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GUNTIS PIKURS’, TOMS TORIMS', MAURIZIO VRETENAR?

! Department of Mechanical Engineering and Mechatronics,
Institute of Mechanics and Mechanical Engineering,
Faculty of Mechanical Engineering, Transport and Aeronautics,
Riga Technical University, Latvia
2CERN, Switzerland/France

e-mail: guntis.pikurs@rtu.lv

Additive manufacturing is a relatively new technology with significant advances over
conventional (subtractive) machining methods. One of the most known is minimum
material waste and unbeatable potential to build conventionally inaccessible structures
like complexinternal channels and lattice structures. Therefore, a compactlinear particle
accelerator (RFQ) became an excellent candidate for demonstrating AM potential to
the accelerator community. It is essential to mention that RFQs conventionally are
manufactured from high-purity electronic oxygen free copper (OFE-Cu) bars, but in the
case of AM, primarily electronic tough pitch copper (ETP-Cu) [1]. Indeed, according to
S. Gruber, ETP-Cu for additive manufacturing gives similar or even better results than
OFHC-Cu.

In the last decade, developments in the metal powder bed fusion induced by the
“green” laser beam application made a significant step toward highly reflective material
processing. The TRUMPF SE+Co KG “green” laser system presented in November 2018 [2]
proved its reliability and efficiency for pure copper (ETP-Cu) processing. Therefore, the
question about AM application for accelerator components became logical. Moreover,
“green” laser systems have already been tested , which allowed us to be confident that
conventional manufacturing technology will soon be replaced. However, already at the
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beginning of LFAST WP 10.2 it was clear enough that postprocessing methods would
be needed to achieve good “skin layer” quality for the 750 MHz system. To ensure low-
value power loss in the “skin layer”, the average surface profile roughness value was
initially targeted to Ra = 0.2 um.

- .

Major vane

Fig. 1. Exploded view of PIXE-RFQ module assembly,
two major vanes and two minor vanes [3].

Conventionally, a section of a radio frequency quadrupole is manufactured from
four separate pieces using a relatively long list of different manufacturing operations,
more than 50. CERN’s EN-MME and ATS teams developed the compact RFQ design for
conventional manufacturing technology and manufacturing procedure, and S. Mathot
guided manufacturing. An exploded view of one RFQ section is shown in Fig. 1 to give
an impression of a conventional design. 5-axis milling operations are dominant during
CNC machining. Conventional technology requires high material volume removal, and
after each milling operation, the workpiece must be placed in a vacuum furnace for
internal stress relief.

Furthermore, to be able to control the manufacturing process after each milling and
stress relief, CMM measurements are recommended. These highly trackable solutions
are necessary to provide vane tip modulation tolerances in the range of 5 um for each
machined partin the vane tip modulation area. In total, manufacturing time for the PIXE
accelerator took approximately 16 months.
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Fig. 2. Single body AM built 750 MHz RFQ prototype model and post-processed prototype
prepared for vacuum tests in 1JCLab, Orsay.

To summarize the initial research on AM technology for compact-size RFQ, several
points must be emphasized:

AM is a highly progressing technology well suited for the complex geometries of
accelerators like RFQs. AM technology has a high potential to replace conventional
manufacturing methods in the near future.

AM allows improvement of the shape and routing of the RFQ cooling channels,
improving heat removal and thermal distortions significantly. With a 1.5 mm wall
thickness allowance, an average 32 % improvement was reached.

Surface postprocessing for AM parts is critical, and compensation methods must
be applied in the design or manufacturing phase. PBF-LB/M/ETP-Cu, “as build” part
average surface roughness profile values, are ~ Ra =15 wm and Rz =100 wm, which is
far from Ra= 0.2 um.

Acknowledgements

This work is supported by the Horizon2020 [.LFAST WP 10.2 (Innovation Fostering in
Accelerator Science and Technology) project.




Riga Technical University 64 International Scientific Conference

MECHANICAL ENGINEERING TECHNOLOGY AND HEAT ENGINEERING

References

1. S.Gruber, L. Stepien, E. L'opez, F. Brueckner, and C. Leyens, “Physical and
geometrical properties of additively manufactured pure copper samples using a
green laser source,” Materials, 2021, Vol. 14(13), p. 3642. [Online].

Available: https://www.mdpi.com/1996-1944/14/13/3642/
pdf?version=1625103967.

2.  R.Honl “World premiere at Formnext: green laser from TRUMPF prints copper
and gold”, TRUMPF Glob. Press Release, 2018. [Online]. Available: https://www.
trumpf.com/en_INT/newsroom/global-press-releases/press-release-detail-page/
release/world-premiere-at-formnext-green-laser-from-trumpf-prints-copper-
and-gold/.

3. K. Scibor, “PIXE-RFQ modulation and cavity machining.,” [Online].

Available: https://www.euspen.eu/knowledge-base/ICE20189.pdf.



https://www.mdpi.com/1996-1944/14/13/3642/pdf?version=1625103967
https://www.mdpi.com/1996-1944/14/13/3642/pdf?version=1625103967
https://www.trumpf.com/en_INT/newsroom/global-press-releases/press-release-detail-page/release/world-premiere-at-formnext-green-laser-from-trumpf-prints-copper-and-gold/
https://www.trumpf.com/en_INT/newsroom/global-press-releases/press-release-detail-page/release/world-premiere-at-formnext-green-laser-from-trumpf-prints-copper-and-gold/
https://www.trumpf.com/en_INT/newsroom/global-press-releases/press-release-detail-page/release/world-premiere-at-formnext-green-laser-from-trumpf-prints-copper-and-gold/
https://www.trumpf.com/en_INT/newsroom/global-press-releases/press-release-detail-page/release/world-premiere-at-formnext-green-laser-from-trumpf-prints-copper-and-gold/
https://www.euspen.eu/knowledge-base/ICE20189.pdf

Riga Technical University 64 International Scientific Conference

MECHANICAL ENGINEERING TECHNOLOGY AND HEAT ENGINEERING
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The aim of the represented study was to investigate the accuracy of the stainless
steel turning process depending on the wear of Al,O, nano-coated cutting tools. Modern,
high wear-resistant coating provides longer tool life in the machining process (Fig. 1).
This will make it possible to find out the effect of increased technological processing
parameters (cutting speed, feed and cutting tool setting angle) on the turning result
of the machinability of two stainless steels (AISI 420 and AISI 304) - martensitic and
ferritic, with the surface roughness parameter Ra when using new cutting tools covered
using Duratomic-technology (Fig. 2), compare it to these applied tools and develop a
mathematical model for determining the roughness (Ra) of the processed surface.

To achieve the goal of the study, the following tasks have been determined:
- toperform a comprehensive analysis of selected processing technologies and applied
tools;

- to perform turning process experiments and analysis of the results, clarifying the
dependence of the roughness (Ra) of the turned surface on increased processing
modes: cutting speed, feed and cutting edge angle;

- to compare the results of the turned surface of two stainless steel grades - AISI 420
and AISI 304;

- to compare the influence of tools produced by different manufacturers when
processing blanks of two stainless steel grades (AISI 420 and AISI 304) at increased
cutting speeds;
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- to perform an analysis of the tool wear mechanism using increased processing
modes;

- to perform an analysis of the chip formation process using increased cutting
speeds [1].

EXPERIMENTAL PROCESS

A lathe, an AISI 304 stainless steel workpiece with an austenitic structure, and an
AISI 420 stainless steel workpiece with a martensitic structure were used to realize the
experimental part.

The new cutting tools of Seco, Walter, Sumitomo, and Kennametal were used, which
are characterized by a wide application area for various stainless steel brands and
structures.

Data of the Ra value results of the processed surface roughness profile obtained in
the practical experiment were processed using a computer, implementing a 3-factor
experimental plan.

DURATOMIC™
[ ]

ALO; _ ® Multilayer

coatings
® TN 1ic
Steel " Tungsten carbide
- ® Hss
1850 1900 1950 2000 2050

.

ye T BT % AR WIS P

Fig. 1. Progress of cutting tool coatings [2]. Fig. 2. Cutting tool coated with Duratomic technology,

the vertical crystal positioning structure of the ALO,
coating is visible [2].

When examining all the results of the conducted experiments, it can be seen that the
tools of different manufacturers are not intended for use at increased cutting modes.

When applying cutting tool nano-coatings, it is important to compare the wear
resistance of cutting tools. The following cutting tools with coatings were chosen for the
wear comparison experiment: KC730, TM4000, AC200, CP500, WPP200, and TP3500.

The tool wear was measured on the cutting surface and flank of the insert tip and
after the cutting process for each combination of turning parameters.

As aresult of the experiments, it was found that depending on the cutting conditions,
different tool geometries and types of coatings, and the characteristics of the processed

10
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material (grade 304 and 420 stainless steel), the dominant wear was observed on the
major flank, hm, and on the chip surface shown in cutting tool geometry figures in [1].

KC730 (Kennametal) showed a higher wear result. This tool, due to the rather
uncomplicated chip breaker geometry, demonstrated better turned surface results than
the other tools, but the wear values were very high. It is interesting that this tool, when
turning two different grades of stainless-steel groups, showed different wear - minimum
wear when turning AISI 420 and maximum wear when turning AISI 304 stainless steel.
The data was obtained by reading the wear values after a complete machining cycle not
exceeding the expected service life of the tool (15 min).

PRACTICAL APPLICATION

The results of the given research are necessary for the needs of Seco Tools AB
instrument manufacturers and the local representatives of this company (the acceptance
review was receieved from the SECO Baltic office).

Cutting tools coated with Duratomic technology have been proven to last longer
than described in catalogues, creating great potential for increased productivity.

The results of the study have been presented in several scientific articles written
during the development of the PhD Thesis and have been cited in various publications
of several scientists and in Master and Doctoral Theses.

Conclusions

1. From the obtained data, it can be concluded that TM4000 cutting tools coated
with Duratomic technology are more wear-resistant. During the processing,
vibrations occur, which deteriorate the quality of the turned surface.

2. Using higher cutting speeds, without cooling emulsions, the highest service life
variant was achieved with Duratomic TM4000 coating (Seco), which showed
minimal cutting-edge wear at 50 % increased cutting speeds, providing good
(judging from previous calculations and compared to other manufacturer’s
tools) machined surface quality (in such a condition the tool could still be used).

3. Comparing the selected coatings, we can admit that from the point of view
of wear, the coating made with Duratomic technology is considered the best
because it causes less wear to the tool.

1
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AR PVD METODI IEGUTO PLANO NANOSTRUKSTURETO
TRIBOLOGISKO PARKLAJUMU PATIESAS MIKROCIETIBAS
NOVERTESANA, IZMANTOJOT MATEMATISKOS
DEKONVOLUCIJAS MODELUS

ULDIS KANDERS, ERNESTS JANSONS, JANIS LUNGEVICS,
RAIMONDS SIRANTS, ARMANDS LEITANS, IRINA BOIKO

Institute of Mechanics and Mechanical Engineering,
Faculty of Mechanical Engineering, Transport and Aeronautics,
Riga Technical University, Latvia

e-mail: uldis.kanders@rtu.lv

This study discusses micromechanical properties and true microhardness
determination of nanostructured tribological coatings (NTC) based on a multilayered
alternating nitride/carbonitride bilayer substructure of transition metals. The
constituent nitride/carbonitride bilayers in the superlattice structure of NTC were
alloyed with refractory metals, denoted as Me = Me1l or Me2 = Cr, Hf, Nb and Zr. The
resulting NTC coatings were deposited onto 100Cr6 steel substrates using the advanced
physical vapour deposition (PVD) technique denoted here as the high-power impulse
plasma magnetron sputtering (HiPIPMS).
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Fig. 1. Microindentation response as apparent microhardness — displacement, H-h,
curve of the NTC-1 sample calculated using measured two diagonals of the Vickers imprints at each
specified test load within (10-700) gf-range (0.098—-6.86 N) in semi-log scale.
The fitted microhardness-displacement curves relevant to the proposed three sigmoidal decay
models are shown as solid lines.

Comprised crystalline nanometer-scale TiAlSiMel-N/TiMe2-CN nanoparticles
strengthened by Me additives significantly increased the NTC micro-hardness to over
3200 HV. The primary focus of this research was to determine the true microhardness
of the NTC film samples. The apparent microhardness (Ha) of the film/substrate
system for various NTC samples was measured during microindentation testing using
the Vickers method. Nine NTC samples were tested, each generating a corresponding
microindentation dataset containing between 430 and 640 imprints, depending on
the specific NTC sample. These datasets were analyzed using three distinct empirical
approaches: (i) the inverse power-law model (IPL-Model), (ii) the sigmoid-like decay
model (SLD-Model), and (iii) the error function model (ERF-Model). The observed
solid correlation between the proposed models and experiments suggests that the true
microhardness estimates (Hf) obtained through the empirical mathematical modeling
approach are reliable.

14
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DETERMINATION OF SERVICE LIFE
OF COATED FRICTION PAIR PARTS

BERZES PARA DETALAS AR PARKLAJUMU
KALPOSANAS LAIKA NOTEIKSANA

OSKARS LININS, ARMANDS LEIT/_\NSv, ERNESTS JANSONS,
JANIS LUNGEVICS

Institute of Mechanics and Mechanical Engineering,
Faculty of Mechanical Engineering, Transport and Aeronautics,
Riga Technical University, Latvia

e-mail: armands.leitans@rtu.lv

The structural safety of the machine depends on the material chosen for the machine
parts, the dimensions of their shape and the surface finish - roughness. In all cases, the
structural safety must be justified by appropriate calculations. In many cases, machine
parts do not break but wear down through the friction process, changing dimensions,
and need to be replaced - repaired. To characterize the wear process, we can use the
so-called linear wear rate according to the wear fatigue theory.

h

h
WL TV
where
h - linear wear of material;
L,- wear path length;

V - linear velocity;
t - life time of wear parts.

The linear intensity of wear, I, can be calculated theoretically using analytical
relationships. The wear rate depends on the load, the physical-mechanical and frictional
parameters of the material and the surface roughness - surface texture - of the friction
parts. The abrasion rate varies from 10-° to 107'? for different parts. The analytical
calculation is time-consuming and sufficiently accurate if all the parameters entered

16


mailto:armands.leitans@rtu.lv

Riga Technical University 64 International Scientific Conference

MECHANICAL ENGINEERING TECHNOLOGY AND HEAT ENGINEERING

in the formulae can be determined accurately. Experimental determination of the wear
rate is obviously more accurate, but it is a labour-intensive process.

t - hmax’
V-Ip

where
hmax— permissible maximal linear wear of material;
I,- wear path length.

By knowing the wear rate and substituting h __for h, the maximum allowable wear,
we can determine how long it will take to replace worn friction parts, thus predicting
the lifetime of the equipment until repairs are required.

F
Wear track * Pin

Disc

()

Fig. 1. Schematic illustration of pin-on-disc wear test.

Theoretically, I, can be calculated using mathematical relationships given in [1]-[3].

0.52 ‘ ;

0 0.1 0.2 03 0.4 0.5 0.6 0.7 08 0.9 1 11 12 1.3 mm

Maximum depth : 1.67 ym  Area of the hole : 780 pm2

Fig. 2. Example of wear track geometry after tribological test.
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The parameter h _can be obtained experimentally by performing a tribotest with a
pin-on-disc type tribometer Fig. 1, after the wear test by measuring with a profilometer
and obtaining h_at certain test conditions. The tribotrack profilogram is shown in
Fig. 2.
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BERZES PARA "TERAUDS-ANTIFRIKCIJAS MATERIALS" NODILUMA
EKSPERIMENTALO REZULTATU UN ANALITISKO APREKINU
PETIJUMI

GUNTIS SPRINGIS, IRINA BOIKO
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e-mail: guntis.springis@rtu.lv

Nowadays, the production of parts for mechanical engineering and other industries
uses both the latest technologies and new material combinations with the aim to
achieve longer product life. In order to increase the service life of mechanisms which
use friction pairs and to renew surfaces worn out by friction pairs, not only traditional
and long-established but also modern technologies are currently being used, such as
surface treatment and hardening using laser and electron beam treatment, various
types of surface heating methods, ion-plasma vacuum treatment, etc.

In addition to solutions for improving the performance of the surfaces, it is also
necessary to be able to predict the service life of the parts in order to optimize the
production process and make the necessary adjustments to the manufacturing process.
Although several techniques and calculation methodologies are currently known that
allow wear to be determined analytically [1]-[5], the approach of predicting wear based
on lengthy experiments, which is both time-consuming and costly, still remains popular
[6]-[8]- This is due to the fact that the analytical wear calculation would need to include
the majority of parameters that exist in the actual wear process, which in most cases, is
not done. This can be concluded when analyzing the analytical calculations available in
the literature sources.

The analytical prediction of the service life of friction pairs, which is valid for
practical engineering tasks and includes parameters that can be determined by
modern measurement methods without the need for lengthy and resource-intensive
experiments, not only speeds up the product design process but also makes a significant
contribution to sustainable development.
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This study offers a wear calculation equation for linear wear of sliding friction pair
steel-anti-frictional material (in this case, it is bronze), including standardized 3D
roughness parameters, modelling surface microtopography with a separate section of
probability theory - random field theory, and using fatigue theory for friction surface
destructions:

! m—2 m—1 2 m L
U =322 Z.Em. Sa,,,_z' i =
N, - kq o," RSm, ‘\/E ‘K (e)m RSm;

where

m - degree of material fatigue curve equation;

N, - number of durability cycles of the material;

qu - coefficient depending on surface anisotropy;

E - modulus of elasticity of the material, MPa;

o, - limit of resistance of the material under an asymmetric load cycle MPa;
Sa - arithmetical mean height, mkm;

RSm, - mean peak width for wearing component, mkm;
K(e)*/* - elliptic integral;

q - distributed load, MPa;

L, - distance, m;

RSm,” - mean peak width for the component which causes wear.

To compare the analytical calculations of wear with the experimental results, the
experiment was carried out on the pin-on-disc tribometer. The tested materials - pin
(steel, 100Cr6 ISO) and disc (bronze, CuSn8 DIN). The theoretical and experimental
wear graphs are shown in Fig. 1 a). The parameters applied for the experiment and
calculations are shown in Fig. 1 b).
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Fig. 1. a) Theoretical and experimental wear lines;
b) parameters necessary for calculations and experiment.

As can be seen from the graph, the experimental studies showed a close agreement
with the results of the analytical calculations. Thus, the offered wear calculation
equation could be used for practical engineering calculations without time consuming
and rather expensive experiments for this combination of materials. To increase the
reliability of results and make necessary improvements, future studies need to focus on
comparing experimental and analytical wear values for other materials.
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Udenraza degvielas sistémam galvenais izaicinajums ir neliels idenraZa ipatnéjais

svars.

Barosanas sistémam ir tris galvenie elementi: spiediena tvertnes; kompresori;
reguléjosais aprikojums.
Lielais spiediens (350 bar - smagajam kravas transportam, 700 bar - vieglajam

transportam) nosaka prasibas tvertném. Ir iespéjami vairaki risinajumi:

IV tips.

[ tips. Terauda baloni, kuros tiek uzglabata tidenraza gaze augsta spiediena (lidz 200-
300 bar). Lielakais trikums ir balona lielais 1patsvars, pieméram, ja 50 | balons
sver 60 kg, tad pie spiediena 200 bar taja ir tikai 750 grami tidenraza.

I tips. Baloni ar planu metala iek$éjo apvalku ar daléju aréjo kompozita parklajumu.

Tie ir vieglaki neka I tipa baloni (spiediens var sasniegt pat 500 bar), tos
var izmantot tidenraza degvielas $tinu baro$anai transporta.
[II tips. Atskiriba no II tipa planu metala iek$€jo apvalku pilniba parklaj kompozita
slanis, kas tos padara vel vieglakus neka II tipa cilindrus.

Baloni ar termoplasta ieksejo apvalku, kas no arpuseé tiks nostiprinati ar grafita
Skiedru tinumu, tas ]auj palielinat spiedienu lidz 800-900 bar.

V tips. Baloni, kas izgatavoti tikai no viena grafita Skiedra slanpa.

Turklat IV un V tipa baloni var izturét iekS€jo vakuumu un ir pilniba paklauti

utilizacijai.
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Ir zinams vél zemspiediena risindjums metala hibridu uzglabasanai, kas lauj
absorbét un atbrivot denraza gazi. Zemspiediena risinajumu lieto stacionarajam un
nelielam parnésijamam energijas sistémam.

Udenradi var parveidot par $kidrumu loti zema temperatiira (aptuveni -253 °C)
un uzglabat kriogénas tvertnés. Skidra tdenraza uzglabasana galvenokart tiek lietota
lielam industrialam vai kosmiskam pielietojumam.

Lai veiksmigi stradatu ar udenraza degvielas sistemam, ir svarigi ieklaut visus
nepiecieSamos komponentus, ka ari ievérot drosibas un ekspluatacijas noteikumus:

1) augsta spiediena tdenraza baloni aprikoti ar specialiem noslégvarstiem, kas lauj
kontroléti atbrivot tdenraza gazi;

2) spiediena regulatori tiek izmantoti, lai samazinatu augsto spiedienu no balona
lidz droSam limenim degvielas Stna. Tie palidz uzturét vajadzigo tdenraza gazes
plismu pie nemainiga spiediena $ina;

3) tvertnés ir uzstaditas droSibas ierices, pieméram, drosibas varsti, lai nepielautu
parmérigu spiedienu; tas palidz novérst balona bojajumus un eksploziju;

4) lai nepartraukti uzraudzitu idenraza koncentraciju apkartéja vidé, tiek izmantoti
gazes detektori;

5) tvertnes uzglabasanas statni un nostiprinajumi. Augsta spiediena tidenraza baloni
biezi tiek apvienoti, lai palielinatu tidenraza daudzumu, tapéc balonus nostiprina
ipasos statnos, lai novérstu nokriSanu vai bojajumus. Pareiza uzglabasana novers
fiziskus balonu bojajumus un minimizé noplizu risku;

6) vietas, kur tiek uzglabatas augsta spiediena Udenraza tvertnes, jauzstada
ugunsdzésanas sistémas, lai atri reagétu potencialas ugunsgréku situacijas.

Augsta spiediena tdenraza tvertnes prasibas var atSkirties atkaribd no regiona
un nozares. Lai novérstu nelaimes gadijumus un nodrosSinatu drosu tdenraza gazes
izmantoS$anu, ir svarigi ieverot drosibas vadlinijas un noteikumus. Eiropa tiek izmantoti
cikliskie testi lidz 95 MPa un hidrostatiskie lidz 280 MPa (ECE R134 vai ISO/TR
15916:2015).

Atsauce

1. S.Orlova, N. Mezeckis, V. P. K. Vasudev “Compression of Hydrogen Gas for Energy
Storage: a Review”, Latvian Journal of Physics and Technical Sciences, 2023,
Vol. 60 (2), pp. 4-16. [Online]. Available: https://doi.org/10.2478/1pts-2023-
0007.
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Latvijas kurss uz klimatneitralitati, kas japanak 2050. gada, ir saistits ari ar
siltumenergijas briva tirgus atvérsanu [1]. Labs piemeérs ir Rigas pilséta - AS “Rigas
Siltums” razo vien 30% nepiecieSsamas siltumenergijas $ada proporcija: 52 %
atjaunojamie energoresursi (koksne), 48 % dabasgaze. Savukart 70 % siltumenergijas
no kopéjas bilances tiek iepirkta no neatkarigajiem siltumenergijas razotajiem iknedélas
iepirkumu procediras [2].

Brivas konkurences apstaklos ]oti biitisks ir ne tikai katla lietderibas koeficients,
bet ari tas, lai sistéma butu aprikota ar dimgazu ekonomaizeru-kondensatoru. Iekarta
samazina dimgazu temperatiru lidz tikla idens atgaitas temperatirai, atgustot lidz pat
30 % no kopéjas katla jaudas, samazinot kopéjo kurinamo patérinu un CO, izmeSus.

Dumgazu dzilaku dzeséSanu ierobezo siltumtiklu atgaitas tidens temperatira.
Lai varetu pilniba izmantot aizejoSo diumgazu siltuma potencialu, tiek izmantota
siltumstiknu tehnologija. Patlaban Latvija ir realizéti projekti, kuros izmantoti lieljaudas
absorbcijas tipa siltumsukni.

Siltumsukniem galvenais efektivitates raditajs ir COP.
Absorbcijas tipa siltumstikna efektivitati aprékina péc $adas formulas [3]:

— Qkap
cop = Qkop—Rieg ’ (11)

25


mailto:varis.zentins@rtu.lv

Riga Technical University 64 International Scientific Conference

MECHANICAL ENGINEERING TECHNOLOGY AND HEAT ENGINEERING

Lai varétu realizét siltuma nonemsanu no diimgazém, dimgazu kondensators tiek
veidots divas pakapés. Pirmaja pakapé tiek pazeminata diimgazu temperatira lidz
siltumtiklu atgaitas tidens temperatirai (jaatzimé, ka dimgazu temperatira videji par
3-4 °C gradiem augstaka neka siltumtiklu atgaitas idens temperatiira, kas ir saistits ar
siltumpareju), ari otraja kondensatora pakapé diimgazes tiek dzesétas ar industrialo
siltumsukni.

1. att. Absorbcijas tipa siltumsiikna ripnicas testi (V. Zentina fotografija).

Tika veiks eksperimenta, biokurinamajam katlam ar nominalo jaudu 20 MW
uzstadot divpakapju dimgazu kondensatoru, turklat otraja kondensatora pakape
diimgazes tika dzesétas ar absorbcijas tipa siltumsiikni. Siltumsiikna kopéja uzstadita
jauda ir 4720 kW. Katlam stradajot dazadas siltumslodzeés nevienmérigos rezimos,
COP raditajs svarstijas robezas 1,68-1,75, papildus no dimgazém iegustot lidz pat
2,49 MW siltumenergijas. Eksperimenta dati paradija, ka dimgazu temperatiira
tika samazinata lidz 23,9°C. Samazinoties dimgazu temperatirai, dati uzradija
kondensacijas kapacitates paaugstinasanos. Atdzeséjot dimgazes veidojas kondensats,
kura temperatira bija 38,4 °C un apjoms svarstijas no 3 m3/h lidz 5 m?/h.
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Secinajumi

1. Izmantojot reala objekta analizi ar absorbcijas tipa siltumsikni, tika aprékinats
COP koeficients, kas svarstijas 1,68-1,73 robezas, iegiistot lidz 2,49 MW
siltumenergijas.

2. Veicot pétijumu par siltumavota efektivitates paaugstinaSanu, secinats,
ka dumgazu dzila dzeséSana rada kondensata veidoSanos kondensatora.
Eksperimenta laika tika konstatéets kondensats, kas tiek novadits kanalizacija.
Kondensata temperatira bija 38,4 °C un apjoms svarstijas no 3 m3/h lidz 5 m3/h.

3. Dazadu darba rezimu mainigie parametri paradija, ka nepiecieSams turpinat
papildu datu ievakSanu, lai varétu izveidot liknes, pieméram, nemot véra
siltumtikla parametrus, kurinama sastavu un mitrumu.
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Misdienas zinatne nav iedomajama bez dazada veida izotopiem. Izotopi
nepiecieSami medicina (véza arsté$ana), materialu pétiSana un citas zinatnes nozares.
Lai iegiitu izotopus, ar protona staru tiek Sauts pa dazadu materialu mérkiem. Vieni no
Sadiem mérkiem ir skidrie metali. Lai efektivak iegltu izotopus no skidra metala mérka,
ir japalielina virsmas laukums, un tas tiek panakts, brivi kritosu skidra metala plismu
veidojot daudzu siku pilienu striklas. Sis siku pilienu striiklas tiek veidotas vakuuma
un noslédzas tvertné ar brivo virsmu. Zem S$is tvertnes ir $kidra metala siiknis, un ta
ieejas spiedienu veido skidra metala staba augstums, kas veido zemu virsspiedienu
siikna ieeja, ka rezultata stknis nespéj sasniegt vajadzigos tehniskos parametrus un
veidojas kavitacija.

Vakuuma pieaugums :  Spiediena pieaugums

—

Kavitacijas burbulu plisana,
bojajot virsmu

71\ '
—

1. att. Kavitacijas burbulu veidoSanas un sabruksana pie virsmas [1].
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Petljuma merkis ir apzinat iepriek§ zinamos pétijumus par kavitacijas ietekmi uz
zema spiediena Skidra metala konttru darbibu ar brivu virsmu.

Pétijuma apskatiti pieejamie zinatniskie avoti par kavitacijas pétijumiem skidro
metalu kontiiros ar un bez brivas virsmas.

Zinatniskajos rakstos redzams, ka kavitacija ir gazveida burbulu veidoSanas
Skidruma zema spiediena apgabalos. Siem burbuliem parvietojoties uz zonu, kur
spiediens palielinas, tie plistot izdala energiju, kas absorbéjas skidruma tilpuma vai rada
bojajumus uz virsmam. Kavitacija izraisa stiknu veiktspéjas samazinasanos, darbibas
miiZa ilguma samazinasanos, troksni un mehaniskas vibracijas.

Liela dala zinatnisko rakstu ir pétiti kavitacijas procesi ideni un dazados skidrumos.
TaCu maz sastopami ir raksti par kavitacijas detektéSanu un merisanu skidra metala
kontiiros un suknos.

Ir redzams, ka nepiecieSams izpeétit Skidra metala stiknu darbibu pie zemam
spiedienavertibam siiknaieplidé, lai noteiktu kavitacijas ietekmi uz elektromagnétiskas
indukcijas suikniem ar rotéjoSiem pastavigajiem magnétiem.

Atsauce

1. Pump cavitation and how to avoid it, Diener Precision Pumps Inc. [Online].
Available: https://dienerprecisionpumps.com/pump-cavitation-and-how-to-
avoid-it/.
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PAR AUTOMASINAS AUDI A6 )
CELA SATIKSMES NEGADIJUMU 2021. GADA

Péc Valsts policijas Vidzemes regiona parvaldes Valmieras iecirkna kriminalpolicijas
nodalas pieprasijuma tika veikta metalografiska ekspertize kriminalprocesa lémuma
pienemsanai. Ekspertizes priekSmets - transporta lidzekla AUDI A6 priekséja laba
ritena aizmugureja svira.

Celu satiksmes negadijuma apraksta minéts, ka vaditajs izjutis sitienu pa priekséjo
riteni, masina samesta un iebraukusi cela pretéjas puses gravi. Turpretim veiktaja
transporta lidzekla apskates laika konstatéts, ka cietusi priekséja laba ritena riepa. Péc
rata nonemsanas Konstatéts, ka parlizusi priekséja laba rata apakséja aizmuguréja
svira. Lizuma vieta ir svaiga, bez korozijas, metala krasa viscaur vienada ton.

1. attela redzams prieks€ja rata aizmugures sviras kopskats péc lizuma (lizuma
vieta, trieciena virziens). Ap lizuma vietu deformacijas rezultata atdalijusies virsmas
oksidu kartina (gaisaka krasa).
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Trieciena vieta un

virziens

B

vz

1. att. Priekséja laba rata aizmuguréja svira (kopskats).

Lai atbildétu uzjautajumu, vai transporta lidzekla AUDI A6 priekséja rata aizmuguréja
svira sabojata pirms celu satiksmes negadijuma, vai ta laika, veikta lizuma tehniska
analize.

Luzuma vietas apskate uzrada, ka lizums veidojies vairakas pakapés. 2. attéla
redzamas priekSeja rata aizmuguréjas sviras lizums vispirms ieks$éja mala veido lidz
2 mm dzi]u iepriek$éjo iegriezumu A0 un noguruma liizumu (A). Seit virsmas savstarpéji
noslipéjusas spidigas.

2. att. Priekséja rata aizmuguréjas sviras lizuma attéls.
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Atseviska dala (B) redzamas korozijas pédas. Raditais skérsgriezuma samazinajums
nerada biutisku sviras stipribas samazinajumu un var turpinat kalpot ekspluatacijas
gaita.

Ja automasinas prieks€jo ritenu stires konstrukcija ekspluatacijas gaita sanem
péksnu triecienu, tad noguruma plaisa var kalpot par sprieguma koncentratoru un
attistas lidz pilnigai sagrausanai. Stiepes spriegumi veido trauslu lizumu (C). Ta virsma
ir gluda, graudaina, bez plastiskas deformacijas.

3. attéla redzama sviras lizuma virsma no pretéjas puses, salidzinot ar 2. attelu. Ar1
Seit var redzét noguruma lazumu (A) klatbutni, ka ar1 korozijas pédas.

3. att. Sviras lGzuma virsmas attéls no pretéjas puses, salidzinot ar 2. attélu.

Pilniga prieksé€ja ritena aizmuguréjas sviras sagrisSanas ir notikusi trieciena laika,
stiires mehanisms ir zaudéjis darbibas sp€jas un notikusi automasinas avarija.

Otrs jautajums ir - kada ir konkrétas detalas materiala kvalitate, vai ieprieks ir
bijusas mehaniskas iejauksanas?

Aizmuguréja svira ar Nr. 470.407.694C ir originala un nav bijusi paklauta
mehaniskam remontam. Liizuma virsma nav ieslegumu, ta ir smalkgraudaina. Tas
liecina par tas kvalitati.

Virsma papildus noveérots neliels iedobums, kas ieprieks varéja radit darbs ar lokanu
slipripu vai arl tas varéja rasties saskarsmé ar cietu kermeni brauciena laika. No $1
iedobuma A0 velak ir attistijies sakotnéjais noguruma lizums A.

Atsauce
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