r

0<62.e 8Y(1lE 7(&+1,&.e 9 %5:

BRNO UNIVERSITY OF TECHNOLOGY

)$.8/7$ 6752-1E+2 ,14(1é5679E

FACULTY OF MECHANICAL ENGINEERING

O67%$9 6752-E5(16.e 7(&+12/2*,(

INSTITUTE OF MANUFACTURING TECHNOLOGY

9<8a,7E +<%5,'1E 7(&+12/2* TIG$6(5
PRO 69$ 29E1E %I5(0 '2329%$16&+
0<62.23(912671E&+ 2&(/E

USE OF LASER-TIG HYBRID TECHNOLOGY FOR BORON-DOPED HIGH-STRENGTH
STEELS

' )3/2029E 35E&(
MASTER'S THESIS

$8725 35E&( %F -DUPRFKOLt

AUTHOR

9('28&E 35E&( GRF 51'U /LERU O0U D 3K
SUPERVISOR

BRNO 2019



=DGiQt GLSORPIRMp

OVWDY OVWDY VWURMtUHQVNp WHFKQRORJLH
Student: Bc. JDURPtU .DFKOt

6WXGLMQt SURJGMPRMIUHQV WYt

6WXGLMQt RERBWURMtUHQVNi WHFKQRORJLH
9HGRXFt SUIFH GRF 51'U /LERU 0OU D 3K’
$NDGHPLFNEé UROD18/19

HGLWHO ~VWDYX 9iP Y VRXODGX VH JiNRQHP p R Y\WWRNéFK @NR
iGHP 987 Y %UQ XUpXMH QiVOHGXMtFt WpPD EDNDOi VNp SUIiFH

9\ XaLWt K\EULGQte VastF-KQROEWRR VYD RYiQt EyYUHP GRSR
Y\WWRNRSHYQRVWQtFK RFHOt

6WUXpQi FKDUDNWHULVWLND SUREOHPDWLN\ ~NROX

%yUHP GRSRYDQp RFHONRH \WRXAVIDBXWRPRELORYp NDURVHULH ON
YOLYX SDUDPHWUS$ S HEHKN WYX FNROAKRFRIER RXXXQD YODVWQRVWL ODVF
Y\WRNRSHYQRVWQtFK RFHOt GRSRYDQE&FK ERUHPhlediskQ Imdldp VYDU
amikrostrukturyaz KOHGLVND PHFKDQLFNéEFK YODVWQRVWt VYDURYE&FK YDG
sva RYiQt YPHWQ WHFKQLN\ K\EUO®QtKR VYD RYiQt ODVHU

&tOH EDNDOi VNp SUiFH

2VYRMLW VL WHFKQRORJLL ODVHURYpKR VYD RYiQt Y¥YHE \OLojitWiHFKQLN
SUREOHPDWLNX VYD RYiQt Y\ZWRNRSHYQRVWQtX I BRHROMtHCGMQRMLSHVLHA
2VYRMLW VL ]JiNODG\ PHWDORJUDILFNpKR Y\KRGQRFRYiQt VYDUX 2VY
VYDURYpKR VSRMH 2VYRMLW VL PHWRG\ VURYQiQt HNRQRPLFNpKR KO

6H]QDP GRSRUXpHQp OLWHUDW XU\

BENKO %HUQDUG 3HWHU )2'5(. OLURVODY .26(y(. D 5YyEHUW %,(/$. /DV
vyd. Bratislava: STU, 2000. ISBN 80-227-1425-9.

DULEY, Walter W. Laser welding, New York 1999, A.Wiley-Interscience publication, ISBN 0-47-
-24679-4.

KANNATEY-ASIBU, E. Principles of Materials Processing, John Wiley&Sons, Inc. Publication, 2009,
ISBN 978-0-470-17798-3.

JDNXOWD VWURMQtKR LQAaHQéUVWYt 9\WRNp XpHQt WHFKQLFNp Y %UQ THFKQLFENI



$0%524 20G LFK . %9RBE&ZPLOGDURVODY .8%EYy(. 7HFKQRORJLH VYD RYIiC
XpHEQt WH[W\ SUR NXU]\ VYi HpVNEFK LQaHQéU$ D WHFKQRORJ$ Y\
ISBN 80-857-7181-0.

7THUPtQ RGHY]GiQt EDNDOiI VNp SU6PHSWH) M DB GHH@ RIBVEKR URN

9 %UQ GQH

L.S.

SURI ,QJ OLURVODY 3t GRF ,QJ -DURVODY .
HGLWHO ~VWDYX G NDQ IDNXOW

)DNXOWD VWURMQtKR L Q& \QHRR/QLYFN 0 W BNR Xp HEFKQLFNI % UQR



ABSTRAKT

.$&+/E -DURPXEBLWt K\EULGQt W/HF ISQRO\WRYID HR OIY HEy UH P
Y\WWRNRSHYQRVWQtFK RFHOt

7TDWR SUiIFH VH |DEéYi Y\XALWtP R E O R XY\\R R INKRRS 19 YHQGRH/RV B
GRSRYDQp RFHRWEULGY  WHFKQRDRIHKRODWVOHWYX, *QD Yé
v SRURYQiIQt VH VYDU\ |[KRWRYHQéEPL VDPRWQéPVWWIWVHUHF
HI[SHULPHQWX E\O\ VYD HQ\ SOHFK\ YE3Em]&1,Q nnp MirioH O L
VYDU$ |JKRWRYHQéFK ODVHUHP D PHWRGRX 7,* E\OD S
SURP QQRX YHOLPLQRX YHOLNRVW SURXGBNXWERE DKRRAWRY H C
E\O\ SRVX]IKYOIBGLVND PH]t SHYQRVXVINRMXZENVR R é FikO W 3K
KRGQRFHQ\ GOH PHWDORJUDILFNpKR @aHW HQt D SUS$SE K$
dle Vickerse.

.OtpRYi VORYQ%RFBOVHURYp VYD R¥TIGt S HGHK HY ODYV

ABSTRACT

.$&+/E -DUBdgewfllaseTIG hybrid tedqinology for borordoped higkstrength steels

This thesis deals with the usage of arc preheating for weldgiystrength boron enhanced
steel 22MnB5 using hybrid technologgown as laserTIG and also its impact on the final weld
compared taveldswelded by only the laser or the arc method. During the experimeazited

five sheets of the above mentioned steel 1,3 or 1,9 milimeters #idept for the welds
fabricated by the laser and the TIG method was the only vattablkeectric current of tharc
(=20, 40, or 60 A). Welds welded this wagre compared based on strength limits measured
by the tensile tests. Additionallyere they compared according to the metalographic survey
and the progressf weld hardness, calculated using the Vickenslhess test

Keywords:steel22MnB5, laser welding, preheating, |ag8G
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SU\FKOé&P UR]JYRMHP SU$P\VOX VH JY\a4XMt QiURN\ MDN
]SUDFRYiYDQp PDWHULIO\ DXWRR RERPR YPHPQS DSPLale® X 1
YEUREXWRPREHG® vGQHAQt GRE NODGHQ\ Y\VReédskaiUR
bezSHPQRVWQtKR WDNDLHIQNR QR ©PFMIRIRVERIRLVE L QHXV
SRX&tYDQ&FK PDWHULiIO$ D MHMLFK JSUDFRYiQt

3UR VQtaHQt KPRWQRVWL NDURVpULLttFR YRIODNUINVKR Y L
VSRVOHGQtFK OHWHFK VWiOH pDVW ML Y\X&tYiQ\ SUR >
GRSRYDQp EyUHP WMWRK R/BWHRUILIPONp VYEP J]SUDFRYiQtP
dojde KkMHMLFK SUXGNpPX RF Ka@dHQD [VEEHQRBIGHORVWQtF
-H WDN GRVDKRYiQR GREUp WYD LWHOQRVWL S L S t]QLY

OLPR YKRGQpKR PDWHULIiOX MH YADN G$OHA&LWi L FR Q!
atoiSRKOHGHP QD VWiOH Y D W\&t MD&XWR P Q W HDIF IF BR$BRR B\
jsou ptP GDO pDVW ML Y\XatYiQ\ SU$P\WORYp ODVHU\ M
SURJUDPRYDWHOQRVW VNéWDMt SUR DXWRPRELORYé& SU

IvRGY WYt ODVHURYpKR VYD RYa®Ryt J¥ tdY@DWGODM tP QW R |
YDGDPL Y\SR iGDWHVW GRFRROR XN E&W K\EULG Qt XWiYKWXR
REORXNRY é&FKS PHHOWRSRHEBRN XS tNODGX ODVHU7,*

Obr.l p&lu §]i}A vZ}M _ o]vl A [E}u}S]A
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6H ]D WHSOD WYi HQé&PL Y\V(RHERBEresY QaRIeNAICSEsE vISRHHEAIDR L
GRE VHWNIiYiPH BXMERPREPORY pRNS WEHPAR ONEERUQEP SH"
aSODVWLFN&P YODVWQRVWHP MVRX Y\XAatYiQ\ ptP GiO p
NDURVHULH MDNR MVRX QRVQtN\ XFK\FH®IUQ@iMDRX NO I
Y\WWRNp Qhe#MaRGROQRVWL SURWL QiUD]X 7\WR RFHOL
PQRKHP K$ H ]SUDFRYDWHOQ M&tXR LG D& & KWIRL \W D@AHKIC
PDVLYQ M&t MDN LOXVWUXMMSRHEL W KNG N FRUDHNF K K1 M
YR]$ aNRGD

Octavia | - 1996 Octavia Il - 2004 Octavia lll - 2012

« PHS dily
© Standartni dily

Obr2W} o1 *8}u% v_ W,~} o Al E}s E]_ Z A}l
Jednou ZWDNRYéEFKWR RFHOt MH L MHPQR]JUQQIi Qt]NRXKO
S HGP WHP H[SHULPHQWX 7DWR R Riek®pekititkoR $trukduRoG i Q t
aY\ND]XMH PQRKHMD QILEEPp MEODVWQRVWL QH& MVRX SUR
SRaAaDGRYiIQ\ 3RAaDGRYDQéFK KRGQRW GDQéFK FKDUDN
WHSHOQéP WYi HQtP WRKRWR PDWHULIOX D WR YOLYHP ¢
(tab. 1).

Tab.l Z u] | eo}l } o] 1iDv A o]VvIEuUC €6
Prvek C Mn Simax. S max. P max. Al Ti B
Obsah D D D D 0,0008

(hm.%) 025 140 240 00150025 54567 o050 Da

-DN ML& E\OR ]PtQ QR VY éF KF K DWUDNAF K UL/ Y\QLRY B/RY PK ;
WHSHOQpPP WYi HQIMNIBL KR NRIQHt $ L OLVRYiQt D ]JP Q
]YéaHQt PH]H NOX]X D PH]JH SHYQRVWL WDE 7THQWT
SRXALWEFK SOHFKS$HGHRN PO tDH Qi VIOP R W Q/RR\KWR L Y NFDKU RH/MHtL
S HGQRVWL MDNR MH ~VSRUQ M&t SURYR] DXWRPRELOS$

Tab.2 D Z v] | sthasti oceli 22MnB5 [2
OHFKDQLFNp YODVWQRVWL OHFKDQLFNp YODVWQRVWL
Mez kluzu Ro.2 Da 03D Mez kluzu Ro.2 Da 03D
Mez pevnosti R Da 03D Mez pevnosti R Da 03D

7 D & Q RoMWirs= 4,5 %

7 D & Q RoM\Wins= 10 % i _
7 D a Q BoM-Win=5 %

10



1.19DULDQW|g], [b],48H [@0t, [12], [15], [17]
.DURVHULH DXWRPRELOQ$]QIRBRGAAKERQWHIQEPL YODV
aSURP QOLY&PL WORX&"NDPL 7\WR NRPSRQHQW\ MH QXMW
QHGHJUDGRYDOR YODVWQRVWL VDPRWQé&FK PDWHULiIO$
tojevDXWRPRELORYpP SU$P\WOX NODGHQ YHONé& G$UD] L ¢
Y&]QDPQ&P IDNWRUHP YH YROE YKRGQp WHFKQRORJLH
3UR VSRMRYiQpXKRAPDSRBMIQX O]H Y\X&t\W EHGi$aRGD W
D" X& VH MHGQi R WYRUEX VSRM$ UR]JHEtUDW HTHQER& PN &
YEKRG\ L QHHEKRHOB\ QXWQp Y\EWBWXYKRREPRAt PGD Q &F |
aSRS tSDGVRE]WHSHOQPKR RYOLYQ Qt PDWHULIOX S HG
]Y&4HQt SURGXNWLYLW\ D HNRQRPLFNRX YEKRGQRVW
x 6SRMHQt SRPRFt &UdRiX B + pio »

SRADGRYDQp VSRMHQt NRPSR Y\Xat
PHFKDQLFNéFK VSRM$ ]D SR/ XES$

VS tSDG Qéw$ VH MHGQi RalgeH RMH
sesetkat+FHORX DGRX YDULDQW QFLS
Y\FKi]Jt ]JH VSRMHQt SRPRFt G aGp

MHKR VWUDQY\NSRYPBIP AW UQDP

SR SUSFKRGX QWX S tVOXaQé Y\XalL
AURXES P$aH EEw EX UR, < =R

QHUR]JHEtUDWHOQEé GOH Sk Obr.3 WE]v J% VES}IA v JRXE.
OHFKDQLVPXV MH Y WALQRX VHVWDYHQOQR&EHNRXEX pL V
X /HS H®t 4) tjednou ZQHNRQYHQp QMAER MPRMV@IGPDWHULIO$S MH
Y\WWYR HQt VSRMH GYRX PDWHULIOX DSOLNRYIQR OHSI
k RE PD W PWR SPReYngdE :
WDNRYéFKWR VSRMS$ ]iY
YKRGQp YROE OHSLGOT L
QD QIVOHGXMtFtFK pW\
o Adheze + S LOQDYR
KkOHSHQpPX SRYU
0 Koheze + VRXGUAaQR
YQLW Qt SHYQRYV
o 6PipLYRVW SRYUF
o 3HYQRVW OHSHOQ

1D WUKX H[LVWXMH FHO. ... QoaWz_lo 0% v 2] kil ¢

YKRGQpPKR YEE UX MH SUR Y\WYR HQt NYDOLWQtKR VS
SORFK YKRGQi WORX&"ND OHSL@ROQtD YKRGQl PHWRGD
X 6YD RYiQt PHWRBGRY-0$0HWDO $FWLYH *DOHMWIR]SHIEQ F
VYD RYDFtFK WISEB@ROARILIJHMPPpQD SDN SUR SOQ

SRORDXWRPDWL]RYDQp OLQ
UXpQ 6YD RYIiQDVBRREIKIH
SO\QX QDS NWBHBUEé RYOLY X
E KHP SUR X Xje tato technologi
Y\XatYiQD SUR FHORX DGX
QHOHJRYDQ&HKNROHJIRYDQEé
i vysokolegr Y DQ é FK

X 2GSRURYp ER G Rbp. 6 ¥ddo Ratoda
WODNRYpKR VYD RYiQt Y\Xat
SURXGX VYD RYDQéP PtVW
Kk QDWDYHQt PDWHULIO$ D M
GRFKi]Jt NH Y]J]QLNX VSRMH Obr5~A Z}YA v_u $}uD"'1 VH
Y\]QDpXMH Y\WRNRX U\FKurvw!t VIU RYIYL
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XQLYHU]IMDHQRMWWD] VSRMRYDQéEFK PDWHULIO$ PRAQRVW
YKRGQRVWt SUR PDORVpULH L YHONRY éUEREXRKED X WURS
O YHOLNRVWHFK SU$P UX SRXAaLWp 4
X 6YD RYiQt ODVHURYG@R 7 DiSje VjetHd®
zQHMPRGHUQ MatFK D QHMSURJUHYV
BULQFLSHP WpWR PHWRG\ MH |Dg
]DP XMtFt YHOPL PDOR®X GO RPRK X s
- S aQiVOHGK pRXE
WHSOD '
k QDWDYHQt
PDWHULIiOX E
GIN\  YAVRNpP =5 W7 10 | %G
KXVWRW b} }JA Z} A Z}A v_
ODVHURYpPKRHSGCRBVDKRYIQR YHO
VYDU$ S L PLQLPIiOQt WHSHOQ R
WDWR PHWRGD S HY\aXMH REQ
VYD RYIQMHMILGDO&at S HGQRVWI
VYD RYDFt U\FKORVWL VQDIEQI
VSRMHQi S HVQRVW D NYDOLWQ
QDFKiJt MDN S L VYD RYiQt GRE
VOLWLQ JLUNRQX QHER WLWDQX
REWtAQ WNODRBHRFKEKRGQpP MVRX
SR LIRYDFt QiINODG\ D VORALWp
XUpPHQD SULPIiUQ SUR YHONRVpL

"Obr.77A Z}A v_o + & u €
ZYéadH XYHGHQéFK WHFKQRORJLt E\OD MDNR YPHRTRISW |
ODVHURYé&P SDSUWMNRIXP VIF KARRS GRRW WYRUE\ VVY®H $ YNPE&C
PRAQRVW WYRUE\ OLQLRYéFK VYDU$ ptPa&d QD UR]JGtO RG
svaru.7DWR WHFKQRORJLH MH YH Y WALQ S tSDG$ Y\XatYicC
DXWRPDWL]DFH D Y\VRNi U\FKORVW VYD RYiQt EXGH PtV
YEURE\ |HMPpQD YHONéFK VpULt
-HGQi VH R PHWRGX WDYQpKR/ NSORRY RXtVW HH@G& ©Q HWHHC
SWtP SDN VRXYLVt Y\VRNi U\FKORVW RFKOD]JRYiQt WDNW
KUR]Jt QHJDWLYQt RYOLYQ Qt MHKR VWUXNWXU\ $E\ VH
Y\XatYIQR S HGHK HYXKAERWHWERVRODIRHI QU\F3UR S HGHK
Y\XAatw Q NWHKMR PHWRG
x 3 HGHK HY S(Gbb BHQ
MHGQi VH R QHMM
ORNiIOQtKR S HGHK
Y\XAatYiQD SHBQRG
SRXaLWt 0D H GC@Rp/
Y\EDYHQt D XQLYH
QHY\ADGXMH ]GUR
energie. Zdrojem tepla je plame
N\VODNRIW\OpQRYE
EXWDQRIY&@KRGRX
IRNXVDFH SODPHQ
KWHSORWQtPX RYO
veONp SORFK\ VRX)i
ASDWQi REWtaQi U Obr8WZ ZZ A %0 u v u €i0e
SODPHQH D QHEH]SHpt R[LGBFHX3RY ilQF B X P B WHHGLHLK GHXY N
QHER WODNRYéFK QiGRE

12



X 3 HGHKpetf+t WDWR PHWRGD Y\XatYi RGSRURYpKR RK H
SUSFKRGHP HOHNWULFNpKR SURXGX RGSRURYéP GUIWI
HOHNWULFNpP RGSRU PERRYYRT e an
7THSOR MH S HQiIiaHQR
kRK HYX FHOp VRXpi
k GORXKéP pDV$P RK
HOLPLQRYIQR SRPRF
]JGURAMr$9) MDNR MVRX
NHUDPLFNpP WYDURY
Y\SOQ Q\ RGSRURYEPIS
S LNOIGMRXINIVWL D O]
piVWHPQ ORNDBURRYR
RK HYi®H BRAaQp Y\Xa
SiV$ VSLUIO QHER G
MVRX Wpé& VY\XatYiQ\ Obr.9 K %}E}AE %Z ZZ A €i06-«
UR]JP UQéFK VRXpiVWt NWHUp BEHNRERX DNBWRH P Q MWIRRG
NRUHNFH SRADGRYDQp WHSORW\ -H WHG\ YKR&lén SUF
GSUDJPR WR MH PRaQp RGSRURYpP SHFH Y\XatW R SUR C
VYD HQHF$3ADN QHYKRGQi SUR RSHUDFH NGH MHYBR&EDG
QDVWDYHQp SDUDPHWU\ RK HYX SDN PRKRRDWSHWRE®RX L
P$a4H QHIJDWLYQ RYOLYQLW MHKR PHFKDQLFNp YODVW

X ,QGXNpQt SobrGla)kpHtipem WpWR WHFKQRORJLH MH JHQH!
Yt LYEFK SURXG&ou MHQR Oy
HOHNWURPDJQHWnNdEKtbéXr DG
FtYN\ NWHUéP SURWpPNIURWP
VRXpiVWL O]JH Y\Xatw LQGXN
k SURK iWt FHOpKR SRYUFKX

RFKi]
QW X

,QGXNpPQt S HGHK HY MH Y\XAat EHN
SURIla@@MObORYpP PHFKDQLEN(

SU$P\VOX -HGQi VH R EH]HPL\/’ ORJI
PR&Qp Y\XatYDW L PRELOQtFK K HY

FRa MH Y\XatYiQW @DS\/N\DCPDSBUE
S HGHK iWt VYDU$ YHONENRAWR . ™
PHWRGD BYKGHKIQLNI VYRX E_C > ___ 4
HIHNWLYLWRX MH(SLH’HQ@V(&HW Obr.10 /v pl v_ }ZZ A €ii
VRXPiIVWND MH S tBRVIDHKGNAQDSWREHQt MLA Pt QEEK
YEKRGRX MH PLQLPiOQt UL]JLNR R[LGDFH SRYUFKX D
VneprovS FK WpWR PHWRG\ KRYR t Y\ VRNp SR LIRYDFt Qi
VORALWEéFK VRXpiVWt

X 3 HGHK HY HOHNWULXLBENR&P SRHEGORKMHPHOHNWULFENEéEP RE
JHMPpQD WHFK®RORIMOHMIG/MAG. TYfoPHWRG\ Y\QLNDMt VYR
GREURX IRNXVRYDWHOQRVWt D VQDGQRX RSHUDWLYC
9éKRGRX MH PRAQRVWIaNRREIE@RDFH QDS V

SDSUVNHP GR MHGQpPp VYD RYDFt KODY\ btpé MH FHO:
SURFHV S HGHK HYX pL GRK HYX MHaW ]JHIHNWLYQ (
'$OHALWiIi MH YA&DN VSUiIYQI NRQILIXUDFH SDUDPHWU
ODVHUX L REORXNRYp WHFKQRORJLH WDN DE\ QHGREFK
kQDGP UQpPX RK HYX pL GRNRQFH OQDWDYRYiQt
PDWH Wloukelth. RPELQRYiIQtP W FKWR PHWRG

GRAOKR EWRML WI1Y K\EULGQtFK VYD RYDFtFK
WHFKQRORJLt Obr.1l o ISE] IE } o}ul d/’
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ZY&iH XYHGHQEFK PHWRG S HGHK HYX E\OD ]JYROHQLE
NRQNUpWQ PHWRGRX 7,* 9H SURVS FK WpWR W HF®EKO F
WHSOD D VQDGQi NRUHNFH VYD RYDFtFK SDUDPHWUS$
SODVHURY&P SDSUVNHP %XGH WHG\ Y\X&tYi@RH KWK HF
i VDPRWQp VYD RYiQt WHQHBQRPX VSHIREQRDWIYFNpP SR
kzel HNWLYQ Qt FHOpKR SURFHVX FR& E\ PLPR MLQp P O
KOHGLVNR GDQpKR SUREOpPX
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27(&+12/2*,( 69% 29E I8E[10], [12], [19]

6YD RYiQt SDWVY iVIBRI®X REUIE QtP D SRYUFKRYE&PL ~¢
VWURMWHFRKQNPORILH $pNROLY PH]L W P LWdskavibizEah@ R O
SULPiUQt SRVWDYHQt XRMNilYW QOIMHY VFE¢ RAEHMISRI PP WHULIC

3R GORXKRX GREX EVOR MHGLQRX ]J]QiPRX PHWRGRX QF
NRYi VNp VYDHBWIQH QD NRQFISUS$EVKWXR O W\RD DM X GNGRX
UR]JYRML WRKRWRSE®M WREIPDEKK HOHNWULFNpKR REOTF
HOHNWURG FR& GDOR Y]QLNQRXW WHFKQRORJLtP MDNF
1iVOHGRREMHY VREFRYDQQYF DWPRVIp H LQHUWQtFK SO\Q
VYD RYiQt VOLWLQ KOLQtNX pL KR ptNX 2SUDYGRYpKR
SRORYLQ Y ¥ WRNDHHRVIQ MNRQYH Q p Q t F K OVIY\DHRIKD FH P NP
SDSUVNX QHER VYD RYiQt SOD]PRX

BULQFLSHP VYD RYiQt MH Y\WYR HQt SHYQpKR QHUF
NRQFHQWURYDQpKR WHSOD PRAQRRNXEL\SDEQtGRERPMKR
0GDQpP FKHPLFNpP VOR&HQt 3$VIRE KDt PRIFKDMKRE R WaFY
bL WODNHP GRFKi]Jt NH Y]JQLNX WRKRWR VSRMHQt 3UR \
FKHPLH I\]JLN\ PHWDOXUJLH D GDO&tFK RGY WYt

SY\X&LWtP QRYEFK WHFKQRORJLt MHQ& S t]QLYYERYDRY
VYD RYMWtP MVRX YADN VSRMHQ\ JY\AXMtFt VH QiURN\ Q
JKRWRYHQE&PL QHRWWI®HMX YEYRML D SRVRXYWYtD] RMB F€F
PHWRG NXS HGX

216YD RYIQt Qud,\28,ubH P

HistorielaseiX VDKi Da GR SRpPiWNX SiQ\\@mEpReEm B BnstEihém
SRSViQ\ ]INODG\ NYDQWRYp I\]JLN\ 1iVOHGQ SRSVDO $OE
MLAa MH SULQFLSVGIN\SEUKX 1B DG BN @Miéfifzici Badoy, Pvddivav U
a7RZQHV ]D t]JHQt ]YBQPPOWH QD7BRGREQpPP SULGRBEISX M
UIGLRYEFK PLNURYOQQéFK YOQ =D WHQWR SRpLQ E\O
3UYQt ODVHU VSDW rbce 1960. VBY RN R/QVWL XRY &P DXPGIEHF N
T.ODLPDQHP NWHUé MDNR DNWLYQt SURVW HGt Y\XaAaLO N

Slovo LASER je odvozeno SUYQtFK StVPHQ DQJOLFNp SRHdghv X VLC
Amplification by Stimulated Emission of RadiatiohYH YROQpP pHVNpPpP S HNC(
VY WOLPP XORYDQRX HPLVLt ]Ji HQt

IDVHU QDFKi]Jt ALURNPKOWXARWLFNEFK DSOLNDFtFK -t
VYD RYiQt G URYiQt SRYUFKRYp NDDORGSHdbDEX) RK\K 4G /O
ODVHUX XPR& XMH VRXVW HGLW HORHU YIHL |PTA XM KX PIVE
HQHUJLH 3 L WRPWR SURFHVX SRWODpPpBMKR ¥ GUD RIEQRY
Y\XALWt ODVHUX

"tN\ ODVHURYpPX VYD RYiIQt MH GRVDKRYIQR Y\VR
QHUR]J]HEtUDWHOQEéFK WYSIRUWRY § FRLWHDRM S Z\WWRVHQFL S tC
FKDUDNWHULVWLFNp pLVWEPVSRYSFMR YNO NG 1 Q VBN WG
PHFKDQLFNp PPHWDNORQILFNp YODVWQRVWL D QD PLQI
SRAaDGRYIQ VYDWHRKDHKNERESE D GDQpP YéNR Q X3 VHNGLDRWHV
ODVHUX MH VFKRSQRVW VYD RYDW MtP L PDWHULIO\ NW
VYD XMt YHOPL W aFH 6WHKMQV WBN RMN YK R® (@D W HM)IL&EHR
V SUD[L VH Y\XatYDMt SUR VSRMRYiQt RFHOt DOH Wpa SC
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_Gravirovani;

Mikrozpracovani; ;
P [ 13%

12% \

_-Vrtani; 3%

Znaceni; 26%

Svarovani; 13% _/

Obr.12W@E} o¥u %} 0 0« E}AE Z %o0]l _ €1i

VEKRG\ ODVHURYpKR VYD RYiQt ]QDpQ S HY\aXMt QHY
technologieVWIiOH QD Y]JHVWXSX =D QHYEKR\ENO BRRIWBPQY
aVORALWpP S tSUD WRPIXQMEKRS UWRDWIHUX MH FHOiIi DGD Y\\
SY\VRNRX aWtKORVWt Y]iMHPQi VYD LWHOQR\WGIBYQRKI
PDWHULIOX VQDGQi DXWRPDWL]DFH NYDOLWQt VSRM H

B3UR |]DFKRYiIQt W FKWR YéEKRG MH WDWR PHWRGD DXWE
SUREtKi ]D SRPRFL &DSDVWWNPRSSRORKRBRYDRFDAM\KXOPRD
VHGHQD URERWLFN&RPQEP PFHRYHWPHY VWXS $ YROQRVWL 71
YHGHQt SDSUVNX SR QDSURIRMFDMRYDPBODPNGUSRMHAD R U]
ZSRADGRYDQpKR FRX¥WIHENR UXR Y X Q\NX WY RSOMBEKOSYtEDKOG =
G$SYRWBVWRX VYD RYDFt URERW\ Y\EDYHQ\ GRSO NRYéPL V\V
VYDUX ]D Y\XAaLWt 1S WQ RIDM] HEH tWID N\ VINGIPEBR YiQD NRQ
VYD RYDFt KODY\ RG SRYUFKX PDWHULIOX FR& Mtadk SRG
XGUARYIQR VSUiIYQp ]IDRVW HQt

3ULQFLS VYD RINjq0]J2V[EsY HP
3RG SRMPHP OD ViHWQBRIXPEPH]NpKR SDSUVNX R PDOpP
VH FKDUDNWHULVWLFN&GPL YODVWQRVWPL 7 PLbadM)RX P
NRKHUHQWQRVW MHQ MHGQD V\QFKURQL]JRYDQi YOQD [
YODVWQRVWPL VH OL4t RG NODVLFNpKR JGURMH VY WOD
3L SSVREHQt WRKR SDSUVNX DEVRUEXMH PDWeRELiO
JY\EARYiQt WY GIRWAWR SURFHVHP P$&EXERWID H il @ DRR
PDWHVILiIDXVORVWL QD SUREtKDMtFtP SURFHVX URJOL&XN
X .RQGXNpQtSHBAL®MD HQHUJLH ODVHUX QD WHSOR |
PDWHULIO$ &tN RQHEXNFP
X 3HQHWUDHWEHPHUJLH ODVHUX VH P Qt QD WHSOR
Y\WYR HQi ODVHURY&P VYDINHP NWHUi SHQHWUXI
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90LY QD WRV AWMU YRX UHALP$ QDVWDQH Pi
S HGHY&tP SOR&aQi KXVWRWD YéENRQX ODVHUX 3 L
NRQGXNHAIPP X MH Y\X &V RFIFRGQRW
'RFKi]Jt S L QP ]JHWFUFKRMpPX WDYHQt
PDWHULIOX RGESMEPiOQ@t MGHYBU Y]QLNOé SRXALWtP
tohotorHALPX MH REY\NOH aLU&t QH& KOXE&t D MHKR WHSH
RYOLYQ Qi REFOUIRMBIMBHW UDpPpQtP UHALPHP
]1QDPQ B WAWRPWR UHALPX MH Y\XatYiQ S tGDYQé
PDWHULIO NWHUé MH @PDWHURYOHPVSROHPQ V
]INODGQtP 'BERIPtAKIYiQt WD¥HQLQ\ FR&a YH
KY\WYR HQt VYiUX 7DNWR ]JKRWRYHQé VSRM EéYi |DREO
D KODGNé EH] QXWQRVWL GDO&tKR REUIE Qt -H Y\Xat
S HGHY&tP SUR VYD RYiQt WN@MRVW QQéFK SOHFKS$
XPRa XMH WYRUEX S HGHV\des®tinl obr.13” z u I}v ul v_z} &
PLOLPHWUX DAY éKIRGGLAPH WK OIRIKW SURWR VH Y\XatYi SuUi®
U\FKORVW VYD RYiQt S HBGUKQRKXE NNRRK) @HHEOX XMH Y\RE
obr.13.
3L SHQHWUDpPQtP UHALPR EKNP RVIDKRORRA®Q RWVWRW )
aWR B&-FP. 5SRYQRE 4Qé& SDSUVHN ODVHUX MH RVW HQ ]C
GRSDGX NWHUp MH QD]éYSQRGRXIQREYRRHPR¥F KNJ@tKR PQRA)\
L RK HYX QH& MH@IRGHUGI W Y HKIR
7R YHGH NH WYRUE SDU NRYX |
SODVHURYéP SDSUVNHP ]D Y]QLNX
REOiIpHDIDN W FKWR SDU Y\WODpPpXM
pbtPa Y]QLNi KOXEWNQ QDSSODUDBL NI
NWHUiI S tPR VeRiXOUHGH QWW DHIHNW V
keyhole 'R WDYHQLQ\ D QiVOHGQ SDN
MH HQHUJLH ODVHURYpKR SDSUVND>
XPR&4 XMH SURQLNDW GR Y HGM/pt KA
D KOXERNp VYDU\ W\SI5FRN W BYRQ®XN
je vG$VOHGNX HQHUJHWLFNp D WO
SDSUVNX D SDU Y\WODpPRYIQ QD ]DG
Obr14~ Z u % v 3& v .z}ya NGH Y\SO XMH Y]QLNORX &W UELQX
VYDU 3ULQFLKR SIHHEH WX D\WIDtY\REUDIHY RPWREWHALP X Mt
RFKUKQDWPRVIpU QHMPDVW ML ]D SRXALWR[D®HR QUK OKLH C
3 L SRXaLwt KHOLD MH GRVDKRYiIQR Y\dadatFK U\FKORVW
plazmatu. 7\WR SO\Q\ Y\ OWROCAE RN iQt REONDWMNURODVHP/WR t QD
aRGFK\OXMH piVW HQHUJLZHR O/DHV M URAY ¥ KRR S, S0MANEI PR X
]JKRUGXMH SRGPtQN\ VYD RYiQt D QHIJDWLYQ S$VREt QD
EUi@xdaci svaru VDWPRVIp H ]DEQUXKMH SWHRMHY$P Y\YROD((
Y]GXaQéP SURVW HGtP
6YD RYiQt ODVHUHP MH PRAQR SURYIG W YH GYRX UHa
3L NRQWLQXiOQtP UHALPX MH FKRG SDSUBOXa XN R ML E
KRGQRW DREY9ENFPRQYIYLVORVWL QD pDVH OLQHIUQt FKDU
YENRQRYp YEN\Y\ D HQHUJLH VH SDN YH JGURML VNRNR
GRFKIiM\][D RYiQt HEHWDNUNBFK LPSXO]JHFK REU E 7TDW
VKURPD& RHUHR DB HOKtKR pDVRYpKR ~VHNX G t@RIYONBQHKXYT
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XYROQ Qp SDSUVN\ Y SRKIMLIGHGQRMHPY L p DV H FFKQ 8 R VDK
energie. 5RJKRGXMtFt MH S LWRP S HGHY&tP HQHUJLH SXO]X
teplD 'iOH SDN L GpOND SXO]X QHEROL pDV S$VREH&®O SDS
RK HYX D QDWDYHQt 7\WR GpON\ SXO]X MVRX U$]Qp GOF

3RGVWDWQRX UROL S L VYD RYiQt ODVHUHP KUDMt VYL
YEVOHGQRX NYDOLWX VYDUX DOH WDBER WY [Hif9@ YWH.QY L Q)

Zaclatek svarovani Konec svarovani
/ Primérna hodnota vykonu \

Cas [s] Cas [s

Vykon [kW]
Vykon [kW]

Obr.15 <}vs]vp ov_ & 1Ju A Z}A v_ Obr. 1 Wupuolv_ E TJu <A Z}A

PHWRGDPL Y&DN QHKUDMpBLWDRWYDE SBRNARPKXYURDHANHUDPp
procesusY \VRNRX LOQWHQ]JLWRX HQHUJLH MH& MH PDWHULIO
Kk MHKR VDPRWQpPPX QDWDYHQt
BURFHV VYD RYiQt RYOLY XMt W\WR SDUDPHWU\

o 3DUDPHWU\ D YODVWQRVWL ]JiNODGQtKR PDWHULIO

o 6YD RYDFt U\FKORVW

o 2FKUDQQé SO\Q D MHKR REMHP

0 90QRYi GpOND VYD]NX

0 2SWLND VYD RYDFt KODY\

o0 9NRQ ODVHUX

o Poloha ohniskaY [ KOHGHP N PDWHULIOX

21 5R]G OH QLoD [R0],HR8]$[24], [25], [26]
7HFKQRORJLH ODVHUS$ MH QD VY \§URAA@DW]EPD b QO HWE Y
SUYQtFK UXEtQRY&FK ODVHU$ VH SRVWXS® QRRDWD Q R RV
Gi R]QDpLW ]D QHSRVWUDGDWHOQRX D W &NR E\ VH QD
YEYRMH E\OD Y\YLQXWD FHOWHDGEBL WIS $G Q BV HRESSIQRHH |
VWURMtUHQVNp SUDJL
Xx 3HYQROIWNRWPNFOBNUILYQt SURVW HGt SHYQROIWNRY ¢
QHER DPRUIQt OiWN\ RERKDFHQpP R S tVDG\ DNWLYL
HQHUJHWLFNEéFK \GRIY ¥ 5 KWDRKR\PRS SptPB MH Y\YROIQR DE
HQHUJLH =iNODGQt PDWULFH VH W FKW RVEGWWS$ SR DDy
o OD[LPiOQt KRPRJHQL]DFH DNWLYQtKR SURVW HG
]DS tpL XMtFt DEVRUSHWQtQHER UR]SW\O ]i
o 4LURNp DEVRUSpPQt SiVPR DNWLYQtKR SURVW HGt
o 'RVWDWHpPQ YHONi SUDYG SRGREQRVW ]i LYBFK S
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YyDVWR Y\XatYDQéPL DNWLYiIiWRU\ MieBdMOsAaWIK DEPR L G
JDGROLQLXP GiOH SDN S HFKRGRYp NRY\ MDNR MVR)
OiIWN\ PXVt GiOH

]DUXPRYDW p GDOQ

WHFKQRORJLFNpP

SRADGDYN\ NWHUEéPL

MVRX QDS tNODG PRAQRVW

PHFKDQLFNpPKR

RSUDFRYiQt D OH&W Qt

QHER IRWRFKHPLFNI

odolnost. 9 WaLQD

SHYQROIWNRYéFK ODVHUS$

pracuje vSXO]QtP

UHALPX D MDNR pHUSDFt

]JGURM MVRX Y\XAtYiO\ _

SO\QRY D Y Obr.17 Konstrukce ND:YAG laseru [25]]

1IHMUR]&4t HQ MatRPSBDYROHPNRM (6. ¢43*7@BXWR ]D t]t
VORXat MDNR DNWLYQt SURVW HGt LIRWUBREQ: NNWRND
MH GRSRYiQ NDWLRQW\SRPIMGA\PAtFKGStVPHQ SRWRP
WRKRWR W\SX OD\WBHIRY RITHRFHUR\XEBM SXO]Qt L NRQW
HPLWXMHGPG®IPR XYY YCPQD MHKR HOHNWULFNiI ~pL@QRVW
REY\NOH%). D] HPLWRYDW L ]i HQt R MLQé&FK YOQRYE&
~pLQQRVWL /DVBYOYQXEDXYNDORMAMLQXiOQt UHALP VH QD
EX]JHQt NG\ VH SUR

SXO]Qt UHALP Y\XatYi

NU\SWRQRYé&FK

JIEOHVNRYéFK ODPS

]JDWtPFR SUR
NRQWLQXiOQt MV R X
SRX&tYiQ\

REORXNRYp ODPS\

QHER VWIOH pDVW Mat

GLRG 7RWR pHUSIQt ]D

pomoc diodobr. 19

dosahuje Y\aat

HOMNWULFN, L O0d8Sseul Ewe on @y uivz) ) o
NOHVIGRW SUD[L VH E aQ NAHV$N i ®@IPMHVM\ MHMLFKa SU
SDSUVNX QHS HVDWRMFXO]Qt ODVHU\ MVRX Y\EDYHQ\
MHGQRWNDPL XPR& XMtFt Y)W FRNR Y@t R EKD KR G@ B WOF K
YENRQX 9HOLNRVW LPSXO]$ WDNRYéEFK ODOVKIMMAs&&DN P
Y\X&tYiQ\ MDN SUR VYD RYiQt QHER H]iQt 2EHFQ I
VDXWRPRELORYpP D HOHNWURQLFQPPHSU SN’PRAGKE) N Q MW
Y\XatYDW L SUR SiMHQt -HKR QHYéKRGRDROBHDIXW
SHYQROIWNRYéFK ODVH(OB. MH -GIIKRHD NYWLINQIR S RVW
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RSWLFNEP YOINQHP MHA& K HOPRIDRY HIR WHWMUE LHHPR O
7\ PRKRX EEW Y]iMHPQ VSRMRYiQ\ ptP& O]H ]JY&aLW Y
SRPRFL ODVHURYE&FK GLRG MH S HV RSWLFERXR VFERWIL
YOINQD 3UR Y\FK\ORYiQt SDSUVNX MRISYWXRNYIR ¥ 4NQ
QDKUD]XMH JUFDGOD OLPR NRQWLQXiOQtKR D SXO]Qtk
L W]Y NYDJLSXO]Qt UH&ALP 7R WM jddodjchest aMdpaianoR G Q |
astabilitu. Tyto laseryd¥ SRQ XMt Y\VRNR X ~ p QUDRAW\VIREAN R X & LY
150000 hodin). VSRURY Q@ &% ODVHU\ WDNp SRJRUXMHPH Y \

Obr.18+« lo v_ I}veSEul Ao IVIA Z} o ¢« Epn £€ifie

Y\datFK VYD RYDFtF KH[WBKPRVWRKFKSDGRVDKRYDW S L
UHALPX Y&NRN):X PRA QDFKi]Jt XSODWQiQp PV ¥Y\al H RWHAL FY ¢
vVREODVWL DUPIiGOQRMRRXNHOBWRX]QDpXMH VH Y\VRFH
PRGHP WHG\ WYDUHP SDSUVNX -NKRRFHONRYHQN IV &K
QiURPQRVW YEURE\ RSWDFIN VIORX&OIiNEBIDVYD RYiQt DOH
X 30\QRYp :ODDMWR\WNXSLQD REUBYWIQDMMKURMIUHQVWYt Y
$NWLYQt SURVW HGt W FKWR ]D t]JHQt MH WYR HQR SC
mohou pracovat jak 8 XO]QtP NFDQWIL XiOQtP UHALPX RNYP LWH) X
MHMLFK YENRQ =DWtPFR Y&ENRQ\ S L SXO]QtP UHALPX
NRQWLQXiIiOQtP UHALPOUOPNEPSUBRFRWIR WYENRQS$ D WR F
kKW. 90QRYp GpON\ HPLWRYDQpPKR ]Ji HQt SDN SpgelNrb.éY DN

Obr.19 Konstrukce CQaseru [26]

7\SLFNéP S HGVWDYLWH O H RlaSefdl®).RY. &-FHK B ID\WNULSY I H SUP

WYR HQR VP #tC&H S L QHME aQ M&atP SRP UX VYOREAN

DNWLYQtKR SURVW HGt MH MDN RYOLY RYiXxtH URR 83MWH

k EX]JH@R MH |DML&A&"RYIQR ]SUBE¥ERNMBPHOGHNWADN NRERA

I HOHNWURQRYpKR VYDINX QHER FKHPLFNp UHDNFH 3L
20



YOQRYi Gp®NDPtP& VSDGi PH]L LQIUDpHUYHQ@pN]i KRIEQ RI
YOQRYp GpON\ MIBYROGMKRGQAt] VWRS\ IRNKOQRYEHOPEIR E
YHGHQ RSWLFNéP YOINQHP D SUR MHKR S HQRFtMaDN
VRXYLVt L QINODGQp RSHUDFH MDNR MH MHMEFK [pR3W
7tP MVRX NRPSHQJRYiQ\ MLQDN Qt]Np SURLYGRQ® 10 \NNHOUDK
se pohybuje mezi 10a15 Q NG\ Da-VRX VFKRSQ\ Y\YtMHW YHOF
iGRY GHVtWN\ N: S L N RBQW WRRIKD A FEOHYSBINARGH F K Q L F N
SUDI[L Y\XatYiQ\ SUR RSHUDFH MDNR MV Rko 300 prialpt H
JUDYtURYMNQ&ATPLY YENRQ\ MVRX SRXatYiQ\ SUR VYD RYi

+\EULGQtFK WtRIRQRIBR[2%] H

6YD RM$€em sVGHERX QHVH FHORX DGX YEKRG D S HGQR
i Q NWHUéEPL YODVWQRVWPL NWHUp VH ]D GDQéFK SRt
QHAIGRXFt WHBIQRK YODVWQRVWt MH U\FKOp RF#®@®@MDOJRYiQ
NHAIGRXFtFK VWUXNWXU YH VYDUX QHER NH Y]J]QLNX YDG

S3UR HOLPLQDFL QHGRVWDWNS$ ODVHURYpKR WYWHBRXQ
VYD RYDFtFK PHWRG HOHNWU MW NF&PV R EKOE XN 8 B td=#¥v GNGHRFX
lasTIG neboli lasellIG (obr.20) -HGQi VH R NRPELQDFL @BtddWIRSY p KR
WHG\ Y\XaLWt QHWDYtFt VH ZROIUDPRYp HOHNWURG\ M
RERX PHWRG GRFKi]Jt NH Y]JIMHPQp NRPSHQ]DFL RERX WH

VpraxL VH OJ]H VHWNDW VH GY PD W\S\ PHFKBQLYWRB @ [ %/b
S HGFKi]Jt 7, HOHNWURGD ODVHURYpPX VYODKXtY3Qt WRPL
PDWHULIOX REORXNHP D SDSUVHN ODVHUX SDNWHYQH
QDWDYHQé VYDURYé NRY 7tP MH GRVDAHQR SRGREQEéF
S HGHK7TBDY)RYpWR Y\XAaLWt S HHK HOXMSDMNX YSHEH' N HQ't
GRVDKRYIQR KOXE&tFK SU$SYDUS$

V GUXKpP S tSDG S HGFKi]Jt OBUHNRY& FSNDEPUREBERO RSXNBP
k DSOLNRYiQt GRK HYX 7RKRWR XVSR iGiQt VH Y\XatYi S
MHOLNRA& MH S$VREHQtP ODVHUX ]DS tpLQ Q UR]SDG R]
QIiVOHGQ VYD HQ HOHNWULFNéEP REORXNHP

7TDNRYRXWR DSOLNDFt S HGHK HYX pL GRK HYX O]JH YEél
SRPDOHM&tKR WXKQXWt VYDURYp 0Oi]Q 7tP MH XVQDGQ
Oi]Q PptPa NOHViI UL]JLNR SYURYLWRVWL VIQUKNEFRXHYDW Y
'‘DOAatPL YEKRGDPMVODY HUVRNp VYD RYDFt U\FKORVWL D
SURFHVX PDOi WHSHOQ RYOLYQ Qi REODVW QHER Y&aH
SRP UQ YHONRX SRNR]JARRSYMLAN RAHIXOYDDR DRMWDBFYHKQ SDUDP HW L

Obr.20Princip LaerTIGu [27]

21



2SURWL E 48QpPX ODVHURYpPPX VYD RYiQt MH WDWR K\E
VSUIYQRX NRQILJXUDFL SOUULRRHWQRERKN®DWDFN®AKS MDNR
QHER Y&NRQ ODVHUX MH GiOH QXW®WQ P [DREAMDYM PV R FKUBIPQ
YHOLNRVWt GHRXGXHB Qt DG WURGHQB VWD HOHDE), KO D
NWHUi RYOLY XMH Y]iMHPQp S$VREHQ3 IPHJ]HGFDSVUNWNHP
Y]GIOHQRVWL P$&H E\W HOHNWSDRRL iQDV H UR WaP QHID W
VWDELOLWD REORXNXGiPREHP¥XIDYHVW N

2146YDURYp YDA, 2%, \V3aUX]

1D VSRM Y]QLNOé VYD RYIiQtP iIMRRX NHODLWH@\ FFH¥R N
al\][LNIiOQtFK FKDUROWGEHHQVGHWND]-MDN QD NYDOLWX VYI
HVWHWLpPQRVW 90DVWQRVWL WRKRWR VSRMHQt GYRX N
O]H R]QDpLW MDNpNROLY RGFKéOHQt RG YODVWQRVWt
VPOXYQtP Y]RUNHPA VAWRWIYDMt NRQFHQWUIWRU\ QDS W
mel]H ~QDY\ D LQLFLXMt N HKNé ORP

/TH MH UR]G OLW QD S tSXVWQp D QHS tSXVWQp GiOH
UR]G OHQt MHGMH NRIANWUPWOtKR W\NEFKYDRGEPQAER WOIH
RGKDOHQt YDG\ MH PRaQp MH GiOH G OLW QD YQ Méat NV
D YDG\ VNU\Wp QHEROL YQLW Qt XRWWRiQWRHMSEHKA | ILIENHaR
aODERUDWRUQtFK INRX&AHMEtPWMUKDOQOW&E&x SHUMH QWERDQHS U
YQLW Qt YDG\ O]H SRYDARYDW SO\QRYp GXWLQ\ YP VWN

'OH WYDUX GHIHNWX VH GiOH XatYi UR]G OHQt QD YDG
MVRX R]QDpPpRYiQ\ GHIHNW\ WKXYPLWNW R B3 PX FXHE R RPO O R
VWXGHQp VSRMH QHER QHSU$YDU\ 6NXSLQD REMHPRYE&
YP VWN\ DOH L QHSUDYLGHOQEP YSIR RY BPKQHF KV PDWHU L
VYD RYiQt QiVOHGQ RYQEYFKMY HG WV XR URUGEH H YGH/DH NY\DSG
FKDUDNWHUX SRSLVXMH QRUPD y61 ,62 N W ptdxii s&V \ W R
SDN VHWNVYRRW R W\S\ YDG
x BWXGHQp Wljoh (0 s

vZQLNX GRFKi]t S

VYD RYiQt S L FKS3

WHSORWD VYDURY

SRG Daf & -H

YEéVN\W MH

VSRGKRXVHQNRYE

svaru a VWHSHOQ

oblasti (obr. 21).Dle orientace RS Py . "
se UR]G OXMt QD W "~~~ 7" 7~ 0Obr217&p v SEZolv €ife

ap thbQp MHMLFK SRYUFK MH OHVNOé& QHR[LGHaYMQE&

S tphLQRX MHMLFK Y]JQLNX MH Y]iMHPQp S$VREHQt W t IL

S tWRPQRVW VWUXNWXU\ FLWOLYp QD S tWRP@®RVW

QHAIGRXFtKR YRGtNX P$aH E@WGRNRQIXHY @ENRVHMQ é

6WXGHQéP WUKOLQiIP VH S HGFKi]Jt S HGHXLRAYWH DU >

SRPRFt XKOtNRYpKR HNYLYDOHQWX &¢(

7
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X Trhliny za horka(obr. 22 + Y]QLNDM

VYDURYpP NRWXSWOQ LRYOL;
S L Y\WRNéEFK WHSORWIFKf &\
1iIFK\OQRVW PIWWHKOL@R ND
RYOLYQ QD |JHMPpQD MHKR F
QHJDWLYQ S$VERHE KY XKRON Bl YR
Q NWHUEFK OHJXU 7UKOLQ\ ?
podskupiny: 4
o .U\WWWDOL]DpQt YWOQKODE
VYDURYpP NSRUYPE KX Vo
(krystalizace) e

o /LNYDpQt WHUKRXIDQADNW

S HGHY&atP SUR WHSHOQ |

vysoko RK iWpP SRGKRXVHC

9H VYDURYpP NRYX Y]&

PQRKDYUVWYpP VYD

0 3RO\VIJRQL]DpQtWWa& KR Q' SEiiiEges A A R < b

jako trhliny zSRNOHVX WDAacg Obr.22 Trhlina za horka [31]

Vznlkat V722 REGREQ MDI‘II\ V\IUI\UL\(\

OLNYDpQt DOH L YH VYDURYpRUNRYAVRWROHKIRYD(
AtKDFt WHMVORLQWL QLFLRYIQV S L YHONéEFK UR]JGtOHFK W
VYDURYpKR VSRMH -VRX ]S$VREHQ\ PDORX SODVWLF
GRFKi]Jt NH Y]QLNX WUK OTOD i 8\ $K VWKW tt WHH MDIN WH S O R
300f& 8 RIREOMDKHP FKURPX D YNDHONDIGRK GARVFRKWIE NS L WH

D& f& -HGQi VH R SRGQiYDURYp WUKOLQ\
/IDPHOIUQt MWURONDMIOYGQtP PDWR2LSOX YAVRNEFK WH
9I\]QBXMt VH NDVNIGRYLWEéEP WYDUHP PRY WFKLHIR R DWWHRWXL
LQLFLRYiQ\ YH YP VWFtFK S L $HVRHSQS ¥ NYSKMN RDtSWD
VtU\

UWIWHURYpt MHEGOQLQ@H R MDNéEéVL SRGGUXK WWKORQIQD
VPUAW QtP WXKQRXFtKR NRYX S L QiKOpP WHSORWQtP
9P VWVAHQHMpPpDVW ML VH Y\VN\WXMt YH VSRML S L QHGR\
StVNX D MLQéFK QHpLVWRW PH]L VYDURYé&PL YUVWYD
YP MWH[RIJHQQt WQLYH®REX WUKOLQ 'iOH UR]JOLaAaXMH Y
WYR HQ\ FKHPLFNEéPL UHDNFHPL XYQLW WDYHQLQ\
Bubliny (obr. 23) + MVRX Y\W : :

SO\Q\ NWHUp VH GRV
S HG MHMtP J]WXKQ
difundovat zPDWHULIiIOX
GHIHNWX Pi NXORYLW
vyskytovat VSRGRE VKOXN
%XEOLQ\ MVRX QHM{
N\VOtNHP YRGtNHRN H®
S LpPHPA N\VOtN @fMNWHwww i
S tSDGHFK SURVS aQé 1DRSDN YRGtN ]J]S$SVREXMH W
]DS tpL XMH GHIRUPDpPpQt VWiIiUQXWt FRa YHGH NH VQta
FKDUDNWHULVWLFNp SUINNGOBMHEURY pUDYR SR OBEIGM X VIS\FEN
NPLWiIiQt NH\ KROH

IHSUSY¥OGRFKIQLR S L piVWHPpQpPP QHGRNRQDOpPP QDWD
EeéwW |]DS tpLQ Q\ Y\ VRNRX VYD RYDFt U\FKORVWt S HG]|
]JYROHQEPYUYINRYDQpPKR PDWHULIOX

Obr.23 WeE}A]§}+8 +A Ep €ife
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X 6BWXGHQp WHBERMHVH R QHGRNRQDOpPp WDYQp VSRMHQt ]
kovem. KMHKR WYRUE GRFKi]Jt S L QHYKRGQE&FK VYD RYDF
U\FKORVW &dSDWQp YHGHQt HOHNWURG\

X =ZiSDOMVRX W\SIRWRYWPRVYNDU\ 9]QLNDMt QD KUDQLFtF
D ]iNODGQtP PDWHULIiOHP /]H MH SRSVDW MDNR RVW
9]QLNDMt S L X&tYiQt GORXKpKR REORXNX S tOL& YHO
YHGHQt HOHNWURG\

X .RHQRYp MRXYGWHIRUPDFt NR HQX VYDUX 7D VH P$&H
SURSDGHP aSDWQ SURYD HQ&P NRQFHP VYDUX

ZdaOL MH YDGD S tSXVWQi QIR G LR R G Y MERIONRMWE Q F
Y\WWN\WXMtFt VH YDG\ 6DPRXQDSG®DWBDWH WIDINp @MH RUL
YODVWQRVWL VSRMH SUDFRYQt SURVW HGt DWG 3 L KR
JNX4HQRVWt &H YDGD QHMYtFH RYOLY XMH SRUX&HQt N
JHMPpQD SURRGQRPHQYt MHMLFK S tSXVWQRVWL MH GiQR
UR]JOLAXMH W L VWXSQ MDNRVWL % & D' NG\ % R]QDpP]
NYDOLWX VYDUX D VNXSLQD ' R]QDpXMH Qt]NRX NYDOLW

6YD RYiIQt PHWRGRX, B3
7,* QHEROL 7XQJHVWHQ ,QHUW *DV VYD RYiRFEHWQ 1
DWPRVIp H LQHUWQtKR SO\QX VSDGi PH]L WHFKQRQRJLF
HOHNWULF N(pht.R4R £ 68 R YWNRX R E RFE XN IXRQtpYDWPRVIp H LQHU\
ViP Qi]JHY PHWRG\ QDSRYtGi )XQNjt odRrEnaU BOR<ipK R
elektrodatVYD HQHF S HG S$VREHQtP Y]GX4QpKR N\V@WN)$ D (

Obr.24 Princip metody TIG [15]

OHWRGD MH YKRGQi SUR FHOp VSHNWUXP PDWHULIiO$ GO
Y\X&4tYiQD SUR Y\WVRNROHJRYDQp RFHOL VOLWLQ\ KOLQtI
PDWHULIOSOLBEQKEGQi SNROYSRWRFKNRRBHIOURMHIDHEH]SH
SyU$ YH VYDUX

9]KOHGHP N QHWDYtFt VH HOHNWURG MH S tGDYQé PD!
0i]Q H[WHUQ D WR EX YH |PnRip réctbiWTHG HEE RV (@ DSL@HANR
PDWHULIiOX MH ]Qi]RIEKXK QRXIRREWYADN O]H Y\X&tW L EH] >
NG\ GRFKi]t SRWPHY NQt PDWHULIOX ]JiNODGQtKR D MHKR Q

6DPRWQi VRXVWDYD SUR VYD RYiQt QHWSDeKNoNB iz8i P L
]JGURMH SURXGRFKVYRDQ®BPXSWO\QHP D MHKR YHGHQt SRG
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tGtFt MHGQRWNRX FKOD]JHQtP DWG 9éEDYD VRXVWDY
SRXatYDQpKR SURXGX QHER Y\XaLWt S tGDYQpKR PDWHU

6YD RYiQiYtFHWH HOHNWURGRX QDEt]t DGX WEHRWLYT
RFKUDQX 0Oi]Q EH] QXWQRVWL XaLwt WDYLGOD Y\VRNR)
VWDELOL]IWRUS$ MHGQRGXFKi UHJXODFH SDUDPHWUS$ V
=D QHYéKRGQp O]J]H SRYDARYDW SRP UQ VORA&aLMap WRXWIH
L Y\WWRNp SR L]JRYDFt QiNODG\ 'DO& NYHY&&RKE RBXt PB@A H
produktivita.

22 5R]G @eto@yTIG [27], [33], [34]

OHWRGX Y\X&ELWH HOMDWMURG\ OJ]H UR]G OLW GOHIcBRXal
Pi VYi VSHFLILND D MH Y\XatYiQ SUR MLQp W\S\ PDWHULI
Xx 6YD RYiQt VWHMQRVP UQéP SURXGHP

X 6YD RYiQt VW tGDYéP SURXGHP

3L VYD RYiQt VWHMQRVP UQ&P SURXG H Rnelbtth. M&J@L & R
S tPi VSRIDWSIRWMHQt HPIBRWQRBX EyOX D VYD HQHFE NH N
]DSRMHQt GRAKRMONRP UQpPX URPS QBQH OMHNSAODR G X6 S LS
WHSOD QD ]iNODGQt PDWHULIO SDN JEQWKEH N tF YNDHI XG RS
QHGRFISIHKNtYiQt HOHNWURG\ 6YD RY iQ@taxQtblii zagtdipend.H W R
/TH MHM Y\X&tW QDS tNODG SUR VYD RYiQt WHQNE&FK KOL

9\XALWt VW tGDYpKR SWIRXGKY @ DFSKORWQ QtQSKIO VYN R Y
KR ptBIRODULW\ ]JDSRMHQt VH SHULRGLFN\ VW tGDMt ptP
S tPp D QHS tP .PA®IRESOSHULRGD MH SDN VSHFIULYRNI
S$OSHULRG HOHNWURGD MH S LSR MHQDHSHNVXIOD 5P B MK |
HOHNWURGD MSIRY QBRX 5Q 0O XN KIDNV CPRORRI]W IN O X

7RKRWR PHFKDQLVPX MH SDN Y\X&tYiQR X PDWHULiIOX
vrstvou sSUR]GtOQRX WHSORWRX WD Y HDif RUHRE P i SV DNPGRINVGIHP PH
QDS tNODG K®LYWtFtP HIHNWX MH Y\X&tYiQR NLQHWLFN
R[LGLFNp YUVWYDPt®PRA BIRYWRKORXUiYDMtQ RSB G XH/D FItN B/
]DS tpLQt QDWDYHQt RpL 5WH WDIpiOK [iINODGQtKR PD
btP4 SRVWXSQ GRFKi]Jt NH VYD HQt

IHMPRGHUQ Mat YDULDQWRX PHWRG\ 7,* MH W]Y
LPSXOVQt WPD2RYIREKIiI]t S L Q P NH
VNRNRYE&P ]P QiP VYD RYDFtKR SURXGX PH]L
GY PD KOQGBILIYDPINODGQt D LPSXOVRYRX
5R]OLEKMH OLFKRE &QtNRSYRX VL
aSUDYR~KORX ]JiYLVORVW SURXGX QD pDVH

1IDWDYHQt Oi]Q D S tGDYQpKR PDWHULIOX SUREtKi]

S L LPSXO]Qt KODGLQ &KDUDMWHILI NI Mnnt 8MnsAP | M

Obr26 "A EC 1Z}8}A v % polv_u <A Z}YA v_u lo ] IC
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amplituda impulzuD GRED WUYiQt MH QiVOHGQ RYOLYQ QD Y

XPRAaQ QD NRQWUROD V¥RGRMDNIKRIBYXEXHWHROD RO KQD G

PDQXiOQ MDNR KRGQRW\ LPSXOVQt KODGLQ\hodpétER M
hladiny impulsu. Zpravidla se tyto
KRGQRW\ SRK\EXMt RNROI
ONROHP ]JINODGQtKR SURX
VYDURYp 0Oi]Q S URRKOIR XN+
KR HQtXREOPBtPA MH RGGI
WXKQXWt VYDUX 7PDOIp G
WHSHOQ RYOLYQ Qp RE
PLQLPDOL]JRYIQR PtVHQt

TRXWR PHWRGRX M—II-QMN/‘RWiéH\QYWl]MI—HM S HNU\Wt @RVDK.
Obr.27Pen 11}AE A E €16«

2FKUDQQp SO\Q\ S[BR[PHBBRG X 7,*

V SU$E KX VYD RYiQt PHWRGRX 7,* MH VYDURYi Oi]H FK
~NRO Y\WODpPLW RNROQt DWPRVIpUX MHMt& VOR&N\ PRKI
svaru.& KUiQt KR WDN S HGHY&tP SURWL R[LGDFL QHER QDS
SDN ]DMLAW Qt S t]JQLY&FK SRGPtQHN SUR ]DSiOHQt D KR
svaru.

V SUD[L VH QHM p D ValynwijakovjsbWargoniimeho Nelium, So t S D fgjichV
VP VPUIHME 4Q ML MH SRX&tYDQé SUiY DUJRQ MHOLNRA
VYD LWHOQé&FKSRDWHMEMWDWWQYPL SO\Q\ MH OHYQé& -HKR
PLVWRWD D& FRA& ]D U X-pX WH &t FONNE LYW]GIXRRK BR & Y
MHKR RFKUDQQé&P YODVWQRVWHP 7pa MHDKRO BD@P DV IK
EH]SUREOPpPPRYp

'DO&t PRAQRVWt LQHUWQtKR SO\QX SURHRRWRSEU R VS M
S HGHY&tP MHKR Qt]Ri MK \OMRWD Q HIA OYLJNERK P KV WK D/ QR XX (
NOHVi HIHNWLYLWD MHKR RFKUDQ\ 7R MH NRPSHQ]RYiQF
DE\ RFKUDQD E\OD GRVWDMKR) @QWREQIRXM aSDWQ |DSC
]DSDORYiQt DWERNOQRI\ DUIJRQX 986KRGRX KHOLD MH MH
XPR& XMH VYD RYiQWRDNWRMULHSORWQt YRGLYRVWt QDS
DSOLNDFH MH VSRMFED GLHGYHDYGEP VYD RYiQtP

3RXALWtP VP VidlieD GRFXX]VNH NRPSHQ]DFL QHY&KRG RE
3UR PHWRGX 7,* VH QHMpPDSRPMLXSRXAtYDMt WRRWIWR X Fat
REVDKHP KHOLD YH VP VL MH ]JY\4RYiQ L WHSHOQ®& YéNR
S HGHY&tP QDDUWMDUMPKYDUX 'DO&t YEKRGRX SRXA&LWt V
VYD RYiQt QHER KORXEN\ VYDUX 9\X&tYDMt VH S HGHY4&
MDN UXpQtP ]S$VREHP WDN L S L PHFKDQL]JRYDQpP VYD

VWHFKQLFNp SUD[L VHGGI@#HPYHWNMWAPHS®\Q$ 3UR V
OHJRYDQEFK RFHOt pL QLNOX D MHKRYRGLEMWHE MM FUX At
YODVWQRVWPL SRGRHOVAP/LORGIR @XM VYEP UHGXNpQtF
RYOLY XMH pLVWRWDWSRYBRKXMMYYDADN QHYKRGQi SUR P
MHOLNRA P$4&aH GRFNXiQHWDNVWXGHQD SUiY YOLYHP YRGtN
D KOLRSNRGX Y\WRNp SYURYLWRVWL VYDUX 3UR P D M
argonusG X VRNMHQ& Pi Y\WRNRX WHSORWQt WR ELY 8 VIQ RoY K &
VYDURYp 0i]Q

2236YD RYDFt KR iN\ D HO 6N B%},\36UR 7 ,*

JXQNFt VYD RYDFtKR KR iNX MH S HORRONWOR G W UL ©ONHp IS |
S tvXYPUWQ Qt LOHUWQtKR SO\QX S tYRG DQRIGRNG HEQT
ILIRYiQt HOHWRNURED QWQt SROR]J]H RG SRYUFKX PDWH
QHM]DW &aRYDQ Mat VRXpiVW FHOp VHVWDY\ SUR VYD R)Y

26



1DS tNODG GOH FKOD]HQt QD KR iN\ FKOD]HQp SURXGtF
FKOD]JHQp NDSDOLQRX D& GR $ 'iOH MH O]JH UR]G O
VWURMAOQ't
6DPRWQé&oit.RINH SDN PLPR HOHNWURG\ D SMDRRW R MKUR\
NOHAWLQ\ RFKUDQQpPKR NUQWSRiMHIQEZRK I DEPWRAY pl XH O.H N
Y\P QLWHOQp NOHAaAWLQ NGH MH HOHNWURGD SHYQ X
RGSRUX PH]JL HOHNWURGRX D5 QQWaW QIR MNHR R)S(RAQHQ SUH:
30\Q MH XVP U RYiQ GR PtVWD VYDUX S/OHGRORX M W\
VRXpiMINYN\ VH SRXatYDMt NHUDPLFNp QHER NRYRYp =D
UXpQt VYD RYiQt D MVRX FKOD]JHQ\ SURWpPNDMtFtP SO\Qt
NRYRYéFK NWHUp MVRX FKXD@GHQP\WRGCGRKRM SN KYLY @& C
plochy 3UR ]JHIHNWLYQ Qt RFKUDOQ\
aJ]PHQaHQt VSRW HE\ SO\QX EéYDMt
DSOLNRYIQ\ W]Y SO\QRYp pRpPN\ NWHUp
produd XMt ODPLQiIUQt SURXG Qt SO\Q$
aVQLAXMt MHKRX MSERNW HEX Da
050% (obr. 29 3U$WRN SO\QX MH
NRQWURORYIQ SUS$SWRNRP UHP D MHKR
RSWORPIPQRAVWYt MH ]iYLVOp QD PQRKD
parametrech:
7\S LQHUWQtKR SO\QX

9HOLNRVW VYD RYDFtKR SURXGX
OKHO VNORQX KR iNX

Velikost trysky

'UXK VYD RYDQpKR PD Obr28~ Z u +A Z}A _z} d/' Z}Z ||

x

X X X X

(OHNWURG\ Y\XatYD,®OpMY RXPHWREG Q\ JH VSpNDQpPKR ZRC
WiQt pLQt& D WHSORWD HFOUXNSDWRPX SDN HOHNWURG\ |
WHSORWIP E KHP SURFHVX MHUMIRFKNWIDYGRAGRNVNRIXt WUIE C
ZZROIUDPX ®PLMEWRREVDKHP U$S]QEFK S tP Vit 3UR RYOLY
VH Y\XatYi OHJRYDQéFK R[LG$ NRY$ MDNR MH WKRULXP
Y\]QDpXMH GHOA&t A jsaisase S
]DSDOXMH REORXN NS
sY Wat VWD EW 8 B0 RW D&
VQtaHQD D& R f&

$pNROLY VH E KHF
HOHNWURG\ QHWRjMh = s
RSRW HEHQt
HIHNWX -H WHG\SRGRS
EURXEHTOHNWURG GR
WYDUX 7HQ MH RYO
SRXatYDQpP VYD RYDH
VW tGDYé SURXG MH
GR WXSpKR NRQFH
VWHMQRVP UQé MH
SYUFKRORYéP ~KOHP
GDQp KRGQRW SURKS
WYR t UéK\ MHMLEKA Splynovou ¢oCkou
VSRGPOQpPP VP UX 7tP
KR HQt HOHNWULFNpK
elektrody. Obr.29 so]A %0GCVv}A 1} IC v 3} %o

Bez pouziti plynové CoCky
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9\XaLWt S Huw[H,K6] EIY[X2], [28], [30], [38], [39]

3 HGHK HY PDWREBQDODVWIMH/ YD RYiQt SRXétYiQ MDNR
QHAIGRXFtFK WWRIXISWMNMU@ERL VWXGHQéPL WUKOLQDPL |
PDWHULIO S HG RRY REHQSPHBBEK tYIiQ QD XUPLWRX WHS
QiVOHGQp RFKOD]RYiQt VYDURYp 0i]Q D WHSHOQ RYOI
SURMHYXMH SRV X$QXVEPD NUIDWYN YSWWM RtgpPDWHUEé XGiYi
PH]L JFKODGQAW P fRDAMHU f&

900
NS e —+122MnB5
800 -----t PHING T 2FKODIRYDFRt N LABNY ittty
RN LN N i N NN R boor i
700 foreo it N NN N o e
CoLINGT A N N A m‘“x "SI A5
00§ - NN AR N
g, lwi iy TURN bl
= 0TI TN Lk T
e P i gt NG
300 oo S R\ N
e & 1 ! i N
200 4-----topei-d A SRR
100 --reomonie 4 -t N NN
N AR TN R NG
i) Faldees) &) el (DTG
0
107 2 34 102 2 34 10 2 34 104

(vfas[s]
Obr.30 ARA diagram oceli 22MnB5 [39]

3UiY SUS$SE K N LYARA diagkQwbt 30 SRSLVXMH S HP QX
RFKOD]RYiQt DXVWHQLWX 9éV OJHYGLOQ/ ORW WX N KMOKRNDW M HR B}
JHULWLFNéFK VWUXNWXU VH X EyUHF HORFSIR GBESERE R BRRE piK
RFKOD]RSWIQD[L9 VH YA&DN Y\VN\WXMt S HGHYatP VWUXNW
PDUWHQYILQUNWPDUWHQ]J]LWLFNEéEFK VWUXNWXU MHoedliPR M|
2EHFQ SODWt &aH VH ]Y\aXWidstoR hddhotik pevidstiftAPY N & QYW W L |
1HMY\ddt KRGQRW\ WYUGRVWLWHSRRXOD R WOIHCRYPMREO|
RFKOD]RYiIiQD QHMU\ERRBIW &tPPRADYMERKBHIQt PDUWHQ]LW

OLPR YEVOHGQp VWUXBEWGHKMHANRX RWHDS. O RRWR®&\ GDOat
VYDU$ 2YOLYQ Qt WHSORWERPK E\QDWeé DG R SUD$G/ \@ [b B\ XX
MH VQtaHQ MHKR REVDK YH VYDURYpP NRYX 7R YHGH |
SHYQRVWL QHER PH] NOX]X 7RWR RSDW HQt VH GiOH P$¢
QDS Wt FR &owRwtMihVt V

7THSORWD S HGHK HYX MH ]iYLVOiI QD YtFH IDNWRUHFK
MHQ&a MH FKDUDNWHUL]JRYIQR XKOtNRYé&P HNYLYDOHQW
RPpHNiYDQé& REVDK GLIX]QtKR YRGtNX QHER teplotNjR PakS L
RGYR]JHQ JH INRXAMMN BL[D VWD BRWWMHHOWNG YARHOR X Y]RUF$
W FKWR WHSORWSDUDRKWUMH MEBKRKQXMt YOLY FKHPLFNpP
FKDUDNWHULNRYWIWR XYXHOONRY p K RKAHINVR X YD R EIIQ VKX D&/ND W D
PDWHULIOX 7HQWR YéSRpHW MH XSUDYHQ QRUPRX y61 (
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% L %E- EﬁaECUE‘EaE/“eE Erdrtv@ [hm. %] 2.1)

kde: V « WORX&"ND PDWHULIOX >PP@

Hodnota ekvivalentCc. QHVPt S HNURpPLW KRGQRWX SRYDBAERY iRRAX
VYD LWHOQRX 9]WDK O]H SRXatw SRX]H SUR RFH
PD[LPIOQtFK KRG Q RIcé¥bBIGHQEFK Y
Tab.3 D AJu ov_ uv}ie3A % EAlI¥xL A} o] BOY] % Ipui]ls_ AE%} Sp )

Prvek C Mn Cr Ni \Y Cu

Max. obsah
thm. %] 0,22 1,6 1,0 3,0 0,14 0,30
9]JRUHF Y\KRYXMREtVBKHPtRKWtNX QDG KP E\O ]D°
VYi HpVNéP LQVWLWXWHP ,,: ,,6 -H Y\ X &t@ RQ URUDRE FRKF 1!

Qt]JNROHJRYDQE&FK

%'L ESIELEEEL ECILE [hm, 9] (2.2)

7THQWR Y]J]WDK O]JH SRXatW SUR RFHOL V PD[LPiOQtP ]DVW
Tab.4d D /EJu ov_ uv}ieS8A % EAIR AAE%} %UE L %}u~1X1e €

Max.obsah o5 989 170 090 1,00 075 250 020
[hm. %]
ProY\WWRNRSHYQRVWQt RFHOL Qt]NROHJRYDQp MH SDN pD\

E&Ea 1/4ér1/4éE(;U

%' 6L %E E-EZ, [hm. %] (2.3)

98SRpPHW SU(FK(DMNBWpQR HNYLYDOHQW R i& (@ HGB]XMS R P A/D [X
PQRAVWYtP MHGQRWOLY&FK SUYN$ WDE

Tab5 D AJu ov_ uv}is&A_ % EAIYVEMo} DI %dE JoPeod ik 3 €A

Cr Cu Mo Ni \V Ti

Max.
obsah 0,25 080 1,7 150 0,70 0,75 250 0,18 0,12 0,005 0,06
[hm. %]

8KOtNRYé& HNYLYDOHQW UHVSHNWLYH MHKR KRGQRWD P
PDWHUJID®BOHQt YH VYDURYpPP NRYX plptPE SHRXY LRY GIL¥EC
Y]QLN WUKOLQ ]D VWXGHQD OLPR WR O]H GOH KRHSHON
RYOLYQ Qp REODVWL 6DPRWQi KRGQRWD W FKWR HNYLY
WHSORW\ S HGHK HYX

7HSORWX S HGHK HYX O]Hicéttdmi \#edRoNRICAL NIBI RIGI Bt 5H)[ S
VWDQRUOWMGttNODG J]NRXANDPL SUDVNDYRVWL 7HNNHQ ¢
k RPH]HQpPX SRXALWt WDNWR JtVNDQ&FK YBVOHGNS$ D Q
vSUD[L YROHQD VStaH §HMMIK ¥XYXH Q& SRP BGIRPWD SRPRFL
bL GLDJUDP$ MHQA& EHURX RKOHG\ QD aLU&t ANiOX YVWX

JednouzPRAQRVWt MHE DSRPIHWLAQD MHQ& MH Y\XAtYiQ ]H
RFHOt MHMLFK& REVDK XKOtNX S HNUDpXMH KRGQRW X

6, LUwrX: % ErarwR®sp, Frdaw >f&@ (2.9

kde: V « WORX&"ND PDWHULIOX >PP@
Cc« SDUDPHWU FKHPLFNpKR VORaHQt Y\MiG HQ Y

7 40> 8 AD/E &Y, 56 4G B6 @E A 0
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'DO&t YESRpHWQt PHWRGD MH SR S¥IR DN@RIWR RWKH Y B U [
WHFKQRORJLH Y\X&tYDMtFt SUR VYD RYiQt HOHNWULF
Y\WRNRSHYQRVWQtFK RFHa@t X MBIWRHORW R B B X] RIK/QVX S Q t |
XKOtNRY& HNYLYDOHQW &(7 WORXA"ND PDWHULIiOX RE'
98VOHGQi WHSORWD S HGHK HYX MH SDN GiQD VXPRX
parametry.

1RUPD y61 (1+2A zase SRSLVXMH VWDQRYHQt WHSORW\
INXAaHQRXWOPMBRM DQRY&EPL RFHOHPL OHWRGD MH XUpHQ
D QtINROHJRYDQE&P RFHOtP -H GiQD KRGQRWRR]KKWpH
]ODBRUW DOH L REVDKHPINXL IXHERKRVNBHOQEP S tNRQHP

“H QXWQp VL XY GRPLW &H YéaH ]PtQ Qp PHWRG\ SRS
kS HGHK HYX S L VYD RYiQt HOHN@IULKE NG GR EBRRMONRHFQ 1
DSOLNDFL MLQp WHFKQRORJLH HQD\3Q N POMHSIRG VAIDWHQ
RFKOD]JRYiQt 3RGREQp HPSLULFNp Y]WDK\ @spdicY M@0 R Y i
MH QXWQp SUR]DWtPQt Ydépdzitit YIWDK$ MH& MVRX N

3 L SUDNWLFNéFK DSOLNDFtFK MH WHS OSRRS SSBHGHIRG Y
atov]iYLVORVWL QD W\SX VYD RYDQp RFHOH 3RNXG MH \
O]H VYD RYDW EH] S HGHK HYX 7RWR SUDYLGOR MH RP
NWHUi E\ QHP OD NOHVQRXW SRG f&

SU\FKORWOYW]RRF®&®t VYDURYpKR VSRMH ~]FH VRXYLVt L
WHSHOQé& S tNRQ ptP& RYOLY XMBUYDDWW®QRVWIHS\OWRD MR
YQiZ4HQR ODVHURYé&P VYD]NHP D ]DS tpL XMH QDWDYHQt
tepOD VRXYLVt L SRNOHV GHIRUPDFt D JE\WNRY&FK QDS \
REODVWL -H GHILQRYiQR PQRAVWYtP WHSOD S LYHGHQp

| @®4

3L GOD®444L G%p®444 >N--RP (2.6)
kde: 4 « WHSSH ONREQ >'N--PP

k« NRHILFLHQW ~pLQQRVWL SRVWXSX VYD RYiQt
8 «VYD RYDFt QDS Wt |GURMH >9@

, « VYD RYDFt SURXG >$@

Vs « ULFKORVW VYD BYiQt >PP-PLQ

3 « YENRQ VYD RYDFtKR JGURMH >: @

Vpraxije kS HGHK iWt DOH L GRK iWt PDWWXAEOXQD LFISOR
WHFKQRORJLt MDN IMmtaIeEL\DRFI]HP)tQ\/IQRSYHGSHHK:ttP(KQISO(DPH
LQGXNDPQ QHER\EW ISR@FAKLW HF K e
kS HGHK HYXiQR\X&OHNWULFNp (&

7TDNRYéP S tSDGHP MH QDS tN( NDS
2.1.3.

NHVSRUQRXlas&da HRUGRX31) MH WR

S HGHK tYIQR SRX]H QHMEOLA WXG't
QHGRFKWHSMOQpPPX RYOLY RYi

VYD H@AHS HGHK HY WDN L VL DN
SUREtKMIHEQRP WHFKQRORJLFN} i MH
Y\XatYiQD MHGQD VYD RYDBR W

AHW H@HWDUJLH Y\GDKWREAKGIY XU

SURFHVY 2EHFQ MH Y\XAatYiQF RORJ

Y\WWRNé&FK VYD RY D.RF&EOLWNEKPtRX
EEW VSQDWWDYHQt SDUDPHWU$ L
asbwaq ]YROHQGFK SDUDPHW U Uiirn roaitl \JF\I_I\I]H
kQDWDYRYiQt SRYUFKX PDWHU|Obf|3}1UW]‘El]V_1%gigE}}“A}EAuZO/} //a P$a
YpVBHBHNUDGDFL YODVWQRVWLt VY uun o
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%yUHP GRSRIBRE, RFHOL

98YRM SU$PHERX B LQidt GDO &P DWIHDUILAO Q7TVWR\SRADGD
JMHY @XWRPRELORYpP RGY WYt NGH MH SRSWiYND SR
SY\WRNéPL SHYQRVWQtPL FKDUDNWHULVWLNDPL 7\WR
Qt]JNRXKOtNRY&PI RFHOHPI

GRSRYDQEéPL Ey ;/\
jSRX ]SUDFRYiYiQ L/

W\pt GUIWS (T )
GXWEéFK SURILC = )

YODVWQRVWt (Rl —
YKRGQpPP |X&0HF ‘ ad)
VWHFKQLFNp !

W\WR PDWHULIi(

YODVWQRVWL < 4 o
S HGHY&tP MDN (&)
VRXpiVWL DXWR -
QDS tNODG nebaf ()
nosnt N \ XFK\.. .. .. o
QiUD]QtN$ YéJv Obr.32 sGui]8_ h/aamotivie [40]

ERPpQt VERBSN\

&KHPLFNp VORAHOQERIE3UR]Y[EHK RFHOt

&KHPLFNp VORAHQt W FKWR PDUWHQ]LWLFNEFK RFHO
RYOLY XMH L MHMLFK HNR QRIXLFNpSRGMEXNWMN P HJ E VD KD X K
MH ]JDMLAW QD YHOPL GREUi VYD LWHOQRVW RE]YOidW
WR VH W\WR PDWHULIO\ Y\]QDpXMt ]DVWRXSHQtP PDQJD
VPQRAVWYt GR KPWRXSHQMWHH® QHSDWUhmMDWWR iGRY \

3 LWRP MH WR SUiY EyU NWHU@é& GLVSRQXMH VFKRSQR
NH 03D FR& DGt WXWMR PR VBHYRIPYWQtP RFHOtP 7DN
RFHOL SDN GR WHMOXMYVSWR SR K@DWRFEHI@® RV WEVD]tFK X
04KP D GDO&tFK SUYN$ MDNR MH Fpolled prékRi@MEsE He) Q +
WHG\ tFL &H EyU Pi PLQLPiOQ VWRQIVREQRX ~pLQQRVW

3 tOL4A YHONUNRAEHYQX QDRSDN YHGH NH \poKidsH Qeéze&S UR !
SHYQRVWL D RGROQRVWL SURWL Ui]X 7RDIQHFIFKYREH QR
YH IRUP ERURNDQGRSW EyUX ]iYLVRFKHORE¥D KX\ XXt NoP
& MH VQL&RYiQD ~pLQQRVW EyUX 3 JlHRENIORt IO IRWN RIDERH
1,6 KP & ML& ]JFHOD ]DQLNQH 1HMLQWHQILYQ ML SDN R)
QtJNRXKOtNRYE&FK RFHOt WHG\ S L REVD]JtFK GR KP

=DNDOLWHOQRVW RFHOt GRSRYDQ&FK EyUHP MH RYO
SW PLWR SUYN\ EyU UHDJXMH }D: YDQMNXL RKL G XUKRY IL \Dp
AHOHAETB)H 3UYN\ MDNR QDS tNODG NW PIWNRQW BERP WEWD QF
SUYNS$P Y\d4t DILQLWX QHA& SUiY EyU 3URWR obkk aB)RW H
GRAORWNWR HQt MHMINRK O4® R R pBl GLQV/ W HPQ D YR] iQH &R MG H
E\ GRAOR N RFKX]HQt RFHOL

7HSHOQp ]SUDFRYiQ2], B} R Y42F K3R[BH O t
3L GRGiQt QEERVDIGRMIRYDQp RFHOL ]JGDOHND WDNRY
MDNp MVRX RG QLFKéSBRBRDIFPRAY|YEaHQt PH]H NOXWKRDDRH
025QiVREHN GRFKi]t WHSUYH SBFRIYRGQpP WHSHOQpPP ]S
VWHFKQLFNp SUD[L MH SURWR Y\X&tYiQR Mot ¥aRGingN D O |
-VRX UR]JOLARYWRGGYS tPi D QHS tPi 3 tPp OLVRYiQt MH °

31



SRYUFKRY&FK RFKUDQQ&FK YUVWHY BPWRRFHB FKRY RKXi VBH
2G S tPp PHWRG\ VH OL&t ]D DJHQtP S HGOLVRYIiQtP ]D VV

3ULQFLS VSRptYi YH [P Q VWUXNWXU\ RFIPOW HULH® DI
nad teplotu A¢ ptP& GRFE&IHP ) S$YRGQBHUBOLWLFNR VWU
DXVWHQLWLFNRX 3 L DXVWHQLWL]DFL MVRX URJRRGQM
GRFKiJSUXGNpPX SRNOHVX WHSORW\ ptPa& MH DXQWHQ
PDUWHQ]JLWLFNi VWUXNWXUD R SR&DGRYDQ&FK SHYQRVYV

Obr.33W}edu% 1% E }A v_ «E u }%}A VE Z} o_

'RFKi]Jt WWEDNRYiQt DXVWHQWWHUIN i H/ SMOUSENGPRQMA YY HQ't
Y\WYU]JHQt MH ]|[S$VREHQR VW\NHP URJHK iWp RFHOL VH V
martenN] LWX MH SRGPtQ QD GRVDAaHQtP NIWL3RNXEG B\FKORRD
RFKOD]RYIQ SRPWUDMY IRBRMEH. MXVWHQLWX QD IHULW |
pevhoVW QKEXUBNWHULVWLN.PDWHULIOX REU

BUR OLVRYIQt URMR&SESAMtMVAIRRXIDNWRU\ WHSORWD D pD)
FHONHP GR Wt NURN$ D PHWRG\ S tPp 8 PHWRG\ QHS tPg
Y &hku (obr. 33.

IHMSUYH MR KP D/
vSHFtFK QDG WH,S
FR4& MH QDS tNO|

0Q% FFD f&
k QiVOHGQp P
sPDWHULIOHP S
RFKOD]RYIQ |]DK t
QD WHSORWX R
E\O\ W\I\WR WHS
NRPSHQ]RYIQ\ 1D
VHWUYi SR GREX
pbtPa NMNs®RH NH NI
austenitizac,3UR W\WR
Y\XatYiQRRIIHR UR
LQGXNpQtP RK HY
MH QDG 9R]RN
pec na obr. 34 Obr.34s}MIUYELIA % €80

1iVOHGQ MH PDWHWBHPH SGRPtW WU RMH sk O/XHeRahR W D

Kk RFKOD]JRYiQt PDWHULIOX MH QXWQp DE\ E\O WHQWR WL
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QHMU\FKOHM&at 7HSHOQpP |WUiW\ MVRX SDN ]iYLVOp QD V
SOHFK WtP U\FKOHML VH RFKOD]XMH

IDNRQHF GRPWIRWQPPX WYi HQt SRPRFt VSHFLRO®QtKR
]JDFKRYiQt FR QHMY Wat WYiUQRVWL PDWHULIOX MVRX SF
vede KPLQLPiOQtP WHSORWQtP [WUiWiP 7\WR X]DYtUDFt pD

% KP WYi HQt MVRX SRADGRYiQ\ PGOYREQ{DFEKENOIpV
YODVWQRVWt VWiYDMtFt VWUXNWXU\ 3 L X]DY HQt OLVX
UR]JHK iWéP PDWHULIOHP D VW XG H®Q&MD Q QN PRMIHRIACEOPX &
QD SR&DGRYDQRX PDUWW RV DNVNIPDX G\RVE U ANWRXU X R G R X
VFKRSQ\ GRVIKQRXW FKODGH#FtKIP & MIQ ORWVWDWHEQ S
U\FKORVW RIEKOD]RYiQt

3 L DXVWHQLWL]DFL MVRRFWOWRY WVAWBRN RN WOHRS/OWRQY i P
SVHERX QHVH ULJLNR Y\WRNRWHSORWQt R[LGDFH WHG\
WDNWR JSUDFRYiYDQp PDWHULIO\ FKU ii@br.BF Ryysdun@ é P L
SOHFK\ QDQidH Q\HF KCRIORURt AiURYpPKR SRNRERFIRK $ M
N HPtNX D AHOHUYBE KX WYi HQt ]D WHSOD VH Y&DN V
YEUD]Q P Qt

964H XYHGHQ& SRYODN Pi WHSORWX WiQt RNR&Rbyl f&
QHY\KRYXMIERFHVX RK tYiQt YADN GLIXPBWMULIOXNGRIIE
aQDRSDN ptPaVRFEKE]t INt QM EYNWROII]JH VH Y\]QDpXMt |
WHSORWRX WiQt QHA& S$YRGQt SRYODN 5\FKORVW GLIX]

V G¥OHGNX GLIX]H QHO]JH X W FKWR SRYODNS$ |DUXpLW
SRGVWDWQ& YOLY QD WYD LWHOQR VW I UWXNDWLXW 1D OSTRRAON
V]IiYLVORVWL QD
DXVWHQLWL]DpGRENH
YEGUAH QD WpWR
aGRFKiIJtUSNWX  SiVFE

1. . . Y\ND]XMtFt ]Y&aHQe
| | A-liSlpVO\lak,LcaGOH\ v éHOH]D D N HPtN$

V= — = s _~Difuzni vrstva, cca 600 HV GREKIi ] t N H ] p Q

s el e g o PHFKDQLFN&FK YODYV
:’:’ ’"":j \ _'n:§ “ _,--."»'ir; ﬁ‘, ~ ‘_ .« & = FZékladni materil P$aH ] DS t p LQLW S
PP P Y, s SRYODNX D Y]JQLN W
T QHJDWLYQ RYC

Obr.35 W}Ao | v -~1Aov ACSAEI v u 8§ Apu VYD LWHOQRVW

ZW FKWR G$YRGS$ MVRX KOHB O\ RFO\D H WD WMIOE\FEUR RV
zPRa4QéFK YDULDQW VH MHYt Y\XAaLWt RFKUDQQEé&FK ROHN
MHQ& KR FKUiQt S HG SURQLNIQtP N\WOtNX 'D O aNWHWL D
NY$OL MHKR QtHNQxt WHXKSOWVBUWDSUDFRYiQt Y\ WVRNRSHYQF
QHS tPRXRVOOHGQt GRE MH SDN ]DYiG QD PRGLILNDFH ¢
SRYODN\ Wpa Y\X&tW 9\]ODpXMt VH KRPRJHGER MREY QIQ
SsSRYODN\ Q8. Ei]JL $0O

=N R X & N \[19],Y3D] Uux], [47], [48]

6YD RYiQtP MVRX Y\WYi HQ\ QHUR]JHEtUDWHOQp VSRM
PDWHULIiOX 7DNWR Y\WYR HQé& VSRM MH VSHFLILENE& N
vlastnostmi. Vzhledem I $UD |RHQ®HPQRVW D VSROHKOLYRVW WDNT
aby byly tyto VODVWQRVWL RY RYiQ\ D WHVWRYiQ\ VWDQGDUG

6Qi]H IMLVWLWHOQEéPL MVRX YDG\ PDNURVNRSLFNp 3U
SURVW HGN$ MDNEPDYMXKRDSHNDOHD GGHQWLILNRYDW L YL
atd. KRGKDOHQt YDG PLNURVNRSLFN&FK MH W HED Y\X&tw
MHMLFK RGKDOHQt REWtaQ MA&tP
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VWHFKQLFNp SUD[L MVRX JNRXaN\ VYDUX DRY® QR Y]iNQR >
GHVWUXNWLYQt NG\ MH [NRXPDQé& Y]JRUHN SRUX&HQ D
YJRUHN QLMDN QHQDUX&at =NRX&aN\ GHVWUXNWLYQt MVR.
NG\ MH QD PHFKDQLFNp D PHWDORGYD RIRW pl GHR XA N\ VNRX|
aNYDOLWX YEURENS$ D VWDQRYHQt MHMLFK SHYQRVWQt
VSRMMQWRMEPL SR LJRYDFtPL QiNODG\ SRW HEQEFK S tV\
provoz.

Tab.6 Z}1 "o _ 11}u“ | 48] E Y%

=NRXaAaND WDKHP 9L XiOQt NRQWUROD
=NRXaND OiIPDYRVWL =NRX&A&ND UHQWJHQRYEP ]
=NRX&a&ND WYUGRVWL =NRX&ND XOWUD]YXNHP
=NRX&AND bthypd P Y =NRXAND PDJQHWLFNRX F
=N R XraakiM a mikrostruktury .DSLOiIUQt SHQHWUDpPpQt

= NR X aN 030N 2&,H47], [48], [49]
=NRX4ND WDKHP MH MHGQRX |H ]JiNODGQtFK PHFKDQLF
kRY HQt SODVWLFN&FK D SHYQRVWOQYFK®BRDUQNWB WLHM
SRPDOX Y]U$SVDVD BRFtP ML@IRKRIGRRERUNGH PDWHUXEDXi QF
QRUPDOL]JRYDQp(dhv.8@H EQHWAPMIH QDPiKiQD WDKRY&P QD
EX NUXKRYpKEHERS VHXMHGQi RS SORE K RXRW 7 @ WROW FK ¢

RSDW HQD KODYRX NWHRKVFHQAIORXJRWNND FtP VW
So\ S
| teuur g S Y il
10 lu
S « SRpiWHpPQt SUS$ H] >PP V « WORX&"ND SOHFKX >PP@

Lo« SRPiWHPQt P HQi GpOND >PP@ NRQHPQi P HQi GpOND >PP@
Bo « 4t ND [NRX4HQp GpON\ W\pH >PP@
Obr.36 Wo} Z 11u“8Q¢ % E} & Z}AYu T1}p“lp €id

K QDWDKRYiQt W\pH GRFKi]t ]D GHILQRYDQp WHSORW\ D
]JY\ARYiQD YHOLNRRWQBSWREt9EVWXSHP WpWR JNRX&N\
Y\MDG XMtFt ][iYDWORWQWMPPB]IGHIRUPDFt YJRUNX =DYiGt V
JNRXAN\ NG\ MVRX YHANHUp KRICYRREDRPD S VBt HY] PV INEXEQH\E
SU$E K SDNRXIVOBIS\W H U L] >XPNDAV B DVLEBBEKM t F t

a) +RRN$Y ]INRQ OLQHiUQt ]iYLVORVW GHIRUPDFH QD
éL Y® [MPa] (2.3)
kde 1 «Q D Wi
0 « GHIRUPDFH > @
( « PRGXO SUtaQMPS]WL Y
b) Mez kluzu R

4g L2 [MPa] (2.4)

kde: Fe« ]DWt&HQt QD PH]L NOX]X >1@
S «YEFKR]t SU$ H] INXZHEQt W\pH >PP

B3U$E K WDKRYpKR GLDJUDPX D MHKR PH] NOX]X MH
=DWtPFR X P NNéEFK RFHOt MH SR]JRURYiQdbr.8&@yD]Qi
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UY\WRFHSHYQ&FK RFHOt MH PH] NOX]X QHY&uUD]Qi
]iNRQD WDRKWR S tSDGHFK YROQ QDYD]XMmhez8DUD
pevnostiR, 3URWR VH ]DYiGt W]Y podBRXB)Q% P MHN ®IX EX 6
SUSQLNRFQRE ANQHVUQt ]iYLVORVWt ]DW &R¥iQt
deformace. 7DNWR JtVNDQi KRGQRWD PH]H NOX]X MH
Y\X&tYiQD QDPtVWR UHiOQp PH]H NOX]X

c) Mez pevnosti R

C c ‘
.:1& ’//’f\\ .2
z > 2
b . -
z 55
= = -
| |
Pomérné prodlouZeni e ~ Pomémeé prodlouzeni €
I-Il
Obr.37 « d ZYAE ] PE u e+ AEE Ivip ul_lopdd Z}YAE ] PE u + suopAv_ u
4, L2 [MPa] (2.5)
kde:  Fm« PD[LPiOQt |DWtaHQt >1@

S« YEFKR]t SU$ H] INX3ZHEQt W\pH >PP

V WDKRYpP GLDJUDPX SUH]H.QRDY MM CPQHt] ] DM OIRY W
GRVD&HYOHGXMH SRNOHV QDS Wt S L VRXpDVQp W
W]Y ORPX 3US$E K WYRUE\ NUpPNX ]iYLVt QD SOD

PDWHULIOX

d 7DAQRWMW $
#LEE @ (%) (2.6)

kdle: O « P HQi GpPOND BRXSHHEWQU YHPH >P @
lo« YEFKR]t P HQi GpOND [NX4HEQt W\pH >P@

7DAQRVW MH MHGQRX ]H ]iNODGQtFK SOmaxMsb N éF
URJOLARYiQ\ SUR NUXKRYp IN%aRBQ3 WB\pE G RY B O
W\pio SRGSRYtGiGpOND W\pH KRS QRMMRIH GGEFKR]t SU
IJNXEHEQt W\pH 8sNMiWSPNVRPpHH @ GPOND URYQD -

e) =~a8HQt NRQWUDNFH =
<L=Z@rr %) 2.7)
kde: 6 « SU$ H] INXGAHEQt W\pH NBpPNX SR S HWU:
S« YEFKR]t SU$ H] INXG4HEQt W\pH >PP

7DKRYi INRX&ND MHMt SU$E K SRGPtQN\ D Y\KRGQRF
SRSViQ\ QRUENRSO§®2 9é3aH SRSVDQp J[tVNDQp FKDUDNWI
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MVRX ]iNODGQtPL SHYQRVWQ FAL PID W@ D\ VOL$F N &IRLL K10 DN RV
MH ]D DJHQR SUDNWLFN\ GR Y4AHFK VWURMtUHQVNE&FK Yé

=NRX&ND WY UGR [2%,[30F 29), [S1]FNH UV H

=NRX&ND WYUGRVWL GOH 9LFNHUVH MH MHGQRX |H VW
NH IMLE"REBRUX PDWHULIOX SURWL VWDWLENpPPX YQLNI
sGDO&tPL PHFKDQLFN&PL [NRX4ANDPL MDNR MH QDS tNO
JNRX4aN\ SHYQRVWL SDW t PH]L ]iNODGQt I[NRX&N\ PHFKDC

BULQFLSHP INRX&N\ WYUGRVWL G O HoBrLFgNteMUWidKerbbih Y W C
MHKODQX MHQ& MH YVD]HQ GR VSHFLIiOQ XSUDYHQpPKR
~KHO WRXPDQRVFEBLpKR MHKODQX MH S HVQ GHILQRYIiQ
SYUFKRORY&P ~KOHP f ,QGHQWRW KXMGRt VDWRX LS KR
SRYUFK WHVWRYDQpPKR SRYUFKX =DW &XMtFt VtO\ WD GRE
+RGQRW\ ]DW &XMtFt VtO\ VH PRKRX SRK\ERYDWRFRGI]t GR
Dd& -¥W QXWQp DE\ KRGQRWD SRX&LWpKR |[DWtaHQt D G
R]QDpHQt WRN)GRVWLYADN GRED ]DW &R Y M tSPRK VEHX | H XPrH

Obr.38«1}pu“l SAE }*8] o s] | Ee+ £ifie
3R |DWtaHQt D QiVOHGQpHPRGIOH KDEHRX ©K\ORESIRHMN Y W\
ZQLFKa MH QiVOHGQ SRptWiQD MHMLFK VW HGQt KRGQRWV
MH XGiQD EH]JUR]P UQRX KRGQRWBW BRRWHDKEIiQDCSRP UB B

*8 L ré&z{se [] (2.8)
kde: ) « ]|DW aXMtFt VtOD >1@
G « VW HGQt GPOND ~KORS tpN\ YWLVNX > P@

X_>X

@— > P@ (2.9)
kde d. « GpOND SUYQt ~KORS tpN\ > P@
d>« GPOND GUXKp ~KORS tpN\ > P@

VWHFKQLFENp SUD[L MH SUR U\FKOHMat ]MLAWiQtie KRG !
SRPRFt |DW &XMtFt VtO\ D ]JP HQp VW HGQt GpON\ ~KOR
PDWHULIOX -HGQi VH R YHOPL XQLYHU]a®OW tS B HAHROQ P
YPHWQ P HQt QD WHQNEéFK YUVWYIiFEK
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=YOiZWQtP S tSDGHP MH SDN W VitkeRe. Pri@dipPN.RIXUZRNA WLHS R ¥
MDNR X NODVLFNp WYUGRVWLPIRYaH B pONRRX §dHpI) RS RQ
S$VREHQt PHQAtFK ]DW &XMtFtFK VLO 7tP MVRX |DS tpLC
P LWHOQp

0,002 max . 0,0005 max

Obr.39 /v V3}E % E} u"Z v_ u |E}ISANE MSJE % E} u"Z v_ ulla

1D WDNWR WHVWRY BOI&®PDPWRMNIP Qi MRRX BBBUFK PXVt |
GR SRGRE\ PHWDORJUDILFNpKR YEBEUXVX 7R ]JDMLVWt F
P HQt ~KORS tpHN YWLVNX 7ORX&"ND [NRXZHQpKR PDWF
VW HGQt GppPM\ YWORISX '$OHALWp MVRX WDNp PLQLPiO
YWLVN\ D Y]JGIOHQRVWL YWLVN$ RG RNUDM$ NWHUp MVR

+RGQRW\ [NXAHEQtKR ]DWtaHQt VH G SR® RENMXWR FEH]t(1
0,09807 - 16DPRWQp ]DWtaHQth BVORYBSEREIEWMUY DD HFK
PD[LPiOQt U\FKORVWL DW &RYiQt PP-V

OHWDORJUD I[2F],N30],333W HQ't

OHWDORJUDILFNp INRXaAN\ MVRX E 8QéP GRSO NHP PHFI
struktury matdJ LiO$ SRS tSDG VYDURYéFK VSRM$ 'OH SRXal
UR]G ORYIiQ\ QD VOHGRYiQt PDNURVWUXNWXU\ D PLNURYV
QXWQé& YKRGQ ]J]YROHQé D RGHEUDIQ®H QSVOHEQW EQ W XF
aOH&W Q 7DNR R&@HW HQé Y]JRUHN MH QiVOHGQ SRGUREF
EEYi |SUDYLGOD IRWRSRWKP BONRIPHOQ Wi HP

ODNURVWUXNWWYXYRptWRNMERYH YL]XiOQt NRQWUROH [NR
S tVWURMS$ RDOHEGDWLW@QHQ@t MDNR MH QDS tNODG OXS
1Y WAHQtP GR [ 5SR]JERU PDNURVWUXNWXU\ MH Y\XatYi(
VYDURYpKR NRYX KUDSRMWRKYVDQH ®tt NMOAHB\RY DU X axdrj € DUD
PRaQp VHVWNDGBWWOBDLGWVR PHWRGDPL
X %DXPDQQ$Y MRVBIMNVH R NYDOLWDWLYQt INRXANX Y\KF

VXOILGLFNéFK YP VWN$ NRQNUpWQ 3VXQFLGH R IMH D-@

UHDNFH PH]L YP VWN\ VtHIXQD&FKUPEM/IRBR VH F'INéP EURPI

SDStUHRPSDINRYiIiQt WRKRWR WHVWX MH QXWQp RS WR®

povrchu.

X Makrolept + WDWR JNRRXMPKRGQRFHQt FKDUDNWHUX PDNU!
YEEUXVX -HMt SURQPRLEES WE@Rth YRE SRX AHF@ X Y]J]RUNX pL
]DS tpLQt Y\YROIQt VWUXNWXU\ 1HMpPDVW ML MH Y\Xaty
YRGQt UR]JWRN\ N\VIOIDJL IXVEXpRPFHOt WRXWR PHWRG
FKDUDNWHULVWLN MDNR QDS tNODG

Hloubka nauhLpHQé&FK pL RGXKOLpHQEFK YUVWHY

-DNRVW VYDURYéFK VSRM$

BUSE K YOINHQ X WYi HQéFK GtOF$

5R]G OHQt SUYN$ QHER QHpPLVWRW

3 thLQ\ SRUX&dHQt FHOLVWYRVWL

O O Oo0oOoOo

B3UR UR]JERU\ PLNURVWUXNWXU\ MH QXWQR Y\Xatw VRII
VNHQRYDFt IRRBUWWRMVMANDSP SRS tSDG PLNURWRRSRIRORXIWU
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YHOPL Y\WVRNp SRADGDYN\ QD VSUIYQRX S tSUDYX [NRXP|
Y\EURXaHQ Y\OH&W Q D Y\OHSWIiIQ EH] PHFKDQLFNéFK .
BORXEIKRGQRFHQt VWUXNWXUQHDL IPt NRRWWUIXKDW XU Q't
QiIVOHGXMtFt ~NRQ\

X .YDOLWDWLYQt PLNURYWBEBROWRXKQt BRYERYWUXNW XU X

[ OLPR VDPRWQp SRJRURYiIQt |DKUQXMt WdjsjishS tS
YKRGQp RGG OHQt D ] DOLWt GR SHFHN SU\VWN\ LFH D Qi
W\WR RSHUDFH MVRX SUDYLGHMODGKBPRNRIGRKQPLCONE®H
apLiW QXPWWD]YXNRYp SUDpPFH $p E\ E\OR WYRHIW O
SRYUFK\ MH ]D DJHQR L OHSWiQt SRBRUBNHXPX D'SOWN
PLNURVWUXNWXU\ 3RXAaLWp OHSWDGOR ]iYlD/ERQD WRID
SRGPtQNiFK MH SUR OLWLQ\ QHOHJRYDQp b RX3t]WIR QHRJH
HNO:; v HWAODONRKROX 3UR RFHOL Y\VRNROHJRYDQp Ml
9éVWXSHP WDNRRPKRWR SHRYRX]HQ}D®WWRPHRLY WILH D
VWUXNWXUQtFK li]Jt QHER VORAHN D FHONRYEé Y]KOHG F

X 6WDQRYHIXRSORA X VWUXNWXEQRXA LMWL W REHNQ pKR
0O GRVWDWHpPQpPP ]Y WaHQt MH XUpPRYiIiQ ERGRYRX PHWRC(
E\OR PRAQp EH]SHPQ UR]JH]QDW MY EKRRE\WQAEW® tVWH XWN
transparen@Qt |y @yinkbuvP taNRX XORAHQiIi QD PDWQLFL PLNURVN

X BWDQRYHQt YHVOL NRVAWNIQBGM RFHQt JUQLVBRISW G VWWDXUN
SRVX]RYiIiQD PtUD JKUXEQXWt 722 L VYDURYpKR NRYX ]LC
Y\X&tW L SHRtSIKWROEJQXWt S$YRGQt DXVWHQLWLFENp VW
E KHP YEUREWMtPX VWDQRYFRURGRFKIIMOXaAQEPL HWDO
XSUDYXMH QRUPD3W&RL GSNODGQp SRURYQiQt PXVt Eéw
RAHW HQ WPBHFQHBQ¢RQL OHSWDGO\

X 6BWDQRYHQt PQRAVWYt QHWRWRY ¢ RR XER SRWNEDKQNQ{] Y]R
VQtPDQpPKR PLN® RVORBPFP VHWDORQHP -H Mt Y\KRGQR
FRa REVDKXMH FKDUDNWHULVWLNX WYSPXVWHS LYK XWX
VH YH INRXPDQpP Y]RUNX

25.41HGHVWUXNW [DQ[80],NFA]X & N \

IHGHVWUXNWLYQt PHWRG\ JNRX&HQt VYDU$ VH Y\X&tYL
GDQEFK SRADGDYNS$ 1HGHVWUXNWLY Q1 MHIVRGI\QD |$RYRK
QHER YQLW QtFK YIIGHQWRWiRBRL NYDG SRYUFKRYE&FK V
SHQHWUDpPQt PDJQHWLFNi SUIGNRYi QHER SRPRFt Yt LY
Y\X4tYiQR XOWUD]YXNX QHER SUR]i HQt UHQWJHQRYE@P ]i
X VL]XiOQt |NRXGMN® QHMMHGQRGXa4t GHIHNWRVNRSLFNR

S tPRX D QHS tPRX =DWtPFR S L S tPpP SR]JRURYiQt MH

]D SRXALWt OXS\ S L PHWRG QHS VP OMHRY LY Q¢ ERDIXDIRP

BLSHP 7DWR JNRX&ND NODGH Y\VRNp QiURN\ QD SUDF

JUDNRYRX VEFKRSQRVW WDN L QD MHKR WHFKQLFNp ]Q

E6W MHKR SRYUFK GRNRQDOH RpLAW Q 7RXWRIijpddWRG

SyU\ QHGRYD HQp VYDU\ ]iSDO\ QHER UR]JVW LN
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x .DSLOIUQt SHQHWWRAD RBSMRGDQtFK YODVWQRVWt NC
VH VNOIGDMt ]H VP Vt URSMAFRYSUR GURWSEGKBOHQt SRY

MVRX WUKOLQ\ QHER VWXGHQ} *"~—* """ =7~ "t MH C
Y\bLaW Qt SRYUFKX S HG VDF barevny sprej t 3R
QiIVOHGXMH DSOLNDFH SHQI kida barva ukaze Y\ S
necelistvosti \povrchu vzorku. Po tomto procesu | =Vvyvojka vadu (vzlinavost)
SRYURRKWRQ@LD QiVOHGQ MH QD ! RMNI
MHQA QDSRPiKi VYéPL DEVR ' VWP L
Y]OtQiQt SHQUWWUBRXUFKX 1 | |

LQVSHNFH S L Qta MVRRRRIXHKI < [

SRYUFKX PPBrMversU PIHDWMKR G\ MH ]C B SE

obr. 40 Vje vwuatYiQR YtFH YDULD® material s

PHWRG\ EDUHYQp LQGLNDFH | prasklinou 'RG\ |

x ODJQHWLFNi SUi&atUWRYW RNRBWNRIE X 11+ vixanw
SRX]H X IHURPDJQHWLIIENNeFK p OXrOWEl Ik [ el0 EVow Qt
QD SRYUFKX QHER W VQ SRG SRYURKH®t BD1QHR W R\ K
INRX&HQPP PDWHULIOW YRPH GR BB WMUKOLQ 1iVOHGOQ
VRXpiIVW SROLWD GHWHNpPQt NIHEDHIQE R XS \DFKHR X MY
XFK\WtWW SyO$ ptPa& GRMGH Y\\MERVHOQ B FRUEHKEWD S \]
olejem.8 WpWR PHWRG\ MH UR]JKRGXMtFt SRXALWé& SURXG

SRX&tYiQ SURXG VW tGDY& BWR MQROR).YRE\ BER X

Kovové piliny U Kruhova

magnetizace Podélna
magnetizace
Obr.4l1 D Pv 3] | % @E “I}A 11}p“l €fde.

x =NRX&AND VYDU$ XOWMHJDYYXAMPON <IIDB o
WOXVWRVW QQp VRXpiVWL MHE® A o’ SUR]
DSOLNRYiQ XOWUD]YXN FRAavelimidH 25 ' L u LWiQt
Y\WRNRX IUHNYHQFt Y SUDJL B il @ NRGD
Y\FKi]SR]QDWNX &H YDG\ VYDU¢ Ll i X EéWw
SyU\ EXEOLQ\ pL WUKOLQ\ VH FK . [ 0 o MAXX VWL F
btP4 GRFRIGUN]X piVWIUDNQ@QMHIY @

|

GYRX YDULDQW W DWRY B HARKGROGER e
42) 2E PHWRG\ MVRX ]DORA&HOQ\ ﬁ il @ 0]$ G

PDWHULIiOX D QiVOHG @QREPU PRFIQE L

SUR&0&FK YOQ SRPRFt JDOYDQ ) RVFLO
1iVOHGQ GRMRGQRFHQt |SUDFR UZstin  gevanomer X
FRA S LQidt LMRNPRBRXEFH VH 5o a4 Ty )
VSUiYQé SUSE K D Y\KRGQRFHQt (54 H G$

G$NODGQp RpLAW Qt YEURENX RG YHaANHUEéFK QHpPpLVWR
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x =NRXANDQWJIHQRY & Rbr]i4B)xPHWRGD Y\X&tYi SU$FKRGX

PDWHULIOHP ptPHAVORERINIQdM MHKR LQWHQ]LW\ 7tP MH
YDG\ NWHUp VH SURMHYt ]p

L QW H@DLVWRW R JU D LIVFRHPNI L O
totLA PDWHULIO JHV GILAK QP X g RTC paprsky
LOQWHQ]LW\ ]i HSMVREP QRHLQ /
R]i HQt IRWRJUDILFNpKR ILO

Y\NUHVOHQt WPDYaVWNY®K ‘2%

zdroj zareni s1Qp

zkouseny material HN

RozeznatetQRVW YDG MH SRVX © 7| fotograficky film

a XGiYiQmocentech prozaRYDQp W¢ =~ —————

1HYEKRGRX WpWR PHWRG\ M PU9S [esiosnmku 57*
]li HQt -H WHGRNRQDDp MRG obraz vady
RFKUDQX REVOXK\ NWHUI o '
SURANROHWODDL VH WDWR ]M

UWODNRYEFK QIiGRE SRWUXE obr4swE]v [% 11 p“ic zd' 1 :
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3 EXPERIMENT

1iSOQt SUiIFH E\OR Y\KRWRYHQt [NXG3HEQtFK VYDU$ G
technologie Lase7,* =DWtPFR KRGQRW\ FKDUDNWHULVWLN
NRQVWDQWQt YHOLNRVWL SURXGX HOHNWULFNpKR RE
vyhodhoceny zZKOHGLVND PHFKDQLFN&FK YODVWQRVWt D WE
Y\KRGQRFHQt PLNURWYUGRVWL GOH 9LEFNHUVH D PHWDO

O9ROED P M3 BILIEH

3UR H[SHULPHQW E\O\ SRX&LW\ SOHFK\ MHPQR]JUQQp
22MnB5 oOWORX&A"NiFK 7DWR RFEHO VH S L GRGi-elitékd® D p X
VWUXNWXURX D PH]t SHYQRVWL RNROR 03D 9\a&tFK
GtN\ DXVWHQLWL]DFI& QDG WRPS/ORW\ML QiVOHGXMH W]Y
S$VREHQt FKOD]JHQPKR SUXENRAH STRRFKHMXNWHSORW\
PDUWHQ]JLWLFNp VWUXNWXU\ MHQA& VRXY%QtAH §YEE WOWF
SRSVIGDBLWROiIFK D

Tab.7 Z u] | +o0}i v_} o] 1iDVA o & +&u

Obsah
[hm. %]

SUR SRW HE\ HJ\SOHDU 8§ R M @ MAKR HRPALHFDI p MVHONRtAH t 45 R 8l IOMLRINR K
E\O PDWHULIO GRGIQ ¥YI3HUYOEKR]R N NAWRUWNRAEXQH ]|D WHS(
RK HYHP SOHFK$ & SRHEGRRXYW XPLQXW 1iVOHGQ EOM\MARDMW
Oi]QL ptPa ORFRRHRt SRADGRYDQp Y\VRNRSHYQ&wWwWQ't
RaHW HQp PDWHULIO\ E\O\ GiOH J]SUDFRMIFKOQ D IG-ND ROQ
oceli ve feriticke SHUOLWLFNpP VWDY X S thbuk® &5 dpedeny i Xodhkity Q X \
PHFKDQLFNéEFK YODVWQRVWt XGiYDMtFt QRURBDISW\DW Q €
intervalech.

'OH YéaH ]PtQ QpKR FKHPLFNpKR VORaHQt E\OD SRVR

0Q% ]D SRPRFL Y\MiG HQt XKIettN R YY\WRGHNQLGT OB H QRWXF ¢
SRSVD Qapide ¥3 7\WR Y]RUFH E\OR PR&Qp SR X &N ONL HIDH A\
KUDQLFt KP ptPAa MH DSOLNDFH W FKWR Y]RUF$ SR

, 5% _ A5 <944 46
%'L réas UE—_ E<—9

, 5&>4446_ 45<9, .
%' 6L rdsuE=——"—E 6: LrauD &

PRGPtGNR VYD HQt RFHOL EH] DSO<ON4B KK S HB\WK HNSO C
IS HV WR RKEODHGMP QD VWUXNWXUX D PHFKDQLFNp YO
stanovena MHOLNRA& Y\XaLWt S HQGBDKPHF¥ XD IMFHIKRY DONYW QR \
KODYQtP FtOHP WRKRWR EiGiQt 3UR MHMt Y2Z&RpdW E
PHJLYESRpHW E\O SRXatW Y]RUHF MHQa VYAIBEBENG X M
KUR]J]GtOQéP WORXA&"NIP YJRUNS$ PXVt EEW VWDQRYHQ\ W\

74885 P8 4B55>4H5<P6<@A46
7:4

0,213 2,140 1,100 0,017 0,001 0,038 0,030 0,185 0,002 0,002

Lr&ubD &

Lrawd &

% L

Gise LUWRE TRIWETrdrw&d @awxFrdwlL ssxX%

Gisg LUWRE TRIWE rdrw&Sa®& awxFradwlL sswh

96VOHGQi WH SHORWWDHSSREHKXMH RNROR f& SUR RE

] HMPp &8H MHMLFK UR]GtO PP QHQt WDN YH®NER DIEX

VH S HGHSKUBIL W\X&tYi D& RG KRGQRW NROHP f& D Y

hodQRW SUiY ]DQHGEDWHOQpPp 3URWR EXGH S HGP WHP
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FKDUDNWHULVWLN\ VYDUX D MHKR RSWLPiIiOQtFK SDUDP
Y\XaLWt SUR WHVWRYDQé PDWHULIO R GDQéFK WORXA&"Ni|

Tab8D Z v] | Ao «&v}+&] } o] i1iDV A o & «&p

OHFKDQLFNi FKDUDNYV Hodnota ‘

Mez kluzu Rpo,2 437 MPa
Mez pevnosti Rn 622 MPa
7DAQRVW $ 20 %

Dle atestu 3 E/2+$ MH PDWH U lpp@lakerda 8% HQ7HQWR SRYODN
VLOXPLQ$ FHEKQS HG WYRUERDG RNXKNRWH SORWQt R[LGD
SRYODNX Y\WYR HQp E KHP WHSHOQpPKR JSUDFRYiQt SOH
YUVWY\ 3URKEBMBMYWBH OQYRVIWL mibNéiHdegraGoXat peGibst svaru.
7DWR SUREOHPDWLNKapikele 2BOt&H SRSViQD Y

9\KRWRYHQt [NXadHHEQIBEK 34Y DU $

ZGRGDMMPEXOH SOHFKX RFHOL 0Q% E\O\ Y\ H]iQ\ |N
150x 150 mm. NWW QR GRGDW aH Y éFK®RGO MDRELX Gxd28niFdglX vV
XUpHQD SUR YEUREX NRQNUpWQtKR GtOFH D WXGta ML
vUS$]QéFK PtVWHFK 3R tJHQp Y]JRUN\ WHG\ GRVDKRYDO\
1,3mm.

SYD RYiQt YJRUNSOPEREIKWRR YOVWDY X$SIDGWBRNMRYE W
UHSXEOLN\3WROWQPRWQpP VYD HQt E\OD Y\XALWD VYD |
ZQiIVOHGXMtFtFK S tVWURMS$ D |]D t]HQt
X Yb-YAG laser YLS 200Qobr. 449 +tMHGQi VH R SHYQROIWNRYEé&

ODVHU Y\XatYDMtFt SUR S HQRWK®DVHURYpKR VYD]N

YOINQD GRSRYDQ SRR \WQN YUWERNRXY ~pLQQRVWLt RG

firmy IPG Photonics. VUIPFL VYD RYiQt OJ]H GRVIKQRXW SU$YDU X

Da GR KORXEN\ PP "tN\ Y\P QLM¢HOQp VYD RYDFt KO

WHQWR S tVWURNMQVY\XatWUDWURYiQt -H VFKRSHQ

pracovat jak vSXO]QtP WDN L NRQWje®XiOQtP UHALPX

FKOD]HQt MH |DMLAHEKIQRFNRGEOXYDPHWU\ ]D t]HQt

shrnuje tabulk®.

Tab9d Zv] | % E &VAGHEGerZYLS 2006]

9éNRQ>: @ 2000

OPLQQRVW > @ cca 30 %

5HaLP NRQWLQXiOQt

90QRYiIi GpOND > 1070 £1080

SR]P U\ & & Y>PP 1106 x 856 x 806 Obr.44 YBYAG laser YLS 2000

X MagicWavel700(obr. 45 xtento GLJLWiOQ t]HQé &IYfibnyRFYdDikdby] G UR |
SRXaLW SUR WYRUEX HOHNWULFNpKR REORRMNXR R B W]RC
Y\QLNi aLURNéP UR]JVDKHP QDVWDYLWHOQéFK KRGQRMW
stejnosmUQéP D VW/ |G D YX®tW MDN SUDFRYQtKR SRVWXSX
'« WDN L NRPELQNRtV$E '@t]Np KPRWQRVWL D PDOéP U
PDQLSXORYDWHOQé O]JH MHM WDNp tGLW GIiONRYEP
invertoru shrnuje tabulka P é UREFHP MH GRSRIDRPRPIQ KSKUIRQMN X F
i VSHFLIOQtRpKaxNNRN $Y \X ADWKIWRPRELORYpP QHER OHWHFN|
SUR NRYRYp NRQVWUXNFH QHER SRWUXEQt YHGHQ't
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Tab.10d Zv] | % E u SEC 1 E}i P5P] t A i6ii

6t"RY QDS Wt >9@ 230
OpLQtN 0,99
6YD RYDFt SURXG >%@ Da
6t"RYp NALAW Qt 16
1DS Wt QD[BJUiI]GQR 88
Hmotnost [kg] 15
S5RIP U\ ¢ 3 Y>PP@ 485 x 180 x 344

x Robot IRB 2400 (obr. 45+ 7THQWR PDQLSXODpQt
S tVWURM ILUPHVIB%%D RYDFt KODYX
SHYQROIWNRYpKR ODVHUX L 7,* KR iN SUR S HGHK HY
Pro H{SHULPHQW E\OD SRX&LWD VYD RYDFt KODYD
3UHFLWHF <:  DolffaR-thdtiovdu
HOHNWURGRX R S'WGH BXO ]DRIRAW Q
S tVXQ LQHUWQ@tEBQpPPO\GX $WRN X
KRONUpPWQ DMBIRQX\WYi HO RFKUDQQRX
DWPRVIpUX \WRUWWURKRXY U\FKORVWt
SHVQRVWt L VSROHKOLYRSWt GtN\ pHPX& MH Y
VWURMtUHQVWYt YHOPL UR]&at HQ&P ]D t]HQtP
7HFKQLFNp SDUDPHWU\ URERWD SRSLVXMH WDEXOND
5DPHQR URERWD VH SRK\EXMH QDG GYRXRVEéP
SRORKRYDFtP VWROHRL.R QRVQRVWL GR

Obr45« E}i D P]t A i6ii uv]%

Tablld Zv] | % & u $EC EFE}S /Z 181} IRB 2400 [541

Dosah [mm] 1550

Nosnost [kq] 10

Hmotnost [kg] 380

SRpPHW VWXS $ YROQRVW S tGDYQi |D t]t
3 HVQRVW IR RKRYIiQt 0,03

3 HVQRVW WUDMHNWRUL Da
IDSIMHF{VQDS Wt Da

5RIP U\ ¢ & Y>PP@ 600 x 1564 x 723

3 HG VDPRWQéEP BE\YOR RR NQtC
KUDQ XUpHQéFK NH VYD HOQt
VPLUNRYéP SDStUHP RG LRNX|
NDOHQt D GIiOH UXPSRPRRGP
acetonu.-HGQDOR VH FHONHP R
YIJRUN$ %\OR WHG\ UR]JKRGQ
KL VYD HQt GHVHWL WDEX®H5HN S

INXAHEQtFK VYDUS$ 9]RuWyWN\ E\
- SRPRFt XStQH.N7RRAERJ XSQXW't
YHONé YOLY QD YEVOHGQRX
VYDUX MHOLNRA& JNX3EHEQt
WHSPHOQPDFRYIiIQt ]QDpQ GH
FRa MH SDIWIUQRAHQPKMRPOREUI
tomWR NURNX QiVOHGRYDOR
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VYD RYDFt KODY\ D NRQWUROD MHMt WUDMHNWRULH W
VDPRWQéP VYD RYiQtP GOH S HGHP VWDQRYHQéFK SDUL
MHMLFK ERGRYp VYD HQR |RS®PRWPRRLE ITEMHQXKORRUWR]HY tUI
NWHUp E\ PRKOR EEWVIDHGIHYK QR XKFOFFK WHSORWQtFK P Q

&HONHP E\OR WHG\ SURYHGHQR S W OLQLRYéFK ]JNX
SDUDPHWUS$ 7\ EOtdaH SRSLVXMH WDE

Tab.l2W E u SEC A Z}A v_
ytVOF Tl mat. Technologie 9 é N Rageru Proud oblouku 9QHVH

vzorku [mm] [W] [A] teplo
>-- PP

1 19 Laser 1100 - 40,15

2 1,9 Laser + TIG 1100 20 49,15

3 1,9 Laser + TIG 1100 40 58,15

4 1,3 Laser + TIG 1100 60 67,15

5 1,3 TIG 1100 65 117,0

3R]Q 6YDU\ |JKRWRYHQp SRPRFt ODVHURYp WHFK
VYD R¥iQt YPP'V PP PLQ@YD RYiQt PHWRGRX 7,*
=5 PPV PP PLI® SRXALWt VWHMQRVP UQpKR SURX(
2FKUDDWPRVIpUD MH |DML&W QD DUJRQHP SU$SWRN
GeRPHWULH VYD RYDFt VHVWDY\ /DVHU7,*X YL] 3 E/

6H ]P QDPL SURXGX REORXNX QHER VYD RYDFt U\FKOR\
tepla. OWpWR SUREOHPDWLFH EOt&8H SRMHGQiYi NDSLWROD
YtFH YDULDQW Y]RUF$ D YR RIQMNPY |@BEHRIS G B/MEMQM SV W t
3L YESRPWX YQHVHQpPKR WHSOD K\EULG Q & WOHHRXN\ND RORR
9\FKi]JHOR VH ]H Y]RUFH

a) 96SRpHW YQHVHQpPpKRDWBSE IV O\DYBIVWHEBX E\O\ SR FHORX
ODVHUX E\O QDVWDYHQ QD . D VYD RWDFt PREXOR\
6YD RYiQt SUREQRDLARX D QtP UHALPX QR R MWP & DAWHHSIKO B\
k=07 2FKUDQQi DWPRVIpUD E\GD$WRNMFFLD DUIJRQHP

447®5 4 a5
3,&069,33544@44]_ vidgw, @I

b) 9éSRpHW YQHVHQpPKR WHSOIG RWO RRNRHEX PRHORIIEG R XE
DSOLNDFL S HGHK HYX X Y]J]RUNS$ Da SUR Y]RUHN |
YEKUDGQ WRWR WHFKQRORJLt 3UR YéSRpPpHW YQHVHQ
KRGQRW SURXGX D QDS Wt REFRXINWDER G Q BWR SQURX @&
SMHKR VW HGQtKR KRGQRWRX NWHUiI pLQt SUR Y&aHFKQ
WHSOR WRXWR PHWRGRX WHG\ EXGH SRXAaLWé SURXG I

444®9B 9
BIAAL Z;44@
c) 96SRPHWPK@®HWHSOD K\EULG Qt+FSH\R RGBSR [ B WHYUQ HV HQ p
WHFKQRORJLt EXGH QXWQp I[INRPELQRYDW RED GYD Yé
SDUDPHWU\ ODVHUX NRQVWDQWQt]i YELXVGIHR WW LY Q Bl V]i? Q@
velikostit SURXGX SUR S HGHK HY REORXNRYRX PHWRGRX 7,
VRXpWHP YQHVHQ&FK WHSHO RE PD WHFKQRORJLHPL
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"HOLNR& E\O JE\WHN YVWXSQtFK K REOIQRW HQR QAN EIW (
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7DKRY i | N3 X4@8]N4, [48]

7DKRYi INRX4ND MH MHGQRX ]H ]iNO RG®& i RME ISD@ E FK
SRSViQ QFBUPRX,62 - G tYH WDNp y61 @QHV QHSODWOQi

SRNRMRYp WHSORW)\ D GIHNMUSDEQ FINSX &/HSERGYROR W R HV D k
QDS Wt 98VOHGNHP MH SUS$E W Y|RY#R® R drbu @dnSIUshbsD D

aSUDNWLpQRVW MH YHﬁnl 11 MN1X+ | e W N M+ 211
E\OD WDWR ]NR XlaNible ¢
2.5.1.

-HOLNR& JNRXPDQEéP
VYD HQp WDEXOH SO
INXAHEQtFK W ®OIRF KEX
(obr. 43 sKODYDPL QD
vpPHOLVWHFK 7\ JiUR
S HWU&HQt Y]RUNX $RE
INRXPDQRX RFHO 0QU

PP D PP E\O\ SRX:
W\pBHHRPHWULt MHQA& Y
KRGQRW\ MHGQRWOLY
QiIVOHGQ ]D]QdRHQIQ\

1D ]JNXEHEQt W\pH E\O\' S HG 1IDKiMHOtP -
INRX&N\ QDQHVHQ\ P ULw,p QAT Ve 8Q % &) S Z3AT 1T
RKUDQLpPXMt P UQRX REODVWQ DWQWRN QXNGIHY WU R WU \WQ
]JODPHQi &8H QHPRKO\ EéW UHDOL]JRYiQ\ Y\U\WtP GR PD\
SU$SE K JNRXAN\ D MHMt YEVWXS\ %\O\ SURWR ]JKRWRYHQ
U\WN\ MVRX QDY]iMHP Y]®i@BQAW HWE&XDW\FH W HBG\WPRGHQY D
P UQp REODVWL D QiVOHGQpPPX JKRGQRFHQt WDAQRVWL |

Obr.48' }u $E] 1llp* v_ §C £€fde
Tab.13 Z}Iu"EC 1lp“ v_ Z §C _
0 HQ& SDUDPHWU  Hodnota[mm] |
BRpIWHpPQt P UQi GpOND / 80
=NRXaHQicGpOND / 110
&EHONRKYOND |NXAHEQt W\ 250
SRpiWHpQt at ND E 11,9 +12,66
7ORXaA"ND PDWHULIOX 1,3/1,9

Pozn.:V]iYLVORVWL QD WORXa"FH PDWHULIOX VH P QL

7DKRYi JNRX3GND SUREtKDOD QD K\GUDX®QPNPR X80T KDA
Vv%UQ 7RWR ]D t]H®U RWHBXIMRIYED N NR VYeFHKN]MRWR D& GR
400 kN, S LpHP& U\FKORVW ]DW &RYiQt OJH NRULJRWD& 3U
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S tVWURM Y\EDYHQ VQtPDpHP VtO\ -HKR VRXpiVWt MH tC(
SUR K\GUDXOLFNp JNXaHEQt VWURMH =tVNDQi GDWD N\
]SUDFRYIQD SRPRFA(/RIDVIMDEX ONRYpKR HGLWREXRER (M
SRSLVY WUKDFtKR VW WDRMKDD MNAKIRUS Y WDLANNWYL\] 3 E/2+$
- B3UYQtP NURNHP SUS$E KX ]
- XSQXWt YJRUN$ GR NOHawLQ
INXAaHEQt(h. W\BR XSQXWt MH
VSXaW Q D SRVWXSQ ]Y Waxnmw
S$VREt QD Y]JRUHN 5\FKORVYV
zvolenawv 03D DW &4RYiQt SUF
D& GR PRPHQWX SRUX&HQt
lomem."DWD E\OD YéaH JPtQ QéF
M-7(67 LKQHG 1jé& WD greficky
Y\NUHVOH QYD RVW PH]L ]DW a
aGUIKBRR Y\MPXWt NORHAMNMY. Q E
RE piVWL S VRRAWQE\WD ]P
YJGIOHQRVW P UQéFK U\VHN
Obr.49 h%ovpus_ AlI}EIp A lo “3]v WD&A&QRVWL PDWHULIOX
6DPRWQi WDKRYi INRXaAND E\OD SURYHGHQD FHONHP S
b Da E\O\ UHSUH]J]HQWRYiQ\ W HPL JiVWXSFL Y]JRUHN p
bylo zG$YRGS$ Y\VRNp WYUGRVWL [RRXOPD QYEKRX &P B W HIJQ HC
NRPSOLNRYDQp MHOGRRW DWB RO KP]X PIRNR XV Q X W mibhO Ha W
QiVOHGQ SURNOX]JRYDO FR& RYOLYQLOR SUS$E K JiYLV

Zavislost tahového napéti na pretvoreni vzorku

1400

1200

1000

[-]

Vzorek ¢. 1

800

Vzorek €. 2

600 Vzorek ¢&. 3

Tahové napétic

Vzorek ¢. 4

400 Vzorek €. 5

/
ll/

0 0,01 0,02 0,03 0,04 0,05 0,06
Pretvoreni € [-
Grafl WE¥% "Z § Z}HA EY VAW®O$e3] v %Z SAYZ v _
PXVHOR EéW QiVOHGQ PHIXWOE RXSSUDDMONRVRX YaDN SL
PtU\ ]NUHVOHQpPp 3UR G$NODGQ Mat VMDRXNBWX ENQtR PW]JHE:
SOHFK\ R Y Wat D QHMOpSH NRQVWDQWQt WORX&"FH SUF
WDNp S t]QLY ROURQALIWHDEEFKQKODY SUR XSQXWt ptPa E
k eliminaci prokluzu vpHO LVAWKEKK QDS Wt QD S HWYR HQt SUR U
NDAGPKRAHEDNFK VYDU$ SUHHHERVRMRYDUD | aH JHMPpQD Y
YIHPPpQ SRWOLYMHMWUQYt REODVWL +RRNRYD JINRQD 7HQWF
SDWUKRGRRW SRP UQpKR S HWYR HQt L KRGQRW WW®&Q
RNROQRVWHP QHE\OD Y\KR@GQXRRWHIQIDVPHY WaPX ]| KECQR'
softwaremM7 (67 YHOPL EOtaLOD KRGQ&#WP PH]JH SHYQRVWL
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.RPSOHWQt VRXKUQ Y&VOHGNS$ YZHFK VYDURWEEK S\RHL
QDP HQp KRGQRWKS YW R ¥ YR VWITESY, QU ZLIFUNH PEMKR G FE K \
YeVOpEB§& 2 -H PRAQP SRJRURYDW &H YJRHMMNHIL &t P WHGA\
WHSOHP MDVQ RVW DWhdiska] feuidsti SVB KX X &R YH WéeNi WE
QDP HQp KRGQRW\ SUR ]JDNDOHQRX RFHO 0Q% &MHOPL
S tSDGHFK VH KRGQRW\ SRWNiYDMt 98MLPNRX MVRX ML

Tab.14 ,} v}8C v u"Z v <} (3Al ®du%DE} i v}So]A 1lp* v_ §C

Vzorek SO[mm?2] Fm[N] Rm[MPa] A[%]
la 23,75 28553,60 1202,26 1,25
1b 23,66 28657,20 1211,46 0,63
1c 23,75 28337,20 1193,15 1,25
2a 23,22 19647,20 846,21 1,25
2b 23,75 20154,80 848,62 1,25
2cC 22,61 19336,80 855,23 0,63
3a 24,05 20756,80 862,93 1,25
3b 23,66 20644,00 872,71 1,25
3c 23,94 20841,60 870,58 1,25
4a 16,43 15678,00 954,11 1,25
4b 16,25 15142,00 931,82 0,63
4c 16,44 16044,80 975,66 0,63
5a 16,32 14577,60 893,51 0,12
5b 15,99 14963,20 935,78 0,12
Rm D1 % Av}e3] Zu ACZ} v} v -TESBA

1400,00
MAX =1211.5 MPa

1200,00
1000,00 MIN = 846,2

800,00
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Kiv v_ Al}EIlp

Graf2 WYEIAV v ul % Avied Zu ACZM-d} "dB%AE} (SAIEODA Al}

6RXpiIVWt WDKRYp JNRXaN\ E\OD L W]Y IUDNWRJUDILI
INXAaHEQtFK W\pt % KHP JNRX&HN E\O\ YL]XiOQt NRQWU
QDVWDOD YH VYDWKHSHR@NRYOQRYQYYH REONWWUOUDILFN
SRWYUGLOR NG\Aa E\O SR]GRINRYHG NNK H] KN &\ESDRXPWR | WHES
RYOLYQ Qp REODVWL. TWiH REDDNMWW HJ HKW Wrshukt@&alu,Y K
MHOLWRWR REOD\WWHNGRPEHDRWL LQWHQ]JLYQtKR USVWX ]
JUQ QRYEFK D& 2EHFQVAGGREKOVMNIQt VBRPWRY SiVPX 'iOH ]
SR]JRURYiIiQ SRNOHV KRXaHYQDWRVW Lt ND D E&UD [QK N]KKRR) DHR
b D p YL] WDE

a7



Tab.157v_ulC (& I8}PE (] | v oEiC
HKNé ORP Y]JRUNX . HKNé ORP

OHWDORJUD I 28, ko], [@dH |47] H Q t

ODNUR L PLNURVWUXNWXUD E\O\ SRJRURYiQ\ QD PHWD
QHMY URKRGQ ML UHSUH]JHQWRYDW FHO& Y]JRUHN =KF
W FKWR YE@EUXV$ E\ORHWRRRHTHOQRNpY
ODERUDWR L 803¥7Q $93¥R FR QHMGRNRQDOHMALt
PHWDORJUDILFNp dHW HQt MH G$OHALWp VSUiYQp ]SU]
W FKWR ¥YRRUWRBEtKDOR QiVOHGXMtFtFK NURFtFK
x Po WEUiIQt YKRGQp UHSUH]JHQWDWLYQt piVWL VYDUX E

RGG OHQD H]iQtP QD PHWDORJUDILFNp SLOH 07+ OLNR

110(obr. 59 7RWR ]D t]JHQt MH Y\EDYHQR LQWHQ]JLYQtP

FKODJHQSRGRE FKODGLFt HPXO]H ptP& MH

S HGFKi]JHQR WHSHOQPpPPXGRYOH®B®XQt YJRUNS$ Y

H]iQt MRPWR ~NRQX QiVOHGRYDO RSODFK YRGRX

VXaHQt Y\EURX&HQt SRIRURYDQéFK SORFK GR URYLQ\

]liY U RSO\DHKK QP LFNpP OXLEW WD FYPONR YY

SUDpFH
x 'DO&tP SURFHVHP E\OR OLVRYiQt GR SU\VN\ LFH 2&aHW

D JEURXaHQp Y]RUN\ E\O\ SROR&HQ\ QD HWDQRO Wt

GRNRQDOH URYLQQRX SORFKY0b50D & 0}PE (] | %Jo DXOiW

SU\WN\IFH iWtP D SRVWXSQérp . .. ___..B4_ . _. . _DR

k Y\ WYR HQt SHFHN VH Y]JRUN\ &HO & ISQR¥ H\N GN UF\DO .

210s ]DK tDiY WODJERDiEFKE\OW SHFND RFKOD]RYiQD

Obr.51 « Elus 12 1 v ASt@u Ee dPEZulvw % E?Y 01°YA v % t1I1H

x 1iVOHGRYDOD VpULH VWURMQtFK DXWRPDWLFN&FK EU
+20(0br.53 ]D SRXALWt EUXVQ&FK N R WSRMIBHIRXAWSRH QW U Y.L

48



PLQXW OHAW Qt SDN ]DE UDMIRNMAIG p BR\ ERIRQOEWN JHKE \ C
YROHQE&FK SRRRXDPRSE\O\ SRVWXSQ REP RMAQ RGO HN
E\O\ DSOLNRYiQ\ GLDPDQWRYp VXVSBQ]HEURXaEDW EVO
RSODFKRYiQ\ YJRUNHP YRG\ FRIMHMILAKiEIKQODER KA VG
KkRGYRGX QHHILVMIRAE RX RSHUDFt FUREX KIOQR SOOR EWY R 6
aQiVOHGQpX © W@t WX N(RI¥omixPubbi¢aR BM) v OLKRYp Oi]QL SR
V -H QXWQp DE\ GR WRKRWR ]D t]JHQt E\O\ Y]JRUN\ YN
btP& VH S HGHMWH MHKR SRANUIEiQt 3R XOWUD]YXNRY
YRGRX OLKHP D QiVOHGQ VX&HQt ]D SRPRFL KRUNpPKR

1.2‘ 3‘ .4
5
4

Obr52D § o}PE (]| AE EueC A % EC-ICZ] }AE Z % I|E

x 3RVOHGQtP ~NRQHP SUR S tSUDYX PHWDORJUDILFN&FK
SRX&4LW 1LWDO FR&WHW K DRRWIRINEFE® USRX&tYiQ SUR Q
RFHOL 7RWR OHSWDGOR E\OR ]YROHQR QD ]iNODG |
S LPHPMpWR YROE KUDMH QHM]iVDGQ M&t UROL REVDK
avanadu.6 DPRWQp OHSWiQt E\OR/ Y HHOPHGUSRK DM Ep@afla Y R
SURE KO RSODFK YRGRX D SRQRU GR OLKRDMW OD]Y X NL
SUDpFH RSODFK D VX&HQt 1D ]JiY U E\O\ YJRUN\ RSWLF

VzhledemkPQRAVWYt YJRUNS$ E\O\ Y\KR WBXMRIQUDAHDNAPL YSH
S LPHP& YJRUN\ D& UHSUH]HQWRYDO\ Y 48 \WMEHDMWHEM GV
vizobr.54 3R t]JHQp Y]JRUN\ E\O\ QiVOHGQ SRX&LW\ SUR JNRX
SURYHGHQt aHW HQt SUS$HEasWL A LNWRERGH® WEHRN.WOLX ' WOHS H
REODVWL D VYDURYpKR NRYX

9\KRGQRFHQt PD [28],R30MNABX N W X U\

ZKOHGLVND PDNURVWUXNWXU\ MV R X Y\KRGQRFRYi
S HGHYAatP UR]JP U\ WHSHOQ RYOLYQ Qp REODVWL D VYI
NRYX GiOH SDN WWpyvady DMDX D @QDISWNOP G
SURSDGOé NR HQ VYDUX SYyURYLWRVW QHER Yé&éVN\W YP
SR t]JHQt PDNURVNRSLFNéEFK VQtPN$ |[NXAaHEQtFK VYDUS$
Y\XAaLW RSWLFNé PLNURVNMS 58 0\PSXV 6&
vODERUDWR L OVWDYX S tVWURMRYp WHFKQLN\ $NDGH]I
Vzhledem kSRK®Wt U$]Q MK SWBIRKE& QHQt PRAaQp
PHJL VHERX Y]iMHPQ SRURYQDW YaHFKQ\ ]JKRWRYHC
INXaHEQt VYDU\ -HMLFK PAREORVWUXNWXUD MH Y\RE
v tabulce 16

Obr.53 K% 3] IE u]lE}+1}% KoCi
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Tab.16 D IE}SEUISPE A E%
OHWRGD VYD Makrostr
5R]P U\ 6. D 7

2,84 mm

1,83 mm

LASER

SK =1,83 mm
TOO = 2,84 mm

3,82 mm

1,80 mm

LASER + TIG
20 A; DC

SK =1,80 mm
TOO = 3,82 mm

3,69 mm

2,39 mm

LASER + TIG
40 A; DC

SK =2,39 mm
TOO = 3,69 mm

5,29 mm

LASER + TIG
60 A, DC

SK =2,86 mm
TOO =5,29

8,55 mm

TIG 5,00 mm
65 A; Vs PPlv

SK = 5,00 mm
TOO = 8,55 mm
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8 YIRUNS$ WO PP Pi VYDHIRYW WRY S HV &SDREY KR X Rt
YQHVHOHBOHP GRFKIJUBVMUREMQ\ N YDURYpPKR NRYX D Wt
JHMPpQD YH VW HGX PDWHULIOX SDV S HVESDFtFK KRG
] HMP&P Y\FKEOHQtP HOHNWULFNpKR REORXNX Y$pL R
neVWDELOLWRX REORXNX S L PDOpP SURXGX FK\ERX VHV
QDYtF SRJRURYDW &H SOHFK\ QHPDMt VWHMQRX WORXZ'
KSRP UQ YHONpPPX OLQHIUQtPX S HVD]HQt VY'R R YREDPNX K
NWHUé& E\O VYD HQ PHWRGRX 7,* E\OR QHMY W&t YQHVHC
UR]P UHFK VYDURYpKR NRYX D WiHINOQ@V\RYPHMQUR] PRE
RYOLYQ Qp REODVWL D Yu@hMHBQE PY WHNG @KRV @ pNVUH XY GR
QHPDMt WRWR&QRX WORRKRWRDKWBGLMNDBERPRYQiYDW
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(7] 3 ©
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mmm Z}iu"E dKK €uu-2,84 3,82 3,69 5,29 8,55
SV * V 3§ %0} €:140¥5 49,15 58,15 67,15 117

mmm Z}u"E dKK €em==sv « v § %0} €:luue

Graf3 ¢ Ale0}+8 E}IU"EY% dKK v Av e v u § %0 Y

VJIJUDIX O]J]H Y\SRJRURYDW VNXWHpPQRVW &aH DPNROLY E\C
URJP U MHKR 722D &28@DQMHRAUNX D D WR LS HV WR &
VWHMQRX WORXa"NX 7DWR DQRPIOLH MH ]S$VREHQD M
oblouku.

6YDURYé NRY Y]JRUNS$ BDHDILAFK WRIDXNPWOXWXtRL JUQ\ MH(
kolmo na hraniciliYDUX 7R MH ] HWHOQp SiH GHNMAELR RV W] RWQI E D
VH ]Y WaxXMtFtP VH YQHVHQéP WHSOHP SRY &]HHR) &K/ RFER J
Y4DN QHQt VWRSURFHQWQ SURND]DWHOQp

=H VQtPN$ O]H UR]JOLALW Q NR@MpN REXH y5&.LWHKEHO & +
VYDURYpPX NRYX MH W]Y REODVW S HK iwWt MHQ& MH
9HOLNRVW ]JUQ NOHViI VH Y]GIOHQRVWt RG KUDQLFH ]i°
RYOLYQ Qp REODVW,LG\UHSRERMNDWGIDPGpSDXVWHQLWL]DFH
teploty mezi Ara Az D W VQua SRE REODVW HuUStehitRadiGaRedpoure N
k SRSXaW Qt YEFKR]JtKR PDUWHQ]JLWX -H JGH WHG\ PRAaQp
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Obr54 A lTevC dKK ~AI}JE | X Te

9\KRGQRFHQt PLI[29],R3AWASIX N W X U\

S3UR SR t]HQt VQtPN$ PLNURVWUXNWXU\ E\O Y\XaLw V
LEXT OLS 3100(cbr.55) 6 QtP N\ E\O\ SRIRERDIRYDFtP UHALPX 1&)
Da [ ]Y WaBRMWXSQ E\OR QDIRFHQR Y&HFK S W Y]RUNS
REODVWL ]JiNODGQtKR PDWHULlOX WHSHOQ RYOLYQ Q
NYDOLWQtFK IRWR
EH]SHpPQRX D
PLNURVWUXNWXUiC
QXWQp GRNRQDOp
Y\OHSWiQUSE B BHNHY
YJRUN\ -DNpNROL
SRANR]JHQt QD SR
EUIQt LGHQWLILNL
mikrostruktury.

=iNODGQt PDWHU
S IGRGiIQt [HIHWO
=NRXPDQi RFHO
VNDOHQpP VWDYX
Y\]QDpXMH SOQ
VWUXNWXURX 6W
NRY D WHSHOQ RY
WYR HQD Y@KUDGQ =7 """~ 5 8 bympis [EXT OLS 3100
strukturou."HWDLO Y&HFK RE M)\p@ktlzegpozora¥@t thb. 17 3SUR SRVRX]F
YHOLNRVWL YéFKR]JtKR DXVWHQLWLFNpKR JUQD YH VYD
VQtPFtFK PIORBURHVGBNQPGQ Mat DQDOé]X E\ WDN E\OR Y
]D t]HEIXt P NikrdBtruktury MHG QR W O L Y é F K aRIFEF ROVt B/2P B.X
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96UD]Q VH RGOL&XMt YJRUN\ P D 8 YJRUNX p MH Sl
GHWDLOQ Mat YEKRG QREEDVELPNX SR tJHQ&P HOHNWURQ
XPRAaQLO JMLVWLW Y]GiOHQRVW MHGQRWOLYé&FK GHVHN (

RYOLY QRMWXXYRRODNX p Y\NUHVOXMH
» 3 g TR RPN 16, 2 PR T, R : oy g

a. JM :_:; s i ;.
el el
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by
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8 Y]JRUN(@bH57) MH PR&Qp QD KUDQLFtFK Y&FKR]tKRTOXVW
MH ]DS tpLQ QR ] HMP S tWRRQRY Qi KO BQ@MDD BIX ]3RNXG
GR VYDURYpKR NBRXXGRMKWBYHIRYiaQpP GWDNMHPLQD JHY
URYQRX DXVWHQLW DOH QHMG tYH GHGW.B NIRX LWH DN BD
S tpLQRX SURpPp GHOWD IHULW ]$VWiYi YH VYDURYpP NR
PDUWHQ]LW MHOLNR& U\FKOR VMO R¥R® E\RY i 9R WOHESR B B N
RAHW HQ\ YAHFKQ\ Y]JRUN\ DROYH QB8R W|B DHYLRWUEY pSR] R
YEeVN\W MHJVFRMY/QWY RFKOD]JRYiQt NWHUi MH X PHWRG\

Obr57 "A E}AE AICS u o038 ( E]su ~AI}JE | X AU TA"8“ v}

=NRX&ND PLNURWYU@®WBWL GOH 9LFNHUVH

=NRXa4AND WYUGRVWL GOHQRUMNRNX WHE1IMH Go-PrincRnt j& D
YWODDPRYiQt LQGHQWRRMR NSWISD &P (BIIHD}PDQWRYe MHKOD
Y\KRGQRFHQt UR]JP U$ YW et g
WpWR PHWRG\ Ky@2B\XY W

3UR SRW HE\ H[SHULPHQ. .
m HQD ]D Y\XA&LWt WYUGRF},’;‘ S W
]JDWtAHQf FRANRGSRYtGi ]D
F=1 N SR GREX V %\ODi ;
mikrotvrdost HV =NRXaND .',.‘.,..
SUREtKDOD DXWRPDWL]RY:
bPHPX& RGSRYtGDO L SRbH“'_g:f
byla ]DEUIQD FHOI VWUXNV.
QHRYOLYQ Qp RNROt

5R]GtOQRX WYUGRVW |
VWUXNWXU\ VYD U Xoltedd n¥
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PDNURVWUXNWXUX VYDUXv NGO MGIQtMHPIQW H @ Hi @ % LMY R X

YH VYDURYpP NRYNX ERARE ¥V W WpPpBMVREODVWL REU
1DP HQi GDWD WYUGRP UX E\OD H[SRUWRYiIiQD GR VRIW
]SUDFRYIQD D ]I DQHVHQD GR PWDNERVNREPRNEBKPVQOPNISR

VYDURYpKR NRYX E\OR Y\KRGQRFRYIQR L PD[LPXP 6. D
]JINODGQtKR PDWHULIOX NWHUiI E\OM2v® REQYDE Y] Qp& RO HE

SWHSHOQ RYOLYQ QRX REODVW!t
Tab.18 WEY: "ZC u]lE}SAE }§
Prabéh mikrotvrdosti HVO,1 vzorku c. 1

MAX: 540 HV 0,1 * SK:505HV 0,1
MIN: 319 HV 0,1 ZM: 477 HV 0,1

|: Prabéh mikrotvrdosti HVO,1 vzorku c. 2

9=25(. y

MAX: 531 HV 0,1 * SK: 507 HV 0,1

MIN: 248 HV 0,1 ZM: 328 HV 0,1
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Prabéh mikrotvrdosti HVO,1 vzorku ¢.3

9=25(. y

MAX: 547 HV 0,1 ‘ SK:513HVO,1
MIN: 249 HV 0,1 ZM: 467 HV 0,1

Prubéh mikrotvrdosti HVO,1 vzorku €. 4

9=25(. y
MAX: 547 HV 0,1 * SK: 511 HVO,1
MIN: 295 HV 0,1 ZM: 457 HV 0,1
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Prubéh mikrotvrdosti HVO,1 vzorku €. 5

9=25(. y

MAX: 575 HV 0,1 * SK: 517 HV 0,1

MIN: 246 HV 0,1 ZM: 440 HV 0,1

Z SUSE K$ WDE MH SDWUQpP &WiSBEKESKISWEHER\ORG R

NG\ SRpiWHpPQt WYUGRVW ]DNDOMOPHRBHRY GUKE RH R
QiVOHGRYDO YREODYaVU $WYDMRMp KR NRREQRW\ WYUGR V'
VYDURYpP NRYX VM FERKVER@®D O\ GR +9 FRA pLQt R
FHONRYpKR SU$P UX YAHFK Y]JRUNS$ ]JKUXED 96UD]QE
SRURYQiQt KRG QRVE RMYQULYRVYEFK REXBYWHFKY\WQtYi Y]
MHKRIGtv722 RVWDWQOQ VpRUM HY\aXMH
1DRSDN QHMY W&2ZAPMNpPSIRIIRYRYIQR X Y]JRUNX b W H ¢
REORXNRYRX PHWRGRX 7,*Y MR& PP ¥ OHVRREPVWMWSQOHP D
QHPDUWHQ]LW L R\WEE®t WWDXNXW%UOR ]&H QDB WHRQRR G QR W
VURYQDRLIDQOiOQtPL WYUGRVWPL X YJRUN$ p D  NWHL
Z SUSE KX SRNOHA2R WOYW GRRWG LYW &H WDWR REODVW ]I
YL]XiOQt NRQWURORX S L P DHNQUARR/ WIBIXYN W M UNDH ADNQ DYORER
YQHVHQpKR WHSOD FR& MH GRE H YLGLWHOQpP QDS QD
$pNROLY MH WYUGRVW XUpPHQD Ii]JRY&P UR]KUDQtP D !
P$a4H VH OLALW QDS tNODGQREDOWN R \BAWG R Y §iRY R Q/BDRRRIVE-.
U\FKORVWL RFKOD]RYiQt 2EHFQ O]JH tFL &H S L Y\aa
YQHVHQpPP WHSOH EXGH PDUWHQ]LW W Y U G &eploBaRTDO, Y & D N
NWHUi P$4H |DSSREXLAMVQIMHMISDN WHG\ PRAQpP &SHOPIHM Y \2
]JD]JQDPHQIQ\ X VYDUX JKRWRY HQRRY PHAN R YRMH V HQ &\PH\E H
=P Q\ WY UT@RRVWRXYLYW RVWt =0 D PD[LPiOQt GRDAHQp V
YEUD]QRX WRRGLORUIWOBRXE"ND SOHFK$ MHOSENREKSH] PREA
MLQDN 9éUD]Qp UR]GtO\ PLNURWYREGR Y VLD WYDHNRYQ KR \
UWRKRWR PDWHULIiOX SR]JRURYiQ\
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4 TECHNICKO-(.2120,&.e =+2'12&(1£5], [54]

1iSOQt WRPAMVR B W EINXP D DSOLNDFH K\EULGQt WHFKQF
MDNRVWQtFK VSRM$ 1HQt YADN GHILQRYiQD &4iGQi NRQ
technicke HNRQRPLFNp ]JKRBRBABEP QD/ WXWR VNXWHpPQRYV
sQINODBMMNSEPL QD ]D tJHQt MHMLFK SURYR] VoHdioyLV
SRKOHGX O]JH XUpLVQ D MEGQRMPNX G@DEY VYDUX MHGQRYV

6YD RYiQt ODVHUHP O]H REHFQ K®RNILARMDER]D]RYDG!
aVORAISWMBKDYNRYiQt 1D GUXKRX VWUDQX MH QXWQp EU
PRKRX YWaAUWMQpPX VQtaHQt YHGOHM&tFK SUDFRYQtFK pL
SWtP VRXYLVt L QiVOHGQp ]YéaHQtQ$YRIENK [§ W\sHtE \MV DM R &L
S tSUDYN$ O]JH Y\X&tW L WHFKQRORJLt QDYiG MtFt ODVH!
QiNODGQp ]D t]JHQt MH YEKRGQp MHQ SUR YHONRVpPULRYF

Cenaje ovivQ QD WDNp SRXALWtP S HGHK HY X tDNMHKRP ERQ
GYRX VYD RYDFtFK WHFKQRORJLt MH QXWQp QDMtW V¢
NWHURX E\ E\OR GRFtOHQR FR PR4Qi QHMOHS&tFK YODVYV
SUR S HGHK HY 7,* SRYDA&RYDWS U RD¥ KRRQ MHRQEN R @ D

GRVWXSQi
Tab.19 I}viu] | 1Z} v} v_ % }pl]SE[BBg24Fv}o}P]
3RpHW SUDFRYQtFK W&GQ$ Y URF 50
3RpHW SUDFRYQtFK GQt Y W&GQX 5
'HQQt SRpHW VP Q 2
3RpHW KRGLQ ]D VP QX 8
&HONRY&SSBRPRWQtFK KRGLQ ]D M} 4000
'RED RGSLV$ MH XYDARYIQD QD livooeh bk
provozu
/IDVHURYi VWD Q 10000 b b
(OHNWULFNi HQ b N:K S tNR({ b
2FKUDQQé SO0\Q 2500 . plahev; 16,3/min b
OGUAED D VHUY 150 .p URN b
0]GD SUDFRYQt b KRG RG b
&HONRYp KRGLQRYp QiNODG\ QD 1 b
1iNODG\ QD £ 20MmBDL)X Y b P
Invertor TIG 50 .p .p
(OHNWULFNi HQ b N:K S tNRQ 8,75.Dp
2FKUDQQé SO\Q .p ODKHY b
BURYR]Qt QiNOI b
0]GD SUDFRYQt b KRG R G b
&HONRYp KRGLQRYp QiNODG\ QD b
1iNODG\ QD f£5mBYX Y b P
&HONRYp KRGNQREp QD SURYIR] 1 b
S HGHK*HYHP '
1iNODG\ QD £ 20MmBD)X Y b P
&HONRYi KRGLQRYi VD]JED YpHWQ b b P
S HGSRNOiIGDQ pK-RABERN X ' '
&HONRYi KRGLQRYi VD]EDHYAHLHWQ b b P
S HGSRNOiIGDQpK-RIGLVNX ' '
&HONRYi KRGLQRYi VD]JED YpHWQ b b P
S HGSRNOIiGDQ pK-RAHTWN X ' '
3R]Q 3 L YéSRpWX KRGLQRYEéFK QiNODG $ed@aDnvzHe
SUDFRYQtND D MHQ MH® &G MNM® DG\ R/FSKRIMHIIPE VS 0\ Q
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(NRQRPLFNp ]JKRGQRFHQt SRX4LW&FK WNENQRGRZEK SR
PHWU VYDUX MHQ& ]DKUQXMt QiNODG\ QD ]D t]HQt SUR
]iVDGQt ILQDQpQt UR]GtO PH]L Y\X&LWtP S HGHK BN X P
ODVHUHP MH QHSDWUQé& 1D GUXKRX VWUDQX FHQD ]D
7,* MH GYRMQiVREQi 7R MH |DS tpLQ QR [ PH®chholdgieK OR

V QINODGHFK QD SURYR] MHGQRWOLY&FK WHFKQRORJL
P]GX SUDFRYQtND D RFKUDQQé&BEMBIPMHQ O MR ES RR/AHHR
GHVHWLQX ODKYH 3L VYD RYiQt ODIVNHWHBDOHER MPEU
SRORANRX QiN Cobgy AFRMIRY P Mt FHQ\
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HAHQéP SUREOpPPHP E\OR Y\XaLWt S HGHK kdnvbhad® EO R
SODVHURYéP VYD RYiQtP EH] DSOIZNORERUX NB G MAmW S O
K\EULGQt WHFKQRORJLH MDNR Y\KRYXMtFt D YKRGQ Ma
6YD RYDQéP PDWHULIOHP EWUMHPF \GR BIRBSAEPIBR VIBQY Y EF K
Y\WWRNéFK SHYQRVWQtFK FKDUDNWHULVWLN GRQ K X\WHS M/
RYOLYQ Qt E\ MH PRKOR GHJUDGRYDW

B3UR RY HQt HIHNWLYQRVWL D ~pHOQRVWL YéaH ]PtQ
H[SHULPHQW NG\ E\O\ Y\KRWR Y$@HN RKK § R EQ QY YFORUH O] RRL
1,3 mm a 1,9 mmTa byla nejprve VYD HQD VDPRWQéEP ODVHUHP Qi
Y\XatYDMtFt REORXNRYé S HGHK HY NG\ E\O MHGLQRX
(1=20 % $ $ DQD]iY UQIVOHGRYDOR JKRWRYHQt [NXE
ZWDNWR JKRWRYHQAFKHEQYD WY$ H}\ @ S tVOXAQ |SUDFF
YIJRUN\ SUR PHWDORJUDILFNp aHW HQt DDINRX&aNE QLW UF
PHFKDQLFNRX J[NRX&NX WDKHP

7TDKRYRX JNRX&ANRX E\OR ]ML&W QR a4H X Y&HFK Y]RU
sYD RYiQt GRAOR NH WHENPRX PR®PXYY Qp REODVWL 7R
VXE]JYyQRX 722 NGHIGREOPR N$IVWX QRYEFK Y WAatkFK JUC
JNRXaN\ E\O YHOPL NRPSOLNRYDQé& MHOLNRA VH WHC
VNOHAWLQIFK WUKDFtKR S tVWURMH , SuHW MNRL E K&\ KR GF
pohybovalyzhrubamezi Da 03D S LpHP& Y&UD]Q S HY\aRYDO
VYD HQéFK SRXYHUIGBBVNHH[IBPMULPHQWX ERKXAaH®Vv@QMIE\OD
]JINODGQtKR PDWHULIOX SURWR QHO]H SRURYQDW UR]G
RFHOt /]H SRX]H)RUHEC]HW WHSHOQ ]JSUDFRYDQitaRFHO
Rm= 1300 +1650 MPa v]iYLVOR\RW P tQDiE K WHSHI®@Q KR O SSIHRRR
YHOPL WOAQRVW |[DNDOHQéFK SOHFK$ MHMLFKa& PD[LPIiO

ZKOHGLVND PDNURVWUXNWXU\ EA\OD SRJRURYIQD MLVW
REODVWL D KRGQRWRX YQHVHQpPKRLVEBRXADW 7 [SpaneRink bl M
| = $ NG\'] HMP YOLYHP PDOPRREDUHRAX REGCRIABROERA Q
WYDUX WHSHOQ RYOLYQ QR REMPVWOR ZEKDH GHP RNE Wt 3
QDY]iMHP EOtaH KRGQRWRWRBER PX N R RWUWRNW|XQRtPDJ[L
PDUWHQ]JLWLFNp VWUXNWXU\ MDWHSHOQY D BROLFR ONQ | XF
SR]JRURYIiQD MLa& YéaH ]PtQ Qi KUXER]JUQQi VXE]yQD S HK
Ve vzorku sQHMY\d4tP YQHPH @Q&PGWWSBD HQEéP PHWRGRX 7,* E\
SRJRURYIQ GHOWB UNOLGNQRRBOM¥HX RFKOBEGRP KRDSBRIYIO |
aYQHVHQpPPX WHSOX

0 HQtP PLNURWYUGRVWL GOH 9LFNHUVH E\O\ SR]JRURY|
7THG\ YEUBRQIOHYV WWHSGERWWIRYOLYQ Qp REODVWL D QiV(
VYDURYpP NRYX 9éUD]Q VH QHOLAEALO\ DQL KRGQRW\
SUSP UQéFK KRGQRW YH VYDURYpP NR YX$WOEHNG N XH O RNG
WORXaWN GFRGEMWARMNFK UR]GtOQpPX ]DNDOHQt QHQt YKR
WYUGRVWt G ODW XNYDSHQp JiY U\

1D ]JIiNODG YéaHYEPPMQHGAFK QHO]JH MHGQR]QDpPpQ SURKO
QHMY&KRGQ Mat OVNDOtP MH JHMPpQD RSWDWLp ODQAH L
VYD RYiQt =GH VY$M YOLY Y&DN P$aH KUiWWWWPD M B XIVR]\GH
RGOLaQé VWXSH |J]DNDOHQt 3 HGP WHP GDOatkKR EiGiQt E
S L DSOLNDFL YtFH NRQILJXUDNR WIWW X SIQR BK B\ D DFPUHRNKLE
YJGIOHQRVW PH]JL HOHNWURGRX D ODVHURYéP SDSUVNHI
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6(=1$0 3284,76&+ ='5pof

.$&+/E -DURCLY FKHNDRNpHKR QD VYD LWHO QERNOVRONRAIY/ 3V U
S tORK\ &' %DNDOi VNi SUIFH 9\WRNp XpHQt WHFKQLFNp Y
VWURMtUHQVNp WHFKQRORJLH 2GERU WHFKQRORJLHOWRWLP!I
9DQ N

)25(-729E /XFLH /DGLVODY .2/$ E. -DQ 68&+E1(. ODULH .2
3,/9286(. 6YD LWHOQRVW RFHOt SOR PUHPR\PRE Y alckiiBp]. REY T &
3.201720173) [cit. 201905 @ 'RV WBKtBQ/pww.mmspektrum.com/clanek/svaritelrostli
pro-automobilovekaroserie.html

a%$129(& -DQ D 7RPia 3,/9286(. 7UHQG\ YH YEURE SORFHWMF
S3USP\VORY p[ohBE]NOLY X® 5. 20120175) [cit. 201905-22]. 'RVW XSQp ]
https://www.mmspektrum.com/clanek/trendg-vyrobeplochychpolotovarutvarenychzatepla.htm
ABB robot IRB 640Qonline]. [cit. 201905~ @ 'RVWXSQp ]
http://www.abb.fr/cawp/seitp202/5¢32783f3b598¢29¢125759800301eef.aspx

PILVOUSEK, Tomia -DURVODP&2313O0DPRMW FK .8y(5% ORGHUQt ]S$
Y\WWRNRSHYQ@F K RFHOGORY ploviBe].OYY) & R. 20120191) [cit. 201905-22].
'RVWXSQp ] KWWSV ZZZ PPVSH NpukbKyecliahpvyBaRdp€yihytioEeRiE |
$0%524 20G LFK %RKXPLO .$1'86 D -DURVODY .8%Ey(. 7HF
WH[W\ SUR NXU]\ VYi HpVNéFK LQaHQéU$ D WHFKQROR-B57
71810.

0$&+(. 9iFODY D /LERU % (1 (-DcehlyuddRidhpstiERgih&eting.sfonline]. [cit. 2019
05 @ 'RVWXSQp ] KWWSV ZZZ HQJL Qpianwa3Ziorgweoee®aa€edN \
budoucnosti

&+ EA&!$16.é /XNida D OLFKDO 9%$/(&4 OHWRG\ VSRMRYiQt Y\X&
deformace.00 3U$P\VORY plovi®e].20¥8) X R. 201820191) [cit. 201905~ @ 'RVWX
https://www.mmspektrum.com/clanek/metesiyojovanivyuzivajici-principy-plastickedeformace.html

ADHESIVE WELDING METAI[online]. [cit. 201905-22]. 'RVW XSQp ]
https://lwww?2.afinitica.com/afinitica/metal
05 % /LERU 6SHFLIiOQt WHFKQRORJLHVWWTIYEIN®R 2010t >VRXERU

MIG-MAG Welding Proced®nline]. [cit. 201905 @ 'RVWXSQp ] KWWSV 7272z
fro.com/processes/mignagwelding-process

'$1 . /DGLVODY 7HFKQRORJLH VYDVEIYBrAd 20URXERU S HGQi¢
98H SUR RGSRURYWWREBHRWRO]XOWD HéhlineD £ ROQHNDt @ $ RVZ
z: https://artweld.cz/odporov&varovani/

SPI Lases: The top 5 benefits of Laser weldjogline]. [cit. 201905 @ 'RVWXSQp ]
https://www.spilasers.com/applicatiovelding/thetop-5-benefitsof-laserwelding/

MACH, Martin. 9\XaLWt S HGHK HYX HOHNWULFNéP REORXNHP S 1
sY\adtP REVDKHPUQKROtN X \% S tORK\ &' 'LSORPRYI SUiE
WHFKQLFNpPp Y %UQ JDNXOWD VWURMQtKR LQaHQéeuUvwyYt C
WHFKQRORJLH VYD RYiQt D SRYBAKREBREKOUSDDY 9HGRXFt
AutogenschvH L %0 HIQetall@ile verbinderjonline]. 2015, 4. 6. 2015 [cit. 2018 @ 'RVWXS
http://metallteile.ezplast.ru/autogenschweien/

+(50%$1 3HWU t]JHQp WHSHOQp ]S U DIkoRstrukcdovilirelJ R FI1.\281 MoitD
20190522]. 'RVWXSQp ] KWWS ZZZ NRQ¥pelbegpidcbvahry-fra@es@ HN U
svarovani/

6Yi HbNOHNWURG\ ,QGXNpQt-RIfonine]' Bit(201905> @ 'RVWXSQp
https://lwww.svareckyelektrody.cz/indukcnohrewdaweltdhi-15/c
12265?fb_comment_id=1333253733419713_1460813190663766

6,*081' ODULIQ 7HRULH D WHFKQRORJLHNUIBDORYIINVt >VRXEI

%(1.2 %YHUQDUG 3HWHU )2'5(. OLURVODY .26(y(. D 5yEHUW
vyd. Bratislava: STU2000. ISBN 8e227-14259.

DULEY, Walter W. Laser welding, New York 1999, A.Wildgterscience publication, ISBN-47-
-246794.
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$6$ -DURVODY D =X]DQD .(5(y$1,129E 1HNRQYGtQp QEBHNE
IR W RIg8&remMM 3USP\VORY p[onBe]N008, AP 3. 20020093) [cit. 201905-22].
'RVWXSQp ] KWWSV ZZZ PPVSHNWhtedyeidabeROd.QdIN QHNR ¢
.2 E1 3DYHO /DVHURYp VYD RD4s&Y a,optik§onliHe)l 2018QciE L Q J
201905 @ 'RVWXSQp ] KW Wigfo-49/Zerial@Rdratasedybl&serovesvarovani
i-laserwelding-134

05 $ /LERU /DVHURYp WHFKQR OGRY BH $P SWBRY b [OviBE]oN 81 TX1 P2
2015,20151) [cit. 201905-22]. 'RVW XSQp ] KWWSV ZZZ PPV SH N&gHnodgier
v-prumyslovepraxi.htmi

.2 E1l 3DYHO +0ODYQt W\S\ ODVHU $aR ¥ aptkioqliéd].R0Y3 SUSP\V (
[cit. 201905 @ 'RVWXSQp ] KW Wigfo-49/ZerialbzRemafiasedrb R
hlavnitypy-laserupouzivanychvprumyslu128

05 $ /LERINODG\ ODVH LUbRIvig]. W JdiF ROQIOR\ @ 'RVWXSQp ]
http://ust.fme.vutbr.cz/svarovani/img/opory/hsv_specialni_metody svarovani_zaklady laserove_t
_2013_mrna.pdf

'5E3(/$ SHOIWMWXKGLXP SYURYLWRVWL VYDUX KOLQtNRYp VOLW
VYD RYiQTIGD VHIR R Y HDORRKI &Ni SUIFH 9\WRNp Xp
Y %UQ )DNXOWD VWURMQtKR LQaHQéeUVvVWYt OVWDY VWUR
VYD RYiQt D SRYUFKRYéFK ~SUDY 9HGRXFt SUIFH GRF 51"l
05 % /LERU $NWXiOQt PRaAQRY MDD OY 3@ ? HVUIRRNp fowBepeRia) X 2.
2018,20191) [cit. 201905 @ 'RVWXSQp ] KWWSV ZZZ PPV S-hdzkodtix F
laseroverssvarovani.html

.1$.85.29E /HQND 7HSHOQpP JSUDFRYiQt PDWHRHMO0ZD$3 >V R XEF

ODWHULIO\ D MHMLFK VYD LW HOQ RNWN &K BMHEMERVFIREGR M
Ostrava: ZEROSS, 2001, 292 s. : il. ; 30 cm. ISBN 8085771853.

%$57E. -Lt &:6 $1% 7\S\ YDG S tpLQ\ MHRWSMHBY-IRQOX QHK
2012,1.3.2012[cit. 20105 @ 'RVWXSQp ] KEMMES/t.pyZtZ2RiF384/

+(72 -DQ 3yURYLWRVW VYDU$ RFHOL \0YD3B¥P\YOFRKY PBNBE&.C
2016, 10. 2. 201&0141) [cit. 201905-22]. 'RVW XS Qp ]
https://www.mmspektrum.com/clanek/porovitestaruocelisvarovanychmetodoumig-mag.html

7, VYD RYIQODPGQt S USvarirfb.84onljir@]. 2009, 7. 1. 2009 [cit. 20186 @ 'RV
z: https://www.svarbazar.cz/phprs/view.osloclanku=2008011702

7,* VYD RYAQuebo DC?. InSvarinfo.c4online]. 2009, 6. 2. 2009 [cit. 201 @ 'RV W.
http://www.svarbazar.cz/phprs/view.php?cisloclanku=2008122801

'ROIUDPRYp HOHNWURG)\ Suanfd.cfoMive] 2B06;  1L1. 2006 [cit. 20435-22].
'RVWXSQp ] KWWS ZZZ VYDUED]DU F] SKSUV YLHZ SKS"FL
MIG AND TIG WELDING ACCESSORIESStandard Welding & Tool@nline]. 2017

[cit. 201905 @ 'RV WHKtBL/mww.indiamart.com/standardweldingtools/raigdtig
welding-accessories.html

Eastwood TIG GAS Len Components anddfitine]. In: . [cit. 201905 @ 'RVWXSQp ]
https://www.frost.co.uk/eastwoett-weldergaslenscomponentsit. html

+$0(51E. -DQ =iNODG\ WHSHOQpPKRI}SBGEPRYLORXRY $-05EIDW
'RVWXSQp ] KWWS MKDPHUQLN VZHE F] WHSHOQHB]SUDFF
SALARI, Sina, Wolfgang BLECK a Malek Naderi. The CCT diagram od the investigated 22MnB5
In: Researche Gafnline]. 2015 [cit. 201D5> @ 'RVWXSQp ] KWWSV ZzZZ U
CCT-diagramof-the-investigateeR2MnB5-steel_figl_269222502

Applications for laser welded blanksnline]. In: . [cit. 201905 @ 'RVWXSQp ]
https://automotive.arcelormittal.com/LWB_applications
VOTAVA, Pave. 2GSRURYp VYD RYiQt PDUWHQ]LWLFNéFK RFIR@haVv
'LSORPRYIi SUIFH y987 9HGRXFt SUiIFH ODULH .ROD tNR
37Ey.29E (YBSHOQp ]SUVERXi@t\|st ] EYURYp RFHOL 0Q% (
VHGD [BRIND KD 'LSORPRYIi SUIFH y987 9HGRXFt SUiIFH /L
90LY YRGtNX QD SHYQRVW D VYD LWHOQRVW Y\VRNRSHYQE
Pardubice, 2010% DNDOi VNi SUIFH 8QLYHU]JLWD 3DUGXELFH 9HG
+5,9 E. ,YDQ =YDULWH OR&isldvarMfH, 79, 235G
atKDFt SHFH (*7 6HUO¥ MHVYWL\R V,Q R 9é bRiEeD 2D08/ PDO8Y[¢it01S H
05> @ 'RVWXSQp ] Ksarssz/csirgdu/prdriysloyece/zihacpece/
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3,/286 9iFONDRXaAN\ PDWHUENB$ D VY,b%W#920.

TREJTNAR, Josef HVW UXNWLYQt ]NR XgdNn&] M | PR1Y £1B.19. YR RIMH1905
@ 'RVWXSQp ] KWWSV ZZZ W kkoKsRRuamwpdbspelr GHVWUXN
uniqueidmRRWSbk196 FN#VUh4EuvDzS7ep4R2Wh5CTKyYaSk/

a725.E1 =GHQ N 3UREOHPDWLND KRRE@WRF¥UXNFY D2RERER I\
VW DY HE Q\LUFRVMWY tfoHBIn@] V201 %,t9. 12. 2014 [cit. 20486-22]. ISSN 1803 '"RVWXSC
http://www.konstrukce.cz/clanek/problematikadnocenisvarovychspoju/

37Ey(. /IXG N -DURVODY &,+/E (G X PBORET, B6lumjPACGAX,GRE |
STEIDL, -DURVODY a(1%(5*(5 D -LDOXaD-&$BDW HULiO X999, 3509.q5BI
8072041304

=E4.2'$ ' =MLA"RYiQt PHFKDQLFNé&FK YODVWQRVWt WYi HQ
WHFKQLFNp Y %UQ )DNXOWD WWOUHRSMNRQ < RE DQHHOQ BANPWSYU i F |
.DPLO 3RGDQé

0$&+Ey 0 0 HQt WYUGRVWL PDWHULiIO$ D JSUDFRYiYiQt ]M
WHFKQLFNp Y %UQ )DNXOWD VWURMQtKR LQAHQEUVWYt

-$5(4 9FMWOHWDORJUDILHUBRRBOHDNOYD\GDWHOVWYt y6$9

3$/E7 +\QIHHNGHVWUXNWLYQt ]bhRJaIN:\. G, 2Q11 jeD.)R0105-22].
'RVWXSQp ] KWWS VOLGHSOD\HU F] VOLGH UHOHDV
KOSINKA, Jakub.6 WXGLP YODVWQRVWt ODVHURYé VYDU$ PDWHUL
REORXNRY pKRB80OHBIBK/II,EXtORKY &' 'LSORPRYI SUIFH 9\VFE
XpHQt WHFKQLFNp Y %UQ )DNXOWD VWURMQtKR LQaHQéuU\
OdborWHFKQRORJLH VYD RYiQt D SRYdEBORYEFK ~SUDY 9HGR
0 Ua.

6Yi HFt ]G UR M- Magawadwe 1700. InWeldtecHonline]. [cit. 201905 @ 'RVWXSQj
https://lwww.weldtech.cz/produkty/produkt/svaredroj-froniusmagicwavel700
IRB2400.3U$P\VORYp UEB]VIEit. 8049305 @ 'RVWXSQp ]
http://new.abb.com/products/robotics/cs/prumysioMeoty/irb-2400

$0%524 2QG HM OVWQt VG OHQt |]DP VWQDQHF 837 $9 %UC
2019

HANKE, Petr.AUDI SPACE FRAME OL[ P D W foiling]Qi$ . 2017, 30. 5. 2017 [cit. 201005-23].
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2]1Q D pH Legenda Jednotka
A 7DAQRVW [%0]
AC 6W tGDYé SURXG [-]

bo at ND INRX&dHQp GpON\ W\pH [mm]
Ce (NYLYDOHQW SUR YéSRpHW 7 [%0]

Ce 8KOtNRYé& HNYLYDOHQW [%]
CE 8KOtNRYé HNeYIMWMIBOHQW [%]
CET 8KOtNRYé HNYLYDOHQW [%]

p ytvVOR [-]
y61 yHVNiIi VWiWQt QRUPD [-]

d 'POND ~KORS tpN\ YWLVNX > P@
di 'POND SUYQt ~KORS tpN\ > P@
d2 'POND GUXKp ~KORS tpN\ > P@
DC 6WHMQRVP UQé SURXG [-]

E ORGXO SUXAQRVWL Y WDKX [MPa]
EN (Y UR Swiia [-]

F =DW axXMtFt VtOD [N]

Fm OD[LPiOQt IDWtaHQt [N]

I Proud [A]

Lo BRpiWHpQt P HQi GpOND W\pH [mm]
Lc =NRXa&aHQi GpOND W\pH [mm]
L: &HONRYi GpOND JNX&AaHEQt W\pH [mm]

LASER Light Amplification by Stimulated Emission of Radiation [-]
MAG Metal Active Gas [-]

MIG Metal Inert Gas [-]

Q 9QHVHQpPp WHSOR >--PP

Re Mez kluzu [MPa]

Rm Mez pevnosti [MPa]

Rpo.2 6 P O X Ye@ kluRu [MPa]

SK 6YDURYé& NRY [-]

S BRpiWHpPpQt SU$ H] W\pH [mm?]

S .RQHpQé SUS$ H] W\pH [mm?[

S 7TORXA"ND PDWHULIOX [mm]

TIG Tungsten inert gas [-]

TOO 7THSHOQ RYOLYQ Qi REODVW [-]

To 7HSORWD S HGHK HYX >f&@

U 1DS Wt V]

Vs 6YD RYDFt U\FKORVW >PPYV

YAG <WWULXP DOXPLQLXP JUDQiIW [-]

Z Kontrakce [%0]

M ZiNODGQt PDWHULIO [-]

0 SRP UQp SURGORXAaHQt [-]
7THSHOQRIQQRVW S HQRVX WHSOD [-]
90QRYiIi GpOND [nm]

1 1DS Wt [MPa]
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L. Laserové svafovani
o Odporové svarovani (AI-Al) Lepeni Svarovani v atmosfére
0Odporové svarovani ’ - s inertnim plynem (MIG)
(ocel-ocel) (ocel-ocel)

ey

Samorezny Sroub

Nytovani
(poloduty nyt
se zapustnou hlavou)

Svarovani tfenim

rotujiciho nytu \

Svarovani laserovym
paprskem (ocel-ocel)

Svarovani v atmosfére s aktivnim e il Razové nytovani
plynem (MAG) (ocel-ocel) Klinéovani
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Description of material / Dimensions Weight in kg.
Bleche, feuerverzinkt 22MnB5 ( Werksnorm ), AS150, unoiled 533
1,20 x 1125,0 x 1250 mm
Chemical properties in %
C Si Mn P S Al Ti Cr Mo B
0,213 2,140 1,100 0,017 0,001 0,038 0,030 0,185 0,002 0,002

Mechanical and physical

prop&ftiRsPoint Tensile Strength Elongation Sample direction Parent trace
Coil No
437 N/mmz2 622 N/mm?2 20 % Q 1606/11269
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Trace Coil No Weight in kqg.
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