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Uplatnenie vysledkov projektu

V rdmci rieSenia projektu APVV-19-0559 bol navrhnuty, skonstruovany a otestovany
prototyp zariadenia elektrolytnej plazmy na modifikaciu kovovych povrchov s vykonom 17
kW/50 A s prestavitelnym vystupnym jednosmernym napatim v rozsahu 220 — 315V, ktoré
umoznuje modifikovat kovovy povrch s plochou do 4 dm2. Zariadenie pozostava z
pracovnej nadoby s upinacim zariadenim upravovaného objektu (aktivna elektroda) a
vykonovej jednotky — externého prudového zdroja s riadiacou jednotkou. Koncepcia
konstrukcie umozniuje, aby zariadenie pracovalo v anédovom aj katddom rezime zapojenia.
Objem pracovnej nadoby z antikor6znej ocele a systém chladenia elektrolytu su
dimenzované na obeh priblizne 60 — 300 | elektrolytu. V sledovanom obdobi bol pre
zariadenie ELP pripraveny dalSi externy prudovy zdroj, ktory je navrhnuty tak, aby bol
pripojitelny do siete 3 x 400/230V, 63A, 40kW.V ramcirieSenia projektu bol navrhnuty a
zrealizovany inovativny funk&ny prototyp zavesnej jednotky pre rotaciou suciastok, ktorych
tvar vyZzaduje, aby pocas procesu ELP rotovali v elektrolyte.

Bol vyvinuty a overeny viacstupfiovy proces elektrolytno-plazmovej technolégie na Upravu
povrchov dielov vyrobenych z nizkolegovanych oceli, pri ktorom sa aplikuju dva rézne
elektrolyty. MoZnosti procesu boli overené na suciastkach z nizkolegovanej mangan-
chrémovej oceli 16MnCrS5 v stave po cemenovani a kaleni (51 HRC), ktoré su urCené pre
pracu v hydraulickych systémoch. V prvom stupni sa elektrolytom na baze siranu a chloridu
amonneho vyvinutom pre uhlikové ocele zniZzuje drsnost povrchu, kedy je mozné
vychodiskovu drsnost Ra 0,2 - 0,4 ym znizit' v priemere o 50% za 120 sekdnd. V druhom
stupni sa elektrolytom na baze uhli€itanov povrch upravuje na zrkadlovy lesk, pri¢om
vysledna drsnost povrchu Ra dosiahne hodnotu pod 0,1 um. Bol preukézany pozitivny vplyv
procesu ELP na modifikaciu povrchu dielov po klasickom obrabani. Povrch materialu vo
vychodiskovom stave jemnom bruseni vykazoval nielen zretelne viditelné stopy po nastroji,
ale aj dalSie makronerovnosti povrchu, ktoré narusaju integritu povrchu. Na povrchu ocele
po prvom stupni ELP v elektrolyte s pracovnou teplotou 80°C s vydrzou 60 sekund neboli
viditelné stopy po obrabani a povrch vykazoval zvySenu odolnost voci kordzii.

Bol overeny proces elektrolytno-plazmovej technolégie na znizenie drsnostia zlepSenie
homogenity povrchu dielov vyrobenych aditivnou technoldgiou Selective Laser Melting.
Moznosti procesu boli overené na objektoch z austenitickej nehrdzavejucej ocele AISI 316L
bezne pouzivanej v medicinskych implantatoch s priemernou drsnostou Ra v stave po
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vytlaCeni v intervale 7 — 15 ym. Aplikacia procesu so 4% elektrolytom na baze siranu
amonneho s teplotou 80°C znizila priemernu drsnost Ra za 15 minut 0 82%, t.j. z 10 um na
1,8 uym, priCom dosledkom odstranenia povrchovych chyb sa zlepSila homogenita povrchu,
doslo k jeho vyhladeniu a povrch vykazoval strieborny lesk. Aplikacia procesu so 6%
elektrolytom s pracovnou teplotou 80°C znizila priemernu vychodiskovu drsnost Ra za 15
minut o 74%, t.j. z 10 um na 2 ym. Vplyv ELP na zvySenie Cistoty povrchu dielov
vyrobenych aditivnymi technolégiami z kovovych praskov bol sledovany prostrednictvom
zmeny chemického zloZenia povrchovej vrstvy. EDS analyza ukézala, Ze z povrchu
vystaveného procesu elektrolytnej plazmy v anédovom rezime po dobu 30 - 60 sekund bola
odstranena primarna oxidicka vrstva, Comu zodpoveda aj zmena vzhladu povrchu na
vyrazne leskly kovovo sivy a pokles obsahu O2 z 2,1 hm.% na 0,5 hm.%.

Suhrn vysledkov riesenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)

V ramcirieSenia projektu APVWW-19-0559 bol navrhnuty, skonStruovany a otestovany
prototyp zariadenia elektrolytnej plazmy na modifikaciu kovovych povrchov s vykonom 17
kW/50 A s prestavitelnym vystupnym jednosmernym napatim v rozsahu 220 — 315V, ktoré
umoznuje modifikovat kovovy povrch s plochou do 4 dm2. Zariadenie pozostava z
pracovnej nadoby s upinacim zariadenim upravovaného objektu (aktivna elektroda) a
vykonovej jednotky — externého prudového zdroja s riadiacou jednotkou. Koncepcia
kon$trukcie umozfiuje, aby zariadenie pracovalo v anédovom aj katddom reZime zapojenia.
Objem pracovnej nadoby z antikor6znej ocele a systém chladenia elektrolytu su
dimenzované na obeh priblizne 60 — 300 | elektrolytu. V sledovanom obdobi bol pre
zariadenie ELP pripraveny dalSi externy prudovy zdroj, ktory je navrhnuty tak, aby bol
pripojitelny do siete 3 x 400/230V, 63A, 40kW.V ramcirieSenia projektu bol navrhnuty a
zrealizovany inovativny funk&ny prototyp zavesnej jednotky pre rotaciou suciastok, ktorych
tvar vyZaduje, aby pocas procesu ELP rotovali v elektrolyte. Modul zavesnej jednotky s
rotaciou pozostavajuci zo zakladnej dosky, motora, komutatorovej ¢asti, ozubenych kolies a
drziaka je rieSeny ako uplne odnimatelna Cast konstrukcie zariadenia. Mechanizmus
umoznuje regulovatefnu rotaciu v oboch smeroch s maximalnou rychlostou 40 ot.min-1 pri
hibke ponoru drziaka 70 - 150 mm. Po&et stgiastok umiestenych na drziaku je definovany
suctom ich pléch a vykonom zariadenia ELP (4 dm2). Zariadenie je umiestnené v
Laboratoriu elektrolytnej plazmy na pracovisku rieSitefa — SjF STU v Bratislave.

Bol vyvinuty a overeny viacstupriovy proces elektrolytno-plazmovej technolégie na Upravu
povrchov dielov vyrobenych z nizkolegovanych oceli, pri ktorom sa aplikuju dva rézne
elektrolyty. MoZnosti procesu boli overené na suciastkach z nizkolegovanej mangan-
chrémovej oceli 16MnCrS5 v stave po cemenovani a kaleni (51 HRC), ktoré su urené pre
pracu v hydraulickych systémoch. V prvom stupni sa elektrolytom na baze siranu a chloridu
amonneho vyvinutom pre uhlikové ocele zniZuje drsnost povrchu, kedy je mozné
vychodiskovu drsnost Ra 0,2 - 0,4 ym znizit' v priemere o 50% za 120 sekund. V druhom
stupni sa elektrolytom na baze uhli€itanov povrch upravuje na zrkadlovy lesk, pri¢om
vysledna drsnost povrchu Ra dosiahne hodnotu pod 0,1 um. Pri procese ELP sa prudova
hustota pohybuje v intervale 0,1 - 0,2 Alcm2 pri pracovnom napati 260 - 270 V a priemernej
hodnote jednosmerného prudu 6,5 A. Bol preukazany aj pozitivny vplyv procesu ELP na
modifikaciu povrchu dielov po klasickom obrabani. Povrch materialu vo vychodiskovom
stave jemnom bruseni vykazoval nielen zretefne viditelné stopy po nastroji, ale aj dalSie
makronerovnosti povrchu, ktoré narusaju integritu povrchu. Na povrchu ocele po prvom
stupni ELP v elektrolyte s pracovnou teplotou 80°C s vydrzou 60 sekund neboli viditelné
stopy po obrabani a povrch sa javil ako homogénny so zvySenou odolnostou voci korozii.
Bol overeny proces elektrolytno-plazmovej technolégie na zniZzenie drsnostia zlepSenie
homogenity povrchu dielov vyrobenych aditivnou technoldgiou Selective Laser Melting.
Moznosti procesu boli overené na objektoch z austenitickej nehrdzavejucej ocele AISI 316L
bezZne pouzivanej v medicinskych implantatoch s priemernou drsnostou Ra v stave po
vytlaceni v intervale 7 — 15 ym. Aplikacia procesu so 4% elektrolytom na baze siranu
amonneho s teplotou 80°C zniZila priemernu drsnost Ra za 15 minut 0 82%, t.j. z10 um na
1,8 um, priCom désledkom odstranenia povrchovych chyb sa zlepSila homogenita povrchu,
doslo k jeho vyhladeniu a povrch vykazoval strieborny lesk. Aplikacia procesu so 6%
elektrolytom s pracovnou teplotou 80°C znizila priemernu vychodiskovu drsnost Ra za 15
minut o 74%, t. j. z 10 um na 2 ym. Pri procese ELP prudova hustota dosiahla hodnoty 0,45
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— 0,55 Alcm2 pri pracovnom napati 260-275 V. Vplyv ELP na zvySenie Cistoty povrchu
dielov vyrobenych aditivnymi technolégiami z kovovych praskov bol sledovany
prostrednictvom zmeny chemického zloZenia povrchovej vrstvy. EDS analyza ukazala, Ze z
povrchu vystaveného procesu elektrolytnej plazmy v anédovom reZzime po dobu 30 - 60
sekund bola odstranena primarna oxidicka vrstva, ¢omu zodpoveda aj zmena vzhladu
povrchu na vyrazne leskly kovovo sivy a pokles obsahu O2z 2,1 hm.% na 0,5 hm.%.
Proces bol testovany na zariadeni ELP 6 kW/20 A navrhnutom a skonstruovanom na
pracovisku rieSitela — SjF STU v Bratislave.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

A prototype of an electrolytic plasma (ELP) device for the modification of metal surfaces with
a power of 17 kW/50 A with an adjustable output DC voltage in the range of 220 - 315 V was
designed, constructed and tested that can modify a metal surface with an area of up to 4
dm2. The device consists of a working vessel with a clamping device for the treated object
(active electrode) and a power unit - an external current source with a control unit. The
power unit design allows the device to work in both anode and cathode connection modes.
The volume of the stainless steel working vessel and the electrolyte cooling system are
designed for the circulation of app. 60 - 300 litres of electrolyte. In the monitored period,
another external current source was prepared for the ELP device, which is designed to be
connectable to the network of 3 x 400/230V, 63A, 40kW. As part of the project solution, an
innovative functional prototype of a hanging unit for rotating the parts that shape requires
them to rotate in the electrolyte during the ELP process was designed and implemented.
The module of the hanging unit with rotation, consisting of the baseplate, the motor, the
commutator part, the gears and the holder, is designed as a completely removable part of
the device structure. The mechanism enables the adjustable rotation in both directions with
a maximum speed of 40 rev.min-1 at an immersion holder depth of 70 - 150 mm. The
number of parts placed on the holder is defined by the power supply of the ELP device and
the whole metal area that is in a contact with an electrolyte under the ELP process (4 dm2).
The device is located in the Electrolyte Plasma Laboratory at the researcher's workplace -
SjF STU in Bratislava.

A multi-stage process of electrolytic plasma technology has been developed and verified for
the surface treatment of parts made of low-alloy steels, in which two different electrolytes
are applied. Capabilities of the ELP process were verified on parts made of low-alloy
manganese-chromium steel 16MnCrS5 after case-hardening (51 HRC) that are intended for
working in the hydraulic systems. In the first stage, the surface roughness is reduced using
an electrolyte based on ammonium sulphate and chloride developed for carbon steels.
Here, the initial roughness Ra of 0.2 - 0.4 ym could be reduced by an average of 50% in 120
seconds. In the second stage, under a carbonate-based electrolyte the surface is treated to
a mirror shine, when the finish surface roughness Rafalls below 0.1 ym. During the ELP
process, the current density is ranging from 0.1 to 0.2 A/cm2 at a working voltage of 260 -
270 V and an average direct current value of 6.5 A. The positive effect of the ELP process
on the surface of parts after classical machining has also been proven. The surface of the
material after the fine grinding showed not only clearly visible traces caused by the tool, but
also other surface macro-unevenness that disrupt the surface integrity. After the first stage
of ELP when an electrolyte with a working temperature of 80°C and the process duration of
60 seconds was applied, no traces of machining were visible on the steel surface, and it
appeared homogeneous with increased resistance to corrosion.

Electrolyte-plasma technology process has been proven to reduce a roughness and improve
a surface homogeneity of parts produced by the selective laser melting additive technology.
The capabilities of the process were verified on objects made of austenitic stainless steel
AISI 316L that is commonly used in medical implants. The as-printed state parts had an
average roughness Ra in the range of 7-15 ym. The application of the ELP process with 4%
ammonium sulphate electrolyte with a working temperature of 80°C reduced the average
roughness Ra by 82% in 15 minutes, i.e. from 10 ym to 1.8 ym, when as a result of the
surface defects removal, the surface homogeneity was improved, it became even and
showed a silver gloss. The application of the process with 6% electrolyte and a working
temperature of 80°C reduced the average initial roughness Ra by 74% in 15 minutes, i.e.
from 10 uym to 2 um. During the ELP process, the current density was of 0.45 - 0.55 Alcm2
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at a working voltage of 260 - 275 V. The ELP effect on improvement in the surface
cleanliness of parts produced by additive technologies from metal powders was monitored
through the chemical composition of the surface layer. The EDS analysis showed that the
primary oxide layer was removed from the surface that was exposed to the ELP process in
the anode mode for 30 - 60 seconds that resulted in a change in the surface appearance to
a significantly glossy metallic grey and a decrease in the O2 content from 2.1 wt.% to 0.5
wt.%. The process was tested on equipment ELP 6 kW/20 A designed and constructed at
the workplace of the researcher - SjF STU in Bratislava.

Formular ZK, strana 5/5



