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DAZADU SILTUMIZOLACIJAS
RISINAJUMU ANALIZE
SILTUMA AKUMULATORAM

ANALYSIS OF DIFFERENT THERMAL INSULATION SOLUTIONS OF
A HEAT STORAGE

VARIS ZENTINS, DMITRIJS RUSOVS,
ALEKSANDRS SOROCINS, AINARS CARS
Siltumenergeétisko sistéemu katedra, Mehanikas un masinbiives institiits,
Masinzinibu, transporta un aeronautikas fakultate,

Rigas Tehniska universitate, Latvija
e-pasts: varis.zentins@rtu.ly

Galvenais $1 darba meérkis ir noteikt tris realu siltuma akumulatoru siltum-
izolacijas risinajuma efektivitati un veikt to analizi. Petijuma tika moduléti tris
dazadi siltumizolacijas risinajumi uz siltuma akumulatoru ar tilpumu V=5000m?3.
Siltumizolacijas viens no svarigakajiem parametriem ir tas biezums un A jeb
atsevisku slanu materialu siltumvaditspéjas koeficienti W/m-K [1], kas kopa veido
siltuma caurlaidibas koeficientu U. Siltuma caurlaidibas koeficients U ir atkarigs no
katra materialu termiskas pretestibas un biezuma [4]:

U=1/R  [W/(m>K]], M

- _81 5
kurR = R1+ Rz+ R,,— }L1+)\2 o (2)
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1. tabula. Siltuma akumulatoru izolacijas risinajumi [2, 3]

Konstrukeijas . - - Biezums, A ) _ Biczums, A ) - Biczums, I8
P Slanis | Objekts, materials " Wmk) | Obiekts, materials m WnK) Objekts, materials “ WnK)
Objekts x Objekts z Objekts y
1 Terauds 0,006 50 Terauds 0,006 50 Térauds $355 J2H 0,006 50
2 Krasa (;}oluritana 0,0002 02 Krasa (9olurimna 0,0002 02 Krasa (?olurilﬁna 0,0002 02
baze) baze) baze)
Rejfz;f'a 3 Rokwool 51960 0,5 0,045 PAROC ROS 30 026 0,036 PAROC ROS 30 03 0,036
4 ApSuvuma skards 0,0006 144 PAROC ROS 50 0,04 0,038 PAROC ROBSO 0,02 0,038
5 ApSuvuma skards 0,0006 144 ApSuvuma skards 0,0006 144
v 0,090
W/m*K ’ 0,121 0,113
1 Terauds 0,18 50 Terauds 0,012 50 Terauds $355 J2H 0,08 50
) Krasa (poluritana 0,002 02 Krasa (poluritina 0,002 02 Krasa (poluritina 0,002 02
bize) bize) biize)
Re:ieernva“fm 3 Rokwool 51930 04 0,049 PAROC WAS 50 03 0,034 PAROC ROS 30 03 0,036
4 ApSuvuma skards 0,0006 144 ApSuvuma skards 0,0006 144 PAROC WAB 10t 0,02 0,036
5 Apsuvuma skards 0,0006 14,4
v 0,122
W/m?K i 0,113 0,112

Veikts aprékins siltuma parejai stacionara rezima akumulatoram ar geo-
metriskiem izmériem 220 m? jumtam un 1246 m? sienam gaisa temperatiira 0°C un
tdens temperatiiras rezervuara ieksSiené 90°C . Siltuma plismas blivumu aprékina
péc formulas: [1]:

¢ = aTtvz (W/m?).

Siltuma zudumi visam siltuma akumulatora laukumam (jumts, sienas) [1]:

P =g (),
s O
i=17;
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Siltuma pldsmas blivums Siltuma zudumi
12,00 18,00
10,00 16,00
14,00
8,00 12,00
o
£ 2 10,00
6,00
3 = 8,00
4,00 | 6,00
2.00 4,00
’ 2,00
0,00 0,00
Objekts x Objekts z Objektsy Objekts x Objekts z Objektsy
‘ mJumts, W/m2 8,10 10,87 10,16 ‘ m Sienas 1256 m2 13,83 12,80 12,70
‘ m Sienas, W/m2 11,01 10,19 10,11 ‘ W Jumts 220 m2 1,78 2,39 2,23

Siltuma plasmas blivums W/m? pa kreisi un siltuma zudumi visa rezervuara laukuma (jumts,
sienas).

Veicot apréekinus un datu analizi, redzams (1. att.), ka jumtam visefektivakais
ir objekta x risindjums, kur siltuma plisma veido 8,1 W/m?, savukart sienam $im
objektam ir vislielaka siltuma plisma - 11,01 W/m?2. Siendm vismazaka siltuma
plisma ir objektam y - 10,11 W/m?. Siltuma pliisma tieSi korelé ar U vértibu. Lai
varéetu novertét siltumizolacijas risinajumu kopuma, tika aprekinati zudumi caur
visu aréjo virsmu laukumu akumulatoram, kur objekta y risinajumam ir vismazakie
kopéjie siltuma zudumi - 14,93 kW. Objektam z tie bija par 1,7 % lielaki, savukart
objektam x - par 4,5 % lielaki.

Secingjumi

1. Tris dazadie siltumizolacijas risinajumi, kas atSkiras gan ar biezumu, gan
ar siltumizolacijas materialu izveli, parada, ka vislabaka U vértiba jumtam
ir objektam x - 0,0899 W/(m?K). Saja objekta jumtam izmantots Rok-
woolsl960 siltumizolacijas materials piecas kartas 0,5m biezuma. Sienam
visefektivakais risindjums ir objektam y-0,0112 W/(m?-K), kur siltumizolaci-
jas materials klats cetras kartas 0,320 m biezuma.

2. Veicot aprékinu stacionaram rezimam tris dazadu sienu siltumizolacijas
risinajumiem rezervuaram ar geometriskiem izmériem - 1256 m?, jum-
tam - 220 m?, gaisa temperatiira - 0°C un akumulatora tidens temperatu-
ra - 90°C, tika secinats, ka visefektivakais ir objekta y kopé€jais (sienas un
jumta) risinajums, kuram ir vismazakie kopégjie siltuma zudumi - 14,93 kW.
Objektam z tie bija par 1,7 % lielaki, savukart objektam x - par 4,5 % lielaki.
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SILTUMA AKUMULATORA
EFEKTIVITATES PALIELINASANA,
IZMANTOJOT ABSORBCIJAS
SILTUMSUKNI

INCREASING THE EFFICIENCY OF THE HEAT STORAGE BY USING AN
ABSORPTION HEAT PUMP

VARIS ZENTINS, DMITRIJS RUSOVS,
ALEKSANDRS SOROCINS, AINARS CARS
Siltumenergeétisko sistému katedra, Mehanikas un masinbiives institats,
Masinzinibu, transporta un aeronautikas fakultate,

Rigas Tehniska universtate, Latvija

e-pasts: varis.zentins@rtu.ly

Latvijas kurss uz klimatnetralitati ir saistits ar siltumsiiknu un energijas akumu-
laciju vel plaSaku izmantoSanu. Ir labi piemeéri siltumstknu un siltuma akumulacijas
iekartu izmantoSanai, tacu abu iekartu apvienoSana sniegtu vel lielaku stacijas
kopé€jas efektivitates paaugstinasanu [2].

Viens no butiskakajiem siltumenergijas akumulatoru Kkritérijiem ir akumulétas
energijas daudzums. Siltumietilpibas akumulatoriem ar mainigu temperatiiru, kur
par darba vielu izmanto siltumtiklu tideni, temperatiiras starpiba un tilpums tiesa
veida ietekme ta siltumietilpibu.

Siltumietilpibu aprékina péc formulas [4]:
Q =Voc,(Ti - ) []], (1.1)
kur:
Q - siltuma daudzums (]);
V - vielas tilpums (m?);
p - vielas blivums (kg/m?);
¢, - udens Ipatnéja siltumietilpiba (J/kg -°C);
Ti un T, - temperatiiras karstai un augstai zonai (°C).
Siltuma akumulatora siltumietilpiba ir tieSi saistita ar siltumtiklu grafiku.
Klasiska akumulatora sléguma shéma redzama 1. attéla.
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- Heat consumers.
Hoat
accumulator
S
e
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1. att. Siltuma akumulatoru vienkarSota piesléguma shéma [5].

Kombinacijas gadijuma, kad tiek izmantots siltumsiiknis un siltuma akumula-
tors, lai panaktu maksimalu efektu (2.att.), siltumstknis galvenokart tiek izmantots,
lai nonemtu siltumu no dimgazém, bet, izmainot sléeguma shému, ir iespéja uzlabot
siltuma akumulatora darbibas parametrus. Izveidotaja sleguma shéma paradits,
ka ar siltumstkni tiek dzeséts atgaitas udens, kas nonak siltuma akumulatora. Pie
daléji izladéta vai pilnigi izladéta akumulatora var veikt temperatiiras pazemina-
Sanu ar recirkulacijas palidzibu, kad izlades process ir partraukts.
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2. att. Absorbcijas tipa siltumsiikna darbibas shéma ar siltuma akumulatoru [1].
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Moduléjot akumulatora siltumietilpibu ar tilpumu 5000 m? gaisa temperatira
0°C, péc Rigas pilsétas siltumtikla temperatiiras grafika, kur tiklu turpgaitas tem-
peratiira ir 76°C, tiklu atgaitas - 47°C [3], akumulatora ietilpiba ir 167,52 MWh.
Veicot rezimu izpéti un modulésanu, kur akumulatora izlades procesa tiek dzeséts
akumulatora iepliistosais (tiklu atgaitas) udens (3. att.), var redzét, ka, samazinot
temperaturu no 47 °C lidz 30 °C, tika panakta par 58 % lielaka siltumietilpiba.

Akumulatora siltumietilpiba

300,00

250;00 //
200,00 /

MWh

150,00

100,00

50,00

0,00

47 40 35 30
\—o—MWh 167,52 207,95 236,83 265,71

3. att. Siltuma akumulatora ietilpibas atkariba no atpakalgaitas temperatiiras.

Secindgjumi

1. Veicot pétijumu par akumulatora izlades procesu, kura akumulatora uz-
pildama atgaitas idens temperatira tiek pazeminata un veikta auksta udens
dzeséSana ar recirkulaciju, var panakt 58 % lielaku akumulatora siltumietil-
pibu, pazeminot temperatiru no 47 °C uz 30 °C.

2. Stacijas, kur planots paaugstinat efektivitati, veicot akumulacijas iekartas un
siltumstkni izbuvi, iespéjams buvet mazaka tilpuma siltuma akumulacijas
tverni, ieekonoméjot izmaksas.

1
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INFLUENCE OF ACTUAL FOOD RETAIL

AND REFRIGERATION SITUATION ON

THE GREEN DEAL INDICATORS: 2021
REVIEW OF THE LATVIAN MARKET

LYUBOV PARSHIKOVA, AGNESE LTCKRASTINA
Department of Thermal Power Systems,
Institute of Mechanics and Mechanical Engineering,
Faculty of Mechanical Engineering, Transport and Aeronautics,
Riga Technical University, Latvia

e-mail: Lubova.Parsikova@rtu.lv

The sustainable development and the Green Deal targets [1] for refrigeration
include a reduction of direct greenhouse gas emissions towards decarbonisation
through the transition of systems and equipment to low global warming potential
(GWP) refrigerants, with a stronger focus on the use of natural refrigerants, as well
as the decentralization of commercial equipment. Sustainable refrigeration means
increasing of energy efficiency of equipment and systems, which is provided by new
EC ecodesign [2] and energy labelling [3] regulation requirements, which came into
force on March 1, 2021.

As a part of applied comprehensive research in 2021, in addition to Latvian food
retail market segmented analysis, the visual technical investigation of 10 operating
convenience food stores was performed by collecting the available data. The
main focus was on the types and technical condition of display cases and used
refrigerants, as well as other technical information. Further evaluation and data
analysis based on mathematical, grapho-analytical, etc. methods were carried out.

13
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Figure 1. The specific weight of refrigeration display cases (length in meters) by type and
refrigerant: data of 10 convenience stores of 5 food retail chains in Latvia (2021).

As it is shown in Figure 1, one of the most crucial criteria of carbon neutrality
targets and sustainable refrigeration development in food retail is the refrigerant
used in the system. During the last decade in Latvia the modernization has been
going on in supermarkets and food stores. This research shows that there is still
space for further improvements and optimization and there is still a high proportion
of display cases older than 5 years and very high proportion of R404a and other HFC
and high GWP level refrigerant blend units (length in meters: 68.4% - R404a or
retrofit and 5% — R134a, or another HFC of explored 142 refrigeration display case
units with the total length of 262.7 m).

Results of the study show that it is important to involve national government
in futher research of Latvian refrigeration market with special attention to the
statistical and technical data of the industry and its collection and monitoring, as
well to the development of urgent action plans for reaching the Green Deal goals.

References
1. European Commission, EU climate action and the European Green Deal. https://
ec.europa.eu/clima/policies/eu-climate-action_en.
2. Commission Regulation (EU) 2019/2024 laying down ecodesign requirements for

refrigerating appliances with a direct sales function pursuant to Directive 2009/125/
EC of the European Parliament and of the Council (2019). https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=uriserv:0].L_.2019.315.01.0313.01.ENG.

3. Commission Delegated Regulation (EU) 2019/2018 supplementing Regulation (EU)
2017/1369 of the European Parliament and of the Council with regard to energy
labelling of refrigerating appliances with a direct sales function (2019). https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019R2018.
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DEPOSITION OF NANOSTRUCTURED
SUPERLATTICE COATINGS BY
ADVANCED PVD TECHNIQUE

ULDIS KANDERS, IRINA BOIKO, ARMANDS LEITANS,
JANIS LUNGEVICS, ERNESTS JANSONS
Department of Mechanical Engineering and Mechatronics,
Institute of Mechanics and Mechanical Engineering,
Faculty of Mechanical Engineering, Transport and Aeronautics,
Riga Technical University, Latvia
e-mail: uldis.kanders@rtu.lv

The advanced Physical Vapor Deposition (PVD) technique based on a novel
High-Power lon-Plasma Magnetron Sputtering (HiPIPMS) phenomenon was applied
for the deposition of nanostructured superlattice coatings (NSC). The HiPIPMS
technology was implemented on the thin film modular deposition system (TF-MDS,
Figure1) [1], [2]. TF-MDS was used in the effective crossed field unbalanced mag-
netron sputtering ion-plasma mode, which provided a highly ionized plasma in
the whole sample-substrate region - immersed sputtering plasma mode. The four
workstations, having two magnetron sputtering devices (MSD) each of them, were
cross-configured on the circumference inside the vacuum chamber that allows
very specific combinations of monolithic and mosaic type magnetron sputtering
targets (MST) depending on chemical composition of the NSC. Sputter cleaning was
performed prior to the film deposition by a collimated linear ion beam device, which
was also used for film growing activation and resputtering weakly accommodated
particles during the film deposition process.

15
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Figure 1. Schematic diagram of the Thin Film Modular Deposition System (TF-MDS) equipped
by 4 workstations having two magnetron sputtering devices (MSD), each of them operating in
HiPIPMS mode.

The most important parameters of the HiPIPMS-PVD process regarding the NSC
film growth were the following: (i) base pressure in vacuum chamber, p,=0.131 mPa;
(ii) total operating gas pressure of the sputtering gas (Ar/N:), ps,=0.36Pa; (iii)
partial gas flow rate, p,,=12.41/h; (iv) substrate heating and in-situ sputter cleaning
procedure using collimated linear ion beam etching at 1800 Vx 140 mA prior to
film deposition; (v) distance between MSS and substrate L=85 mm; (vi) substrate
temperature during PVD deposition process was kept at 350°C; (vii) electrical
power regime of magnetron sputtering sources was maintained at 640Vx8.4A
on each workstation so that DC discharge power density exceeded 60W/cm?
threshold needed for equal-rate sputtering conditions of the mosaic type sputtering
targets [2]; (viii) NSC film deposition rate at 2D rotation was kept at 180 nm/min;
(ix) negative bias voltage during deposition process was maintained at 90V causing
the bias current of about 350-500 mA depending on sputter discharge power.
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Thus, tribological NSCs were deposited on bearing steel (100Cr6) and Si-wafers
by means of the HiPIPMS technology allowing to reach high mechanical and
tribological properties of multi-layered coatings. NSCs on the carbonitride basis
were produced as thick as 2000-6000nm, depending on specific application
purposes. For instance, wear resistant NSCs with thickness about 2000-3000 nm are
good enough for bearings, as for tribochemical and corrosion resistant applications
even thicker NSCs are needed. Multilayer coatings composed of 2-3 coherently
stacked, alternating materials with a spatial periodicity in the nanometre range,
referred to as superlattice coatings, have been reported to possess exceptional
high hardness values exceeding that of their single sub layered constituents by
300 hundred and even more percent [3].

Within this work we produced, investigated, and tested novel self-healing multi-
functional NSCs with low friction and ultra-high wear resistance for high-tech
applications, e.g., as machine components operating as friction partners in highly
aggressive environment, as metal cutting and hot forming tools, etc. The above
mentioned NSCs were modified non-stoichiometric carbonitride films having
compositional elements like TiAlSi-CN:Me/a-C:SisN, allowing to achieve a novel
solution that sufficiently reduces or even eliminates well-known disadvantages of
the hard-carbon-based films, i.e., inherent compressive macro-stresses of the pure
amorphous carbon, a-C, and/or hydrogenated amorphous carbon, a-C:H, films. Thus,
composite coatings noted here by empirical formula nc-TiAlSi-CN:Me/a-C:Si3N4 could
be considered as a combination of advanced features inherent to the coatings based
on amorphous carbon, a-C, on the one hand, and amorphous silicon nitride, SizN,, as
the matrix element, on the other hand. Here by “nc” is meant nanocrystallites.

The chemical composition and structural period of the new type of NSC can be
described by the above mentioned stoichiometric formula TiAlSi-CN:Me/a-C:SisN,,
where Me=Cr, Nb or Hf. Here Ti, Al, Si, C, N, Cr, Mo and W are commonly used
symbols for chemical elements. The base component of the proposed composite
coatings is “TiAlSi-CN” in the form of carbonitride nanoparticles (CN-NPs), which
play the role of fillers in the nano-composite structure of the NSC. In turn, AlSi
presence in the CN-NPs provides self-healing properties of the NSC due to specific
tribochemical reactions preventing thermal denitrification of the NSC when ope-
rating above 300°C. Furthermore, the additional metallic constituents Me = Cr, Nb
or Hf function as a strength and toughness agent to harden the CN-NPs and thus
to harden and bind the NSC integral structure. The amorphous carbon, a-C, and
amorphous silicon nitride, SisN4, components in the formula above, function as a
matrix binding element providing tough cemented composite structure of the NSC.
The presence of the a-C as matrix element increases the carbon content and hardens
the non-stoichiometric CN-coatings, in turn, SizN, cements and fills eventual pores
and nanovoids between the CN-NPs grains.
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Nanostructured superlattice coatings, when applied on different materials,
can noticeably improve the performance of the substrate surface on which it is
deposited [1]. Improvements include hardness increase, chemical resistance, ther-
mal resistance, wear resistance, lower friction, etc. In order to test superlattice
coating structure and mechanical parameters, advanced measurement techniques
are used. In this study, coating layered structure and composition were analysed
with scanning electron microscopes Tescan Lyra3 and Thermo Scientific Helios 5.
The obtained results showed that superlattice consists of more than 100 individual
30 nm thick layers (Figure 1 b)).
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Figure 1. a) - Micro Vickers hardness chart for three different superlattice coating types;
b) — example of superlattice coating multilayer structure obtained with SEM.

Using Mitutoyo HMZ210D Micro Vickers testing device superlattice coating
microhardness was tested using 18 different testing loads starting from 0.01N
and finishing with 0.7 N. Five measurements were taken per each load to ensure
statistically reliable data. Results for three different superlattice coatings are shown
in Figure 1a). The graph shows that the applied load increasing rapidly reduces the
obtained harness value, and this happens because with higher loads the device
fully penetrates through the 3 micrometer coating and already starts to indent
softer substrate material. From this graph, one can see that actual coating thickness
reaches 2600HV that exceeds the substrate (100Cr6 steel hardness 800HV)
hardness by up to 3.3 times. Such improvements in hardness result in better surface
tribological performance.
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The present tribological tests were performed using the ball-on-disc tribometer
CSM Instruments, where the disk is represented with the sample substrate with
the coating, which is rotating, but the ball is a stationary tribometer element. This
method complies with ASTM G99 tribology test standard. The coefficient of friction
was measured in ambient air, dry friction conditions with 100Cr6, Zr,0, SizN4, Al,O3
balls (#=6 mm) under a 1 N load at velocity v = 0.15 m/s for a sliding distance up to
100 m (1000 cycles).

Figure 1. Samples with PVD coating.
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A total of 12 tribometer measurements were performed with three coatings
and a four-ball at the above experimental settings. All the results of the friction
coefficient measurements are summarized in Table 1.

As can be seen, the tribological measurements showed that the lowest friction
coefficient values (~0.18) were observed for coating TiAlSiZr) N /(CWC) N, where
the friction pair consists of a ball from steel (100Cr6) or Zirconia oxide (Zr0,).

Table 1. Tribological parameters of the deposited composite coatings

Ball material
Coating 100Cr6 AlL0; SisNy Zr0,
1202 (TiAlSiZr)N/(CWC)N 0.181 0.327 0.372 0.186
1203(TiAISiCrNb)N/(TiC)N 0.232 0.431 0.715 0.345
1204 CrN/(SiC)N 0.925 0.854 0.87 0.587
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Currently, there are more than 30 standardized surface texture characteristics,
thereby it is important to choose the most appropriate one to characterize a
particular surface. Only a few studies have investigated the correlation between
surface texture and friction-wear characteristics [1]. In [2] it was concluded that
3D-texture analysis can be efficiently applied for solving practical tribological
problems at the micro/nanoscale level. It was pointed out [3] that the basic
amplitude parameters that are commonly used to describe surface texture are not
enough for determining the tribological properties of contact surfaces. Therefore,
other surface texture parameters should be used to describe the tribological
properties of the friction pairs.

Another issue is texture filtration in surface roughness measurements [4].
Standardized roughness measurements (ISO 4287 and ISO 25178) require filtration
of the geometrical form and waviness of the measured surface topography, thus the
values of the 3D-texture parameters change as well. In tribological tests the actual
surface (not filtered) is in contact, therefore, the primary surface should be analysed
as well.

The obtained nano-coating surface texture characteristics will be analysed in
relation to tribological measurements. Methodology for measuring and evaluating
the characteristic of wear-resistant nanostructured coatings will be developed.

Three different nanocoatings were applied to a 100Cr6 substrate (see Figure 1),
and the surface roughness value Sa (arithmetical mean height) of surface cha-
racteristics was obtained using a standardized surface roughness measurement
methodology, as well as Sa was calculated from the primary surface (see Table 1).
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Sample 1 Sample 2 Sample 3

Roughness

Figure 1. Surface textures: Sample 1 — (TiAlSiZr)N/(CWC)N;
Sample 2 - (TiAISiCrNb)N/TiC(N); Sample 3 — CrN/(SiC)N.

It can be seen in Figure 1 that the surfaces of the 3 samples are visually different,
especially of Sample 3, but when the form and waviness are filtered, the surface
differences in terms of roughness are negligible. Table 1 shows the numerical values
of parameter Sa. In the case of the primary surface, the value of Sa is significantly
higher for Sample 3, but if only the roughness is considered, then the values of Sa do
not differ significantly.

Table 1. Sa values calculated from the primary surface and from filtered roughness

Sa value (nm)

Primary surface Filtered Roughness
Sample 1 16.8 11.2
Sample 2 17.3 11.7
Sample 3 54 11

Looking at only one surface texture parameter Sq, significantly different values
were observed using two different roughness measurement methods. The next step
will be to analyse the other 3D standardized parameters and primarily select the
parameters that can be used to characterize nanocoatings. The selected parameters
will then be compared with tribological measurements (wear and friction co-
efficient), thus analysing the correlation. Taking into account the correlation data
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and excluding multicollinearity, the amount of 3D parameters used will be signi-
ficantly reduced. From the obtained data, a measurement methodology will be
developed based on standards ISO 5725, GOST R 8.563.
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In this study the influence of processing parameters of additive manufacturing
on material density and mechanical properties was performed. Material for this
study was Ti6-Al-4V [1] and parts produced by additive manufacturing (AM) by
means of metal laser sintering, especially by a fibre laser 3D printer. The influence of
technological parameters such as layer thickness, hatch spacing, laser travel speed,
and laser power were analysed. Based on the energy of those parameters, density
was calculated to observe necessary energy level for this material [2]. The first part
of the study was devoted to material density research. Many processing parameter
combinations were examined to find parameters which can maintain material
density higher than 97 %.

-‘.'-“ ,\
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Figure 1. a) Microstructure of a sample with a density of 79 %;
b) — microstructure of a sample with a density of 98 %; and
¢) microstructure of sample with a density of 99.8 % enlarged by 50x.
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The second part of the study was devoted to investigating how additive
manufacturing process parameters influence the mechanical properties of Ti6-
Al-4V. The research indicates that optimal energy density for this material was
in the range between 80 and 130]/mm?3. The best results were reached with the
following parameters: layer thickness 0.07 mm; hatch spacing 0.1 mm; laser travel
speed 80mm/s; and laser power 80W. Samples that were produced with those
parameters could reach tensile strength of more than 1000 MPa and elongation
above 7 %.
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Machining of Titanium alloy Ti6Al4V made by additive manufacturing is an
emerging future. There are a lot of studies on Ti6AL4V 3D printed samples [1]-
[4], but there is none on the influence of machining post printing. In additive
manufacturing of Ti6Al4V alloy, it is necessary to perform a finishing operation to
improve the surface quality and to ensure precise geometry tolerances. During
this process, the workpiece properties may be affected, such as micro hardness,
microstructure, internal defect distribution, internal stresses. The very high tem-
peratures involved in the MPBF (Metal Powder Bed Fusion) process can cause
significant stresses to build up in parts as they build. These stresses can result in
delamination of the layers, cracks in the part, distortion, and warpage during
post finishing. During printing there are lots of stresses created, heat treatment
is done to normalize the parts. Machining (using milling machine) also causes
internal stresses, which can damage the surface and the part itself. Optimisation of
machining parameters and printing parameters can solve this issue.

Here we give an overview of effective machining parameters, effect of machining
on internal stress and defect distribution in the part. The defect distribution and
internal stress distribution is studied by using CT equipment. A solution is presented
to improve the mechanical properties of 3D printed Ti6Al4V alloy.
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3D printing is a fast-growing manufacturing technology in the modern engi-
neering because of customised production, recyclability and the possibility to
produce complex components. Printing material used for this process plays an
important role, which can affect the final properties of printed products. In this
project, we are mainly interested in several factors while developing the printing
polymer blends. The main thing is that these blends are purely biodegradable
and eco-friendly. Most of the content used in these blends is natural and
plant-based (PLA).

Based on the previous experimental results and evaluation of the PLA/PBAT
polymer blend 3D printing we have observed several possibilities and the future
scope of these blends in production engineering applications [1]. The PLA/PBAT
blends are biodegradable and have better mechanical properties in a specific level
of combination. The addition of thermoplastics starch (TPS) in these blends can
improve overall properties.

Plant-based starch is easily available in nature, and after a few low-cost pro-
cesses these can be converted to thermoplastics. For instance, Cassava Starch is
easily available in nature at low cost. Several studies mention the benefits and
properties of these thermoplastic starch and blends.

Combination of thermoplastic starch (TPS) in the PLA/PBAT blend and the
result gained from this can be limited, but the addition of natural fibres can improve
the bonding between layers and also increase the properties such as mechanical
and thermal stability of polymer 3D printed samples. These additions of natural
fibres increase the crystallinity in polymers, therefore high stiffness and strength
can be gained. Several research papers mention that these changes depend on the
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percentage of composition of TPS and Cassava fibre. The increase of percentage of
fibre can affect oppositely these properties.

Here the developed natural PLA and TPS are used for 3D printing and the pro-
perties are evaluated by conducting several tests. The addition of several natural
powdered fibres into these blends and changes in properties also are studied.
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Nowadays, steel production industry plays a very important role in economy.
Steel manufacturing companies that produce steel structures have increased
production in recent years, providing jobs for thousands of people and a large con-
tribution to GDP as a whole. Metal processing companies use various technologies
for the production of steel products. One of these technologies is welding.

Most of the steel constructions are made of structural steel such as S235, S275,
and S355. Various production technologies are used in its processing, but one of the
most commonly used arc welding technologies is semi-automatic or MAG (Metal
Active Gas) welding. It is one of the most productive welding methods and has a
universal application using both mechanized and robotic equipment as well as being
the most common method in manual welding.

In order to make the MAG welding process more productive and easier to control,
various types of welding wires have been developed, and the equipment has changed
significantly in recent decades. This allows the process to be done easier and also
increase the ability to control the welding process and course way much better. The
choice of the shielding gas has become wide in recent decades, too. This is one of
the issues that has made it possible to improve welding processes as well as weld
various alloy steels and various metal alloys.

The welding process and raw materials, including shielding gas, can affect
the quality and strength of the weld. Several studies have been conducted to find
solutions for welding low-alloyed steels to prevent the formation of pores, spatter,
microcracks and unwanted inclusions in welds that make them less durable. It is
stated in various scientific studies that welding of low-alloy structural steels [1], [2],
increase the percentage of CO; (carbon dioxide) (from 20% to 25%) in a mixture
with Argon (Ar), the metal structure of the weld does not differ significantly from
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the base material structures, with different types of inclusions (small micro-
granules) being smaller [3]. Studies [1]-[3] have concluded that welding with shiel-
ding gas containing 75 % Argon and 25 % CO; is the most efficient.

A completely opposite statement was made in another study [4]. It states that
there were more inclusions found in samples welded with gas mixture with a 75 %
content of CO; in Argon. The less the CO; content, the smaller was the diameter
of the inclusions in this welding joint. It was also stated that the diameter of the
inclusions is smaller by using gas mixture with 92 % Argon and 8 % CO..

There are also different views about the structure of the welding joint when
different shielding gases are used in MAG welding. It is possible to find in older
articles that the gas mixture with less content of CO, makes the bigger grain
structure compared to the one that is welded with gas mixtures containing less
Argon. There is also an article [5] showing that the welding technologies have
changed during last decades and now it is also possible to achieve the structure with
smaller grains even when welding is done with Argon mixtures with lower CO, con-
tent and even with short arc parameters.

The studies related to low-alloy structural steel (up to 420 MPa) have all been
related to MAG welding with short arc parameters. Therefore, it is necessary to
study welding with jet transfer parameters and the effect of shielding on the welding
process of low alloyed steels.
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Pédejo gadu laika metalapstrades uznémumu sarazoto metala konstrukciju un
izstradajumu skaits ir ievérojami palielinajies. Neskatoties uz metala izejmaterialu
cenu butisku pieaugumu, daudzi metalapstrades uznémumi ir spéjusi rast jaunus
pasitijumus un nodrosinat darba vietas savu uznémumu darbiniekiem. Lai spétu
noturét esoSo tirgus dalu un ari iegiit jaunus klientus, uznémumi sastopas ar dazada
veida izaicinajumiem. Viens no tiem ir jauni materiali, pieméram, paaugstinatas
stipribas téraudi, kas atSkiras péc savam ipasibam no ierastajiem konstrukciju
téraudiem $235 un $355, ko daudzi uznémumi apstrada ikdiena.

Tapat ka konstrukciju térauda izstradajumu izgatavosana tiek izmantota lok-
metinasanas tehnologija, ari paaugstinatas izturibas téraudu savieno$ana visbiezak
tiek izmantota tieSi pusautomatiska jeb MAG metinasana (Metal Active Gas). Ta
joprojam ir viena no universalakajam un efektigakajam metinasanas metodém, kas
tiek izmantota metalapstrades uznémumos Latvija.

Lai arl paaugstinatas izturibas téraudi lidzinas konstrukciju téraudiem S$235
un S355 péc to izskata, ka ari daudzam citam ipasibam, pieméram, noturiba pret
mitrumu, tomér to kimiskais sastavs ir atskirigs, lidz ar to atSkiras ari apstrades
ipatnibas. Ari metinasanas aizsarggazu vidé var ieviest dazadas korekcijas, jo
rodas nepiecieSamiba izmantot cita veida stiepli, kas péc kimiska sastava lidzinas
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pamatmaterialam. Tomeér joprojam aktuals jautajums ir par aizsarggazes izveéli, jo
ar1 tair butiska MAG procesa sastavdala.

Ir veikti dazadi pétijumi par konstrukciju téraudu metinasanu aizsarggazu vide.
Dazadi avoti liecina par to, ka nepiecieSams izmantot argona un CO, maisijumus, lai
uzlabotu metinasanas kvalitati, ka arl neraditu butiskas atSkiribas gan kimiskaja
sastava, gan materialu izturiba starp sametinato Suvi un pamatmaterialu. Lai ari ir
veikti vairaki pétijumi par paaugstinatas izturibas téraudu (950 MPa lidz 1000 MPa)
metinasanu un aizsarggazes izvéles uz procesu, lidz $im nav atrasta informacija par
materialiem, kas ir starp stipribu 355 MPa un 950 MPa.

Tika veikti izméginajumu testi un sametinati vairaki paraugi no paaugstinatas
izturibas térauda materiala (650 MPa), lai noskaidrotu un parbauditu dazadu aiz-
sarggazu ietekmi uz metinasanas procesu un ari sametinatas Suves fizikalajam un
kimiskajam ipaSibam. Atskiriba no ieprieks veiktajiem un apskatitajiem pétijumiem
Sajos izmégindjumos tika metinats, izmantojot striklveida materiala parnesi,
kad metinasanas elektrods pariet metinasanas vanna nevis pilienu veida, bet gan
nelieliem nepartrauktiem pilieniem, nodrosinot stabilu metinasanas intensitati un
mazakas 3lakatas jeb nesakususa metala SlakstiSanos metinasanas zona.

Pétljuma tika izmantotas vairakas Latvijas un Baltijas tirgt pieejamas aiz-
sarggazes, kas tiek plasi izmantotas dazados razoSanas uznémumos. Viena no
izmantotajam aizsarggazém ir oglskaba gaze, ko metinasana kadu laiku tik plasi
vairs neizmanto, neskatoties uz tas zemo cenu un plaSo pieejamibu. Tika ar1
izmantoti vairaki aizsarggazu maisijumi - Ar + CO; (8 %, 18 %, 25 %), ka ar1 Ar + CO;
(5%) + 0, (5%).

Ka vienu no vislabakajiem maisijjumiem, ko apraksta vairakos arvalstu
pétijumos, MAG metinasanai norada argona un CO, 25% maisijumu. Ka ieprieks
minéts, Sajos pétijumos process tiek pétits, stradajot isaja loka, kad stieples par-
nese metinasanas vanna notiek pilienu veida. Metindjjuma veidoSanas uzlabojas,
izmantojot maisijumus Ar + 20...25%CO,, un tas ir novérojams visdazadakajos
rezimos. Suves augstums ir ievérojami zemaks neka tad, ja tiek metinats ar tiru
CO: [1]. Lai ari dazados pétijumos, kuros metinats konstrukciju térauds S235 vai
§$355, tiek uzsverts, ka ar So aizsarggazi ir iespéjams metinat vienadi labi gan isaja
loka, gan striiklveida parneses rezimos, tomér veiktie izméginajumi paradija
pretéju rezultatu, un sametinatas Suves katete veidojas augstaka un Slakatu apjoms
metinasanas zona veidojas lielaks.

Ka viens no izplatitakajiem aizsarggazu maisijumiem razoSana bieZi vien tiek
izmantots Ar maisijums ar 18% CO, sastavu. Par vienu no prieksrocibam $adam
maisijumam tiek minets plasais rezimu diapazons. Izmantojot to, ir iesp€jams
izvairities no argonam raksturigas pirksta formas caurkauséjuma veidoSanas, kas
izraisa nepietiekamu sakauséjumu un poru skaita palielinasanos, ka ari no Saura
un dzila caurkauséjuma formas, kas raksturiga oglekla dioksidam un ir bistama ar
iespéjamu plaisu veidoSanos Suvés [2]. Metinot ar So aizsarggazu maisijumu, tika
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sasniegti optimali metinasanas parametri, Slakatu daudzums bija pienemams, ka ari
Suves katetes augstums tika izturéts, neveidojas palielinats uzkauséjums, salidzinot
ar iepriekSminéto maisijumu.

Pretrunigi tiek vértéts Ar + CO, 8 % maisijums konstrukciju téraudu metinasana.
Ka viens no trikumiem tiek izcelts $1 maisijuma sniegums, metinot isaja loka, ar
loka nestabilitati un vajo issavienojuma veidoSanas potencialu. Kada no pétijumiem
ir teikts, ka, samazinoties CO, koncentracijai aizsarggazes maisijuma, palielinas
dazadu ieklavumu skaits [1]. Veiktajos eksperimentos ar Ar + CO, 8 % maisijumu tika
sasniegti vislabakie rezultati - stabils metinasanas loks, metinasana bez §lakatam,
sametinatas Suves izméra un formas izturésana.

Vismazak pétita ir aizsarggazes, kuras sastava ir Ar +CO0,5% + 0,5%, iz-
mantoSana. Tikai viens no atrastajiem avotiem nosauc Sada tipa aizsarggazes
prieksrocibas. Metinot oglekla un mazlegétos téraudus ar metinasanas stiepli,
kuras sastava ir mangans un silicijs, ir iespéjams sasniegtas tadas prieksrocibas
ka mazaks Slakatu daudzums, labaks Suves izskats, samazinata tendence veidot
Suveés poras un plaisas, pretéji procesam, salidzinot ar CO, metinasanu [1]. Metinot
ar So aizsarggazi paaugstinatas izturibas téraudu paraugus, tika novérots, ka
metinasanas vanna ir loti $kidra, kas izraisa Suves notecéSanas tendenci, veidojot
nelielu formas ieliekumu. Vél tika novérots, ka péc metinasanas, Suvei atdziestot, uz
tas virskartas izveidojas kristalisks parklajums. Tiks veikts padzilinats pétijums, lai
noskaidrotu, kada veida parklajums tas ir, kads ir ta kimiskais sastavs, ka ar1 - kas ir
81 parklajuma veidoSanas iemesls.

Pateiciba
Eksperimenti tika veikti sadarbiba ar uznémumiem SIA “Linde Group Latvia’ un
SIA “Specials Elektrods”.
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Recent studies of product lifecycle and current situation in the use of recycled
materials led to a decision to start investigating the reasons for a low level of
recycling and reuse [3]-[4]. According to EPA (Figure 1) only 7% of plastic waste is
being recycled [1].
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Figure 1. Recycling of plastic waste in the USA.
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In this paper, we investigate three groups of automotive spare parts made from
recycled materials and their failure. The statistics of failure (Figure 2) collected for
the products made of 3 groups of materials (ZAMAK, ABS, PVC) in a two-year period
of product exploitation are presented.

Overall dynamics
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Figure 2. Statistics of failure, where a - ZAMAK, b - ABS, c - PVC.

Herewith we provide an overview on the investigated features and specifications
of those materials with regard to their capability and applicability for recycling and
reusing in further production and give respective conclusions for general approach
to the product lifecycle and material reuse [1]-[4].
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In mechanical engineering, a fairly large amount of metal perforated waste
(MPW) is often generated, which is created as a result of stamping or cutting of
small-sized parts. One of the striking examples is the formation of MPW during
stamping of drive chain elements (Figure 1). There are a number of specialized
enterprises in the world where hundreds of tons of such waste are generated per
year.

The advantage of such materials is their high physical and mechanical properties,
since the material is designed to work under significant mechanical stress and
friction. It should be noted that the material in this case is quite homogeneous, and
the length of tape can reach up to hundreds of meters.

Figure 1. Solid steel tape entering the stamping press (a),
perforated tape (b), and profile scrap (c).
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One of the areas of secondary use of MPW after stamping is material melting.
However, this technology is not optimal. There are many downsides here. When
melting thin sheet metal, a large waste of metal is observed. In addition, the material
must be cleaned of oil prior to melting, but some of them have a high melting
point (energy-intensive for recycling) Therefore, finding the most profitable use
of perforated waste is an important task from the viewpoint of technology and
economics. The material is very valuable, it can and should be used more efficiently
in construction, mechanical engineering and other industries. The geometrical and
mechanical properties of MPW are varied and this expands the possibilities of using
this material.

The paper considers the geometrical parameters and mechanical properties
of MPW, various possibilities of reuse, as well as economic indicators for reuse of
several types of perforated steel belts.
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It is planned to replace the reinforcement of reinforced concrete (titanium
concrete) with titanium in order to expand the use in construction of titanium
obtained using a new technology, which was researched and approved by the ERDF
Project No. 1.1.1.1./16/A/85 “Electroslag process for better titanium deposition
morphology”. The technology for obtaining titanium and titanium alloys and
semi-finished products from them allows production in small and medium-sized
enterprises, similar to foundry work in an industrial enterprise [1].

The use of titanium will allow to change some parameters of titanium concrete
structures compared to reinforced concrete structures. The protective layer of
concrete, which serves to protect the reinforcement from the external environment,
will be significantly reduced. This will contribute to the reduction of the weight of
concrete structures, while maintaining the strength properties, and will allow to
create lighter structures that will be able to withstand higher loads.
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Figure 1. Testing process for concrete blocks with titanium reinforcement.
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Project 1zp-2018/1-0415 “Investigation of the method for recycling cadmium
containing industrial batteries and small consumer cells through electroslag
remelting for recovery of metallics in an environmentally sound manner” proposed
a method aimed at recycling cadmium-containing storage batteries and small
batteries. The method assumed electroslag remelting of pre-crushed cadmium-
containing batteries. The cadmium in batteries is a cadmium/cadmium oxide
powder. The reduction of cadmium by carbon from the cadmium oxide during
electroslag remelting ensures maximum extraction of cadmium from secondary
waste.!

To increase the efficiency of electroslag remelting (excluding the metal body and
metal parts of cadmium batteries from the process), a drum grinder with magnetic
separation of crushed cadmium batteries is used.
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Figure 1. Installation of impact grinding of cadmium batteries with magnetic separation.
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Pareja uz tirgus ekonomiku ievérojami samazinaja tehnologisko procesu
automatizacijas limeni. Lielie izdevumi, kas saistiti ar jauno iekartu piegadi,
izstradajumu izlaides programmas nepietiekams apjoms un musdienigo izmaksu no-
verteSanas metodikas neeksistésana izraisa krasu intereses samazinasanos saistiba
ar automatizacijas probléemam.

Eksiste ¢etri pamata panémieni, ka var palielinat raZotnes ieguvumus (1. att.):

Palielinat pardoSanas cenu izstradajuma vienibai.

Samazinat pamatizdevumus uz izstradajuma
vienibu. Izmaksas - laika posms — izdevumi.

Samazinat papildizdevumus.

00 O

Palielinat raZo$anas un realizacijas / pardo$anas
apjomus.

1. att. Cetras stratégijas razotnes ieguvumu palielinaganai.

45



Riga Technical University 62nd International Scientific Conference

MECHANICAL ENGINEERING TECHNOLOGY AND HEAT ENGINEERING

Pétijuma meérkis - piedavat tehnologijas projektéSanas metodiku ar automati-
zacijas lidzeklu izmantoSanu. Uzdevums - palielinat razotnes ieguvumus, palielinot
razosanas un realizacijas apjomus. To var veikt, pirmkart pienemot darba papildu
darbiniekus - palielinot darbinieku Statu, otrkart, iegadajoties razosanas robotu un
izveidojot robotu tehnologisko kompleksu (RTK).

RTK iek]auj tris komponentus:

1) raZzoSanas robotu;

2) tehnologisko iekartu;

3) tehnisko aprikojumu.

Pirms RTK projektéSanas un ievieSanas detalizéti jaizanalizé, janoverté un
jaizlabo izstradajuma razZosanas tehnologiskums, materialtehniskas bazes limenis,
personala profesionala atbilstiba jaunakajam prasibam.

Informacijas avoti
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Lielas energétisko resursu rezerves var slépties tadu daudzdzivoklu dzi-
vojamo maju ekspluatacija, kuram ir labas siltumtehniskas ipasibas jeb augsts
energoefektivitates limenis. Pakapeniski palielinot prasibas pret éku norobezojoso
konstrukciju siltuma aizsardzibu, tiek sekméta paSsaprotama nepiecieSamiba
uzlabot un pilnveidot mezglus jeb konstruktivo elementu sadurvietas, kas ari veido
visnopietnakas siltuma zudumu zonas. Sadu zonu identificé$ana un veiksmiga sil-
tuma nopliides likvidésana ir iespéjama, tikai pamatojoties uz siltuma lauku analizi.

Saja gadijuma siltuma lauks ir temperatiiras sadalijums uz norobeZojo$as kons-
trukcijas plakana skérsgriezuma, kas veidojas, nemot véra temperatiras starpibu
starp ara telpas un iekStelpas gaisa temperatiiru. Protams, katrai ékai Sads
temperatiiras lauks bis atskirigs, jo to ietekmé virkne klimatisko, siltumfizikalo,
celtniecibas parametru. Savukart ekam, kas ir buvétas péc vienotiem principiem, it
ipasi - veido vienotu sériju, Sadi parametri un to uzlaboSanas panémieni biis vienadi.

Visparejo gadijumu jeb temperatiiru parrekinu, kad temperatiiras kritums
ir vienads ar tixs—tip.=10°C uz aprékinato temperatiiras kritumu (tieks.— tarp.)apr.
apraksta, izmantojot formulu:

_ (tiekE._térp.)apr.

i = Tg + t3
! (tieks.—tarp.o 0 arp.s
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kur

T; - punkta nosakama temperatira;
(tieks. — tarp)o— temperatiiras kritums visparéja gadijuma;
To - ta pasa punkta temperatiira, kas iegita visparéjam gadijumam [1].
Temperatiras laukus galvenokart ir janosaka eku konstruktivo elementu
pamatmezgliem:
1) arejo sienu panelu vertikalajam sadurvietam starpsienu pieskaru zonas;
2) aréjo sienu panelu horizontalajam sadurvietam parsegumu balstiSanas zonas;
3) arejo sienu panelu vertikalo stira sadurvietu zonas;
4) aréjo sienu panelu horizontalajam sadurvietam balkonu panelu balstisanas
Zonas;
5) logu aréjam un iek$éjam virsmam [1].

Veiksmiga temperatiras lauka un to parametru definésana lauj parliecinaties,
vai norobeZzojosas konstrukcijas atbilst dazadiem bivnormativiem - gan tiem, kas
bija speka ékas celtniecibas un nodosanas ekspluatacija laika, gan ari modernajam
prasibam energoefektivitates joma. Divi noteicoSie parametri ir temperatiras Kkri-
tums un kondensata veidoSanas nosacijumi jeb rasas punkts.

Latvija izplatitas 101., 335., 464., 467, 467a., 103., 104., 602. un 119. sérijas tip-
veida majas atskiras péc konstrukcijas, izmantotajiem celtniecibas materialiem,
bivdarbu veikSanas kvalitates un citiem parametriem. Temperatiiras lauku un to
raksturojoSo parametru noteiksana lautu gan dzivok]u ipasnieku kopibam, gan par-
valdniekiem noteikt, kadi daudzdzivok]u dzivojamo maju atjaunoSanas instrumenti
jalieto nekavejoties un kadiem bez nopietnam sekam un problémam varétu pie-
versties velak, pakapeniski veidojot nepiecieSamo uzkrajumu vai iesaistoties viena
no pieejamajam lidzfinanséjuma programmam.

Starp “letiem” energoefektivitates limena palielinasanas panémieniem un sil-
tuma zudumu samazinasanas instrumentiem varétu minét jau ikdienisko koplieto-
Sanas un privatipaSumu logu, ieejas durvju nomainu, lodziju stikloSanu, apkures
sistémas modernizésanu koplietosanas telpas un privatipasumos (nomainot vecus
apkures elementus, izveidojot apvadus, aprikojot ar termoregulatoriem un siltuma
uzskaites iericém) [2]. Savukart kompleksa €kas siltinasana un renovacija ir darga
metode.

Nemot vera pétijuma lielo tautsaimniecisko nozimi, darbu ir planots turpinat.

Informacijas avoti
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GAISA KUGU PRIEKSEJO SASIJU
BOJAJUMU ANALIZE
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Ekspluatacijas gaitd katra nosé$anas reizé gaisa kugu prieks$éja ritepa Sasija
uznem ievérojamu triecienu. Gaisa kuga “SOCATA” priek$éja ritena statné (1. att.),
kur vidusdala izveidotas vairakas metinatas Suves, ekspluatacija radusies spriegumi
summeéjas ar tiem esoSiem rudiSanas termiskiem spriegumiem.

Blakus Suvei sak veidoties maza cikla noguruma lizums, kas velak attistas talak.
Tas prasa laiku, un lizuma virsma paspéj oksidéties. Ja paliekosSais veselais statnes
Skérsgriezums nevar izturét nosésanas reizeé raditos spriegumu, notiek sprieguma
lizums. Ta virsma ir gaisa, smalkgraudaina. Statnes aizmugures dala, kur liece rada
spiedes spriegumus, redzama plastiski deforméta dala (2. att.).
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Talak tiek sarautas abas sanu atsaites, un priekseja ritena Sasija beidz darboties.
Notiek gaisa kugu avarija.

Gaisa kuga “TECHAM” gadijuma bojajums radas priek$éja ritena Sasijas balsta
atloka (3. att.).

Vo=

Ta bija atlieta no aluminija sakauséjuma. NoséSanas gaita caur Sasijas horizon-
talo garenasi tiek noslogoti gala lenka atloki. Lizuma sakuma vieta, kur darbojas
lieli lieces spriegumi, novérojami nelieli virsmas bojajumi, ieslegumi un struktiiras
defekti, kas var izraisit noguruma lizumu. Ekspluatacijas gaita lizums attistas pa-
kapju veida. Tas ir gluds un spidigs. Noguruma lizums attistas tiktal, ka atloka
paliekoSais Skérsgriezums nespéj uznemt nosésanas gaita raditos spriegumus un
notiek kreisa atloka gala nogursana, un balsta konstrukcija parstaj darboties.

Prieks$eja ritena Sasijas mehanisms var partraukt darboties, ja tiek traucéta me-
hanisko dalu savstarpéja kustiba. Pieméram, lidmasinai “Bombardier Q400" neiz-
devas izlaist priekséja ritena Sasiju. Nacas So operaciju veikt atkartoti, lidz izdevas
to iekustinat un izlaist prieks€jo riteni. Apskatot Sasijas fiksacijas mezglu (4. att.),
varéja konstatéet, ka apkope veikta nepilnigi, brutali bojati elloSanas nipeli, nosista
krasa, e]la palikusi uz arejas virsmas.
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Secingjumi

1. Gaisa kugu priek$éja ritena $asijas lizumu célonis ir nosé$anas operacija
radusies trieciena spriegumi.

2. Ekspluatacijas laika radusies lizumi ir ar maza cikla noguruma raksturu, tie
attistas laika gaita.

3. Laisavlaicigi konstatétu radusos plaisu, svarigi ir regulari veikt atbildigo
mezglu monitoringu - diagnostiku, ka ar1 regulari veikt rapigu tehnisko apkopi.
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