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ICMD conference is one of the oldest conferences, dealing with methods and applications in
the machine design in Central Europe.

The main aim of the conference is to provide an international forum where experts,
researchers, engineers, and also industrial practitioners, managers, and Ph.D. students can
meet, share their experiences, and present the results of their efforts in the broad field of
machine design and related fields.

Since 1960, when the first conference was organized in Melnik by Brno University of
Technology, more than 56 years have passed. The main aim of the conference was providing
an opportunity for professional experiences sharing in the field of machine design, gears and
transmission mechanisms.

The heads of Mechanical Design Departments decided to organize these conferences annually
first at the national and later at the international level and it is evident that the significance of
the conference has grown.

Historically, the conferences were organized in different places by different mechanical
design departments of Czech and Slovak technical universities.

In this year 2017 conference ICMD was organized by Department of Mechanical
Engineering, Faculty of Engineering, Czech University of Life Sciences Prague and it was
held in Czech Republic, Hotel Modra Stodola, which is located on the border of Prague in
small town Horoméfice (Horoméfice, Spojovaci 918) from 6" September 2017 until 8%
September 2017.

Department of Mechanical Engineering,

Faculty of Engineering, Czech University of Life Sciences Prague

The department is aimed at teaching of students in both theoretical and practical engineering
related disciplines including technical documentation, applied mechanics, strength of
materials, thermo-mechanics, hydromechanics and machine parts. The theoretical knowledge
gained by the students enhances their ability to solve practical or technical engineering
problems. The students also have the opportunity to study CAD application systems. The
Department employees, in the field of science and research activities, focus on mechanical
properties of agricultural materials, energy-intensive of agriculture and use of alternative
energy sources. The Department Staff are also involved in national and international research
projects or cooperation with foreign universities.
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OPERATIONAL PROBLEMS IN SLOW SPEED DIESEL ENGINES CAUSED
BY USE OF POOR QUALITY FUELS WITH HIGH CAT-FINES CONTENT

Andrzej ADAMKIEWICZ?!, Jan Bohdan DRZEWIENIECKI?

Maritime University of Szczecin, Poland, e-mail: a.adamkiewicz@am.szczecin.pl
2Maritime University of Szczecin, Poland, e-mail: j.drzewieniecki@am.szczecin.pl

Abstract

The article is focused on operational problems occurring in elements of slow speed, crosshead diesel
engines such as piston — piston rings — cylinder liner assembly and fuel injection pumps caused by use
of poor quality fuels with high content of catalytic fines. There are characterized common contami-
nants in these fuels with special attention to the most harmful the residual fuel catalytic particles so-
called Cat-Fines, specified the maximum limits and described their influence on engine’s tribological
pairs. Furthermore, this paper considers the operational precautions and treatment of poor quality
fuels with elaboration of specific procedures to prevent and reduce the influence of Cat-fines to tribo-
logical wear in engine elements and containing issues of condition monitoring of engine elements.

Key words: diesel engines; tribological wear; residual fuels; catalytic fines.

INTRODUCTION

Commercial demands towards ship managers to seek the ways to reduce operating costs combined
with environmental legislation demands related to the global use of residual fuels and operation of
vessels in certain areas called Emission Control Areas (ECA) create certain problems in safe and eco-
nomical operation of vessels propelled by slow speed engines. Nowadays, reducing the costs of the
ship’s operation is primarily related to fuel oil consumption and it is achieved by reducing the actual
ship's speed to the most economical speed or to so. very or extreme slow steaming. Furthermore, the
fact that the reduction of sulphur content in residual fuels is proportional to a higher average amount
of harmful catalytic fines (Cat-fines) used as a catalyst in the crude oil refining process, cause that
vessels are bunkered with poor quality fuels. According to the reports by Hill (2013) and the author's
research Study (2011, 2016), the reduced engine’s load conditions and the steadily deteriorating quali-
ty of fuel oils, may lead to the possibility of the various operational difficulties. They can include, inter
alia, the increased wear of the tribological pairs and their components mostly in the fuel system as
described by Bejger al. (2015) and Henderson (2014) and in PRC assembly: piston - rings - cylinder
liner as per research Study of author’s (2017), McGeary al. (2004) and Satermeister al. (2013) and
have decisive influence on their reliability. Therefore, it creates demands on implementation of opera-
tional precautions and improvement of efficiency in onboard fuel oil treatment which were the aims of
this study. The results have been presented here as elaboration of specific procedures to prevent ab-
normal wear in elements of slow speed, crosshead diesel engines such as piston — piston rings — cylin-
der liner assembly and fuel injection pumps and to reduce the influence of use of poor quality residual
fuels with high Cat-fines content on these elements by their condition monitoring.

MATERIALS AND METHODS

During normal operation, slow speed engines are supplied by residual fuels with sulphur content be-
low 3.5% (HFO — Heavy Fuel Qil) and in Emission Control Areas (ECA) by low sulphur residual
fuels (LSFO — Low Sulphur Fuel Oil). Besides, before entering the ports included in ECA fuel supply
must be changed from residual into distillate low sulphur fuels (MGO — Marine Gas Oil) as it was
described by authors (2011). The most common contaminants in these fuels are aluminum — silicon
compounds and foreign substances or chemical waste, hazardous to the safety of the ship or detri-
mental to the performance of machinery. The limit values for different fuel grades presented in Marine
Fuel Specification by Exxon Mobile Booklet (2016) indicate the minimum quality of fuel as supplied
to the ship ensuring good operating results with commercially available fuels within these limits.
However, engine’s makers are giving with much lower limits for fuels expecting a positive influence
on overhaul periods, by improving combustion as it is described in Wartsila Booklet (2007). Besides,
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as results from various Insurers, Classification Societies and engine maker’s reports described by
Henderson (2014) and Hill (2013) during last years it was noticed an increase in engine damage due to
poor quality of fuels containing catalytic fines, even though the fuels used by engines were within ISO
8217 specification limits and undergoing on board fuel treatment. It has shown that the most harmful
contaminants are catalyst particles being the reason in nearly 90% of the cases. The residual fuel cata-
lytic particles so-called Cat-fines are used as catalyst in the crude oil refining process called fluid cata-
lytic cracking (FCC). The left over after this processing are the remnants which main components are
formed in the catalysts alumina-silicates — hard ceramic compounds of aluminum and silicon having a
diameter of 5-150um, oval shape and the hardness near to grinding material. As per 1ISO 8217:2010
the limit for Cat-fines in bunkered fuels is 60mg/kg (ppm) once engine makers recommend that the
inorganic particles of size less than 5um in the fuel supplying to engine should be less than 20mg/kg
and that the contents of catalytic fines should be less than 15mg/kg. This implies that the vessel’s fuel
treatment systems should be able to meet these requirements. According to own study and the results
of majority of the fuel samples received and analyzed by DNV Petroleum Services, they were tested
allowing Cat-fines max limit at 80mg/kg and the example is shown in fig. 1 where residual fuels bun-
kered on two occasions had Cat-fines content at the level above of 65mg/kg.

80
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Fig.1 Cat fines content in bunkered residual fuels delivered in Fujairah over two years period of
VLCC operation based on DNV Lab results of bunker samples [own study]

Cat-fines damage mainly occurs in large slow speed main engines because the larger fuel injection
components allow sizeable Cat-fine particles get into the cylinders where lubricating oil is minimally
applied to the liner surface, and doesn’t wash them away. The minimum lubricating oil film thickness
between the liner surface and piston rings at Top Dead Center (TDC) according to McGeary al. (2004)
is down to 0.5um. Consequently, even very small particles captured between the piston ring and cylin-
der liner will contribute to the wear in the TDC area. Cat-fines get embedded into engine components
and cause abrasive wear to affected PRC assembly: cylinder liners — piston rings (fig. 2a, b) and fuel
system: pumps and injectors (fig. 2c¢, d).As it results from author’s research, the appropriate proce-
dures of filtration of fuel oil on board leads to a significant reduction in their content but not to their
elimination (6 mg/kg — tab. 1). The remaining in fuel catalytic particles due to their shape and size are
not retained even through fine filters with a degree of filtration 10-30um and still create a risk of in-
creased abrasive wear. During laboratory analysis of worn elements, catalytic particles were found in
surface layers of materials, and their average size as per Henderson (2014) was not exceeding 20um.
Generally, larger Cat-fines in the 10-25um range, are considered most likely to become embedded in
the engine parts, however, high amount of cat fines in the 5-10um range is likely to increase wear rates
as well.In compliance with Tier 11 NOx regulations and Energy Efficiency Design Index (EEDI) gui-
delines, diesel engines must operate under increased combustion pressures and reduced operating tem-
peratures. These regulations together with poor quality fuels have led to an increase in cold corrosion
which is according to elaboration carried out by CIMAC Working Group (2011) the most serious in
modern engine designs that have been modified for low-load operation.
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a) — abrasive wear of the 1%%(upper) ring with visible
scuffing wear marks on top and pilled out part of
the 2"(lower) ring. Cat-fines as hard grains causing
abrasive wear down to the surface by continuous
ploughing and scratching which displays vertical
scratches, the size of which depends on the dimen-
sions of the particles involved. These particles can
also affect the sides of the rings as they jam in the
ring groove, thereby causing "pitting" of the sur-
face.

b) — cold corrosion caused due to the engine opera-
tion at “low loads” combined with the increased
pressure and reduced temperatures within the engi-
ne cylindersthat created conditions below the dew
point, allowing water to condense on the cylinder
liner walls.That condensate combined with sulphur,
forming sulphuric acid — corroding the liner surface
and creating excessive wear of the liner material.

c) — solid fuel deposits covering Fuel Injection
Pump’s (FIP) spring and plunger. Formation of
deposits in FIP parts during engine stoppage due
to poor quality fuel comes to deposition and hard-
ened remaining of residual fuel in spring chamber
and the lower part of plunger causing precision
pair — plunger barrel (BP) is stuck. This leads to
difficulties and/ or impossible to start the engine,
and therefore require replacement of FIP with
stuck parts and/ or its cleaning/ repair.

d) — abrasive wear in FIP plunger with visible
scratches caused by fuel with Cat-fines. The pres-
ence of Cat-fines between small radial clearances of
BP precision pairs causes scratches of running
surfaces, difficulties in maintaining of an oil layer
between them and leads to accelerated abrasive
wear that may cause decrease of maximum combus-
tion pressure, and therefore reduction in indicated
power obtained from the cylinder, and even can
lead to engine stoppage.

Fig. 2 Abnormal wear in slow speed diesel engine elements caused by poor quality fuels [own study]:
a, b — piston rings and cylinder liners (PRC assembly) observed during inspection through scavenge
ports; ¢, d —fuel oil injection pump (FIP) elements condition investigation due to pump’s failure

RESULTS AND DISCUSSION

As presented in the previous chapters, there is a strong need for implementation of operational precau-

tions and improvement of efficiency in onboard fuel oil treatment once consuming poor quality fuels.

Based on own research, the authors elaborated the following procedures to prevent/ reduce the influ-

ence of Cat-fines to tribological wear of engine’s elements:

Fuel oil storage and distribution on board:

1. Frequent draining of settling and service tanks to remove water and Cat-fines as they have tenden-
cy to settle at the bottom. They could be mixed when the sediment is churned up in rough weather
and circulate in quantities beyond the capacity of on board fuel treatment plant.
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2. Bunker tanks should be stripped as low as possible because new bunkers should preferably be
placed to empty tanks, and blending of different fuels avoided. If blending is deemed necessary al-
lowable proportion should be 20:80 and an adequate compatibility test performed.

Fuel oil treatment:

3. The most affective units which can deal with Cat-fines in fuel are purifiers that act as centrifugal
force is utilized to accelerate the separation process among elements with different density.

4. If the purifier uses gravity disc (conventional purifiers), it is advisable to select one size larger
gravity disc than that recommended by the manufacturer of the purifier. Correct gravity disc, along
with steady feed temperature as close as possible to 98°C without fluctuation, determines the posi-
tion of the oil-water interface (an unstable interface will spoil the efficiency of the plant).

5. Two purifiers should be used in parallel with minimum output and de-sludge at 30 min interval.
This will ensure the longest possible retention in the centrifuges and enables optimal efficiency for
removal of Cat-fines from very high content of 73 mg/kg to 6 mg/kg with efficiency above 85%. In
the contrary, when only one purifier was in use Cat-fines content was reduce to 22 mg/kg — tab. 1.

6. Fuel oil fine and auto backwash filters should be operational and all fuel oil drains should not be
reused but incinerated or consumed by auxiliary boiler.

Usage of poor quality fuel

7. The vessel should have sufficient fuel on board to avoid using of newly bunkered fuel without ob-
taining and acting on the results of fuel sample analysis sent after bunkering.

8. It is recommended that a proper Fuel System Check (FSC) is carried out by taking samples
throughout the fuel system at intervals of 4-6 months. However, FSC Samples should also be taken
whenever Al/Si as bunkered exceeds 40 mg/kg. Subsequently, the recommendation is to carry out
proper testing of samples taken before and after the purifier(s), at the same time. The samples
should be sent to accredited laboratories as DNV Petroleum Services for analysis — tab. 1.

Tab. 1 Juxtaposition of Fuel System Check (FSC) results for HFO samples taken before (D) and after
purifier (E) for different residual fuels with high Cat-fines content (A) [own elaboration]

Date Analysis Results — particles [mg/kg]
Sampling | Density | Water | Sulphur Cat Fines
Bunkering | Sampling | Point [kg/m?] [%] [%6] V | Na|Al|Si| [mg/kg]
07.02.13 A 989.2 0.06 3.52 54138 33|32 65
26.02.13 D 989.4 0.04 3.62 52132]19 18 37
E 989.1 0.05 3.63 531301111 22
27.01.14 A 989.7 0.1 3.41 89120 (34|39 73
D 989.8 0.07 3.49 92122 |7 |7 14
21.02.14 E 989.8 0.09 3.42 95122| 3|3 6
29.01.15 A 990.5 0.14 3.29 43| 21 42
D 990.4 0.14 3.34 45| 21 38
11.02.15 E 990.9 0.05 3.39 45|11 6

Condition monitoring of engine elements:

9. As far is practical, the condition of cylinder liners and piston rings from scavenge ports should be
visually inspected for any abnormalities which were detailed described by authors (2017).

10. Regular engine’s performance (combustion pressure measuring) in regular intervals with trend
analysis should be measured and analyzed to confirm condition of fuel system.

11. Application of further assessing methods of the condition and wear of PCR during operation of
large slow speed engines by collection of cylinder drain oil (CDO) from under piston spaces in-
cluding the measurement of Fe-content by spot or online methods (fig. 3) that were subject of re-
search study by authors (2017), McGeary (2004) and elaborated by CIMAC (2011).

Regular intervals of testing with trend monitoring allow to control over abrasive wear caused by pres-

ence of Cat-fines in fuel indicated by presence of iron wear particles. In addition, a new method ena-

bling to monitor specific levels of both metallic and corroded iron in cylinder oil, may protect and
prevent against Cat-fines attack — fig. 3 and lead to diagnosis based on condition monitoring.
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Fig. 3 Severe Cat-fines attack documented by means of Kittiwake online equipment measuring the
content of iron wear particles it peaked to more than 2,500 mg/kg [8]. Before attack, the iron level was
below 200 mg/kg (Cat-fines alert) as on the picture confirmed by Iron Test [own study]

Knowing the amount of iron in the cylinder scrape down oil related to wear trend in PRC as well as
the remaining alkalinity reserve (TBN) — fig.4 is the essential requirement to adjust appropriate cylin-
der oil feed rate depended also on engine’s load and sulphur content in fuel as well and to minimize
the impact of the escalating challenge of cold corrosion reported by CIMAC Working Group (2011).
The authors’ study on interpretation of used oil analysis results and diagnosis of machinery condition,
based on precise knowledge of the equipment and experience with operating conditions as the engi-
neering staff on board the vessels backed up by the scientific knowledge and research listed in the
author's article giving support from reported incidents and other complimentary information.
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Fig. 4 Relationship of key values (time-series) among cylinder oil feed rate and total iron content in
cylinder drain oil in relation to fuel sulphur content and alkalinity reserve [own study]
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CONCLUSIONS

The mentioned in this article issues can lead to the following conclusions that can help to understand
the core of the problem in operation of slow speed crosshead diesel engines supplied by poor quality
fuels with high Cat-fines content, especially once they are running under “low load” condition, mini-
mize cold corrosion appearance and prevent the escalation of engine damages and related both in de-
lays in commercial operations and unnecessary additional costs and insurance claims as well:

Bunkered poor quality fuels containing Cat-fines impurities even with very small particles are
found to be responsible for wear cases in slow speed engines’ tribological nodes such as piston —
piston rings — cylinder liner assembly and precision pairs of fuel injection pumps. The problems
which arise due to Cat-fines are often unexpected as they are not always evenly distributed in the
fuel and are sometimes present even when they do not appear in the analysis results.

In order to reduce the risk of encountering high wear rates, the Cat-fines content in the bunkered
fuel must be reduced significantly by onboard fuel treatment system before entering the engine to
meet recommended by engine maker’s limits. The results should be confirmed by checking of Fuel
System Check samples in accredited laboratories or implementation of on line analyzers. It should
also include engine performance and Iron powder tests by on-site methods with trend monitoring
which are not so precise as lab results but are immediate what is very crucial factor in evaluation of
each cylinder conditions, combustion and lubrication, confirming which units are functioning cor-
rectly and pointing those require attention. The further study will also identify reasons of possible
malfunction and help to find the remedy.

Effective Onboard Fuel Management System could minimize and significantly reduce the risk of
engine break-down and lengthy/costly repairs caused by off-spec bunkers if have been implement-
ed and followed at all times. Therefore, ship managers should provide an internal review of their
Bunker Handling and Management plans and enhance planned maintenance systems by in order to
provide early identification of fuel related problems.
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Abstract

The aim of this study was to analyze and compare the impact of two low-temperature energy sources,
air and linear horizontal ground heat exchanger (HGHE), on the energy effect of a heat pump and
their contribution to fulfilling the objectives of reducing fossil fuel consumption. The results of opera-
tional verification and statistical analysis showed that linear HGHE is a more favorable low-
temperature energy source for heat pumps than air in terms of expected energy effects. The set of tem-
peratures of the heat transfer fluid from a linear HGHE showed higher average and median values,
and less variability in comparison with the corresponding set of air temperatures. Temperatures of the
fluid in linear HGHE were positive over the entire heating period and more than 73% of the data were
higher than the temperatures of air. A higher value of the energy effect of the linear HGHE expressed
by a comparative coefficient of performance, &, of reversed Carnot cycle, also showed higher benefits
of this low-temperature energy source with more significant impact on consumption of fossil fuels.

Key words: low-temperature energy source; temperature; air; ground massif; heat pump; heating
factor; Carnot cycle.

INTRODUCTION

Water and air, and both ground and rock massifs are important and frequently used low-temperature
energy sources for heat pumps. Exploitation of surface or underground water as low temperature heat
source is very limited because of the nature of its availability, complex legislation, variability of water
flow and instability in heating power. Installation of the energy system is easier and cheaper when
using air. The environmental aspect of the use of air is also important. This system affects the heat
balance of the surrounding environment minimally. The energy delivered from the air to the heat
pump evaporator returns to the environment as thermal losses in the exchanger. Horizontal ground
heat exchangers (HGHE) with different pipe configurations, most commonly linear and slinky types,
installed at depths of 1 to 2 m are used in Europe to obtain thermal energy from the ground. In the rock
mass, vertical heat exchangers, mainly in the form of single or double U-tubes, installed in boreholes
of depths of 70 to 200 m, are used to obtain heat energy. The heat transfer fluid, which is heated and
fed to the heat pump evaporator flows through both of the heat exchanger types.

By 2007, the most annually installed heat pump type in the Czech Republic were those for which the
low-temperature source for the evaporator was ground or rock massif. In 2006 alone, 4.82% of in-
stalled heat exchangers were of air to air heat pumps, 38.07% of air to water, 53.79% of ground to
water and 3.32% of water to water heat pumps. However, in subsequent years, sharp falls were record-
ed in the installation of ground to water heat pumps. In 2014, the shares in total heat pump installation
of ground to water, water to water and air to water heat pump types were, respectively 19.58, 0.59%
and 79.83% (Bufka, Rosecky, 2016). Similar trends in changes in the share of low-temperature energy
sources for heat pumps were also reported by L u nd and B o y d (2015) in the global geothermal en-
ergy use report. The main reason why investors prefer air to water heat pumps is because of its signifi-
cantly lower investment costs compared to other low-temperature sources. Furthermore, its installation
is easy and simple. For this reason, manufacturers have payed exceptional care to innovations and
expansion of the possibilities of using air to water heat pumps. Success has been particularly achieved
in the use of air as a low temperature source. Contemporary heat pumps can work with air at tempera-
tures -15 °C or lower without any problem and can be delivered as block, compact units already filled
with refrigerant, which significantly simplifies installation.
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The primary objective of using renewable energy sources is first of all to reduce fossil fuel consump-
tion. The open question is how the above-mentioned low-temperature sources contribute to meeting
the goals of reducing fuel and energy consumption.

Modelling of heat transfer fluid temperatures in HGHEs and VGHEs (Vertical Ground Heat Exchang-
ers) was addressed by F 1 orid e s etal (2013). In particular, they evaluated the effect of linear
HGHE pipe spacing on the fluid temperature. Their results indicated that increase in the HGHE tube
spacing caused decrease in the temperature of the heat transfer fluid. B a n k (2012) stated that the
temperature of the HGHE heat transfer fluid varied between +5 and -5 ° C during operation. VDI
(2001) recommended that the temperature of the heat transfer fluid from the heat pump into the ground
loop should not differ by more than + 12 © C from temperature of ground mass without HGHE. The
performance and economic comparison of low-temperature energy sources (VGHE, HGHE, air) for
heat pumps were dealt with by P e titand M ey e r (1998) who pointed out that whereas VGHEs
provided the best performance, HGHE achieved more favorable heating factor (COP) than VGHE
compared to air and VGHE as well. Also HGHE appeared to be the most cost effective.

The aim of this article was to analyze and compare the influence of two low-temperature energy
sources used in heat pumps on the energy effect of the heat pump and their contribution to meeting
targets of reducing fossil fuel consumption. In terms of frequency of use, air and linear HGHE with
configuration most commonly used in the Czech Republic were selected for analysis and comparison.

MATERIALS AND METHODS

Theoretical analysis
The energy effect of the ideal reversed Carnot cycle operating between the temperatures T, and T, at
which we supply and dissipate the heat can be expressed by equations (1) and (2):

T
g =" ¢y
T,-T,
T
& = 2
h T, )

Factor & (cooling) is used to express the energy effect during cooling and &, (heating) when express-
ing the effect during heating. It follows from both equations that the effects are dependent on the tem-
perature difference between T, and T,. The smaller the temperature difference - which represents work
input brought into the cycle - the greater the effect of the ideal Carnot cycle.

The use of the ideal Carnot cycle is advantageous in our case because it enables to express the energy
effects only depending on the temperatures mentioned. At the considered constant temperature T, the
energy effect evaluated when using the cycle for heating is dependent on temperature- Th.

Materials and methods of measurement

The linear horizontal ground heat exchanger was made of a polyethylene tubing PE 100RC 40x3.7mm
(LUNA PLAST a.s. Hofin, Czech Republic) resistant to point loads and cracking. Tt was not placed in
a sand bed. Exchanger tubing with a total length of 330 m (41.473 m?) is installed at a depth of 1.8 m
in 3 loops with a spacing of 1 m. The length of each loop was 54.62 m. The heat transfer fluid flowing
through the exchanger was a mixture of 33% ethyl alcohol and 67% water. The MTW 3 electronic
heat meter (manufactured by Itron Inc., Liberty Lake, USA) was used to measure the total heat flow
through the horizontal heat exchangers, recording the flow and temperature of the heat transfer fluid at
the outlet t 1 and the inlet t., to the ground heat exchanger. The temperature of the ground massif tg at
a distance of 10 m from the linear HGHE was measured by the GKF 200 temperature sensor (manu-
factured by GREISINGER electronic GmbH, Regenstauf, Germany) and recorded by the ALMEMO
5990 measuring station. The subject of the evaluation and statistical analysis were the exit tempera-
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tures of the fluid from the linear HGHE t.» and the ambient temperatures te, corresponding to the tem-
perature T, in equation (2). Ambient temperatures were measured at a height of 2 m above the ground
surface and 20 m away from horizontal ground exchangers by the ALMEMO FHAG646AG sensor
(manufactured by AHLBORN Mess-und Regulungstechnik, Holzkirchen, Germany). All temperatures
were recorded in quarter-hour intervals and an hourly average was calculated from these values. The
test was conducted for 217 days in the heating period from 17 September 2012 to 22 April 2013, so
the basic statistical set for the evaluation of individual low-temperature energy sources were 5,208
temperature values. The results were evaluated using STATISTICA (StatSoft, Inc. 2013) and MS Ex-
cel (Mosna, 2017). Basic descriptive characteristics of the location, variability and distribution of the
data sets were determined. The energy effect of the comparative ideal reversed Carnot cycle expressed
by the heating factor & according to (2) was also evaluated, where a constant temperature To = 55 °C
was considered.

RESULTS AND DISCUSSION

Basic descriptive statistics of temperature data of two low-temperature energy sources are summarized
in Tab. 1 and in box plots (Fig. 1).

Tab. 1 Basic statistical characteristics of the data sets

- Low-temperature energy source
Characteristics p ay

Air Linear HGHE
Mean X (°C) 5.47 8.13
Standard deviation S (K) 6.35 451
Variation coefficient VK (%) 116.12 55.43
Minimum Xmin (°C) -15.80 1.67
Maximum Xmax (°C) 28.60 17.82
Range R (K) 44.40 16.15
Median X (°C) 5.10 6.37
Mode X (°C) 6.00 6.00
Lower quartile Q1 (°C) 1.00 4.62
Upper quartile Qs (°C) 9.10 11.45
Interquartile range Qs- Q1 (K) 8.10 6.83
Coefficient of skewness A (-) 0.55 -0.76

A considerable variance was observed in the air temperatures data set; the standard deviation S was
greater than the arithmetic mean, and the variation coefficient VK thus exceeded 100%. On the other
hand, the variance in the data of the linear HGHE was significantly lower; the standard deviation S
was approximately half the arithmetic mean which corresponded to a VK of approximately 55%.

The high variation in air temperatures negatively affected the process of heat transfer in the evaporator
particularly in terms of changes in differential temperatures of air supplied to the evaporator and the
evaporation temperature of working fluid of the heat pump.

The box plot (Fig. 1) shows the medians, quartiles and extreme values and thus gives general infor-
mation on the both data sets. Firstly, there is a clear difference in the range values R. It is also apparent
that a half of the air temperature data are within the interval from 1.00 to 9.10 °C and half of the
HGHE temperature data are within the interval from 4.62 to 11.45 °C. The values of the lower and
upper quartiles Q1 and Qs in the linear HGHE data are higher than the corresponding values in the air
temperature data (by 3.62 and by 2.35 K, respectively). The interquartile ranges Qs — Q1 in both data
sets were not much different (about 1.3 K). In the air temperature data, the interquartile range repre-
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sented only 18.24% of the range R, whereas the interquartile range in the linear HGHE data set corre-
sponded to 42.29% of R. This comparison also demonstrated the lower temperature variability in the
linear HGHE.

Both aspects, i.e. the position of the interquartile range towards higher temperatures and lower varia-
bility of temperatures, had a positive influence on the effect of the heat pump.

From the point of view of efficient use of low-temperature sources, the interval and temperature distri-
bution between the lowest temperature Xmin and the lower quartile Q, containing 25% of all tempera-
ture values, were also significant. In the air temperature data set, 25% of the data were within the in-
terval from -15.80 to 1.00 °C; whereas in the linear HGHE temperature set within the interval from
1.67 to 4.62 °C. Low evaporation temperatures of the heat pump working medium, together with the
high frequency of low-temperatures of air with high relative humidity caused freezing of the evapora-
tor and consequently a more frequent defrosting of the equipment was necessary. Due to the increase
in electric power consumption for reverse operation of the heat pump, the effect of the whole system
decreased.

The large interval between upper quartile Qs and the highest air temperature Xmax from 9.10 to 28.60°C
can be explained by higher air temperatures at the beginning and at the end of the heating season. In
the case of linear HGHE, this interval was significantly smaller, i.e. from 11.45to 17.82 ° C.

30
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Fig. 1 Box-whisker plots of temperatures of the low-temperature sources
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Fig. 2 Histograms of temperature relative frequencies in low-temperature sources

The distributions of the temperature data were further depicted in histograms (Fig. 2) generated from
data sorted into intervals of length 3K. The mode X in both datasets was estimated as the center of the
interval from 4.50 to 7.50°C with a frequency of 42.86% in the linear HGHE data set and a frequency
of only 19.37% in the air temperature set. The histogram shape and the relations X = X = X, they
both indicated a symmetric distribution of the air temperature data. On the other hand, the data of line-
ar HGHE were mostly concentrated to the left of the mean and X < X < X (see Fig. 2 and Tab. 1),
hence the data distribution can be considered as left-handed asymmetric one. Nevertheless, a right-
handed skewness has not been proven (see coefficient A close to zero in Tab. 1).

Temperatures of the heat transfer fluid in the linear HGHE were positive with the average value of
8.13°C which was about 3 K greater than stated by B a n k s (2012). With respect to HGHE pipe spac-
ing, the temperature of the heat transfer fluid were in agreement with results presented by Floride
s etal. (2013). When the temperatures of the heat transfer fluid in the linear HGHE and air systems
throughout the measured period were compared, 73.6% of the HGHE temperatures were observed to
be higher than the air temperatures. This corresponded to the significantly higher average of HGHE
data than the average of the air data (confirmed by t-test on common level of 5%).

Higher temperatures of the heat transfer fluid are associated with higher heating factor &, (2). There-
fore, the frequency of higher temperatures in the linear HGHE confirmed greater energy effects of this
low-temperature source. For both low-temperature sources, the heating factors &, were calculated ac-
cording to (2) and evaluated throughout the monitored heating period and especially in the reduced
part where the air temperatures were less or equal to zero, which represented 20.12% of the data. The
results, i.e. the heating factor averages & and standard deviations S, are summarized in Tab. 2.

Tab. 2: Heating factors &, and standard deviations S during the whole heating period and from reduced
data at ambient temperatures t. <0 °C

Whole heating period  Reduced data, t. <0 °C

a () S(9) a () S()
Air 6.75 1.00 5.71 0.22
Linear HGHE 7.07 0.74 6.59 0.28

The energy effect of air was influenced by higher air temperatures at the beginning and at the end of
the heating period when almost 10% of the data exceeded the maximum temperature of the HGHE
heat transfer medium. At negative air temperatures, the heating factor dropped below to the average
value of 5.71+0.22. Mean values of heating factor &, of air were lower than at linear HGHE and that
difference was more pronounced in the reduced data (t-tests also confirmed significant differences).

In the context of the recommendation of the German standard VDI (2001) cited earlier, the tempera-
ture differences t.1 of heat transfer fluid exiting the heat pump and the temperatures ty of the ground

12
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massif measured outside HGHE at the same depth of the massif were evaluated. The statistical analy-
sis revealed that the average temperature difference Aty = t; — t.1 = 3.52+2.68 K, maximum difference
Atmax = 9.46 K. Hence, the temperature differences did not exceed the recommended range.

CONCLUSIONS

The results of the operational verification and analysis have shown that linear HGHE is a significantly
more favorable low-temperature energy source for heat pumps than air in terms of the predicted ener-
gy efficiency benefit. The set of temperatures of heat transfer fluid of linear HGHE had less variabil-
ity, the upper and lower quartiles and the median values were higher in comparison with the corre-
sponding air temperatures. Fluid temperatures were positive throughout the heating period and more
than 73% of the values were higher than corresponding air temperatures. The higher value of the ener-
gy effect in the linear HGHE, expressed by the heating factor & of the comparative reversed Carnot
cycle, demonstrated higher benefits of this low-temperature energy source. These favorable character-
istics of a fluid temperature set from linear HGHE had a positive effect on the operation of the heat
pump and on reduction of fossil fuels consumption both in the heating system and for the heat pump
drive. The achieved results meet the objectives of the research papers presented in the introduction of
the article. It is now necessary to seek ways to promote the application of low-temperature energy
sources for heat pumps since they are more efficient than the currently widely used air.
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Abstract

A car collision with a barrier or with another vehicle results in a necessity of repair and the costs are
usually not low at all. It causes problems of abuse by reporting fake car collisions. The research methods
presented in the article applying computer methods executed with the SDC method facilitate an efficient
verification of car collisions which, in fact, did not occur. Research methods executed in the SDC con-
vention use the static, dynamic analysis of vehicle damage as well as the analysis of characteristic dam-
age. To automate the decision-making process during the crash verification with the SDC method, the
author's IT tool to be applied in practise was also developed. The research with
a set of real road traffic damage already at the stage of civil-law proceedings shows that insurance
companies face a problem of a lack of effective computer methods which would allow for eliminating
fake vehicle collisions.

Key words: SDC method, vehicle collision verifying.

INTRODUCTION

The repair costs, to be borne to restore the vehicle to its before-accident condition, are the cause of fake
car collisions. Insurance companies see the problem of insurance crime, however, to manage claims,
they do not introduce any computer methods applied in mechanical engineering in
a form of simulation programs for vehicle collisions, databases of vehicle vector styling and IT tools
aiding the decision-making process.

The possibilities of applying the proposed method to eliminate insurance frauds have been described in
another paper (Aleksandrowicz, 2017a), and verifying vehicle collision with the SDC method requires
dividing the process into three groups of computer research methods.

The first group includes a static analysis of damage inflicted during the collision of vehicles (S). The
aim of applying the proposed procedures in that group is verifying the geometrical agreement of the
damage of vehicles involved in the declared collision. The procedure uses the databases of vehicle vector
stylings and their photographs (http://www.autoview.at).

The second group of research methods uses IT tools for a dynamic analysis of collisions and its aim is
to verify whether such collision could have occurred in the circumstances reported. The analysis in-
volves both verifying the vehicle crash itself and time and space relations between the participants of
the collision reported to the insurance company. Dynamic analysis uses simulation programs offering a
selection, adequate to the damage verified, of model and parameters of the crash and collision detection
model as well as computations to determine whether time and space relations necessary for the contact
between the simulation objects exist. Another paper (Aleksandrowicz, 2017b) discusses a selection of
the applicable model of wvehicle collision and collision detection while working with
V-SIM4 program (V-SIM4.0 — User manual, 2016) used for a dynamic verification of vehicle collisions
with the SDC method, whereas papers (Kostek, 2017a,b et al.) cover identifying impact parameters
based on crash tests and a simulation of vehicle collision with a barrier to be applied in V-SIM4 program
by road accident reconstruction and claims verification practitioners. Using software for
a dynamic analysis, one should also consider an effect of uncertainty of the input data on computation
results. With that in mind, it is most effective to use the modules of simulation programs which facilitate
optimization calculations, e.g. with the Monte Carlo method, which has been covered in other papers
(Wach & Unarski, 2007a,b).

The third, and the last, group of research methods includes an analysis of damage characteristic at the
place of contact of vehicles during the crash or collision with a e.g. elements of roads infrastructure.
Additionally, to provide a more detailed pattern of verifying the collision with the SDC method and the
operation of the  dedicated IT tool aiding the  decision-making  process
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(http://wim.utp.edu.pl/dok/wyklady/analiza_sdc.xIsm), a demonstration film was recorded
(https://www.youtube.com/watch?v=91rYSnVrbs4&feature=youtu.be).

This paper aims at demonstrating the SDC method developed to verify vehicle crashes and the author's
IT tool facilitating a decision-making process to identify and to eliminate post-accident repair claim
frauds.

MATERIALS AND METHODS

For the purpose of this paper, vehicle collisions were examined for 84 claims applying the following
SDC method procedures. Further analyses involved the use of the computer program developed by the
author; the program automates the decision-making process to eliminate post-accident repair claim
frauds.

Static analysis can use research methods which compare real objects in a form of vehicles or their ele-
ments, photographs of damaged vehicles or vehicle vector stylings. Performing a transparent superpo-
sition involves superposing scaled photographs of both vehicles; one which is less transparent, which
allows for a geometrical comparison of damage as in real-life objects, Fig. 1.

Vehicle vector stylings, on the other hand, are imported to the simulation program in the real scale and
proportions and their shapes are the shapes of vehicles taking part in the collision reported; they can be
used to perform geometrical measurements of the damage zones overlap, Fig. 2.

Fig. 1 Combinations of research procedures in the block of static analysis of the vehicles collision,
transparent superposition.

E_% —
= g7 W N
=T L= o % Tz ®

Fig. 2 Combinations of research procedures in the block of static analysis of the vehicles collision
a comparison of damage zones in vehicle vector stylings.
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Figures 3 and 4 demonstrate the results of the dynamic verification of a truck collision with a passenger
car as well as with a tree (https://www.youtube.com/watch?v=91rYSnVrbs4&feature=youtu.be).

Fig. 3 Visualisation of dynamic verification performed in V-SIM4, a collision between a passenger car
and a truck.

Fig. 4 Visualisation of dynamic verification performed in V-SIM4, a crash of a truck into the tree.

To verify characteristic damage of vehicles, data from inspections of vehicles or photographs taken at
the resolution allowing for multiple magnification are used. The analysis aims at identifying the marks
of contact between the vehicles in a form of shape mapping, paint layers, organic substances, etc.

Fig. 5a presents a sample mark of shape mapping of a truck hub cap on the passenger car fender as well
as paint layers the colour of which correspond to the colour of that hub cap. Fig. 5b demonstrates traces
of organic  substance  (bark) blocked in  deformed, after the crash into
a tree, structures of the left corner of road tractor cabin.
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Fig. 5 Characteristic damage in a form of truck hub cap shape mapping on the passenger car fender and
paint layers from that hub cap (a) and bark identified in the road tractor cabin (b).

In order to improve the research methods effectiveness, an IT tool has been elaborated to provide deci-
sion variants after entering the results of procedures S, D, C of a damage verified. Fig. 6 and Fig. 7
demonstrate the program dialog boxes (http://wim.utp.edu.pl/dok/wyklady/analiza_sdc.xIsm).

Vehicle Damage Claim Notification

Claimant’s vehicle Offender’s vehicle Accident scene
inspection inspection inspection
Stepls Select: |

)

Fig. 6 Entering the input data in the dialog box.

17


http://wim.utp.edu.pl/dok/wyklady/analiza_sdc.xlsm

58t ICMD 2017
6 - 8 September 2017, Prague, Czech Republic

Za

)

SDC Analysis ]

v
L STATIC ] [ DYNAMIC ] [ Verification of ]
Verification Verification CHARACTERISTICS
Sieps: [Select: |
@ Deposits
" Damage mapping

R

" Damage multiplication

Il

" No data availahle

|l

-

|\l

Il

r

Fig. 7 Entering procedures S, D, C results in the dialog box.

RESULTS AND DISCUSSION

The research covered 84 claims of vehicle damage where the insurance companies refused to pay dam-
ages and the damages were claimed in court proceedings. To verify the decision of the insurance com-
pany in each case, the SDC method was applied. The analysis was performed applying procedure S, D,
C and data was entered into the program to support decision-making. Letters P and N, positive or nega-
tive, stand for the result of each procedure, as compared with the total result received with the SDC
method, for the results, see Fig. 8

100%

81,94%
77,78%

73,61%

mP[%]
m N[%]

Result S Result D Result C Total result SDC

Fig. 8 Results of the study applying the SDC method.
The results of the examination with the SDC method have shown that only 34.72 % of the claims were

correctly verified by insurance companies, and payment for the other 65.28 % should have been made
already at the stage of claims management, without court proceedings.
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CONCLUSIONS

Motor insurance crime is a very important social problem. For example, the issue of motor insurance
frauds, as compared with the situation in the Czech Republic and in Germany, is presented in another
paper (Rabek, 2013). However, in practice, a comprehensive claims verification such as in the proposed
SDC convention together with decision-making process automation to eliminate fake collisions does not
occur.

Bearing that in mind, it is the author's intention to encourage the application of such new approach in
the SDC convention to verify car collisions using the program developed for that purpose to automate
the decision-making process. The program offers decision variants to the operator and it has been spe-
cially developed following the MS Excel standard described in another paper (Walkenbach, 2014),
thanks to which it can be applied by a high number of users with that popular software package.

The verification results point to serious problems of insurance companies verifying frauded damage
claims both at the claims management stage and at the stage of disputes settled by the court, whichgen-
erates unquestionable losses for the parties to the proceedings.

Verifying claims with the proposed SDC method and the program developed to aid decision making is
a new research, development and improvement area.

It is the author's intention to demonstrate the results of further research in successive articles.
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Abstract

The article deals with the assessment of the customer comfort of controlling the side-cars-door and the
creation of measuring devices for its objectification. The aim is to describe to the reader different ap-
proaches and the creation of a customer assessment methodology in the automotive industry. The col-
lected data helps the automotive industry to innovate existing parts, construct new ones, reduced claim
and production costs. The result is satisfaction customer's needs with a focus on a particular customer
group.

Key words: Energy measurement, speed measurement, automotive industry, quality, customer comfort.

INTRODUCTION

Automobile manufacturers are looking for an opportunity to reach out to the customer, offering him
added value. They use process and existing methods such as Customer design for X - DFX (1), Failure
Mode and Effects Analysis - FMEA described by H u a n g (1996) , Advanced Product Quality Plan-
ning-APQP mentioned by Stam ati s (2003),. The automotive industry often used Lautes Denken
methods usedby Zhao,Brown, Kramer, & X u (2011). For repeatability, all processes need to
be checked to guarantee product quality. Car manufacturers follow the 1ISO 9001: 2015 standard,
which establishes a link between company management, quality management system, customer requi-
rements, allocation of competences, and more accurate targeting of market expectations. Newly, the
introduction of a risk management system. These standards are defined and controlled in the Czech
Republic by means of the Czech Accreditation Institute. The Czech Accreditation Institute (CIA) pro-
vides the accreditation of persons, certification of authorities according to CSN EN ISO/IEC 17021-1:
2016 or the quality management system. Means of law 505/1990 collections. the measurement, measu-
ring equipment and systems are defined. Next it determines gauges, catalogs them, recommends
calibration periods, defines the measurement process.

This article focuses on the preparation of technical measuring instruments. These specialized measu-
ring devices evaluate the door closing speed and the total energy needed to close, open or progress the
door control. We will explain the analogy of both approaches to evaluation and measurement of
customer comfort. In the examples, it demonstrates the weaknesses and strengths of both methods in
detecting manufacturing or user defects. The aim is the creation of a measuring device that describes a
subjective customer assessment using measurable physical parameters. Another objective is to create a
methodology that guarantees the repeatability and comparability of measurements. The obtained data
are used by the automotive industry at the stage of development, production control and claims analy-
sis. The priority is to reduce claims and production costs and to meet customer needs with a focus on a
specific customer group focusing especially on a particular customer group.

MATERIALS AND METHODS

The principle of measuring the closing speed is the measurement of the time at which the measured
object will run between two points on a defined path. By deriving the path by time, then determine the
velocity according to the formula (1),

v—ds—s' 1
=" (1)

Where the path s (m), time t (s), the resulting closing velocity v (m/s). The measuring device Fig. 1 is
composed of a detection head and an evaluation unit. The detection head includes two industrial in-
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ductive sensors detecting presence of metallic material. Sensors are located exactly 50mm apart on a
clearly defined linear path. Inductive sensors have been used, because passenger cars are mostly made
of metallic materials. The evaluation unit contains a microprocessor that performs the evaluation of
the measured value and the resulting closing speed is displayed on the display.
Measuring device for energy measurement of the side door of a passenger car is based on the idea of
measuring the total energy needed to close the door. One of the ways to measure energy is represented
by equations (2), where m (kg) is the total weight of the door, v (m/ s) is the speed of the moving door
when closing or opening, Ec (J) is the resulting total energy.

E. =%m><v2 )

The measuring device Fig. 5 works on the principle of measuring the force supplied by the operator
and accumulated in the spring. This stored energy is used for closing the door of a passengers car. The
device also includes a tensometric sensor that measures the force supplied by oparator to the spring.
The measurement result is the whole energy needed to close the passenger car door. Equation (3)
describes the measurement principle of the instrument.

1 1
Ec =<|Fy x Fo — F¢ +3 (F, — Fy)?| ©

Constant C (N / mm) the spring stiffness is determined by calibration from repeated measurements on
the test standard. Force F1 (N) is the tension force required to close the side door of the vehicle to
overcome the effects listed in the table Tab..The force Fo (N) is the force of the biased measuring arm.
The resulting total energy Ec (Nm) is the energy needed to close the car door.

RESULTS AND DISCUSSION

Customer reviews are influenced by a subjective perception that assigns a negative or positive emotio-
nal charge to individual actions. Automobile manufacturers seek to gain and transform the customer's
view into a measurable physical quantity that will help innovate the product in the PLM lifecycle ma-
nagement process in order to maintain its competitiveness. One example is the control of the car's side
door system. Here the customer claims the difficulty of closing the door. To evaluate the subjective
customer opinion, the automotive industry uses two methods. One is based on the measurement of the
energy needed to control the door, the other method only monitors the closing speed of the door in the
last phase of the movement. The measuring method of closing velicity of passengers car is based on an
experiment empirically verified by the fact that the closing doors of the personal car need the greatest
speed to overcome the door locking mechanism and compression of the door seal that seals the vehicle
immediately before closing the door. Therefore, it is not necessary to measure the speed throughout
the closing process, but just measure the impact speed of the door immediately before closing them, ie
approximate the circular path of the door in the measured section as a straight line.

Measurement of front left-side door closing speed
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Fig. 1 Measuring of closing velocity  Fig. 2 Result of closing speed experiment
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The measurements were made on the front-left door of Skoda Octavia car in the door handle area. The
door has been repeatedly closed to find the smallest value of the door closing speed. The measurement
was repeated several times to determine the accuracy of the measured value. The results of the meas-
urements were recorded in the graph Fig. 2.The experiment showed an anomaly during the closing
speed measurement close to the true closure speed (0.86 m/s). In this "undefined area", the side-car-
doors may be during repeated measurement opend or closed randomly in spite of the same value of
closing speed. An "undefined area" was defined at a rate of 0.78 m /s and 0.85 m / s. Another measure
was found that the closing speed is affected by the delay between the two measurements and is de-
pendent on the relaxation of the main seal Fig. 3.

125:1,5mm &)

Fig. 3 Cur through the side door Fig. 4 Detail of the mai sealing of the door

The side doors, position 4. at Fig. 3. are adjacent to the side of the car (position 1.) and are sealed at
the point of contact by the main sealing (position 3.), which has cut off venting hole in regular inter-
vals. Relaxing the seal means the fully inflated seal time Fig. 4 to a state where it does not exhibit
deformation. Based on this experiment, a method of measuring the closing speed was set up and a
pause between iterations was set, resulting in a "undefined area" reduction and higher measurement
accuracy. The following measurements determined the side effects on the closing velocity Tab. 1.

Tab. 1 Effect on the door closing speed

Influencing effect Vehicle part Parameter / unit
Position of the door latch and lock Lock of the lock  position at Y and Z axis / (mm)
Facing the door to the side of the car Door hinges position at Z axis / (mm)
The gap between the door and the side Door, sidebars position at Y axis / (mm)
Flexible of main seal Main door seal hardness / (N/mm)

The measuring of closing energy method is based on the measurement of the total energy needed to
close the door. The measuring device Fig. 5. consists of a spring (which accumulates the force
required to close the door). Then the strain gauge (measures the force). The measuring device mea-
sures the total energy required to close the door when the spring is released.
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The energy needed to close the car door
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Fig. 5 Measurement of closing energy Fig. 6 Result of closing energy experiment

The experiment showed that there is also a "undefined region™ (Fig. 6), in which one door is open and
one closed at one closing energy value. Its size is influenced by other phenomena in addition to the
phenomena mentioned Tab. 1. (see Tab. 2)

Tab. 2 Side effect on the door closing energy

Influencing effect Parameter / Unit
Setting the measuring arm in the car distance in X axis / (mm)
Preload of the spring before the measurement begins force / (N)

The accuracy of meas.depends on the quality of the operator Repeatability of measurement

CONCLUSION

The results of the experiments were used to make a comparison between the two measuring methods,
ie the side-door-closing speed and the closing energy needed to close the passenger side door Fig. 7.
The measurement did not show a linear dependence between the closing energy measurement and the
closing speed.

Mutual dependance of closing speed and closing energy
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Fig. 7 Result the comparison of closing speed and closing energy
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The energy measurement method has proven to be disadvantageous for several reasons:

+ Higher dependence on the operator precision, setting of the measuring arm and continuous and
gradual increase of the tensioning force F1 (N).

» The wider indefinite area represents approximately 10.4% of the measured value. Repeated
measurements have failed to reduce the measurement and thus improve the measurement.

 The repeatability of measurement due to non-linearity Fig.7 is worse when measuring the closing
energy compared to the closing speed measurement.

» Because the telescopic arm is rubbing, the measurement inaccuracy increases.

» The total measurement time of the car is including installation for about 1.5 hours, which puts
great demands on the operator's concentration.

» The measuring range depends on the spring tension Fo (N) of the measuring arm, ie the measure-
ment in the range of 10-25 cm opening the side door.

The closing speed measurements showed the following benefits over the closing energy measure-
ments:
o Greater sensitivity and scalability of measurement allows for faster analysis.
e Repeatability of measurement result approx. = 0.03 m/s
o Closer indefinite area, here is 0.07 m/s, which is about 8% of the measured value, but empiri-
cal experience can achieve another narrowing of an "indeterminate area” to about 4% of the
measured value.
e Lower operator requirements
o Easier installation of measuring equipment, complete car can be measured in about 1/4 hours
e Measuring range, 5cm.

The purpose of this article was to make a comparison between closing energy and closing speeds,
methods that evaluate customer comfort in the automotive industry. Exploration has shown that shap
rate measurement is better suited for quick fault detection, which is quick, easy on the operator and
allows faster analysis. Measurement of the closing energy is an elegant way of measuring the other-
wise subjective feeling of the customer because it evaluates the energy input in a larger open-door-
range (about 5 times greater) than when measuring the closing speed.
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Abstract

The paper presents the obtained parameters of specific propulsion systems cooperating with shaft
generators, used at feeder container ships. Based on the collected technical and operational data for
container ships of various load capacity, constructed between 2000 and 2015, and by applying different
analytical and statistical methods the parameters have been determined. Shaft generators’ power has
been established in relation to the power of main engines. The ratio of shaft generator power to main
engine power has been also determined as well as the speed developed by container ships depending on
the propulsion system power and on the relation to the generators’ power to the power of main engines.
Feeder container ships have been selected as a subject of the analysis taking into consideration the
environmental and economic aspects. This type of ships is the most frequently operated in the sea
regions where strict rules and provisions on exhaust gas emission apply. They transport container to
and from ports serving ships of high bearing capacity. The parameters obtained may be applied to
specify the ratio for exhaust gas emission, to compare fuel consumption for various methods of

generating electricity and to assess the possibilities to use the waste heat recovery systems along with
turbogenerators.

Key words: feeder container ship, energetic systems, characteristic parameters

INTRODUCTION

The problem of proper selection of shaft generator power and the electricity generation methods refers
in particular to container ships due to a high demand for electricity as a result of a large number of the
refrigerated containers being transported thereby.

Generating electricity using shaft generators driven by the main engine is one of the alternative
methods to reduce fuel consumption and the cost of electricity generation.
The efficiency of that solution results from the generally known advantages such as:

- the reduction of fuel cost and cost of lubricating oils used in the process of electricity generation
due to higher efficiency of the main engine when compared with auxiliary diesel engines for
power generator units;

- improvement of the environment by the reduction of exhaust gas emission and remaining
petroleum waste.

These effects however include certain defects. The main ones are:

- the requirement to stabilize the frequency of current generated by the generator in every
operational condition of the propulsion system (variable rotational speed of the generator driven
by the main engine);

- using a shaft generator to reduce the ship speed as a part of the main engine power is transferred
to the generator as opposed to the propeller. The speed decrease depends on the shaft generator
power and is within the range from 5% to 10% of the operational speed (Balcerski 1998,
Behrendt 1997).

The power of shaft generators installed on ships depends on the type and purpose of the ship.
The rule is that a shaft generator should fully cover the demand for electricity for cargo ships while sea
voyage.
The power of shaft generators equals to from 115% to 120% (James M., Wolfe P.E., Morgan M. &
Fanberg P.E. 2014, MAN Diesel & Turbo 2013) of the design power resulting from the electric balance.
Such a power surplus is assumed due to the fact that:

- the sum of powers of working electrical equipment and machines is a random variable;

- the generator is loaded with starting current of electric motors;
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- along with time the generator efficiency decreases as well as electric motors supplied by it.

Increasingly common on ships are used waste heat recovery systems in order to maximize the amount
of steam generated in waste heat boilers. The steam is used to cover the demand for heat on a ship and
to drive turbogenerators (Behrendt 2016, Hagesteijn G.P.J.J., Hooijmans P.M, v.d. Meij K.H.,
Greening D. & Yu L. 2014, MAN Diesel & Turbo 2012, Mitsubishi Energy Recovery System for
Container Vessels 2015). The power of a turbogenerator depends mainly on the main engine power
and its power load. Due to high speeds developed by container ships and hence the main engine power,
this type of ships is in particular suitable to install the waste heat recovery systems.

A traditional method for determining a demand for electricity, applied by naval design offices, consists
of preparing an electric balance in which electric motors’ powers are summed up. Based on this, marine
generators’ power is specified.

The paper aim is to present the characteristic parameters for propulsion systems of feeder container
ships which would specify the relations of shaft generators’ powers to the main engine power, ship
speed, deadweight capacity, the number of crewmembers, the number of transported containers. For
that purpose, technical and operational data of the ships has been gathered. The data refers to the feeder
container ships of various dimensions, constructed between 2000 and 2015. The data has been
processed.

Similar methods of determining characteristic parameters for propulsion systems have been applied for
other ships’ types (Balcerski A., Bochenski D. 1998, Matuszak Z., Nicewicz G. 2013).

MATERIALS AND METHODS

On the grounds of an analysis of science studies (Schiff & Hafen 2000-2015, Pohl K. 2009) the author
was enabled to prepare Table 1. The table includes technical and operational data of the container ships
constructed in shipyards located around the world between 2000 and 2015. Due to a limited size of the
paper, Table 1 includes data regarding chosen the ships constructed in 2000 only. The full table consists
of data referring to 87 container ships.

Tabl. Technical and operational parameters of selected feeder container ships

Ship name/ | Dead Container no/ Messel |ME* Type | Propeller | SG* | Noand No
Year of weight | Refrigerated [Speed | /Power Type |Power | BT* and
built/ Container no Power DG*

Country of Power
built D n/ny v Nsc  |FPP*/CPP*| Ne, Ns Nszp

[dwt] [-] [kn] [kW] [-] [kW] | [kW] | [kW]

Geuldiep/ MaK

2000/ 4.100 240/100 13 6M32/ CPP 240 1x290 | 2x160

Spain 2.880

Marcape/ MaK

2000/ 5.100 550/40 16 9mM32/ CPP 780 1x450 | 3x300

China 3.960

Annegret/ MAN

2000/ 9.631 813/50 20 | 9L48/60/ CPP 1000 | 1x750 | 3x300

Germany 9.450

Apollon/ Wartsila

2000/ 11.950 901/176 17 8L46B/ CPP 900 1x700 | 2x600

Korea 7.800

Isolde/ MAN

2000/ 34.026 2442/400 21 | L70MC/ CPP 1400 | 1x1100 | 3x780

Germany 19.180
* ME- Main Engine, FPP-Fixed Pitch Propeller, CPP-Controllable Pitch Propeller,

SG-Shaft Generator, BT-Bow Thruster, DG-Diesel Generator
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When analyzing the data in Table 1 and the remaining data, it may be stated as follows:

- deadweight capacity of feeder container ships is of highly variable. The smallest ships” deadweight
capacity is 4,000 DWT, while the largest ones, given the service possibilities of destination ports,
have the deadweight capacity of 40,000 DWT;

- the maximum number of transported containers varied from 200 to 3,000 items. Each ship could
transport refrigerated containers the number of which equaled to from 40 to 500 items;

- operational speeds of the ships were within the range of 13-24 kn and were lower than the speeds
developed by container ships transporting a cargo to large cargo ports; their maximum operational
speed may equal to 28 kn;

- the power of the main engines varied within the range of 2.000 and 25.000 kW; the power is mainly
dependable on the developed speed ships’ capacity;

- every propulsion systems of the analyzed container ships were equipped with shaft generators the
powers of which were sufficient to cover the demand for electricity of the ships and the transported
refrigerated containers during a sea voyage;

- every container ship was equipped with a bow thruster/bow thrusters which enhanced
maneuverability, especially in small harbors;

- the most ships were furnished with the CPP (Controllable Pitch Propeller); this stabilizes the
frequency of current generated by the shaft generator in variable operational conditions. This
technical solution is characteristic for feeder container ships.

Collected technical and operational data of feeder container ships allowed, using statistical analysis, to
determine various characteristic parameters.

RESULTS AND DISCUSSION
The data in Tab. 1 allowed to determine numerous characteristic parameters. Certain, selected ones are

presented and discussed in this section.
Figure 1 presents a function showing a relation of shaft generator power to the power of the main engine.

1,6
1.4 +
*
1,2 +
*» *
E 1 =00 O <
E 0.8 ] 13
]
3 A
0,6 ¢ o
¢ y=-0,0029x* + 0,1131x + 0,169
R2= 10,8762
0.4 o
. ®
*
0,2 ¢
0
0 5 10 15 20 25

Nsg [MW]

Fig.1 Relation of shaft generator power to the power of the main engine on feeder container ships
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As the analyses have not shown any significant differences in the powers of the generators installed on
the containers ships within the analyzed period, the graph does not differentiate the points so that they
correspond to the individual shipbuilding years.

The obtained formula 1 enables to calculate the power of a shaft generator Ny, as a function of main
engine power Nsg:

Ny, = —0,0029N&; + 0,1131N,, + 0,169 [MW] (1)
Where: Ny, [MW] - main engine power

A mathematical relation (formula 2) has been also determined to compute the ratio of the power of a
shaft generator Ny, to the main engine power depending on the main engine power Nsg:

22 = 24773NY (%] )

sg

Formula (1) and (2) are applicable for :

2 MW < Ngg <25 MW

Due to modern software and applications, it is possible to draw a dependency chart in a 3D coordinate

system. As independent variables, main engine power Nsg and the relation of shaft generator power Ny,
to main engine power has been selected. The dependent variable is ship speed v.

The relation v = f (ng, %) is presented in Figure 2.
sg

Fig. 2 Speed of container ships in connection to the power of main engine and the relation of shaft
generators
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The plane presented in Figure 2 may be calculated using formula 3:
N 2,5
v = 0,8735 + 0,2195In Ny, + 2,8034e > (Ni> [kn] (3)
sg

The formula 3 is applicable for:

5% < Ny <25%, 2000 < Ngg < 25000 kW

sg
The formulas specifying selected parameters for feeder container ships, characterize with large values
of the squared correlation coefficient (formula 1, R?=0,8762, formula 2, R?=0,8804 and formula 3,
R?=0,9053).
Statistical method presented in the paper was first time used to determine various characteristic
parameters of feeder container ships. Similar methods of determining characteristic parameters for
propulsion systems and energetic systems have been applied for other ships’ types (Balcerski A.,
Bochenski D. for technological and energetic systems of fishing vessels and dredgers, James M., Wolfe
P.E., Morgan M. & Fanberg P.E. for ships’ electrical power plants, Matuszak Z., Nicewicz G. for marine
electric power plants of container ships and drilling platforms, Behrendt C. for ships’ propulsion system
cooperating with shaft generator).
According the research analysis method presented in the paper allowed to determine numerous
characteristic parameters chosen and dedicated to ships’ types. Achieved formulas characterize with
large values of the squared correlation coefficient.
Characteristic parameters are used on preliminary stage of ships’ design and energetic analysis.

CONCLUSIONS

e The practical applications of the obtained formulas can be as follows:

- determining energy efficiency indicators for all devices and machinery in the engine room
according to the guidelines and requirements of the International Maritime Agency (Lloyds
Register);

- forecasting exhaust gas emission for various methods of generating electricity and in various
operational conditions;

- determining feeder container ship speed at recommended operation together with slow
stimming;

- determining cooperation conditions for propulsion systems and shaft generator at the design
stage;

- comparing actual demand for electricity with possible to have it generated using a
turbogenerator;

- determining configuration of waste heat recovery systems to achieve maximum steam
capacity;

- determining electric energy demand in function of refrigerated container quantity and ships’
speed,;

- determining influence ratio of the power of a shaft generator to the main engine power
depending on the main engine power and their influence on the ships’ speed.

e Applied presented method of determining characteristic parameters for propulsion systems for
other ships’ types.
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Abstract

The article deals with the description of countershaft gearboxes and their basic dividing. Generally
explains the program created in the environment of Microsoft excel and Matlab for controlling of des-
ignated bearings in this type of transmissions.

Key words:countershaft gearbox, check program, rolling bearings.

INTRODUCTION
Transmission is important mechanical component of almost every vehicle. Especially of the ones, that
are fitted with an internal combustion engine. Because in spite of great amount of these engines usage,
it has disadvantages such as incapability of production torque from zero engine speed, the maximum
power is reached only at the specific engine speed and the fuel consumption depends on the operating
engine point. These drawbacks can be compensated by an application of a conveniently designed
transmission and a clutch (Lukac, et al., 2016).
The countershaft gearboxes fall into the category of geared transmissions. And its main functions in
automobiles are to change the torque and the speed of an engine in the way a vehicle is able to move
in external conditions, to allow idle running of an engine and to enable reverse motion of a vehicle
(Zdengk, Zd'absky, 2012). This category is possible to divide into three more groups, depending on the
count of meshing gear pairs, which the power flows through, when the speed gear is shifted. It is
termed the number of the ratio stages and according to it there are those groups (Naunheimer, et al.,
2011):

¢ Single-stage transmission

e Two-stage transmission

e Multi-stage transmission

In the Fig. 1 below are plotted schematic examples of countershaft gearboxes. Single-stage means that
the power flows from an input shaft to an output shaft, which could be also a countershaft, through one
geared pair. In two-stage gearboxes the power goes from input to a countershaft and then to an output
shaft, so there are two geared pairs simultaneously in action. The same analogy works for multi-stage
transmissions (Naunheimer, et al., 2011).

Single-stage Two-stage Multi-stage

Input shaft Input shaft Output shaft

T kd
%:JL"J L%UIJL“IJZ T

: annll 1
/1]

Output shaft = countershaft | “Intermediate” shaft: countershaft

'%_Fw
=)

T

n

1
———
———3

Fig. 1Examples of countershaft gearboxes(Naunheimer, et al., 2011)
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Ll

The countershaft gearboxes are also marked as gear sets with fixed axles and mainly consist of an
input, output shaft and a countershaft, that are rotating in a rigid position in a gearbox. They are fitted
in bearings, which are dynamically loaded throughout the transmission operating run. And they have
important meaning for achieving the required durability and functionality of whole gearbox. That is
why it is necessary to advisable designate rolling bearings in respect of a duty cycle and all known

operating conditions (Hréek&Bucala, 2014).

MATERIALS AND METHODS
The program for control of rolling bearings was created only for the specific configuration of two-

stage countershaft gearboxes. It considers that the axis of all shafts are lying in the same plane X-Z
and that it is maximally twenty speed gearbox. The schematic view shown in the Fig. 2 is applicable

just in the situation, when minimally two gears are mounted on the countershatft.

Olc oLf
- T Mk - input torque is positive, if its

[Lf ) Ilc
vector is the same direction as Z-axis

Iifi=2)

Iili= } R hand pitch /_\
Ny \
:\ T + Ny + ‘|‘ . i
- RB
Input shaft | | 't‘ f’ | / ‘ qupuf shaft
i I;E/ . \
T L \ Countershaft
PRA Plili=1) T PRE
X ] Pllll 2) L-hand pitch\ X
) Plpo ‘
offsef -1+ Plc .
Z Y

Fig. 2 The main schema of the inspected countershaft gearbox[Authors]

In the case there is mounted only one gear wheel, the countershaft becomes an output shaft and the
program operates with configuration of a simple gearing plotted in Fig.3 below.

i e
N -1
"1 R-hand pitch
- = ‘I‘(
/ Output shaft
X
\ |
; o| IRA|  |—| |IRB| OFz
Input shaft - | OFx
i) m) | O
] = OFy
X ORA| — jors T
jou
offset -+ Olc olLf

Fig. 3 The schema of a simple gearing[Authors]
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RESULTS AND DISCUSSION

The program itself is compounded of two parts. One of them is created in the software Microsoft excel
and the piece of it is shown in Fig. 4. The excel sheet contains the schematics mentioned above, ac-
cording to which is needed to fill four tables of input data. These data includes information about rela-
tive positions of gears, bearings and shafts. Their basic geometric dimensions required for the calcula-
tion of forces distribution, duty cycle for every single speed gear and bearing characteristics. Even the
database was created, that stores test array of bearings and their parameters declared by manufacturers.
So the definition of each rolling bearing is executed by choosing the particular one from the drop-
down list. This causes loading of all necessary specifications from the database. The list can be filtered
by criterion of contact type between a rolling element and a groove of bearing rings, namely point or
line contact. Next step is to set which bearings do or do not carry axial loading. It is important espe-
cially for the calculation of equivalent dynamical load (Kohar, et al., 2016).

28 inputs Parameters of each geared pair (i=<1,2,...,20-)
= 95,00]mm 1] 2] 3] i 5] 6] 1]
30 R ~ |Hand of pitch (input shaft] Effective transverse pressure angle ai [°]
51 IFx 0,00]N 19,871] 20,466] 22,631 22,460] [ [ |
32 |IFy 0,00|{N Effective helix angle Bi [°]
53 IFz 0,00[N 30,855] 29,984 30,204 27,040] [ [ |
34 HiE 0,00|mm Effective pitch radius Di [mm]
35 e 177,50 mm 129,460] 115,280] 92,200] 61,380 [ [ |
36 (If 0.00|mm Distance from center of 1. bearing IA to the cenetr of gear Ili [mml
57 Offset 0,00[mm 22,5] 72,5] 93,5] 152] [ [ |
38 {iEX 0,00|N Duty cykle of geared pair i
32 OFy 0,00|N 1 7
40 [{iFZ 0,00(N Mk1 [Nm] n1 [ot/min] |t1 [h] Mk2Z [Nm] n2 [ot/min] |12 [h] Mk3 [Nm]
41 |0r 0.00|mm 1 5,00 100,00 14,22 2,00 100,00 20,21 5,00
42 Qe 60,00{mm 2 2,00 200,00 50,00 3.00 20,00 100,00
2 0l 10,00]mm 3 3,00 200,00 60,00
44 |0Olf 0,00|mm L
45 |apg 95,00{mm 5
45 Pdpo 8L 76/mm 6
47 Plpo 70,00|mm 7
43 [Ple 80,00|mm 8
25 alfapo 21,35° 9
50 betapo 21,837 10
~ Hand of pitch (co -ou shaft)
52 Rolling bearing selection
53 radizl and axial factor: X Y
54 - 1A [zst  ~|contact - 1,00
55 * B Paint w conftact = 0,56
56 ¥ PA | Pant w |conftact = 0,56
57 ~ |PB w |confact - 1,00
¥ 0A | Paint w |confact i 0,56
_(~jg8 Point ~ |contact & 0,56

Fig. 4Excel file with input data [Authors]

After filling of all needed inputs comes the second part of the program. It was created in the environ-
ment of software Matlab of company Mathworks. Here is written a function whose code includes con-
ditions and all essential equations. Running of the function executes the code and starts loading the
data from the excel file and calculating. It calculates forces in gearings, speed of shafts, reactions in
supports (only of statically determinate beams), medium radial and axial load, equivalent dynamic
bearing load, calculated dynamic load rating and so on. There is the connection between the Matlab
function and the Excel file, so the results are written back into this file. The most important output is
the calculated dynamic load rating of each bearing. Because according to the criterion (1)

C<C (1)
where C is the calculated dynamic load rating (kN), C,is the basic dynamic load rating (kN), is evalu-
ated if the chosen bearing is suitable for required conditions. In the excel file is the column, empha-
sised in Fig. 4, that gives information whether the criterion for each one bearing is met or not. This
way the bearing check program works (Kohar, 2015).

It is also possible to use the program for the designation of bearings. But in this state it is too compli-
cated because it requires to stepwise select bearings and after each selection to run the program, until
the program says the bearings are satisfying.
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CONCLUSION

The program, that is able to calculate a countershaft gearbox of any configuration and then evaluate
the applicability of the assigned bearings or designate convenient bearings from the list on its own,
would be really useful and desirable. It could save the time of this operation and eliminate an aberra-
tion. So the next developing of the program will be focused on the designation process and augmenta-
tion of the gearbox variants.
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Abstract
The paper presents the layout of the axle weighing system. The implementation of this equipment re-

sulted from the requirement to measure and verify the mass of vehicles dispatching different kinds of
loads from the several workplaces. In the past, the control measurement had been carried out by one
above-ground weighbridge mounted at one workstation, but the increasing number of temporary
workplaces resulted in the operational weighing of vehicles needs.

There were established the following standard criteria in the development - the cost of the entire pro-
ject, operation of the equipment, the weight and mobility of the equipment.

Key words: Axle weighing scale, Strain gauge, Vehicle

INTRODUCTION
The axle weighing system is used for measuring the weight of motor vehicle, truck or semi-trailer. It

consists of the axle weighing scales (2pcs for the weighted axle of the vehicle) and the evaluation unit.
The axle scale consists of an aluminium weighing bridge installed on four or six strain gauge sensors.
The measuring range is 3t, 6t, 10t, 12t, or 20t. The ramps provide the smooth passage through the axle
scale. The evaluation unit is placed in a portable case for reasons of safety and mobility. During the
measurement, it processes the generated electrical signal from the scales with which the evaluation
unit is connected via cables with a length of up to 10 m or via WiFi. The resulting weight value is
shown on the display and then printed as a measurement record.

There is used the static or dynamic method for the vehicle weighing. The static method requires the
scale must be placed under each wheel of the vehicle. The gravity of each wheel is measured at the
time interval of 10 seconds. For weighing by the dynamic method, two scales are placed on the fixed
floor at a distance according to the axle wheel gauge. The vehicle must pass through the wheels of
each axle through the axle weighing scales at a speed of up to 5 km.h-1 at the time interval of 30 or 60
seconds. The resulting mass of the vehicle is determined from the time course. (Malik, 2013)

MATERIALS AND METHODS

Development of the axle weighing system
The following requirements must be taken into account in the development of the axle weighing sys-

tem:
e the measuring range of the axle weighing scale - 9 tons per wheel,
e maximum scale dimensions with ramps (W x L x H) 500 x 1200 x 70 [mm],
e measurement of the 2, 3 — axle vehicles up to 40 tonnes,
e usability of stock materials
e productivity in the company's production capabilities,
e mobile and simple handling
e the cost of the whole project
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RESULTS AND DISCUSSION
The variant layout
The variant of the weighing system is proposed for these requirements. It consists of the axle weighing

scale disposition and control unit.

The road axle weighing scale displacement

Fig. 1 Axle weighing scale

The weigh bridge of the axle weighing scale is the aluminium plate with dimensions of 500 x 400 x 40
mm. The relief grooves in order to reduce weight, two sliding locks for insuring the ramps against
shifting and two handles are provided in the plate. On the right side of the scale, two traversing wheels
are attached for its simplified manipulation. Four strain gauge housings are attached to the bridge us-
ing screw connections. (Kohar, 2015)

The weighing bridge was tested by the Ansys Workbench program. The crossing of the truck's rear
wheel through the scale was simulated. The steering force generated by the wheel was 120,000.0 N.
The bridge was fixed by fixed support. The result was total deformation of the plate 0,7 mm
and equivalent stress 72 MPa. The resulting value of the simulated deflection fulfilled the condition
of the maximum allowable deflection 1/250 = 1,1 mm. (Kohar, et al., 2016)

1

1- bridge, 2- strain gauge housings, 3- wheel, 4- sheet (connecting block cover)

Fig. 2 Axle weighing scale displacement
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The weighing system

The weighing system consists of four strain gauge housings. The each strain gauge housing pedestal
has UTILCELL M420-2.5t strain gauge sensor operating in the piezoelectric principle. The strain
gauge is secured against movement in the direction of the "x" and "y" axes using three screws de-
ployed with a 120° rotation. The height of the pedestal against the floor is adjusted by the height of its
top cover. It is set using two bolts, each with two nuts. A steel roller for one-point load force transfer
is located between the strain gauge measuring area and the cover.(Tropp et al., 2016)

1- pedestal, 2- strain gauge M420, 3- cover,
4- adjusting bolt with nuts and support

Fig. 3 Strain gauge housing

Technical parameters of the axle weighing scale

Tab. 1 Technical parameters of the proposed axle scale

Description Unit/characteristics
Weighing [kg] 9 000
Accuracy — division[kg] 5
Nominal sensitivity [mV/ V] 2+0,1%
Function weighing (static, dynamic)
Velocity of weighing [s] <10
Dimension of weighing area W x L [mm] 500 x 400
Dimensions of scales with ramps W x L x H [mm] | 500 x 1200 x 70
Scale weight [kg] 42
Construction design steel / aluminium
Operating temperature standard [°C ] -10 +40
Operating temperature limits [°C | -50 + 80
Data transfer Via cable
Location mobile
Protection IP 68

Evaluation unit

The complex evaluation unit consists of the UTILCELL Matrix Digital electronics (communication
with PC via USB port), /O Card with 6 digital inputs and a small cash register printer. This apparatus
is located in a safety case from firm and flexible copolymer resistant to mechanical shocks. The top of
the unit covers the design panel. (Lukag, et al., 2016)
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Fig. 4 Evaluation unit

CONCLUSIONS
The axle weighing scale as a whole fulfills all the requirements specified by the contracting entity. The

advantage of this scale is the mobile construction, easy assembly and its favorable acquisition price. It
can weigh a vehicle with 2, 3 axles, the total weight of which does not exceed 40t.
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Abstract

In the study there is presented the method of biologically active preparations’ marking with n-hexane.
Application of the marker allowed efficient conducting of studies concerning irregularity of the pre-
servative’s distribution. The material obtained as a result of the experiments’ conducting — biomass
may be with success applied for normal technological processes in biogas plants and as fodder.

Key words: biomass, preservatives, marker.

INTRODUCTION

Studies concerning production of fodders and substrates, should answer the question whether the ob-
tained product is of good quality and what elements of the applied technological process have an im-
pact on that quality.

Many researchers are evaluating the impact of applied technology on the end effects. Zbytek et al.
(2016) in his publication analyzes the technologies available on the market, whereas Zastempowski,
Borowski & Kaszkowiak (2013) in their publication, they analyzed several selected issues related to
the collection of biomass. Zastempowski & Bochat (2014) whether Flizikowski et al. (2015) they fo-
cused on the issues involved in constructing machines used during harvesting and processing of bio-
mass. The problem of applied technology is also evident in economic articles (Bojar, 2001).

In the studies performed by the authors concerning the quality of humid hay harvested with the use of
a biologically active preservative, the quality of the obtained fodder was determined on the basis of its
testing at the assumed time following harvesting. The applied preservative Inoculant 1155, in its com-
position has lyophilisate of Bacilus spp bacteria, which after being added to the harvested hay multi-
plicated and spread in the harvested mass. For their existential needs they use humidity from hay, and
following its utilization (dehumidification of hay) they die. So, it is a natural and fully safe preserva-
tion method. However, research of the number of bacteria in individual places of the ,,silo” several
days following harvesting, does not give full information on the preparation’s distribution immediately
after harvesting, what in case of chemical preparations’ use is a very essential information (Bernes et
al., 2008, Dulcet et al., 2006).

The condition of correct application of the preservative is supplying of its precisely determined vol-
ume to the harvested biomass in such a way as to receive its smooth mixing. As a result of smooth
preservative’s distribution in the harvested biomass, worsening of its quality may take place. It is par-
ticularly evident in case of harvesting biomass of decreased humidity or in places where relocation of
silage juices is not possible (Dulcet, Mikotajczak & Olszewski, 2002, Rotz, 2003). There are always
losses of it at the time of the preservative’s adding at the time of harvesting. Apart from the possible,
toxic impact on environment in case of use of chemical preservatives, losses also influence the in-
creased costs of preservation. The use of the chemical preservatives may also adversely influence the
plants’ growth, what as an effect may result in the yield’s decrease (Dulcet et al., 2006, Dulcet,
Mikotajczak & Olszewski, 2002).

The literature analysis of the issues concerning harvesting of fodders with the use of additives showed,
that in case of some studies there occurred the problem of assessing the evenness of the formulation’s
mixing with the harvested material. The assessment was conducted on the basis of the analysis of col-
lected samples through:

- pH measurements of quantitative marking of formulation’s used in the studies (Dulcet, 2001, Wrzos,
1980),

- analysis of the obtained fodder’s quality (Dulcet, 2001, Maskova Holubowa & Lunadek, 1991).
Other methods used for the assessment of evenness of mixing of the formulation with the harvested
material are the fluorimetric analysis and irradiation with isotopes. However, these methods, are rela-
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tively difficult to be used, and fodders remaining after studies conducted in such a manner may not be
fit for feeding (Koch, 1985, Wittenberg 1997).

The purpose of this study is presentation of the method of marking biologically active preparations
with the use of n-hexane and the obtained results of the studies.

MATERIALS AND METHODS

In the studies there was used the solid granulated preparation Inoculant 1155 of Pioneer of the follow-
ing physical properties: bank mass 1040 kg - m?, relative humidity 2,5 %, average diameter of gran-
ules 0,87 mm. The preparation was applied in the volume of 0,1 % (1 kg per ton of humid hay). The
preparation comprises lyophilisate of natural bacteria Bacilus spp. and calcium carbonate. The guaran-
teed number of live bacteriais 1 - 108 cfu - g™

For the needs of the experiment, the microbiological preparation Inoculant 1155 was marked with a
contact method ensuring high efficiency (fig. 1). The marker’s odour was passed through the prepara-
tion’s bed till the moment of the indicator’s saturation (Kondo et al., 2001).

—

Inoculant

preparation
chamber
|

i

n-hexane

Zeolit 4AX

vacuum pump

indicator’s
saturation

Fig. 1. Marking of Inoculant preparation with the use on n-hexane with the use of the contact method.

The applied marker creates a physical bond with the preparation (fig. 2) which disintegrates under the
influence of an extraction solvent.

Inoculant n-hexane

preparation

+ ™M\—oH _—>
—

Undoing the process
under the influence of

the extractant
Fig. 2. Scheme of the marker molecules’ connections with a microbiological preparation.
In order to obtain repeatable results, the algorithm of procedure was developed. The taken sample,

after separation of coarse impurities is subject to be dried to solid mass in order to mark the content of
water. Then, the dried mass is homogenised just to be fragmented to the level below 150,0 pm. A
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fragmented sample is subject to extraction (extraction solvent — 150,0 ml) in the arrangement liquid
(acetone) — solid body in the temperature of 20+1,00C with the use of centrifuge for 24 hours in a
tightly closed conical flasks of capacity of 250,0 ml. Having spinned the solid bodies on the centri-
fuge, take with a microsyringe from the decantate 2,0-3,0 ul of acetone sample for the purposes of
analyte’s marking with the use of the gas chromatograph and a mass spectometer.

For the tests there was used the gas chromatograph HP 5890 series 1l Hewlett Packard (column HP-1,
of the length — 30,0 m, diameter ¢ — 0,53 mm, phase Hypersil ODS Shandon) with detector AED and
ECD and a mass spectometer (MS 5972 series Mass Selective Detector — column: Pona of the length
25,0 m, diameter ¢ — 0,33 mm). The analysis was conducted in the mode of temperature program-
ming: 20-1200C/10 min., 120-1800C/20 min. and 180-2600C/20 min.

RESULTS AND DISCUSSION

For the purposes of the developed method’s verification, preliminary studies have been conducted.
Pursuant to the assumed algorithm, the quantitative marking of the external standard was conducted.
The level of n-hexane’s recovery obtained in the studies amounted to 89,1 - 94,6% at the time of that
alcohol’s retention TR — 11,2 - 11,4 min. The obtained results are presented in figure 3.

25 4

1 et

concentration of n-hexane, mg

. y =0,0098 x
R? =0,977
05
0 - r - - \
0 50 100 150 200 250

mass of microbiological preparation, mg

Fig. 3. Dependency of the concentration of n-hexane marked in the preliminary studies.

As a result of the conducted analysis, the recourse equation (1) at the significance level p = 0,05 has
been determined. It is a linear function and is characterized by high determination coefficient
R%=0,977, what proves good determination of the functional dependencies.

y = 0,0098 - X )

CONCLUSIONS

Application of the new method of microbiological preparation’s marking with the use of h-hexane
makes it possible to obtain information of the microbiological preparation’s distribution directly fol-
lowing harvesting. This method allows conducting of the experiment in the conditions identical to
those occurring in agrarian practice.

Application of the marker allows application of quick methods of analysis with the use of gas chro-
matograph and mass spectometer. It is an environment-friendly method, and fodder that remained after
taking of samples is safe for microorganisms occurring in fermentative bed and for animals.
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Miroslav BOSANSKY?, Juraj RUSNAK?

! Institute of Transport Engineering and Designing, Faculty of Mechanical Engineering STU in
Bratislava
2 Department of Machine Designing, Faculty of Engineering SAU in Nitra

Abstract

The additional article deals with the assessment of the possibility of applying the coating TICN-MP +
MOVIC deposited on the convex-concave gearing made of material C55E4 working in interaction
with the ecological lubricant Biohyd MS46 and BioGear S150., where, based on scuffing FZG tests
according to STN 65 6280 norm, are experimentally appreciated possibilities of its application.

Key words: Non Standard C-C gears, Scuffing, FZG Test, Coat, ecological oils

INTRODUCTION
Considerable share on the pollution of environment has mobile equipment used for the implementation

of a wide variety of construction and ground works. Mobile machinery directly affects the quality of
the environment. They are a potential source of pollution of soil, water and air. Noise and vibrations
emitted by the machine have negative impact on humans, also other living organisms in the vicinity
of the source (Gulan, 2005). Risk is also leak of working fluids into the environment, which can cause
ecological accident, as most of operating fluids used in mobile working machines is of petroleum
origin. One of the ways, how to prevent widespread contamination of soil or water, is the use of
ecologically easily biodegradable lubricants and oils. Use of biodegradable lubricants is recommended
wherever it is necessary to minimize possible effects of the machine actions on the environment. Some
countries, such as Germany and Sweden require the use of biodegradable oils in all applications
working in environmentally sensitive areas, such as the area of protection of water resources (Stasa,
2012). But, biodegradable oils, in most cases do not reach the performance parameters of mineral oils.

MATERIALS AND METHODS

With increasing loading of gears are increased also contact pressures of gearing, friction and
temperature, whereby at creation of tooth side damage plays size of contact pressures an important
role. The higher resistance against disturbances can be achieved by increasing the surface carry
capacity of the tooth side. Arrangements, by which we can achieved it, are mainly change of the
geometry of gearing, the use of higher quality oils and materials, respectively increasing the surface
hardness of tooth sides, where can be also included application of thin hard coatings. Regarding the
change of geometry, (Orokocky, 2004, Bosansky et al, 2012, Veres et al, 2006) they present favorable
results in terms of contact pressures, specific slips and wear of convex-concave gearing compared with
involute gearing.

Currently there is deposition of coatings in gears in practice not widely used, despite the fact, that in
field of their application were proceeded several studies (Michalczewski et al, 2013, Liimkemann et al,
2014, Tuszynski et al, 2015),whereby were solved particularly TiN, TiCN, TiAIN, CrN and other thin
hard coatings with a top layer with a low coefficient of friction. From used methods deposition of
coating layers analysis results, that the application in gears is due to less heat affecting of the basic
material, PVD method most appropriate.

From of convex-concave gearing analysis (BoSansky et al, 2012, Veres et al, 2006), we chosed for
application coating TICN-MP+MOVIC (MoS,), as an appropriate combination of hard layer TiCN-
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MP and softer layer with a low coefficient of friction MOVIC. Coating TiCN-MP is often used to
increase hardness and sliding properties of tools for forming and machining of steel with lower
strenght limit and also is used for surface treatment of callipers. Coating show high hardness and good
sliding properties. MOVIC coating is a coating based on MoS,. It's a sliding coating with a low
friction coefficient applied mainly in shaping machines and screw taps. It can be applied separately,
directly to the surface of component, or to any hard coating. Basic parameters are listed in the tab. 1
(Liss, 2015). This coating was applied by PVD method on tested gears, which were made of material
C55E4. Demanded surface hardness of the tooth sides was achieved by laser hardening, the
parameters of which are mentioned in (Misany, 2015).

Tab. 1 Properties of the coatings deposited on the test gear

Nano hardness Coefficient of Maximum
[GPal Thickness [um] | friction with operating
steel temperature [°C]
TiCN-MP 32 lto4 0,2 400
Movic (MoS,) 20 0,5t05 0,1 400
TiCN-MP+ MOVIC 32 15t05,5 0,15 400

The scuffing experiment was carried out by standard Niemann test with closed power flow on the
scuffing (Fig. 1).

electric motor

testing
transmission

technological
transmission a

weights

Fig.1 Niemann stend

In this experiment were used two types of biodegradable oils. Hydraulic oil OMV Biohyd MS46, its
basic specifications are listed in tab. 2 and gear oil OMV BioGear S150, its basic specifications are
listed in tab. 3.
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Tab. 2 Technical data of Biohyd MS 46 oil

Property OMV Biohyd MS 46 Unit
Viscosity grade 1ISO VG 46 -
Viscosity at 40°C 46 mm.%s?
Viscosity at 100°C 9,2 mm.%s?
Viscosity index 187 -
Density at 15°C 915 kg.m?3
Pour point -51 °C
Ignition point 237 °C

Tab. 3 Technical data of Biohyd S 150 oil

Property OMV Biogear S150 Unit
Viscosity grade 1ISO VG 150 -
Viscosity at 40°C 150,7 mm.2s?
Viscosity at 100°C 21,4 mm.%s!
Viscosity index 167 -
Density at 15°C 947 kg.m?3
Pour point -27 °C
Ignition point 224 °C

Scuffing occurs according to DIN 51354 and STN 65 6280 with the degree of load, when the
difference of the sum of the wheel weight losses and pinion in two consecutive degrees is greater than
10mg. Degree, at which seizing reflects, is considered as damaging level and thus is limit level
previous encumber one. For gears weighing were used Mettler Toledo PR2003 scales, able to be
encumbered up to 2100 g and with sensitivity of 1 mg. Due to the fact, that they were evaluated for
scuffing and also gears were coated, where weight loss was also affected by the loss of the coating,
thus next evaluation criterion were measuring of surface roughness. Measurement was carried out by
contact roughness gauge Taylor-Hobson Surtrnic 3+. According to the evaluation of surface roughness
it is a damaging step marked the one in which value of surface roughness Rz pin reach limit 7um.

RESULTS AND DISCUSSION

Weight losses of test gearings for the various loading stages are shown in Fig. 2 and Fig. 3. By
continuous exposure to loading occurred increase of weight loss, which was caused by scuffing the
soft top coat, thus in the early levels of loading occurred to wearing of the upper lubricate coating
MOVIC, as Fig.. 4 confirmed.
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Fig. 2 Dependence of weight loss of gearing with coat TICN-MP+MOVIC -lubricated by OMV
Biogear S150 oil
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Fig. 3 Dependence of weight loss of gearing coated TIiCN-MP+MOVIC -lubricated by OMV
Biohyd MS46 oil

In the figure is clearly visible gray MOVIC coat and under it begins to emerge bronze-brown spots of
coat TICN-MP.

Fig.4 Surface wear of the tooth side after fourth level of loading

alc pinion in interaction with OMV Biohyd MS46 / OMV Biogear S150 oil
b/d wheel in interaction with OMV Biohyd MS46 / OMV Biogear S150 oil
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At next levels of loading has occurred wearing of coating across the whole dedendum area. This is
evident from Fig. 5, where is wearing of bronze-brown coating TiCN-MP visible as a dark gray area
(hardened base material buffed to a mirror shine).

Fig.5 Surface wear of the tooth side after 1.loading level

alc pinion in interaction with OMV Biohyd MS46 / OMV Biogear S150 oil
b/d wheel in interaction with OMV Biohyd MS46 / OMV Biogear S150 oil

CONCLUSIONS

Based on evaluation of the scuffing with Niemann test from the loss of material point of view came to
scuffing already at 7. level in the interaction with the OMV Biohyd MS46 oil and at the 8. level in the
interaction with OMV BioGear S 150 oil, in terms of roughness at 11. and 12. level (Misany, 2015).
At these levels came to partial coating wear in the dedendum of the tooth. Already, based on these
results, can be stated better adhesion of the coating TICN-MP + MOVIC in convex-concave gearing
than it was with DLC film deposited as well in a convex-concave gearing, at which came to due to
(Zapotocny, 2014) scuffing from the weight loss point of view already at 5. level with OMV Biohyd
MS46 oil and at the 7. level with OMV BioGear S150 oil, while at 4. level already came to rub off of
DLC coating. In the context of comparative tests were also carried out tests for coatings TiN and
MoS,. From the achieved results it can be stated, there’s better carry capacity of multi coating
compared with single layer coating MoS; (Feddk 2008).
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Abstract

The approach of the constructer and designer of the products and its components is based on the re-
strictions which are conditioned by model layout of geometric elements. The designer has to know the
principles of GPS perfectly in order to be able to order geometric and proportional tolerances cor-
rectly. Moreover, he should have inevitable requirements and experience of tolerances production and
measurement. When the designer orders important parameters and proportions, their boundary devia-
tions and tolerances, he gives primary impulse to the way in which these parameters will be produced
and controlled afterwards. The aim of the contribution is to show how a designer can noticeably con-
tribute to the optimisation of control operations by the application of new requirements according to
the standard EN I1SO 1101.

Key words: GPS; documentation; geometrical tolerances, designer.

INTRODUCTION

The basic rule of the design realisation in the technical documentation is the relationship demarcation
between length size and its deviation (which are the results of production and can be found out by
measuring), and geometrical tolerances. The geometrical tolerances determine the characteristics of
every geometrical feature, i. e. size, shape, direction and position. The definition of the tolerance zone
from the point of view of its shape and size, and of its assignment to the assessed shape of geometrical
feature has to be unambiguous, so that the regulation of every geometrical tolerance was unambigu-
ous. The way of the control of tolerated feature depends on the definition of the tolerance zone. This is
the reason why it is important to understand correctly the definitions of individual geometrical charac-
teristics unambiguously stated by standards and to learn how to order them on drawings correctly
(Broncek, Handbook of Designer 1, 2015; Draganovska, Materials Science Forum, 2014; Broncek,
Materials Science Forum, 2015). But deciding about optimal tolerances is not easy. Firstly, the toler-
ance always has to have a relation to the function of part, and secondly, the stated tolerances have to
be manufactorable. Thirdly, we have to be able to do unambiguous and repeatable measurement of all
tolerances. The designer has to know perfectly the principles of GPS in order to be able to order geo-
metrical and dimensional tolerances. Moreover, the designer should be aware of necessary require-
ments and experiences related to manufacturing and measurement of tolerances.

Geometrical product specification (GPS) is overall term for a group of international standards and
determines basic relations between size tolerances and geometrical tolerances. GPS include the stand-
ards which are related to construction requirements, but also to their proper manufacturing process and
product verification for the assessment of correct shape, or more precisely for the assessment of the
correct geometry. One of the basic standards of GPS is the standard EN ISO 1101 which is the stand-
ard of geometrical tolerance and which determines basic requirements for use of geometrical tolerance
when creating technical drawing documentation. In the framework of the inspection, the standard was
completely restructured and fundamentally extended with new parts (e.g. the part about filters, filtra-
tion in GPS). New concepts, terms and definitions (e.g. theoretically exact feature TEF, connected
feature, or specification element) are applied in the revised edition of the standard of the year 2017.
These concepts, terms and definitions were not used in the previous editions of the standard, but now-
adays they are valid for the definitions of geometrical features in the set of GPS standards. In the fol-
lowing part of the article, we would like to briefly introduce several changes and examples which are
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included in this standard and which are related mainly to its application when ordering geometrical
tolerances on drawings.

The main changes introduced by the standard EN 1SO 1101 are:

e Tools for a specification of the tolerated feature filtration have been added and a line type for
an illustration has been selected.
e Tools for tolerance of associated features have been added.
e Tools for shape characteristics specification by determination of referential feature and speci-
fied parameter assignment have been added.
e Tools which specify restrictions of the tolerance zone have been added.
The aim of the contribution is to show how a designer can noticeably contribute to the optimisation of
control operations by the application of new requirements according to the standard EN 1SO 1101.

MATERIALS AND METHODS

The GPS specification for GPS characteristics has to be stated in the technical documentation of a
product. The GPS characteristics enable the determination of the deviations (of texture, shape, orienta-
tion and location) and the proportions having regard to the ideal features. The deviations of texture and
shape are determined from one non-ideal feature. The deviations of orientation and location are situa-
tional characteristics which are determined from two non-ideal features. The proportion is a proper
characteristic which is determined from one non-ideal feature. Figure 1 shows the GPS characteristics
of shape for plane surface. The shape of characteristic is expressed as basic characteristic which is a
situational characteristic between non-ideal feature and ideal feature, i. e. maximal distance between
the smoothed feature and the plane.

2~ W\ Key
W \3 1 non-ideal feature
1 IA 2 filtration

3 association
4 basic characteristic
Fig. 1 Example of determining GPS characteristics

The workpiece or feature is to be considered acceptable/good when the specification is fulfilled. Only
that which is explicitly required in the technical product documentation shall be taken into account.
The actual GPS specification stated in the technical product documentation defines the measurand. On
a drawing, the geometrical tolerances are indicated in a tolerance indicator (tolerance frame vertically
divided into two or more parts). The data in the tolerance frame are always ordered from left to right
and the content of individual parts is explained in Figure 2.

Zone, feature and characteristic section

o]
Symbol section Datum section

2 _ (A [e-c] [H]

|- | 0,04 |A[B-C|H]

Fig. 2 Example of data arrangement in tolerance indicator

Table 1 shows the tolerance features which can be used in the second part of the tolerance indicator, in
a different grouping and order for a zone, for a tolerated feature and characteristic. All specification
features are optional besides those of them which determine the width of the tolerance zone. In the
following part of the article, we briefly state the analysis of certain requirements which are used to
control specific functions of the products. Filter specification stated in the part of the tolerance indica-
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tor is optional specification feature. The ordering of the filtration of tolerated feature is marked by
specification combination which is composed of two elements. The first element of the order marks
the type of the specified filter and the second element contains the nesting index, value of boundary
wavelength Ac or filter characteristics. The boundary wavelength Ac and the filter type describe the
features of the filter (characteristics of the filter or transfer function).

Tab. 1 Specification elements in the tolerance zone, feature and characteristic section of tolerance
indicator [1]

Tolerance zone Tolerance feature Characteristic -
S
c _ g
2§ 3 = |8 g3 s 5 |3,
3+ [ = o o] ke T =
o & B £ S| _8§8ge g 3 g |28
£ 2g & g 3 S |2 2% gz §=2 2 S €<
5 =3 ) a's O | I <«28& o < g |=S 8§
¢ 0.02 Cz Uz+0,2 oz | G 0.8 © @ CCECI P @
S¢ 0.02-0,01 SZ UZ-0,3 VA S -250 @ @ GGEGI V @
0.1/75 uUz+0.1:+0,2 >< | Etc. 0.8-250 X T
® @y ®
0.1/75x75 UZ+0.1:-0,3 500 @© ®g7 [N Q | ®
0.2/¢4 Uz-0.1:-0,3 -15 €9
0.2/75x30° 500 -15

According to the norm 1SO 16610-21, the boundary wavelength represents 50% of the transfer charac-
teristic. It means that the value of depicted frequency is considered to be permeable for boundary
wavelength exactly 50%. The difference is principally given by 3 different characteristics of the filter,
i.e. the bottom permeability, the top permeability and the filter permeability band. When we want to
measure a shape, we use mainly the filtration with the bottom. The transmission band (band pass filter)
has to be marked by the basic length of filters (in mm) which are separated by a hyphen “-“. For the
same filter type (G- Gauss’ filter) a long-wave pass filter 0,25 is written first and then short-wave pass
filter 8 is written afterwards (Figure 3). The tolerated features are all lines at the surface which are
parallel to the datum A.

l—¢—|o,02 60.25-8K ] //TA] /101 50,25- [AK] //[B]
8]

|

|

Fig. 3 Example of the specification for ge- Fig. 4 Example of the specification of lineari-
ometrical shape deviation — linearity with ty tolerance zone when using long-wave
the given band pass filter for a filter type — spline filter

Gaussian filter

The example of the collinearity tolerance zone order when using long-wave spline filter is visualized
on Figure 4. The specification S in the part of the tolerance indicator indicates that the spine filter is
ordered. The value 0,25 represents the bound 0,25 mm. We are talking about a long-wave pass filter,
because the hyphen “-“ follows the value. While using this filter, the wavelengths shorter than cut-off
value are removed. This is the reason why the specification refers to the feature which has been fil-
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tered with a 0,25 mm long wave spline filter. The plane cross point indicator placed beside the toler-
ance indicator marks, that the specification is related to the line features parallel to the datum B. It
means that every individual filtered line has to be parallel to the datum A and has to be located in the
tolerance zone defined as the space between two lines 0,1 mm apart. The nesting index for open fea-
tures, e. g. straight line, plane, cylinder in an axial direction, is stated in mm. The nesting index for
closed features, e. g. cylinder in a peripheral direction, is stated in UPR — undulations per revolution.
The units shall not be indicated.

Figure 5 shows the example of the specification for shape geometrical deviation — circularity. The
specification G in the tolerance indicator element marks that ordered Gaussian filter and indication N
determine the specification of the smallest circumscribed referential element/feature. The tolerated
feature is considered to be closed and nesting index is stated in the values of UPR (undulation per
revolution), because we are talking about the circularity specification. The value of 50% stands for
50% UPR and because a hyphen “-“ follows the value UPR and it is a long-wave pass filter which
removes short wavelengths (higher UPR numbers). This is the reason why the specification order is
related to the feature which has been filtered with the help of 50 UPR Gaussian long-wave pass filter.
The notation in the tolerance indicator element shows that every individual filtered circumferential
profile line has to be located in the tolerance zone defined as the space between two concentric circles
with 0,02 mm radius difference.

When we order the requirement for the feature which is open in two directions, e. g. a plane, we can
order filters (various) for each direction. The plane cross-line indicator for a direction mark, in which
the first stated filter should be used, is stated as the tolerance indicator. In order to separate two filter
indications “x” is used. The second filter, which is related to the closed feature, is applied in the per-
pendicular direction to the first filter direction. For the function which is open in one direction and
closed in the second direction, e. g. cylinder, the filter indicator for open direction has to be directed
before filter indicator determined for the closed direction.

l—{olo,oz G15- N| ﬁpﬂo,oa 50,25-x150- C P |

Fig. 5 Example of a specification for Fig. 6 Example of shape geometrical
shape geometrical deviation — round- deviation specification — cylindricity
ness specification specification

Figure 6 shows the example of the specification of shape geometrical deviation — cylindricity specifi-
cation which is related to the profile point height (indicator P) in regard to the referential cylinder. The
referential cylinder is associated by the method minimax (indicator C — Chebyshev) after the applica-
tion of a long-wave spline filter with boundary values 0,25 mm in the axial direction and 150 UPR in
the circumferential direction.

In the mechanical engineering enterprises, there is a standard requirement that the constructional solu-
tion has to be appropriate even from the technological point of view. Analogically, the requirement on
the metrologicality of the construction should be applied to the construction, too. It means that the
measuring operations when the quality control are realisable and appropriate from the point of view of
the accuracy of the measurement and from the economical point of view. The designer can considera-
bly contribute to the optimisation of the control operations by applying new requirements according to
the standard EN ISO 1101. The decision, which measuring method or which measuring device will be
applied for the given control operation, is based on the requirements which are included in the tech-
nical (manufacturing) documentation. The way how the constructer orders important parameters and
proportions, their boundary deviations and tolerances gives the primary impulse to how these parame-
ters will be controlled (Kohar, Communications, 2014; Fabian, Communications, 2014; Martinec,
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2015; Mazinova, 2015; Stupavsky, Materials Science Forum, 2014). This enables the designer to pre-
determine the form and the content of the control operations. These statements are confirmed in the
following part with the help of specific example.

RESULTS AND DISCUSSION

The aim of the experimental measurement was to measure and evaluate the deviation of proportions
and geometrical shape deviations on a functional surface of a rotary component with the diameter ¢
46,545 mm (Figure 7). The forging made of the material 16MnCr5 is an intermediate product for the
component manufacture. The surface of the component should be modified by a nitriding and shaped
by grinding afterwards. The ordered tolerance of proportions — or diameter is £0,025 mm and shape
deviation tolerance is ordered by cylindricity 0,02 mm.

$46,545+0,025

Fig. 7 The order of the proportions re- Fig. 8 The picture of 3D coordinate measuring
quirement and the specification for shape machine CMM
geometrical deviation - cylindricity

The experiments were realized on the 3D coordinate measuring machine (CMM) from the company
Zeiss with the help of the passive scanning probe which cooperates with the software Calypso. The
evaluation of the measurement results gained on the machine CMM, which were measured on the
same workpiece and under the same measurement conditions, can be considerably different which
depends on the use of different methods of the results evaluation of the measurement by measuring
software. The external diameter was measured by continuous method by scanning of the profile sur-
face. An ideal geometrical feature — cylinder was affiliated to the gained profile by selected approxi-
mation method.

Tab. 2 Selected results from measurement of the proportion and geometrical deviation of cylindricity
Actual dimen- Nominal dimen-

Name ) ) Difference (mm)
sion (mm) sion (mm)

Dimension specification

Cylinder diameter method GG 46.5204 46.5450 -0.0246

Cylinder diameter method GN (E) 46.5305 46.5450 -0.0145

2-point diameter max. 46.5343 46.5450 -0.0107

Cylindricity specification

Cylindricity method G 0.0115 0 0.0115

Cylindricity method N 0.0122 0 0.0122

Cylindricity method C 0.0112 0 0.0112

The approximation methods: the smallest squares method — G, the packaging surface method — E and
two-point method were used to evaluate the proportions. The proportions were removed from the ref-
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erential feature by the methods G and E, and the referential feature was used in a two-point method to
determinate its centre. The geometrical deviation of cylindricity was evaluated from the surface profile
we had taken by these methods: the smallest squares method — G (LSCY), the smallest circumscribed
cylinder method (MCCY) and the minimal zone method (MZCY). Table 2 shows certain results from
the protocol of the measurement of the proportions and cylindricity. The implementation of individual
measurement principles serves to the comparison of the results of measurement for the examination of
the pertinence of correct requirement order according to the appropriate method.

CONCLUSIONS

From the analysis of processed values data follows, that different results were achieved by the applica-
tion of individual approximation methods of geometrical features affiliation. The smallest external
diameter deviation values were recognised when using two-point method (method of tangent features).
While the evaluation of shape geometrical feature — cylindricity that the smallest geometrical devia-
tion values were recognised when applying the minimal zone method MZCY. By the conclusion re-
flection about (the objectivity) the appropriateness of the use of particular measurement method we are
able to state that, while the selection of the particular method for referential geometrical feature deter-
mination (reference circle), we have to take into consideration mainly the supposed function of the
evaluated surface.

The established results point to the fact, that measurement and evaluation methods influence the final
measured value. This is the reason, why it is important that the designer orders appropriate method of
measurement and evaluation of measured parameter values on the drawing documentation to the order
of parameter specification.
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Abstract

The whole lifecycle of a construction node and the whole technical system attempts to be optimized.
An engineer decides whether the construction node or the whole technical system need optimization or
when and by which optimization tools will be the optimization performed. Virtual simulation software
belongs to the tools that help the engineer to make a decision. Within the virtual environment, there
can be performed simulations that analyze the whole technical systems in detail. It is possible to
proceed to such virtual simulations and analyzes during different stages of the technical system
lifecycle and they may help us to reveal and precisely identify structural shortcomings, weak spots and
elements. By means of such simulations, the engineer can solve a problem in the technical system
construction in a faster, better and cheaper way.

Key words: technical system; construction node; optimization; virtual simulation.

INTRODUCTION

New kinds of software are being developed daily. They have to find and accurately identify possible
construction deficiencies. Such software enables to simulate different impacts and loads on the
construction elements, construction nodes or on the whole technical system and thereby save time and
money. Such software analyzes enable to verify the selected parameters of the technical system at any
time in the construction process, thus ensuring proper selection of optimization.

Thermoplastics are widely used due to their good mechanical and construction properties, mainly in
the area of consumer goods, electrical engineering and automotive industry. Their great construction
advantage is that they can be very reliably connected by means of welding. Ultrasonic welding
belongs to effective welding methods of plastics. Practical application of ultrasonic welding for hard
plastics was finished in year 1960. The patent for the ultrasonic method for welding rigid
thermoplastic parts was awarded to Robert Soloff and Seymour Linsley in 1965 (Weber, 2007).
Success of the company depends primarily on the ability of meeting the requirements of the market
respectively customer requirements. For this reason, customer satisfaction has become a measure of
success (Zarnay, et al., 2000). Perspective future of automation of the ultrasonic welding of
differently sized plastic parts leads the company CEIT Technical Innovation s.r.0. (Central European
Institute of Technology s.r.0.) to optimize the already produced welding machines and to produce
unified assembly units for incorporation into ultrasonic welding machines.

To perform a good welding joint, it is necessary to observe the main parameters of the ultrasonic
welding. The values of the ultrasonic welding parameters vary according to the welded material.

The main parameters of the ultrasonic welding are: tip welding deflection amplitude A, (mm),
compressive force Fp (N), frequency f (Hz), welding time t (s) (Sobotova, 2005). Correct
understanding of quintessence of physical phenomena and their effective use in technical systems also
provides solid platform for innovation (Bultey, Yan, Zanni, 2015).

MATERIALS AND METHODS

The technical node for gripping the sonotrode shall ensure all the requirements coming from the
ultrasonic welding technology. The technological procedure of ultrasonic welding involves the
welding head supply to the welding joint. Transmission of ultrasonic vibrations into the welding joint
is performed for the required time and under constant pressure and, if necessary, to ensure cooling of
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the welding joint. The transfer of physical quantities necessary to carry out the ultrasonic welding has
a negative impact on the whole construction node of welding heads or sonotrodes gripping.

When designing the construction nodes of sonotrode gripping, the greatest possible repeatability of
these nodes was taken into account for the design of other technical systems for the ultrasonic
welding. The following step was to create a database, including these construction nodes, for a faster
production of technical systems. In this regard, the 3D design models of construction nodes for
sonotrodes gripping were subjected to simulations in the virtual world. There were designed two
gripping variants on Fig. 1. Both variants were subjected to simulations.

Fig. 1 a) Welding head gripping, Variant no.1; b) Welding head gripping, Variant no.2; (1) Sonotrode,
(2) Linear conduct, (3) Pneumatic cylinder, (4) Cooling tube, (5) Gripping construction

For the purposes of the software in which the simulations were performed, both variants were
simplified as much as possible and the 3D models were relieved of the excess elements that met only
the secondary functions. Within the simulations, there were taken into account the gravitational force
and the compressive force acting in the opposite direction as the gravitational force. The compressive
forces during the ultrasonic welding range from 0,2 MPa to 10 MPa. They are selected according to
the welded material properties and the type of material used. We will count with the greatest possible
load of 3 MPa on the welded polymer.
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Standard Earth Gravity: 9906,6 mm/s*
Fixed Support 5

[D] Fixed Support 6

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
10.6.2017 1526

Equivalent Stress
Type: Equialent fvor-Mises) Stress
Unit: MPy
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10.6.2017 1529
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b) f)

Fig. 2 a) Gripping and loadings, Variant no.1; b) Deflection of the sonotrode head, Variant no.1; c)
Maximum stress in Variant no.1; d) Gripping and loadings, Variant no.2; e) Deflection of the
sonotrode head, Variant no.2; f) Maximum stress in Variant no.2;

Variants have a similar construction type and some construction elements are repeated. Both variants
are gripped to surfaces C, D, loaded by the gravitational force B and the compressive force A in the
welding joint. These simulations show that the sonotrode has 1.0018 mm deflection of the welding
head in the welding joint on the gripping, Variant no.1, and 0.744 mm deflection on the gripping,
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Variant no.2. In both designed constructions, too much stress is formed in the same construction unit
and exceeds the used material’s strength limit of R 340 MPa. In Variant no.1, there is the stress of
2092 MPa and 454,7 MPa (Figure 2) in Variant no.2.

We need the construction node to ensure that deflection of the sonotrode head in the welding joint is at
maximum 1 mm and the mechanical stress in the construction does not exceed 340 MPa. An analysis
of the impacts of forces necessary during the ultrasonic welding technological process on the technical
node has revealed the technical node construction deficiencies that prevent to repeatedly perform
welding joints of the required quality. The simulations performed have exactly determined the
unsatisfactory construction unit and also the specific place in which the unsatisfactory unit is
overloaded on Fig. 3.

Fig. 3 Unsatisfactory construction unit (unsatisfactory construction places are marked with arrows).

This construction unit occurs in both original variants of the sonotrode gripping and proved to be
unsatisfactory in both variants during simulations. When considering strength, both variants are
unacceptable and the construction needs to be modified.

RESULTS AND DISCUSSION

The simulation results led to the design of Variant no.3 in which all the shortocomings of the previous
variants should have been removed. The same simulations were performed also on the construction of
this variant. When designing the construction node, Variant no.3, we tried to use as many construction
units as possible from the previous variants, which complied with the requirements of the ultrasonic
welding technological process when considering strength and functionality.

Static Structural Total Deformation Equivalent Stress
Time: 1, Type: Total Deformation

iLs Type: Equivalent (von-Mises) Stress
10.6. 2017 15:22 Unit; mm Unit: MPa
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‘ N 0 Min
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2418
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112,09
14725
37363
2,6872e-5 Min

a) b) )

Fig. 4 a) Gripping and loadings, Variant no. 3; b) Deflection of the sonotrode head, Variant no.3; c)
Maximum strength in Variant no. 3;

The construction node is gripped to surface A, loaded by the gravitational force B and compressive
force A in the welding joint. The gripping area, the strength and the direction of their action are shown
in the figure Fig. 4. The simulation shows that on the gripping, Variant no.3, the sonotrode has 0.863
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mm deflection in the welding joint and the maximum voltage of 284.72 MPa is being formed in the
construction with 3 MPa load.

When considering the forces used during the ultrasonic welding technological process, this
construction node fully complies with the construction requirements for the use in the technical
systems of the ultrasonic welding machines.

Tab. 1 Gripping analysis

. Deflection Stress Rm Satisfactory
Gripping
mm MPa MPa Yes/No
Variant no.1 1,0018 2092 340 No
Variant no.2 0,744 4547 340 No
Variant no.3 0,863 284,74 340 Yes

CONCLUSIONS

The biggest problem with the designed technical systems of the ultrasonic welding machines has been
to design a sufficiently stiff, but also the most variable sonotrode gripping. The simulation software
helped us to identify the unsatisfactory element and its deficiencies in the construction node in a
relatively short time. This led us more effectively towards design of a new, suitable construction node.
This saved us time and money that can be saved or used within the optimization process.
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Abstract

The study focused on the description of the empirical and theoretical relationship between the force
and deformation as well as the deformation energy of bulk oilseeds of oil palm, sunflower, rape and
flax. Each of the bulk material initial height of 60 mm was loaded using the universal compression
machine and pressing vessel of diameter 60 mm at a maximum force of 200 kN and speed of
5 mm/min. The tangent curve model was used to describe the experimental data. The amounts of
numerical deformation energy of oil palm and sunflower bulk materials at a force of 200 kN
were/245.55+20.41 (J) and 675.94+5.55 (J) whiles that of the analytical were 1283.96+29.55 (J) and
823.31+123.20 (J). At an optimal force of 163 kN for rape and flax bulk oilseeds, the amounts of
experimental and analytical model of deformation energy were 718.27+29.41 (J) and 690.55+45.71
(J) then 600.96+4.62 (J) and 566.82+5.31 (J).

Key words: bulk oilseeds; compression loading; empirical data; mathematical model

INTRODUCTION

Oil is usually extracted from oil-bearing materials by mechanical expression or solvent method
(Owolarafe, et al., 2008). Compression test of bulk systems also requires that the materials be placed
in an enclosure to withstand the resulting pressure or compressive force (Raji & Favier, 2004).
The knowledge of the required amount of energy of the oil-bearing materials during compression is
useful in developing the appropriate equipment design and optimized processing conditions for greater
oil recovery from oilseeds (Chapuis, et al., 2014). From the literature, the use of a mathematical model
for the estimation of the energy in compression test has been reported for some bulk oilseeds (Herak et
al., 2011; Sigalingging et al., 2014, 2015). Adequate information in this subject area is still needed to
developing a more detailed mathematical model for energy requirement of oil-bearing materials during
compression loading test and mechanical screw press. The objective of this study was to determine the
numerical and analytical deformation energy of some bulk oilseeds/kernels of oil-bearing crops under
compression loading.

MATERIALS AND METHOD

Sample and moisture content

The moisture content of the bulk oil palm kernels and the bulk oilseeds of sunflower, rape and flax
was determined using the standard oven method with a temperature setting of 105 °C and drying time
of 17 h (ISI, 1996). The initial and final weights of the bulk materials before and after oven drying
were determined with the electronic balance (Kern 440-35, Kern & Sohn GmbH, Balingen,
Germany). The determined amounts were 8.57, 4.79, 4.62 and 7.32 % on a wet basis according to
equation (1) (Blahovec, 2008).

MC.., = Hmm—m}oo} R

where: MC,,, is the moisture content on a wet basis (%), M, is the mass of the bulk samples in the

initial state and m, is the mass of the bulk samples after drying or heat treatment (g).
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Compression test of bulk oilseeds/kernels

The bulk oil-bearing materials were compressed at a maximum force of 200 kN and speed of
5 mm/min using the universal compression testing machine (ZDM 50, Czech Republic) and pressing
vessel of diameter 60 mm. The initial pressing height of the bulk samples was measured at 60 mm
where they were repeated three times. The obtained amounts of the force and corresponding
deformation were further processed using the MathCAD 14 software (Mathsoft, 2014; Marquardt,
1963; Pritchard, 1998).

Deformation energy
The deformation energy was calculated using equation (2) (Herak et al., 2012).

D, = Zﬂ%)(x —xn)} 2)

n=0

where D. is the deformation energy (J), F,,+F,andX,,, —X, are values of the force (N) and
deformation (mm), n is the number of observed valuesandiis 1,2, 3............ i max ObSErVations.

Percentage oil yield
The percentage oil yield of the bulk oilseeds/kernels was calculated using equation (3) (Deli et al.,
2011).

0
OY(%) =100 3)

m
where OY is the oil yield (%), O,, is the mass of oil (g) and O, is the mass of bulk oilseeds/kernels
(9)

Theoretical fitted curves and deformation energy

The theoretical dependency between the force and deformation curves of the bulk oil-bearing
materials was described using the tangent curve function as indicated in equation (4) (Herak et al.,
2011; Sigalingging et al., 2014, 2015).

F(x, A,B)=A-(tan(B-X))" ()

Where F is the compressive force (kN), x is the deformation of bulk material (mm), A is the force
coefficient of mechanical behaviour (kN), B is the deformation coefficient of mechanical behaviour
(mm™) and n is the value of the fitting function (-). The integral of equation 4 is the deformation
energy (J).

RESULTS AND DISCUSSION

The results of the numerical and analytical evaluation of the bulk oilseeds of oil palm, sunflower, rape
and flax are presented in Tab. 1 and 2 as well as Fig. 1 to 3 respectively. For rape and flax bulk
oilseeds, the optimal force without the ejection of the seedcake through the pressing vessel holes was
observed at a maximum force of 163 kN. However, the initial maximum force of 200 kN for oil palm
and sunflower bulk oilseeds/kernels was without any ejection process. The ejection process is
characterized by the serration behaviour on the force and deformation curve (Fig. 1). Both the smooth
curve pattern and serration effect exhibited by the oil-bearing crops are important for analyzing the
energy requirement for the output oil (Divisova et al., 2014).
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Fig. 1 Force and deformation curves of bulk oilseed or kernel of oil palm, sunflower, rape and flax

The empirical amounts of deformation energy of oil palm, sunflower, rape and flax bulk materials
were 1245.55+20.41 (J), 675.94+5.55 (J) 718.27+29.41 (J) and 600.96+4.62 (J). Similarly, the
analytical deformation energy values based on the tangent curve model of the above-mentioned bulk
oilseeds/kernels in that order were 1283.96+29.55 (J), 823.31+123.20 (J), 690.55+45.71 (J) and
566.82+5.31 (J) (Tab. 1). Flax bulk oilseeds indicated the lowest deformation energy at a speed of
5 mm/min. These amounts are described graphically in Fig. 2. Following in that order the oil yield
amounts were 27.32+0.79 (%), 21.08+0.59 (%), 23.04+0.15 (%) and 14.1940.61 (%).

Tab. 1 Evaluation of numerical and analytical deformation energy of different bulk oilseeds

Bulk Force Deformation Deformation energy (J)
oilseeds/kernels (kN) (mm) Numerical Analytical
Oil palm 200 39.53+2.21 1245.55+20.41 1283.96+29.55
Sunflower 45.36+0.37 675.94+5.55 823.31+123.20
Oil palm 38.91+0.20 1133.72+15.44 1151+31.51
Sunflower 163 44.97+0.37 604.77+8.57 634.20+60.91
*Rape 33.03+£0.56 718.27+29.41 690.55+45.71
*Flax 29.68+0.52 600.96+4.62 566.82+5.31

* Optimal force without seedcake ejection from the pressing vessel holes.
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Fig. 2 Relationship between the numerical and analytical deformation energy of bulk oilseeds at force
163 kN

The statistical analyses of the tangent curve mathematical model are given in Tab. 2.
The results were significant where the values of Fgiicar Were higher than F.y, for all determined
coefficients. Further, the amounts of P, Were also higher than the alpha level of 0.05.

Tab. 2 Tangent model coefficients and statistical analyses at force 200 and 163 kN

Bulk A B n Fratio Feritical Pualue RZ
oilseeds/kernels (kN)  (mmh () () (-) O] )
At force 200 kN
Oil palm 19.577  0.038 0.002  3.858 0.969 0.999
+1.161 +0.002 1 +0.003 +0.001 +0.030 +0.001
7.573 0.034 0.067 3.860 0.799 0.996
Sunflower

+0.241  +0.001 1 +0.024  +0.001 +0.039 +0.001
At force 163 kN

Oil palm 19.460  0.038 0.004  3.860 0.952 0.999
£1.166 £0.002 1  +0.006 +0.002  +0.034 +0.001

6.781  0.034 0.025  3.860 0.878 0.999

Sunflower 0095  £0.001 1 40013 0002  =0.031  +0.001
Rape 11.373  0.046 0.011  3.864 0.934 0.992
£1.124  +0.001 1 +0.017 40.005  +0.064 +0.002

Flax 7.170  0.046 0.057  3.868 0.816 0.996

+0.517 £0.001 2 +0.028  +0.004 +0.048 +0.001
Fratio IS the value that compares the joint effect of variables (-), Feiticar 1S the critical value that
compares a pair of models (-), Puae is the significance level within a statistical hypothesis
test (-), R? is the coefficient of determination of fitted data (-).

The coefficients of determination (R?) of the tangent model were between 0.992 and 0.999 indicating
the accuracy of the mathematical model for describing the empirical data of bulk oilseeds under
compression loading (Fig. 3).
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Fig. 3 Empirical and theoretical descriptions of force and deformation of some bulk oilseeds

The present results were in agreement with other published studies focused on the mechanical
behaviour of bulk oilseeds or kernels under compression loading (Herak et al., 2011; Sigalingging et
al., 2014, 2015). However, research is still needed for developing a general model which takes into
account the effects of speed, moisture content, heat treatment temperature and friction which thus
influence the pressing process. This knowledge can be transferred to the non-linear pressing involving
a mechanical screw press or expeller for optimizing the energy requirement and oil recovery
efficiency.

CONCLUSION

A good fit was obtained between the experimental data of the different oil-bearing seeds/kernels and
predicted data based on the tangent curve model. The coefficients of determination (R?) of the tangent
model were between 0.992 and 0.999. However, the incorporation of other pressing factors in the
tangent curve model is required to describe the mechanical behaviour of bulk oilseeds under
compression loading.
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Abstract

The article is focused on the design of new drilling machine for building perfectly vertical drills. The
need of the vertically accurate drills is given by the necessity of inverted pendulum installation into the
water dams. The machine is designed with emphasis on mobility and installation dimensions in the dam
corridors.

Key words: drilling machine; core drilling; water dam; inverse pendulum; monitoring.

INTRODUCTION

The security of water dams is very actual topic. The pendulums are used for monitoring of water dam
tilt. These tilts can reach quite high values due to the temperature difference or amount of retained water.
The fixed point of the pendulum is usually placed nearby the top of the dam and the weight is nearby
the foundation joint of the dam. For more precise measurement the inverse pendulums are used in com-
bination with classic pendulums. The inverse pendulums are installed through the foundation joint of
the dam. This allows to separate the movements of the dam due to the temperature, water etc. and the
movements caused by the changes in the subsoil. For this purpose, it is necessary to build very accurate
vertical drill through the dam concrete, foundation joint and the subsoil rock (Webster, 1998). The ver-
ticality of the drill is required 0.1%, i.e. 1 mm deviation for 1 m of the drill. The designed drilling
machine was further used in cooperation with company CHEMCOMEX Praha, a.s. for the new technol-
ogy development within the project TA04020433.

MATERIALS AND METHODS
The drilling machine is designed as a two-column with a drill head on the lifting portal. The CAD model
can be seen in Fig. 1.

Fig. 1 The CAD model of the designed drilling machine

66



”} 58t ICMD 2017
@é 6 - 8 September 2017, Prague, Czech Republic

The drilling machine is designed for the bore diameter 137 mm and the tight drilling column is used.
The necessary torque for the drilling is approx. 2000 Nm and revolutions 190 rev/min. These parameters
are satisfied by the hydraulic drill head JANO RH 250. The stroke of the drill head is realized by means
of the motion screws and lifting gearboxes. The input power is realized by the hydraulics again. The
linear movement is secured by the rails and track runner bearings.

It has to be supposed that the connecting surfaces in the dam corridor are not ideally flat, see in Fig. 2.
The correct setting up of the drilling machine is essential for the verticality of the built drill. For this
purpose, the special adjustable struts with spherical joint were designed, see Fig. 2. These struts can
compensate the imperfections both on the floor and on wall of the corridor. This system allows the
correct setting up of the drilling machine into the vertical position. Whole adjustable system is in Fig.
3.

Fig. 2 Scheme of the non-ideal surface for the drilling machine connection and designed solution by
means of the struts with spherical joints (Kavka, 2015)

Fig. 3 Adjustable system for compensation of imperfections of the floor and wall (Kavka, 2015)
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RESULTS AND DISCUSSION

The drilling machine was manufactured according the introduced design. The first testing took place on
the testing polygon on the premises of the company CHEMCOMEX Praha, a.s. Complex drilling tests
were carried out. Furthermore, the verticality of the test drill was measured by the special measuring
pendulum. Measured data were evaluated with very good result of verticality.

Fg. 4 DriIIig machine on the testing polygon ahd.:é'bééiél mésuring pendulum mounted on the drill

head

After necessary test of the drilling machine, it was moved to the Orlik dam, see Fig 5. The main goal
was to build the 10.5 m deep drill of diameter 137 mm through the foundation joint of the water dam
and keep up the given verticality 0.1%. At first, the drilling machine had to be mounted to the floor and
wall using above mentioned adjustable system. The axis of the drill head was established into the coin-
cidence with vertical. The problem with the rinse water had to be also solved due to the environmental
and technical reasons.

Fig. 5 Transport of the drilling machine into tOrh’k wat dam
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The drill in the Orlik dam was built into the deep of 10.5 m. The first 2.8 m of the drill was built in the
concrete structure of the dam and the rest of the drill is located in the rock base. The drill was continu-
ously monitored by means of the special measuring pendulum to keep up the given verticality with very
good results. Drilling machine in the corridor of the Orlik water dam can be seen in Fig. 6.

ok

‘ et h | - a
Fig. 6 Drilling machine during the drilling in the corridor of Orlik water dam

CONCLUSION

This contribution describes the design the new design of the special drilling machine. This machine is
capable to build accurately vertical drill by means of core drilling technology. These vertical drills are
requested nowadays due to the installations of inverted pendulums for the water dams. Further, the test-
ing of the drilling machine, its transport to the Orlik water dam and own drilling in the dam is described.
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Abstract

This article is devoted to the developing of the methodology of testing of operational parameters of
linear drives. Article is mainly focused on the testing of timing belt driven linear positioner. The main
comparative parameters were appointed and methods for measuring will be explained. Selected meth-
ods will be explained on real-executed experiment. The results of the experiment will be discussed
and analyzed.

Key words: Linear positioner, testing of linear drives, timing-belt, experimental stand

INTRODUCTION

This article discusses a development and further application of methods for measurement of the oper-
ational parameters of a linear drive. Article is mainly focused on the timing belt driven linear
positioners and is based on master thesis elaborated by the author (Kiima,2016; Gates Metcrol
Inc,2006; FORBO Siegling GmbH,2015).

Methodology was developed as a tool for comprehensive and objective evaluation of operational pa-
rameters of commercially produced linear positioners. That could be used for finding of the
performance standard of linear positioning applications for further projects in this field.

The main comparative parameters were appointed as:

a) Maximal load capacity of Linear Positioner (hereinafter LP) [N]

b) Two-sided stiffness of LP [N/mm]
c) Accuracy of positioning [mm]
d) Efficiency of linear drive [-]

MATERIALS AND METHODS

Basic principles of the parameters measuring

Measuring methods for the above mentioned comparative parameters were developed. These methods
allow repeatable experiments in laboratory conditions. Methods require precise measurement of ap-
pointed characteristically values. These values are necessary for determination of real operational pa-
rameters of linear drive. These methods will be in this chapter described and explained individually
(Klima,2016).

Accuracy of Positioning
Accuracy of linear positioning is a crucial attribute in real industrial service and application of the

linear drive. The accuracy depends not only on the linear positioner itself, but on every component
inserted into the drive system. In our case is necessary to considerate the influence of stiffness and
deformation of every element in the drive system (clutches, torque sensor, drive shafts, etc.). Position-
ing error is thereafter calculated as the difference between theoretically expected and the experimental-
ly measured real values of strokes (K/ima,2016).

Efficiency of Linear Drive
The Efficiency of the linear positioner can be calculated as ratio of input and output mechanical work.

These works are determined on the experimentally measured data. Input mechanical work is calculated
as torque of the drive electromotor multiplied by its angular rotation. Output mechanical work is cal-

70



@{’} 58t ICMD 2017
@A 6 - 8 September 2017, Prague, Czech Republic

culated similarly as the action force of platform multiplied by its velocity value. These values are di-
vided and this quotient is the requested efficiency (1) (Klima,2016).

_ Pout _ Wout _ Fr.s __ Fr.s

N system ™ E o Pin o Tm.a o Tm.Q.ry.2.T (1)
Where:
N system - Efficiency of linear positioner [-]
Pot - Power at the system output (positioning platform) [W]
Pin - Power at the system input (driven shaft of positioner) (W]
W ot - Mechanical work at the system output [J]
Win - Mechanical work at the system input [J]
Fr - Force generated by LP in the direction of positioning [N]
S - Stroke of LP [mm]
Tm - Torque at the drive shaft of LP [N.mm]
a - Revolution angle of drive shaft [rad]
I'm - Revolutions of drive shaft [rev]

Experimental Stand
The experimental stand was designed as energetically open system without energy recuperation. This

solution is suitable for our relatively simple experiment. Individual sensors have been built into expe-
rimental system according to the diagram below (Klima,2016).

Force sensor Loading system

—— : =

___ Torque sensor

Linear optical
Revolution sensor measurement system

"~ Electric motar

Data processing

Fig. 1 Schematic chart of experimental stand (K/ima,2016)

The Screw-jack system ZIMM Z-5-SL with maximal stroke of 350 mm and maximal generated force
of 5kN was chosen as the loading system. This screw-jack was used for experimental testing of load
capacity and two-side stiffness of the linear drive. This screw-jack was driven by servo-motor FESTO
EMMS-AS-70-S-RM (Klima,2016).

Tab. 1 Used sensors

Measured Value Sensor

Torque at drive shaft of LP HBM T20WN
Action force of platform HBM S9
Position of platform JCXE 1- 450 mm
Safety end-switches SAIP-CLS-111
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Screw-jack ZIMM 25 FESTOEMMS:AS:/0)

Force sensor HBM

Position measureme
system JCXE 1-450

Torque sensor HBM T20WN

Fig. 2 3D Visualisation of experimental Fig. 3 Application of experimental stand in
stand with student project linear drive the department laboratory (Klima,2016)
(Klima,2016)

Practical application of selected methods
Developed experimental stand was realised and selected methods were verified in practice. Measure-

ments of real load capacity and two-sided stiffness were realised on the student designed linear posi-
tioner. Target of this experiment was the verification of design parameters (Kiima,2016).

RESULTS AND DISCUSSION
Determining of Loading Capacity of Linear Positioner
At first phase of experiment was necessary to find the accurate value of loading force which can be

transmitted by the platform of the linear drive. The external loading force was generated by screw-jack
while the drive shaft of linear positioner was fully locked. The size of the force was increased from
zero to maximal transmittable load in steps of 50 N. After skipping the belt through locked pulley was
the experimental phase finished and the maximal stable transmissible force was recorded and plotted
to graph (Fig.4) (Kiima,2016).

The Loading Capacity Test

0 20 40 60 80 100 120 140 160
Time of the experiment[s]

Fig. 4 Maximal transmissible force of tested linear drive (Kiima,2016)

According to the graph above we could say the maximal loading capacity of tested LP in the direction
of positioning is equal to 350 N. When the external load reaches the level of 375 N, the deformation of
position significantly increases. In this point the linear positioner wasn’t able to positioning under
loading and the reaction force had been reduced to zero (Klima,2016).

Two-sided Stiffness of Linear Positioner
In previous part was determined the maximal loading force to value of 300 N. Twelve suitable stroke

positions were chosen for measuring the two-sided stiffness. This stiffness calculation was based on
the immediate change of platform position under the influence of the loading force (Klima,2016).
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Fig. 5 Curves of the stroke changes under the Fig. 6 Two-sided stiffness of linear positioner

loading force (Klima,2016) (Klima,2016)

In the graph above can be seen the influence of the pre-loading force to the stiffness of LP during the
first measuring cycle. On the hysteresis curves area of decreasing of stiffhess is in the loading level
about 180 N. This area indicates the compensation of the backslash in the timing belt mechanism
(backslash between the teeth of belt and the drive pulley). This phenomenon does not occur in the first
measurement cycle after pre-loading of the positioner. The difference between position of the platform
at start of the loading sequence and the position after relief from loading sequence is obtained posi-
tioning error (Klima,2016).

CONCLUSION

Functionality of developed methods for testing of linear drives was experimentally verified with appli-
cation on the real linear drive system. Maximal operational parameters were discovered and compared
with expected values. The measured results match the real-life behaviour of system and clarified ef-
fects and phenomenon incurred during the experiment. The weak points of the structural design of
student project were appointed. Areas of future development in order to improve the operational pa-
rameters were recommended (K/ima,2016).
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THE BEARING SYSTEM FOR THE CALIBRATOR OF SCHENBERG DETECTOR
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ABSTRACT

This paper presents some topics for the “Mario Schenberg” gravitational waves detector calibrator,
focused on the bearing system. This device must symmetrically rotate two objects, with mass and at a
radius as large as possible, at a speed of 96,000 rpm, and therefore falls into the high-speed machines
category. The guidelines and solutions proposed in this paper constitute a contribution to this class of
engineering problems and were based on an extensive literature search, contacts with experts, the tu-
tor’s and author's experience, as well as on experimental results. A hybrid bearing that combines a
radial passive magnetic bearing with an axial sliding bearing, here called MPS (Magnetic Passive and
Sliding, was proposed. A reduced physical prototype was built and tested. Although the prototype has
been tested at speeds below 12,000 rpm, the proposed guidelines were partially validated.

Keywords: Gravitational Waves Calibrator, Mario Schenberg Detector, High Rotation Machine, Pas-
sive Magnetic Bearing, Magnetic Sliding Bearing..

INTRODUCTION

Since Einstein's prediction of gravitational waves in 1916, scientists around the world are attempting to
detect it, first signal were found. There are few gravitational wave detectors in the world. Brazil partic-
ipates in this international effort with its resonant mass detector called "Mario Schenberg", built by the
research group Graviton and installed at the University of Sdo Paulo. To carry out the calibration of the
Mario Schenberg detector an external device is necessary (Calibrator) capable of generating a periodic
tidal signal. This device, here designated by the acronym DCMS (Device for Calibration of the Mario
Schenberg detector), should rotate symmetrically two equal objects with the largest mass and at the
largest possible radius, at a frequency of 1,600 Hz or 96,000 rpm (ANDRADE , 2006; PADOVANI,
2012; RUIZ, 2014; SANTOS, 2013). Figure 1 shows a basic schematic of this device.

3200 Nx

Fig. 1 Schematic illustration of the gravitational signal generator Source: Adapted from Padovani
(2012).

The DCMS fits into the well-known class of engineering problems called "High Speed Rotary Machines
High Speed " (WATSON, 1999). The project and the manufacture of these machines bring important
challenges that involve several areas of Engineering.

According to Choi (2015), such problems include mechanical, electrical and magnetic losses, extreme
mechanical stresses arising from high centrifugal forces, heating, power limitations of electronic cir-
cuits, increasing complexity of control algorithms and complex linked issues to the dynamics of rotors
and vibrations.

The present work is part of a broader study aimed at obtaining guidelines for the whole project of the
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DCMS (FERNANDES, 2015). In this preliminary work the main challenges to be overcome for the
construction of such a device were discussed. This involved studies related to:

A) Protection structure: To ensure protection against the risks inherent in high speeds and at the same
time eliminate aerodynamic drag, it was proposed to operate the DCMS inside a vacuum chamber
shielded with ballistic materials;

B) Bearing: After careful comparative studies among several types of bearings presented in the litera-
ture, the hybrid passive magnet permanent magnet model developed in Pavani (2014) was adopted;

C) Design of the rotor: In order to withstand the high centrifugal load resulting from the high rotations,
a system has been proposed for curing the rotating objects with carbon fiber, supported by a disc-shaped
structure made of a composite of carbon fiber in epoxy resin;

D) Drive: It was proposed direct drive of the rotor (direct drive) with a reluctance motor controlled by
an advanced electronic control algorithm;

E) Rotor Dynamics: Important guidelines have been proposed to avoid, or at least mitigate, the vibra-
tions that cause instabilities in the rotor and often prevent the reach of high speeds.

MATERIALS AND METHODS

Selection of bearing type: The selection of bearings is generally focused on reducing the energy losses
due to friction and wear, thus minimizing maintenance, increasing life and reducing equipment failure
(HARNOY, 2003 apud PAVANI, 2014).

Among the most critical challenges encountered in the construction of the DCMS is the development of
a DCMS high-speed rolling bearing that exhibits the least possible mechanical loss and rigidity suffi-
cient to maintain the stability of the rotor, which is capable of attenuating vibrations, constructive and
operational simplicity, among other requirements.

According to Pereira (2005), it is desirable in any rotary machine that the bearings be more flexible than
the rotor shaft. The reasons for this are:

A) The low stiffness of the bearings reduces the transmission of the dynamic loads to its foundation,
Service life of bearings and reducing structural vibrations;

B) Low bearing rigidity allows damping to operate more efficiently, attenuating the rotor's amplitude at
critical speeds.

According to Borisavljevic (2011), in addition to operating practically without friction, the magnetic
bearings operation, at extremely high speeds, and have the ability of the suspended rotor to rotate around
its center of mass and not necessarily around its geometric center, thus allowing a rotor and high speed
range. Whitley (1984) confirms that, in order for the rotor to benefit from a more flexible bearing system,
such as magnetic bearings.

After careful analysis of the advantages and disadvantages presented by the different types of bearings,
it was concluded that magnetic bearings are best suited for the high speed required by DCMS.

In Ruiz (2014) a study on the DCMS was carried out, recommending the use of magnetic bearings with
variable reluctance drive which, according to Lembke, 2005, would have the following advantages:

- High reliability;

- Low losses, even at very high speeds;

- No wear, since there is no mechanical contact between the bearing parts;

- Absence of acoustic and vibrational noise;

- Greater simplicity when compared to active magnetic bearings;

- Report of tested bearings in vacuum pumps with speeds above 90000 rpm.

Permanent magnet passive magnet bearings (PMPMs) exhibit the most extreme simplicity, reliability
and durability, requiring no supplies of external energy (YONNET, 1978), nor cooling systems for its
operation. Considering its simplicity, PMPM was chosen. However, PMPMs need stabilization in at
least one direction (EARNSHAW, 1842). This often requires the use of complex active systems.

The MPS (Magnetic Passive and Sliding) bearing: Pavani (2014) presents a simpler strategy for the
axial stabilization of an MMP. The MMP proposed by the authors is intended for applications where
axial forces are very small or constant, as in the case of DCMS. This bearing combines a radial MMP
and an axial sliding bearing (strut) by pivots. The radial MMP consists of two pairs of cylindrical per-
manent magnets in axial attraction. In each pair, one of the magnets is attached to the end of the shaft
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and the other to a fixed base. The rotor is self-centered in the radial direction by the action of the attrac-
tion between the magnets of each pair. Due to the negative rigidity in axial direction, the proposed
bearing contains a spacer (steel ball or PVC pivot) between the magnets. By adjusting the spacing be-
tween the magnets, it is possible to minimize the axial force resulting from the attraction of the two
bearings. According to the authors, the lower the resultant force, the lower the friction losses and the
wear of the surfaces in contact (Figure 2).

This bearing, here called the MPS (Magnetic Passive and Sliding), presents a number of advantageous
features for the DCMS, such as extremely constructive and operational simplicity, compact dimensions,
no maintenance, very low friction, durability and reliability, this hybrid bearing concept was adopted
for DCMS.

Magnetic bearings and brushless motors: The advantages of the use of brushless electric motors and
magnetic bearings at high speeds. However, these two solutions implies an important challenge. As
explained in RUIZ, 2014, the rotor / stator air gap should be as small as possible to ensure the efficiency
of an electric motor. On the other hand, if the rotor is suspended by a PMPM, the rotor can move from
its axis of rotation when facing vibrations and other instabilities (LI, 2012).

The engine air gap designed in Ruiz (2014) was specified in 0.25 mm, however the smallest one obtained
in the experiments of this work was 0.75 mm, due to the collisions of the rotor with the stator.

The landing bearings: The limited rigidity of magnetic bearings requires the use of auxiliary landing
bearings intended to contain temporary rotor oscillations within the limit established by the radial clear-
ance (Figure 2). These bearings can be constructed with ball bearings ceramic elements (hybrids). Cage
bearings are not recommended because of their lower resistance to repeated shocks with the rotor
(KARKKAINEN, 2007). Figure 2 shows the application of the emergency bearings.

Fig. 2 joint bearings emergency bearings with the MPS bearings

According to Halminen et al. (2015), it is recommended a good alignment between the bearings, since
large misalignment may cause serious damage to the bearings and to the rotor. Since DCMS should
operate in a vacuum, the bearings must be lubricated with lubricants such as, for example, those made
on the basis of Fluorinated polymers, including polytetrafluoroethylene (PTFE) known commercially as
Teflon (NISHIMURA, 1999).

RESULTS AND DISCUSSIONS

In order to confirm the feasibility of obtaining a DCMS with the use of the above MPS bearing de-
scribed, as well as identifying the various problems to overcome in order to obtain the DCMS, a proto-
type was built containing a rotor supported by bearings MPS and an electric motor for its drive.

At this stage of the research, it was not 96,000 rpm, specified for the DCMS.

The bearings: Two identical MPS bearings were constructed with based on the principle presented in
Pavani (2014). Each two cylindrical magnets (Nd2Fe14B, J14x14 mm) in axial attraction, and a poly-
mer pivot (PVC), the centralizing device provides greater ease and speed in replacing of the pivots.
The Bearing bases allow easy installation and removal of magnets and adjustment of the distance be-
tween bearings, which allows you to adjust the air gap in the bearings. Per ease of construction they
were implemented in wood.
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The drive: The drive of the rotor was made by a variable reluctance type motor consisting of a single-
piece core made of sweet iron, containing 4 lugs, each acting as a magnet motor pole. For the activation
of this core, the stator of a commercial 12-pole magnetic motor (coils) was used. These 12 coils were
interconnected in order to compose 3 phases of 4 coils. The phases of the stator are energized sequen-
tially, based on signals generated by reflective type photo detectors that detect the passage of stamped
references on the side face of the flywheel.

Upon detecting a reference, the photo detector transmits a low voltage signal to the power board which
sends it properly amplified to the corresponding phase of the motor, synchronized with the angular po-
sition of the rotor.

The rotor: The prototype rotor consists of the axle, flywheel and core (rotor) of the engine. The motor
core and the two neodymium magnets were coupled to the shaft by means of interference fit. At partic-
ularly high speeds, as required in the DCMS, a number of considerations are required so that the inertia
wheel (flywheel) does not disintegrate due to high centrifugal forces. The studies in this respect will be
presented in later work. As already mentioned in this work, it will not be considered a particularly high
rotation and therefore a simple wheel in polymeric material is employed.

J . \ [ % \
Fig. 3 shows the test bench with the assembled prototype assembly.

By adjusting this clearance to a minimum value and other adjustments, it was possible to achieve higher
speed. This experimental result was in agreement with the statement made in Pavani (2014): "The
smaller this resultant force, the less friction and the wear of the surfaces in contact”. The following are
the main experiments directly related to the bearings.

Tests of new materials for the pivots: In order to investigate the performance of other materials for
the pivots, 5 different polymers (Nylon, Polyacetal, Teflon, PVC and hard rubber) were tested. First the
5 pivots were tested for the maximum rotation reached. Afterwards they were submitted to the rotation
of 2,000 rpm for two hours, all under the same conditions. The wear was evaluated with the aid of a
profile projector. The results are set forth in Table 1.

Tab. 1 - Performance of the different polymers used as pivots

Polimer Maximum rotation speed (rpm)  Wear (mm) 2000 rpm/120min
PVC 2.7 0.05
Nylon 6 2.95 0.03
Teflon 2.9 0.10
Rubber 2.6 0.05
Poliacetal 2.7 0.07
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Fig. 4 images obtained on the profile projector. (A) Pivot before the test; (B) Pivot after the test.

Minimum rotor / stator air gap: Aiming to discover the smallest possible air gap, some experiments
were performed with motor cores of different diameters. The minimum air gap that still allowed rotation
without physical contact of the rotor with the stator was 0.75 mm.

CONCLUSIONS

This work is part of a study that aims to obtain guidelines for the DCMS project. In this larger study,
challenges were discussed regarding the protection structure, the bearings, the rotor design, the drive
and aspects involving the rotor dynamics. The present work focused on the bearings.

Considering the advantageous features such as extreme simplicity, compact size, the absence of mainte-
nance, very low friction and reliability, and perfect adaptation to DCMS, the hybrid magnetic bearing
model presented in Pavani (2014) was adopted in this work.

A small scale physical prototype was built and the bearing performance was investigated experimen-
tally. New materials were investigated for the pivots and the best result was obtained with nylon 6. A
magnetic device has been successfully developed to precisely balance the pulling forces of the two bear-
ings. These two solutions, together with the adjustment of a minimum clearance in the bearings, pro-
vided very low friction and wear. Graphite powder lubrication has improved performance. Although
limited, the radial stiffness of this magnetic bearing proved sufficient to maintain rotor stability.

This bearing model was very promising for DCMS. Even using a relatively simple and relatively small
prototype, rotations near 12,000 rpm were achieved.

Certainly much higher rotation speed can be achieved with a larger prototype, made with more rigid and
precise elements and more advanced materials, being driven by a more powerful engine controlled by a
more advanced digital / electronic system. Obtaining speeds closer to those required for the DCMS
(96,000 rpm) requires more studies not only on the bearings but on the whole DCMS assembly. Attain-
ing greater rotation speed the studies carried out in the larger work become more relevant: design of the
rotor to resist centrifugal forces, rotor dynamics, structure design and others.

REFERENCES
1. Andrade, L. A. Desenvolvimento de Os- 2. Borisavljevic, A. Limits, Modeling and
ciladores em 10 GHZ de Ultrabaixo Design of High-Speed Permanent Mag-
Ruido de Fase e Analise de seus desem- net Machines. Delft: PhD Thesis Tech-
penhos nos Transdutores Paramétricos do nical University of Delft, 2011.
Detector de Ondas Gravitacionais Mario 3. Choi, W Li, S.; Sarlioglu, B. Core Loss
Schenberg. Sao Jose dos Campos: PhD Estimation of High Speed Electric Ma-

Thesis — INPE, 2006.

78



M’} 58t ICMD 2017
'@é 6 - 8 September 2017, Prague, Czech Republic

chines: An Assessment. Wisconsin Elec-
tric Machines and Power Electronics
Consortium (WEMPEC), Madison, 2015.

11.

interagao gravitacional. Sao Paulo: Mas-
ter disseration, 2012.
Pavani, R. A.; Horikawa, O. Compact

4. Earnshaw, S. On the nature of the molec- Magnetic and Sliding Hybrid Bearing for
ular forces which regulate the constitu- Low Axial Load Applications. 22nd In-
tion of lumiferous ether. Trans. Camb. ternational Conference on Magnetically
Phil. Soc, p. 97-112, jul. 1842. Levitated Systems and Linear Drives

5. Fernandes, P.; Frajuca, C.; Horikawa, O. (MagLev 2014), Rio de Janeiro, v. 1, set.
Diretrizes para o projeto do dispositivo 2014.
para calibrag¢ao do detector Mario 12. Pereira, J. C. Introdu¢do a Dindmica de
Schenberg. Sao Paulo: Master disserta- Rotores. 1. ed. Florianopolis: Uni-
tion - IFSP, 2015. versidade Federal de Santa Catarina , v.

6. Halminen, O. Et Al. Active magnetic 1, 2005. ISBN APOSTILA - Introducio
bearing-supported rotor with misaligned a Dinamica de Rotores Prof. José Carlos
cageless backup bearings: A dropdown Pereira Florianopolis, janeiro de 2005
event simulation model. Mechanical Sys- Universidade Federal de Santa Catarina
tems and Signal Processing, v. 50-51, p. Departamento de Engenharia Mecanica
692-705, 2015. Grupo de Analise e Projeto Mecanico.

7. Karkkdinen, A. Dynamic Simulations of 13. Ruiz, W. Experimento Para Medir A
Rotors During Drop on Retainer Bear- Velocidade Da Intera¢do Gravitacional
ings. Lappeenranta: PhD Thesis Lap- Utilizando Um Motor De Relutancia Va-
peenranta University of Technology, riavel. Sao Paulo: Master dissestation,
2007. IFSP, 2014.

8. Li, P.; Sahinkaya, M. N.; Keogh, P. S. 14. Santos, K. A. M. D. Prototipo de Experi-
Active Recovery Of Contact-Free Levita- mento para medir velocidade de inter-
tion In Magnetic Bearingsystems. Pro- acao gravitacional. Sao Paulo: Master
ceedings of the ASME 2012 International dissertation - IFSP, 2013.

Design Engineering Technical Confer- 15. Watson, J. The Control of High-Speed
ences & Computers and Information in Machines. Computing and Control Engi-
Engineering Conferences & Computers neering Journal, Burgess Hill, Dez. 1999.
and Information in Engineering Confer- 245,

ence IDETC/CIE, Chicago, 12-15 Ago. 16. Whitley, S. Review of the gas centrifuge
2012. until 1962. Part Il: Principles of high-

9. Nishimura, M.; Suzuki, M. Solid-lubri- speed rotation. Rev. Mod. Phys, Chester,
cated ball bearings for use in a vacuum v.56, n. 1, p. 67-97, Jan. 1984.

— state-of-the-art. Tribology Internatio- 17. Yonnet, J. P. Passive magnetic bearings
nal, v. 32, n. 11, p. 637-647, Nov. 1999. with permanent magnets. IEEE Transac-

10. Padovani, D. M. Desenvolvimento de um tions On Magnetics, Saint Martin D 'He-

experimento para medir a velocidade da

res, V. Mag-14, n. 5, p. 803-805, set.
1978.

Corresponding author:
Carlos Frajuca, Ph.D., Department of Mechanical Engineering, Sao Paulo Federal Institute, Rua Pedro
Vicente 625, Sao Paulo, SP, 01109010, Brazil, phone: +55 11987229644, e-mail: frajuca@gmail.com

79



Wg} 58t ICMD 2017
6 - 8 September 2017, Prague, Czech Republic

HYDROSTATIC DRIVER FOR TOOL CARRIES MTS8
Toma§ GAJDOSIK?, Maria TOMASIKOVA?

'Department of Mechanical Engineering, University of Zilina, tomas.gajdosik@fstroj.uniza.sk
’Department of Mechanical Engineering, University of Zilina, maria.tomasikova@fstroj.uniza.sk

Abstract

The article introduces the tool carrier and justifies the need to solve its drive by a hydrostatic transmis-
sion. Subsequently, a block diagram for the hydrostatic transmission and its control is described in the
paper. The article describes the components for hydrostatic transmission which are supplemented by
charts of calculated operating characteristics of the hydro generator and the hydraulic motors. In con-
clusion, the article deals with the calculation of the traction force characteristics on the machine wheels
and the calculation of gear ratios and hydrostatic transmission ratios.

Key words: Hydrostatic transmission, traction force, hydro motor, hydro generator

INTRODUCTION

Tool carriers are mobile machines which are developed for work mostly in sloping mountain and un-
derground terrain. They can work in slopes up to 40 degrees. They are mainly driven by diesel engines.
These machines have a wide track and a position of center of gravity is not too high for better stability
on the slopes. Their advantage is the possibility of aggregating of various devices from grasses to low
or high grasslands, through pickers and manipulators to sweepers and tanks. Attachments are attached
to the front or rear by a three-point hinge and they can be driven by an output shaft.

The reason for the new concept of the drive is to replace the components of the mechanical drive and
we will achieve the increase in the moral value, the competitiveness of the product and increasing of the
machine variability.

The basic requirements were 35 degrees slope accessibility, two driving modes - road / work, 4x4
switchable 4x2, maximum speed 25 km / h, working 12 km / h and use of hinged hydraulic motors in
particular. (Hréek S. & Bucala J., 2014)
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Fig. 1 Tool carries MT 8-222 and its basic dimensions

MATERIALS AND METHODS

Block scheme of hydrostatic drive with control

The Fig. 2 shows block diagram which was prepared from the requirements. All basic mechanical, hy-
draulic and electronic components of the hydrostatic drive of the wheels and their steering and their
interrelationships are shown in this scheme. (Kohar R., Brumercik F., Luka¢ M. & Nieoczym A., 2016)
The black continuous line shows the power line of the hydrostatic transmission. The black interrupted
line shows hydrostatic overflow line. The blue continuous line is the control circuit. The blue interrupted
line is the overhead line of the control circuit and the green continuous line is electric wiring, which
connects control and actuator components of the drive. (Kohar R., 2016), (Luka¢ M., Brumercik F. &
Krzywonos L., 2016)
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Fig. 2 Block diagram of the hydrostatic drive of the drive wheels with electronic control.

Tab. 1 Explanation of parts, which are used in block scheme

Hydraulic parts Mechanical parts Electric parts

DP Flow divider B Brake ECU | Electronic control unit

F Filter S Clutch HHT | Control terminal

HG Hydro generator SM Engine J Joystick

HM Hydro motor PP Acceleration / deceleration pedal
CH Cooler RDP | Fuel Dosing Controller of SM
NHK | Hydraulic fluid reservoir SO Speed sensor

PSV | Proportional throttle valve SPR Steering position sensor

RV Control valve

SV Throttle valve

PG Additional hydro generator

Components and projective parameters of hydrostatic transmission

The power unit is straight-three engine with 1649 cm?® displacement with maximum power P = 25.4 KW
at 3000 rpm and a maximum torque of 94 Nm at 1700 rpm. Tires size- 31x15,5-15 have a static radius
350 mm and the effective circumference 2235 mm. The calculation of the tractive force of the machine
at its maximum required weight of 2000 kg, depending on the coefficient of engagement p on the dif-
ferent surface types, was made before the design of the hydrostatic transmission. (Tropp M., Luka¢ M.,

Nieoczym A. & Brumercik F.,2016)

The maximum of tractive force of machine is calculated by equation 1:

Frimax = Mumax-9- 1 = 2000.9,81.0,9 = 17658 (N)
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Subsequently, calculations of rolling resistance, climbing and total loss force at the 35 degrees climbing
angle and various types of fieldwork were also done. The maximum traction force required was 17700
N which is based on these calculations. (Kuéera L. & Gajdosik T., 2014)

The calculation of the corner power of hydro generator for driving mode — work (2) and driving mode-

road (3) was performed in the 4x4 drive was performed from the required tractive force.
FrimaxVimax 17700.12

Pry = 3600 = T3600 59 (kW) (2)

_ FraomaxV2max _ 850025
Pry = 2600 = —eoo = 29,027 (kW) 3)

The total transmission range with hydrostatic transmission efficiency nysp = 0,85 will be:

R, = PRy 59
P PsMmax MHSP 25,4.0,85

= 2,732 (4)

On the basis of the corner power calculation, an axial piston axial piston hydro generator was selected
and used with a maximum displacement volume of 40 cm3 / rev, a theoretical flow of 144 | / min at
3600 rpm, a theoretical output of 76.8 kW at a pressure difference of 32 MPa, a torque of 63,7 Nm at a
pressure difference of 10 MPa. The minimum system pressure is 1.5 MPa and the maximum working
pressure is 35 MPa. (Kucera L., Gajdosik T. & Bucala J., 2014)

From the known values of the hydro generator and the combustion engine was made a graph of the
hydro generator power which is dependent on the torque of the combustion engine and the angle of the
inclined plate of the hydro generator (Fig. 3) and then the graph of the complete characteristic of the
hydro generator (Fig.4) was made also.

M [Nm] Hydrogenerator power depending on Mgy, a By
160 1,2
140
1
120
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0 0
900 1400 1900 2400 2900
[rpm]
e P=10 kW P=15 kW e P=20 kW = P=25 kW
P=30 kW P=35 kW e P=40 KW Torque SM

Fig. 3 Hydrogenerator power is depending on Msm a Brc
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Complete characteristics of hydrogenerator

; ==
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Fig. 4 Complete characteristic of hydro generator

The 2-displacement motors with brake and with placement in swivel joints were used as steerable wheel
motors. The displacement is 322/166 cm?®/rev., maximum power is 22 kW, maximum speed id 250/275
rpm and maximum pressure is 40 MPa. The graphs in FIG. 5 and 6 show the dependence of the torque
of the hydraulic motor on speed. From the graphs it is also possible to calculate the flow rate at the given
speed and the given slope of the inclined plate of the hydro generator and the corresponding pressure in
the system.

M [Nm] Dependance of torque M, on rpm HM with P,,=const., V,,,=322 cm? 8
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Fig. 5 Dependence of torque Mum on rpm with power= constant, displacement= 322 cm?®
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M [Nm] Dependance of torque M, on rpm HM with P,,,=const., V|;,,=166 cm3
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Fig. 6 Dependence of Muwm torque on rpm with power= constant, displacement= 166 cm?

RESULTS AND DISCUSSION

Tractive force characteristics

In this part of paper is description of calculation of traction parameters for driving mode- work,
especifically for the Al point in graph (Fig. 7). (Kucera L. & Gajdosik T., 2013)

e The calculation of the minimum value of regulatory parameter- Bremin OF hydro generator at the
maximum possible speeds (NrHemax=3000 rpm and torque Msm=81 Nm) :

Mgpg.20.11. 81.20.1.0,927
ﬁHG — Msm " mech.HG3000 __ — 0,369 (5)

APV HGmax 320.40
e The calculation of displacement of the hydro generator at the maximum engine speed.

__ VHGmax-BHGminMHGNQHG3000 __ 40.0,369.3000.0,927 ,
Quemaxa3000 = 1000 = 1000 = 41,063 (I/min) (6)

e Displacement from the hydro generator is divided between four hydro motors. The calculation
of hydraulic motor speed at the maximum hydro generator speed and also the first working
displacement of the hydraulic motor (Vum=0,322 l/rev.) :

_ QHMmaxa3000QHM3000 _ 10,265.0,927 .
NHM2maxa23000 = TR— =—"035 = 29,565 (ot/min) )

e The calculation of machine speed at the direct ride on plane:

 RCMEMimaxA13000-60 _ 2,253.29,565.60
V1maxA13000 = 1000 = 1000 = 3,996 (km/h) (8)

e The calculation of torque and tractive force at the one wheel:

_ Ap.VaMimax-Nmech.HMV13000 _ 320.322.0,927
Mymimaxa13o00 = Son = Yo = 1519,682 (Nm) (9)
_ Mymimaxaizooo _ 1519682
Frimaxa13o00 = SR =03 = 4341951 (N) (10)
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e The calculation of total tractive force:

FT_total =4, FT1maxA13000 = 4.4341,951 = 17367,804 (N)
All the working points of the diagrams in Fig. 7 and Fig. 8 were calculated by the same process.

Ft [N] Real tractive force characteristics at mode 4x4
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Fig. 7 Real tractive force characteristics at mode- 4x4
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Fig. 8 Real tractive force characteristics at mode- 4x2
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Transmission ratios:
e The calculations of the maximum and minimum kinematic ratio at the first displacement of the
hydraulic motor (Vum1):

. 4.V 4.0,322

Ihimax = LAALILES = = 101,547 (11)
VHGemax-BuGminNQuM-NQuc ~ 0,04.0,369.0,927.0,927

. 4.V 4.0,322

ihimin = HMimax = 36,686 (12)

VHGmax-BHGmax NQHMs2TIQHG3000  0,04.1.0,953.0,921
e The kinematic range of the transmission system at the first working displacement of the hy-
draulic motor is:

_ipimax _ 101,547
ih1min 36,686

e The calculation of maximum and minimum torque ratios for the first working displacement of
the hydraulic motor:

= 2,768 (13)

_ 4.V . . 4.0,322.0,927.0,927

Thimax = HM1max-mech.HM29-lmech.HG3000 _ = 74,987 (14)
BHGmin-YHGmax 0,369.0,04

_ 4V . . 4.0,322.0,953.0,921

Thimin = HM1max-Tlmech.HM82-lmech.HG3000 — — 28,262 (15)
BHGmaxVHGmax 1.0,04

e The calculation of torque gear range:

_ lhimax __ 74987 _
Ry = Thimin 28,262 2,653 (16)
The same process was used to calculate the maximum and minimum kinematic and torgque transmission

ratio of the drive with the second working displacement of the hydraulic motors.

Hydrostatic drive control system

The control system provides complete control over wheel speed control and forward / reverse steering.
It provides the option of selecting driving modes via the hand-held terminal in the operator's cab. The
machine operator selects only the type of driving mode, the travel direction (forward / reverse) and the
driving speed using the accelerator pedal. Speed sensors are built into hydraulic motors measure the
speed of rotation of each driven wheel, continuously. The control unit compares these speeds and re-
duces the flow to this wheel (via the control valve) if it is necessary (increasing the speed of one-wheel
relative to others - slipping) until the wheel speed is again balanced. The system also checks the position
of the sloping HG plate and controls the fuel dose for engine which is depending on the load.
(Tomasikova M., Tropp M., Krzysiak Z. & Brumer¢ik F., 2015)

CONCLUSIONS

The article describes the design calculation of a hydrostatic drive for a special working machine working
on slopes. The article also describes the selection of the basic components of the hydrostatic drive. After
designing the components of the hydrostatic drive are made a few process: process for calculating of the
drive parameters and also the process of calculating the machine stroke parameters which is projected
into graphs. The final calculation of kinematic and torque transmission ratios and ranges is described at
the end of the article. The benefits of this are the unconventional solution of the wheel drive system, the
removal of the morally obsolete mechanical wheel drive, the increase in the possibility of variability,
arrangement and axle concepts.
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ENERGY EFFICIENCY OF OFFSHORE SUPPORT VESSEL
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Abstract

The paper presents the identified problems related to the development of energy efficiency assessment
methodology for support vessels in terms of oil rigs. Based on the operational data, collected at an
Anchor Handling Tug Supply vessel, such an assessment has been carried out. The function (technical
support for oil rigs) of the vessel has also been taken into consideration. In order to assess the energy
efficiency, the Energy Efficiency Operational Indicator has been applied. This indicator was devel-
oped and implemented by the International Maritime Organization, but the authors have adjusted it to
the characteristic and the specification of the analyzed vessel. This is the first elaboration regarding
Offshore Support Vessels which include Anchor Handling Tug Supply vessel.

Key words: offshore support vessel, energy efficiency, energy efficiency indicator

Introduction

The offshore support vessels market is subject to dynamic changes and the volume of new orders for
the construction of new vessels is dependent on the oil prices [http://www.portalmorski.pl].

It also affects the employment rate for offshore supply vessels which is correlated with the cost of
services provided by them. The forecast increase of orders in the period of 2005-2020 for new vessels
and offshore supply vessels started to fluctuate, and the number of orders for the services has dropped
[http://www.dbs.com.sg]. The employment rate of OSV (Offshore Support Vessel) in 2016 is present-
ed in Table 1. In the case of division of the OSVs into PSV (Platform Supply Vessel) and AHTS (An-
chor Handling Tug Supply Vessel), their use depends on their dimensions.

Tab. 1 Employment rate for OSV operating at the North Sea in 2016 [10]

OSV type Employment rate
%

PSV (medium) 71

PSV (large) 80

AHTS (medium) 29

AHTS (large) 55

The Employment of the vessels and the number of orders for services provided by the OSVs will be
consequently related to the prices of the offered services and obtainable technical options. The prices
are affected mainly by fuel cost which equals to 50-80% of vessel total operational and maintenance
costs. Therefore, only companies and vessels that manage the energy efficiently will survive on the
market. The improvement of the energy efficiency should affect not only the service price but mainly
should minimize the negative impact on the environment caused by the fuel combustion process. This
matter has been raised by the IMO (International Maritime Organization) since a very long period and
the following resolutions enforce the implementation of the SEEMP (Ship Energy Efficiency Man-
agement Plan) at ships. The analysis presented below is aimed at the assessment of the energy effi-
ciency of a selected AHTS vessel during its operation. The analysis has been based on the operational
data, measured and collected at the vessel. The authors have applied also the indicator implemented by
the IMO, namely the EEOI, which is used to specify the energy efficiency for ships. It is also applied
during drawing up the SEEMP.
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MATERIALS AND METHODS
The vessel selected for the purpose of the analysis is the Kingdom of Fife. This vessel is classified as
AHTS vessel. This type of vessel is a variant of PSV vessel that has been modified. Among the most
significant changes one may find:

e Increased power of the main engine;

e Assembly of a dynamic positioning system:;

o Assembly of lifts and auxiliary winches;

e Assembly of a high-pull anchor and towing winch.

Due to the structural changes made, from typical supply vessel (PSV), a versatile vessel was con-
structed (ATHS). It offers both transport and supply services and is capable of the buoy and anchor
handling, general assistance duties and towing (also for Royal Navy [http://www.maritimejournal ]).
The technical and operational data of the wvessel in question is presented in Table 2
[http://mvww.briggsmarine.com]

Tab.2 Technical and operational data for AHTS — the Kingdom of Fife

Parameter Value

Type AHTS

Year Built 2008

Length Overall 61,20 m

Breadth 13,50 m

Max. draft 4,75

Deadweight 1266 BRT

F.W. Capacity 246 m?

Speed 13,7

Main Engine Type 2 x Caterpillar C286-6
Generators 2x438 KVA
Thrusters Caterpillar 392 kw
Output 2 x 2030 kW

Fuel MDO F76

Fuel Conversion Ratio 3,5

Fuel Consumption per Day 12t

Max Speed 13,7 kts

The Kingdom of Fife, presented in Figure 1, is not equipped with a software to monitor energy effi-
ciency. It is understandable since the regulations imposing on shipowners the obligation to apply ener-
gy efficiency monitoring systems came into force in 2013. Whereas, the vessel was constructed in
2008. Therefore, it was not covered by the IMO requirements. The lack of an opportunity to evaluate
the current vessel energy efficiency has prompted the authors to address the problem. The efficiency
has been assessed on the grounds of the data being collected for 28 days (this is a period of working
time of one crew). The operational data was collected every day at midday and at the start and the end
of maneuvers and operational tasks (loading, buoy handling, navigation without load) performed by
the vessel.
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o

KINGDOM OF FIFE

Fig. 1 AHTS vessel — Kindom of Fife at operation at the North Sea (photo Briggs Marine)

The engine room is modern and fully automated. It is supervised by two engineer. The vessel is ser-
viced by external companies but day-to-day failures are repaired by the officers upon the prior agree-
ment with the shipowner. The engine room is presented in Figure 2.

For the purpose of the operational effectiveness assessment of the AHTS vessel, the EEOI has been
applied. It has been modified and adjusted in order to make such an assessment of the vessel when a
specific operational task was being performed, not for the entire voyage /Glowacki, B., Behrendt, C.,
2015].

The EEOI calculation method for a current operation, taking into consideration the current energy load
and freight being onboard, is presented by formula 1:

EEOQOI = FC.Ce
m D

[tCO2/tNm] (1)

where:

FCi — mass of fuel consumed by main and auxiliary engines during a single task performance[t],

Cr - conversion rate expressed as a relation of CO, mass generated during used fuel combustion pro-

cess [t coz/ t fuell,

m — mass of freight onboard [t],

D — distance expressed in nautical miles that the vessel travelled during the performance of a specific
task [Nm — nautical mile].

As it may be noted, formula 1 relates also the amount of consumed fuel with the amount of CO, emit-

ted to the atmosphere.
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RESULTS AND DISCUSSION

The energy efficiency has been determined using the test results of consumed fuel and the work time
of main engines and the auxiliary engines. The main engines generally work when the vessel navigate
without load and performs operational tasks (loading and unloading supplies, buoy and anchor han-
dling and towing, etc.). Since the main hydraulic pumps are suspended on the main engines, it has
been noted that the main engines were working for 2-4 hours during unloading process in a port. It is
related to the employment of the hydraulic deck cranes and their higher demand for power. The data
included in Table 3 refers to the work time of the internal-combustion engines assembled at the vessel.
The data has been collected based on the entries in the engine room log book. The internal-combustion
engines at the vessel are the only devices fed with marine fuel. The Kingdom of Fife is not equipped
with an oil-fired boiler and every heating process for the purpose of social heating (heating of cabins,
water) and technical heating (warming the engines and tanks) is performed by electric heat exchang-
ers.

Tab. 3 Work of main engines and power generators in the analyzed period

Engine Use

Period of monitoring 28 days
Number of monitoring hours 672 h

Main engine No. 1 work time (ME 1) 295 h

Main engine No. 2 work time (ME 2) 297 h

Power use rate for main engine No. 1 (ME 1) 44%

Power use rate for main engine No. 2 (ME 2) 44%

Power use rate for diesel generators No. 1 and No. 2 ( DG1 i DG2) (63%) (37%)
Bow Thruster work time (BT) 97 h

Based on the data in Table 3, Figure 3 has been drawn up. It shows the main engine work hours on
individual days during the vessel operation. When analyzing Figure 3, it may be noted that the main
engines are in operation for 24 hours per day only when the vessel is on the move to a specific port or
activity area. During buoy and anchor handling etc. the main engines are operated the most frequently
for 8-12 hours. Between 5 p.m. and 6 p.m., when the vessel is at the destination, the main engines are
not in the operation and the vessel does not carry out any tasks. This is proven by the data in the en-
gine room log book. At that time, the crew prepares the vessel to the next assignment and inspects the
technical condition of the marine devices and machines. Certain small repairs and service works are
also performed. The 9-10 hour periods, presented in Figure 3, of the main engines work refer to the
activities carried out at the destination point consisting in deployment and picking up the navigation
buoys.
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Fig. 3 Work hours of main engines during operational tasks
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The energy efficiency assessment of an AHTS vessel using the EEOI is not very reliable since the
distance travelled by the vessel during a buoy deployment or an anchor weighting is minimal. This
affects negatively the EEOI value as the value depends on the travelled distance. The energy efficien-
cy assessment by the EEOI for individual tasks completed by the vessel is possible only for towing a
buoy or an anchor under the condition that the distance travelled is measurable. The data collected
during these activities may be compared to the historical data at similar water areas. One should strive
to obtain the least value of the EEOI. The comparison of the historical values with the present ones
shall enable the vessel energy efficiency to be assessed.

The data in Table 4, regarding the fuel consumption of the vessel in question, has been developed on
the grounds of the entries in the engine room log book and navigation data (time, distance travelled).
The freight transported by the vessel during the 28 days equaled to 20 tones, which is not a significant
value when compared to the amount of fuel (350 tones). For the purpose of the EEOI calculation for
particular operational tasks, the mass of fuel and freight onboard have been assumed as the transported
cargo mass.

Tab. 4 Fuel consumption of the Kingdom of Fife during operational tasks

Fuel consumption

Task Working device th
Stay at port DG1 or DG2 0,0279
Loading at port DG1 or DG2 0,0355
Navigation without load ME1, ME2, DG1, 0,281
Buoy deployment ME1, ME2, DG1, BT 0,194

ME1- Main Engine Nol, ME2- Main Engine No2, DG1 — Diesel Generator Nol, DG2 — Diesel
Generator No2, BT — Bow Thruster

Table 5 presents the data specifying the voyage stages and operational tasks performed by the vessel
and the EEOI values calculated using formula 1.

Tab. 5 Operational data of the Kingdom of Fife during operational tasks

Task Duration Fuel . Cargo Distance EEOI
consumption  mass

h t t Nm tCO/tMm
Stay at port 48 1,352 167,31 O Not determined
Loading at port 8 0,284 312,71 O Not determined
Buoy deployment 9 1,704 31059 O Not determined
Navigation without load No1 29,5 8,298 311,863 300 0,31*10°3
Navigation without load No 2 36 11,35 295,05 343 0,377 * 10
Navigation without load No 3 91 19,28 252,12 650 0,378 * 103

As per the analysis, the energy efficiency assessment of an AHTS vessel by the EEOI, recommended
by the IMO, is problematic to be carried out during the most of operational tasks. In order to apply
formula 1, it is necessary to hold an information on the distance travelled by a vessel. This information
is unmeasurable during the operation of the dynamic positioning system and buoy and anchor handling
(weighting and dropping) when engines (main and auxiliary) are heavily loaded. The EEOQI for the
ATHS vessel may be determined for such tasks as navigation without load and transport of buoys and
anchors. The analysis included in the paper and identified problem should enable further development
of the works related to drawing up the SEEMP for this type of vessels. The previous guidelines and
analyses regarding the energy efficiency of vessels and ships [PRS Nr 103/P, 2016, MEPC.1/circ.684
2010, MEPC. 203(62) 9, 2011] have not referred to this type of vessels. The authors are experienced
in assessing the energy efficiency for special vessels [Gtowacki, B., Behrendt, C. 2015], which should
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enable further research to be carried out. Effective energy management of AHTS vessels, in relation to
the large number of them being in operation [Herdzik, J. 2012], will contribute to the limitation of the
harmful exhaust gas emission to the atmosphere and to the reduction of the maintenance costs and
prices for services provided.

CONCLUSIONS

The matter of the EEOI determination and the SEEMP development for vessels is currently leading in
the shipbuilding industry. It is related both to the desire to the reduction of fuel consumption and the
mitigation and minimization of the threats to the environment resulting from the vessels operation.

As the analysis showed, the methods to determine the EEOI and to draw up the SEEMP should be
developed for each vessel type taking into consideration their function.
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INFLUENCE OF CHOSEN PARAMETERS ON ELECTRICAL MACHINES BEAR-
INGS EXPLOITATION

Radoslaw GORDON!

Department of Mechanical Engineering,
Maritime University of Szczecin

Abstract

This article focuses on the occurrence of bearing degradation in motors powered by alternating cur-
rent of the inverters drive system with different carrier frequencies using the IGBT switching method
based on PWM signal modulation. Due to wide application of inverters to control multi-phases motors
(usually three-phase current motors), this article highlights the matter of the occurrence that current
flows and voltage drops in the circuit: shaft - bearings - ground, their influence on bearing damages
and suggestions for counteractions.

Key words: bearing degradation, bearings currents, electrical machines,

INTRODUCTION

Due to its simple design, efficiency and low price, synchronous and asynchronous motors are gaining
a predominant position in the electrical machinery market. The main disadvantage of such motors was
the speed regulation resulting from the fact that motor rotation speed depends mainly on two parame-
ters: frequency and number of poles. Speed of asynchronous cage motor is calculated by equation (1)

£*60

Ny = rev/min (1)

Where ng is synchronous rational speed (rev/min), f is power supply frequency (Hz), p is number of
motor poles ().

Synchronous rotational speed is the speed at which the stator flux rotates and it is called the synchro-
nous speed, and it depends on number of poles of the motor and the power supply frequency.

The problem with frequency regulation has been eliminated with the common use of cheap inverter
systems, both in new solutions and as a replacement of the controls of the operating motors as well.
Because of use of alternating current, between the rotor and the grounded stator the leakage currents
are generated. Those currents flow through the shaft and then through the bearings and causes their
degradation. The disadvantage of frequency converters is that they generate not only the given carrier
frequency but at the output they generating also many harmonic frequencies being the result of switch-
ing transistors. The motor is powered by three-phase voltage CMV (Common Mode Voltage). Voltage
discharges through the lowest resistance between the rotor and the motor housing, usually through the
oil filter. The main sources of bearing currents (Hadden, T., Jiang, J.W (2016)) deriving from capaci-
tive voltages that are inducted on the motor shaft and high frequency currents made by CMV.
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Fig. 1 Simplified electrical motor bearing current model (Hadden, T., Jiang, J.W (2016)).

Because of the fact that in short time periods the voltages and currents can reach very high values on
the bearings, microscopic cavities and pits on the bearing spheres and its raceways are being formed
(Willwerth, A. (2014)).

Fig. 2 Pit (0.1 -0.3 mm) and group of pits (1-5 micrometers) in the raceway of the bearings produced
during the bearing current flow (Baldor. (2014)).

MATERIALS AND METHODS

Inverter control circuit consists of Analog Devices ADSP-21065L 66MHz Harvard Architecture 32-bit
processor (40 digital 1/0 pins), which realizes control algorithm and the Altera Flex FPGA which was
programmed as IGBT modulator (Abramowicz, K. (2014)). Algorithm was able to control the output
voltage with carrier frequencies from 3 to 15kHz and the angular speed of the motor from 25 to 300
rad / s. The tested engine was Bessel RSH 80-4b Insulation class F, 4 poles. Supply voltage 400V,
rated current is 2.5A, Synchronous speed 1500u / min, phase shift 0.53. Bearing with SKF6204-2Z
bearings (Deep groove ball bearings, single row), maximum 9000 rpm and AC6204-GL SMB (max
1100 rpm) with plastic balls (high resistance). Measurements were performed by Tektronix Oscillo-
scope and low-voltage probe.
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Fig. 3 Block diagram CMV and bearings currents measurement system (own fig.)

RESULTS AND DISCUSSION
The results were adjusted for selected frequencies and angular velocities. Figures 3 and 4 show the

registered measurements for carrier frequencies of 6kHz and 12.5kHz of angular speed of 150rad/s,
4.5kHz and 10.5kHz, and angular speed of 300rad/s.
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Fig. 4 Measured data for f= 6kHz angular speed 150 rad/ s (Abramowicz, K. (2014)).
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Fig. 5 Measured data for f=12,6kHz angular speed 150 rad/s (Abramowicz, K. (2014)).
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Fig. 6 Measured data for f= 4,5kHz angular speed 300 rad/s (Abramowicz, K. (2014)).
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Fig. 7 Measured data for f= 10,5kHz angular speed 300 rad/s (Abramowicz, K. (2014)).

Blue line shows CMV, green line is bearing current, orange line shows the bearing voltage. The values
of bearing currents as a function of the different frequencies are shown in the bar charts of Figures 8
and 9.
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Fig. 7 Currents values measured for bearings SKF6204-2Z (Abramowicz, K. (2014)).
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Fig. 8 Currents values measured for bearings AC6204-GL SMB (Abramowicz, K. (2014)).

CONCLUSIONS

Flowing currents cause micro damages to the bearings which may degrade them after some time. The
progress of degradation is depending on many factors. This article depict fact that decreasing the carri-
er frequency of the inverter output voltage considerably reduces the degradation process. The use of
plastic bearings can significantly reduce the impact of the bearing current on the damage. When re-
placing bearings, it would be advisable to use ceramic or plastic bearings which would increase the
life of the bearings in case of low power electrical motors.

Other possibilities of limiting the common mode voltage and bearing currents are grounding the motor
shaft with brushes and use filters and multilevel inverters in order to reduce the occurrence of higher
harmonic frequency.

In many cases, for example of ships equipped with electrical main drives diagnostic bearings vi-
broacoustic systems are a must in spite of bearing currents possible damages (Tarnapowicz, D.
(2016)).

Additionally, shielding of inverter - motor cable has matter to shaft currents and supply currents what
is presented in (Kempski, A.(2005)).
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CONSTRUCTION DESIGN AUTOMATICALLY ADJUSTABLE MECHANISM FOR
CRANE FORKS
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Abstract

The article deals with the design of the part construction automatically adjustable mechanism for
crane forks. In order to solve in the creation of solutions, the TRIZ method was used. Thanks to
which managed to construct the optimal design solution. Automatically adjustable mechanism
comprises a and at the same time provides the load-bearing part of the for crane forks. De-
sign proposal and its creation was based on the entry requirements so as to be able to in
terms of safety and in terms of functionality to serve its fundamental role in the operation.

Key words: structural design; mechanism; optimization; a defensive role calculation.

INTRODUCTION

The issue of construction and structural design of crane forks has led to entirely new dimensions
thanks to current possibilities of software tools and manufacturing technology. Currently include
crane forks for essential accessory lifting techniques. Its primary function is to facilitate and simplify
handling of heavy loads. The current trend in the field of development of techniques is directed to the
continuous improvement of individual elements of the product. The crane fork is currently supplied on
the market in multiple versions and parameters, which allow for the aid of a crane transport materials
and semi-finished products on pallets in production and storage areas. Some of the key structural
elements ensures safety and stability while loading and moving materials. The current trend in
development and innovation covers also this area of technology, it results from the continuous
increase in the claims of the final consumer but also the growing competition in the market. Therefore,
it is necessary to constantly work on improvements, whether structural or mechanical parts of this type
of equipment. It is necessary to constantly improve production technology and to consolidate
manufacturing costs in accordance with the resulting in the desired effect. When creating the design
was based on the use of proven methodology triz, which forms the basis for the creation of new
innovative solutions and allows the right mix of innovative principles under given conditions. This
well-known methodological princip was applied in particular in the optimization of the weight of the
construction of the mechanism for meeting certain strength, stiffness and functional properties of the
mechanism. The solutions apply to the system the correct combination of options of the material used,
manufacturing technologies and the use of appropriate computer software techniques. Our ultimate
solution was preceded by several draft variants from which after thorough analysis and evaluation of
chosen the very best. (Jedlinski, Caban, Krywonos, Wierzbicki, & Brumercik, 2016)

Fig. 1 The design of the crane forks of the load capacity 2000 kg
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MATERIALS AND METHODS
The methodological procedure of Triz in the creation of the design:
e Select the area or object of innovation and an automatically adjustable mechanism of concrete
hanging eye
e Data collection and subsequent evaluation of information about the upgraded facility, which
are necessary for further solution
e Functional cost analysis of the upgraded object, where was carried out the analysis of the
elements, structures, functions and parameters of the mechanism.
e Advanced diagnostics functionality, costs, and problems individual elements of the
mechanism and their links to other parts of the structure
Innovation object for the purpose of reducing the weight and thereby the total production costs
o Development of the object for the purpose of improving the strength properties and its
functionality
e Selection and verification of variants
Dizajn, test, CAD a CAM (Martikan, Brumercik, & Bastovansky, 2015)

The nature of the construction is weld — frame part and then mounted — automatic adjusting
mechanism, whose task is the automatic positioning of the centre of gravity of the lifting of the
preparation in two basic working positions. The first working position of the loading of the preparation
is in the condition unloaded by using the transported load and the second working position is in a state
loaded with the transported load.

Fig. 2 The detail of the construction of the automatic setting mechanism of the crane forks

Construction of a suspension mesh has the character of the welded part, which is formed by a steel
plate and two steel bolts. Steel plate is of a material 11 500 S235J0 (Shigley, Mischke, & Budynas,
2010). The thickness of the plates is 25 (mm). After made a plate, it is necessary to additionally pro-
cess edges in the sense create rounded edges all the external and internal peripheral edges of the both
sides of the radius 5 (mm).

» -

Fig. 3 The detail of the construction of a suspension mesh
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In places the assumption of the occurrence of the concentration of the voltages was softened by the
network. Load force FZ was to simulate touching the hook on the inner surface of the eye. Its location
was realized on the part of the hole of the mesh, where it is to the point of contact of the hook. The
action of the reaction forces is shown in the area of the edges of the both pivots of each of the parties.
In these places is expected of the reaction forces coming from the total burdensome forces. (Saga,
Vasko, Kocur, Téth, & Kohar, 2006)

The input attributes a strength of the analysis:
e The size of the total force FZ = 22 (kN)
The size of the reaction force in the stub RA = 5,5 (kN)
Material steel 11 500 (S235J0)
Ultimate tensile strength Rm = 470 (MPa)
The characteristic stress Re = 245 (MPa)
Allowed voltage Thrust/Pressure oD = 140 (MPa)

RESULTS AND DISCUSSION

After the preparation of the design of the mesh, it was necessary to verify the accuracy of the
optimized solutions in terms of strength and stiffness. The preparation of the model and subsequent
calculation was implemented in the environment of the program Autodesk Inventor Profesional. The
formation of a 3D model is managed more closer to reality. The Model is an assembly consisting of
welded link parts, which are formed of a plate and two cylindrical pins. Attachment of the mesh or
boundary conditions i entered as the zero offset of the respective nodes. The result of the analysis is
that the largest concentration of the tensions is precisely in the area of the upper part of the plate mesh,
where there is a contact surface of the eye and the hook. (Saga, Vasko, Koctr, Téth, & Kohar, 2006)

Tab. 1 The resultes of the analysis

Displacement Stress von Mises
mm MPa
Steel 11 500 (S235J0) 0.0662 118,5

Material

The resulting maximum tension is 118,5 (MPa), which is suitable because of the total permitted ten-
sion according to the selected type of material. Another result of the analysis is the total displa-
cement, which is again the largest in the area of the top part of the plate mesh, where the ~ maximum
calculated value in the program achieves less than 0.07 (mm) which is from the point of view of the
standard (DIN EN 13155 A2) is admissible and compliant. In the overall solution of the system is also
necessary to mention the fact that the final effect depends also on the accuracy of

manufacture and also at the final operating environment. (Saga, Vasko, Kocur, Toth, & Kohar, 2006)

Fig. 4 The calculation of over tensions in the program Autodesk Inventor Profesional (Tension von
Mises)
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o

Fig. 5 The calculation of the overall displacement in program Autodesk Inventor Profesional

CONCLUSIONS

According to the input parameters was achieved by matching the design solution. In the design of
optimized solutions part of the automatic setting mechanism of optimizing the suspension of the eye.
The subject of optimization was the material for better mechanical properties, in addition has occurred
in the formation to optimize the thickness of the material used, and from a value of 30 mm for the final
25 mm which contributed to the saving of weight and total production costs of the mechanism. Ano-
ther subject of the optimization was the modification of the peripheral edges part of the mesh from
bevel edges on edges the rounded and it from the outside and from the inside of the eye. The rounded
edges allow you to reduce risk of increased concentration of tension in the edges area and this leads to
prevention of the occurrence of permanent deformation of the component. In addition, we achieved
improvements in the field of surface treatment of pins and in particular the precision of the production,
which was especially needed due to a reduction in skin friction occurs when you move the mesh in the
frame of crane forks in search of the right position of the centre of gravity.
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FOR HAZELNUT HUSK AGRICULTURAL RESIDUE
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Abstract

Briquetting is the most widely-used waste compaction technology. Briquette quality is evaluated mainly
by briquette density. Briquette density is very important for the impact of technological parameters
compacting pressure, burning speed, briquette stability, etc. Briquettes made by hydraulic briquetting
presses are of the highest quality. This developed hydraulic briquetting system is manufactured in Terme
Industrial zone Samsun Turkey. The objective of the present study is to give theoretical analyses of
parameters which have an impact on briquette quality. Hazelnut husk briquettes were dried up to 13 —
15 % moisture content and they were grinded into (2-5)-(7-10) mm size and were pressed under 160
MPa pressure. The physical-mechanical properties of the briquettes were investigated.

Key words: briquetting; hydraulic press; physical parameters, design.

INTRODUCTION

Biomass defined as different materials of biological origin mainly plant material and animal wastes
(Sampson, et al., 1993; Trebbi, 1993), used primarily as domestic energy source is naturally abundant
and present a renewable energy opportunity that could serves as an alternative to fossil fuel. Behind coal
and oil, biomass is the third largest energy resource in the world (Bapat, et al., 1997) having dominated
the world energy consumption until the mid-19th century (Tumuluru, et al., 2010). Utilization of agri-
cultural residues is often difficult due to their uneven and troublesome characteristics. The process of
compaction of residues into a product of higher density than the original raw material is known as den-
sification. Densification has aroused a great deal of interest in developing countries all over the world
lately as a technique for upgrading residues as an energy source (Bhattacharya, et al., 2002). Briquetting
is the most widely-used waste compaction technology (Biath & Ondruska, 2012). High-density, com-
pressed biomass simplifies the logistics of handling and storage, improves biomass stability, facilitates
the feeding of solid biomass fuels into energy utilization devices and offers higher energy density,
cleaner burning solid fuels that in some cases can approach the heating value of coals (Klass, 1998).
The objective of study is to develop of a hydraulic briquetting machine with horizontal pressing in order
to enable material back up for hazelnut husks. This developed hydraulic briquetting system is manufac-
tured in Terme Industrial zone Samsun Turkey. The objective of the present study is to give theoretical
analyses of parameters which have an impact on briquette quality. Hazelnut husk briguettes were dried
up to 13 — 15 % moisture content and they were grinded into (2-5)-(7-10) mm size and were pressed
under 160 MPa pressure. The physical effects of the briquettes were investigated.

MATERIALS AND METHODS

A Hydraulic type briquetting machine with a horizontal pressing course, designed and constructed in
Terme industrial zone of Samsun was used for briquetting the hazelnut husk residues. Briquetting pres-
sure range of this machine is adjustable from 0 to 320 MPa by a manometer on it.

Piston and cylinder of the machine is bedded horizontally thus the briquetting is done in a horizontal
course. The pump of the machine has a tank of 25 L capacity of hydraulic oil with a 1.2 m®.s* flow rate.
Stroke of the piston is 310 mm and the velocity of the stroke is adjusted to 10 mm.s™ at 160 MPa
briguetting pressure.

Machine dimensions are 1280x1155x740 (AxBxC) mm. Operation of the machine is controlled by a
start-stop button embedded on it. Hydraulic pump functions by a 15 kW powered 3-phase electrical
engine with a star delta starter. The mold for the briquette was not heated. As a support block for the
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pressing a rectangle shaped metal plate is placed at the end of the course having 125x105x30 mm di-
mensions. Movement of this plate is done manually. Main parts are given in Figure 1, the mold in Figure
2 and finally manufacturing stages of this machine are given in Figure 3, below.

Manometer Piston rod
i /
a 7
!
!
&0 /
/
N >
™,
\\ Main chassis Control lever Manometer
Locking rod
Feeding chamber
X Briguette outlet ?
b

/
Hydraulicpump/ )
T

\_Electric motor

Fig. 1 Main parts of the briquetting machine

Irell

135

Fig. 2 The mold
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Fig. 3 Manufacturing stages
Briquetting of Hazelnut Husk Agricultural Residue

The residues were first dried in normal conditions under the sun and their moisture contents were de-
creased down to 13-15 %. Then the dried material was ground by a knife-hammer mill till the required
particle sizes were obtained (2-5; 7-10 mm). Their moisture contents were controlled again and they
were briguetted under 160 MPa briquetting pressures.

The briquetting pressure was chosen as 160 MPa showed that the briquettes were enough solid and
durable both physically and in shape. This working pressures also matches with the studies defined in
Krizan, et al., (2015), Zhang & Guo (2014) and Sun, et al., (2014). Feeding of material was done batch
wise during the briquetting process in order to avoid occlusion. The material prepared for briquetting
was poured into the cylindrical mold and they were squeezed by a piston in the mold and the briquettes
were obtained. Pressing process continued 20 seconds more after the completing of squeezing in order
to avoid expansion in the produced briquettes. Full cylindrical shape briquettes having 50 mm diameter
and 80 to 110 mm varying lengths were produced by this process.

RESULTS AND DISCUSSION

As mentioned the residues obtained after harvesting of hazelnut were briquetted under 160 MPa bri-
quetting pressure with 13-15 % moisture content and with two different particle sizes (2-5 mm and 7-
10 mm). Then the solid biofuel properties of these briquettes at each application were analyzed. Samples
of full cylindrical shaped briquettes for each application are given in Figure 4, below.

M: 13-15 %

PS:2-5mm  PS: 7-10 mm
P-160 MPa  P: 160 MPa
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Fig. 4 Briquettes produced from different particle sizes

Volume mass of the material and the briquettes with compression ratios are given in Table 1. The highest
compression ratio (7.03) was achieved at 160 MPa briquetting pressure, 13-15 % moisture content of
the material and with 7-10 mm particle sizes.

Tab. 1 Compression ratios of the hazelnut husk briquettes
Volume mass Volume mass

P M PS . . Compression
(MPa) (%) (mm) of material briquettes ratio
i (kg.m?) (kg.m?)
160 1315 2-5 176.79 1143.23 6.47
7-10 142.90 1005.43 7.03

Tumbler Index

Tumbler index is an indicator of resistance of briquettes against the forces they face during loading,
discharging, transporting procedures. Thus it is an indicator of solidness of briquettes (Zhang & Guo,
2014; Niedziolka, et al., 2015).

Tab. 2 Effect of particle size on tumbler index

Tubler Index (%)

X+tS,
PS (mm)
2-5 78.92 + 3.57
7-10 73.23 £3.16
Sia. <0.01

The highest Tumbler Index (78.92 + 3.57) was achieved with the briquettes made from 2-5 mm particle
sizes at 160 MPa briquetting pressure and at 13-15 % moisture content of material. The difference be-
tween the Tumbler Indexes of the briquettes at different particle sizes was found to be statistically sig-
nificant (P<0.01). The reason for this was estimated as that the hazelnut husk has ligneous structure so,
the briquettes made from a higher particle sized material can be more brittle. The remaining briquettes
after Tumbler Index tests are given in Figure 5.

M: 13-15 %

PB: 2-5 mm PB: 7-10 mm
P: 160 MPa P: 160 MPa
Fig. 5 The remaining hazelnut husk briquettes after Tumbler Index tests

The results of Tumbler Index tests showed that the main abrasion and breakdowns realized at the both
ends and at the middle part of the briquettes. The reason for that can be the batch squeezing procedure
depending on the material feeding which ends up with layered structure. The breaking mainly occurred
in that layer borders.
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Shatter Index

The resistance of briquettes against impacts during loading and discharging processes are tested by
Shatter Index. In this test the briquettes were intentionally dropped down 10 times from a height of 1 m
above ground level. The results of Shatter Index tests are given in Table, below.

Tab. 3 Effect of particle size on Shatter Index

Shatter Index (%)

X+ S;
PS (mm)
2-5 91.27 £1.68
7-10 91.17+1.82
Sig. 0.947

The difference between the Shatter Indexes of the briquettes produced from two different particle sizes
was not found to be statistically important. The views of briquettes after Shatter Index testes are given
in Figure 6.

M: 13-15 %

PS: 2-5 mm PS: 7-10 mm
P: 160 MPa P: 160 MPa

Fig. 6 Shatter tests of briquettes

The tests showed again that all the breakings and split ups happened at the both ends and in the middle
of the briquettes due to batch squeezing of the material.

CONCLUSIONS

In this study a particular hydraulic type briquetting machine with a horizontal course was designed and
developed for the briquetting of hazelnut husk agricultural residues in order to be evaluated as solid
biofuel. Effect of two different particle sizes were analysed on the physical-mechanical parameters of
briguettes which are produced under 160 MPa pressure and at 13-15% moisture content. The results
showed that the developed hydraulic type briquetting machine is very suitable for briquetting of hazelnut
husk agricultural residues. After all the tests it’s found that the effect of particle size on volume mass of
material, volume mass of briquettes, compression ratio, Tumbler Index were statistically important but,
its effect on Shatter Index was not found to be important. These kinds of researches will help to improve
the design and function of briquetting machines for the future and by this way for the energy deficiency
of the world by converting agricultural residues to energy sources.
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UTILIZATION OF RHEOLOGICAL MODEL FOR DESCRIPTION OF
MECHANICAL BEHAVIOUR OF RAPE BULK SEEDS UNDER COMPRESSION
LOADING
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Abstract

The article is focused on the description of mechanical behavior of rape bulk seeds under compression
loading with aid of simple rheological model. A single pressing vessel with inner diameter 80 mm with
initial pressing height 80 mm of bulk rape seeds were used for determination of deformation
characteristics under compression loading up to 100 kN. Determined mechanical behavior of rape
bulk seeds was described by rheological model with one branch and rheological model with two
branches. Based on this study it follows that model with two branches more precisely described the
compressive stress and time response than the model with one branch.

Key words: viscosity; modulus; elasticity; strain; stress; time.

INTRODUCTION

For optimal design of technology for oil seeds pressing it is necessary to fully understand to the inner
processes occur during compression of bulk seeds as well as mathematically describe dependency
between compressive force and bulk seeds deformation (Karaj, & Muller, 2011). There are several
already published methods which can be used for description of deformation curve (Herak, Kabutey,
& Sigalingging, 2016; Kabutey, Herak, Choteborsky, et al., 2013; Rajabipour, Zariefard, Dodd, &
Norris, 2004). However these methods are mostly based on tangent curve utilization, using reciprocal
slope transformation or application of Darcy laws. Unfortunately these methods don’t respect
viscoelasticity behavior of pressed bulk seeds which currently comes to the fore especially in oil
processing models for example based on finite element method used in industrial engineering (Petru,
Novak, Herak, & Simanjuntak, 2012; Saeidirad, Rohani, & Zarinfneshat, 2013). Mechanical behavior
of rape bulk seeds under compression loading was deeply investigated in already published studies and
gained knowledge is widely used in industrial practice (Divisova, Herak, Kabutey, et al., 2014;
Mohsenin, 1970). Nevertheless the lack of information about viscoelasticity properties of rape bulk
seeds still exists and they are highly desirable for mathematical models development. Thus the aim of
this study is to describe mechanical behavior of rape bulk seeds under compression loading with aid of
simple rheological model.

MATERIALS AND METHODS

Samples of bulk Rape seeds (Brassica napus L.) obtained from Czech Republic were used for the
experiment. The general physical properties of the oilseed crop are given in Tab. 1. To determine the
relationship between compressive force and deformation characteristic curves, a compression device
(Labortech, model 50, Czech Republic) was used to record the course of deformation function. A
single pressing vessel with inner diameter D = 80 mm (Fig. 1) was used. Initial pressing height
H = 80 mm of bulk seeds were tested with a compression speed v = 1 mm-s™ under temperature of
20 °C. The compressive force F was between 0 and 100 kN. The experiment was repeated three times.
The measured characteristics between compressive force F (kKN) and deformation x (mm) were
transformed into dependency between compressive stress o (MPa) and strain ¢ (-).

Tab. 1 Physical properties of bulk rapeseeds; data in the table are means + SD

Moisture Mass Porosity Coefficient of variation of compressive
content (9) (%) force
(%) (%)
6.9+0.1 269+ 0.4 42.85+0.49 8.0+0.3
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Description of the mechanical behavior of rape bulk seeds was carried out by applying rheological
model with one branch and rheological model with two branches presented in Fig. 1. One branch
model was assembled as serial linked spring and dashpot, where spring was loaded by compression
loading and dashpot by tension loading. Compressive speed was assumed as a constant and

deformation rate » (s™*) was calculated by eq. (1).

v
Y=y )
Mechanical behavior of one branch rheological model was described by general differential equation
eq. (2). .
. g g
E=y=,"x% )
where E (MPa) is moduli of elasticity and 7 (MPa-s™) is coefficients of dynamic viscosity. Formula
for description dependency between compressive stress and time (3) was determined by solving eq. (2)
with consideration of boundary conditions (o = 0 MPa; t = 0 s) that in zero time is also zero

compression stress.

E
_.t
og=y-n(en —1) 3)
Two branch model (Fig. 1) was also derived from eg. (3) and it is described by eq. (4),
E1, Ez,;
011=)"771'(e"1 _1)"')"772'(3"2 -1) 4)

where E; (MPa), E, (MPa) are moduli of elasticity for the models branches; 7, (MPa-s™) and 7,
(MPa-s™), are coefficients of dynamic viscosity of the models branches, t (s) is time of compression;
o (MPa), o, (MPa) are compressive stress. The stress strain characteristics for rheological models was
analyzed using Mathcad 14 Software (MathCAD 14, PTC Software, Needham, MA, USA), which
uses the Levenberg-Marquardt algorithm for data fitting (Marquardt, 1963).

—— —— ——

= b= ="

.

n |_—|E| Ty = =L M2
o JF JF
a) b) c)

Fig. 1 a) Scheme of pressing equipment; b) Scheme of one branch model; ¢) Scheme of two branches
model

RESULTS AND DISCUSSION

The amounts determined from individual experiments are shown in Fig. 2. Measured amounts were
fitted by one branch model (3) and two branches model (4) whose coefficients are shown in Tab. 2.
Graphical displaying of measured amounts and fitted functions are also displayed in Fig. 2. From the
determined coefficients of determination it was found that fitted functions described the measured
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amounts accurately. The amounts of the coefficients of determination in all experiments were close to
one (Tab. 3). From analysis of the images of individual experiments it was clear that the fitted curves
(3 and 4) described accurately measured amounts over the whole range of deformation. From the
statistical analysis ANOVA which was calculated for the level of significance 0.05, it was seen
(Tab. 3) that the values of F;; (critical value compares a pair of models) were higher than F,;, values
(value of the F-test) for all measured experiments and amounts of P4y (significance level at which it
can be rejected by the hypothesis of equality of models) were higher than significance level 0.05. This
shows that one branch model as well as two branches model are statistically significant as measured
data and models (3 and 4) can be used for fitting of measured amounts

30

25 !
/
'

20

e Measured data 4

15 ——0ne branch model

----Two branches model /

Compressive stress (MPa)

35
Time (s)

Fig. 2 Dependency between compressive stress and strain

Tab. 2 Determined coefficients of rheological models

One branch model Two branches model
E n E: m E. P
(MPa) (MPa-s™) (MPa) (MPa-s™) (MPa) (MPa-s™)
2.196 15.583 9.455 183.637 3.737-10* 9.033-10™
Tab. 3 Coefficients of statistical analysis
I:ratio I:>value I:crit R2
() () () ()
One branch model 0.0345 0.854 | 4.1491 | 0.92
Two branches model 0.0005 0.994 | 4.1491 | 0.99

Based on the variability of rape bulk seeds which was confirmed by the coefficient of variation values
(Tab. 1), the model with two branches (4) more precisely described the compressive stress and time
response (Fig. 2) than the model with two branches (3), which showed deviation of the deformation
curve as confirmed by the coefficient of variation values (Fig. 2). From this conducted study it follows
that the determined curves using rheological models were in accordance with results of already
published studies and that the obtained values of viscoelasticity properties of rape bulk seeds can be
used as background for development of further models (Herak, Kabutey, Divisova, & Simanjuntak,
2013; Blahovec, 1996.; Petru, Novak, Herak, & Simanjuntak, 2012; Rajabipour, Zariefard, Dodd, &
Norris, 2004) and it is clear that determined rheological model can be also used for description of
mechanical behaviour of other oil bulk seeds.
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CONCLUSIONS
e Mechanical behavior of rape bulk seeds under compression loading was determined in this

study.

58" ICMD 2017
6 - 8 September 2017, Prague, Czech Republic

e With aid of two simple rheological models based on serial linked spring and dashpot
deformation characteristic of rape bulk seeds was mathematically described.

¢ Rheological models were compared to each other and based on this study it follows that model
with two branches more precisely described the compressive stress and time response than the

model with one branch.
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Abstract

The article describes a concept of bearing test rig intended for a simulation of induced dynamic loading
to roller bearings. Tested bearing can be preloaded by static radial force and then harmonic axial or
radial dynamic force can be applied. Tested bearing is inserted into a housing that allows its free motion
in radial direction of static loading and a limited motion in the other directions. Thanks to housing
fixture design a roller bearings with free axial play can be used, in order to isolate the effect of axial
vibration on outer race. The article is provided with figures illustrating the concept.

Key words: Bearing; Test rig; Design.

INTRODUCTION

In order to fully understand the behaviour of, on first sight simple systems, such as rolling element
bearings, it is necessary to conduct an extensive testing and data evaluation for defined load cases in
controlled environment (Dynybyl, 2009). There are multiple levels, where behaviour of bearings can be
studied. The lowest level testing focuses on general phenomena occurring in bearings and is mostly
conducted in laboratories. Usually specialised test devices are used, e.g. spiral orbital tester test for the
study of tribological problematics of rolling contact or pulsatory tensile test rig for study of structural
properties of bearing materials. The other step is component level testing, where bearing is tested as
assembled component. Most frequent tests on this level are fatigue life tests under static loading
(Harris, 2006), where the time to bearing failure is of main interest under tested conditions. Among other
investigated parameters, we can find a bearing drag torque or bearing critical speed. Highest level of
testing is operational testing, where bearing is inserted into a real or simulation model of a real applica-
tion and various parameters are observed. Such tests are usually very valuable, because can show a real
response of bearing to simulated operational conditions in context of the simulation model. The draw-
back is a high cost of such tests.

MATERIALS AND METHODS

Described roller element bearing test rig will be used for a study of roller bearings under dynamic load-
ing conditions. Tested bearing will be preloaded with radial static force. A dynamic force component
will be applied either into same radial direction or into an axial direction to simulate challenging opera-
tional conditions. For a simulation, linear vibrators will induce a harmonic dynamic force.

oscil. £ 0,12
0,05

—

Smax=1,4

Fig 1. Studied roller bearing with free axial play of outer ring
and its predicted axial oscillation during dynamic loading.

Loading parameters are specified in next chapter. During testing, following values of bearing will be

observed: Temperature of outer and inner ring, by surface acoustic waves generating and sensing device
(SAW) a response to roller transition over observed region will be measured. (Briicker et. al.,A status
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of lubrication layer below the contact of most loaded elements will be estimated from measured signal
and an orbiting speed of elements will be calculated too. Expected outputs from the tests are the record
of temperature gradient between rings, the lubrication status identification for various operating condi-
tions under pure static radial loading and with added dynamic components, either in radial or axial di-
rection. In addition, the slide-to-roll ratio parameter of elements will be calculated with respect to load-
ing character and a speed.

Requirements

Based on a brief test description a set of design and performance requirements for a test rig were defined.
These were during design process multiple times revaluated to meet the low budget criterion and re-use
in-house available resources and components.

Tested bearing requirements

Roller bearing with line contact (roller profile modification allowed)

Static radial load shall induce at least 2 GPa high contact pressure on inner ring. (Computed by KI1SSsoft)
Bearing shall have non-located outer ring — free axial play

Selected bearing type: N306 (see Fig. 1)
Bore diameter: 30 mm;

Outer diameter 71 mm;

Width: 19 mm

No of rollers: 12;

Axial play: max. 1,4 mm

Static loading device requirements

Loading device should provide loading force with magnitude 10 kN

Sensor of actual static radial force — range 10 kN

Connection of loading device with tested bearing shall eliminate undefined, off-axis loading
Loading force continuous control preferred

Dynamic loading device requirements
Loading device shall provide harmonic loading character
The frequency shall be at least 100 Hz
Dynamic force amplitude at least 90 N

Drive requirements:

AC motor, controlled by variable frequency drive (VFD),
Nominal speed 1500 rpm

Motor power 4 kW

RESULTS AND DISCUSSION
Defined requirements were in next step used as references for test stand concept development.

Mechanical Design Description

One of the main requirements for most of testing devices is a simple and fast change of the tested sample.
On presented rig, see Fig 2 and Fig 3 with links, it was decided to place the tested bearing (1) on the end
of the main shaft (2). The advantage is not only a good accessibility, but also the availability of free
space for a direct axial loading of bearing, that would have been difficult to apply for different configu-
rations.

115



W{’} 58t ICMD 2017
@8 6 - 8 September 2017, Prague, Czech Republic

Fig. 2 Test rig front view with highlighted tested bearing housing

The dynamic loading would cause an excitation of all components of the test rig, therefore, two bearings
that support center shaft are a heavy-duty tapered roller bearings in a stiff back-to-back
configuration (3). The preload will be applied during the assemblage. Housings where both support
bearings are located consist of rigid massive steel blocks, so high dynamic stability of structure is as-
sured.

For the study of applied dynamic loading, a roller bearing with non-locating outer ring was selected (1).
The location of outer ring must be assured by design of rig. According to a Fig 3, in the front section of
the test rig, there is apparent a closed frame structure (4) equipped by bushings. These serve as guiding
surfaces for three rods that provide a location of tested bearing housing (5). The guides allow housing
free positioning in the direction (x) of applied force by hydraulic actuator (6). The motions in the other
directions (y, z) are restricted and can be partly controlled by the selection of fits of the bushings and
guiding rods. Estimated motion amplitude is based on fitting and manufacturing tolerance between
0,05-0,1 mm.

2

Fig. 3 Test rig concept section
The housing for tested bearing is at the front face closed by cover with prepared attachment points for

dynamic loading exciter (7), also there are located input and output fittings for oil lubrication. The other
side of housing has built in a rod sealing preventing the leakage of lubricant from chamber with bearing.
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A radial surface of the housing is drilled with threaded thru holes that could be used for a direct attach-
ment of sensors to outer ring of bearing. Dynamic exciter for a radial direction (8) has an attachment
point on the lever that connects guiding rods.

Loading Apparatus

Static loading
Static loading mechanism consist of a hydraulic actuator, force gauge and two spherical joints. The

system is designed to provide loading force with a magnitude up to 10 kN. The applied force is sensed
in a force gauge and during test cycle is maintained at a preset value. Spherical joints are used to avoid
any unrequested off axis loading that would induce an additional loading both tested bearing and force
gauge.

Dynamic loading

To meet a requirement for a relative high frequency loading the option of pneumatic linear vibrator K15
was selected. Parameters of vibrator are summarized in a Tab. 1. Tests will be designed to use only one
vibrator at a time. Attachment points are prepared according to Fig. 2 on the lever that connects guiding
rods and Fig. 3 on the front cover of tested bearing housing. The attachment is by a screw.

Tab. 1 Parameters of pneumatic linear vibrator

Operating pressure Frequency Peak force

[bar] [Hz] [N]

2 75 28

4 93 59

6 110 83
CONCLUSION

A bearing experimental test rig was introduced in this paper. It is intended for testing of roller bearings
under an oscillatory dynamic loading. Tested bearing is attached to the end of the center shaft. An inno-
vative tested bearing housing was introduced, allowing its free motion (limited only by inserted bearing
radial clearance) in an axis of loading and constrained in the other directions. Test rig is equipped by a
static radial loading mechanism, which can induce a force up to 10 kN that is equivalent to 2 GPa of
contact pressure on inner ring of tested