AND METHODS

Purpose of this study was to investigate officek®os and educational institutions
in South-Estonia. The survey was electronic and terme answered by 18 South-
Estonian establishments. The conditions for forntimg group were working with a
screen and at least one year of working experience.

In this study was used self-administrated questoBen which is based on
international qualified questionnairesC@OPSOQ - Copenhagen Psychosocial
Questionnaire, CUPID — Cultural and Psychosocidluances on DisabilitandWAI —
Work Ability Inde¥. Questionnaires should be found out working emnental risk
factors about lighting conditions, work charact&csand workers health [4-6].

Questions on the survey sheet were divided basdtieosubject into eight sub-
groups:
Demographic information
Psychosocial and psychological risk factors
Artificial light (ceiling lamps)
Natural light (sunlight)
Physical risk factors
Working with a computer
Health and productivity
. WAI — performance index
The electronic survey was put togetherGoogle Formsand the results were
recorded straight taMiS Excel spreadsheet. The average time to complete the
guestionnaire was 10 minutes.

PNOUAWNE

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: 11.6 410
Working hours per week Mean + SD: 38.0+ 7.5
Computer usage 50 % work day 86.4 %

The statistical analysis was performed vBiRSS.24.0 (Statistical Package for the
Social Scienceslpescriptive Statisticg?— test and Spearman Correlation Analysis was
carried out to find group differences between gemde occupation.

RESULTS AND DISCUSSION

The survey was answered by 210 employees, butéinthosed conditions 199
results were taken into account. In this studyigipeted 66.8% (n=133) office workers
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and 32.7 % (n=65) education workers. Based by ateup 42.2 % were specialists,
25.6 % teachers, 24.6 % advisors or consultantd &nth leaders. The workers average
age was 45.9 + 12.0 years and the average workinerience 11.6 + 10.4. The basic
duration of working hours per week is 38.0 £ 7.5.

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

Always Often Seldom Never

100 r
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80 |
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60 I
50
40
30
20
10
0 1 1 1 1 1 1 1 J
Workplace Local Lighting Suitability Ligthing Contrast Disturbing Excessively

lighting  lighting influence of lighting  color between shadows glaring
onwork coloron perception different lighting
effectivity  work surfaces
effectivity

Figure 1. Artificial lighting conditions on the workplaces%£h99)

85.4 % of the participants were satisfied with tlarkplace lightning. In despite
the lack of local light source about 2/3 of respemtd claimed that there were no
disturbing shadows, contrast and excessive gldigiding doesn’t influence work
effectiveness. About 50 % of the study group coméid that workplace lighting
conditions and lighting colour were often and al&vagequate. The light source colour
was 51.3 % white, 31.2 % yellowish and 5.0 % blui®flections from working surfaces
were very or moderately disturbing to 72 employesss] 64 workers thought that
computer screen reflections were upsetting.

99 % of the offices have windows and for 87.4 %hef respondents the windows
were clean. Most of employees can have regulateraldighting, because 81.9% of
rooms have curtains on the windows and 12.6% haxtéyurtains. Almost half of the
workers (47.2%) answered that natural lightingesyvimportant and this affects their
work ability. Bright natural light irritates workefew times in months (45.7%), and few
times in week (7.5%). All participants were dailyntgputer users, where over 75% of
workday uses computer 118 workers, 50% - 75% okday uses computer 54 workers
and less than 50% of workday 27 workers. Laptops @sed by 38.7% of the
respondents. 89.9% of participants can changesbe2en position, and rotate it. 93.9%
noted that their computer screen is clean and brigh
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The results of health condition and vision problemsng computer workers are
shown in the Fig.2.

Always Often Seldom Never
100 r

90
80
70
60 I
50
40
30
20

0 1 1 1 1 J
Good health Sore eyes Eye dryness Eyestrain Impaired vision
condition

Figure 2. Health condition and vision problems among compwiankers (n=199)

93.4 % of the people who answered, said their hegdis generally good. Always
and often 53.7% of participants reported eyest@ir? % experienced eye dryness and
33 % reported sore eyes and impaired vision.

Spearman’s correlations analysis showed relatipasbetween demographic
parameters, workplace lighting condition and heatimplaints. Negative correlation
between age and headache and tiredness has obgerveéti153p = 0.032r = - 0.176,

p = 0.013). Insufficient lighting was related to egg/ness (= - 0.206,p = 0.003),
eyestraini(= - 0.212p = 0.003) and sore eyes< - 0.179p = 0.012). Working hours
of computer use was positively related to eyestfrain0.171,p = 0.016) and sore eyes
(r = 0.150,p = 0.035). Screen reflection and flickering weresipeely related to sore
eyes, eye dryness and eyestraig 0.156,p < 0.011)

CONCLUSIONS

From 199 of the office and educational workers d72hem use a computer for
more than half of their working time to completeittworking tasks. There are windows
and curtains in all the working rooms. Almost haflthe workers found that natural light
affects their work performance. The lighting in therkplace is mostly sufficient for the
respondents and 89% of the workers believe the kiglour to be suitable for their
performance of duties. Work effectiveness was arfleed by lighting reflections from
work desks and computer screen. Working with aescaused for more than half of
the respondents eyestrain and 1/3 experienced miyes$, sore eyes and impaired
vision. Insufficient lighting, screen reflection daflickering related positively to eye
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dryness, sore eyes and eyestrain. The younger gegdaletected more often headache
and tiredness. To avoid eye vision problems is ee¢d measure workplace lighting
and evaluate risk factors.
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Methodological considerations when studying the eftt of
lighting on human performance
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Abstract. This paper is about research methods, which alloderstanding of how lighting
conditions affect human performandehe purpose of this overview is to compare mettods
measuring the effect of lighting conditions on hurparformance, in order to screen out methods
which require the least of time and monetary reseair Typically lighting research is contacted
in the laboratory or real workplace and human pertoice is evaluated if real or standard tasks.
The appropriate environment and task depend ometsearcher goal. Laboratory fits best for
theory intended research, while real workplaceadstrsuitable for directly applicable results.

Keywords: llluminance, human productivity, visual performanc
INTRODUCTION

There are three key concepts, which characteriggplaze ergonomics: system
integration, ergonomic design and human performgibkdn fact, all these concepts
work together and form a human-machine-environregstem. System integration is a
process of bringing subsystems together into os&esyin this way, that subsystems
work together to fulfil a common goal [2]. Geneyalbystems can't function without
input. Every process starts from the inputs whiaime from sources outside the system
(e.g. material, information, energy, etc.) and ewdh the outputs transformed by the
system (e.g. products). This process can run émlly subsystems work together.

Ergonomic design means making the jobs, workplaceguipment, and
environment compatible with the substantial mayojd]. As the name of the human-
machine system implies the human and the machwe daeciprocal relationship with
each other [4].

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

Working environments are sources of many formstiefss (physical, chemical,
biological, physiological and psychological fac)dss 6], but if we talk about stressors,
which imply financial expenditure, then air temperature, alpeity (ventilation) and
lighting are the ones, which requires some typenafrgy (electricity) to be controlled.
In the case of lighting, the effect of many vareb(circadian system, SPD etc.) is
currently unknown.

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

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

The purpose of this overview is to analyse diffeneethods for measuring the
effect of lighting conditions on human performairterder 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 lightind amrk, there is a need to
identify the routes by which lighting affect humawrk productivity. There are three
main routes: through the perceptual system, theadian system and visual system.
Perceptual system affects human work productivityhie case of inadequate lighting
conditions that produce eyestrain. Eyestrain issthess felt when the visual system has
difficulties with achieving the aim of the task [9]he circadian system can affect work
productivity through shifting and acute effectsiftéhg effect means that a phase of the
circadian rhythm may be shifted earlier or laterchanging illuminance. In the case of
acute effect, it's proved that alertness at nighy bre increased by bright light [10]. The
only route where lighting directly affects visiondavisual performance is through the
visual system. It is self-evident that in compldégkness it's impossible to complete a
visual task.

Different types of mechanisms maps are developexkpain the relationship of
lighting with health, well-being and human performa. A model proposed by Boyce
et al [11] proposes, that changing lighting comdlisi in an office directly affects workers
in three ways: changes visual capability, visuahfaot and perception of the conditions.
Through these changes worker's mood, motivatioril-lmeng and task performance
may be affected. In contrast, a simplified concaptaodel proposed by Juslen and
Tenner [8] where human performance is directlydithko profitability of the industry
and is affected through three main routes: visplabtobiological and through process
change. The most sophisticated model is proposdslolgge [10] which describes the
links between lighting conditions and visual penfiance, visual performance and
human performance, but also different effect medsfi

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

Another important issue is the understanding of diierence between visual
performance and task performance. Task performentee sum of visual, motor and
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cognitive performance. Visual performance includely the visual component of the
task. Cognitive performance deals with decision ingkand motor performance is
responsible for carrying out the action. None ekthis specific to the impact of lighting
conditions. Therefore, the importance of cognitirel motor performance should be
limited in lighting research. The best solutiontds design a standard task, where
cognitive and motor components are controlled dedr impact minimalised. This is
usually achieved with reaction time testing [12]some sort of visual acuity test [13,
14]. However standard task gives only limited infation about overall task
performance. As the importance of cognitive, matad visual components is not equal
and depends on the specific jobs, the changesiravperformance might not have the
same effect on the overall performance. If oneterast in productivity is connected
with actual productivity units (parts per minutegh the performance of the real task
should be measured.

In addition to the task, the venue or environmeinthe experiment must be
considered. Lighting research is usually conductétier in a range of existing
conditions [15]or in the laboratory [16&4nd participants are required to perform either
areal task [15¢r a standard task [17]. Such options may be cosaktable 1), however,
the applicability of the results does vary.

Table 1. The continuum of methods that can be used to medbkareffect of lighting
conditions on task performance. Summarised frorh [18

Environment Task Pros Cons
Clear understanding o Hard to control
performance. Results ) .
Real world Real . S confounding variable.
are directly appliedin| .. e
. Limited generalisability|
practice
Real world Standard - No useful information
Confounding variables
Laboratory Real are cqntrolled. Resqlts Limited generalisability|
are directly applied in
practice
Generalisability.
Laboratory Standard | Confounding variables Results_ are hal_rd to
apply in practice
are controlled

Real task in real world study is very specific megarnmprove existing conditions
or workplaces. If researcher’s objective is to destate the effect of an independent
variable (illumination and contrast) on the dependeariable (comfort and
performance), the best solution would be a stantdesldin the laboratory.
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CONCLUSIONS

There are a total of four methods to conduct ailighresearch and the approach
depends on the information one is interested inegkarcher’s interest in productivity
related to actual productivity units then a reaktan real world method should be used.
In this case, directly applicable results will bethgered. A standard task in laboratory
methods is most suitable for studies where the igdal study the general effect of the

lighting conditions.
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Job risk factors, musculoskeletal disorders and hdén among
restaurant workers
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Husbandry Engineering and Ergonomics

Abstract. Aim. The purpose of the study is to analyze job risktdiess and prevalence of
musculoskeletal disorders (MSDs) among waitersveaittessesBackground. The waiters and
waitresses are serving clients dishing up fooddairtks the whole day in standing position. They
are more likely to suffer from lower back pain, angled blood vessels and knee troubles. To
investigate the workers point of view the anonymettuestionnaire was conductédethod.

The anonymous e-questionnaire was sent twvdifers and waitresses, working full time in the
biggest Tartu conference centers in Tartu. Theeguoontained 69 questions about job risk
factors, work environment, workload, MSDs and Hebakhavior. Also the questions like “How
to improve work environment?” were included. Theamges of work efficiency among the
workers during the working day were measuresults. The results of the survey show that the
waiters and waitresses are working long hours.bipgest problem of the job is lower back pain
but only a few of participants of the survey hawasulted the doctor. The second bigest problem
is knee pain. None of the reasearched employeesuarently smokingConclusion. More
attention must be directed to job risk factors itmidish musculoskeletal disorders and health
complaints among restaurant workers.

Key words: musculoskeletal disorders, standing position, tjigh, work environment
INTRODUCTION

The waiters and waitresses are serving clientdrdjstnp food and drinks the
whole day in standing position. Studies have shtvat workers with similar work
pattern - standing job, walking, occational liftjfgave problems with lower back pain
and other musculoskeletal disorders [1,2]. Workimg standing posture on a regular
basis can cause sore feet, swelling of the leg&ose veins, general muscular fatigue,
lower back pain, stiffness in the neck and shosldand other health problems [2]. To
investigate the workers point of view an anonymgustionnaire was conducted.

The purpose of the study is to analyze job riskdi@c and prevalence of
musculoskeletal disorders (MSDs) among waitersveanttesses.

MATERIALS AND METHODS

To find out the job risk factors and musculoskéldisorders the anonymous e-
guestionnaire was conducted. The e-questionnaie vegsed on modified CUPID
(Cultural and Psychosocial Influences on Disabilisyrvey [3]. The questionnaire
contained 69 questions about job risk factors, vasmkironment, workload, MSDs and

147



Estonian University of Life Sciences Institute @chnology XI Master Students
Conference20.04.2017

health behaviour. There were 22 employees who aesw® the e-questionnaire,
participants were between the ages 19 and 33.

The data analyses of demographic parameters amisfotactors were based on
multiple-choice answers. General health was medsaurden-point Likert scale, where
0 was “very bad-" and 10 “very good health”. Ehsymptoms were measured with
“yes-no” answers. The data analyse was carrigdagth statistical program MS Excel
where descriptive parameters (mean + SD) were sedly

RESULTS AND DISCUSSION

There were 22 participants who answered to theestgqannaire . The average
age of the study group was 24+3,9 years rangingdszi 19 and 33 years old. Most of
the employees were aged 19 — 25. Avarege workeategth was 9,7+2,1 hours, varying
from 8 hours to 12 hours. The work hours varyednf@&0 to 180 hours in the month.
Four employees find work day to be too long, otlgrg the workday length optimal.
Only 8 employees do regular breaks during workdgyeople do breaks when they can
and others don't do regular breaks during workday.

From the reasearch group none of the employeesegirtmit 5 employees have
smoked regulary in the past. From the 22 people pénticipated in the survey most of
the employees evaluate their health good. Two @fetinployees evaluated their health
below average. From the 22 employees, 12 exemigdary. The most popular trainings
are group trainings (aerobics, pilates, finesshengym and running.

Workplace risk factors are shown in the figure heTigure 1 shows that the
most dangerous job risk factor is getting burnhweib hot object.

B Doesn't occur M Occures but isn't dangerous 1 Dangerous M Very dangerous

16
c 14
8 12
g
= 10
§ 8-
]
« 6 -
8
E 4-
=]
2 2 -
O .
Cut with an Risk of Risk of Risk of Risk of Risk of a
object  catching cold getting burnt slidingand getting hit  stumbling
with hot falling with an
object object

Figure 1. Assessment workplace risk factors
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The most likley risk factor to occur is the risk @fstumbling and the risk of
sliding and falling but majority of employees thitikat these risks are not dangerous.
Only one person thinks that there are very dangerisks at the workplace. These risks
are a cut with an object like knife or broken glagsk of catching cold because there are
big freezers in the workplace where emloyees saiigds and raw materials and the risk
of getting burnt with hot object. About half of iaipants mentioned that risk of getting
hit with an object and risk of getting burnt witlhat object don’t ever occur.

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

Lowerback Neck pain Shoulder Elbow pain Wrist/hand Knee pain
pain pain pain

Number of employees. n

ORLrNWAUIONOO

Figure 2. Prelavence of musculoskeletal disorders among@raps

The most frequent musculoskeletal disorders to m@uong waiters and
waitresses was lower back pain. Two-third of empésywho participated in the survey
had lower back pain lasting more than one day. Frbipeople who had had lower back
pain 8 employees related the pain with work ang onle of them had used sickleave
because of the pain.

The second most troubeling musculoskeletal diserdanong waiters and
waitresses were knee pain and neck pain. One-thisinployees had knee and neck
pain lasting more than one day. From those 8 peamle 3 of them related knee and
neck pain with their work.

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

To the question "How to improve the working enviroent” the workers
answered: the training on how to do the work mogeromically to minimize the health
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risks; compression stockings and custom solesvteridhe stress to legs; Stretch out
exercise during the day or at the end of the ddlgedroubling muscle groups.
The most common symptoms are shown in the figure 3.

ENo mfewtimesayear few times a month  Hfew times a week

el
ONDOOOONDIDO®OO®
!

Number of employees, n

Figure 3. The most common disease symptoms and occure freguen

Most of participants are affected by catching culote than a few times a year.
Four employees cought cold few times a month ingast year. More than half of
participants reported virus infections a few timegear. Eyestrain, sleep disorders and
headache were the most frequent symptoms repoyti lemployees. Four participants
had sleep disorders and headaches few times a Regjing in the ears, reduced vision
and voice problems were the rarest reported syngtaéihexcept of one employee have
been to work while sick.

CONCLUSIONS

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

The most frequent musculoskeletal disorders to m@uong waiters and
waitresses were lower back, neck and knee pain.

Most of employees are affected by catching a.dejekstrain, sleep disorders
and headache were the most frequent symptoms eelpdoytthe employees
Ringing in the ears, reduced vision and voice moisl were the least reported
symptoms.The most problematic fact is that almost of all émployees with illness
can'’t take a sickleave.
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