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Abstrakt

'LSORPRYi Y SBPHWDPREMUW V~pDVQEP VWDYRP SR]QD
cold spray, jej mechanizmom @DUDPHWUDPL GHSR]tFLH SRNUF
]JKRWRYHQéPL PHWYGRX FROG VSUD\ DSOLNiIFLDPL SR
aSR]QDWNDPL W-BM-Q povidke\Kadh tepelneP VSUDFRHIWYIGERX FRO
VSUD\ ERO Y\UREH A@R6EHAERIHMIFHULPHQWER QB VM5 R PR/WRLY D (
VN~PDRULNURAWUXNW~UD D PHFKDQLFNpaj¥o Dégpedh@ RV W L
VSUDFRYDQEéFK VWDYRN&R¥WDQLP PHUFIKd3QAFINYU RAWVYWN W
URYQDNpSDNFRODGTH GRGDQp&KRDRDW HUJUSEOER UHNU\aAGWDOL]
PLNURAWUXNWHUD YIRLNX JUQLW HMR 2GR BN AW M XANHAF-KD\QM
YODVW&QIRVQtP SUI&VD JOHSALOL PHFKDIQLYF OMNDY QDNRD/@
PLNUR&GWUXNW~U\ NWRIWU\ SHK]RY Wi SLf §hrublo zrno &lesli
PHFKDQLFNp YODVWQRVWLK 0O6GMONS &R IHN YFRMEINUDXNR/R MIELE |
YODVWQRIVWIHWPIDO 00K BQ\EDBUBLO &l FDLeSS WHFLBY. WVLYHUQEHH Q é

~pRYp VORYi

&ROG VSUD\ GHSRI]JtFLD DGLDEDWLFNi VWULKRYiI QHVWL

Abstract

Diploma thesis deals in the first part with recent knowledge of cold spray, its
mechanism and parameters of depositamyanced coatings made by cold spray and their
applications knowledge of TH6AI-4V coatings and their heat treatmebeposit of Ti
6Al-4V powderwas made by cold spragyocessIn experimental paytmicrostructure and
mechanical properties of supplieahd its heattreated material were observed and
examinedMechanical properties and microstructure remained unchanged by annealing at
600 f &s in the case of supplied materRécrystallization occureith microstructure of.
and phases by annealing @00 f & Grains were emerged in microstructure and
mechanical propertieseredecreased. Mechanical properties were imprdsednnealing
at 900 f 8 GXH WR TXHQFKLQJ OLFURVWUXk¥eX Mdchamc@lV LV W
properties were the worst fanneadd material at 100¢ &ecause of coarsed grains.
Materialwhich was annealed 800 f &quenched and precipitation hardened thedbest
microstructure and mechanical properties.
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Cold spray, deposition, adiabatic shear instability, treatment.
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3R DNRYDQLH

5iG E\ VRP VD WRXWR FHVWRX SR ®INRORR WHNR ML
Ing.’ XNiZaRYL HKR NRYL 3K ' HFHQ@GERBWQSRPLGEQN\ DOH
SR DNRYDPH ,PSDFW ,QQRYDWLRQV ]D GRE@.QanoM[SHUL
YyXSHURYL ]D Y\NRQDQLH FpoHaEdnieN fotiek B2oQ SEM | \panD
Ing.' UDKRPtUH -DQRYHM ]D BRONWBHODHHRWUBRR)YQtNRP
YyHVNHM UHSXEOLRme ]I SRGERUWX SURHFKDRQBREFK VN
av QHSRVOHGQHM UDGH PRMHM FHOHM URGLQHM VMW@D i F
pri mne.
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OYRG

7TLWIiQHIKR J]OLDWLQ\ V~ YHSULIBREFUD M IS WD[L DN
SY\WRNE&P SRPHURF iS#HN[FROWMOQWQRX NRUY]QRX RGROQR\
V~ SRXatYDQp lesedkdnt Brat@nkbbitovom priemysle. \EOt]NHM EXG~FQR
RGKDGXMH Y\VRNé QiUDVW Yhixvwé WetedtvéMthw HRE K &RFAKR XO ML
Y\WRNi YEUREQi FH® Qi VRYER®FBMRA trh 2G {YRIGRDQp Q & FK
QiNODGRY ]DPHUDRS QDY X GWEWXQRYRBRB K H\DIYMWLYHFKQRC
VS D WLHWR SRALDGDYN\ QD UéFKWVX @ BiNRDIE BRUKRNG Y X
VWXGHQpPKR NLGRWDBENPKRQIPBD SR G DWOId hiaf (CEP SRMPRP

Cold spray MH SURFHV UBFKOHKR NLQHWLFNpKR SRYODI
XUBFKOHQtP pDVWtF GH SRIQREHD & PIOFE LHKRNXOYQX QD Si
7HSORWD SUiaNX §elUtepoR Ry 8 D SDWWDRKH SUHNRQiIYDM~ S|
Y\WWRNp SODVWLFANDUGAHKRUINIFMH VD DWDD SWHMMKR WHFK(
PLNURAWUXNW~UD PRGIGRNKMHDIPNOVUP iR[QBiFRLZiWSRY OLC
WHFKQROYJLD Yé&UD]QH ]JQL&XMH oby GRVSRWWLHFEX PDWR-
VSRURYQBRQIYMQpQEPL PHWYGD RE DINER RIGOLHYDQLH D

'LSORPRYi SWIGDHWD pDVWL |DREHUI WHRgMBVELr&NEPL ]
PHG]L NWRmkphaS DWW SDUDPHWUH GRRB Bpbpdk@E zhotovenp
PHWYGRX FROGOY¥NEIRMODNRY JKRMRWHRQ & ho¥natkdX D
W LWiQHIYAFA povlakovaLFK WHSHOQéP VEUXKRM BEIRW B RMH'
YHQRYDQi V NGARD/QioWakid LpripraYy HQp KR W H F#&d $pay JILYRXK X
WHSHGf@Qradégnia a MHKR YSO\YX QD PLNURAWUXNW-~UX
avyhodnoteniuPHFKDQLFNéFK VN~aRN
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1 7THRUHWLFENiI pDV"

1.1 +LVWyULD

AW~-BHWYG\ FROIGDY BMBWR ULF N pXR GKRDNBOYNWWRURDpL

V URNX VL QHFKDO 7KXUVWRQ SDWHQWRYD" VYF
GHSR]tFLD NRYRYpXRY BY+aNXODQWD X &HRK MR &ER-OG IXIUFL P
plynompod tlakomDOHER W U\V N RosiaKIDMWY\NABAHK ORV" XWé@& KOHQ
300m/s[1].

9\d4Hdpad@ej UBFKORVWL SIRVHDKRW\FK URNRFK Vv
SRFKHYLOOH 3RXALWIP S/DN DRB&FHWD HRDA]Hc, NIRMRIY & F K
URYQRPHUQ®& |2 HQN& SRYODN

VRVHPGHVLDW\FK URNRERKO VNVYRORIER plHD) RPHQL VEE W |
teoretickej aDSOLNRYDQHM PHFKDQLNwNavosirskiv' I$8SIRIG B PR LE RIOH
REMDCEKIMI QIKRERHBDY H[SHULPHQWX SU~GNQERm®\QX R
WXQHOL ERO SUHGPHW Y\VWDYHQ&NWRYRPVRD LFINPHIHG DL
PDVWBRFMNRQPHQt S WHIGFFHQYEX POL G HhPR/GR F DYDH SWYKUBG\R
predmetd3].

Poznatky gpatentyln & W Labrefitke) aDSOLNRYDQHM PHFKDQLN\ UX
vied v NovosibirskuEROL G{OHALW p \& Rl feiyRP\ R &IMADra&icPo
roku NHG\ EROL X]QD Q563 DWRQWO RDBQRANPWURD Y \
YUVWLHY PBDWHIBRL].O X

=ZiXMHPR NR P Da&Q torvoj metyG\ &6 QHXVWvVGHRVODNGWERK GY
GHVD"URplOMWFHKFKQRORJLFNé SURFHV GHSR]JtFLHEXEQ& WLF
ALURNRVSHNW WV iRD@R aS/RYWHHQRE G NCH W Yt~ [BDV R B W\RIP R DU D V W
SXEOLNRYDQéFK YH®HEGNRFKVBRIEFSRUR]|XPLH" SUREOHPDYV
SULEOMNRPHWWDpQHM YEUREHRU2EMH QiU DWHG IR BNRERVKNV SR E O L
za SRV O Hdy Q € WdRAV [4].

VV~pDVQRVWL V[ VR&K DS NWHWKHR Y DFQHEIF-N Rriegkiirm,
Y é aRirodukcie P H W y G ROYrati Gomuje tov USA 20% av y t Q/H%o. Celosvetovo
MH YaDN LQaAWD®UEIS X @ &&IR dpray X U p HED Po]na prieskum
aYeYROMOD QD SURGXNHREé JiPHU

140
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1.2 Porovnanie PHW WON X G HECHp&KW H S H @QQWYWR H N X

Cold spray SDWUt PHG]L QDMPOD GBHLFHK QRPRMIFMpFAHWY G\ Y&
povlakova ' V~pLDVWRMP ®HVLDW\FK URNRFK PLQXOpKR VWRURDL

]DpDOD ROUHDEG VAN R BRMIEYRRIY@H MY OLWHUDW~UM H3d R YDOD
QIVWUHNX

OHWYyGD FROGvV SRURY @PRQW DAWQHEPP i ORH RiiGDR Y Q D N p
Y\X8LWSiHVD WYU®HFKEGRQRILFNpKRYK BGLYRGREEDN

zK DGLVND SRX&ALWLD ]JGURMD HQHUJLH SUL YBUREH D NYD
]JGDQOLYR WRWR&Qp PHWYG\ ]iVDGQH RGOLAXM-~

3RGVWDWRXHSHG Q@K R H) W WRILHENX SRYODNX JRKULDWtP UR
PLDVWRpPQEP QDWDYHQtP SUiaNX WXKpKR PDWHULIOX GR SR
Y]QLNi JPipDQtPVSEYWRKW X Ni¥B SY R XK QawoRrchu.
9\VRNp WHSORW\ DAL QFRWCHGBHNQD GXAEPQ\P SURFHVRP SUL
WXKQ@WWGD NefuG RKGPLLIH 4D YOXQLQIHIFIER G K 1i]\ &LWOLYp PDWHU
QD Y]GX&aQé& N\WOtN P XathrBne)D WRRMIKHNEBQp Y

Cold sprayMH SURFHV YGURERASRBL]NVORWRERE DGHSR]LW ]D RYF
QLAAtFK (WHBO(WE SUL NWRUGFK QBWRFRMIDQM kSUiANX D
tuhnutit ' 3UiARN MH SR FHO-SHREXMSIRRIFHV XpR Pi ]D QiVOHGRN
YODVWQRVWL SRYODNX OHWYGD MH YKRIG @& SSUHiRNWHUHER)

VXEVWUIW @IDMWRMUMBSENOQRX N D 8D FLWYRXQIAYVTMIROROW P i
"DKROYQD B&VQUL]NXURY [B)VR V"

= Plazmovy nastrek*
* teploty plametia mézu dosiahnut’ 24000 °C

Plamen Detonaény nastrek

Teplota pradu  [°C]
|

HVOF

Cold spray

| | | | |
200 400 600 800 1000 1200

Dopadova rychlost Zastic [m/s]

Obr.12 .ODVLILNIiFLD QiVWUH NRW&EFKV SW.REEFKRBDIFS DU
pbDV&NtF
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1.3 3 UL QWISEF K Q®I garayH

Cold sprayMH PH®MHSB]SHLANKHYQRP VWD¥BOHEWRR WM YWeéH
SRYODN DOHER FIS®RIGREWE VSR B XWW\Y

yDVWLFH SUidaNX Y-HPNRWW LX U ¢ koKkvergeQtpe/divergentnej
tryske(alebo Lavalovej GE]HQD UEFKO®X0 m/s ]D SRXALWLD YKR
XUF&K RYDFLHKRNg ©2dQck. 14 MO H G Q HGIRDB\DVELBE@ed @S LSUD Y H Q ¢
VXEVWUIW NGH GRFKiGN\DXHE VERIMWHRQ L X Xp D R VKt & BMR/ IV BN &

VSRMHQLX GRFKiIiG]D SRPRFRX PDVtY Q\W]QLSIO DNIW] N
adiabatickej strihovej nestability. H VD VXEVWUIW ]D NdledMjdinte@REi®@ DN R P
pDVWLFD [ptBR/BKLE DY I pla R Y D Q Lpoviakuf5ER 8].

96VOHGQé& SRYODN Pi SR]EKHP QFHNP HFXKDM DWG\EEKiG ]
kWDYHQLX NUWE&WPILINiFDKRYP QR YIWRHMRWHSORWQHM R
3RpDV WRKWR SURFHVX MH SUidaRN Y\VWHWBORQERY XN6\W R
ALDGQ\FK RNROQRVWt aQeris S HINADIIRYM K RVRIBW R WIXi K 3R Y «
depo] tFLR X S tuh@m Xta¥e. BP SiGRP VD QHXVNXWRp t¥utla SURF
(nevzQLNDM~ QHA[BPGXFH Ii]H

SRGURE GHMawW I$RK Q R|@y@aHahDH.3[QY. I\VRNRWODRRNEQé
SO\Q VYIpEaLQRX,) sllakorodd ZR3D MH KQDQé MHGQRX YHWYR
RKULHYDpD D GUXKRX YHWYRKUGRYDY REXWIDH VL i SNDXQ
energiou na teploty wozsahu 30100 f& 2KUHY SO\QX ]JY\a@XMH MHK
v/DYDORYWMGGEKHM YHWYH J]DEH]SHpXMH SO\Q WUDQVS
kde VD SUidaRN YPLH&DYRK WDLDY2 QKRR BW ODNR Y PR aDQ\LXX
GRFKiIiG]D WHWRH CCAJHBE® EFKOHQé SUSGiaANRB XMNM QDPLF
Kk VXEVWUIWX 9]GLDOHQRV" FRKEMWNROFRPMMW WQYNNR NR
BRYODN Y]QLNi EX SRK\E Réboteke)\ kikly\v iR IR FERMRsXeniaa
SRK\ERP VXRWW DR XN RRKAEK K é]lenlpehibBrR robotickej ruky
S/DYDORYRX$NE ANIRIXWHOHVR RVRYR V~PHUQp GHSR]JLW F
aposuvom robotickej ruky jednom smerg5] [7] [8].

zasobnik prasku substrat

|

:

depozit

Lavalova dyza

procesny plyn

ohrievac plynu

2EU 6FKHPDWLFNp ]Qi]RUQHC
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14 OHFKDQL]PXV GHSR]tFLH

'HSR]tFLD MH Y&VOHGNRP |]D VHERX QBMOHTMEBWMWRIEFK GR
VXEVWNBMUVRQLFNRR YBEKORWERREBAOQERVPIFLRX NLQHWLFNH
PDVWtF QD PEAKPWRIMIHUMIOQX FIRQIBIRANXGH VD BULEOL&QH
FHONRYHM NLQHWLFENHIW WOQHU YIRH |REIRPRIY HPar@Mwehie NHM HQH L
PHEFKDQL]PX GHSRItFRAKRAB QXM GHARUPIFLH pDVWtF

yDVRYp UR]SIWLH RG SUYRWQpPKR NRQWDNWYX pDVWLFH
XNRQpHQLD SODVWLFNHM GHIRUPIFLH MH SULEOLAQH QV
PHFKDQL]PX GHSR]WAMNH MH @DH RN -DRAY/@QRX WHFKQLNRX SR]
BUHWR VODQEWOBLXP I\][LNIiOQHM SRGVWMDW\ | @XEBURLGNGHH P L F
Y&ESRPWRY VD VLPXOXM~ GRSDQ@X.JX RYLW&FK pDVWtF QD GRYV

BURFHV GHSRI]tFLH VD GHOt QD ]JiNODGQp VNXSLQ\

x '"HSR]tFLD YUVWY\ QD VXEVWUIW
X Vrstveniepovlaku

141 'HSRJtFLD YUVWY\ QD VXEVWUiW
)\I[LNiO@DWHULIORSBHRERBULFNp YESRpW\

BUL GRSD Gdbr AWWLEHMNXWRpPp XM~ WLHWR GRPLQDQWQp P
bDVWKENWUIW

X OHFKD Qko/bnpepDVWLEH
Xx OHWDOXUJLFNp VSRMHQI3. pDVWLFH VR VXEVWUiWRP

K mHFKD @i ERdtpeniu pDVWLFH GRGRRKEMEHVW MG Nyie WRSRO
NUIWHUX Y]QLNDM~FHKR SR GRSDGH 7HQWR W\S PHFKDQL]F
SHYQRV" pYD VBN KEN WHWNRPELQiIFLH PDWHULIORY NRY SRO\Pj
aNRY NRY 3UH NRPED®iWDX PNHRKDQLFNp ]DN®LBIKQENR B MV N X
SUL PDOHMNRYQRYWKRFSUENX GR VNOD

S3UH VA\VWpP\MNWWRUWGERDH pDVWLFH DNR VXEVWUIW SODWt
GR VXEVGHIRVWP ORMBOMHIMYPLHUH 6\VWWpP\ NWRURDIRDIM~ GRSDG
VD Y\]QDpXM~ YIpaRX PLHURX GHIRUPiIFLH pDVWtF

Symetricky tvar
(prierez) Castice

Castica

Kontaktny povrch castice

3

- Kontaktné povrchy

Povrch substratu

y v b Povrch kréatera vytvoreného na
\"7’—> substrate po dopade ¢astice
<

-.i Substrat \ Symetricky tvar (prierez) substratu

2EU SRYUFK GHIRURPREDWH MVXDWL
UHSUH]JHQWDWtYQRP [QIXPHULF
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OHWDOXUJLFNp VSRMHQLH si DwhverickyH siltURIH V X I W\WE& R F
NR QH p Q é F KinfelemeRtvanalysfEA 3UH JMHGQRGX&AHQLH Y&SRp
z P\A3OLHQN\RRBHVSGHVDUBRMLMHAXMH ]D DGLDEDWLENE& GHM
pri dopDGH pDVWLFH MH WHSHOQi YRGLYRV" |DQHGEDW!I
difuzivity MH RYH D NUDWAaLD DNR FKDUDNWHAILVWLFNé UR]P

SRpDV GREBIOGOM~ QD URIKEDNIOMWW QW LG R B Pi-FLH
QiIVREXQPHG &HQLH'HIRWWLFIH Y\YROiIi Y]QLN WHSOD QD
Kk ORNIOQHPX QDWDYHQLX KUDQLFH pDVWLFD VXEVWUIW
RNDPALWH SULPRP VD W H Sobj@net&§a\W \D X MH QMBI B L ¥ N
spoj[7].

2SURWL SRPDOpPPX WXKQXWLX NWRURPNKERARXNMH B/RIHK
WRWR UEFKOH ORNIOQH WXKQXWLH VS{VREHQpPp QiKO\P |
DWYyPRLYFKY S{YRGQéFK SRORKIiPKRNBRGYVWDWDYHQpPKR &
Y\WRNRX UéFKORV"RX GHIRUPiIFLH VD Y\VYHW XMH SRF
nestability.

$GLDEDWLFNi VWULKRYi QHVWDELOLWD

9]QLNi SUL LQWHUDNFLLpPWVWAEBDp DX BAMWW PP MEHIR R H
rozhrania. 1D UR]KUDQt GWRAKXEMQON R[LGLFNEFK pDWVWHEHY V.
XSHY XMH LFK WedyiaraupRIQENXD Mk B[4] [5] [7].

\ ()
Dopad (d)
Castice
4 vrstva Kont:
Ne 20
5"/ l s e \ Sr==—= | Inkluzie e
NI =
Substrat o . rZ ;( Z
Narusenie vrstvy Extruzia b
Tesny kontakt
2EU *UDILFNp J]QI]JRUQHQUA. YIQLNX SHY

BWULKRYi QHVWDELOLWD VD SUOKR)jNKDHtakiRef MARStX M H - (
PDVWLFD VXEVWUiIW =Y\4RYDQtP GRS DSRRYR MotB@K QR VW
VPHURP NX VWUHGX NUIWHUX B6WULKRYi QHV\WIDEPOLW I
PDVWLFH V~ YLDF QiFK\OQp. \QB®UMMDGIHK RIYUH KNHAFNK D E D O
GHIRUFPIFLD SUHMD Y L "ko@ BrMitvyN folD W WQIFLO Bl G Q R X | ME Y R/RE R X
VXEVWUiIWRP

S$GLDEDWLFEN~ VWULKRYbr.XBHVIODEY.\SIORX D \MWLKXMH |

PODVWLFNi GHIRUPDpPQi HQHUJLD NWRUiI LQGXNX
aWHGD DM VREUWU I WMHDMHRRQWIRHBRWH]QLA&XMH
VSHY RYDFLHKR SURFHVX
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NDSIWLH Y]QLNDM~FH SUL GHIRUPIFLL GRVDKXMH
NRQNUpPWQX KRGQRMW X SEMWRR PVELHQDREOMWDW ~FR X

GHIRUPIBGRREDWLFNé& SURFHYV
VUHIOQ\FK SRGPLHQNDFK VD GHIRUPDpPQp ]JPINpPHQL

v oblasti strihovej nestabilityl D SIWLH N O HO OdJroBrom R shl
VWiYD PDWHULIO QH VNéaok GeQae@preaRiND QWU EHN Q X Wt P
PHGIJLIIIRBNUKRFRLHAD QpKR PRabgickyUjettiogk 9éWULVN
URJUX&XMH R[LGKBNO YU ¥ W [HFB] VXEVWUIW

o=
—— -
— —
- Izotermicky
- proces

Napitie

Adiabaticky
proces

A

6FKpPD VN~aM\SNEBX® RR SR
7.

Nomindlna plastickd deformdcia

2EU

Vznik Yé&W U$aAWN XdbRUQHM OLWHUDW ~ WS LYRY @BRBKRSHQLH

H[SORJtYXHPXQEXHWRAWRYGBNR PHFKDQL]RXYD UGN BRINALH
VWXKRP VWDYH H[WUpPPQ\P XU&FKOH QDPE WWREUQW R Q GFRRNX\ VP

YEEXEQLQ\ QD SRBRUF&BESOBFRMND VSRMt VR VXEGMWAHAHWRP DNR
obr.1.7[71 'RFKiGYDVRNRUEFKORVWQpPX WRNX PDWHULIOX Y DNI
QHPLVBRWUFKX VSIiMDM~HIDFKURIKWEBEQLi  UB\XYRREWD $RMYWLFNp

defoUPIFALBERFKIiGABWD O XUJLFNpPX VSRMHQLX SRYUFKRY

(a) (b)

\
(

=Qi]JRUQHQLH WRNX PDWHU
pre PHWYGX B &SDR]tYQHER ]Yil

2EU
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SimuliFLOHIRUPIFLH

Modelovanie viskoplastickefc HI R U Bpfehdd teplaY \FKiGI-INRQaW LW XWtY
URYQtF NWMRP QDMNMEIMDM~ YHGIGHIRXPQEOLRWLD UEFK
GHIRUPIFLWHBORWRX 7 ([LVWXMH PQRKRPINRIQE@ MW DW X &/
PRGHORY NWRUp P{@E&siEX'OSRKAHNQOLHNWRUE PRGHO
YKRGQHMAat DNR LQé SUH YHGFRY RVWIiYD Yé&]JYD SUL Yél

OQRKR &W-~GLt MH ]DORAHQEéFK QD /D JBIDMHHRYWRIY [R
VNRPHUpQE&FKocW RHVEDPDm@él [tVNDSBptWDIPRYEBRpPWDPL
LagranggRYRX PHWyYGRX M 5 UHVRIDHD MHVYBE BIN UG &R @ QR AV \
ERGRY SUDQVPUYRWGDFK NRQHpPQEFK SUYNRY WDNEéWR
VLPXOiFLiFK (XOHURY&FK IRUPXOIiFLt S $tpamIMNR ¥S R DW
LagranggRYKR PRGHOX MH &H P{&H GHPRQAWURYD" VWUI
GRSDGRY&FK [TRFKORVWLDFK

(XOHURYH IBBPX®IFMH UHDOLVWLFNé& SRK(dG1OD JHRF
BUREOpPPRP MH &HnVZID BbRSIHHQKMBM>-HGRVWDWRpPQp UR]C
"D&Np UR]JR|DWLMNGL VB ULKRY~ QHVWDELOLWX

1DSUtNODG YHRKQVWRRRNSAIVDOL QDVOHGXM~FX URYQL
8L #ESYV,:SE%HW,:sF a®; (MPa) (1)
Kde 0 MH U&FKORYV" O®HHI RBWHR RALAF /T Tre) MH QRUPDOL]RY

WHSORWDe BHLYER PH P L QE RYH W HSj© RMoR taenia 2VWDW Qp
QH]QiPH V~ WRQAWDQW\

experiment simulécia

Obr.1.8 Porovnanie experimentu@ OHURYHM VLPXOIiFLH
NRYRYé ]JiINODH7/BUL PV
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1.4.2 Vrstvenie povilaku
$NR QiKOH MH Y\WYRUHQi DGKp]LDaguwi-w @D WYNMR K QRLPN
VSRMISEQEBMDQEFK pDNVIWMWtFRWIB]LIFLVOiI QD PHFKDQLFNRP VS
dopade.
QUVWYD SRYOWDX YDA BKKH WdDIS18K
X | HWDSRX MH Y]QLN YUVRWD [EHIR UPRDP\E &P DDVWLF
NROt]JLL S UapioleUDIQiI Y
X VI.L.eWDSH VD pDVWISFHHGR])BHPXMH—~IRpDV GRSDGX
Xx VI HWDSH SODMWWHRIFINi | GHARMH SHUEBMOQMWYRUBYURYLW

PHG]LPDVWLFRY~ YIJEX
X 6SHY RYDFtP SRFKRGRIRVPBYWAB YKXW XMHAGHSR]LW ]

SYURY)IWWRVWL

zaiatok O o'0 O O

koniec

Stadium I Stadium IT Stadium II Stadium IV
adhézia — 1. vrstva deformacia Castic spajanie Castic a deformécia
a prerozdelenie redukcia pérov (spevnenie,...)
2EU aAaWiGLD IRUHIFLH GHSR]JLWX

Mechanizmus vistvéa SRYODNX MH SUH NUHKNp pDVWLFH RGOL&QE¢
pbDVWtF VD SUL GRSDGH QD (®R¥X1)HK X yDOXNOHOMV DWWK]OWLWQN\H &
IUDJPHQW\ 7LH VD SRVWXSQ&i MID\WWR SXIM+ N)DNRPEDNWQEé K
GHSR]LW ytehWx PHOWNE@AH MH Y\AaaLD NRJKp]LD SRYODNX

S B S S

2EU =Qi]JRUQHQLH GR.
bDVWILFH
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1.5 Parametre procesu old spray

5FKORV" QIUDVWMKHIGHSIRQLIWRHDYODVWQRVWL V-~ ]
parametroch.3RpWWXSQéFK SDUDP NW PROYOMEBNY RVLH QDM]iINOL
SDWUt GRSDGRYi UEFKORYH INDRMV,t EBERE tROARILIBQDD SL
substiWX Y]GLDOHQRV" VXEVWUIWX RG NRQFD /DYDORYH
SO\QX SRYUFKRYi GUVQRV" VXpa&aviynwap DVERKORYL SRY
VQHSRVOHGQHM UD@HRRMHNGLOHEYWDNER HM X®SXMH WYL
PUHUR]J]GHOHQLD GRSDGDM~FLFK pDVWtF QD VXEVWUIW

Obr. 111gralLFN\ JQi]JRU XMH SdHRpFay4MAHHWYSWKS@p SDUDP

substrat

konvergentna Cast’ divergentna Cast’ -
exi

Vstup plynu
P,(MPa). T, (°C)
 —
Vstup Eastic ) A" (m ; 2 &
(axialny vstup) Y et}
L. L (m SoD (m)
“ > - > !
' depozit
Vlastnosti plynu Vlastnosti ¢astic Podmienky adhézie
P L. T predotievs (°Cs
Kd Kg°C) d, (m), Vp(m«'s), TP(OC) T‘(°C) i
p (kgm’), p (kg/m?),
e » (W/m°C), ‘ Stav povrchu rovny drsny  textirovany
MW/meC) C (J.kg°C) T
C, (1kg°C) Parametre Castic Parametre substratu
2EU +ODYQp SDUDPHW[PIH SURFHVX FF

151 'RSDGRYi UBFKORV" pDVWtF
'RSDGRYi UEFKORV"vpDRIWSE L DQUDHRND Q\t SIDRMEP S QR P
3UH U{]Q\ GUXK PDWHULIOX H[LVWXMH U{]QD NULWLENi C
.ULWLFNi GRSDGWRYiMbié PKGRY" KRGQRWD K&&KORVWL

PDVWLFH SULFK\WiYDM~XQ PLSFRXU A KHXXEWbVIRRK A&H S Rt F
jevo>Ve QDVWIHDIWEYQH SRYODBIRYDQLH GHSR]LWX

0.8
L

0.6 -
paf———t

|

|
0.2 |'

|

|

|

400 600 v, 800 1000
vy [m/s]

2EU =Qi]JRUQH:
UBFKORVWL S[3H |
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Obr.1.13 Y\ VYHW XMH Y]"DK PHG]L G RSINXEDpPpRERFFKORV"RX
SUtNODGWtBQPDVADM~FLFK, QDX&X RSEHPAQWXMH pDVRYp UR]!
RG SRPpLDWNX DNWLYiIiFLH SRYUFKX VXEVWUIWX GRSDGDM~FL
na substJiWa obr. 1.13 je INnGXNpQé pDV UR]JGHOHQé GYRPL RGOLAQ
UEFKORMaRRPRD HBDVWL

V I. oblasti jevp <Vei. =QDPHQi WR aH GRSDGDM~FH pDVWLFH VD Q
ale odraziasabeRK DGX QD J]YROHQé GUXK SUBSUDY\ SRYUFKX VXEV

V,, REODVW\;8Q@QREW:;t yANWLFH VD QD VXEVWUIW QHSULFK
spDVRYé&P RQHVNRUHQtP 6S{VREHQp WR DMHNVPM¥EMRP QR V"R X
VXEVWUEWXQDMVN{U VD GRSDGDM~FH pDVWpEWWRE SRMWDFR G
aWYRUt VD aSHFLILFNé PLNURUHOLplI 2GUD]HQp pDVWLFH ]
WYRUERX GLVORNIiFLt QD SRYUFKX UHOLppQp'PLOIRMNWDp QP H H
SR ok xhemickej interakt H PHG]L pBWWUFRRPD 2EODV" ,, VD QD]JéY

RQHVNRUHQiI DGXHHEQH yRXDBWt &H UémDVRMF SMH @ SN KF
~PHUQi LQGXNPBRQPpPPX pDVX

2EODV" ,,, 1Qi]RU XWHVREOYWLMHGHWD |DFKWFK DMO LPDXSR
bez oneskorenigb].

120 Oblast’ I Oblast’ I Oblast’ III
1 erézia oneskorena adhézia okamzita adhézia
A Experimentilne data
----— Aproximacia experimentalnych dat
80 ~ 0 Vypocetné déta
O
= [ 1 1 )
2 , t=a -—
+ / ~/ Vo= Vin f Verz = Vert |
/ \V v /
40 a /
Al V. =550m/s 4=365s
. 4 V2 =850m/s ‘
ﬂ Ver2
v h /
0 crt A ‘__Jl - +.
T T T T 1
500 600 700 800 900 1000
Vp [m/S]

Obr.1.13=iYLVORV" GRS D GRH MQUNaFEKIp!
$O0 pDVWtF QDUiADM5LFK QD
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.ULWLFNi UEFKORV" VD XUpXMH H[SHU&PKQRM®®Q Hp D\
snameranou efektiviiou GHSR.JtNaL Hdhad 4 VO~@LMXPHULFNp VLPXO
SRGVWDWQEéP SHUIGC YRS R PBW®LPD ED WddF QIHWWWDIELOLWD VD

SUL NULWLFNHM GRSDGRY&(® VoF RDRYMLER [SHRW QLRYDQ D N
PDWHULIiO pDVWLFD VXEVWUiW

Rail 8~ E>%:6 F6&; (M9 (2

éL & :sFa; (MPa) (3)

Kde« MH WHSORWQH ]iYLYQjpe nedrs pevimosty W' i) KK Qusdta,
¢cc MH WHSHO @, WD S\DHEWDWD W MWHQAUD HEAQANKHSORWD pD
.RQaAWADIMM\DSUR[LP XM ~ F lie ndoRQliERWEDN \Viie$10eR W D).

.ULWLFNi UEFKORV" GRSDGX MH IXQINFLIODIWLYVAQH pNF
YH NRV" pDVWtF PHQ&aLD WéP MH NULWLFNIiIIBBNRSRBR&H
PHQ&ALH pDVWLFH PBNWE~- SRN&UtFBESBIIRRILYWENPp SIDRWLEM YD
SRGLHO R[LGLFNHM YUVWY\ 1D UR]JUXAHQLH R[KeGLFNH]I
energig3].

152 OpLQQRV" GHSRI]tFLH

Idle 0o SDUDPHWHU RJQOpX®ARY "ADDNY\SRptW
G LY (n @
ag
3RPHU Y\MDGUXMH SRGLHO GH 3R QRY IF6 PR PIRE P\Y R
VWULHNDQmKR 9SKDEABXSRQRYDQpKR PQRHVWIDDNR SEHLG
KPRWQRVWL V~$RDMWMN\HMDHG D

3RGVWDWRX SRYODNRY DYXQA DL M t5 I RVH BWABIX- bR QRWIW |

153 8KRO GRSDGX pDVWtF

Uhol GRSDGX VD EHULH DNR XKRO PHGRYYHKRR VKE VA
aYHNWRURP UBFKORVWL GRSDGDM~FHM pDVWLFH 6R ]C
YH NRV" QRUPIORYHM ]OR AN \KGRNSD G R QMW WiFR BN WIX E \
dopadu DN PDOé& &H QRUPiIORYi JORAND UBFKORVWL GRSDC
GRSDGX pDVWLFD VD RGUD]t RG VXEVWUiWX 3UHWR N
bDVWtF

%ROR GRNi]JDQp &4H QDMY\44LD ~pLQQRV" GHSRI]JtFLH
dopadu 70f D& f 6R JPHQ&XM~FLP VD XKORP GRSDPGMIWVD ]QL
dopadu 5 VD ®&XVNXWRpP XMH HLDGQD GHSR]tFLD

Obr. 1.14 ]1Qi]RU XMH GRSDG KOLQtNRYéFK pbRYWQ DB NPER
PDWHULUDIRQ\FKLGRSDGRYDPKHW XKORFKRSDGX VS{VRELOL Y
medziev AW U X NW ~REU9. 9éVOHGN\ SiQD :DQJD LQGLNXM~ QD

X SR ]YIpaXM~FRX VD YH NRV"RX 2K QX RB\R'S @B IRV TF (]
45 fMH ~pLQR&NMIOfMH ~pLQQAIRV"

X 6R JQLAXM~FRX VD YH NRV"RX XKOX GRSDf;igeX VD |
SHYQRVMPaapri90ofMH SHY QRRA. 3Utp lLviEeks pevnosti
P{aH BAY44LD WHSORWD UR]KUDQLD pDVWLFD VXE
G{VOHGR D QHEHRQN PDHORIWHH M BQaLH PQRAVWYR R
YUVWY\ NWRUé VD GHIRWPPXM H D{9JWNLB LRD®PUiaD M ~F
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V SUD[L VD NY{OL Y\VRNHM ~pLQQRVWLf GHSR]tFLH SRXatyYD

Smer dopadu

tryska
¥

‘ tryska ‘w;ka medz‘ia ‘ka
medzera

"y '90° dopad 75° dopad - 160° dopad - 45° dopad

Obr.1.143 PXOIiFLD GRSDGX pDVWtF $0O QD VXEVW@lW

154 +QDFt SO\Q

$NR KQDFLH PpGLXP VD SRXWAIGRFK pQDN#zhiSQ@ N D
KpOLXP 0i Y\AALX SO \)&R¥-X NPRRIDEVINDXEVERE N K\F R B0 RD"

7DEXINMBHFLILFN& WHSHEOQERSR R Rz VErD Qe/a, [3].

Vzduch "XVtN +pOLXP
V(] 1,4 1,4 1,66
Rs [J*kg ™K 7] 287 297 2077

56FKORV" SU~GBOLD MID\]Q¥AR(Ot@DV~ WLHWR NRQAWDQW\
WeEP WEBHFK OYRAAYDP MH UEFKORV" SWHPEMQEDY \SEL®X WEP MH Y
SHYQHMALD

He VD SRX&tYD SUH G SDKpNRXYW HNWRN-pDRDMALEFN-R UEFKOR)
GHSRJtFKELWIRPQp SUH ]JY&EHQLH KXYWRM VDEBSBFIRYXéPK Q3!
WHSO{W +RFL MH +H YKRGQé&P QRVQé&P SO\QRP SUH FROG VS|
SRX¥AD" Y\VRNpWVNPDBABRWAtYD UHF\NORYDQp +H NWRUp ]Q
QiNOmMGAHP{4H E\" SUHKOiVHQpP ]D ODFQ~ WHFKQROyJLX

Vzduch aN, sD SRX&tYDM~ ] G{YIREDQpDEHQMBROBERDPQt VR
vzduchomN, RFKUD XMH pDVGNEERXSUHG R

DKNR GHIRUPRYDWH Qp PDWHULIO\ V DiakoehlnadpdkDM~ SUL Q

PDWHULIO\ DNR 7L ]O LODK/NLRQ YWYE WIBDHO ADIMH- V| D B\GEEOK. AQHHS O { W
600 €800 £) atlakov (3 # MPa)[2] [11].

.LQHPDWLNDHpOMW{BpLDWNX /DYDORYHM Gé&]\ ]QDpQH R
atlakom hnaciehoSO\QX OORKRX QRVQpPpKR SO\QX MH SUHQRV pDVW
aby bola teplota AVODN QRVQpPKR N&Qa QD N\YRRNEQp DE\ WHSORWD (
SO\QX EROD PHQALD DNR W H\SRORWHD KB B IGEHY B P SCBREGER- 3N
plynov apoklesu teploty v @]H .LQHPDWLFNi VFKRSQRV" KQDFLHKR SO
OLPLWRYDQQBV" G HissRt B VORHIGMXLE ADQLD

155 5FKORV"™ SRVXYX

56FKORV" SRVXYX Gé&]\ QDG VXEVWUiIWRP Pi YSO\Y QD
aPHFKDQLFNp YoAIBIV poQaRUA\W K VIILE\" ULDGQH NRQWURORYDQj
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3RG D GRVWXSQRMEROWHWHYWHEHQE H[SHUpoBWQW SU
100mm/s, 300 mm/s 800 mm/s

%ROR GRNi]DQp &H GUVQRWDSFHFaXMBRYWDID NX44H
SRVXYX -H WRVSIXMSRIV@RROVWpP &4H SUL Y\43HM UEGFKORVYV
aMH YDAGBLVWULE~FLD GHIRUPiFLH pDVWtF

DO4tP REMDYRP EROR YLQRRWWWREBUXNW~UH 3UL Y\
SRVXYX VD REMDYLORURYENNRP B RIA QA ¥ &t SKy U B H®/MRWW L L
SRVXYH PP V Y\ND]JRYDOD KB80G QR/$\é600 mm/s nNila 2,734 L
a3,2%. 1t]NDWBRYLMWRVSRVXYH PPV MH SULSSNRR]DBL HY
aY\adHM KU~EMNH SRYODNX

SULHPHUQiI WYUGRV" SRYODRKRRNKORWIWY B HK NaGkEX WU EF
WYUGRV" VXENWXY i WRMY\aaLD WY UG RNostipesSOD 1QDisU D Q |
13,1 HV), potomSUL UéFKORVWL 7H RHW anakonie¢ pri

500PP V “ +9 3SUtpLQRX MK PRIRERMWYRA FIAIX NW~UH

6N~PDQi EROD DM SHYQRV" DGKp]JLH $GKp]QD SHYQR
PDOi 9]RUND VD UR]JORPLOD SRpDV WHVWX SUL WODNX
posuvu 300 mm/sa PP V Y\GUADOL W ENMNOHGNRPDERO SR]QDWHF
YIpaLD KU~END SRYODN XY N RMES H/QL 19 UMLH PK\R 81L.GHD E7aRH M |
pevnosti spoj§l2].

156 7THSORWD SUidNX

.YDOLWX GHSR]LWX ]WHSSGRWRY SOV W AR 5 G] G\ [EKNS 10U L
8H NULWLFNi GRSPWGRYQ USFMID RAR' ]Y\EXM~FRX VD WHSOR

7HyULD 6FKPLGWD KRYRUt & SHUilAavgmDxav N WKRIY R W i GWR H
KWHUPRPHFKDQNBNQERX pDVWtF 9WHG\ V~ pDVWLFH SUL
T, V~ GRSDGDM~FH[2pDVWLFH NUHKNQPp

2EHFQH H[LVWXM~ UR]OLpQp PHWyYG\ DNR ]DKULD" pl

X =YBHQtP WHSORW\ QRVQpKR SO\QX
X 3RX&LWtA BWMRKK DV WtF

9HGFL QLH V-~ WHORRRVWL XUpL" VWIS OWW KK QIDRA
REPHG]HQLDP .Y{OL PDOHM YH NRVWL SRXA&tYDQE&FK pD!
GiIWDWHRSORWH pDVWtF $OWHUQDWtYQRX FHVWRX MH
zah DM~FLFK HIHNW SUHQRVX WHSOD QDG SRYUFKRP pDV

SUHKULDWLH SUiIidaNX VS{VREXNMHVQHEGNXLHFWK Ydt&BR§ WM
GRFKIRLLGIFLL SRYUFKX pDVWtF pR ]JY\a¥%MH NULWLFN-~

157 9]GLDOHQRV" N®RIQKE YWUUVWN X

EFHNW Y]GLDOHQRVWL NRQFD WU\WN\ RG VXEVWUj]
aQXPHULFNé@PL YéESRpWDPL %ROR JLVWHQp &H WHQWR
GHSR]tFLH

Zobr. 115 MH YLGLWH Qp &H SU~G SO\QX WHVQH SUHC
Y]GLDOHQRVWL 2VFLOWULDWS P —GIXHGIRBMNMLNY QX GHSRI]tF
JPHQAW-WRSLDOM®RV"DE\ QHGREKHIDORSWIN-GX 8UpHQL
Y]GLDOHQREWLY §IWWXSQRP SUEBHRDBMIUPDNWDF
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<
Exit trysky

4

e
PR T A :
&v i Substrat
;,}m *— =
2EU 2VFLODpPQéEé GRSDG SU~GX QD VX

(3),8(4). Kdz MH Y]GLDOHQRV" NRQFD WUWI
FKDUDNW H WL PUBIE X U~EN

158 6XEVWUIW

.YDOLWD WKXHeSWEUWRO X SRpDV'{®OHIR WY MERWHULIO X
WHSORWD SRYUWFRIROYEV Y WikWXLPI X

7TYUGRV"

7YUGRV" PDWULFH RYSO\Y -XIMRED G Q pIp® 09N WMIGIRFRDWHU LI O
WYyuGé GRSDGDM~FH pDVWLFH QHSUHQLNDM~ KOERNR GR P
NH &H MH PHFKDQLFNp XNRWY MQNDH Xp\MDH/ Wt aH KH DWW K Q@ X1 33 HHY
[7]1.

Teplota

=Y&EHQLH WWSOWMUY PRFAEN/F KD QLFXRRIP MWH KIOHEZLH XNRWYI
PDVWLFH SULpRP P{&H WDNWLH& ]JY&4L" DGKp]QX SHYQRV" ¢
SRYODNX 93HWNR Y&DN JiOH&t NXEARNEKHWRD WH WX ONQ (B SiR NIXC
8H H[LVWXMWH DE{QOGHBRWN RKULKDDYOQD BXEHVYFRNRQp PDWH!L
R[LGIFBR VW~SDM~FRX WHS Ga@piRe BSRNVFERLRP XY RMHSB [ tF L H
[7].
7RSB®OYGUVQRV"

Z K DG khodnBj topoyJLH SRYUFKX MH G{OHALWi SUtSUDYD UHOL
9KRGQé SRYUFK QD Y\WYRUHQLH SRYODNX MHIIMDIBNEH NWRU:¢
oxidy. ([SHULPHQWiOQH EROR JLVWHQp &H GUVQé& UHOLpl MH Yé

RHOLpl NRPFRWERKLIOBYDWYXMHIISLHVNRYDQIPKDE®BGIER OHAW
SUtSUDYD UHOLpIX SRYUFKX VD OtadlL SO RKRXHSNLRFNERYIBFQHL
MH RGVWUIiQHQUWWWR[DG L BNI#eNeSE RFUFKX 'UVQHMAat SRYUFK ]I
HIHNWtKQIRWALHQLH pDVWLFH WH G\ VO i RR\KWD GKp |QX S UItSQUD
povrchu SRX&tYD ODVHURY.i WHFKQROyYJLD

IDVHURYi WHFKOQWOYWID DEOIFLRX WHDWBUWRRPQJEE HHR YWIF K
QHNRQWDPLQXMH UHOBEIOI MR X XSHRORERX (MA\VRERHQHUJHWLF
impulzov SUDYLGHOQH wR&.DRdKdd UAHO BRI PR VWWELIN]IYDQEFK ~GROt
aYUFKRORNG[2] $EOIFLBMHOHQAH Y\WYiUD RSWLPIiOQX GUVQRV"
aV~pDVQH ]Y\aXMHhengdReYFLHAM B @ »aktivituH8.~([SHULPHQW\ GRNi]DOL
AaH WHFKQROyJLD ODVHURP MH ~pLQQHMALD SUH PHFKDQ
pieskovania.
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7UH"RX ]QiPRX WHFKQROYJLRX SUtSUDY\ MH SRYUFKR
VD DSOLNXMH QD ]iYHRFHVIRG GHERWNDGOR $GHSARDMRYV"

pbDV&YtF

2EU 7\SLFNé Y]JRU $0 SRYUFKX D V
WH[W~URYIEPREé SRYUFK

159 ORUIROYBAID 9 SUIiGaNKHBER PLNURGWUXNW~UD

VWHMWR SRGNDSLWROH V~ UR]JRHBUDRENX FRUIXNRO UL 3
a0 QHSUDYLGHOQ-~-6IPRUFR@y BWXiaN\ 63 VD Y\UIEDM~ PF
plazmouaQHSUDYLGHOQp SUiIiaN\ 13 VD Y\UiEDBUH]$SIPVWUR!

$WRPL]JiIFLD SOD]PRX

POORWRYDU SUH YéWRE® SUI{aNXWKKp7VNXSHQVWYR
kova]iURYH NWIDSDOQHM IRUPH UR]JSUD&XMH 58FKORV" RF
je 1001000 f &[15].

$UPVWURQJRY SURFHV Yé@URE\

JetoQt]NRNODGRYé& SURFHV YBURE\ NWBRIAE §rDag0+D K\ G L
700 f& 3R K\GURJHQIFLL VD PDWOHOAQ® SRIFKHOIH GR
GHK\GURJHQIFE® BRLYiNXX DE\ VD Y\WYRULO SR&DGRY
REURYVNpPX RKROBGHROYD RHM UBFKORVWL Pi SUiIA&RN LQ-
Y\UIED@&RPL]iFLR6]SOD]P\

6IpULFNi PRUIROyYJLD SUiIaNX 63

63 PDM~ EXQNRY~ SRY U@KRIYIZ? aB)RIbbRageyid Lkéntrastu
HOHNWUYQRYEF(& & DGWRIUH]X pDVWLFH ]JREUD]LOR SU
ODWLHN )RGPKIHGWX ¥ [W U pP Q H YUHEIRAAKERZiWKEKOGEX W L D
li]\WUDQVIRUP#.LRN(KBS7 ¢ %OLAa4LH SRJRURYDQLH R
GLVORNDpPQ&K GORMUPL P RWUWVHHAQT CWUAENHRID @BWREPH G H
GHIRUPRY R3Y[EY]QRV"

ODUWHQ]NWILFNiIVD RRE® LEDWNVHHAME V N\ W R Rov,Guiisiokddd W
KXVWRWRX 60QWRARWIWRRAGIBR M p

1HSUDYLGHOQi PRUIROyYJLD SUiaNXx 13

2SURWL WRPX 13 PDM~ RGOQAII-X BRRYVYEBB NP~V P RUIR
FKDUDNWHULVWLFNp RYH D QL&NRMNWKXNWRIERR BFHFIBL
obsahom povrchu yDVWLFD Pi SRUpJ@K 1aWdJeX NMB~Wx WYRUHQ
rovhooseou . PLNURAWHE XNWRXRXR RNUDNMRFKDF GHARUPRYL
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PDUWH Qf WW XANH &R Y| GLIUDNF L D4 WEIX~-RGK DD DMD18 VWDELO
1] Xobr.1.17 f) [13] [14] [15].

ORUIROYJLD SRYUFKRYHM YUVWY\ SRYODNX

PoX&LW3PV6l SRIRURYDWH Qi DGLDEDWIDAN WBWESPKRYi QHVW
VL ]JDFKRYiYDM~ SRpDV GHSR]tFLH VYRMX PRUIROYJLX 3RC
PHG]HU\ PHG]U14DMSWLFDPL

U13 QLH MH SRIRMIREDDWMH BNi VW 4 NRRBIOQNRWDEIL @WW RN W
UREt SRJRURYDQLH QiURpQéP .D&GRSIGQH GHSR]LW Y\WYRU
KXVWHMAELX PADADERN BRIV RY PHG]LHU SRHUGR Y QIDQAWLEE Dl p UYL F N ¢
S U pani5].
OpPLQQRV" GHIEEKPIRYV'DpDVWLF

OpLQQRV" GBSREEWHPV1I3 MH RYISFOX&\5&PD6@HADND YH NH
GRSDGRYHM UBFKORVWL pDVWtF SUL URYQDNé&FK SRGPLHQND

13 WHGD GRVDKXM~ YRAEBORYWRSDHRYR IDEUtPLQHQP Y\44R
"DKRY R Xdri¥gf@@®X 7HQWR NRHILFLHQW VD Y\SRptWD QDVOHGXM:

& L 68%#a% (N) (5)

D UHSUH]JHQWXMH S{VRELDFEMWLRXVVDRW DQ QVRNBQ/PKIRF 6 O\ Q >
UHODWtYQD UéFKORSU -PGIGH LSHD § WILHFRKWD SR Y bR&X pDVWLFH
SU~GHRIMHINRHILFBH QW NDRBY IMFH FYQ&%t SUH 13 DNR SUH 63 S
]JivYLVt QD PRUIROyYJLL pDVWLFH ]PHQD WOOMRM.SU~GLDFHKR

2EU SBRYUFKRYi PRUIROY
YIp&RP ]YIp&AHQt G 13 H 13
aECCI pre prierez (c) SP, (f) NB3].
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PYURYLWRV"

PYyURYLW&Y"9 GHSRJLWX Y\WYRUHQpPKR QiVWUHNRP
Y\ND]XMH PHQA&ISHR BLRGQR@MR W WRPRVSEIUERNpIKIpULENE SU
SRpDV GRBPKBE]HQ~ VFKRSQRV" GHIRUPIFLH yPpRYLOHPRYE
(obr.1.18 @) [13] [15].

1IHSUDYLGHOQpP PpDVWLFH SUL GRSPBRFL PH§ DDXM¥R]NXI
pYyURYLWRYWD\ GHSR JRMQ MR GKXWPWREQ R & \6W. Y.18B) [$3].UR Y

2EU =REUD]JHQLH SyURYLWR VI8]L

OLNURGWUXNW~UD SRYODNX

'"HSR]JLW Y\WYRUHQé 63 Pi URYQDN-~ awildaX Oh¥ahtjeX DNR
PDUWHOQ] kY RN\NRKUDWtF pDVWtF EROL BadRRAARIYDepp REC
oblasti SRGVWSBRLDY. GRSDGXHNMDNWAWIDFH JiFLX 5HNU\AWDOL
Y\WWRNpKR VWXS D] GH IHRQLPBdvaERj NEpIaty. pri supersonitkM UEFKORYV
dopadu13] [14].

5HNU\AWDOL]IFLD VD Y\VN\WXMH DM $H4IL %G B B DEMEK @S
KUDQLFLDFK 3{YRGQi PLNUR&AWUXN3M*UD pDVWLFH MH "C

7TYUGRV"

7YUGRV" NRPHUpPQH Y\UiERIQ®KRHP PWEHLDORBNR WYU
LVWpPpKR PDWHULIOXyGRYiFIREWRR YBWD GHIRUPDpPQpPPX
NWRUpPX P BtWwidBlU0 S RAZY W4 N X

6NXWRPQIi WYUGRV" GHSRQRYDQpPKR VIpULFNpKR SUi
SQHSUDYLGHOQéP SUIiaANRP 7HQWR IDNW MH SULVXG]R®
6IpULFNé SUIGRQREMMWMYWEBRBRPL PBINWPR]INWHRFUEPYYEFISMHY
celkovej tvrdosti depozitu$Y&ADN RONGHRQWIFLD SUHXN ] Ddodozitd\a aL X
QHSUDYLGHOQERK RLMVOMGWIFLD EROD PHUDQiIi SRG D 9
]D"DaAHQttRGJ %ROR JLVWHQPpPEHR KOEENROMWSULEOLAQH P
NHG\ WYUGRV" PDOD NRJQaW DN W B ~N K R GLQUEARHI) W] DisQJ DM WY |
mikrotvrdostt RNUHP PLNURAWUXNW-~U\ PDWBYUBOM|GR ~YDK\ D

V priemyselnej praxisa K DGLVND HNRQRPLFNEéF6AI~Y SRIUAGIHNSR
SQHSUDYLGHOQRX SyURYIWRPHVPRMAEIROEILBXiaNX $UP
WHFKQROYJLRX MH RYH D ODFQHMAat DFNRKRQ B UWHNPK VR
11086' NJ NEéEPVMWURQJIRY SUidR2d VWON/KRIMENBHRQDFt SO\Q
SRXatY®anLbDGQH WHSHOQp VSUDFRYDQLH VD QHXVNXWR

G RV L D K Q)XURHY IWGRS]'T16].
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16 3RNURpPLOp SRYODNRYDQLH PHWYGRX FROG VSUD\

6~pDVQE YEBYRM VD XEHUi VPHURP N XUpHQt YKRGQEFK
poviakov SUidRN MH YR IRUPIR XNRPBEIRY B RDD MWRFNDSLWROD
SRMHG QRMSR]LYiYHAKHONRERWHFKQRORJIJLFNEFK GHSR]LWREK

161 .RPSR]JLWQp SRYODN\

.RPSR]LWQp QiVWUHN\ PDM~ PQRKR Y&KRG RSURWL NRQ
PXOWLIXQNDRYYUBRYBPN\ OHG]L LFK SUHGQRVWL P{&H SDWL
YRGLYRWMEEHQI FEBRORRY" RGROQRV" YRpL RSRWUHEHQLX ]
NRUY]QD RGROQRV" SUL Y\VRN&FK WHSORWIiFK D LQp ODM
HOHNWURWRMNDWROWAEBBOHWLFNp 9CONDV RPWLQDAOL Y\XAL
VOHWHFWYH SWDYHRUWREHEPQRRYSFK PRWRURY DOHER SUH SR)
NRP{U GLHVHOR[YJeFK PRWRURY

=iINODGQp SRGPLHQN\ GHSR]JtFLH SUH WLHWR SRYODN\
SRIRVWiIYDMGBENKR pDVWtF 3DUDPHWDM~SUR YIQuRRépt SNCD R WR\HY
SRXALWLH UR¥DDPDNEBRYWMM\ GNE]\ =iNODGQRX RGOLAQRV"RX MH

'"HSRQRYDQé SUiarRN AVHU A PIOMWNOQD GURIPYEM IEpiB Y I/ t F
z keramiky akovu. . HUDPLFNp pDVWLFH WY UGDHED WYHRIGRV WL V~ YKR
SUH DNWLYIFLX SRYDWNKX VK RGRWD WR]D £ UDS R W HXEH®LXD Q L X
hrdlatrysky .RYRYp V~ WMIN@H 7YiUQRV" XPR& XMH Y]QLN YI]E\ P
D WYiUQ\PL pDV W DREDJL X MB NYN Qhitediiké PFKUKB U@ XLFNéFK pDVWLtF
dopade.

3UHWR&H NHUPYR¥ENppDVWLFH PDM~ LQp PDWHULIORYp
SURFHVQp SDUDPHWUH SUH LFK SRYODNRYDQLH V~ RGOL&Qp
tak, abh NRYRYp pDVWLFH XYSHUXNRELNAWEKIRDD {YRGRP MH &aH WL
PDVWLFH VD DK&LH QDQidDM~ 7DN&H LFK GRSDGRYi UBFK(
vSUtSDGH WYUGEFK NHBDPILFGEF K H DWHWFKQROYJLD Y\4DGXMH
GHSRQRYDQ&FK NRYRY&FK pDVWiFRWR'Y B R 65MBIOMAMRNY P {&H YV V
PDVWQMHNWi& NHUDPYRES BEK RROVAMNHEMY pDVWL SUHGFKiG]D S
vKUGOH WU\VN\ 2EHFQH SODWt &H SUidN\ RGOLAQ&FK PDWH!
VIDVW)QRMMW+ U{]QH SDUDPHWU¥WD Qi VGWSNKp SRWHGRRWD GF
UBFKORV" 3UHWR MH LAK]QOAKH R MHEYBIRKYAUDSONitke]
b D 12§46}
([LVWXM~ RGOL&Qp VS{VRE\ DNMRIMNGEQEQiNRPSR]LWQp S|
a) 3UIANRYp JPHVL
b) dHSR]JtFLRX SUiIGNX JtVNDQpKR GUWHQtP DOHER
DJORPHUiIWRY
c) dHSR]JtFLRX SUidaNX S po\R VDV QDIMISIFHEK R ]

94HWN\ VS{VRE\ V~ ]QIPRBUQHQpP QD REU

_.RPSR]LWQp SRYODN\ ]JtVNDQp SUtVWXSRP MPDM~ ASHF
RGROQRV"RX YR pGREIURNURIEHDMARYOMWH RRWRSHOQRX YRGLY
9\XALWLH VL WHQWR aBtornokiloSdi aneXy@Ma LHOHWRE&H QiINODG\ QD
NRPHUpPQH GRVWXSQE&FK SUiIANRY V~ Qt]NH 98KRGRX MH MH
MHGQRWOLY&FK SUIANRY YR Y&VOHGQRRIORESARDLWQRP SRYC
Ni-Al,03 [6].

'"UXKé SUtWORNRY® QLD [DEH]SHPpXMHVRNEPN VEGHKSRRIPW X
homogenity  VWULE~FLH NRPSRDNHQWRY WD GHNURPDPQpPp VSUIiY]
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NRPSR]LWQ éF Kodpons\ptB WIREEK SUiaMRMWULD NULWLFNHM
UBFKORVWL Y\Y{RDWWRNSEIG WNHEND RHP{aH E\"3DB®IRNRUY P
SURFHVQéEFK SDUDPHWURP SUH HVBKNRXEEMHBIRRMELX [RVV

6 XEQRXOLNIFLRX JRVWIiYDLQRYDWWIXQEX PHWWRGX NWI
~VSH&4Q~ GHSRJtFLX UHODWWRNAPYBEYRRRPRNEGDBR LV
'HSRQRYDQi pDVWLfbra WBEBRAD G ORKRX WHQNpKR RE!
PDWHULIORY~ VWEHXW\RP \D)XOEHER GHSRRDWRBAESO\PRWW &
SRIRVWPYENPKR NRYX NWRU& SRGVWXSXMH SODVWLF
SQDVOHGXM~FLP PHFKDQL]PRP VWULKRYHM QHVWDELO
PDVWLFRX NHUDPLN{PSRBIMGRSIGRABRQFKUIQL REDO

praskové zmesi kompozitné prasky obaleny prasok
(aglomeréty)
A B A+B A+B
A+B l A+B A+B
2EU 2GOLAQpP SUtVWXS\ NBRPSR]L W

SNWXiOQ\ Y&VNXP VD ]DPHULDYD QD WDN]YDQp +$
NRPSR]JLWQp SRYODN\ SUH PHGLFtQVNH ~[FKQ U X UR QRN
LPSODQWIiW\ GR N R oKsmpaib]i@D dhioakevitopl]E

162 1DQRWHFKQRORJLFNp GHSR]LW\
3RG D WHFKQROyYJLH Y&¥38Rupnyw D UR]J]GH XM~

X QDQRNU\GAWDOLFNp PPGRXP\ZWODDQFNEFK SUIENRY

X GHSR]LW\ Y QUREROR]PIIORAEFK DNR V~ QDQRpPDVW
QDQRYOINQD

X QDQRDUFKLWHNWRQLFhapoiy H & FKWSEU YBINREHQp ]

Obecne sa i/ R SUi&N\ Y\UiE D M:X O HFANKROYRIBIR FB¥H \B HS R ] t F
SODWLD SUH SRGBREHPYVBREPLHQN\ DNR SUH RE\pDMC
SUDFRYXQé&PBQ'H PL PDOé& WONBD R QHSRXAtYD V.D MHK
K GHSR]tFLL GRFKiG]D YR YiNXX SUL PDO&FK SRVXYQEeél
1IDQRGHSR]LW\ PDM~ K U~FELNWU RPHHV LR N R DNNR~  Y\VRN ~
aPLQLPIiOQX SHMPRYLWRV"

ZGRVWXSQ&FK JGURMRY MH [QiPH &H QDNRRRIWM UL
SUIiANRP SUL SURFHVH Yeé&UREQDQRYDIM@DG DOBERY @MDY
PLHADMRYRYé&P SUiZANBROSRYRYpKRSPAOHWDD GUWHQLD
QLHNR NR 9ROGHGQEP SURGXNWRP P{&X E\" DJORPHUIW\
EHA@HMWYG KpER'GIGRQRXDYUEYQRYR Y O i i §kBvovod Réricou
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PDM~ Qt]NX WHSHO@DAMR]"XZOMRRERDPHOWRFK HOHNWURQ
]JDULDIBHQt

1DQRSYURYLWER EFHZQH SRXAtYD SULIRWRRDIWOW®DNERNEK
DSOLNiFLIiFK 9]QLMIRBDNRAHPVBSRGVWUIQLWH QéP SRO\HW
JO\NRORP 3(* OHWYGRX URWDpPpQpKR QA SIUTRMPEELD VD WYRL
Produkt sa rozomelie  R]JELWp pDVWLFH VD GHSRQXM~ QD VXEVWU
AWUXNW-~U\ QiIVOHGQéPQDIBER N BAVMPOWBEBNQ W D[@I\WLFN~ DNWL"

1.63 +\EULGQp SRYODN\

Ide 0QRY~ VIpUX Y\XA&LW LdprayPd WQRY DRRIYRK GHSR]tFLH
PDVWLFD VXEVWUiW %ROL SRXALWp U{]QH NRPELQiFLH PDW|
R[LG SRO\PpU NRY NHUDPLND NRY SESHNRULWP HBNUPSWHXR & HI
WLHWR NRRENOWHXMI~SSRY]JEKBLYpP YEVOHGN)

3UtNODGRP K\EULG Q p KIFRO,SRH HONKY MG é QP RBEWDPLFNp VN
REMDV@MQEBHSRQRYDQé R[LG JOHS&XMH UHDNFLX IRWRNDW

ILPLWIFLRX SUH W~WR DSOGMEFRKFRRW I QD BRIFDBWPHFF V3UL G
Y\WYiUDM~ WUKOLQ\ QD SRYUFKX VNOD 3UHWR VD VNOR DN

YEVNXPYX V~pDVOWRMAMIX WN~PDQLD

2NUHP LQpKR EROL Y\WYRUHQpP DM NRYRW P HGLFRQHNV\ QD ¢
PD V XEQp Y\XaLWLH GHSRQRYDQé& 7L QD RUJDQLFNé& WH
(3BRO\HWKHUpVWHUNNWYGQRXAatYD DNR PDWHULIOFNSEBEK YE&URE
LPSODQWiWRY 7LWiQRY& QiVWUHMNpalimlitp[RX&tYD SUH JOHS&HQ|

6~pDVQE WUHQG MH HBPEL@HFQRRYDIMHUBWORY FHUPHW
&R RFH SUHWRAH Y\ND]XM~ GREU p asiiodtizaR G R OLGFR\D" HRMHN W |
NRUy]JLL
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1.7 $SOLNIFLH PHWyG\ FROG VSUD\

&ROG VSUD\ MH SHUVSHNWtYQD PHWYy@DXaAtWBRYIDPi 3
povlakovanie,SRYODNRYDQLH SURWL JQHPLVWHQLX V~@mLDVWR
LQFHQWR WHFKQRORJLFNé SRVWXS QDALHO XSODWQHC

Obr.120 ]Qi]RU XMH PR &D P HV8 DGEIRRIO G

>
Cold spray ]7
Aditivna vyroba Oprava Povlaky
* Vyroba takmer + Oprava defektov » Kordzna odolnost’
finalncho stavu vyrobenych sucasti » Nahrada galvanického
* Jednokrokova genericia * Modifikacia dizajnu pokovovania . o
komplexnych tvarovych e Reklamicia » Ochrana pred bioznecistenim
komponentov *  Kompozitné povlaky
Materialy *  Odolnost” voéi
opotrebeniu

+ Cisté kovy (Al Cu, Ni, Ti, Cr, Co, Ag, Zn, Ta, Nb)

* Zliatiny (Al zhatiny, Ni zliatiny, oceli a nehrdzavejice oceli, MCrAlY
+ Ziaruvzdomé kovy (Zr, W, Ta)

* Komporzity s kovovou matricou (Cu-W, Al-SiC, AL-Al,0;)

* Pridanie kovovej vrstvy do kompozitného uhlikového vlakna

2EU 9KRGQp DSOLNIFU5. PHWYG\ FROCGC

171 AGLWtYQD YEURED

$GLWtYQRX YBURERX Y]QLNi SURGXNW QDQiaDQtP YL
YUVWY\ ' REMHNW Y]QLNi RSDNRYDQRX GHSR]tFLRX S
YEUREX IXQNPQHMWHGQPRPVWHRNKX YASKIiGFERUYRY] YDVR
QiURRV" YEDRE\AHQD QLH V~ ]JiYLVOp QD JORALWRVWL Yé

$GLWtYQD YEURED PHWYGRX FROG VS WDeimiQjeaXMH
SURGXNpPQpP NURN\ ]Y\AXDVGt §DRMBEKGIW L YHOX @~2 YEURE X
ILQiOQD V~pLDSMAPDP R/ JQEMiZNX EH] DO&HM SRWUHE\ PD!
dHWUt PDWHULIO DOHM ]JDEUD XMH WYRUE\ WHSHOQH F
PQR&VWYR SWERKLWR\RYLGRY

0\AOLHQND A&HPFROEG\SBRX4ALWé& DNR SURFHV DGLWt
RSUDYX V~pLDVWRN Y]QLNOD & HSNRD|tFNX VKRIXERWWY U \AW
3UHVQRV" Y\UREHQHM V~pLDVWN\ XUpXMH WU\VND RYOiC

&ROG VSUD\ MH WHFKQROKUIEFNpNRR YR MB QV N MDXDPW |
STD- VWDOD SRXA4tYDQRX WHFKQROYJLRX SUL YEBUREH
RSLVXMH FROG VSUD\ DNR WRSBHUDYDFL XS URFMEGX X &R Y |
Z$PHULFNHM VSRORDPQRF VW HSILHOW BiISEW]@ QDR G QD RUJIDQ
SUH A4WDQGDUGL]iFLX ,62 1iURGQi DVRFLIFLD NRUy]Q\
SUH RFKUDQQp SR&VSRIONRpBRY& WHUPIOQ\FK QiVWUHNRY
SRX&LWPRHWYHNRWRD QLW é fH. RERURFK
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&ROG VSUD\ VD SRXatYD QDSUtNODG QD YEUREX WLWIiQRY
PDM~ aLURN~ &ANiOX SRXAaLWLD 1DMSRpHWQHMALH PQRAVWY
]DULDGHQt SUHPLH DM~FLFK VODQ+ PRUKN BRyapdiReGX QD SLWQ
DO&ALH Y\XAaLWLH PDM~ chamitkir® RpepocharhlckdN \priernysle,
DXWRPRELORYRP SULHP\VOHY\WRENR Q\ORN RNQ RPHBORVWUHGTt
AWDQGDUG % ¥\aDGBXMHYQRVSWDHG &8HQLHYSUREWQKEN\

W L \®.it@exy[17].

$GLWtYQD YEURED XPR& XMH QLHOHQ Y\UiERQNRYp V~pDV
bDVWL GRS VMWIRNe PR R MHLREAL.YLGQp ] REU

2EU 3ULGDQLH IXQNPQHM pDVWL GR V~pDVWL[5EY\L

1.7.2 Oprava dielov

'HVLDWN\ URNRY VIBRMEOIREFORDLY QDALOL QiMV" ULHAHQL
VNRURGBRIN@IHIR p W-PRINKWN\ EROR REKDIGRDEBEQPQHA RSUDY X
V~pDGYYOXHGNX NRURGRYDQLX YR YRMHQVNHM VIpUH VD Y\&
URPQH 9éPHQD GLHIRRGD MDD ®HKKRWD ]G KDYi OR&QRV" RSU
GLHORY PHWYGRX FRQO®D MSIWETFMH~ MISHHGAHR B Y18 VRREXPROY N R t
V~-pLDVWN\ MH NRYRYé& SUid4RN QDQidDQé QD PLHVWR SRUX
PDWHULIO VD QHFPOMWHKRGRYDVYpLDVWN\ 98EHU PDWHULiOX
]JivYLVOé QD SRALDGDYNiFK SRXALWLD GD ®MMi &% pdN WIK RERXE
SUH ]Yé3HQLH RGROQRVWL YREAHRSERWRHEHMBILM BGRDR BWW L

3UH REQRYHQLH IXQNPQRVWL V~pDVWt H[LOpWEM~ DM LQp
YQiaD" GR V~pDVWL WHSedi®@ @B UBDBHDVIGHP XNWRUHDQLX IXQN|
Cold VSUD\ VD RVYHGpPLO DNR ULHAHQLH SUH RSUDYX SRYUFKR

OHG]L YéKRG\ RSUiY SDWUt ~VSRUD ILQDQFLt ]QtaHQLH
aJYEAHQLH SURGXNFLH RSUDYHQéFK GLHORY

Tento proces sa¥Y \ X atYDXWRPRELORYRP SULHP\WVOH SULHP\VORY
Y\XALWLH \DDRPIRHOD XYW LNHORWEEMNQH ODMSRXatYDQHMAtPL P
RSUDYiIFK OHWHFNéFK NRPSRQHQWRY V~ KRUptN WLWIiQ D MFE

V OHWHFNRP SULHP\VOH XM ~QMHM P& RX W RIGHGIFRYSIUIDN EOR N
PRWRURY YUWXOH KHOLNRSWpU SRGY Rijdvadogky.HVW\ YHQWLC
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Obr. 1.22 ]1Qi]RU XMH SURFHV RSUDY\ GRGQ&AN KD WDLLIHAHL
cold spray[4].

2EU 2SUDYD VNRURC
SUHQRVQEéP |DULD®EHQ

7LWiQRYp QiVWUHN\ VD SRXA&tYDM~ DPHULFNRX DUPi
2SUDY\ NRUY]JLH SRV N\W 8386 -50 %S Bpbvyl DQD\QNRLQ i BB 81 B GY
VR WD QG ESTGRPL[0], /

2SUDYXM~ VD QDSUtNODG DM RMVERHK\ SSIEFHHE KESPILY \DW
Obr.123]Qi]JRU XMH REQRYHQLH | XEDRFEXRMML & 19 U\ SUH QL

2EU 2EQRYD GLHU\ SC
QLW ERPEDUGpPUX %
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1.8 TiaTi-6Al-4V zliatina

7LWIi@DDWLQ\ WLWiQX V-~ WRJININDKNRKSFaoDGKDD p Y
SULHP\WOH Y DND LFK Y&@KRGiP DNR V~ Qt]JND KXVWRWD Y\
aVNYHOi NRUY]QD RGROQRV"

9HGFL QHXVWIiOH VN ~P DNMUYRRMFIOONNL X B EDIRD R 9D @ BFKR VIW L
aTi-6Al- 9 SRYODNRY .Y{OL QHJDWtYQHM YODVWRROQWWEWNLWiQF
Y]GXFKRP MH QiURpPQp GRVIEBIKQXS'RXODME 3UH PENERETWLWIiQ
GRVLDKQX" QL&aLH PQRAVWYR SyURYRWSROAWK ]Y&EGIDE A QWK
Y]GXFKX DOHER GXVtNX DOHER SORIX3LWH RIWLPi ORHH SRK &
KpOLXP DNR.KODFH GQSOMHSRYY URY LW &

Obr.1.24 UHSUH]HQWXMH "DKRYAVN~8NH AHPRHLWQIDFILH SO\
pred aSR WHSHOQRP \REUWDFRMDIUtHMPH SaJH RARN BDIDOR) &WPD V]Y éaL
"DAQRV" D SHKXRVWUYpRP GRVDKXMH KRGQRW\ 03D 7YiU
VSUDFRYDQt MH VWIiOH QL aauUiR DHGWRY PQRWHAN.ROCX UpPQH Y

1200 4

1000 - K—/—\
/ 1. Substrat

< 800 /3 Depozit (He)
% / 2. Niastrek
o 600 / 3. Zihané 2h pri 600 °C
= 2 5 Depozit (N2)
.a 400 | // 4. Nastrek
> /7 | 5. Zihané 4h pri 1000 °C
/
2004 /9¢/
4
04—t

0 005 01 015 02 025 03

deformacia [-]

2EU IDKRYi VMAIZNDVXEVWUiW
Ti-6Al-4Vs SRXALWtP +aHVRHItKiQtP
adepozitu TiBAI-4V s SR X & LMeP(4laVR atK

(5)[4].

9HGFL Y\QD&AOL VS{VREXDWR GRBREKBKWQYXP ODFQpKR KQDFL
plynu = GXVINX 3yURYLWRV" MH PR&EP 9QBALANRLMEPQtP 7L
NHUDPLFN&PL DOHER WYUG&PL pDVWLFDPL 3RpDV GHSR]JtFL
GHSRQRYDQHM SRYUFKRY H B XYWRANY\DWRDEND DAHWM XS WUROYD pr DX WA
EROR GRVLDK G ) WR YL R 016 [4].
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19 7THSHOQp VSUBARYDPHKR/YSO\Y QD PLNURAWUXN"

7HSHOQpP VSUDFRYDQLH G#SR®REDPHER: PRXNOBREW X |
aMHM YODVWQRVWL 7iWBO\YSLWRSHORPM R G/SGIYDFRYDQL
WYUGRV" WHSHOQH V St DiErR apDu@imis BovBcRIIBMoXangj vrstvy
Pri Y@UREW igpRafvy bola SRX&LWi WHSXPRW DS S URE H\ptaK D
25MPD UE&FKORV" SRV#00XiMEEXYEBILDOHQRV" WU\VN\.RG VXI
VrstvabolaWHSHOQH V gedi DEERMENGSIU L f&f & flRODf &0
GREX .KIRGWRP EROD S/HNKyWoS@NMOMIGIHQp QD SRNRMRY ~ V

f &19].

191 OLNURAWUXNW-~UD

Obr.1.25a8) ]Qi]JRU XMH SULHUH] PLNUR 3WAIX B WDV VGLHSR @
VSORAVBHQPHGNX UR]JVLDKOHM SODVW25Fa) MY IGGHI W U PR
rozhraQLH GHSRQRY[MOREFK pDVWtF

Obr.1.25b) UHSUH]HQWXMH WHSHOQp VSUDFREDQWH GHSHI
jH JODWH RN URHWUXNW~UD VD QHPHQIitG LMOHH QYR ] KR DPQ L
QiIVOHKKGRNWE VWXHG |G LIDEYHLFDPL

7HSHOQéFK VSUDFRMID.QRPc)SWD. UR]JKUDQLH SRPDO\ Y\V
]JD QiVOHGRN WDNWWHERFHGILI~]LPOPMH VGRIUR UPG®WW DV S
aSODVWLER+FIGHIGRVLDKQXWY SRIIBDWY GRXWEREBGVWUIFDM ~
VWXSH GHIGRPKFGREOONDWNX UHNU\AWMIPL]iIFLH SUL

3UL WHSHOQRP VSOUDHF.RINI{FRGQp JUQIVWHLIGLWH Q
QRYp MHPQHMALH JUQi -H WR YéVOHGRN Wtejd tépe/ DO L]i
kompletne odstraXMH SODVWLFN-~ G¢hisRavienigldX pDVWLtF D

=YéaHQLH WHSORM129&) VS{VREt KUXEQXWLH QRYéFK ]
V~ DM PDOp SyU\ 3UtpLQRX Y&@VN\WX SyURYf&MH DYQY RN
QHGHWHNRYDWH Qp PLOIWRSMBP GADX\QGEEMBEM~D 9VOHGNR
[19]

2EU =Qi] I@Mef@iﬁx @dpbhovanej (a)-6AI-4V a tepelne spracovanej vrst
pri (b) 400 f &(c) 600 £, (d) 800 £, (e) 1000 [19].
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IDME¥LX SYURYLWRV" Y\ND]XMH WHSHOQ& WBSYPRGREDQI Y]
QHVSUDFRYDQé PDWHULIO Pi QLA4aLX SyURYLWRV" (4WH QLa
VSUDFRYMQQ, @POL a800 €. ([SHULPHQWPL EROR JLVWHQp aH Sy
vzoriek spracof DQéFK GER]QLAXINBODO]Y\aXMEVN\W PLNIOIRSYURY

192 7YUGRV"

7YUGRV" EROD PHUDQi SUL ]D"D&HQt J SRXALWtP 9LFNH
SUHYHGHEAFKRY QD NDSBHM & NR UN-HhQDI.R 2628).Q p

7YUGRV" WHSHOQH VS UMFR EBTDH MV Y JIRRIVIEEHEObte
vzorku EH] WHSHOQpK@13/6HPD FRMPOQRX MH SR Na&hbvangyURYLWRV)
VL S{YRGQHM PBERURKHBSNXQRPEIWSUDFRYDQt

Vzorka SWHSHOQRX ~SUMBYRNBWERV"V '{YR GRKesu
RSURWL SUHGFKi®BDMFHMXSPRPURBYVWUIQHQLH S{YRGQHM UI
NWRUI ]Y\aXMKWHIGCFKERPDRWND Pi Y\44LX WYUGRV" DNR Y]RUNI
~SUDY\ Y DND QL&EHM SYyURYLWRVWL

7HSHOQEéP VSUDFRf&DWODPWSYULGR 879, AL3{YRGQ& VWXSH
GHIRUPIFLH ~SOQRAQW NROQ DX P-DUMHNWLBEOKD OL]iFLL +RFL MH
SYURYLWRVWL QDMQL{S WYUGRV" MH QDMQLA&&LD

7YUGRV" PDWHULIiOX WHSH®QRX SBURWRBWIRYIRK EH]
WHSHOQpPKR M&\ICHARYNDK) LYD\3 4L B UHNGRFKGG]DM~FHM Y]RUN\ 3U
QiUDVWX MH SUDYGHSRGREQM WBY\DRBEHRBKIFIAFKAIP\ RPKOD G
1000 £EnD SRNRMR Y19.WHSORW X

600

-100 100 300 500 700 900 1100
Teplota [°C ]

2EU BRYUFKRYi WYY GROF
WHSHOQRP ¢YB.UDFRYD

1.9.3 2GR O @rtVdpotrebeniu

Meranie pHELHKDOR ]D SRXALWLD NR Yfewmerdm 6Xmfp N\ &U
5&EKORV" SRODYXFP V SU19]Ji"DaL 1

2GROQRV" ‘¥Bepil MRSRMDW Y\44LD SUH SUtSDG Y]JRUN\ WHSH
400 CaQDMQL&ALDf&M K SYULNRWMRLFLHQWRP WUHQLD £7HQ MH QDM
aQDMY\4d4t S

2GROQRV" YRpLMRS RWIUNHEHQDXWYUGRVWL SRYUFKX VN~PD
SODWt &H ptP MH WYUGRV" SRYUFKX Y\84LD WéP MH NRHILFI
MH RGROQRV" SURWL RSRWUHERYDQLX QL&ALD
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2 ([SHULPHQWiOQD pDV"

21 ([SHULPHQWIOQ\ PDWHULIO

([SHULPHQWiIiOQ\ PDWHULIO ERO Y\UREHQE& WhhEK QROYy

Innovations Depozit Ti6Al- 9 ERO QDQHVHQé QD KOLQtNRYé VXEV\
VWULHNDQp SLAWR RX W\SX PDWHWNOXERIED ¥NBREWRR I

SRXaLW@&QDNRP EDU 5éFKORV" SRK\E krokth puyshivu ER O D
1PP D Y]GLDOHQRV" WU\VN\ RG VXEVWWQIiWXU EXROD ]Y\aQ
SDUDPHWUH VWULHNDQLD NWRUp EROL UR]GLHOQH SUH

7DEX2N®G D Qp Y jéhWdddiede parametre striekania

2]QDpHQLH P18.1 1.10.1 1121 1.14.1 1.15.1
7THSORWD SO 900 1100 1100 1100 1100
SRpHW YUVW 12 12 24 24 48

3RX&LWeé& SUiIaARN Y\URE hpQdes®UPL WNIRS) Jod Yiereckej
ILUP\ &ULVWDO 0H WeAVstsl NRHI QD FRQUL® HCLEO QD URREW U X N W ~
WYRUHQi URYQRRVRNRX IVR%pBHQRX QD SRYUHKX.pDVW

stabilizuje Alali]X VWDER@L]XMH 9

50 pm

2EU AWUXNWAQmstedUiaNX 7
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9]JRUND PDWHULIOX 2.2. PovilKH-6QDO9RBVWUPDYHM IDUE\ PDO KU~
viacako7mma&ERO QDVWULHNDQé QD KOLQ trozRafétMIGRNMNH VYHWO

ZWHMWR YH NHM Y]JRUN\ EROL QIR12HJIDONDW RADRIK X JREMQEL R
PHWDORJUDILFN®& RIGEULRRVINQIE RW DX ® WM UBRIOR RDIUH]DQp
"DKRYp YJRUNVIQpKR PDWHULIOX EROL SUHYHGHQp U{]QH GU:

>

[ ! ) L 2 5 ‘C‘
N R

Obr.22'RGDQé PDWHIUERINRU\VX U
vzorky.

OLNURGWUXNW~VWEBERGCGPOWMHULIOX.3v VW D¥HH QIR REHISWIiQt
OLNURAWUXNW~U\ RVWDWQEéPR RIRWIYHINSY D RRYAWMRXWME OHQ Y

2EU OLNURAGWUXNW~UD GRGDQpKR VWDYX SR QDOF

'RGDQi YJRUND PDWHULIOX E R O D WECHN WKLOI1AQ PNLRIYEKHR
SUHKQXWi +U~ERA-4GBbbBIRGLWR QD SORFKH [ FP 7iWR Y]JRUN

DQDO\]RYDQi REGREQH VAR . FNRXNOUHYiGYDQLD WHSHOQpPKR \
'RGDQp Y]RUN\ PDIWHIOLiEORY PDOL QDQHV#BA4VYUVWYX 7L

KUXE~ PP QD KOLQ tHoBh¥ bl ciB. /@ \WLPMEGINK PDOpKR PQRAVWYD
vzoriekaWHQNHM QDQHVHQHM YUVWYH EROL WLHWR Y]JRUN\ Y\X3a
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211 2]QDpHQLH Y]JRULHN
'RGDQp GUXK\ PDWHULIORY EROL R]QDpHQp SRG D SU

7DEX ND 2]QDpH@ptahomsRikLHN Y

ODWHULIO 2]QDPHQLH Y]

181 8
1.10.1 10
1121 12
1.14.1 14
1.15.1 15

2.2 Postup hodnotenia vzoriek

3UtSUDYD PHWDORJUDILFNéFK YEEUXVRY

9éEUXV\ EROL SULSUDY H QnetaibbrafiQkdmOWDERBBERHUL X ]D -
SRIRURYDQLD awWUXNW~U\ ([SHULPHQWiIiOQ\ PDWHULIO
6WUXHUV V SRXaLWtP UH]QpKR NRW~pD 6 5H]\ YLHGO
WU\VN\ SRpDV QDQidDQLD SUiaN Xa RIDWiF KIR®DE HP\B VGIRIQ RP
VD Y]RUN\ ]DOLVRY D O poljautomati&konblise Lef& PRX. Pre lisovanie
EROL SRXA&L W-as}BehLa8FOCOURL ) DV W OHBWWHHQHHER OR XV N X
zariadeniach Pedemin @HFR *3; 9EEWBRUVIOL QD EUXVQEFK S
JUQLWRV"RX Da I1DVOHGRYDOR OHaAWHQLH QD
XUpHQéFK SUH OHaAWLDFH SBAWPWSIMBDIGRY LAWRARERDDApK
SRYUFKX VD HaA&WH DSOLNRYDOR iOWENW HOGEIEH XQD ERG IN ROV
dobu 10 s VOHSWDGOH .URO , 3UKG NRIRORYBRRtPLWURVNR
YJRUN\ SRYUFKRYR QDXKOLpL"

9\ XALWLH VYHWHOQpPKR PLNURVNRSX

VWHMWR GLSORPRYHM SUiIiFL ERO S ROlyripW¢ EXRISW LFN
-HGQo VODYHUWRYDQé PLNURVNRS NWRUé MH NRQFLSRYD
poli, vtmavom poli, wolarizovanom svetle & LIHUHQFLIiOQRP LQWHUIHUH
8VSRULDGDQLH a4R&ARYLHN MH WDNp DE\ VD GRVLDKOR
VNDRQEFK AaWUXNW~UQ\FK REODWWMRNHMWM HR]® LER\Y BV W\
5R]OLARYDFLD VFKRSQRV" MH REPHG]HQiIi YOQRYRX SR
SRJRURYDQLH AaWUXNW~U\ WLWiQRYHMellonmNM2L]Q\ EROR S

9\ XaLWLH HOHNWUYQRYpKR PLNURVNRSX

9 DND YEKRGIP Y\VRNpKR ]YIpaHQLD NHWRK BENH UR O 1
skenovacie HO H N W thik@$kapy Zeiss UltrdPlus a3 KLOLSV ;/ @RXaLW
SRIRURYDQt PL MUHRBENRWKOIWEETFK [i]\ WLWIQRYHM J]OLDWL
SO{FK SR Y\NRQDQt "PXR¥&HK L\FN+3aRQADOE]D EROD Y\NR
DQDO\]IWRUD ('$;

OHWyGD VSIWQH RGUD]JHQéFK HOHNWUYQR¥k EROD
PLNURAWUNWRU&RK]VD Y\KRGQRREREVYXYBYSYYRRGWR\SRXa
PHWyYyG\ EROR GRVLDKQXW IWUR PNONMRNAKOR NFRRQ WAHDWVWNEE KD G
vzoriek8 D a YUIWDQH WHSHOQH VSUDFRYDQEéEFBAGJRUWRL H N
YEEUXVX SUL (YIPDWERKWR[ VOtPRN VD Y\KRG&RFRRRYDOD
Image J.
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OHUDQLH WYUGRVWL SRG D 9LFNHUVD

7YUGRV" EROD PHUDDM7Q0D WKRARGRML Y{ERDQp PLHVWR SUH L
EROR |D"D&HQp VLOX ) D SRRGREX61 {1 SRBWODpPRYDQp
WHOHVR MH GLDPDQWRYé& LKODQD VR 4WYRUERNRIGORGVWD Y
EROL ]JPHUDQp XKORSULHpPN\ YWODpPHQLD SRPRFRX RSWLFNp
VI\VWpP SUIRRYUWBQEFK SDUDPX WNIRRUQ IV K REDEWP HQIRO XV
+9 FKDUDNWHUL]XMH ]O023p&HQLH NLORSRQG
IDKRYp VN~aN\

IDKRp VN~4N\ EROL YNRRE@BDRp VB YHVNp. UMSBXIEOLN)

K YINRQDQLX VN~3RN ERO SRX4LWé HOHNWURPHFKDQLFN& VN
Y DYR ]Qi]RU XMH YVYRWNXMXSH) REY YYSUDYR YENUHV "DKRYpKI
6 N ~ & Nebief®la SSRX&LWtP SUHGSIWLD 1 D GHIRUPIFLD EROD

VQtPDpRP SR]G aQHM GHIRUPIiFLH OXOWLVHQV 5FKORV"
0,5mm/min.

30°£0,08°

51 s \ [
L4002 © 3’
w
324002 N
0
9=0) [
Obr. 9 DYR XFK\WH\QUK]IFURNPDVWURML =:,&. =

"DKRYéFK.Y]RULHN

Technika budenia kmitov (IET)

"HGQi BGHAWUXNWtYQX WHFKQLNX OHRPHKORPHYRGREPWQE~ |
<RXQJRYKR PRGXOX 3ULQFtS MH ]|DORAHQ& QD SRNOHSDQt Y
VD |D]QDPHQi LQGXNRYDQ& YLEUDPQE VLJIQiO [SIRPFRFHRM PLNU
REODVWL NRQYHUWRYDQé& QD IUHNYHQpQ~IefE @B " )XULpUR
SULUDGHQ®& VLJQIO XUpt UHJRQDQPQ~ IUHNYHQFLX SUH Y&SF
NWRU& |DEH]SHPXMH We®RpWWDYBIRDPE&FDX5D'$S RG ILUP\ ,0&(
6]Qi]RU XMH YESRPHW <BR G JR HERVIERSZE!S[24].
'Lravxv@a;‘*—wm U6 )2=  (6)

3ULPRP<RXQJIRY PRGX@ SKXRWYRRW U ¥fekieNda ohybu;

L+G AND YWRENIND VM]RKWAEND Y RWURUWNpPQéE IDNWRU
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23 1iYUK WH Spt@qartar

Z GRVWXSQH [5]0LRVH S RYRUR Y DIQRY 8 VEHXOBIRI DP WLWiQR'Y
Ti-6Al-4V (Obr. 2.5). Zliatina F6AI- 9 MH ]JQiJRUQHQI ]Y lobrORXjepLD UF
RpLYLGQp &H VPOMBIWRQR -HM WUDQ]LWQi WHSORWD N
AWUXNW~UD W YRRIG QR X3 WIRXNB/ ~UH |DptQD Y\OXpRYD" . |
WHSHOQpPKR VSUDFRYDQLD ERODYWKMR WUDQ]JLWQi WHSC

4|
| B - transus
<
S |
Q—H
3 B
\
a
|
Ti;6Al 4V hmot. % V—>
2EU %LQIUQ\ |i]RO6AEAG L

[25].

KWHSHOQpPPX VSUDFRYDQLX Y]JRULHN EROD SRXALWi
(/6./12 2WRS ]DEH]SHPXMH GU{W .$17+$/ $XIONW B U8 X\OHFQ [

DXWRPDWEMRNSEBpXMH MX UHIJXOIWRP6WHSORW)\ -802 G7UF

%ROL QDYUKQXWp GUXK\YWRHSIHHNQPRR/ VS UIDKR R PIOLM
at K D Qobibvihiu plasticityakalenie sQiVOH G FAB ISWBIpQEP VSHYQHQLtP

X SRK DGRP QD ELQIiUQ\ IiI]RYEERIODJQDFURBXNWpP GUXE

x atKkDQLH QD WHSORWH 7 f& SR GREX W KRG
x atKkDQLH QD WHSORWH 7 f& SR GREX W KRG
Xx atKkDQLH QD WHSORWH 7 f& SR GREX W KRG
X atKDQLH GIDTWHSP&WR GREX W KRG

3R YéGUAL QD atKDFHM WHSORWHDpecR @L.\FFHKRDBQ XWp
vzduchu pri pokojovej teplote (obr. 2.6).

A

T[°C]
vydrz (1)

ochladenie

ohrev
na vzduchu

=

t [hod]

Obr.2.69L]XiOQH J]Qi]JRUQHQL
4tkKkDQLD

a7



x KaleniesQiVOHGQé&P SUHFLSLWHRRQ@EP VSHYQHQtP

9JRUN\ ( EROL SUHG VDPRWQé&P NDOHQtP &tKDQp QD WHS
DE\ VD JR aWUXNW~U\ RGVWUiIQLOL SODVWLFN\ JGHIRUPRYDOQ|
3R AtKDQM]ERO\L Y\FKODGHQpP QD Y]GXFKX plGWROHBRK ERDW HRVE
SHFH QD WHSORWX 7 f& SR GREX W PLQ 3R Y\WLDKQ
QDMPHQARX pDVRYRX SURGOHYRX ]DNDOLOL GR YRG\ 3RV(
Y\WYUG]JRYDQLH 9]JRUN\ VD RSI" YORALOL GR&USRRREREBDWHM
4 KRGI®RDY\WLDKQXWt EROL VFKODGHQpP QD Y]GXFKX

A

TPC] 954 °C, 20 min.

800 °C, 3 hod.

ochladenie na

vzduchu 540 °C, 4 hod.

ochladenie na

precipitacné
vzduchu

vytvrdzovanie

kalenie

t [hod]

Obr.2.7=Qi]RUQHQLH DSOLNRYDQpPKR &tKaN@IOMH QLD 7
t=20 min)aSUHFLSLWDpPQpKR Y\WYUG]RYDQLD 7

94HWN\ YJRUN\ EROL WHSHOQH VSUDFRYDQp EH] RFKUDQQ
VDPRWQé&P WHSHOQE&P VSUDFRYDQtP QDWUHOL RFKUDQQGE&P
Condursal Z 1iWHWU MHHQ & SULPiUQH QMBS VB FR VYR ReH O H
ochraQQHM DW RJRYPHIG]Y WHSO{W f& D& f& 1iWHU ERO DS
YJRULHN SULpRP SR ]DVFKQXWt ERO WHQWR SURFHV ]RSD
Y\WLDKQXWS$HFRUVIBNVDPL RGO~SLOL DOHER VD RGVWUIQLOL

231 2]1QDpHQPHEHOQH VSUDFRYDQéFK Y]JRULHN

9aHWN\ WHSHOQH VSUDFRYDQp Y]J]RUN\ PDWHULIOX E
WDEX N\

7DEX ND 2]QD p H@pehie ¥jRdovandh stave.

ODWHULIO 2]QDPHQLH Y]
1.15.1bezTZ 15

4tKDQ@é 7  hfdkk W 15A

4tKkDQé 7 f& W KRG 15B

4tKkDQé 7 f& W KRG 15C

4tKDQeé 7 f& W KRG 15D

4tKDQé SDBFELWDpPQH V: 15E
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3 9VOHGN\ H[SHULPHQWX

31 3yURYLWRV"

Sy URYLWRV" EROD PHUDQiI QD Y&@&HWNEéEFK Y]RUNIFK
VQtPDQp SUL JYIp&ERQL Y\HRBQRWHQpPp SRPRFRX SURJUL
JQIJRU XMB QY \P@RAVWYi 'SRYGIRQY b WR R W\ PDM-
SYyURYLWRYPHG |¥ Da 1DMY\dadaLX KRGQRWX SyURY
WHSHOQH VSUDFR Yhodpoto 82BN M59 $ ¥y URYLWRVWL DOA&tF
VSUDFRYDQEéFK%YBE UX DWW ~ NOHYV DhdnBtxmVB H683r@ 816 L X V
az2,793 r 9]JRUND " VD Y\]QDpXMH QDMW®DH aNIRXW IS
1,203r0,19 =DNDOHSQURFDSLWDpQéEP VSHYQHQtP VYabnaSyURY
2,207 0,29 % (vzorka 15EQJvzoriHN D& ( EROD H[SHULPHQWIiOQH
SUFKLPHGRYRX VNLEMRX A IUEPIOYMRIM DDPHUDQI SUL Y]

IDMY\aaLX KXVWRWX4,98|9Q&)BF.Y/¥RUN‘D 15A, 15B, 15C &5E
mali hustoty4,292g/cm?®; 4,305g/cm®, 4,343g/cm’; 4,37 glcm® a4,365g/cn.

10 - 4,45
9 8,238
l - 44
8 .
- 4,35
— 7 6,303
5‘ 5,567
S 6 {5,024 gRO -
> 5
X 5 - 3,971 - 425 2 .
- 3,412 g m—W-E}A
> 4 -
2,793 -
) ) 2508 4,2 =-hustota
2201 415
2 - 1,203
1] - 41
0 4,05
8 10 12 14 15 15A 15B 15C 15D 15E
2]QDpHQLH

Grafl =Qi]JRUQHQLH QDPHUDQHM SyUR YKXWRVRW \ QD EYUEDH

2EU Y\WWLKXMH YL]XiOQX ]PHQX ISWORYWW RYDWV M H
tHSHOQpPKR VSUDFRYDQIEROIRWRUIIGREY QD HOHNWUyYQ
zYIpaHQt [ SULp Réprézéntje vzorkiDB vdodanom stave. Obr. 2.8 b)
reprezentuje vzorku 15A4tKDQ~ SUL f&Y]RENX 9% SAAKDQ-~f&
obr. 28 d)YJRUNX & SUWKDQ-0b&28e)Y]RUNX ' @iIKDQ~f&
aQD ]JiYHU REQIiJRUIXNM X ]R( &tKDQ~SWDRLISQWDPpQH VSt
7TPDYp @&NYUQ\ FKDUDNWHUL]XM~ aWUXNW~UQH SyU\
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2EU 9L]XiOQH ]Qi]RUQH QL H -Gy, WA %bWISE/ 4], 15 Hd), X \
15D +(e), 15E (f).

32 7YUGRV"

7YUGRV" EROD PHUDQi LED QD WéFK Y]RUNIFK QD NWRU
VN-~&N\ $ % & JUDIX PR&QR XV~GHS5BAH Y]JRUN\
PDMtoVBDWH Qp WLIYR]GERINEWIO,5HV10 +334 r 14,0 HV10. Vzorka 15C
Pi Y\E43LX WYUGRM]DMRFHEUKMEHI\356r 10 +9  1DMY\daLX
WYUGRVY" +9 Y\ND]XMH Y]JRUND ' f&KD®IRBND ( Pi
WYUGRM1,1+9 pR MH KRGQRWD SRURYQDWH Qi V WYUGRV"R?

400 ~
"t 380 +

370 358
356
> 360 { 333 334 334
” 328
340 -
-
> 320 -
N~
300 -
280 I T T T T T T
14 15 15A 15B 15C 15D 15E

2]QDpHQLH

Graf2 *UDILFNp JQi]JRUQHQLH W Yi¢j@RINaN 1
VSUDFRYDQé&FK PRGLILNIFL
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33 &KHPLFNi DQDOEé]D

30R4QRX FKHPLFNRX DQDOE&]RX SUL ]YIp&aHQt [ E
YAHWN&FK Y]JRULHN 7DEX ND ]JQi]JRU XMH RMS®WULPHQ
$QDOE&]RX EROR RWHXNWpUS YAaHW N étfokh pryRou THAN, \B R]RV W

7DEX ND 3UYNRYp JORAHQLH Y]JRULHN

BUYNRYp JOR&H(
Al Ti Vv
8 6,84 | 91,01 | 2,15
10 6,75 | 90,59 | 2,66
12 6,61 | 90,62 | 2,76
14 6,29 | 9000 | 3,
15 6,25 | 90,04 | 3,
15A | 6,22 | 90,15 | 3,63
15B | 6,73 | 90,01 | 3,26
15C | 6,48 | 89,84 | 3,68
15D | 6,49 | 89,94 | 357
15E | 5,86 | 90,91 | 3,23

vzorka

34 OLNURaAWUXNW-~UD

341 ODWHULIO

OLNURAWYPRNUMYUDMH WYRUHQIREDWWLFDPUHKLDG aAWU
]YIpGHQt [ MH9QDDRRU YLHUQH REODVW P LINHISRUER B D NWX
6YHWWPDYi 1i]D EROL DQDO\][RYDQp GHWGabL Q@ushdL H SU
Body BL a% EROL DQD®\PROLIQD JFKHPLFNpKR JORAHQLD ¢
JOR&HQMIDEX WH

g P 2
100 kv 53 500x  SE_10.2 19001 1.14.1 B 200KV 53 2000x BSE 10.3 19003 1.1
A S S - R ¥ T Tg o\ s B\ -

TR = ArF

Obr.29+Y DYR PLNURAWUXNW~UD Y]RUN\ SUL JYIpaHQt

= WDEX N\ Y\SOE&YD ERK N YHVWREVIDIOXYYH Np PQRAVWY
li]X WLWIQRYHM J]OLDWLQ\ 1DRSDN ERG %tohREVDK&MH
Y\YRGL" ]JiYHU &H VD SUDYGHSREREMWHNMHGERI RPDM~ V
av PLNUR&GWUXNW~UH J]Qi]RU XM~ KUDQLFH GRSDGQXWEFK
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7DEX ND %RGRYi DQDO&]D Y]RUN\
3UYNRYp JOR&H(
2 =3 Ti Y,
BL | 322 | 7363 | 2315
B2 | 646 | 9106 | 248
3.42 ODWHULIO EH] 7=

OLNURAWYNNIMAUD MH JQi]JRUQHQI
SUHK DGRY~ IRWNX SUL ]YIpaHQt

2EU
ajtubolideHNRYDQp

e

li]H

P v o 1e P
PSS S Ay o7 L ST AL S 4

AccV Spot Magn Det ‘WDi Exp
20.0 kV 4.7 2‘990>< BSE 1233010 1.165.1B

[

Obr.210xY DYR PLNURGWUXNW~UD Y]RUN\

ZWDEX N\

SR G RRHG AKNBR]DAIM~FHM SRGNDSLWROH

UHSUH]JHQWERB %liJXHBUH]HQW XMH
7DEX ND

3UYNRYp JOR&HC
2 =5 Ti Vv
Bl | 341 | 8027 | 1633
B2 | 644 | 9087 | 2.69

343 ODWHULIO

4tKDQé SUL
0L N U R & W\ZotHy \WsA L Karakterizuje obr. 21Z REU Y DYR MH YLGLH"

f&

QD REU
“H RPLYLGQp
YSUDYR ]Qi]JRU XMH GHWDLOSBHGHKIBFBERtFHM YRR !
%ROD Y\NRQDQi ERGR¥b.B.QDO&]D NWR

2EUI]RN Y
8H Y]RUN

F—— 1omm

SUL ]YIpaHQt

[iI]X WLWIQRYHM J]OLDWL
%RGRYi DQDOEé]D Y]RUN\

vawuUXNW~UH Y\VN\WXM~ REMHPQHMALH SyU\SRURRQDRtVD Ya
VR Y]RUNRX 'HWDLO SUL 1¥IPABYR QPVREHGpPXMH WRPX &H
v porovnant &br. 210 UR]JOR &MU XNW ~UH KR PR ApH@Q HidddlBHe Y

v WDEX NH
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2 G «,!}*$ "’. . 2
Obr.2.11+tY DYR PLNUR{QWLUJM\NW$~|SDL ]YIpaHQt [ YSUDYR

ZWDE Y\SOéYD &H WHSHOQE&P VSUDFRYDQtP Y]RI
Y D Q ij®X & X638 % (tab7) na 14,7 % (tab.)8

7DEX ND %RGRYi DQDO&]D Y]JRUN\ $

BUYNRYp JOR &H (
Al Ti Vv
B2 546 | 79,84 | 14,0

Bod

344 ODWHULIO atkDQé SuL f& KRG

1D REU MH ]JQi]JRUQHQi PLNURREW XXVDYRD ]W]IREF

[ MH RPLYLGQp &H VD WHSHOQé&P VSUDFRYDG@&P ]PHC
AWUXNW~UD WDNFR¥HM]RWEYWBDRP JUQiI 3yU\ VD ]DJIX DWI
JUQi NWRUp V-~ AWRJ)OMRWHOQH QHURYQRPHUQH 2EU YS
PLNURAWUXNW~U\ SUL ]YIpaHQt [ & WotBdhBMB2) @R AH QL
Y&V OHGMDEX WH

Obr.2.12+Y DYR PLNURAWUXNW-~UD Y]RUN\ % SUL ]JYIpaHC
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ZWDEX N\ PR&QR Y\YRGL" IDNW &H ERG % VYHWOI Ii]D
JPHQLOD VYRMX WRNJNRDFEDXWRY QD JUQiIi 7iWR 1i]D REVDKY
V ako je tomu VSUHGFKiG]DM~FRP SUtSDGH %RG % R]QDpXMH UR

zliatiny.
7TDEX ND %RGRYi DQDOEé]D Y]RUN\ %

3UYNRYp JORA&H(
Al Ti v

Bl 4,74 | 84,01 | 11,25
B2 711 | 90,87 | 2,02

Bod

345 ODWHULIO atKkDQé SuUL f& KRG

2EU ]JQiJRU XMH SOQH JUHNU\&WdKQ 18 YDR~ PLNURAW
Y DYR ]YIp&HQLH [ MH JUHMPH &H PQRAVWY®B SyURY VD
JQtALOR 3yU\ VD JIPHQBEWH O&YBIWOi 1i]D MH KRPRJpQQH UR]PL
aMHM PQR&VWYR VD RSURWL Y]JRUNH D% GHWBOLORSREYYIYPSHI
[ 7THSHOQE&P VS URFKROYMDEHPtM Y]RUN\ QD SYUPCINKPX GREOF

VFKODGQXWLX pR PDOR ]D QiVOHGRN |]DNDOHQLH li]H
SUDYGHSRGREQH QD RBPUIKOHG RYWMFANPDOUWHQ]JLW
Gt [T 5 B as -
% . .
“ +Bl B L. Y 0/0
> e g * L
= S he "L v % !
° «-"‘ ‘ P > . +B’.-')’ '
, Rt o d
oh ’ | « -
/ \

o
Lo e e e O EAD

@=AccV Spot Magn Det WD Exp

20.0 kV 5.3 500x BSE 10.8 18993 1.15.1 300C.

R e N Ty S 0 L F NS i e i ML o L Pt

S v 3 a ~ Oy 23 4 oo A%

AccV Spot Magn Det WD Exp
‘20,0 KV 5.3 2000x BSE 10.8 18994 1.15.1 900C_3h
o ' ,"

Obr.2.13+xY DYR PLNURAWUXNW~UD Y]JRUN\ & SUL ]YIpaHQ

Tesne pod povicRP YJRUN\ & EROL SR]JRURYDQp QHSUDYLGHOQPp
]YIpAHQLH [ 7LHWR SyU\ V~ RKUDQLpPHQpP WHQNRX YUV
DOQDO\|R¥PQD SUHYHGHQIi F KdiddelB3NabrDZUD @pédvd (detail pri
]JYIpaHQt [ PdVBHBQLHEMHM
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9

R y
’ A2 2 Ay !
. St 3
- W 3 ) .
> . A
AccV Spot Magn Det WD Exp 1 60m AccV Spot Magn Det WD Exp 1 20um

20.0kV 5.3 500x SE 10.7 18995 1.15.1 900C_38h 200kV 53 1000x SE 10.7 18996 1.15.1 300C_3h
= -

Obr.2.14+Y DBYRYUFKR WEORKKWMWSWDL [YIpaHQt [ YSUDYR

1000x.
2S|" EROD SUHYHGHQiI FKHPLFNi B2Qbb@ &8, Xtor§f RGRF |
YEVOHGNWDEX WH %RG % PDUBHWHR]JHYWKMNWHH Ii]X ERG
URYQRRVY ERIGXK % REU EROR SRJRURYDQp PQRAVW

7DEX NBARGRYi DQDO&]D Y]JRUN\ &

BUYNRYp ]JORAHQLH
Al Ti A N
Bl 5,28 hm.% 89,00 hm.% | 5,72 hm.% -
B2 6,71 hm.% 92,14 hm.% | 115hm.% -
B3 14,92 atom. % 74,95 atom. % 2,49 atom. %| 7,64 atom. %

Bod

346 ODWHULIO atKkDQé SuUL f& KRG

2EU JQi]JRU XMH Riokki BSDWARENUNNXX Y DYR SUL ]\

[ PR&QR XV~GL" &H PQREVYWHY RRSAYURY BSURWL SUHC
PLQLPiOQH $NRGFMiG]DM~FRP SUtSDGH DM SUL Y]RUN
ZSHFH ]JR &tKDFHM W]HDNDROW DH X NV&RNi VD WUDQVIRUPRYI
martenzit .p 3{YRGQi 1i]D SRpDV WHSHOQpPKR VSUDFRYDQI
SR]JRURYDQp YHNWMPRJBBK WD QDFKiG]DM~ PDUWHQ]LWL
]QiJRU XMH GHWDLO SUL ]YIpaHQtHM FKHFELMVRNHAN\D R
v WDE X1.NH

% ‘.\\
. ~on 7R S - St
"% » .
b s\ \3E
P P \
< b .’\

SN AccV  Spot Magn  Det WD Exp
S200KV 5.3 1000x  BSE 10.9 19026 1.16.1 1000C_4h

BSE 10.9 19026 1.16.1 1000C_4h

Obr.2.15+Y DYR PLNURAWUDNWLUIY IPRRIONY [ YSUDYR GH
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Bod B1 VREU R]QDpXMH SRG D WDEX Njbod BODUWHQ]LWL
UHSUHJHQWXMH URYQRRV~ Ii]X .

TDEXIN®BRGRYi DQDO&D Y]JRUN\

3UYNRYp JOR&H(
28 Al Ti Vv
B1 500 | 9061 | 341
B2 634 | 9244 | 123

347 ODWHULIO &tKDQé& NIGIHFQSLWDPQH VSHYQHQE

1D REU Y DYR ]YIp&HQLH [ MH YégpBunehia saH SURFHYV
oproti YJRUNH ' ]YéadL PQGIRERWYBYDRY AWUXNW~-UD Y]JRUN\
SRGREQi &WUXNW~UH Y]JRUN\ ' 2EU YSUDYR ]Qi]JRU XMH

zZNWRUpKR EROD Y\WYR U HdocE FBG R%i
z PDUWH Q] L WjaRNHYND RIRW H M
e D ')‘gr SRR o

DN ~YUD SR]RVWi
lilH 986VOHGNWERGRHYHM DQDOE&]

- - b
- 3 ZoN
Lo Eox L Syl

Sy CAREPITE €A
G A P .): ' .
BAccV Spot Magn  Det WD Exp

-

Det WD Exp

20.0kV 4.7 1000x  BSE 10.3 19017 1.15.1kaleny
N

.
L AccV Spot Magn

-

Obr.2.16 Y DYR PLNURAWUENWLUDNIFERIONY [ YSUDYR GH

Ako aj VSUHGFKiIG]DM~FRP SUtSDGH YR Y]JRUNH ' DM WX
PDUWHQ]LWHRERG IYXR]QDpXMH URYQRRV~ . Ii]X
7DEX ND %RGRYi DQDO&]D Y]RUN\ (
3UYNRYp JOR&H
2t Al Ti Vv
B1 501 | 8949 | 4.6
B2 642 | 9195 | 163
348 2YHUHQLH IXQNFLH QiWHUX SRpDV 7=
1DG UiPHF WHMWR SUiIFH EROR VN~PDQp DNé& Pi YSO\Y

YODVWQRVWL SR WHSHOQRP VSUDFRYDQt %ROR SUHYHGHQ(¢
QIWHURP f@DSR GREX KRG 1iVOHGQH EROD WIiWR Y]RUND
YIRUNRX NWRUiI EROD WHSHOQH VSWIBBRYDQi ]D URYQDNEFK

SyURYLWRV" Y]JRUN\ EH]r QiIWHUXVERKRGQRWD VD ]JYéaLOD
YJRUNH V Qi wHURP 9Y%aLX KRGQRWX SyURYLWRVWL PDOD LED

7YUGRV" Y]JRUN\ ER\®D pR MH RSURWB HVIR thdhej. % R
76P SiGRPQEEMIQR 43LH ]D]QDPHQDQ~ KRGQRWX WYUGRVWL VSF
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%ROD VSUDYHQi SORAQIQDQDPE&IBMSYEVIYHIEQpP QDPH!
v KPRWQRVW Q &t,R4%, Ti-+8007 % & =+ 3HUFHQWXiOQD KRG
QL&ELD SULEOLQDNR/D WLHWR KRGQRW\ YEUD]QH QHY\F

DOHM EROD XVNXWRpQHQi SIRN VMEHDH OB\RWN X SRINDE R Y D ¢
uvzorky 158 0,883% ]DWLD pR X Y]JRUN\ EH] QiWHUX EEO YSRQWH
RNXMt QDPHUDQé& KARWQRVWQé ~E\WRN

OLNURAWVYDRNMAYWHH] QiIWHUX VD RSURWL Y]J]RUNH %
YaDN ]P H@rchavej vrstve vzork EH] QiWHUX REU 2EU YSI
GHWDLO SUL ]JYIpaHQt [ %RG % ByQbipXNWMHRPD VDL F XV
WHVQH SRG SRYUFKRPD @QERGNWRR)E VIDXIBFKiG]D KOEA&LH
QH& pDVVERD Y% DYRXMHREBHWDLO SRG SRYUFKRP SUL ]Y
RIQDpXMH $PVWMVLFIXVR pDVWLFD VD VSRPHG]L YaAHWNEéFK
SRG SRYUFKRP Y]JRUN\ 9&aHWN\ PDVWLFH EROL VN-~PI
9éVOHGNWD/EXYNH

- . )
\AccV  Spot Magn Det WD Exp
200kV 46 2000x SE 12.0 18987 1.15.1 800C_3h bez nateru

r F [ -

_Acc.V  Spot Magn Det WD Exp —— 1omm
20.0kV 46 2000x SE 12.0 18986 1.15.1 800C_3h bez nateru

2EU OLNURGMWUXNWHUPHY QIYWRHGKWDLO SRG SRYUF

[ YSUDYR GHWDLO WHVQH SRG SRYUFKRP Y

ZWDEX NM\SOéYBR¥MWKKRYHM YUVWYH Y]QLNDM~ QLWU

7TDEX ND %RGRYi DQDOEé]D Y]JRUN\ EH] QiWHU X
Bod BUYNRFOYRaHQLHAY DV
Al Ti V N
B3 5,84 65,01 0,83 28,31
B4 2,10 55,80 - 42,10
B5 187 65,54 - 32,59

35 9VOHGN\ PHFKDQLFNéFK VN~&aRN

ZH[SHULPHQWiIOQHKR PDWHULIiOX EROR GU{WRP Y\
1iVOHGQH EROL UR]JGHOHQpP GR VLHGPLFK VNXStQ SR Y
WURFK Y]PODWHKLiO¥ VNXSLQD  WURFEWHRUBEK ]
2.skupina aSIWQiVWLFK Y]JRUNiFK PDWHULIOX -WLFKWRUXS tE
WDNWLH& SROQLFKREROD=ND&Gi WURMLFD VSUDFRWDQi SR
kapitola 2.3)./DKRYp Y]JRUN\ EROLVWD@R pNHD NDSSRCGHHM WURMLFH
YJRULHN ERO Y\EUDQé& UHSUH]JHQWXM~FL "DKRYé ]i]Q
]ilQDPRY Y\EUDQ&FK UHSUH]JHQWXM~FLFKRUDPRUPREQHR
Y\GHGXNRYD" &4H DQL MHGHQ "DKRYé ]i]QDP QHYWD]XMF
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Graf3 'DKRYp ]i]QDP\ UHSUH]H Qatiandi-stavéE & RY YRHUS HOIQR P

=R Y4AHWNEFK ]JilQDPRY VD X-UR GdungoieGhbtulg HY Q RV W L
SUX&QRVADLLPiOQF Mdstzkp SUHG SHIQIEH QWiFK PHUDQpP VQtPDpH
PD[ |D"BAMGHONRY | *BAKDPERIY A QHSUHVLDKOL KRGQRWX
A, EROD PD[LPiLOQH

Hodnoty R, a ( EROL VSULHPHURYDQp SUHLRNBRA&GEVONESLQX ]Y
]QiI]RUQdfdepa. Z"DKRY&EFK ]i]QDPRY QHEROR PR&QpP LGHQWLILNF
PRGXORY SUX4QRVWt OD[LPiOQD RGFK&EOND RGbSULHPHUQHM
17,9 GPa.
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9]RUN\ Y\ND]XM~ QDMQLAALX KRG RRE pdiddziQ RV W
YAHWNEFK Y]JRULHN 9]RUN\ r3@®MPa. SWYRRKX QLAALX S|
YA\ND]XM~ Y]R bodnotou$399,6r 36,0 MPa 3RURYQDWH Q~ KRGQRW
SHYQRVWL VR Y]RUNDPL +418DM7AWRUBNY]R%LHN & GRA
k QiIUDVWX SHYQRVWt RSURWL ®{narRGlaqP2620V20DMMa. EH] 7
3RURYQDWH Q~ KRGQRWX SHYQRVWISE/REYFRIOODPL & P
1IDMQLAALX WHYBBVPDWHULiIOX Y3688 R32D WRa.Y JR UN\

3UH SUHVQé YEeBRKRW REBXQY EWBBKORMNAOLWXGHQEFK
(graf5), SULPFRCIAILPiOQD RGFKEOND RG SULHPHUQHNMRaR G QR W

120 -
116,722 117,793
115,342

115 -
111,228
109,48
110 -
T
o
O, 105 -
W 99,703 99,705
100 -
. j I
90 = T T T T T T
14 15 15A 15B 15C 15D 15E

2]QDpPHQLH

Graf5 +RGQRW\ PRGXORY SUXAaQRVWt MHGQRWOI
EXGHQEéFK NPLWRY

3.6 Fraktografia
IRPRYp SORFK\ Y]RYLMN|IRYDOL URY QDRP RPYRFIR GIF
VFHORP SULHUH]H VD XSODW RYDO PHFKDQL]PXV SRUXa

obr. 2.18.

A et
) ’/ L~ y

( -~ l 1235
SR AT N B N e "

o AccY SpotMagn Det WD Exp 1 50um B

@20.0kV 47 500x  SE 186 20651 1-14 8
v AL Y N BEIE ST P

Obr.2.18/RPRYi SORFKD Y]F
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ORUIROYJLD ORPRYHM SORFK\sYRUNO y$ L\RX [KFRGR WO D D
$M WX QDVWDO PHFKDQL]PXV SRUX4RYDQLD RGGH RYDQtP pD
y, > . - : 2 P 2 S k?yJ :\ ¢ 53 > .

~ R ¥ - 40/7 s
2! jAccV  Spot Magn Det WD Exp FH—— 20pm
S20.0kv 838 1000x SE 122 204798-6
- » ot v .

Obr.2.19/RPRYi SORFKD Y]JRUN\ $ Y DYR GHWDLO S

ODMRULWQé PHFKDQL]PXV SRUXAGRYDQLD Y]RUN\ % ERO
REU Y DYR 3R RNUDMRFK ORPRYHMalejS@RrEK\ ERO S
WUDQVNU\aWDOLFNé a8WHSQé ORP VSROX V LQWHUNU\aWDOLF

2 s P A ol N
N k- N - % N
\ ~ - - o L
S N al i N f e 3 Y p v A
AccV Spot Magn Det WD Exp FH—— 10um Acc Spot Magn Det WD Exp FH—— 20um
[820.0kv 3.8 2000x SE_11.9 20661 1-8 | 2 /4.0 1000x SE 122 20660 1-8 B
K. 3 U T ¥ ~ =3 = . . .

2EU /IRPRYi SORFKD Y]JRUN\ % Y DYR QtINRHQHUJ
aWUDQVNU\aWDOLFNé aWHSQé ORP SR RNUI

Detail lomovej plochy vzorky 15CMH QD REU I1DMYLDF ]DVW~SHQEé&
QtINRHQHUJHWLFNé WYiUQ\ ORP REU Y DYR 2NUHP QH
vyskytovalointerNU\GWDOLFNp 8WHSQp SRitdansl HQBL\VHDOR FINNARIG NDQB P |
obr. 2.21 vpravo.
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, > - ¢
) :
PPN ! '
WAccV Spot Magn Det WD Exp 1 20um AccV SpotMagn Det WD Exp H—— 20um
j20.0kV 4.0 1000x SE 14.1 204671-9 200kvV 4.0 1000x SE 145 20461 1-9
£ / 9 . v -

2EU /JRBARFKD YJRUN\ & Y DYR QtJNRHQHUJHWLF
aWUDQVNU\AWDOLFNé& 8WHSQé& ORP SR RNUI

9JRUND ' WDN DNR DM Y]JRUND & Y\ND]JRYDOD PDM
SRUXAHQLH REU Y DYR 2NUHP WY iUQ M Ko HS\NR UPX.3HHUG
YLGLWH Qp DM aW HRS/MWDMQHW \Y JRIJNRWL NWRUp FKDUDNYV
AWHSQp SRUX3HQLH OHFKDQL]PXV SRUXARYDQLD QD R
]QiPN\ WUDQVNU\AWDOLFNpKR A&WHSQpKR ORPX REU YS
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2EU /IRPRYi SORFKD Y]JRUN\ ' Y DYR Qt]NRHQHUJ
v malej miere, vpravoWUD QVNU\aWDOLFNé aWHSQé ORP SF

IRPRYi SORFKD Y]JRUN\ ( SR]FRMWIRBQ PKRD W BN QHX
ORPX REU Y DYR 2NUDMH ORPRYHM SORFK\ |
aWUDQVNU\AWDOLFN\ SRUX4HQéPL JUQDPL REU YSUDYR
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4 Diskusia

41 3yURYLWRV"

3yURYLWRV" EROD YIRRIGERFRYDOHWMOJQpKR PLNURVI
D UR]OtdHQLH WEéFKWR IRWLHN QHEROL GRVWDpXM~F
v programe,PDJH - SUHWR EROD YROHQi YDULDQWD HOHNWU

Zo zdroja [19] &apitoly 1.9 Y\SO&EYD &aH SyURWLWORW'WNY.DQY ]Y\3
WHSORWH &tKp& DD a&dd BOMDf &o 1000 f &UDVWLH SULpPRP QI
SYURYLWRV" |D]QOPHR BPURSUWRV" QDQHVHQHM YUVWY
VSUDFRYDQéEFK Y[R&Q HE1®O0 [ &ola 1,75r 1,27 %, 0,95r 0,45 %,

0,71 r 0,28 % a2,29 r 9 éV O Hephioly B.1 V ~rogzpore SOLWHUDW~URX
ORAQRX SUtpLQRX V~ UR]JGLHOQH WHFKQROR{JQMN 5 BSHR
YéGUAH SRpDV atKDQLD 7HSHOQpPp VSUDFRYDQLH SRG D
KRGtQVRKR Y\SOEYD &H GLI~KDHLSBRHOPE\ VBHEHEQBpKR
VGHSR]JLWH GYRMQIVREQH GOKEHM®R CBMNBOWRRXHEKERGORB
SUDYGHSRGREQpP aH SUiIYH WHBEHG®REéB REXU D KRY@MQt ) HF
k SRWUHEQéP GLI~]Q\P SRFKRGRP WIDMR\D'EY¥ &A@ DY @DNQ L
GRVWDWRpPQHM fEGIRFDBIBIHIQOLX SYURYLWRVWL QD PLQLPI

ZJUDIX MH PRaQp GRNi]D" aH Da QD Y]JRUNX $ P
WHQGHQFLX DNR JiYLVORV" SyURYLW &KW LA H) M K& BX KI R WAL
QDMQLAaaLD sSUL f& XWYUG]XMH JLVWHQLH &H MH K
YaHWNEéEFK Y]RULHN

42 7TYUGRV"

Z kapitoly 1.9.2 8.2 Y\SO&éYD &H SyURYLWRV" MH QHSULDPR
7YUGRV" GHSRQRYDQHM>Y@WM\ SRG+® KXRHUDQi WYUG
DOHER MH QLAALD DO OMiGNRX KREGHDHRW BYYRYLWRV WL
]D]JQDPHQDO .KXQ SUL QDMQL&&RP SHUFHQWH SyURYLW
VWHMWR GLSORPRYHMWSSIAD QpXKHRWANS UDUFRK\D QYL&4E N QRIXN \
WYUGRVWL 'RGDWRpPQp ]YEAHQLH WYUGRVWL.HYDSUtpL
PLNURAWUXNW~UH

43 OLNURaAWUXNW-~UD

Vzorky 14 a EROL SULSUDYHQp ]D URYQDNEéFK WHFKQ
FKHPLFNp JORBMQN® RG VHED OtilL 9]RUND Y\ND]>
YDQVGXHMWR 1i]H QH& Y]RUND 3UDYGHSRGREQRX SUt
YUVWY\ PDWHULIiOX R]QDpHQpKRHMNR X KU GER® NG N R EF-RX
G R & QR AK O H M &dridtRiXlepoEitt@ko 8 UtSDGH PDWHULIOX R]QDpPHC
NWRU& PDO GYDNUIW YIp&aLX KU~ENX .H &H UB&FKO\P
ZWHUPRG\QDPLFNpKR K DGLVND GRVWDWRHE®iI GRIZQIRD
k]D]QDPHQDQLX MHKR UR]®REH@HIORY RKHERLLFNNIFKR ] D

4tKDQtP Y]JRUN\ f&SWRUND $ GRAORSIN~$RLYWRSQGMN
S{YRGQHM 1li]JH pR PDOR ]D QiVOHGRNi]RM RIRYK D QI
SO\QXOHMAatQEHHMKRW DIN pS B VSMDWGH DINR UWAP V FWHIS FROYD Q't
QHERO ]D]QDPHQDQé& Y&VNUMNP@EWDREGREIOR BR]JRURY
PLNURAWUXNW~UINRRUNRY UFKX 2EU ]JDFK\WiYD Y&V
YR YQ~-WUL SYyURY &KHPLFNp JOR&HQABEPONWLFH R]QDp!
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2EU OLNURAWUXNW~UD SRYUF
500x.

BUDYGHSRGREQRX SUtpLQRX Y@oupowndhxvej RUrkt@R ¢ W LWiQ X
QHIXQNPQRV" QiWHUX SURWL MRAGRF INL UWHIDWIFLR Y WM W iI@DO \§ DG
vzorky SN\VOtNRP SSRipHOIE F VQHBOHW QD GLI~]LD R[LGLFNEéFK pL
SRYUFK 'LI~]LD EROD VSURVWUHGNRYDQi YH NéPL SyUPL

7DEX ND %RGRYi DQDO&]D Y]JRUN\ $

3UYNRYp JOR&MO
288 =73 Ti 0
Bl | 422 | 3031 | 6547

AtKDQtP SP&GRFKIG]D YR Y]RUNH\&aWDMOL]IiFLL 6WULHNDQPp
SRVWXSQH WUDQVIRUPKIND]RW XIMBiIi IRWRJUDILH SRULDGHQp
mikroskope vzorky 1I5aMHM SLDWLFK GUXKRFK WHSHBGRARR MRQJFE)]R}D{Dt
AH SRpPLDWN\ UHNU\AWDOLDBFYR W1RGEMWHNRYDMWMHND) & |
Xa SOQH UHNU\GAWDOL]RYD GpPIDW-+ EBWRRXNWR-UN WYRUHQ~ OHC

AtKDQtP SP&VD ]J]Y\@XMH PQRAVWYR Y\VRNRWHESNORYNOGH-NI H
Y]RUN\ & -H YLDF KRPRJpWNQIW~WHR]QRaHERKHASBM H X
SRJIRURYDQi EROD DM PLNBEIWUXNMHUBEUBREHERKEREQP A&H <
V~ WHVQH SRG SRYUFKRP SULEOLAQH GR K EN\ —P SuU
ZYR QpKR SRYUFKX 7LHWR SyU\ QWR UWEWBHIRKHDRADNQHU D NIRX W&
SIiIGRP S{VRELD DNR NRQFHQWUiIWRU\ QDSIWLD SRpDV Y\NR
%RGRYRX FKHPLFNRX DQDOé]RX WDEX ND EROR JLVWHQp
pravdepodobne tenkou vrstva@ L W U L G XKRWIQWNHAN DAH QLWULG\ VD GRVWDOL
Sy U Rvrthu vzorky. VWWDPRWQéEéFK SYyURFK QHEROL ]|D]QDPHQDQp aLC

9]RUND "'VD Y\]QDpXMH Y&VN\WRP WUKOtQ WHVQH SRG

YIQLNOL SUL 7= SR [epldty YTOR PEDErQRVIQD]®R XMH GHWDLO SRYUF
Y]JRUN\ 7UKOLQD MH SKQB PF)SRUBHDHM G &NH Y]RUN\
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Obr.225'HWDLO WUKOLQ\ SRG SRYUFK
100 x.

OLNURAWUXNW~ULRODRERLAALHE VN~PDQ3UBBLKEWDpC
Y\WWYUGHGWUXINW~UH Y\O~pLOL GUREQpP pDVWLEH NW
[20]. Zobr. 226 MH YLGLWH Qp &H pD@W LKAHD QLFUIDFIKSL W RV Al
$QDOE]RX EROR RYHUHQp &HURHPMRE£2®UMR.FLSLWiWRY Mt

Obr.2.26=Qi]JRUQHQLH SUHFLSLWiWRY
S{YRGQE&FK ] Q Ii]H

7THVQH SRG SRYUFKRP Y]RUN\ ( VD Y\WVN\WRYDOL S
tenkou vrstvou Q L W U L G Xovidkowak® Xomu bolo WUtSDGH ¥¢RTdto\
aAaSHFLILFNp SyuU\ NWRUp V~ NRQFHQWUIWRUPL QDSIWL
60 —P SRG SRYUFKRP 3yU\ Y]QLNOL SRpDFRYEGUAH QD NTC
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2YHUHQtP IXQNPQRVWL QiWHEEROURWLWRH Q@ iDLV OHIERYQp |

Xx VSRGSRYUFKRYHM YUVWYH QHEROL ]D]QDPHQDQp 4LDGQ
UY]RUN\ EH] QiWHUX

X Pri800f& Y\ND]XMH Y]JRUND EH] QiW Hapsviehf2ZRN~ UHDNWLY LW

X Zobr.2.17aWDE Y\'S O/gorkp bep QW HU X VD Y\WN\WXM~ pDVWLF
VSYURFK 6R ]Y\@XM~FRX VD K ENRX SRG SRYUFKRP VD
YA\VN\WXM~RBRHKRI VOR¥K yDVWLFHMYURGE)BSRE5NY ~ NUHKNp |
obr. 2.17 R]QDpSRIG D FKHPLFN psRokod REHWSRBEREQRV "R X
nitridy typu TeN. 3yU\ QLH V~ ]Bpoku BQWMQPLBGPL WYRULD NRQFHC
QDSIWLD Y3YN\WDPM~ YLDF DNR —P SRG SRYUFKRP

X 1iWHU EUIiQL Y]QLNX YH NpKR PQRAVWWBPS BUGRRPWIHW QH S
]JY\&XMH SRYUFK®&Ry~ WYUGRV" Y]

X 1iWHU EUIQL Y]QLNXSyDRWK P @QDGPHIRYpFX PQR&VWYX RN

44 OHFKDQLFNp VN~&N\

9]RUND Pi QLAaLX SYURYLWRV" DNR Y]JRUND D JiIURYH
pevnost. ZWRKR Y\SO&YD &H PQRAVWYR SyURY QHPi QD SHYQRV"

Vzorky 15A PDM~ SRGREQpPp SULHPHUQpP S&{yNQRVGNX DINRY @ DRHW
PLNURAWUXNW~U\

AatKDQtP SYRQHGRAEAOR WIDINGPGIHIMOKERet@jidevnosti oproti
vzorke 15.-H QXWQp SR]QPLPOH O EBRNEHHY SHYQRVWL MH PHQA&t DNF
vzorke 1I5A. 3B UDYGHSRGREQRX SUtpLQRX &H RGSHY RYDFtP SURF
Kk YIpALHPX SRNOHVX SHYQRVWL DNR SUL f& MH awDWI
QDPHUDQé&FK GiW SHYQRVWt

A4tKDQtP S|f&ola zazn® HQDQi QDMY\44LD SULHPHUQiI SHYQRYV
YJRULHN 3UtpLQRX MHAWAINNNW ~-RIMUWHQJLWX Y

BULHPHUQi SHYQRV" Y]JRULHN ' EROD RYSO\YQHQi Y&Vl
Y]QLNDM~FLEK]KSRPPYXWEPL JUQDPL Y\WRNRWHSORWQHM  1i]
PRGXOX SUX48QRVWL Pi QDMY\a44LX KRGQRWX VSRPHG]L Y&HW

=DND O H@teso® SUHFLSLWDPpQpKR VSHYQHQLD EROD SULHP
SRURYQDWH Qi VR Y]RUNOPWH & p PXGCRIAUDK WX PHFKDQLFNE&FK
QDSULHN WRPX HFH SIRAIFRIN $DVWLF

2EHFQH PRAQR GHGEWMBMOQp aBHYQRVWISRWRYSROORYLpQj
SNRPHUpPQH Y\UiEDQ FBXI-4VO ktbrgy LhQdRoty R4 LV ~895#4250MPa
So ]Y\@XM~FLP VD VWXS RP WH3$HGRMKR <RXDDRRYPREROVBUXa
MaxiPiOQD QDPHUMEMNMHKRGQRW®D .RPHUpPQH Y\WBAEA/Qi JOLDWLQ
Pi KRGQRW\ PRGXOX SUXaR6e/BRa. YWERKPMHG|SR]QDWNRY PRa
SUHKOiVL" aH PHFKDQLFNp YODVWQRVWL NRPHUpPQH Y\UIEI
]JOLDWLQ\ W\RKHB\DyBHR X FROG VSUD\ $YADN MH PRaQp VD WEéP
Y KR G Q R X par&né&irBvstriekani@0].
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4.5 Fraktografia

Vzorky 14, 15a $ PDM~ URYQDNé PHFKDQL]PXV SRUX&RY
vzniki v PLHVWDFK QDMYIp4LHKR RVODEHQLD SULHUH]X 3l
mechanizmom RGGH RYDQLD pDVWLF GRVMDNWR REPp DX GRIZGR I
SRpDV]GHSR

Vzorky 15B, 15C, 15D a ( EROL PDMRULWQH SRUX&aHQp Qt]NR
ORPRP 7LHWR Y]RUN\ EROL SR FHORP mRPHYYRGN @ELHR
WUDQVNU\AWDPWHBEN&RAWDOLFNEP AaWHSQéEP ORPRP 1DM
tejjo morfolyJLH SRUX&ARYDQLD QD RNUDMRFK Y]|BWitHNGMH
QHIXQNPQRVWL QiWHUKXGEF W RMNRAIGRE MRVMtNX SRG SRY!
AVOtN Pi Y\VRN-WDW.IQ@QBWVREXMH VNUHKGG@G{WOH GINXU KR MR-
P{aH HRL" PQIFPXP SRUWAXHQQBEKR QDtOWMBIRU XMH AWH!
PHFKDQL]PXV S ReU poil HiQurdhomn pte/ @zorky 1585E. 3UtO R Kap
reprezentuje vzorku 15B. WSRGQHM p Divtey N UMEHWEEAHNDPp SRUXAHQL
SRG SRYUFKRP &AtUND SiVX WRKWR W\SX SRIBX{AIDRIKIMH MF
QDMX88EORED ]Qi]RU XMH amteBNUNDNVNBO/XFNpPpKR SRUXAHC
YJRUN\ & MHCEMQEGD XY Y\AA4LHKRSRWRS W HRIHO®IGLKR VS
9]RUND " Pi SRG SRYUFKRP QDMaLU&GLX REODV" awH:
VG{VOHGNX QDMY\aaLHKR WWXI10 RXAHFave.VFE bit S R)IKYH BN R
MH SRYUFK Y]RUN\ ( 6WXSH R[LOWHL I MHYRI BRYUUINARKXX M
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5 =iYHU

&LH RP WHMWR GLSORPRYHM SUiFH ERORKHRDBENMNW
JORAHQLH Y-pRURHNVWDRQRYL" PHFKDQLFNp YODVWQRV)
vVGRGDQRP VWDYH JLVWL" YSO\Y WHSHQG@shpHiRRXWPHUIDQDERY |
SUtpLQ JPLHQ PHFKDQLFNéFK YODVWQRVWt

%ROL VN~PDQp GYD GUXK\ GRGDQé&FK NVDRWHU E FORLY Y \
SUL U{]Q\FK SDUDPHWURFK VWULH GRGLDIQ RPL N/WFDEWWHU X ¥
WDN]YDQ éP+URS OHWERIWPDVWLFDPL NWRUp SR]RYV]WiYDM-

SR RNUDMRFK pDodivom st&eRNMN\RYEFK EROL SUHYHGHQp
WHSHOQ&FK VSUDFRYDQt P®IDE %WAiSRERYIPORYPWEM St
RSURWL NRQY H QiptReHTI6AM i E DRUHIMRP X &LDGQHM Y]JRUN\ Q
PHG]D NO]X +RGQRW\ FHONRYHM "DAaQRVWIlp KR WPREDRK \
Y\YRGL" JiYHU &+ ODHOWRFMNRMN GHIRUPIFLL Y]JRULHN
328HV10. OHFKDQL]PRPYB@®UXaABUH GRGDQp PDWHULIO\
RGGH RYDQLW HMWWIELSORPRYHM SUIFL EROL VN~PDQp
3UYEP W\SRP EROR &t&8DMML&POS P &0 dobu BKRGtOIKDQLH SUL
1000 f &S R GREX KRGtQ 'URKSKDQERRESRROREX KRGtQ NI
aSUHFLSLWDpPQp Y\WWYUGHQLH $NR RFKUDQD YRpL R[LG]
ERO DSOLNRYDQé& QiWHU &RQGXUVDO = 1DG UiPHF W
YJRUN\ SUHG WY R UERSYV W MELRNMRMP D NUHKE$B R FIKD 8 W/ GF
SRYUFKRP DOH QD RFKUDQX YRGA- R[YGITF\YL @K QQ PWHHW
f& QHGRAPRDGIQEP JPHQIP MILN UXFREWU XN W P H R K ID@LHERE F }
YODVWQRVWLDFK =D]QDRHN@N QWY FE\ROL L BDKIYR! BVSW SN W ~
UHNU\AW D PQUERYXIOBDDSYURYLWRV" RSURWL GJRGIDERPEX V!
]JPHQIiPPMFKDQLFN&FK YODVWQRVWLDFK RSURWL S{YRG(
PHFKDQL]PRP SRUX&RYDQIENEERCY i QO RR®HUNEWLDNR I
QiVOHGXM~FH W\S\ Y]JRULHN 8D @i O YIRMBHDSARIMH P
YIGXFKX VD &WUXNW QWM |DRIRUIRYDQHRSPYRIGRHM  1i]H
REVDKRYDOL PDUWHQ]RWQ®ONUWD PeyMosti aWYUGRVWL 1DM
PHFKDQLFNp YODVWQRVWL Y\ND]R %DIORFIY ] RIUKN\S § UKRDYQ pV |
QDMQLA&ELD 3UtPLQRX MH YJEMNX BVQ XEAMKUO KDWY ¥ U Hii |
WHSHOQRP VSUDFRYDQt 1DMSL|RWDWH PHRNDILHERQD VY \RQ
NWRU&FK SyURYLWRV" EROD ,FOG P HGR B XSH BOKY @Y
115,3 GPa aV Y U G RHX10.

VUiIPFL DO&LHKR YBVNXPX MH SRWUHEQi VQDKD ]Qta
YE]QDPQ~ ~ORIKEHIQUH JPHEFKDQLFNEFK YODVWQRVWt PD
KODYQH RSWLPDOL]IFLRX Y&UREQRPKQ D QWEHRBIKWUIIRFN SN
DOHER QYKRIGREEFKDPHWURY WHSHOQpPKR VSUDFRYDQLD
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=R]QDP SRXALWEéRB¥nhONWDWLHN D

Symbol
A

Ae

Ag

Ai

Ap

*

ECCI
Fm
FEA
HA
HAZ
hm. %

I—COI’]V

Jednotka

[J/kg_*K]
[N]
[m]

[GPa]
+

[N]

+ + H+ I+

[J/kg*K]
[4
[m]
[m]
[4
[kl
[kal

+

[4

+
[MPa]
[MPa]

Popis

NRQaAWDQWD

SORFKD SULHUH]X WU\VN\ QD YévWw
SODVWLFNp SUHG aHQLH SUL PDJLI
plocha prierezu trysky na vstupe

SULHPHW SRYUHKHKUBIDYUVWHGEX YO\Q X
FHONRYi "DAQRV"

plocha prierezu QDM XaaRP PLHVWH WU\V
NRQ&AWDQWD

NRQ&AWDQWD

NRQ&AWDQWD

NRQaAWDQWD

NRHILFLHQW "DKX

cold spray

PHUQI WHSHOQiIi NDSDFLWD

"DKRYi VLOD SU~GLDFHKR SO\QX
SULHPHU pDVWLFH SUiaNX
<RXQJRY PRGXO SUXaQRVWL
]JREUD]JHQLH NRQWUDVWX HOHNWU\
PD[LPIiOQD VLOD

DQDOé]D PHWYGRX NRQHpPQEFK SU)
Y\WRNRHQWURSLFNp ]JOLDWLQ\
WHSHOQH RYSO\YQHQIi ]yQD
KPRWQRVWQp SHUFHQWR
ASHFLILFNi SO\QRYi NRQawbDQWD
HIHNWLYLWD GHSR]tFLH

G aND NRQYHUJHQWQHM pDVWL WU
G aND GLYHUJHQWQHM pDVWL WU\
NRQaAWDQWD

KPRWQRV" GHSRQRYDQpPKR SUiadaNX
KPRWQRV" VWULHNDQpPKR SUiaNX
PD[LPIiOQH

QHSUDYLGHOQé SUiaRN
NRQaAWDQWD

REUI]RN

WODN QD YEVWXSH WU\VN\

tlak na vstupe trysky
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PEEK
PEG
Re

Rm

Rs
SoD

tab.
VreI

Ver1

Ver2

Wr
VT‘IaX

o

*UTS

+ +

[MPa]
[MPa]
[J/kg*K]

[4
[4
[4
[4
[s”]
[4
[W/m*K]
[kg/m*s]
[kg/m’]
[MPa]
[MPa]

SRO\HWKHUpWHUNHWYQ

polyetyleniglykol

medza klzu

medza pevnosti

ASHFLILFNi SO\QRYi NRQaAWDQWD
Y]JGLDOHQRV" NRQFD WU\VN\ RG VXEVW!
VIpULFNé SUiIaRN

teplota na vstupe trysky

WHSORWD WDYHQLD pDVWLFH
WHSORWD pDVWLFHUXEVYMB IGRSDGRP QD
UHIHUHQpPQiIi WHSORWD

WHSORWD VXEVWUIWX

WHSHOQp VSUDFRYDQLH

LOQNXEDpPpQé pDV

WDEX ND

UHODWtYQD UEFKORSMU~-REGRF|ISPDYXVLFRX
NULWLFNi GRSDGRYi UEFKORV" pDVWLFI
SUYi NUGWRIBFGRYiIi UEFKORV" pDVWLFH
GUXKi NULWLFNi GRSDGRYi UEFKORV" pl
UEFKORV" pDVWLFH SUHG GRSDGRP QD
KH[DJRQIO®RBI-4V|D 7L

PDUWHQ]LWLFNiI KH§A-IRQIOQD I1i]D 7L
kubicki SULHVWRURYR]BHRAVWMIRYDQi
ASHFLILFNé WHSHOQé SRPHU

KULWLFNi GHIRUPIFLD
MD[LPIiGOGDRUPIFLD

GHIRUPIFLD

UEFKORV" GHIRUPIFLH

QRUPDOL]RYDQi WHSORWD

WHSHOQi YRGLYRV"

G\QDPLFNi YLVNR]LWD

hustota

QDSIWLH WHpPpHQLD

PHG]D SHYQRVWL Y "DKX
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3UtORK\

3UtORKMNURAWUXNW~-UD JR VYHWHOQpPKR PLNURVNRS:
(c) 15B, (d) 15C, (e) 15D, (f) 15E.
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SUtORKIO]RUQHQ LAHWIDDAL RNPKBRVINU\GWHORBRRRRL]PX St
okrajov vzoriek (a) 15B(b) 15C, (c) 15D, (d) 15HnterNU\AWDOLFNp aWHSQp
AtSNBNRPELQIFLX LQWHWND\@WDW B AWNDIXKIRFF PpKR awH
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